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Diverse transmitter systems (e.g. acetylcholine, dopamine, endocannabinoids, endorphins, glutamate, histamine,
5-hydroxytryptamine, substance P) have been implicated in the pathways by which nausea and vomiting are induced
and are targets for anti-emetic drugs (e.g. 5-hydroxytryptamines and tachykinin NK; antagonists). The involvement of
TRPV1 in emesis was discovered in the early 1990s and may have been overlooked previously as TRPV1 pharmacology
was studied in rodents (mice, rats) lacking an emetic reflex. Acute subcutaneous administration of resiniferatoxin in the
ferret, dog and Suncus murinus revealed that it had “broad-spectrum” anti-emetic effects against stimuli acting via both
central (vestibular system, area postrema) and peripheral (abdominal vagal afferents) inputs. One of several hypotheses
discussed here is that the anti-emetic effect is due to acute depletion of substance P (or another peptide) at a critical site
(e.g. nucleus tractus solitarius) in the central emetic pathway. Studies in Suncus murinus revealed a potential for a long
lasting (one month) effect against the chemotherapeutic agent cisplatin. Subsequent studies using telemetry in the
conscious ferret compared the anti-emetic, hypothermic and hypertensive effects of resiniferatoxin (pungent) and
olvanil (non-pungent) and showed that the anti-emetic effect was present (but reduced) with olvanil which although
inducing hypothermia it did not have the marked hypertensive effects of resiniferatoxin. The review concludes by
discussing general insights into emetic pathways and their pharmacology revealed by these relatively overlooked
studies with TRPV1 activators (pungent an non-pungent; high and low lipophilicity) and antagonists and the potential

clinical utility of agents targeted at the TRPV1 system.

Introduction to Nausea and Vomiting

Nausea and vomiting (emesis) are symptoms of many diseases
and also present as side effects of drug therapy. Our understand-
ing of the mechanisms involved has been slow to progress, and
may partly relate to the fact that common laboratory animals

. . . .12
(e.g., mouse, rat, guinea pig) are incapable of emesis, *~ and that
nausea (assuming it occurs) is difficult to quantitate in animals,
as it is a subjective self-reported experience.3 4 One of the major

leaps of understanding of emesis control came in the second half
of the 20 century with the identification of central coordinating
mechanisms for emesis (“vomiting center”) and, systematic
exploration of afferent pathways to it from the gastrointestinal
tract, and also from the area postrema located on the floor of the
fourth ventricle; the area postrema became known as the
‘chemoreceptor trigger zone’ for emesis, as it mediated emesis to
a number of systemically administered compounds that were
thought to act via different receptors (see” for review). From such
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foundations, knowledge on the connectivity of brainstem nuclei
expanded to consider other afferent inputs and outputs, and
information on receptor types and stimuli mediating emesis
increased. Research into potential mechanisms of nausea and
emesis intensified in the 1980s, to identify new drugs to reduce
these side effects of radiation and cancer chemotherapy which are
dose limiting and affect patient compliance with treatment as
well as having a major negative impact on the quality of life.

Background

The precise anatomical pathways and common biochemical
mediators involved in the control of nausea and emesis have been
difficult to define. The study of the mechanisms involved requires
animals possessing the capacity to vomit, and this is relatively
expensive, not accessible to all research laboratories and raises a
number of ethical concerns.® The study of nausea represents an
even greater challenge since it is a subjective experience and is still
relatively poorly understood.” The pioneers of emesis research
studied classical neurotransmitters pathways including choliner-
gic, histaminergic, and dopaminergic and serotonergic (5-
hydroxytryptamine; 5-HT) pathways, yielding information on
the relative importance of these transmitters in several causes of
emesis (for review and references see ref. 3). Thus, the anti-mus-
carinic receptor antagonist, scopolamine, and a range of anti-
histamines blocking histamine H; receptors (e.g. promethazine),
were initially indicated for the treatment of motion sickness,”
with dopaminergic agents (blocking dopamine D, receptors) ini-
tially thought hopeful for a range of causes of emesis, but not
motion sickness.®” Control of radiation-induced emesis and che-
motherapy-induced emesis appeared more problematic and the
realization that serotonin may also be involved in emesis control
was made from the study of metoclopramide in the clinic where
its superiority to reduce emesis was distinct from other dopamine
receptor antagonists and where it was later shown to additionally
block 5-HT3 receptors.'”!" The explosion of research to develop
selective 5-HT;3 receptor antagonists for the specific control of
emesis (e.g., ondansetron and granisetron) also came at a time
when new techniques to study pathways and transmitter systems
had been developed. While muscarinic receptor antagonists and
anti-histamines (many of which also have some potency at mus-
carinic receptors) were classically associated with predictable side
effects of dry mouth, constipation and sedation,'>'? the early
dopamine receptor antagonists (many of which also weakly
blocked histamine receptors) also caused sedation and in many
patients caused Parkinson-like symptoms,'® the selective 5-HTj
receptor antagonists were devoid of major side effects.'

The 5-HT3 receptor antagonists proved highly effective to
reduce the initial acute emesis induced by chemotherapy and
radiotherapy in man.'®'” However, their clinical introduction,
and an increase in the quality of clinical trial design, revealed that
delayed emesis was partially resistant, suggesting that different
neurotransmitters or modulators were involved in the overall
response.'” This highlighted the need to further study the emetic
reflex and to discover drugs that could be used alone, or in
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combination with the 5-HT; receptor antagonists for the control
of both the acute and delayed phases of emesis. As regards advan-
ces in the control of emesis afforded by 5-HT} receptor antago-
nists, palonosetron, which is an order of magnitude more potent
than the first generation antagonists, and also has a duration of
action almost 3 times as long.'® Palonosetron also has unique
properties compared to the older generation of antagonists in
that it may prevent 5-HTj; receptor recycling and through recep-
tor cross-talk, may also prevent substance P mediated
responses.

Substance P Tachykinin NK; receptor antagonists are a rela-
tively new class of anti-emetic first identified as capable of pre-
venting emesis induced via diverse challenges in ferrets by
blocking the action of substance P in the nucleus tractus solitarius
(NTS) and/or closely associated brainstem structures.”**> Tachy-
kinin NK; receptor antagonists have been subsequently shown to
be useful when combined with 5-hydroxytryptamines; (5-HT3)
receptor antagonists and glucocorticoids for the treatment of che-
motherapy-induced acute and delayed emesis in man.** It is rea-
sonable to assume that treatments depleting or reducing the
release of substance P from emetic circuits could represent an
alternative approach to the control of emesis. This hypothesis is
explored in the present review in relation to the pivotal role of
NK; receptors in emesis control, and the location of substance P
and transient receptor potential vanilloid receptors (TRPV1) in
emetic circuits.

Most research on TRPV1 has focused on mechanisms of pain
and inflammation given the high density of TRPV1 on primary
sensory neurons originating from the dorsal root ganglia and also
from the trigeminal and nodose ganglia.”® The peripheral termi-
nals of the dorsal root ganglia release substance P and calcitonin
gene-related peptide (CGRP) during inflammation and contrib-
ute heavily to neurogenic inflammation. TRPV1 are noted as
being ligand-gated ion channels, with a preference for cal-
cium.”>?® However, relevant to inflammatory mechanisms seen
during tissue damage are the fact that noxious heat (>43°C) and
low pH (<6 ) can activate the channel®’; protons and heat there-
fore occurring during pathological conditions are presumed to
activated the channel, and may augment the effects of other
inflammatory mediators (some known to cause emesis in their
own right) to open the channels (e.g. bradykinin, 5-HT
and prostaglandin E, acting together can induce TRPV1
currents. >

TRPV1 were later shown to be located within the brain at
sites that may not be necessarily activated by classical inflamma-
tory events because of the blood-brain barrier. This opened up
the possibility that such channels serve other functions and may
have an endogenous ligand for activation. Brain areas with high
density of TRPVT sites include the nucleus tractus solitarius, area
postrema, locus ceruleus, preoptic area of the hypothalamus,
many cortical regions, hippocampus, amygdala, substantia nigra,
cerebellum, thalamic nuclei and the inferior olive®®*® N-arachci-
donoylethanololamine (anandamide), N-arachidonoyl-dopamine
(NADA), 12-hydroperoxy-cicosatetracnoic acid (12-HPETE)
and leukotriene B4 (LTB4) are the proposed mediators to acti-

31

vate the channels.” However, anandamide is also widely
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identified as a cannabinoid CB; receptor agonist;”” it is produced
by hydrolysis of phospholipids and inactivated by cellular reup-
take by the anandamide membrane transporter (AMT) and/or
fatty acid amide hydrolase (FAAH), which produces arachidonic
acid.** Anandamide may also block 5-HTj receptors> and there-
fore has a complex role within emetic circuits. Arachidonic acid
itself is released in its own right during inflammation and in the
brain is a precursor of a range of eicosanoids with their own
receptors and pharmacology (e.g., prostanoids, leukotriene, plate-
let activating factor).** Indeed, NADA and 12-HPETE are
derived from arachidonic acid, with NADA also being an agonist
at CB; receptors, and also an inhibitor of AMT and FAHH.?
Cannabis is known to reduce nausea and emesis, but is also asso-
ciated with unwanted side effects.®® Studies have attempted to
identify which cannabinoid receptors are involved, or if inhibi-
tors of metabolism of anandamide, could offer an advantage to
inhibit emesis.*”*® Clearly, great caution needs to be exerted dur-
ing the interpretation of data involving endogenous candidates of
TRPV1 activation, and should be delineated by their sensitivity
to TRPV1 antagonists including capsazepine, ruthenium red, or
iodo-RTX.?> The same holds true for the interpretations of
AMT and FAHH inhibitors, as tools to prolong the action of
anandamide at CB; receptors; effects that can also be delineated,
in part, by the use of selective CB; receptor antagonists. "

It was proposed that there are subtypes of vanilloid/capsaicin
receptors, and also species differences based in binding and physi-
ological data (see®®). Mammalian TRPV1 have been cloned and
have 6 hydrophobic transmembrane domains and 3 intracellular
ankrin repeats, with some areas of conservation between spe-
cies.*! In fact capsaicin and other ligands (including anandamide;
effects that would be potentially reduced by AMT inhibitors
designed to prolong its action at CB;) interact with the intracel-
lular cytosolic sites of TRPV1, and not as originally assumed,
with its extracellular domains. > However, there is also one extra-
cellular binding site for vanilloids.*> The location of the binding
sites may have significant impact on interpretation of data: differ-
ent rates of ligand uptake may go some way to explain differences
in potency and also of ‘pungency’.*

Why were TRPV1 activators investigated for involvement
and nausea and vomiting?

To answer this question we need to consider aspects of
research in emetic mechanisms in the early 1990s. A major chal-
lenge in anti-emetic research was the identification of drugs to
block the nausea and vomiting induced by the drugs and radia-
tion used to treat cancer. Of particular concern was cisplatin
because it induced nausea and vomiting characterized by a high
incidence (>95% of patients), a high intensity acute phase lasting
18-24 h, and a protracted delayed phase lasting a further 4—
6 days; in some patients this was followed by further nausea and
vomiting in anticipation of the next cycle of chemotherapy (i.e.
anticipatory nausea and vomiting).'” The identification in the
ferret of the anti-emetic effect of selective 5-HT3 receptor antago-
nists such as granisetron and ondansetron®*® and the subse-
quent translation of these findings to the clinic (Kytril®,
Zofran®) transformed the treatment of chemotherapy-induced
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nausea and vomiting (CINV). However, the primary efficacy of
the first generation of 5-HT; receptor antagonists was mainly
confined to the acute phase (18-24h) of cisplatin—induced emesis
as demonstrated in ferret (for meta-analysis of animal studies
see’’) and clinical studies (for review see’®). Preclinical studies
predominantly using the ferret revealed the early acute phase of
emesis induced by high dose cisplatin and other chemotherapeu-
tic agents (e.g. cyclophosphamide), and “low dose” total body
X-radiation, was dependent upon an intact abdominal vagus
with the mechanism proposed to be via activation of 5-HTj3
receptors on gastrointestinal vagal afferents by 5-hydroxytrypta-
mine (5-HT) locally released from enterochromaffin cells
(reviewed in*?). In some respects, the involvement of the abdom-
inal vagus in acute emesis induced by anti-cancer chemothera-
peutic agents was surprising as it had often been assumed that
systemic agents could only induce emesis via an action at the area
postrema and its links to the NTS. The area postrema is a cir-
cumventricular organ located at the caudal part of the fourth ven-
tricle where the blood-brain and blood—cerebrospinal fluid
barriers are relatively permeable. The permeability of the area
postrema provides a route via which small molecules can access
dendrites of the NTS known to project into the area postrema
and through which they could possibly gain access to the NTS
itself or vagal afferent terminals in the N'TS although there is dis-
pute®®”" about the extent of the diffusion barrier between the AP
and the NTS (i.e., is the NTS “inside” or “outside” the BBB;
there is also some evidence for the presence of fenestrated
capillaries in the N'TS itself (see” for refs and detailed discussion).
However, as both nausea and vomiting are components of the
body’s mechanism to defend against the effect of toxins acciden-
tally ingested with the food, it is perhaps not surprising that the
integrity of the abdominal vagus is required for the induction of
emesis by a range of stimuli introduced into the gut lumen
including copper sulfate,’ plant toxins (e.g., emetine’), and
staphylococcal enterotoxin,’* all of which were studied in animal
models. While it is likely that the effect is due to activation of the
afferent fibers comprising 80-90% of the nerve fibers in the
abdominal vagus® surgical transection cuts both afferents and
efferents making it difficult to draw firm conclusions about their
relative roles, although the involvement of vagal afferents in
detection of potentially emetic stimuli was supported by afferent
recording studies (e.g.53). In addition, at the time evidence
emerged from studies in the ferret that surgical transection of the
abdominal vagus induced a degree of plasticity in the emetic
mechanisms.”* Although separation of afferent and efferent vagal
fibers by surgery at the nodose ganglion was a theoretical possibil-
ity in the ferret, this did not prove to be feasible.”

Studies in the rat had shown that neonatal capsaicin treatment
could selectively ablate a population of cutaneous and visceral
afferents, but as rats and other rodents (e.g., mouse) do not have

136 they have limited utility for research in this

an emetic reflex,
area. The laboratory species commonly used in emesis research in
the late 1980s were the dog, cat and ferret, with the latter used to
identify the anti-emetic effect of the 5-HT3 receptor antagonists
against the cytotoxic anti-cancer agents cisplatin and cyclophos-

phamide as well as radiation (see’”). Ethical issues aside, at the
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time there was no protocol for the use of neonatal capsaicin in
dogs, cats or ferrets, and in addition the cost and time for the ani-
mals to reach an age where study of emesis was feasible precluded
consideration of this as an option.

Studies of resiniferatoxin (RTX), a naturally occurring ultra-
potent analog of capsaicin, showed that in adult rats, a subcuta-
neous administration could induce acute desensitisation of
afferent C-fibers (the main fiber type in the abdominal
vagus).zs’58 In view of this observation, we investigated the use of
RTX in the ferret as a potential tool for chemical vagal deafferen-
tation, to allow a more precise insight into the involvement of
the vagal afferents in emesis. We hypothesized that subcutaneous
RTX given to adult ferrets would reduce or abolish the emetic
effect stimuli such as intragastric copper sulfate and radiation,
where a major involvement of the abdominal vagi had been dem-
onstrated®* and that the response to loperamide (an opioid recep-
tor agonist) acting via the area postrema would be unaffected.”®
The next section describes the findings that showed our hypothe-
sis was incorrect, but which led us to a more interesting

. 160
conclusion.””

Establishing the effect of RTX on emetic mechanisms

The dose of 100 pg/kg of RTX given subcutaneously was
selected for study in the ferret®”® based upon the dose used in
the rat for capsaicin-induced algesia, Evans Blue extravasation,
and hypothermia.®’ Administration of RTX induced a transient
(lasting a few minutes) increase in locomotor activity accompa-
nied by an increase in respiratory rate. No indications of an alge-
sic effect of RTX were observed as was also the case in
subsequent dog and ferret studies in which a stimulation of respi-
ration was also reported.®” In the ferret studies, core body tem-
perature also reduced from 38.5 £ 0.3°C (n = 6) to 36.4 +
0.3°C within 30 min before reaching a nadir of 35.9 £ 0.6°C at
2 h; recovery to ~37°C (~1.5°C < normal core temperature)
occurred at ~3 h. Core temperature was not significantly differ-
ent from control in animals left to recover for 24 hours and 8 d
respectively following RTX treatment. Animals did not show any
overt signs of hypothermia such a piloerection or shivering but
did curl up in the corner of the cage, but as this is considered a
normal behavior for the ferret, it was impossible to ascribe this to
the effect of RTX. Animals remained responsive to external audi-
tory and visual stimuli, periodically defaecated and urinated and
would drink milk when offered. When tested 3 h after RTX, ani-
mals given intragastric copper sulfate (40 mg%, 30 ml) did not
have emesis and the emetic responses to total body X-radiation
(200rads, 250 kV, 15 mA) was blocked in 3 out of 4 animals
tested and for loperamide (0.5 mg/kg, s.c.) there was a ~95%
reduction in emesis (60 % animals totally protected). The effect
of RTX on the emetic reflex appeared selective as the gag reflex
evoked by light mechanical stimulation of the pharynx was unaf-
fected and in urethane anaesthetised ferrets RTX (100 pg/kg, s.
c.) was without effect on cardiovascular (hypotension, bradycar-
dia) or respiratory (rate and depth) components of the von
Bezold—Jarisch reflex evoked by rapid intravenous bolus injection
of 2-methyl-5-hydroxytryptamine (30 pg/kg). To investigate if
RTX had a protracted effect on emesis, animals were tested either
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3 d (radiation) or 8 d (loperamide, copper sulfate) after RTX
(100 pg/kg, s.c.) administration, but in neither case was there
any indication of a long-lasting effect.

The above studies provided the first demonstration that RTX
had an anti-emetic action and indirectly implicated the subse-
quently identified TRPV1 in emesis. The ability to block lopera-
mide—induced emesis was unexpected as it acts via the area
postrema and not via the vagus (or other visceral nerves), as is the
case for copper sulfate and low dose X-radiation in the ferret.>*
This observation suggested that RTX might have “broad
spectrum” anti-emetic effects, as it affected emesis induced by
more than one pathway (see above). Although the mechanism by
which RTX exerted its effects were not investigated at the time, it
was proposed that “the most likely mechanism to account for the
anti-emetic effects is that RTX induces a depletion of a neurotrans-
mitter, possibly substance P or CGRP, at a central site in the emetic
pathway. The depletion may be followed by blockade of transmitter
release mechanisms. The nucleus tractus solitarius would be a possible
site of action as both substance P and CGRP-like immunoreactivity
have been identified in this nucleus and both peptides have been pro-
posed as transmitters in vagal afferents.”®® Substance P applied to
the dorsal brainstem of the anaesthetised ferret in the region of
the area postrema had previously been shown to be capable of
inducing emesis (Andrews and Wood, 1988, unpublished; see
Figure 6 in®%), while mechanisms of CGRP in emesis control are
still essentially unknown.

A series of studies in the late 1980s identified the house musk
shrew, Swuncus murinus, an insectivore as a small (body
weight<100g) species sensitive to a range of emetic stimuli
including motion.®** In unrelated studies, Rudd and Naylor
had been investigating the mechanism of action of broad inhibi-
tory anti-emetics and had decided to compare the action of the
mu-opioid receptor agonist, fentanyl,*> and the 5-HT 5 receptor
agonist, 8-OH-DPAT,® with RTX in Suncus murinus. They
showed that RTX (10 ng/kg. s.c.), fentanyl (40 pg/kg, s.c), and
8-OH-DPAT (250 ngl/kg, s.c.), blocked the emetic response to
nicotine (5 mg/kg, s.c) whereas the 5-HT; receptor antagonist,
ondansetron (1mg/kg, s.c.) had no effect.”” As the emetic effect
of nicotine was considered to be central this study provided addi-
tional evidence that RTX has broad spectrum anti-emetic effects.
However, Rudd and Naylor (1995) also observed that RTX
dose-dependently (1-100 pg/kg, s.c.) induced emesis, an effect
not seen in the ferret.” The emetic effect of RTX was unexpected
and together with the anti-emetic effect was pursued in subse-
quent studies in Suncus murinus®®”" described in detail below.

Other groups had also begun to investigate the potentially
useful anti-emetic effects of RTX. A study in the decerebrate dog
showed that application of either capsaicin (33 mM) or RTX
(160 mM) to the IV ventricle blocked retching induced by elec-
trical stimulation of the abdominal vagal afferent within 10 min
and 40 min respectively.”* It was again concluded that the most
likely (but not the only) explanation for the effect of RTX (and
capsaicin) was depletion of substance P, although in this case the
site of the depletion was proposed to be the vagal afferent termi-
nals projecting to the nucleus tractus solitarius, rather than the
nucleus tractus solitarius itself.”* Additional studies in the ferret
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revealed that RTX (10 pg/kg, s.c.) given 30 min prior to cis-
platin (10mg/kg, i.p., control latency to induced emesis 62.0 =+
5.6 min) completely blocked the acute emetic response moni-
tored over 4 h.°> When given 16 h before cisplatin, RTX caused
a significant reduction in intensity of emesis (69.8 %), but was
without significant effect when given 24 h prior to cisplatin.®* In
ferrets given RTX (10 pg/kg, s.c.) 36 h after cisplatin, it reduced
the magnitude of the emetic response by ~70% in the 36-72 h
period (“delayed emesis”). The acute phase of cisplatin-induced
emesis in dogs was also markedly (94%) reduced by RTX (10
ng/kg, s.c., 30 min prior to 3.2 mg/kg, i.v. cisplatin) and the
same dose of RTX also significantly reduced the emetic response
to apomorphine (a dopamine receptor agonist acting at the area
postrema) and increased the latency.®® These authors concluded
that the anti-emetic effect of RTX resided in the central nervous
system. These results further support the broad spectrum effect
of RTX as although the “acute” phase of cisplatin-induced emesis
in the ferret is predominantly or exclusively mediated by the
abdominal vagi, the “delayed” phase requires an intact area
postrema.””

Most recently a study in the least shrew (Cryprotis parva)
revealed that RTX (1-5 ug/kg) given subcutaneously or intra-
peritoneally reduced or blocked the acute emetic effect of cis-
platin but as in the case of Suncus murinus emetic effects of
RTX were observed when it was given subcutaneously (see
below for details).”* RTX and CB,), receptor agonists when
given in combination at doses that were individually ineffective
were shown to be capable of blocking cisplatin emesis.”* An
indication that TRPV1 activation may be implicated in cis-
platin-induced emesis comes from the observation that

ruthenium red reduced the response although curiously capsaze-
pine did not. It is interesting to note that in the house musk
shrew the emetic response to RTX can be blocked by ruthenium
red but not by capsazepine raising a question about the selectiv-
ity of both compounds in shrews (family Soricidae) even though
the 2 species concerned are from divergent subfamilies (Sorici-
nae and Crocidurinae). Overall the above studies in 4 species
(ferret, dog, Suncus murinus, Cryptotis parva; see Table 1 for a
summary) provide evidence that RTX when administered sub-
cutaneously can reduce or abolish the emetic response to stimuli
inducing emesis via pathways involving the vagus (intragastric
copper sulfate, acute phase of cisplatin) and area postrema (apo-
morphine, loperamide, delayed phase of cisplatin). This range
of anti-emetic effects can be unified by a central (brain stem)
site of action of RTX. However, in addition to the area post-
rema and the abdominal vagal afferents the other major path-
way capable of inducing emesis is the vestibular system
implicated in motion sickness.”” No protocol was available for
the induction of motion sickness in the ferret, but Suncus muri-
nus had become established motion sickness.*>***”%”” To inves-
tigate the potential for RTX to block motion sickness studies
were undertaken in Suncus murinus, and as with the inital ferret
studies these, revealed unexpected results.

Emetic effects of RTX in Suncus murinus: species differences
and pharmacology

The emetic response in Suncus murinus
The intention was to investigate whether RTX could block the
emetic response to motion and nicotine in Suncus murinus, but

Table 1. Spectrum of acute anti-emetic effects of resiniferatoxin given either subcutaneously (s.c.) or intracerebroventricularly (i.c.v.) in ferret, dog, Suncus
murinus (house musk shrew) and Cryptotis parva (least shrew). Green = emetic response unaffected by RTX; Red = emetic response either completely
blocked or significantly reduced by RTX. Note that studies in Cryptotis parva also investigated RTX in combination with other anti-emetics (see74 for details)

Effect of NK; RA on

Dose and route Effect of RTX on Effect of 5-HT; RA on the the same emetic
Species Emetic stimulus of RTX emesis same emetic stimulus/species stimulus/species References
Ferret i.g. copper sulphate 100 pg/kg, s.c. 60,116,149
Ferret s.c loperamide 100 pg/kg, s.c. 60,146
Ferret s.c. apomorphine 100 pg/kg s.c. 21,116
Ferret X-radiation 100 pg/kg, s.c. 20,54,60
Ferret i.p. cisplatin (acute) 10 ngrkg, s.c. 21,62,150
Ferret i.p. cisplatin (delayed) 10 wg/kg, s.c. 62,151,152
Dog apomorphine 10 pgrkg, s.c. 62,153
Dog cisplatin (acute) 10 png/kg, s.c. 62,154
Dog Electrical stimulation 160 uM IV 54,72,155
of vagal afferents ventricle
Suncus motion 10 and 100 g/ 68,156
kg, s.c
Suncus i.p. cisplatin (acute) 100 pg/kg, s.c 68,76,156
Suncus i.g. copper sulphate 100 pg/kg, s.c 68,76,157
Suncus s.C. nicotine 10 pg/kg. and 67,68,157
100 pg/kg, s.c
Suncus  s.c. resiniferatoxin 100 pg/kg, s.c 68,70
Suncus i.g. copper sulphate 3-30 nmol, i.cv. 69,157
Suncus s.c.nicotine 3-30 nmol, i.c.v. 69,76,157
Suncus  i.c.v. resiniferatoxin 10 nmol i.c.v. not studied not studied 69
Suncus i.c.v. E-capsaicin 100 nmol i.c.v. not studied not studied 69
Cryptotis i.p. cisplatin 1-5 pg/kg, s.c./i.p. 74,158
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Table 2. Pharmacology of the emetic effect of vanilloids given either subcutaneously (s.c.) or intracerebroventricularly (i.c.v.) in Suncus murinus. *The effects
of doses of the agents used to modify the emetic effects; * split boxes indicate that some of the animals in the group tested had the response abolished
while other had the response reduced. The data for this column is taken from results using the highest reported dose of each compound. 5-HT = 5-Hydroxy-

tryptamine; NK = neurokinin/tachykinin; D = dopamine; H = histamine; M = muscarinic; TRPV1 = transient receptor potential vanilloid type 1

Receptor(s) / system targeted

Stimulus Route/dose  Anti-emetic challenge*  Effect against vanilloid induced emesis™ by anti-emetic challenge Reference
RTX s.c. 10ug/kg s.c. tropisetron 5-HTs 68
RTX s.c. 100nmol/kg  s.c. ondansetron 5-HT3 0
RTX s.c. 100nmol/kg  s.c. MDL72222 5-HT; 70
RTX s.c. 100ug/kg  s.c. 8-OH-DPAT 5-HT;a 68
RTX s.c. 100nmol/kg  s.c. dihydroergotamine 5-HT 1g/1p, 5-HT7, 5-HT4¢ 70
RTX s.c. 100nmol/kg  s.c. sumatriptan 5-HT 1g/10, 5-HT1¢ 70
RTX s.c. 100nmol/kg  s.c. methysergide 5-HT, 70
RTX s.c. 100ug/kg  s.c. CP-99,994 NK, 68
RTX s.c. 100nmol/kg  s.c. R116301 NK; 70
RTX s.c. 100ug/kg  s.c. morphine opioid 68
RTX s.c. 100nmol/kg  s.c. indomethacin cyclooxygenase 70
RTX s.c. 100nmol/kg  s.c. metoclopramide D, 5-HT,, 5-HT3 70
RTX s.c. 100nmol/kg  s.c. domperidone D, 70
RTX s.c. 100nmol/kg  s.c. diphenhydramine H, 70
RTX s.c. 100nmol/kg  s.c. scopolamine M 70
RTX s.c. 100ug/kg  s.c. resiniferatoxin TRPV1 68
RTX s.c. 100nmol/kg  s.c. capsazepine TRPV1 70
RTX i.c.v. 10nmol i.c.v.capsazepine TRPV1 69
E-capsaicin i.c.v. 100nmol i.c.v.capsazepine reduced TRPV1 69
RTX s.c. 100nmol/kg  s.c. ruthenium red TRPV1 70
RTX i.cv.10nmol i.cv. ruthenium red reduced TRPV1 69
E-capsaicin  i.cv. 100nmol  i.c.v. ruthenium red TRPV1 69

when it was administered at the same dose as in the ferret studies
(100 pglkg, s.c.), it induced retching and vomiting.®”*>”% In
agreement with the initial Andrews and Bhandari (1993) study,G0
studies in the dog and did not observe any emesis in response to
RTX (10 p,g/kg.s.c.).62 However, transient retching was reported
in 2 out of 3 decerebrate dogs when capsaicin (33 mM) was
applied to the floor of the IV ventricle.”* In view of this marked
species difference in the emetic potential of RTX between species,
the dose response relationships and the pharmacology of the
response was studied in detail in Suncus murinus. The threshold
dose for emesis was ~1 pug/kg, s.c. and while the number of
emetic episodes and incidence of emesis reached a plateau at 10
pg/kg, s.c., the latency of the response decreased with dose and
reached plateau value of 3.0 £ 0.8 min at 500 pg/kg, s.c. As
with the ferret, no indications of an algesic effect manifested by
continuous vocalisation, piloerection, urination, defaecation or
scratching at the injection site was observed. However, intense
ano-genital grooming was observed at doses of 500 and 1000
ng/kg, s.c. In view of this, the pharmacological mechanisms were
investigated mainly by using a dose of 100 ng/kg, s.c. that reli-
ably induced emesis with a latency of 6.7 & 1.3 min and 11.6 £
2 episodes over ~10 min.

A recent study in the least shrew (Cryprotis parva) showed that
subcutaneous RTX induced emesis emetic incidence and fre-
quency showing a bell-shaped dose response curve (2-50 pg/kg,
s.c.); the latency at the optimal dose (18 pg/kg) was ~10min.”*
A surprising finding was that when given via the intraperitoneal
route RTX did not induce emesis and this was also the case with

E-capsaicin (up to 10mg/kg).”*
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Pharmacology of the emetic response

Limited evidence that RTX is acting via TRPVI to induce
emesis derives from the ability of the non-selective TRPV1 chan-
nel blocker ruthenium red (0.03-3 wmol/kg, s.c. ) to reduce the
emetic response to subcutaneous RTX (100 nmol/kg, s.c. ) in a
dose related manner.”” However, the classical TRPV1 receptor
antagonist capsazepine was without effect.”” Ruthenium red (1
or 10 mg/kg s.c. Thirty min before RTX 100 pg/kg.s.c.) blocked
the emetic and genital grooming effects of RTX, but did not
block the emetic effect of nicotine showing that ruthenium red
does not have any broad spectrum anti-emetic effects itself
(Toyoda, Suzuki, Otsuka, Woods, Andrews, Matsuki, 2000,
unpublished observations). These observations support the find-
ings of Cheng et al.”® These data raise the possibility that RTX
induces emesis and ano-genital grooming via different TRPV1
subtypes at which the agonist effects of RTX can be differentially
antagonised by capsazepine and ruthenium red, or that the ago-
nists/antagonists have different distributions to sites of action.

The emetic response to subcutaneous RTX was unaffected by
5-HT3 receptor antagonists (tropisetron, ondansetron and
MDL72222), the 5-HTp/1p agonists sumatriptan and dihydro-
ergotamine, and the non-selective 5-HT, receptor antagonist
methysergide, but was markedly reduced/abolished by treatment
with the 8-OH-DPAT, the non-selective opioid receptor agonist
morphine, and 2 NK; receptor antagonists, CP-99,994 and
R116301.°%7% A full list of substances investigated for their
potential to antagonise RTX induced emesis is summarised in

Table 2.
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A second dose of RTX given subcutaneously 60 min after
emesis from the first dose had subsided failed to induce a
response. This was not due to a refractory emetic system as conse-
cutive doses of nicotine both induced responses and induction of
emesis by motion failed to block the response to a subsequent
dose of RTX.®® Central administration of RTX (10 nmol, i.c.v.)
blocked the emetic response to RTX (10nmol) and E-capsaicin
(100 nmol) given 180 min later but interestingly FE-capsaicin
(100nmol) was without effect on the emetic response to subse-
quent RTX (10 nmol) or E-capsiacin (100 nmol).®’ Neonatal
administration of capsaicin abolished the emetic response to
RTX when the animals reached adulthood. The lack of effect of a
5-HT3; receptor antagonist while not conclusive argues against a
vagal site of action of RTX. The efficacy of morphine, 8-OH-
DPAT and CP-99,994 is consistent with their previously
reported “broad spectrum” of emetic effects; how these anti-
emetics reduce RTX-induced emesis therefore requires explana-
tion. The blockade by the NKj receptor antagonist CP-99, 994
is of particular interest, as the preferred endogenous ligand of the
NK; receptor is substance P.

Pathways and mechanisms involved in the emetic response

The emetic response to RTX (100 wg/kg, s.c.) was present in
animals with an abdominal vagotomy. Additionally when given
into the lateral ventricle, RTX induced a short latency (2.6 £
0.5 min) emetic response and subcutaneous RTX (100 pg/kg, s.
c.) resulted in intense fos-like immunoreactivity in the area post-
rema and nucleus tractus solitarius and to a lesser degree the dor-
sal motor vagal nucleus.®® In addition RTX, E-capsaicin and Z-
capsaicin when give i.c.v. all evoked a short latency (<5 min)
emetic response in Suncus murinus (Table 3). The latency of the
emetic response to RTX and other TRPV1 agonists is compared
to a wide range of other emetic challenges in Suncus murinus in
Figure 1. Intense ano-genital grooming was induced by higher
doses of subcutaneous RTX in Suncus murinus.*® Although i.c.v.
RTX had a similar emetic, neither E-capsaicin nor Z-capsaicin
induced ano-genital grooming.*’

These observations are all consistent with a central, probably
brainstem, site of action for the emetic effect of RTX. A brain-
stem site of action is supported more directly by studies in Suncus

murinus using a decerebrated working-heart brainstem prepara-
tion, in which RTX in the perfusate evoked a short latency (~1-
2 min; Table 3) “emetic-like” 1response.79’1 Studies with slices of
Suncus murinus brainstem including the area postrema and
nucleus tractus solitarius showed that RTX (1 wM) stimulated
substance P release (Toyoda, Suzuki, Otsuka, Woods, Andrews,
Matsuki, 2000, unpublished observations). The molecular mech-
anism(s) of substance P release by RTX was not studied in these
slice experiments.

Conclusion

RTX is one of the most potent emetic substances so far
described in Suncus murinus. Taken together, the overall evidence
supports the hypothesis that in Swunmcus murinus the emetic
response to systemic RTX is mediated by TRPV1 located on neu-
rones in the brainstem containing substance P which then acts on
NKj receptors to induce emesis (Fig. 2). Whist we consider the
NTS to be the most likely site of action of RTX a recent study
has demonstrated activation of TRPV1 on astrocytes located in
the area postrema®® giving rise to the possibility that activation of
the NTS is secondary to AP activation via astrocytes. Addition-
ally, we are unable to exclude effects for example on the abdomi-
nal vagi or hypothalamus which would also be expected to be
blocked by an NK; receptor antagonist and “broad spectrum”
agonist anti-emetics such as morphine and 8-OH-DPAT. The
emetic response to RTX is not present at birth but in common
with other emetic stimuli (motion, pyrogallol) it develops about
2 weeks postnatally.®’ Studies of the pathways and transmitter
systems which become functional at around 2 weeks, probably
the nucleus tractus solitarius as it is the convergence point for the
vestibular, area postrema and vagal afferent inputs capable of trig-
gering emesis, and may provide insights into novel targets for
anti-emesis

‘Why is systemically administered RTX emetic in Suncus
murinus but not ferret or dog?

In Suncus murinus subcutaneous RTX evokes an emetic
response with a dose-related reduction of latency: for example at
10 pg/kg latency 19.8 £ 4.1min; 100 pg/kg, latency 6.7 +
1.3 min; 500 pg/kg, latency 3.0 = 0.8 min; 1000 pg/kg, 2.7 £

Table 3. The latency of the emetic response to vanilloids/capsiacinoids given subcutaneously (s.c.) or intracerebroventricularly (i.c.v.). Note that there is rela-

tively little difference between the latency irrespective of substance or route

Substance  Route Dose Species Latency for emesis + sem Reference

RTX s.C. 1000 wg/kg Suncus murinus 2.7 + 0.6 min 68

RTX s.C. 100 nmol/kg Suncus murinus 8.2 + 1.3 min 70

RTX ia. 40 nmol/kg Suncus murinus 1.7 £ 0.6 min 79

RTX s.C. 18 ng/kg Cryptotis parva  ~10 min 74

capsaicin  s.c. 100-300 pwmol/kg Suncus murinus  ~10min Wan, Rudd, Chu, Ngan and Wai, 2008, unpublished observations
olvanil s.C. 3-30 pwmol/kg Suncus murinus  ~30min Wan, Rudd, Chu, Ngan and Wai, 2008, unpublished observations
RTX i.cv. 6 ug Suncus murinus 1.4 =+ 0.3 min 68

RTX i.cv. 30 nmol Suncus murinus 5.7 =+ 1.4 min 69

E-capsaicin i.c.v. 10 nmol Suncus murinus 0.9 %+ 1.5 min 69

Z-capsaicin i.c.v. 100 nmol Suncus murinus 4.5 =+ 1.8 min 69

capsaicin IV ventricle 33 mM dog 3-5.5 min 72
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Figure 1. The latency (mean =+ s.e.m, where available) of the emetic
response to a variety of emetic stimuli in Suncus murinus. The TRPV1
ligands discussed in the text are highlighted in yellow. For references
see: [1] Hu, D.L. et al., J Food Prot, 1999. 62: 1350-3,; [2] Ito, C. et al., Eur J
Pharmacol, 1995. 285: 37-43.; [3] Chan, S.W. et al., Neuropharmacology,
2013. 70: 141-147.; [4] Mutoh, M. et al., Jpn J Pharmacol, 1992. 58: 321-
4. [5] Chen, Y. et al,, Life Sci, 1997. 60: 253-61.; [6] Wan, C. et al., Unpub-
lished observations, 2004.; [7] Yamahara, J. et al, J Ethnopharmacol,
1989. Twenty-seven: 353-5,; [8] Torii, Y. et al. J Radiat Res (Tokyo), 1993.
34:164-70.; [9] Torii, Y. et al., Br J Pharmacol, 1994. 111: 431-4.; [10] Torii,
Y. et al., Naunyn Schmiedebergs Arch Pharmacol, 1991. 344: 564-7.; [11]
Cheng, F.H. et al,, Eur J Pharmacol, 2005. 508: 231-8,; [12] Tashiro, N.
et al, J Am Assoc Lab Anim Sci, 2007. 46: 81-5.; [13] Kan, KK. et al., Eur J
Pharmacol, 2003. 477: 247-51.; [14] Fujiwara-Sawada, M. et al., Pharma-
cometrics, 2000. 59: 39-46,; [15] Javid, F.A. et al., Eur J Pharmacol, 2013.
699: 48-54.; [16] Kan, K.K. et al. Eur J Pharmacol, 2003. 482: 297-304.;
[17] Yamamoto, K. et al., Physiol Behav, 2004. 83: 151-6.; [18] Gardner, C.
et al. Neuropharmacology, 1998. 37: 1643-4.; [19] Andrews, P.L.R. et al.
Br J Pharmacol, 2000. 130: 1247-54.; [20] Rudd, J.A. et al. Eur J Pharmacol,
1999. 366: 243-52.; [21] Gardner, C.J. et al. Br J Pharmacol, 1995. 116:
3158-63.; [22] lkegaya, Y. et al. Jpn J Pharmacol, 2002. 89: 324-6.; and
[23] Smith, J.E. et al., Exp Physiol, 2002. 87: 563-74.

0.6 min®® with values for the higher doses (>100 pg/kg) being
comparable to Cheng et al.”® using 100 nmol/kg that evoked a
response with a latency of 8.2 £ 1.3 min.”® These values are also
similar to the latency of 5.7 £ 1.4 min reported for the highest
dose (30 nmol) of RTX given i.c.v.%? These observations imply
that when given subcutaneously RTX must gain rapid access to
the circulation and hence to the central nervous system either via
the blood-brain barrier (BBB) and/or via one of the circumven-
tricular organs (CVOs, e.g. area postrema, subfornical organ),
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where the BBB is relatively permeable; there may also be a simul-
taneous depolarization of the vagus by an action on the TRPV1
located particularly on the nodose ganglion or at the presynap-
tiC-terminals in the brainstem. With i.c.v. RTX, either the cere-
brospinal fluid barrier provides little resistance to the passage of
RTX and/or via one of the CVOs. In the arterially perfused,
decerebrate preparation the latency to induction of emetic like-
episodes was also short (1.7 £ 0.6 min). All these observations
indicate that RTX has rapid access to the CNS, most likely the
brainstem, and furthermore mobilises mechanisms that can bring
the emetic reflex to threshold quickly (see Fig. 1). Vanilloids can
increase Na™ and Ca™™" conductance in neurones and while this
can account for the proposed release of substance P and resulting
induction of emesis, it neither precludes the release of other neu-
rotransmitters by a presynaptic action, nor a direct activation of
neurones. It is worth noting that the area postrema has high and
low voltage-activated calcium currents.®” [°H] RTX binding sites
are found in rat nucleus tractus solitarius extending into the area
postrema83 consistent with the proposed sites of emetic action of
RTX in Suncus murinus where the dorsal vagal complex (nucleus
tractus solitarius and area postrema) has relatively high levels of
substance P (greater than the spinal trigeminal nucleus; Toyoda,
Suzuki, Otsuka, Woods, Andrews, Matsuki, 2000, unpublished
observations).

In contrast to Suncus murinus, in the dog and ferret,®>°% s.c.
RTX did not induce emesis, although capsaicin (33 mM) when
applied directly to the IV ventricle in the decerebrate dog
induced transient retching (in 2 of 3 animals) and increased neu-
ronal firing in the NTS within 20 s of application.”* Although
the studies are not directly comparable, the Shiroshita et al.”?
capsaicin study demonstrates that if a TRPV1 agonist reached
the dorsal brainstem of the dog (or ferret) in a high enough
concentration, neuronal activation and emesis could occur. In
view of this we hypothesize that in Suncus murinus the BBB
is more permeable to RTX than that in either the dog or fer-
ret, so that the concentration in a given time accessing the
neurones in the NTS is lower than in Suncus murinus and
hence does not stimulate the central pathways sufficiently to
reach threshold to induce emesis. This may also be contrib-
uted to by any transport or efflux mechanisms present in the
blood-brain/blood cerebrospinal fluid barriers and a slower
rate of absorption from the s.c. site in the dog and the ferret
that would flatten the plasma concentration of RTX which
could have an effect at sites such as the area postrema where
the BBB is relatively permeable. In the ferret the highest dose
of RTX given s.c. was 100 ug/kgGO and in the dog the high-
est dose wasl0 pgg/kg,62 so we are unable to comment if
higher doses would induce emesis in these species. It is also
possible that the pharmacological characteristics of TRPV1
differ between Suncus murinus and dog/ferret. An additional
possibility is that when given subcutaneously to the dog and
ferret RTX activates an endogenous anti-emetic pathway so
that an emetic effect of centrally released substance P is not
observed; possibilities include activation of cannabinoid
(CB,),* opioid,85 or 5-HT A pathways86 and pulmonary
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vagal afferents that in contrast to

4

abdominal vagal afferents inhibit the }
emetic reflex.®’

Anti-emetic effects of RTX in
Suncus murinus: Acute and chronic
effects

The spectrum of anti-emetic effects
of RTX in the ferret, dog and least
shrew are in Table 1
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together with the studies on Swunmcus o.
murinus discussed in this section. As
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(Andrews et al., 2000; Toyoda, Suzuki,
Otsuka, Woods, Andrews, Matsuki,

2000, unpublished observations). Intra-
cerebroventricular  administration  of
RTX markedly reduced/blocked the
emetic response to i.c.v. RTX, E-capsai-
cin and i.g. copper sulfate, but was with-
out effect on s.c. nicotine (cf. s.c.
RTX).69 The difference in the anti-
emetic effect of s.c. and i.c.v. RTX
against nicotine may be due to differing
pretreatment times. Both E-capsaicin
and Z-capsaicin given i.c.v. significantly
reduced the response to i.g. copper
sulfate.®”

Additional studies in Suncus murinus

Figure 2. Diagram summarising potential brainstem sites at which resiniferatoxin (RTX ) given either
subcutaneously (s.c.) or intracerebroventricularly (i.c.v.) in Suncus murinus can induce emesis. When
given s.c. (1) RTX could access peripheral terminals of abdominal vagal afferents or the nodose gan-
glion (2) to cause activation of the brainstem nucleus tractus solitarius (NTS) via the release of sub-
stance P. The NTS could also be accessed by RTX from the circulation (3) as could the area postrema.
The area postrema is the most likely site at which RTX given i.c.v. (4) acts but it is also possible that
RTX could diffuse into the NTS via the area postrema where the blood-brain barrier is relatively perme-
able. At none of these locations are we able to distinguish between an action of RTX on TRPV1 recep-
tors located on the cell bodies or presynaptically. Although it is likely that RTX induces substance P
release at several sites in the dorsal brainstem it is known that substance P acting on NK; receptors
occupy a pivotal position in the emetic pathway at the point where the signals integrated in the NTS
drive nausea and vomiting (5) so this may also be a likely site at which RTX could induce substance P
release to induce emesis. It is speculated that the emetic effect of s.c. RTX is not seen in ferret or dog
because the peak plasma concentration is lower resulting in a slower release of substance P so that
the threshold (T) for induction of emesis at site 5 is not reached. This site (5) is also the most likely
location at which RTX causes depletion of substance P (and possibly other transmitters) to have its
broad spectrum anti-emetic effect observed in ferret, dog and Suncus murinus. See text for details and

investigated the duration of the anti- references.

emetic effect of RTX (100 pg/kg, s.c.)
when given 1 h, 3, 10 and 30 d before
emetic challenge. Animals responded normally to motion, nico-
tine (5 mg/kg, s.c.) and veratrine (0.5 mg/kg, s.c.) by 3 d after
RTX administration but only one animal responded to copper
sulfate and no animals responded to cisplatin. At 10 days, one
out of 5 animals had a reduced response to cisplatin (20 mg/kg,
i.p.) and 3 out of 5 responded to i.g. copper sulfate although
with an increased latency. At 30 d the response to cisplatin was
similar to that at 10 d and in response to copper sulfate, only 2
animals out of 5 tested responded (Toyoda, Suzuki, Otsuka,
Woods, Andrews, Matsuki, 2000, unpublished observations).
The above series of observations in Suzncus murinus both con-
firm and extend the original studies in ferret and dog and further-
more demonstrate the potential for a single dose of RTX to have
a prolonged anti-emetic effects against copper sulfate and cis-
platin where a predominantly abdominal vagal pathway is impli-
cated. Although these unpublished observations require further
investigation, the long lasting antagonism of cisplatin is
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particularly interesting as it demonstrated the potential for a sin-
gle dose of RTX to cover the time period required for several
individual cycles of chemotherapy. Although not directly compa-
rable, a study by Geraghty and co-workers in the adult rat is of
relevance as it showed that treatment with s.c. capsaicin reduced
the density of [(125)I] Bolton-Hunter substance P and NK;
receptor immunoreactivity in the commissural nucleus of the
NTS, further supporting the proposal that vanilloids can have
long-term effects on brain stem function.®® The long lasting
desensitization produced by RTX has recently been drawn atten-
tion to in a review of its clinical potential for analgesia.®’

In the ferret, dog and Sunmcus murinus studies, no indications
of an algesic response following administration of RTX were
observed, but this potential liability would limit its potential
development as an anti-emetic. In view of this studies investigat-
ing the anti-emetic potential of non-pungent vanilloids were
undertaken. The ferret was used for these studies as development
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of radiotelemetric techniques in this species enables a range of
physiological parameters to be monitored facilitating selection of
compounds based on their overall profile of biological effects
rather than anti-emetic effect alone.

Investigation of the anti-emetic potential of non-pungent
vanilloids in the ferret: insights into the pharmacology of the
anti-emetic effects of TRPV1 receptors

The discovery that certain ‘pungent’ culinary ingredients had
potential anti-emetic effects, preceded the suggestion of capsaicin
“pain” receptors.90 In traditional Chinese medicine, ginger (Zin-
giber officinale), a well known pungent and aromatic spice, has
been used since ancient times for the treatment of nausea and
headaches; the active pungent constituents activating TRPV1
include gingerols, [6]-shogaol, and the degradation product, zin-
gerone.”’ Ginger extracts were subsequently investigated for a
capacity to antagonize cyclophosphamide-induced emesis in ani-
mal studies (using Suncus murinus) 25 y ago, but it was thought
the mechanism was possibly via anti-serotonergic actions.”” Simi-
larly, extracts also antagonized cisplatin-induced, but not apo-
morphine-induced emesis in dogs, and it was assumed the
mechanism involved a block of 5-hydroxytryptamine; receptors
(5-HT3)”; there is also a report of ginger extracts reducing cop-
per sulfate-induced emesis in frogs.”® It is now known that sev-
eral gingerols and [6]-shogaol also block 5-HTj receptors at a
modulatory site on the ion channel complex, and there may be
weak actions to block at muscarinic receptors.”” In mink (a close
relative of the ferret), gingerols have also been shown to antago-
nize emesis and associated increases of 5-HT, dopamine and sub-
stance P in the area postrema.”®®” Ginger has also been reported
to reduce gastric dysrthythmia induced by hyperglycaemia in
healthy volunteers,”® but while some clinical evidence indicates
the effectiveness of ginger for pregnancy-related nausea and vom-
iting,”” meta-analysis could not demonstrate effectiveness against
motion-induced emesis, or postoperative nausea and emesis, | *°
or for the control of chemotherapy-induced acute or delayed
emesis. '

The major site of anti-emetic action of pungent vanilloids
appears to be in the brainstem (see above). Pungent vanilloids
have a number of undesirable actions and this has restricted their
use as enteral or parenteral treatments for a number of disease
modalities. Concerted efforts to circumvent the problems associ-
ated with pungency have been made particularly in the study of
pain mechanisms. Several “non”- or “less”-pungent vanilloids
were identified including SDZ 249-665, olvanil, and phorbol
12-phenylacetate 13-acetate 20-homovanillate (PPAHV).'**1%4
These compounds appeared less irritating and it was initially pre-
sumed to relate to a slower gating of calcium that fails to reach
the threshold for generating action potentials.'®® However, non-
pungent compounds still inhibit transmitter release'®® and desen-
sitize nociceptors.'”” These effects were proposed to explain the
underlying mechanism of the analgesic action of non-pungent
and pungent vanilloids. We reasoned that pungency and an abil-
ity to rapidly release substance P may explain the emesis seen
with RTX, and that non-pungent compounds would not induce
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emesis. These studies were designed to follow up on the i.c.v.
studies where we had observed tachyphylaxis to RTX.*’

To explore the above hypothesis, we decided to explore a
number of vanilloids in Suncus murinus in an attempt to disso-
ciate pungency from anti-emetic potential using animals with
radio-telemetry implants. Specifically, could we dissociate
emetic potential and a capacity to cause hypothermia (which we
ascribed to pungency, a rapid release of substance P in emetic
circuits and in the hypothalamus) from a capacity to antagonize
emesis? In unpublished studies, we showed i.c.v. administered
RTX (0.1-10 nmol), capsaicin (30-100 nmol), and PPAHV
(10 nmol) induced transient emesis before subsequently antago-
nizing copper sulfate (120 mg/kg, i.g.)-induced emesis, which
was given 3 h later (Wan and Rudd, 2004, unpublished obser-
vations). Hypothermia at doses below those inducing emesis
was also seen in animals treated with RTX (0.3-10 nmol), cap-
saicin (10-100 nmol) and PPAHV (3-10 nmol); only RTX
induced ano-genital grooming. Olvanil (10-600 nmol) did not
cause significant emesis or hypothermia, but did antagonize
copper sulfate-induced emesis (Wan and Rudd, 2004, unpub-
lished observations). In peripheral administration studies, pun-
gency was also assessed by an eye blink test where compounds
were administered in a 10 wl volume to the eye surface and this
yielded an order of potency to cause ~10 blinks: RTX
(0.01 pmol)>PPAHV (0.1 pmol)>olvanil (30 wmol)>capsai-
cin (3000 wmol). When administered subcutaneously, RTX,
capsaicin and olvanil, but not PPAHV-induced emesis: (EDs
episodes) RTX (~0.1 wmol/kg)>olvanil (~30 pwmol/kg)>
capsaicin  (~300 pwmol/kg). Subsequently, all compounds
antagonized significantly acetic acid-induced writhing: (IDs()
RTX  (0.002 wmol/kg)>olvanil (0.8 wmolkg-1)>capsaicin
(7.9 pmol/kg/)> PPAHV (25.1 wmol/kg) (Wan, Rudd, Chu,
Ngan and Wai, 2008, unpublished observations). In other stud-
ies in the literature, olvanil was noted to have anti-nociceptive
properties rodents and mice in the absence of causing hypother-

108-110, " .
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mia or affecting cardiovascular performance
described as desensitizing, but not activating, sensory nerve ter-
minals in the NTS of the rat.'"! Taken together, we decided
that of the compounds studied, olvanil represented the most
reasonable compound to explore as a ‘less pungent’ vanilloid to
reduce emesis induced by diverse challenge.

At the time of deciding to work with olvanil, it was also
emerging that the compound also inhibited the AMT, at concen-
trations 10 times higher than those that are required for TRPV1
activation.''? Therefore, our studies were done in comparison
with the AMT inhibitor/weak activator of TRPV1 receptors,
AMA404'12 113, there was also evidence of olvanil binding (in the
micro-molar range) to CB, receptors.114 The studies were also
done independently of work showing that the pungent TRPV1/
cannabinoid CB; receptor agonist, arvanil, antagonized mor-
phine-6-glucuronide-induced emesis in ferrets.''” We implanted
ferrets with radiotelemetry devices, and found that subcutane-
ously administered RTX (0.1 mg/kg) caused hypertension, hypo-
thermia (a fall of ~4.6 °C was seen) and reduced food and water
intake, but also significantly inhibited emesis induced by apo-
morphine (0.25 mg/kg, s.c.), copper sulfate (100 mg/kg, i.g.)
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and cisplatin (10 mg/kg, i.p.). In contrast, olvanil (0.05-5 mg/
kg) did not have an adverse profile, and antagonized apomor-
phine- and cisplatin-induced emesis but not that induced by cop-
per sulfate. AM404 10 mg/kg) reduced only emesis induced by
cisplatin without affecting other parameters measured. The maxi-
mum inhibition of cisplatin-induced emesis by was very similar
to that obtained by AM404, and it was not possible to know if
anandamide had been elevated by both compounds to act at CB,
receptors in addition to TRPV1."'° However, in the same stud-
ies, olvanil (30 wg) antagonized cisplatin-induced emesis when
administered i.c.v. but RTX (0.3g, i.c.v.) and AM404 (60 pg, i.
c.v.) were inactive. Our use of radio-telemetry clearly indicated
that RTX and olvanil had been used at equipotent doses to olva-
nil, with both olvanil and RTX inducing a comparable reduction
in temperature, which may also indicate that olvanil has some
degree of pungency via this route; conversely, AM404 did not
induce hypothermia administered peripherally.''® Nevertheless,
the studies indicate that olvanil may need to penetrate to the
brain to inhibit cisplatin-induced emesis and that the spectrum
of anti-emetic effects was less than observed with RTX.

Given the positive results against apomorphine and cisplatin,
we investigated if administration of olvanil (0.05-5 mg/kg, s.c.)
3 times a day could antagonise the acute and delayed emesis
induced by a lower dose of cisplatin (5 mg/kg, i.p.). The acute
(day 1) and delayed (days 2-3) emetic response induced by cis-
platin was associated with reduced food (—98.7% at day 3) and
water consumption (—70.2% at day 3), and progressive weight
loss (—12.0% at day 3). Olvanil did not prevent either emesis or
the weight loss, or negative effects on food and water consump-
tion, but instead appeared to potentiated the cisplatin-induced
inhibition of food consumption by ~20 %.""” While cisplatin
alone was without effect on temperature, hypothermia was
recorded in animals concomitantly treated with olvanil; the ani-
mals also appeared more active. We concluded that olvanil would
be unlikely to be useful clinically for the control of the gastroin-
testinal side effects induced by cisplatin.''” These result were
somewhat disappointing given that in previous studies, RTX 10
(Rg, s.c.) given at 36 h could antagonize cisplatin (5 mg/kg, i.
p.)-induced delayed emesis in ferrets.**

Undesirable effects of pungent and non-pungent vanilloids
on temperature, grooming, and blood pressure

The suggestion that TRPV1 channels are involved in the con-
trol of body temperature was initially based on the early findings
that capsaicin provoked hypothermia in rats, acting within the
hypothalamus."'®'"” Hypothermic effects of both capsaicin and
RTX were later confirmed in the mouse,'?° rat,'?! ferret,’® and
Suncus murinus (Wan and Rudd, 2004, unpublished observa-
tions) (Fig. 3). Likewise, a non-pungent vanilloid, olvanil, may
have caused hypothermia by central mechanisms in ferrets." '’
On the other hand, expected hyperthermic effects of selective
TRPV1 antagonists were reported in laboratory animals'*%'#4
and humans.'”> These effects provide evidence that some
TRPV1 channels are tonically active and involved in the temper-

ature control at rest.
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The functional neuroanatomy of thermoregulatory pathways
is relatively well understood, at least in rats. Information from
central (brain) and peripheral (cutaneous and visceral) thermo-
sensors is integrated in the preoptic anterior hypothalamus
(POAH) and then forwarded to the dorsomedial hypothalamus,
a major integrative center for autonomic output. From there,
descending presympathetic pathways relay in the medullary
raphe/parapyramidal area and in the spinal cord, where separate
populations of sympathetic neurones control 2 thermoeffectors —
brown adipose tissue responsible for non-shivering thermogenesis
and cutaneous vascular bed responsible for heat dissipation/con-
servation.'*>'?® Neural pathways controlling sweating are less
well studied. Recent brain imaging work confirmed the POAH is
also involved in mediating sweating responses in humans.'*’

It is now well established that the 2 principal locations of the
thermoregulation-related TRPV1 are in the first order sensory
neurons in the dorsal root ganglia and in the POAH thermosen-
sitive neurones. A recent comprehensive review by Romanovsky
and coworkers provides excellent coverage of the topic and
resolves some earlier controversies regarding central vs. periph-
eral action of TRPV1 ligands.'*® The authors proposed that
both agonists and antagonists act on both POAH and DRG
neuronal populations, but that the effects of agonists are medi-
ated predominantly in the POAH, whereas the effects of antag-
onists are mediated predominantly in the DRG neurons. Such
relative specificity could be explained if one assumes that
POAH TRPV1 channels are inactive (and thus insensitive to
the antagonists) in normal conditions whereas DRG channels
are active.

From the above data it is clear that there are a limited number
of targets where neural signals generated by emetic stimuli could
interact with the descending thermoregulatory pathways. The
fact that the nausea state is associated with changes in subjective
perception of ambient temperature and causes preference for a
cooler environment suggests that this interaction may occurs
quite high in the neuraxis, and the appropriate candidate could
well be the POAH."? If so, it would be not unreasonable to sug-
gest that the TRPV1 channels in this region represent a critical
link mediating hypothermic responses to emetic stimuli.

The precise mechanism of RTX to induce ano-genital groom-
ing in Suncus murinus is not known®®® but TRPV1 in the hypo-
thalamus, medial preoptic area, and limbo -striatal system are
conceivably involved, as erections were sometimes observed in
Suncus murinus (Wan and Rudd, 2004, unpublished observa-
tions) and these brain areas are known to be involved in coordi-
nating sexual behavior.””?%'%% In fact, ginger is purportedly used
as an aphrodisiac in traditional Arabic medicine,'”" but studies
have recorded ano-genital grooming with isolated gingerols in
Suncus murinus.”* In Suncus murinus, olvanil and PPAHV do
not induce ano-genital grooming (Wan and Rudd, 2004, unpub-
lished observations). It is conceivable that the mechanisms
involved relate to pungency (although capsaicin is inactive) and/
or brain penetration, and possibly a role of substance P, which
itself can facilitate sexual behavior from other studies in
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Figure 3. A summary of the biological effects of resiniferatoxin (RTX) given subcutaneously (s.c.) in a range of species indicated by the silhouette. RTX
may cause undesirable effects (red) including emesis, genesis of conditioned taste aversion (CTA), hypertension, stimulation of intense ano-genital
grooming and hypothermia. However, RTX also has the desirable effect of being a broad-spectrum anti-emetic agent with the range of emetic stimuli
affected shown on the right hand side (green). The primary aim of much of the research described in the review is to identify the mechanism of the anti-
emetic effect and identify compounds capable of anti-emesis and devoid of the undesirable effects.Symbols:Suncus murinus: Dog: Ferret: Rat: Further
details and references to published data are given in the text: CTA is from rat using a 2 bottle choice design with saccharin (Rudd et al. unpublished);
Emesis and ano-genital grooming data is from Suncus murinus plotted (Rudd et al., unpublished; blood pressure and core temperature data is from con-
scious ferrets implanted with a radio-telemetery transmitter derived from data shown in Chu et al., 2010. Neuropharmacology 58, 383-91.

Capsaicin is more familiarly known to cause activation of
vagal reflexes leading to bradycardia and hypotension.”® This is
clearly different from the data obtained in our studies in the ferret
using radiotelemetry, and in the original anaesthetised ferret
studies where one out of 4 animals tested also exhibited transient
hypertension to RTX.%® It is interesting, however, that epicardial
administration of capsaicin can increase blood pressure in anaes-
thetized rat, effects prevented by pretreatment with RTX and
iodo-RTX."** Further, in guinea pigs, RTX induces hypotension,
and then hypertension, whereas capsaicin only caused hypoten-
sion."> Tt seems that the spread of penetration, and possibly
anesthesia may mask effects. In a study in anaesthetised rats, an
intravenous bolus dose of capsaicin induced an initial fall and
then an increase in blood pressure, but a slower infusion only
resulted in a pressor response.'®” The lack of effect of olvanil on
blood pressure in the conscious ferret and retention of ant-
emetic effects demonstrates the feasibility of dissociating the

unwanted cardiovascular effects form emesis control.' '
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The emetic and anti-emetic effects of vanilloids: Hypotheses
and conclusions

Emetic effects (Fig. 2)

The studies reviewed above covering 4 species with an emetic
reflex (dog, ferret, Suncus murinus, Cryprotis parva) revealed the
emetic and anti-emetic potential of selected vanilloids. The
emetic effect of RTX when given subcutaneously were clear in
Suncus murinus®®’° and Cryptotis parva’® but were not apparent
in dogs®? or ferrets®® when given by the same route. As topical
application of capsaicin to dorsal brainstem of the decerebrate
dog72 induced transient emesis it demonstrates that if a sufficient
concentration of a pungent vanilloid accesses the TRPV1 sites
thought to be located in the nucleus tractus solitarius, and to a
lesser extent the dorsal motor vagal nucleus and area postrema,' '
then emesis can ensue. We hypothesize that in Suncus murinus,
the rate of absorption of RTX from the skin is rapid and that the
blood-brain barrier is relatively permeable so that a high
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concentration of RTX reaches the critical site(s) in the brainstem.
This hypothesis is supported by the observation that the latency
of the emetic response decreases with increasing dose given sub-
cutaneously and that the latency of the emetic response via subcu-
taneous, intra-arterial and intracerebroventricular routes is
comparable. Although the data is very limited the latency to i.c.v.
capsaicin is similar in both Suncus murinus and dog (Table 3).

The mechanism by which RTX (and capsaicin and olvanil)
induces emesis is proposed to be via TRPV1 in the brainstem
(NTS, AP) inducing the rapid release of substance P (and proba-
bly a non-peptide co-transmitter such as L-glutamate.'*®
Evidence supporting this hypothesis includes:

i) Rapid (<5 min) release of substance P from Suncus murinus
brainstem slices consistent with the timing for RTX induced
substance P and CGRP release from bladder, spinal cord and
ear in other species;'?”'?®

ii) Absence of response to RTX in adult Suncus murinus treated
neonatally with capsaicin;

iii) Reduction or blockade of the emetic response to RTX by the
non-selective TRPV1 antagonist ruthenium red; however,
the selective antagonist capsazepine was without effect. Inter-
estingly, the genital grooming induced by i.c.v. RTX was
antagonised by both ruthenium red and capsazepine and
although RTX, Z-capsaicin and E-capsaicin all induced eme-
sis when given i.c.v., only RTX induced genital grooming;69

iv) Blockade of the emetic response to RTX by NK; (substance
P receptor antagonists (Table 2). The anti-emetic effect of
morphine and 8-OH-DPAT is not unexpected as both sub-
stances have “broad spectrum” anti-emetic effects in Suncus
murinus (and other species) via an agonist action on endoge-
nous anti-emetic pathways.*® Both morphine and 8-OH-
DPAT are presumed to reduce neurotransmitter release in
the emetic pathway by a presynaptic inhibitory effect.*> Even
at the highest doses of RTX given subcutaneously or RTX
and capsaicin given i.c.v., the emetic responses are relatively
short-lived with episodes lasting ~5-10 min. suggesting a
self-limiting mechanism. The 7z vitro brainstem slice study
also showed that release of substance P reached a plateau
within 5 min of RTX application and sustained for a further
10 min but subsequently began to decline and was close to
baseline levels by 30 min despite continued application of
RTX. Although the iz vitro brainstem slice studies in Suncus
murinus used a relatively high concentration of RTX (1 M)
the amount of substance P released was ~50 % of that release
by a pulse of K* ([50 mM]) over the same time course sug-
gesting that the TRPV1 releasable pool is smaller than the
total available. These iz vitro studies must be treated with
caution, as overall turnover of substance P was not measured
so it is not known if the decline in release truly represents net
depletion from presynaptic stores. One explanation for the
difference between RTX and K induced substance P release
is that only a proportion of the substance P containing neu-
rones in the brainstem possess TRPV1. Although data are
not available for Suncus murinus, the NTS in the ferret has a
high level of TRPV1 compared to other dorsal brain stem
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areas,''” and a high density of NK; receptors indicative of
substance P containing neurones™ consistent with the pres-
ence of substance P immunoreactivity throughout the dorsal
vagal complex (NTS, area postrema, dorsal vagal motor
nucleus.'?”) The release of substance P is most likely medi-
ated by an influx of calcium ions into the pre-synaptic-termi-
nal via TRPV1, but actions on postsynaptic receptors cannot
be excluded and has been proposed as one of the effects of
RTX in the substantia gelatinosa of the spinal cord.'?°

Studies in the rat spinal cord dorsal horn showed a relation-
ship between substance P release and internalisation of NK;
receptors on dorsal horn neurones.'*®'** The authors noted that
NK; receptor internalisation is a saturable process and that sub-
stance P release can continue beyond a concentration at which
NKj receptor internalisation saturates. Internalisation is a general
property of NKj receptors and is described in both the peripheral

'1) and central nervous system (e.g.,

(e.g., myenteric neurones
dorsal horn'*®) and hence it is highly likely that such internalisa-
tion occurs in the dorsal brain stem and the nucleus tractus soli-
tarius in particular. We propose that while emesis is induced by
TRPV1 mediated release of substance P acting on NK; receptors
in the nucleus tractus solitarius, the substance P release eventually
runs down the releasable pool, the saturation of the internalisa-
tion process is the initial reason for the self-limiting of the emetic
response. /n vitro studies indicate that recycling of the NK;
receptors to the cells surface takes 30-60min'*" and if a similar
time course operates i vivo, it is conceivable that by the time
NK; receptors are available for activation, the pool of substance
P has been depleted and this would also explain why a second
dose of RTX fails to induce an emetic response in Suncus muri-
nus. This hypothesis is testable by administration of selective
NKj receptor agonist which should evoke an emetic response in
Suncus murinus at the time when it is unresponsive to other stim-
uli. Prolonged (24 h) exposure to substance P has been shown to
reduce the affinity of NK; receptors in neonatal rat spinal neuro-
nes'*? and in theory if RTX induced sustained release of sub-
stance P and such an effect (homologous regulation) could
further contribute to the acute anti-emetic effects although at
48 h an increase in binding/receptor density was reported.
Capsaicin, RTX and olvanil differ markedly in many of their
pharmacological properties, for example: in their lipophilicity
(~5 log unit range); the kinetics of their effect on Ca**fuxes in
CHO cells expressing recombinant TRPV1 receptors' 3144
kinetics of desensitization (see'** for capsaicin »s RTX); their
potential to induce eye wiping'®®; the degree of activation of
TRPV1 receptors located on the endoplasmic reticulum (capsai-
cin>olvanil, see'*®) in spinal cord slides while both capsaicin (2
uM) and RTX (0.5 M) increased spontaneous excitatory post
synaptic currents in substantia gelatinosa neurones, olvanil (10
wM) was without effect despite being given at a concentration
capable of maximally activating TRPV1 located on the cell body
of the primary afferent neurone in the dorsal root ganglion.'*®
Although the data is very limited there does not appear to be a
characteristic shared by all 3 compounds except that they all have
a potential to induce emesis in Suncus murinus when give
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subcutaneously and are anti-emetic in ferret and Suncus murinus.
To define which pharmacological or physicochemical property of
vanilloids/capsaicinoids accounts for the emetic effect will require
studies of a wider range of compounds in Suncus murinus includ-
ing investigating the emetic (and anti-emetic) potential of capsi-
noids (e.g., capsiate.'*”)

Anti-emetic effects (Fig. 2)

The anti-emetic effect of RTX was identified in the ferret
prior to identification of its emetic potential in other spe-
cies.®"¢76%14¢ Based upon the known ability of RTX (and
related vanilloids) to deplete substance P from neurones it was
hypothesized that its broad spectrum effects were due to this
effect with the depletion proposed to occur in the brainstem at a
site (probably nucleus tractus solitarius) critical for induction of
emesis.

This hypothesis is consistent with the subsequent studies in
the decerebrate dog showing that the anti-emetic effect takes
some time to develop; for example in the ferret it is about 20—
0116 and in the dog
when RTX was given i.c.v. ~40 min was required for blockade
of vagal afferent induced retching.”* Using radio-telemetry in the

30 min when RTX is given subcutaneously

ferret the rise in blood pressure following subcutaneous injection
of RTX at the same dose (100 ng/kg) that is effective as an anti-
emetic takes 15-30 min to peak and declines by 60 min,
although at a level sustained above the pre-injection level.''®
These timings are also consistent with studies of the time course
of the onset of the analgesic effect of subcutaneously given RTX
in the rat.®!

Ascribing the acute anti-emetic effect of RTX and other vanil-
loids to depletion of substance P at a critical site in the brainstem
(most likely the NTYS) is plausible and is consistent with the
“broad spectrum” anti-emetic effects of both RTX and NK;
receptor antagonists (Table 1). However, the evidence is circum-
stantial and other possibilities should not be excluded and could
include a selective (recoverable) toxic effect on neurones at a criti-
cal point in central or peripheral emetic pathways, impaired syn-
thesis of new substance P following the initial depletion,
homologous down regulation of NK; receptors by substance
P'?, and elevation of intracellular cGMP'? in the NTS increas-
ing the emetic threshold.

Preliminary unpublished studies in Suncus murinus provide an
indication that a single dose of RTX may have an anti-emetic
effect against cisplatin and copper sulfate lasting a month. These
preliminary observations show the potential for an anti-emetic
agent which following a single dose could cover several cycles of
chemotherapy but the mechanism is unclear although it may
reflect the known neurotoxicity of RTX.®!

If the emetic effect of the vanilloids/capsaicinoids is due to
rapid access of a high concentration of the agonist reaching the
dorsal brainstem to release substance P (or other transmitters)
then to minimise the potential for this effect to occur in humans
a slow release formulation would be desirable to optimise the
anti-emetic effect and reduce the emetic liabilicy. However, the
studies in the ferret with olvanil show that it is possible to achieve
an anti-emetic effect using a non-pungent vanilloid but further
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studies need to be undertaken to understand why the efficacy
differs from that attained by RTX.

Lessons for anti-emetic research
The identification of the anti-emetic and emetic effect of RTX

20 y ago raises a number of lessons for research in this area:

i) When we first investigated RTX in ferret®® 14 seudies of the
effects of vanilloids 77 vivo had been performed almost exclu-
sively in rodents and hence neither emetic nor anti-emetic
effects of the compounds would have been readily detected
as these species together with lagomorphs (rabbits) lack an
emetic reflex.””° Specific studies of pica or conditioned taste
aversion considered to be indices of activation of pathways in
rodents that in species with an emetic reflex would induce
emesis might have identified the emetic potentialG;

ii) We had hypothesized that RTX would be effective against
emesis induced by intragastric copper sulfate and “low dose”
total body X-radiation as in the ferret both are mediated pre-
dominantly (possibly solely) by the abdominal vagi.”* If we
had confined the initial study to these stimuli we would not
have identified the potental for RTX to affect emesis
induced by a stimulus (loperamide) acting via the area post-
rema with no involvement of the valgi.59 This observation
was particularly significant because although the discovery
of the anti-emetic effect of 5-HT; receptor antagonists had a
dramatic effect on this adverse effect of anti-cancer
chemotherapy these agents had a limited spectrum of anti-
emetic efficacy so a need for broad spectrum anti-emetic
remained;

iii) In an attempt to identify if RTX was also anti-emetic against
motion sickness (the vestibular system is the third of the
major pathways via which the emesis can be induced together
with the area postrema and the abdominal vagal afferents) we
investigate the effect in Suncus murinus which at the time
was an emergent model for motion sickness; we also investi-
gated if RTX could also inhibit nicotine-induced emesis in
this species. The emetic effect of RTX in Suncus murinus was
unexpected but provided important support that RTX given
s.c. induced release of substance P from the brainstem in a
novel species and subsequently confirmed the broad spec-
trum anti-emetic effect including the potential for long dura-
tion (1month) blockade of emesis;

iv) The identification of non-pungent vanilloids (olvanil)
enabled us to investigate whether anti-emetic efficacy was
related to pungency. The initial studies of anti-emesis were
undertaken using direct observation of the animals but the
development of radiotelemetry techniques in the ferret'#®

enabled characterization of the effect of vanilloids on temper-

ature and the cardiovascular system,116 which had previously
only been possible in anaesthetised ferrets.®® While identifi-
cation of the anti-emetic potential of the non-pungent vanil-
loid olvanil was a key finding of equal importance was the
ability to identify the differential effects of RTX, olvanil and

AM404 on blood pressure and core temperature as such

measurement are critical in selecting compounds or
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pharmacological targets for progression to minimise the
potential for an adverse profile when studied in humans.

Concluding Remarks

It is clear that vanilloids may have anti-emetic effects across
several species. The precise mechanisms involved are difficult to
interpret given the selectivity of the compounds used and the
complexity of distinguishing actions relative to pungency and lip-
ophilicity. The testing of highly selective TRPV1 ligands that are
truly ‘non-pungent’ would be required to more confidently ascer-
tain their use as anti-emetics, or as adjuncts to standard anti-
emetic regimens. In the interim it may be possible to gain an
insight into the involvement of endogenous TRPV1 in humans
by examining emetic sensitivity in populations with a cuisine
using large amounts of chilli pepper as protracted consumption
could lead to chronic down-regulation. This review has focused
on TRPVI in emetic mechanisms but a study of vanilloids and
several other compounds at other TRP sites is required to fully
understand the complexity of pharmacological action, especially
in cases where responses have been noted as being resistant to the
classical TRPV1 antagonist, capsazepine.
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