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Respiratory action of capsaicin microinjected into the nucleus of the
solitary tract: involvement of vanilloid and tachykinin receptors

'Stuart B. Mazzone & *'Dominic P. Geraghty

!School of Biomedical Science, University of Tasmania, PO Box 1214, Launceston, Tasmania 7250, Australia

1 The respiratory response to microinjection of capsaicin into the commissural nucleus of the
solitary tract (cNTS) of urethane-anaesthetized rats was investigated in the absence and presence of
the competitive vanilloid (capsaicin) antagonist, capsazepine, and selective tachykinin NK;, NK, and
NK; antagonists (RP 67580, SR 48968 and SR 142801, respectively).

2 Microinjection of capsaicin reduced respiratory frequency but not tidal volume (VT), leading to
an overall reduction in minute ventilation (VE). The effect was dose-dependent between 0.5 and
2 nmol capsaicin. Doses greater than 2 nmol produced apnoea. Tachyphylaxis was observed
following repeated injection of capsaicin (1 nmol, 30 min apart).

3 Capsazepine (1 nmol) had no effect on frequency or VT when injected alone but completely
blocked the respiratory response to capsaicin (1 nmol).

4 RP 67580 (1 but not 5 nmol) alone depressed frequency and VT slightly. Moreover, RP 67580
appeared to potentiate the bradypnoeic effect of capsaicin. In contrast, SR 48968 and SR 142801 (1
and 5 nmol) alone had no significant effect on respiration. However, both agents significantly
attenuated the reduction in frequency produced by capsaicin.

5 In conclusion, microinjection of capsaicin into the cNTS decreases overall ventilation, primarily
by reducing frequency. The action of capsaicin appears from the data to be mediated by vanilloid
receptors since it is blocked by the competitive vanilloid antagonist capsazepine and is subject to
tachyphylaxis. However, since NK, (SR 48968) and NK; (SR 142801) receptor antagonists block the
actions of capsaicin, we propose that capsaicin acts also by releasing tachykinins from central

afferent terminals in the cNTS.
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Introduction

Vanilloids, including capsaicin and resiniferatoxin (RTX), are
thought to act via specific vanilloid receptors located on the
central and peripheral terminals of unmyelinated C-fibres or
lightly myelinated AJd-fibres. The distribution of vanilloid
receptors (assessed using [*H]-RTX binding) in the CNS is
confined to the dorsal horn of the spinal cord and discrete
regions of the brain stem, namely in and around the nucleus of
the solitary tract (NTS; Szallasi er al., 1995). There are
numerous studies which describe the actions of capsaicin on
primary afferent C-fibres and nociceptive processing at the
level of the spinal cord (for review, see Bevan & Szolcsanyi,
1990; Scolcsanyi, 1993). However, to date there is little
information on the role of vanilloid receptors at supraspinal
(medullary) sites.

The NTS receives input from many sources, including
peripheral chemo- and baroreceptor, and vagal pulmonary
afferents, i.e., slowly adapting stretch receptors (SARs),
rapidly adapting (irritant) receptors and J-receptors (Kalia &
Mesulam, 1980; Jordan & Spyer, 1986). Many of these afferent
fibres contain tachykinins, inlcuding substance P (SP) and
neurokinin A (NKA), and excitatory amino acids (EAAs) in
their central terminals (Kalia et al., 1984; Helke & Hill, 1988;
Chen et al., 1994; Mizusawa et al., 1994). SP-preferring
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neurokinin; (NK,) and NKB-preferring NK; receptors have
been identified in the NTS (Stoessl & Hill, 1990; Nakaya et al.,
1994; Ding et al., 1996; Mazzone et al., 1997). Moreover,
several studies have documented an excitatory role for SP in
baro- and chemoreceptor reflex integration (Chen et al., 1990;
Couture et al., 1995; Mazzone et al., 1998), although the role
played by tachykinins in other respiratory reflexes (e.g.,
Hering-Breuer (H-B) reflex) is not clear. In contrast, despite
functional evidence (Tschope et al., 1992; Lepre et al., 1994;
Picard et al., 1994; Couture et al., 1995), localization studies
have failed to detect NKA-preferring NK, receptors in the
brain stem (Dam et al., 1987; Tsuchida et al., 1990; Zerari et
al., 1998).

Capsaicin releases tachykinins from C- and Ad-afferents,
resulting in a dramatic Ca®"-dependent increase in SP release
from tissue slices of rat NTS in vitro (Helke et al., 1981).
Moreover, systemic capsaicin pretreatment of neonatal rats,
which destroys the majority of C- and Ad-fibres, causes a
marked decrease (50%) in the SP content of the NTS
compared with vehicle-pretreated controls (Takano et al.,
1988). The respiratory response to hypoxia (increased
ventilation) is reduced by 40% in adult rats pretreated with
capsaicin as neonates (De Sanctis et al., 1991), suggesting that
this may in part be related to the loss of SP. However, there
has been no detailed studies addressing the acute effects of
vanilloids on the central control of respiration.

The aim of the present study was to investigate whether
activation of vanilloid receptors in the region of the NTS
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modifies respiration, and subsequently to determine the role
played by tachykinins (if any) in the central respiratory actions
of capsaicin.

Methods

Surgery

All experimental procedures were approved by the University
of Tasmania Ethics Committee (Animal Experimentation;
project 97044). A total of 88 male Hooded Wistar rats 240—
290 g) were anaesthetized using urethane (0.5 g kg=' i.p. and
0.5 kg' s.c.) and allowed to breathe room air throughout all
procedures. The level of anaesthesia was assessed by
monitoring limb withdrawal and head-shake reactions. Body
core temperature was kept constant at 37°C by placing the rat
in the prone position on a thermostatically controlled water
bed. The animal’s head was stabilized in a Kopf stereotaxic
apparatus and the dorsal aspect of the brain stem and
cerebellum was exposed by a midline incision and partial
occipital craniotomy. The dura mater was temporarily left
intact. Animals were allowed to stabilize for 20 min before
continuing.

Respiration, which was spontaneous and rhythmic, was
recorded using subcutaneous electrodes (inserted along the
sixth intercostal space) and a calibrated impedance converter
(UFI, Morro Bay, California, U.S.A.) as previously described
by our laboratory (Maskrey & Hinrichsen, 1994; Mazzone et
al., 1997; 1998). The response of the impedance converter was
linear over a volume range of 0.1 -5 ml and varied less than
5% over the frequency range of 50150 breaths min™"'.

Injection of agents

The dura mater was cut and retracted. In preliminary
experiments to determine the dose-effect relationship of
capsaicin on respiration, a 1 ul microsyringe (o.d., 470 um;
Hamilton, Reno, Nevada, U.S.A.) was mounted in a
micromanipulator and using obex as a reference point, the
needle was inserted into the cNTS: AP —15to —15.3 mm; L 0
to 0.3 mm relative to bregma and 0.4 mm into the dorsal
surface of the brain stem (Paxinos & Watson, 1986). Capsaicin
(0.5-3.0 nmol in 500 nl) or vehicle (25% ethanol in normal
saline) was then injected over 30 s into the cNTS. Each animal
received only a single injection of capsaicin or vehicle.
Respiratory movements were recorded for 60 min following
the injection.

In a separate series of experiments, one group of animals
(n=4) received three injections of capsaicin (1 nmol, 30 min
apart) and respiratory movements were recorded for 30 min
following each injection.

In all subsequent experiments, agents were injected using a
two-barrel micropipette (o.d. 100 gm). One barrel was used to
inject capsaicin and the other for vehicle injection or injection
of antagonists prior to capsaicin. Thus, each animal received a
maximum of two injections (i.e., an injection of vehicle or
antagonist followed by an injection of capsaicin). The
competitive vanilloid antagonist, capsazepine (1 nmol) was
injected 10 min prior to capsaicin (1 nmol). The role of NK,,
NK, and NK; receptors in the respiratory effects of capsaicin
was investigated by injecting 1 and 5 nmol of the highly
selective  NK,;, NK, and NK; antagonists, RP 67580,
SR 48968 and SR 142801, respectively, 10 min prior to
injecting 1 nmol of capsaicin. At the end of each experiment,
rats were killed with an overdose of pentobarbitone and the

brain stems were removed and rapidly frozen. Cryostat-cut
serial sections were thaw-mounted onto gelatine-coated slides
and stained with thionine to ascertain the exact injection site.

Data analysis

Prior to removal of the brain stem, a polyethylene tube
attached to a 5 ml syringe was inserted into the trachea and the
impedance converter was calibrated by graded inflation of the
lung. Respiratory movements were measured over a 20 s time
interval and then converted to frequency, tidal volume (VT)
and minute ventilation (VE). Volumes were subsequently
normalized to body weight. Data obtained from animals
which showed evidence of the needle tract in the cNTS were
compared using ANOVA followed by Fisher’s Least Sig-
nificant Difference (LSD) test. For antagonist studies, all
statistical comparisons were made against time-matched,
vehicle-injected controls. Where capsaicin was injected
repetitively, comparisons were to the first injection. P<0.05
was considered statistically significant.

Drugs and materials

Capsaicin (>99% purity) and capsazepine were purchased
from the Sigma Chemical Company. Nonpeptide antagonists
were generous gifts: (3aR, 7aR)-2-(1-imino-2-(2-methoxy-
phenyl)-ethyl)-7,7-diphenyl-4-perhydroisoindolone (RP 67580)
from Dr C. Garret, Rhone-Poulenc Rorer, Vitry sur Seine,
France); (S)-N-methyl-N[4-(4-acetylamino-4-phenyl piperidi-
no)-2-(3,4-dichlorophenyl)butyl]benzamide (SR 48968) and
(R)-(N)-[1-[3-[1-benzoyl-3-(3,4-dichlorophenyl)piperidin-3-yl]-
propyl ] -4 - phenylpiperidin - 4 - yl ] - N - methylacetamide (SR
142801) from Dr X. Emonds-Alt, Sanofi Recherche, Mont-
pellier, France. All agents were dissolved in 25—35% ethanol
in normal saline (except for RP 67580 which was dissolved in
0.01 M HCl in normal saline) and stored in frozen aliquots. All
other reagents were of analytical grade.

Results
Injection of capsaicin

Microinjection of capsaicin (0.5—2.0 nmol) into the cNTS
decreased frequency in a dose-dependent manner (Figures 1
and 2a). The maximum decrease in frequency was observed
between 5 and 10 min after the injection (minimum frequency
values were 10544 breaths min~' for vehicle and 90+6,
7547, 5146 breaths min~' for 0.5, 1.0 and 2.0 nmol
capsaicin, respectively). Respiratory frequency slowly returned
to pre-injection values by 60 min. Doses of capsaicin greater
than 2 nmol produced apnoea (only two animals were tested
due to death being the end-point of the experiment; Figure 1).
Thus, the dose range producing a response from zero to
maximum effect (i.e., apnoea) was less than one order of
magnitude.

VT was not generally affected by capsaicin (Figure 2b).
However, the lowest dose of capsaicin (0.5 nmol) produced a
slight depression of VT (3.0340.19 ml kg~' versus
2.55+0.26 ml kg=' 5 min after injection of vehicle and
capsaicin, respectively), whereas 1 and 2 nmol capsaicin both
produced a small increase in VT. As a result, VE followed
essentially the same time-course as frequency after injection of
capsaicin (minimum VE values were 333+ 15 ml kg~' min~'
for vehicle and 226 +33, 220412, 169+20 ml kg~ min~' for
0.5, 1.0 and 2.0 nmol capsaicin, respectively; Figure 2c). The
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Figure 1 Representative chart tracings which show respiratory
movements before (control) and 10 min after microinjection of
500 nl vehicle (a) and 1 nmol capsaicin (b) into the commissural
nucleus of the solitary tract of urethane-anaesthetized, spontaneously
breathing rats. The bottom panels (c) show the effect of 3 nmol
capsaicin, which produced irreversible apnoea (arrow) 2 min after
injection.

effect of vehicle (500 nl, 25% ethanol in normal saline) on
respiration was negligible (Figures 1 and 2). One nmol
capsaicin was used as the reference dose in all subsequent
experiments since it produced consistent respiratory slowing
without apnoeic periods.

Figure 3 shows the respiratory response to multiple
injections of capsaicin (1 nmol x three injections, 30 min
apart). All three injections produced the characteristic
reduction in frequency. However, the bradypnoeic response
to the second and third injection was attenuated when
compared with the bradypnoea following the first injection.
The attenuation of frequency, together with a slightly elevated
VT response, resulted in a significantly (P <0.05) reduced VE
response to the second and third capsaicin injections (e.g.,
193426, 261+26 and 265430 ml kg~ ' min~' for the first,
second and third injections, respectively).

Injection of capsaicin and capsazepine

Microinjection of capsazepine (1 nmol) or capsazepine vehicle
(35% ethanol in normal saline) alone had no effect on basal
respiration (Figure 4). However, capsazepine completely
blocked the bradypnoeic response (and hence, the decrease in
VE) to capsaicin (1 nmol) whereas injection of the vehicle had
no effect on the action of capsaicin (Figure 4). Although the
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Figure 2 (a) Respiratory frequency (f), (b) tidal volume (VT) and (c)
minute ventilation (VE) in rats following microinjection of capsaicin
(0.5-2.0 nmol) or vehicle (25% ethanol in normal saline) into the
commissural nucleus of the solitary tract of urethane-anaesthetized,
spontaneously breathing rats. Values are the mean of four to eight
animals and vertical bars show s.e.mean.

degree of bradypnoea produced by capsaicin (1 nmol)
following vehicle injection was comparable to that obtained
in dose-response experiments where capsaicin was injected
alone (7245 and 75+7 breaths min~', respectively) the
response to capsaicin following vehicle injection was faster
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(maximum decreases in frequency were observed after 2 and
10 min, respectively ) (compare Figures 2a and 4a).

Injection of capsaicin and tachykinin antagonists

The possible involvement of tachykinins in the respiratory
actions of capsaicin following injection into the cNTS was
investigated by injecting (separately) RP 67580, SR 48968 and
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Figure 3 (a) Respiratory frequency (f), (b) tidal volume (VT) and (c)
minute ventilation (VE) in rats following repeated injection of
capsaicin (x 3, 1 nmol, 30 min apart) into the commissural nucleus
of the solitary tract of urethane-anaesthetized, spontaneously breath-
ing rats. Values are the mean of four animals and vertical bars show
s.e.mean. *P<0.05 versus injection one (ANOVA followed by
Fisher’s LSD test).

SR 142801 to block NK;, NK, and NKj receptors respec-
tively, prior to 1 nmol capsaicin (Figures 5—7).

One nmol of the selective NK, receptor antagonist,
RP 67580, depressed frequency slightly (98+3 versus
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Figure 4 Effect of capsazepine on the respiratory response to
microinjection of capsaicin into the commissural nucleus of the
solitary tract: (a) respiratory frequency (f), (b) tidal volume (VT) and
(c) minute ventilation (VE). Capsazepine (1 nmol) or vehicle (35%
ethanol in normal saline) was injected into the cNTS of urethane-
anaesthetized, spontaneously breathing rats and allowed to act for
10 min prior to injection of capsaicin (I nmol, arrow). Values are the
mean of four animals and vertical bars show s.e.mean. *P<0.05;
**P<0.01 versus vehicle-capsaicin (ANOVA followed by Fisher’s
LSD test).
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87+ 5 breaths min~', 5 min following injection of vehicle and
RP 67580, respectively), which remained stable for a further
5 min prior to the injection of capsaicin (Figure 5a). The
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Figure 5 Effect of the NK; tachykinin receptor antagonist,
RP 67580, on the respiratory response to microinjection of capsaicin
into the commissural nucleus of the solitary tract (cNTS): (a)
respiratory frequency (f), (b) tidal volume (VT) and (c) minute
ventilation (VE). RP 67580 was injected into the cNTS of urethane-
anaesthetized, spontaneously breathing rats and allowed to act for
10 min prior to microinjection of capsaicin (arrow, 1 nmol) or vehicle
(25% ethanol in normal saline). Values are the mean of three to five
animals and vertical bars show s.e.mean. *P<0.05, response in
presence of 1 nmol RP 67580 significantly different from vehicle-
capsaicin (ANOVA followed by Fisher’s LSD test).

depression of frequency following injection of RP 67580
appeared to be additive to the capsaicin response (Figure
5a). That is, rats pretreated with 1 nmol RP 67580 displayed a
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Figure 6 Effect of the NK, tachykinin receptor antagonist

SR 48968, on the respiratory response to microinjection of capsaicin
into the commissural nucleus of the solitary tract (cNTS): (a)
respiratory frequency (f), (b) tidal volume (VT) and (c) minute
ventilation (VE). SR 48968 was injected into the cNTS of urethane-
anaesthetized, spontaneously breathing rats and allowed to act for
10 min prior to microinjection of capsaicin (arrow, 1 nmol) or vehicle
(25% ethanol in normal saline). Values are the mean of three to five
animals and vertical bars show s.e.mean. * and ** P<0.05 and
P<0.01 respectively, response in presence of SR 48968 significantly
different from vehicle-capsaicin (ANOVA followed by Fisher’s LSD
test).
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significantly (P <0.05) greater maximum bradypnoeic response
to capsaicin compared to vehicle-injected controls (59 +3 and
72+ 5 breaths min~!, respectively). Although some potentia-
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Figure 7 Effect of the NKj3 tachykinin receptor antagonist,
SR 142801, on the respiratory response to microinjection of capsaicin
into the commissural nucleus of the solitary tract (cNTS): (a)
respiratory frequency (f), (b) tidal volume (VT) and (c) minute
ventilation (VE). SR 142801 was injected into the cNTS of urethane-
anaesthetized, spontaneously breathing rats and allowed to act for
10 min prior to microinjection of capsaicin (arrow, 1 nmol) or vehicle
(25% ethanol in normal saline). Values are the mean of three to five
animals and vertical bars show s.e.mean. * and ** P<0.05 and
P<0.01 respectively, response in presence of SR 142801 antagonist
significantly different from vehicle-capsaicin (ANOVA followed by
Fisher’s LSD test).

tion of the frequency, and hence VE, responses to capsaicin
were observed after 5 nmol RP 67580, the effect was not
statistically significant.

In contrast, the selective NK, receptor antagonist,
SR 48968, did not alter basal respiration at either low (1 nmol)
or high (5 nmol) doses. However, the maximum response (i.e.,
decrease in frequency) to capsaicin was significantly (P <0.05)
attenuated by 1 nmol SR 48968 (85+3 breaths min~') and
completely blocked by 5 nmol SR 48968 (96+3 breaths
min~!; vehicle-injected animals, 72+ 5 breaths min~'; Figure
6a). In the presence of SR 48968 (5 nmol), capsaicin injection
produced a small reduction in VT, which was significantly less
than the control VT response (Figure 6b). As a result of the
reduction in VT, 5 nmol SR 142801 did not significantly alter
the overall VE response to capsaicin (Figure 6c).

Similarly, neither 1 nor 5 nmol of the selective NK;
antagonist, SR 142801, had any effect on respiration when
injected alone. However, both concentrations completely
blocked the characteristic reduction in frequency induced by
capsaicin  (minimum frequency; 7245, 91+6 and
96+ 6 breaths min~', for vehicle-, 1 nmol and 5 nmol
SR 142801-pretreated rats, respectively; Figure 7a). Again,
the VT response following capsaicin injection in rats pretreated
with high dose SR 142801 (5 nmol) was significantly (P <0.05)
less than control (vehicle-pretreated) animals (Figure 7b).

Discussion

The present functional study shows that microinjection of the
vanilloid capsaicin into the cNTS decreases respiratory
frequency and has minimal effects on tidal volume. The
respiratory actions of capsaicin in the rat brain stem satisfy
three established criteria for vanilloid receptor classification:
viz, steep dose-effect relationship, desensitization (tachyphy-
laxis) with repeated administration, and antagonism by the
competitive antagonist capsazepine. Indeed, to our knowledge,
this is the first study to report the characterization of brain
stem vanilloid receptors in vivo. Moreover, the bradypnoeic
action of capsaicin was blocked by selective tachykinin NK,
and NK; receptor antagonists (SR 48968 and SR 142801,
respectively) which suggests that the effects of capsaicin are
mediated, at least partly, by the release of tachykinins from the
central terminals of sensory neurones and subsequent
stimulation of NK, and/or NK; receptors.

Functional evidence for vanilloid receptors in the brain
stem

Although an endogenous ligand for vanilloid receptors has yet
to be identified, a vanilloid receptor has recently been cloned
and there is some suggestion that central and peripheral
isoforms or subtypes exist (Griffiths et al., 1996; 1998; Caterina
et al., 1997; Liu et al., 1998; reviewed by Szallasi, 1994). Two
hallmarks of vanilloid action are rapid desensitization
following repeated administration and attenutation of re-
sponses by the competitive antagonist capsazepine and non-
competitive antagonist ruthenium red (Maggi et al., 1993;
Szallasi, 1994). In the present study, the magnitude of the
bradypnoeic response to capsaicin declined with repeated
administration (desensitization) and was abolished in the
presence of equimolar concentrations of capsazepine.

An additional criterion for an action on vanilloid receptors
is an extremely steep dose-response relationship which reflects
the positive cooperative nature of vanilloid receptor-ligand
interaction. The concentration range of individual vanilloids
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producing zero to maximum response in vivo or inhibition of
[PH]-RTX binding in vitro is generally one order of magnitude
(Acs et al., 1994; Eldershaw et al., 1994; Szallasi et al., 1995;
Griffiths ez al., 1996; 1998). In the present study, the dose range
of capsaicin which produced zero to maximum response (i.e.,
apnoea) was less than one order of magnitude, suggesting a
positive cooperative interaction between capsaicin and its
receptors in the brain stem.

Involvement of tachykinin receptors in the central
respiratory actions of capsaicin

Given the selectivity of capsaicin for unmyelinated and lightly
myelinated afferents, many of which contain SP and/or NKA
together with other neurotransmitters, one would expect one
or more of the tachykinin antagonists to attenuate the effects
of capsaicin on respiration. Moreover, previous studies have
shown that capsaicin increases SP release from slices of NTS in
vitro (Helke et al., 1981). Thus, one of our objectives was to
determine whether stimulation of tachykinin NK; receptors
was involved in the bradypnoeic action of capsaicin.

There are at least two distinct types of SP-containing
terminals in the cNTS (Kalia er al., 1984; Kubota et al., 1985;
Chen et al., 1994). One source of SP is undoubtedly the central
terminals of chemoreceptor, baroreceptor and/or pulmonary
afferents, whereas the remainder may represent interneurones
or the terminals of projections from other brain stem regions,
including the parabrachial nucleus, ventrolateral medulla
regions of the raphe (Helke & Hill, 1988; Chen et al., 1994).
In addition, the adult rat NTS possesses a very high density of
['*1]-SP binding sites (Quirion & Dam, 1986; Mazzone et al.,
1997) and microinjection of SP into the NTS of anaesthetized
rats stimulates ventilation (Chen et al., 1990; Mazzone et al.,
1998). In a previous study, we have shown that injection of SP
(750 pmol) into the ¢cNTS (midline, ~0.5—0.8 mm caudal to
obex) substantially elevates VT and slightly reduces frequency
(Mazzone et al., 1998). However, we did not identify the
receptor(s) responsible for these effects. Given that injection of
capsaicin into the cNTS produces a profound bradypnoea but
no significant change in VT, suggests that SP may not be
involved in the respiratory actions of capsaicin. Moreover, the
respiratory actions of capsaicin were not blocked by either low
(1 nmol) or high (5 nmol) doses of the selective NK, receptor
antagonist, RP 67580. Since previous studies have shown that
at doses ranging from 100 pmol-2.5 nmol RP 67580 selec-
tively antagonize the actions of SP at central NK, receptors
(Culman et al., 1995), the present data show that NK;
receptors are unlikely to be involved in the respiratory actions
of capsaicin.

Although the present data do not support a role for NK;
receptors, it would appear that tachykinins released from
capsaicin-sensitive afferent terminals in the region of the NTS
may reduce frequency by interactiing with brain stem NK; and
possibly NK, receptors. In the present study, injection of
nonpeptide NK; receptor antagonist, SR 142801, abolished
the respiratory actions of capsaicin. Indeed, our data support
immunohistochemical and autoradiographic studies which
have localized both NKB and NK; receptors in regions of
the NTS and suggest that NK; receptors play an important
role in the reflex control of respiration. Nevertheless,
SR 142801 possesses greater affinity for human and guinea-
pig (pA,~9) than for rat NK; receptors (pA,~7) and at high
doses 6.5—65 nmol i.c.v.) may act as an agonist at rat central
NK; receptors involved in cardiovascular regulation (Emonds-
Alt et al., 1995; Nguyen-Le et al., 1996; Cellier et al., 1997). In
the present study, injection of SR 142801 (1-5 nmol) alone

had no effect on respiration, and thus appears to be devoid of
agonist activity at brain stem NK; receptors involved in
respiratory control.

We were somewhat surprised that SR 48968, a NK,
receptor antagonist, attenuated the central respiratory effects
of capsaicin. There is considerable controversy surrounding
the presence and function of NK, receptors in the adult rat
CNS. Although Zerari et al. (1998) recently demonstrated NK,
receptors on rat spinal cord astrocytes, attempts to detect
supraspinal NK, receptors using autoradiography or NK,
receptor-encoding mRNA by in-situ hybridization have not
been successful (Dam ez al., 1987; Tsuchida et al., 1990). In
contrast, functional studies suggest that NK, receptors are
present at both the spinal and supraspinal level (Picard et al.,
1994; Couture et al., 1995). Some actions of NKA ascribed to
NK, receptors may simply reflect the promiscuity of
tachykinins, since all three endogenous tachykinins interact to
some degree with the three established tachykinin receptor
types. However, the use of nonpeptide NK, antagonists
strongly supports the presence of NK, receptors in the CNS
(Tschope et al., 1992; Lepre et al., 1994; for review, see Mussap
et al., 1993; Maggi, 1995). Our studies employing SR 48968
provide functional evidence that NK, receptors are involved in
central (brain stem) control of respiration.

Although the nonpeptide antagonists used in the present
study have high affinity for specific tachykinin receptor types,
there have been no studies to date addressing whether
SR 48968, SR 142801 and other nonpeptide antagonists
interact directly with vanilloid receptors. Thus, one cannot
exclude the possibility that these compounds prevent the
central effects of capsaicin by blocking vanilloid receptors in
the brain stem. Given the intimate relationship between
capsaicin (vanilloid)-sensitive neurones, tachykinins and
tachykinin receptors, such an interaction could only be tested
in a tachykinin-free environment. The [*H]-RTX binding assay
developed by Szallasi & Blumberg (1990) would be ideal to
determine whether an interaction occurs between tachykinin
antagonists and capsaicin at the vanilloid binding site.
Alternatively, the effects of tachykinin antagonists on
capsaicin-stimulated Ca** influx in Xenopus oocytes or human
HEK cells expressing cloned vanilloid receptors would be a
useful functional system (Caterina et al., 1997). However, until
PH]-RTX and the cloned vanilloid receptor are available
commercially, this hypothesis remains to be tested.

The identity of capsaicin-sensitive afferents in the region
of the NTS

The extremely low solubility of capsaicin in aqueous solvents
necessitated using large injection volumes (500 nl) to avoid
excessively high concentrations of ethanol. Presumably,
capsaicin would be able to diffuse some distance from the site
of injection in the c¢NTS and interact with neurones
throughout the NTS and the nearby area postrema and dorsal
motor nucleus of the vagus (DVN). Since vagal afferents
terminate in each of these nuclei, the exact identity and
location of neurones in the region of the NTS which are
stimulated by capsaicin cannot be determined. Nevertheless,
the respiratory effects of capsaicin are probably due to
stimulation of only sensory neurones since [PH]-RTX binding
is limited to sensory nuclei (viz, NTS, DVN and area
postrema) in the brain stem and is abolished by neonatal
capsaicin pretreatment, which is known to selectively destroy
sensory fibres (Szallasi & Blumberg, 1994; Szallasi et al., 1995).
Moreover, we have obtained some preliminary evidence that
the bradypnoeic response to microinjection of capsaicin into
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the cNTS is markedly reduced in rats systemically pretreated at
birth with capsaicin (50 mg kg~' s.c.; data not shown).

Functional studies in the rat and mouse have shown that
peripheral chemoreceptor, pulmonary, cardiac and barorecep-
tor afferents all terminate in the NTS and neighbouring nuclei
(Kalia & Mesulam, 1980; Jordan & Spyer, 1986). The
profound bradypnoea (and apnoea at higher doses) which
occurs following capsaicin injection is similar to that observed
when EAAs are injected into H-B region of the cNTS of
urethane-anaesthetized rats (Bonham et al., 1993) and may
suggest that stimulation of SAR afferent terminals is involved
in the respiratory actions of capsaicin. Indeed, our injection
site correlates with the location of the central terminals of SAR
afferents. Moreover, unlike arterial chemoreceptor afferents,
these fibres appear not to use SP and NK, receptors as the
primary sensory neurotransmitter system. Bonham et al.
(1993) reported that injection of SP (0.03—4.0 pmol) alone
into the H-B region of the NTS (0.1-0.6 mm caudal to obex
and 0.5-0.9 mm lateral to midline) had no effect on basal
respiration, but potentiated the bradypnoeic effect of EAAS
injected into the same region.

Although the slowing of respiratory rate following capsaicin
injection observed in the present study may correspond to an
activation of SAR terminals, one cannot exclude an
involvement of other reflex pathways. Indeed, stimulation of
baroreceptor, laryngeal chemoreceptor and J-receptor (pul-
monary C-fibre) may all produce apnoea. Interestingly, a
recent study by Butcher ef al. (1998) reported that respiratory
responses to stimulation of pulmonary vagal C-fibre afferents
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