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1 The motor effects of capsaicin on the guinea-pig distal colon have been investigated in vivo and in
vitro.
2 Capsaicin (0.1-10 Ig kg-' i.v.) produced a transient relaxation which was reduced by pretreatment
with capsaicin itself, atropine, hexamethonium, phentolamine or guanethidine and almost abolished
by tetrodotoxin (TTX). Topically applied capsaicin produced a transient inhibition of tone and
spontaneous activity prevented by topically applied TTX.
3 In isolated preparations of distal colon, capsaicin produced a transient, TTX- and atropine-
sensitive contraction which was followed by a depression of the contractile activity. The depressant
effect was unaffected by atropine plus guanethidine but was greatly reduced by TTX, indicating
activation of intramural non-adrenergic, non-cholinergic (NANC) mechanisms. The depressant effect
on the first exposure to capsaicin (1 jiM) was greater than that produced by a second, third or fourth
exposure.

4 In preparations excised from capsaicin-pretreated animals, capsaicin (1 jM) only produced an
inhibitory effect on spontaneous contractions. Desensitization did not occur to this inhibitory effect.
5 In preparations pre-exposed to capsaicin (I jiM, 1 h before), capsaicin (1-30 AM) produced a
concentration-related inhibition of spontaneous contractions (ICO = 19 JiM) and of the high K+ -

induced tonic contraction (ICo = 23 jiM). A similar effect on spontaneous motility was produced by
capsaicin in colonic segments excised from capsaicin-pretreated guinea-pigs (IC,, = 16 jiM) or guinea-
pigs treated with TTX (IC50 = 20 jiM).
6 It is concluded that, in vivo, capsaicin activates inhibitory reflexes, presumably due to stimulation of
primary afferent fibres. This effect involves, at least in part, activation of sympathetic nerves to this
organ. The contractile effect of capsaicin on the isolated colon involves activation of intramural
cholinergic neurones, whereas the TTX-sensitive component of the inhibitory effect involves either
release of an inhibitory transmitter through an axon reflex arrangement or activation of NANC
neurones. In addition, at high concentrations capsaicin produces a direct depression ofsmooth muscle
contraction.

Introduction

Distension of the guinea-pig isolated distal colon
activates a local inhibitory reflex mediated by non-
adrenergic, non-cholinergic (NANC) intramural
inhibitory neurones (Costa & Furness 1976; Furness &
Costa, 1977) and, in preparations with intact neural
connections with sympathetic prevertebral ganglia,
stimulation of mechano receptors also activates a
sympathetic inhibitory colo-colonic reflex (Weems &
Szurszewski 1976; Krier & Szurszewski, 1982; King &
Szurszewski 1984). That both NANC and adrenergic
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inhibitory mechanisms may operate in vivo has been
demonstrated recently in anaesthetized animals
(Maggi et al., 1985).
Thus these findings indicate that there are at least

two distinct mechanisms which, following activation
of colonic mechanoreceptors, produce a local 'recep-
tive' relaxation. These are intrinsic and/or extrinsic
reflex mechanisms, but both are presumably relevant
to peristalsis.

Capsaicin, the pungent ingredient of many red
peppers, exerts a selective excitatory effect on certain
afferent nerve fibres leading to activation of a number
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of reflex responses at the cardiovascular, respiratory
(Coleridge & Coleridge, 1984) intestinal (Cervero &
McRitchie, 1982) and urinary level (Maggi etal., 1984;
1986c). Its peculiar pharmacological profile makes
capsaicin a useful tool for studying the physiology and
pharmacology of the afferent branch of reflex respon-
ses, providing that, in each system, capsaicin selec-
tivity for sensory structures is established.

Functional evidence for the involvement of cap-
saicin-sensitive fibres in inhibitory reflexes at the
colonic level is lacking, although capsaicin induces
release of substance P and stimulates neurotransmis-
sion in the inferior mesenteric ganglion of guinea-pigs
(Gamse et al., 1981; Tsunoo et al., 1982; Dalsgaard et
al., 1983; Dun & Kiraly, 1984).

In view of the above, it appeared worthwhile to
investigate whether or not capsaicin activates reflex
responses in the distal colon of anaesthetized guinea-
pigs and, if so, evaluate the mechanism(s) involved. In
addition, since capsaicin produces contractions of the
guinea-pig isolated taenia caeci (Szolcsanyi & Barth6,
1979) we studied its effects in the isolated colon.
Evidence will be presented indicating that a direct

and three indirect effects involving activation of
cholinergic, adrenergic and, possibly, NANC nerves
may account for the action of capsaicin in this
preparation.

Methods

In vivo experiments

Male albino guinea-pigs weighing 240-300g were
anaesthetized with urethane 1.5 g kg- '. The left
jugular vein was cannulated for drug injection. A 1.0-
1.5cm long segment of the proximal part of the
hypogastric loop of the distal colon (Elliot & Barclay-
Smith, 1904) was cannulated with polyethylene tubing
and prepared for intraluminal pressure recording
(Maggi & Meli, 1984; Maggi et al., 1985).

After a 10 min equilibration period at zero volume
the segment was inflated with a small amount (0.1-
0.2 ml) of saline to obtain a resting pressure of 8-
14mmHg. Warm saline-soaked cotton wool swabs
were laid around the exteriorized segment to maintain
its temperature and keep it moist.
The effects of intravenous capsaicin and other

substances expected to modify colonic motility
(dimethylphenylpiperazinium iodide 0.1 mg kg- ',
tyramine 10 mg kg- ', noradrenaline 10 fig kg- ') were
investigated, after a 15-30 min equilibration period in
controls or in preparations pretreated with various
substances. Topical application of substances was
made, as described previously (Maggi & Meli, 1982;
1984; Maggi et al., 1985) by means of a Hamilton
microsyringe in a volume of0.1 ml 0.9% NaCl at 37°C.

Topical application of the vehicle did not modify
consistently the motor activity of the guinea-pig distal
colon.
The effect of either capsaicin or other substances on

the intraluminal pressure ofthe guinea-pig distal colon
was calculated at the peak of their relaxant effect. To
avoid interference from desensitization (see Szolc-
sanyi, 1984), capsaicin was administered only once in
each animal, unless otherwise stated. Capsaicin was
administered at various times (3-0 min) after the
administration of potential antagonists. Preliminary
experiments indicated that, when resting intraluminal
pressure was higher than 8 mmHg, the relaxant effects
produced by the first dose of capsaicin are indepen-
dent of the resting intraluminal pressure.
The effect of capsaicin or other substances was

expressed as the difference (in mmHg) between max-
imal relaxation and the lowest value in intraluminal
pressure recorded in the last 2-3 min before their
administration. Duration of relaxation was calculated
as the time required for return to the pre-drug values.
Some experiments were performed in animals

pretreated with guanethidine s.c. which was given in
two doses of 10mg kg-' each, administered 18 and 2 h
before the experiment (Holzer, 1985).

In vitro experiments

Male albino guinea-pigs weighing 240-260g were
stunned and bled. A 1.0-1.5 cm long segment of the
proximal part of the hypogastric loop of the distal
colon was rapidly dissected out and placed in oxygen-
ated (96% 02 plus4% CO2) physiological salt solution
(PSS), of the following composition (mM): NaCl 119,
NaHCO3 25, KCI 4.7, MgSO41.2, KH2PO4 1.2, CaCl22.5,
glucose 11. The segments were suspended, in an
oxygenated solution contained in a 5 ml organ bath
and connected to an isometric strain gauge and a
Basile 7050 recorder in such a way as to register
movements ofthe longitudinal muscle, as described by
Costa & Furness (1979). Bath temperature was main-
tained at 37°C. An initial tension of 2 g was applied to
the preparations which were then allowed to relax
spontaneously.

After an equilibration period of 60 min, the effects
of potential antagonists on capsaicin-induced contrac-
tions were evaluated after an incubation period of 10-
15 min. Unless otherwise stated, each preparation was
exposed to capsaicin only once, to prevent desensitiza-
tion phenomena. In some experiments the K+ concen-
tration of the medium was increased by addition of
KCI (100 mM). The effect of capsaicin on KCI-induced
tonic contractions was studied by cumulative addition
of various concentrations. This procedure was used
because preliminary experiments indicated that the
TTX-resistant depressant activity of capsaicin on the
contractile activity did not show desensitization. In
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some experiments the intramural NANC nerves were
activated by field stimulation using a method similar
to that described by Tonini et al. (1985).

Systemic capsaicin desensitization

Some experiments were performed in capsaicin-
pretreated guinea-pigs. A total dose of 54.5mg kg-'
(s.c.) capsaicin was administered over two days using
the following schedule: 0.3 + 0.6 + 1.2 + 2.4 + 5 +
10 + 15 + 20. Injections were made at intervals of at
least 2 h. Fifteen min before each injection ofcapsaicin
the animals received atropine (1 mg kg-'i.p.) plus
terbutaline (0.1 mg kg 's.c.) and theophylline
(2.5 mg kg-' i.p.). Experiments were done 5 days after
the last injection of capsaicin.

Statistical analysis

All data in the text, tables and figures are presented as
the mean ± s.e.mean. Statistical analysis was made by
means ofStudent's t test for paired or unpaired data or
by means of the analysis of variance, when applicable.
Regression analysis was performed by means of the
least squares method. ED., values and 95% confidence
limites were calculated accordingly.

Drugs

Drugs used were: capsaicin (Serva), atropine HCI
(Serva), hexamethonium bromide (Serva), dimethyl-
phenylpiperazinium iodide (DMPP, Aldrich),
tetrodotoxin (Sankyo), phentolamine mesylate
(Regitin, Ciba), propranolol HC1 (Sigma), noradren-
aline HC1 (Fluka) guanethidine sulphate (Ciba
Geigy), theophylline (Serva), terbutaline sulphate
(Terbasmin, Carlo Erba), verapamil HCI (Isoptin,
Knoll). All substances were dissolved in 0.9% NaCl
for in vivo administration (either intravenous or
topical) or in PSS for in vitro experiments. For in vivo
experiments a 3 mg ml-' stock solution of capsaicin
was made in absolute ethanol from which the
appropriate dilutions in saline were made. For in vitro
experiments a 1OmM capsaicin solution was made in
absolute ethanol from which the appropriate dilutions
were made in PSS.

Results

In vivo experiments

The saline-loaded distal colon of urethane-anaesth-
etized guinea-pigs exhibited a phasic contractile
activity whose characteristic frequency and amplitude
were 8-14 contractions per min and 1-4mmHg,
respectively. After an initial reduction following saline

loading most preparations exhibited, for at least 20-
30 min, fairly stable intraluminal pressure values
(Maggi & Meli, 1984; Giotti et al., 1985; Maggi et al.,
1985).

Effect of intravenous capsaicin Intravenously admin-
istered capsaicin (0.1-10 jig kg-') produced, within a
few s, a sudden relaxation of the guinea-pig distal
colon and disappearance or marked reduction in
phasic contractile activity (Figure 1). Amplitude ofthe
capsaicin-induced relaxations (3.6 ± 0.5 mmHg at
3 fig kg-', n = 24) was similar to that produced, on the
same preparation, by DMPP or noradrenaline. A
submaximally effective dose of capsaicin (3 jug
kg- i.v.) was selected for further experiments since a
higher dose (10 zg kg-') produced respiratory side-
effects. The relaxant effect of a second dose of
capsaicin (3 pg kg-' i.v.) was reproducible after a 15-
20 min interval (Figure 1). However, a third or fourth
challenge with this same dose of capsaicin at 15-
20 min intervals produced responses of progressively
decreasing amplitude, indicating desensitization
(n = 4). Amplitude of the capsaicin (3 jig kg-'i.v.)-
induced relaxation was independent (n = 24,
r = 0.03337, NS) ofthe resting pressure, in the range of
intraluminal pressures studied (8-16 mmHg).

Effect of intravenous DMPP, tyramine and noradren-
aline DMPP (0.1 mg kg-' i.v.) produced complex
motor effects consisting of: (a) an initial transient
contraction followed by a more sustained relaxation
or (b) a small relaxation followed by a transient
contraction and a further, more sustained relaxation
(Figure 1), or (c) a sustained relaxation. In all instances
recovery was complete within 60-120 s after DMPP
administration. A distinct contraction could be
observed in 9 out of 24 preparations. Mean amplitude
of DMPP-induced contraction and relaxation were
4 ± 0.6 (n = 9) and 3.7 ± 0.2mmHg (n = 24), respec-
tively.

Tyramine (10mgkg-'i.v., n=24) produced a
transient contraction (5.0 ± 0.7 mmHg) followed
by a more sustained (90-150 s) relaxation
(2.8 ± 0.3 mmHg). Noradrenaline (10 g kg- i.v. n = 24)
produced a transient (60-120 s) relaxation
(3.7 ± 0.4 mmHg) (Figure 1).

Capsaicin (3 fig kg-' i.v., n = 4) did not affect
colonic motility of capsaicin-pretreated (54.5 mg kg-'
s.c. 5 days before, Figure 2) animals, while the effects
of DMPP (O.1lmgkg',i.v.), tyramine (l0mgkg-',
i.v.) and noradrenaline (1O0,gkg-',i.v.) were simi-
lar, both qualitatively and quantitatively, to those
observed in controls.

Effect ofatropine, hexamethonium and tetrodotoxin on
capsaicin-induced relaxation Atropine-pretreat-
ment (5 mg kg', i.v., n = 10) significantly reduced
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Figure 1 (a and b) Tracings showing the effects of i.v. capsaicin, noradrenaline (NA, 10 1ig kg- ')and dimethylphenyl-
piperazinium (DMPP, 0.1 mg kg- ') on motility of the distal colon in urethane-anaesthetized guinea-pigs. Records were
obtained in the same animal with a 15-25 min interval between doses. (c) Dose-response curve for the inhibitory effect
of i.v. capsaicin on the resting tone of the guinea-pig distal colon.
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Figure 2 Effect of atropine (Atr, 5mg kg-' i.v.)-, hexamethonium (Hex, 40mg kg-' i.v.)-, capsaicin (54.5mg kg-' s.c.,
5 days before)-, guanethidine (Guan, 20 mg kg-' s.c. in two doses of 0mg kg-' each, 2 and 18 h before)-, phentolamine
(Phen, 0.5 mg kg-' i.v.)- and tetrodotoxin (TTX 20 jg in 0.1 ml, topical)- pretreatment on the colonic relaxation
induced by intravenous capsaicin (3 pg kg-' i.v.). All groups were significantly different from controls P<0.01.
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(about 60%) the capsaicin-induced relaxation (Figure
2) and almost suppressed the DMPP- or tyramine-
induced contractions of the guinea-pig distal colon.

Intravenously administered hexamethonium
(40 mg kg-', n = 10) produced a prompt and transient
increase in tone (Giotti et al., 1985; Maggi et al., 1985)
and prevented DMPP-induced motor effects. It halved
the amplitude of capsaicin-induced relaxation (Figure
2), while the motor effects of tyramine or noradren-
aline were unaffected.

Topical tetrodotoxin (20 pg in 0.1 ml, n = 8) sig-
nificantly reduced the motor effects of capsaicin
(Figure 2), DMPP and tyramine, while the amplitude
of the noradrenaline-induced relaxation of the colon
was barely affected.

Effect ofguanethidine and phentolamine on capsaicin-
induced relaxation Pretreatment with guanethidine
(20 mg kg-' s.c., n = 20) reduced the tyramine
(10mg kg-' i.v.)-induced contraction by about 40-
50% and almost suppressed the tyramine-induced
relaxation, consistent with a functional impairment of
noradrenergic nerves. The tyramine-induced contrac-
tion involves release of some substance(s) co-stored
with noradrenaline in noradrenergic nerves, as des-
cribed by Cheng & Shen (1986) in the rabbit isolated
ileum. In guanethidine-pretreated animals the cap-
saicin-induced relaxation was about half that of
controls (Figure 2) and in 6 out of 20 cases capsaicin
did not affect colonic motility. The DMPP-induced
contraction was significantly enhanced by guaneth-
idine, but DMPP-induced relaxation was reduced
compared to controls, thus confirming its partial
dependence upon activation of sympathetic postgan-
glionic elements (Maggi et al., 1985).

Phentolamine (0.5 mg kg- 'i.v.) reduced significan-
tly the capsaicin-induced relaxant responses (Figure 2)
and in 5 out of 10 preparations completely prevented
them. Phentolamine pretreatment nearly abolished
the relaxant responses to noradrenaline and tyramine,
slightly reduced the tyramine-induced contraction and
DMPP-induced relaxation and potentiated the
DMPP-induced contraction of guinea-pig distal
colon.

Effect of topical capsaicin on resting tone and spontan-
eous activity ofguinea-pig distal colon Topical cap-
saicin (0.1-1.0 pig in 0.1 ml saline) produced, within
5-15 s, a reduction in resting tone and, in some

preparations a reduction in amplitude of phasic
activity (Figure 3). Capsaicin-induced inhibition of
colonic motility reached a peak within 20-60 s after its
application and recovered thereafter. At all doses
tested, the time to recovery varied from one prepara-
tion to another. In some preparations recovery of
intraluminal pressure was slow and incomplete

(Figure 3a). Peak relaxation induced by capsaicin was
dose-related. The transient relaxations produced by
topical application of capsaicin (0.3 pg in 0.1 ml) were
not observed in colonic segments pretreated with
topical TTX (20 fg in 0.1 ml) (Figure 3, n = 6).
In some experiments the capsaicin 'desensitization'

phenomenon was explored by repeated administration
(0.1-1.0fig at 20min intervals). A second dose of
capsaicin produced a smaller transient inhibition of
tone. Reduction of the inhibitory effect produced by a
second application of capsaicin was roughly dose-
related (cf. Maggi et al., 1986a). A third application of
capsaicin produced a smaller response than the
second, i.e. repeated application of capsaicin led to
desensitization.

In vitro experiments

In isolated segments of the distal colon of the guinea-
pig, a train ofpulses (5 Hz, 60 V, 0.5 ms for 1 s) applied
at the peak of a spontaneous contraction produced a
sudden transient relaxation, both in the absence
(1.9 ± 0.3 g, n = 6) and the presence of atropine (3pM)
plus guanethidine (3 pM) (2.2 ± 0.4 g, n = 5). These
relaxations were abolished by previous incubation
with TTX (0.5 pM), indicating their dependence upon
activation of intramural NANC nerves (see Maggi et
al., 1985).

Exposure to capsaicin (0.1-1 plM, n = 15) had a dual
effect on motor activity, i.e. it at first produced a
contraction lasting 1-2 min which was paralleled, in
most preparations, by increased frequency of phasic
activity (Figure 4). In most preparations, the
amplitude of the contractions produced by a low
concentration ofcapsaicin (0.1 pM) appeared to be less
intense (0.2-0.4g) and lasted less time than those
produced by a higher concentration (1 pM)
(1.4 ± 0.2g, n = 10), but 3-lI01M capsaicin did not
produce greater contractions than 1 pM. When the
contractile effects of capsaicin had subsided, a
decrease in amplitude of spontaneous phasic contrac-
tile activity was observed. This reduction reached a
maximum (43 ± 6% at 1 pM) within 4-10 min; the
amplitude then recovered slowly to 80-90% of the
original value in the continued presence of capsaicin
(Figure 4). Removal of capsaicin by repeated washing
resulted in a prompt recovery in the amplitude of the
phasic contractions.
A second administration of capsaicin (1 pM) 1-2 h

later did not produce excitatory effects, but a transient
depression in spontaneous contractile activity (Figure
4). Inhibition (13 ± 2%, n = 6) produced by a second
application of capsaicin was significantly (P <0.05)
lower, but similar to that generated by third and fourth
challenges at intervals of I h (Table 1). The inhibitory
effect produced by a second, third or fourth applica-
tion of capsaicin (I pM) reached its peak in 2-6 min
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Figure 3 Tracings showing the inhibitory effect on colonic motility produced by topical application of capsaicin
(0.3 jtg in 0.1 ml saline) in control (a and b) or tetrodotoxin (TTX, 20 leg in 0.1 ml saline) pretreated (c) preparations. (a)
This preparation shows a slow and incomplete tone recovery after topical application of capsaicin. (b) In this
preparation capsaicin produced a transient relaxation. Repeated application of capsaicin produced a response of
progressively decreasing amplitude, indicating desensitization.

and was maintained for at least 15 min without any
sign of recovery. Washing out at any time after
addition of capsaicin produced a prompt recovery in
the amplitude of spontaneous contractions.

Effect of tetrodotoxin, atropine, adrenoceptor blockers
and guanethidine In the presence of either TTX
(0.5pM) or atropine (3pM), exposure to capsaicin
(I pM) produced a contraction in only 3 of 8 prepara-
tions in both groups. The amplitude was significantly
lower than in controls (Table 1). In atropine-treated
preparations the capsaicin-induced inhibition ofspon-
taneous contractions was similar to that observed in
controls (Table 1). On the other hand, in TTX-treated
preparations, the capsaicin-induced inhibition of
spontaneous contractions (about 20%) was significan-

tly less than in controls (Table 1).
Neither phentolamine plus propranolol (0.2 pM

each) nor guanethidine (3 gM) affected the inhibitory
effects of capsaicin.

Capsaicin-desensitized animals Colonic segments
from desensitized (54.5mg kg-'s.c., 5 days before)
guinea-pigs (n = 6) exhibited spontaneous contractile
activity (1.5 ± 0.2 min-', 4.8 ± 0.8 g) similar to con-
trols (L.5 ± 0.1 min -', 5.4 ± 0.4 g, n = 10). In these
preparations, field stimulation produced a relaxation
similar in amplitude (2.2 ± 0.4 g) to controls. Further,
TTX (1 pM)-sensitive relaxant responses elicited by
field stimulation in the presence of atropine plus
guanethidine (3IpM, n = 6) were similar in amplitude
to those observed in controls (2.3 ± 0.2 g, n = 6).
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Figure 4 Tracings show the motor effects of capsaicin
on the guinea-pig isolated distal colon. (a) Upon first
application, capsaicin (1 JAM) produced a transient con-

traction and acceleration of spontaneous activity; this
excitatory phase was followed by a reduction in
amplitude of about 40% of the spontaneous contraction.
A second (right panel) application of capsaicin (1 juM)
after 1 h produced only a 10-12% inhibition. (b) The
direct depressant (e.g. on muscle cells) effect of increas-
ing, cumulative concentrations of capsaicin on spontan-
eous contractions of the guinea-pig distal colon. The
preparation was primed with capsaicin (1 tiM, 1 h before)
to avoid interference from neurogenic (tetrodotoxin-sen-
sitive) phenomena.

In preparations from capsaicin-pretreated animals,
capsaicin (1 JAM, n = 6) failed to produce any contrac-
tion, but had a depressant effect (Table 1) on the
amplitude of spontaneous contractions. This
inhibitory effect was significantly less than that
produced by the first exposure to capsaicin in controls
(Table 1). Second or third applications of capsaicin at
1 h intervals produced an inhibitory effect not sig-
nificantly different from that produced by the first
dose (Table 1).

Direct depressant effect of capsaicin In these
experiments we investigated the depressant effect of
capsaicin on phasic contractile activity. To prevent

interference by contractile effects, preparations were
previously exposed (1 h) to capsaicin (1 AM). Capsaicin
(1-30 JM, n = 6) reduced, in a concentration-related
manner, the amplitude ofspontaneous phasic contrac-
tions (IC5o 19.41LM, 14-30OM, mean and 95% con-
fidence limits (c.l.), Figure 4). The depressant effect of
capsaicin was unaffected (IC5 20.4I1M, 17-24tJM,
mean and 95% c.l.) by TTX (0.5 JM, n = 6). In the
colon from capsaicin-pretreated animals the
inhibitory effect of capsaicin (IC50 16.1 AM, 14-21 AM,
mean and 95% c.l.) was not significantly different
from controls. The direct nature of the effect was
further demonstrated by the observation that there
was no significant difference between the inhibitory
effect of capsaicin (30 JM) administered during a
cumulative dose-response curve (75 ± 6% inhibition,
n = 6, Figure 4b) and that resulting from a single dose
(81 ± 6%, n = 4). The inhibitory effect of the cap-
saicin vehicle (15 p1 of absolute ethanol for capsaicin
30 gM) did not exceed 15%.

Addition of KCI (100 mM) to the bathing solution
produced a sudden phasic contraction which declined
leaving a sustained component. The latter reached
steady values (3.7 ± 0.5 g, n = 8) after 15-30min.
Capsaicin (I-30 JM, n =4) produced a concentra-
tion-related inhibition (IC50 23 JM, 21-27 mM, mean
and 95% c.l.) of the high K+-induced tonic contrac-
tion. Under similar experimental conditions,
verapamil (I gAM, n = 4) produced a 96 ± 2% inhibi-
tion of high K+-induced tonic contractions.

Discussion

Taken as a whole our findings indicate that capsaicin
exerts three indirect effects mediated by nervous
pathways and a direct effect on motility in the guinea-
pig distal colon (Table 2). The indirect effects include:
(a) transient inhibition of colonic motility in vivo
which is, at least in part, guanethidine-sensitive,
indicating the involvement of the postganglionic sym-
pathetic innervation; (b) a TTX-and atropine-sensitive
contractile effect on the isolated preparation; (c) a
TTX-sensitive but atropine- and guanethidine-resis-
tant (NANC) inhibition of spontaneous activity.

Further, there was a depressant, TTX-insensitive
inhibitory effect seen in vitro on exposing colonic
segments to high concentrations (IC50> 10 JM) of this
substance (action (d), Table 2).

Effects (a), (b) and (c) exhibit desensitization (Table
2) and may thus be ascribed to an indirect effect of
capsaicin (e.g. activation of sensory nerves) whereas
effect (d) does not exhibit desensitization and may be
due to a direct (unspecific) action of capsaicin on
smooth muscle contractility.

Pharmacological analysis (Table 2) suggests that, in
vivo, capsaicin produces transient relaxation of the
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Table 1 Effect of capsaicin on the spontaneous motor activity of the guinea-pig isolated distal colon

Treatment

Controls

Capsaicin-pretreated

Tetrodotoxin

Atropine

n Effect of capsaicin

8 Contraction (g)
Inhibition (%)

5 Contraction (g)
Inhibition (%)

8 Contraction (g)
Inhibition (%)

8 Contraction (g)
Inhibition (%)

Response to capsaicin (I AsM)
First Second Third

challenge challenge challenge

1.4 ± 0.2
43.5 ± 7

13.2±2a
0.2 ± 0.la

20.0 ± 4a
0.3 ± 0.la

43.2 ± 8

13.2 ± 2b

13.5 ± 2

14.0 ± 3

12.5 ± 2b

12.2 ± 0.7

14.2 ± 3b

13.5 ±lb 12.5 ± 0.5b

Each value is mean ± s.e.mean. Experiments were performed in colonic segments excised from capsaicin-pretreated
animals (54.5 mg kg-' s.c. 5 days before) or exposed to tetrodotoxin (0.5 pM) or atropine (3 guM). Capsaicin (I g1M) was
applied three times in each preparation at 1 h intervals. In controls, capsaicin produces a contraction (expressed in g)
followed by an inhibition of the spontaneous contractions (expressed %).
aSignificantly different from control, P <0.05.
bSignificantly different from the first response to capsaicin, P <0.01.

distal colon by activating a hexamethonium-sensitive
neurogenic mechanism(s) which transiently inhibits
the cholinergic neural input elicited by saline disten-
sion (Maggi et al., 1985). There is both sympathetic
(Weems & Szurszewski 1976; Furness & Costa, 1980;
Krier & Szurszewski 1982; King & Szurszewski 1984;
Maggi et al., 1985) and NANC inhibitory innervation
in the guinea-pig distal colon (Costa & Furness, 1976;
Furness & Costa, 1977; Maggi et al., 1985). Recent
findings indicate that capsaicin-sensitive fibres inhibit
gastrointestinal motility by activating extrinsic sym-
pathetic (Holzer, 1986; Holzer et al., 1986) and
intrinsic NANC mechanisms (Maggi et al., 1986a,b).

Therefore, we might speculate that, in vivo, cap-
saicin activates a colo-colonic reflex which inhibits
motility by stimulating intramural afferent fibres and,
at least in part, the sympathetic supply to the colon.
The existence of a capsaicin-sensitive mechanorecep-

tive input from the guinea-pig distal colon to the
inferior mesenteric ganglion has been described recen-
tly (Kruelen & Peters, 1986). The possible contribu-
tion of a NANC intramural inhibitory mechanism to
the capsaicin-induced relaxation in vivo (see below)
cannot be excluded.

Effects of capsaicin on the isolated colon

Capsaicin produces a contraction of guinea-pig
isolated ileum which is neurogenic in origin (Bartho &
Holzer 1985) and depends upon the release, from
intramural nerves, of substance P (and possibly other
neuropeptides). The peptides produce a contraction
by a direct action on muscle cells and by activating
intramural cholinergic neurones.
Our findings indicate that a similar mechanism may

occur in the isolated colon since, in agreement with

Table 2 Characteristics of the four motor effects of capsaicin on guinea-pig distal colon

Effect on motility

a Inhibition
b Contraction
c Inhibition
d Inhibition

Sensitivity to:
Capsaicin

desensitization Atropine Guanethidine Tetrodotoxin

Yes Yes Yes Yes
Yes Yes No Yes
Yes No No Yes
No No No No

Effect (a) was observed in in vivo conditions. Effects (b), (c) and (d) were observed in vitro but may also be involved in in
vivo conditions. Effect (d) was evident only at high concentrations (EC_,,> 1OgM).
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previous findings (Szolcsanyi & Bartho, 1979), a
muscarinic receptor antagonist markedly reduced the
capsaicin-induced contractions. Whether the release
of sensory transmitters acting on intramural choliner-
gic neurones, as described for the ileum (Bartho &
Holzer, 1985) is involved, remains to be established.

In addition, in the isolated colon, the first exposure
to capsaicin produced a marked inhibitory response
(about 40% inhibition at 1 gM). Although a compon-
ent of this seems to be due to a non-desensitizing effect
on muscle cell contractility (see below), a part could be
due to activation of intramural sensory nerves leading
to a transient neurogenic inhibition of motility.
Intramural NANC inhibitory neurones (Costa &
Furness, 1976; Furness & Costa, 1977; Maggi et al.,
1985) may be involved, as described for the capsaicin-
induced relaxation of the rat isolated duodenum
(Maggi et al., 1986a). However, we cannot exclude the
possibility that sensory transmitters are released by
capsaicin through an axon reflex arrangement which
inhibits colonic motility without involving intramural
inhibitory neurones.

In preparations desensitized to capsaicin, the
amplitude of the neurogenic NANC relaxations
induced by field stimulation was similar to that of
controls, consistent with the notion that capsaicin-
desensitization spares non-sensory innervation (Szolc-
sanyi & Barthd, 1979; Szolcsdnyi, 1984).

Direct depressent effect ofcapsaicin on contractility

Capsaicin may have direct effects on either cardiac or
smooth muscle (Lundberg et al., 1984; Zernig et al.,
1984). The effects on isolated cardiac preparations
from guinea-pigs and on the rat isolated uterus were

attributed to interference with transmembrane Ca2"
fluxes, possibly through a membrane-stabilizing
action (Zemig et al., 1984).

However, further studies indicated that at least
some of the cardiac effects of capsaicin are ascribable
to the release of previously unrecognized neuropep-
tides from sensory nerves (Lundberg et al., 1984;
Franco-Cereceda et al., 1985). The effect of capsaicin
on cardiac chrono- and inotropism exhibited marked
desensitization (Zernig et al., 1984) and was absent in
preparations excised from capsaicin-pretreated
animals (Franco-Cereceda et al., 1985). Desensitiza-
tion is typical of the 'specific' action of capsaicin on
sensory nerves and can be observed even at very low
concentrations (Szolcsinyi, 1984). We may thus
propose that those visceromotor effects of capsaicin
showing desensitization are due to a specific action on
sensory nerves, while those which did not show
desensitization may be direct actions on the muscle
cells.
We observed a depressant effect of capsaicin on

spontaneous and KCI-induced contractions, which
was also observed in preparations pre-exposed to
capsaicin without any sign of desensitization. It may
thus be ascribed to a direct action on myocytes. Both
spontaneous and KCI-stimulated contractions of the
guinea-pig isolated distal colon are likely to be depen-
dent upon a trans-membrane influx of Ca2", since they
are promptly inhibited by low concentrations of Ca2"
entry blockers or by exposure to a high K+-Ca2" free
medium (Maggi, unpublished data). However, it
appears unlikely that Ca2" entry blockade is involved
in the direct inhibitory action because capsaicin does
not affect the plateau phase of the cardiac action
potential (Zernig et al., 1984).
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