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Opioid pathways exert a tonic restraint in the guinea-pig isolated colon:
changes after chronic sympathetic denervation
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Abstract—We have studied the effects of naloxone on acetylcholine
and noradrenaline release in the guinea-pig isolated distal colon, and
have assessed the effect of naloxone on electrically-induced contrac-
tions of the longitudinal muscle and non-adrenergic, non-choliner-
gic (NANC) relaxations of the circular muscle coat. Naloxone dose-
dependently increased resting and electrically-evoked acetylcholine
release and electrically-evoked noradrenaline release. Naloxone was
more potent in increasing resting acetylcholine release in colonic
specimens obtained after chronic sympathetic denervation. Nalox-
one (1 uM) did not affect electrically-induced contractions of the
longitudinal muscle, while it enhanced NANC relaxations of the
circular muscle. The effects observed with naloxone in the present
experiments suggest that opioid pathways exert a tonic restraint on
neurotransmission in the guinea-pig colon. After suppression of the
adrenergic inhibitory tone, the functional relevance of opioid
pathways seems to be increased.

Several lines of evidence indicate that the colon is kept under
tonic neurogenic inhibition (Roman & Gonella 1987). Previous
studies carried out in our laboratory have shown that both the
adrenergic and the GABA-ergic systems may contribute to
maintain such a tonic restraint in the guinea-pig colon (Marcoli
et al 1985; Frigo et al 1987).

Morphological, electrophysiological and pharmacological
observations provide compelling evidence that, at least in the
ileum, opioids serve as neurotransmitters or neuromodulators in
the gastrointestinal tract (Hughes et al 1977; Glass et al 1986;
Furness & Costa 1987). Only fragmentary information is
available on the possible involvement of opioids in maintaining
a tonic restraint on the colon.

To elucidate the possible involvement of opioid pathways in
modulating neurotransmission at the colonic level, we have
investigated the effect of naloxone on acetylcholine and noradre-
naline release in the guinea-pig distal colon. The effect of
naloxone on acetylcholine release was also studied after chronic
sympathetic denervation, since there is circumstantial evidence
that, in the absence of the adrenergiC inhibitory tone, adaptive
changes may occur and other inhibitory systems may take
control (Marcoli et al 1985; Marino et al 1992). Finally, since the
action of morphine in the longitudinal and circular muscle has
been explained in terms of inhibition of the tonic cholinergic
excitatory and non-adrenergic, non-cholinergic (NANC) inhibi-
tory innervation, respectively (Tonini et al 1985), we have
studied the effects of naloxone on electrically-induced contrac-
tions of the longitudinal muscle and on NANC relaxations of the
circular muscle.

Materials and methods

Specimens obtained from the distal colon of male guinea-pigs,
300-400 g, were mounted in organ baths perfused with Tyrode
solution at 35-5°C and continuously bubbled with 95% O,-5%
CO;. The composition of the Tyrode solution was as follows
(mMm): NaCl 1369, KCI 2-7, CaCl, 1-8, MgCl, 1-04, NaHCO;
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119, NaH,PO4 0-4 and glucose 5-5. Some experiments were
carried out on specimens obtained from animals in which the
sympathetic supply to the colon had been removed six days
before the experiments (Mazzanti et al 1972).

Acetylcholine release. Endogenous acetylcholine release was
measured from 2-3 cm specimens suspended isotonically (ten-
sion 10 mN) in a 3 mL organ bath containing Tyrode solution
with added physostigmine sulphate (15 uM) according to Frigo et
al (1984). Samples of the incubation medium were collected
every 20 min after 60 min equilibration (the medium was
changed every 20 min). When stimulation-evoked release was
measured, four separate collection cycles, each including a 10-
min stimulation period (biphasic square pulses; 1 Hz; 1 ms; 450
mA), were carried out every 20 min. Acetylcholine in the
incubation medium was assayed on the guinea-pig isolated ileum
incubated in Tyrode solution with added physostigmine sul-
phate (7-7 nM) and morphine sulphate (6-6 um) according to
Paton & Vizi (1969). The concentrations of naloxone in the test
samples were duplicated in the standard acetylcholine solutions
during the assay to rule out any possible effect of naloxone on the
acetylcholine assay.

Noradrenaline release. Noradrenaline release was measured
from 2-3 cm colonic segments which had previously been
deprived of the mucosa by sharp dissection in order to obtain a
neuromuscular preparation and minimize contamination by
catecholamines released by the mucosa. The specimens were
suspended isotonically (tension 10 mN) in a 3-mL organ bath
perfused at the rate of | mL min~! with Tyrode solution with
added ascorbic acid (0-11 mM) to prevent catecholamine oxi-
dation. Transmural stimulation was obtained by co-axial silver
wire electrodes delivering four 30-s trains of pulses (4 Hz; 1 ms;
25-60 V) separated by a rest period of 30 s. The sample collection
procedure was similar to that described by Gatti et al (1987). The
effect of naloxone was tested by adding the drug to the perfusion
fluid for 30 min. Noradrenaline concentrations in the incubation
medium were measured by HPLC with coulometric detection
(Hjemdahl 1984; Gatti et al 1987), which allows determination
of noradrenaline without interference by its metabolites. Recov-
ery of known amounts of catecholamines from the organ bath in
the absence of tissue was >90%.

Electrical stimulation. Electrical stimulation was applied to 2-3
cm colonic segments mounted longitudinally and connected to
an isotonic transducer (tension 10 mN) in a 10 mL organ bath.
Rectangular pulses of submaximal strength (4 Hz; 1 ms; 25-50 V
for 20 s) were applied through coaxial silver wire electrodes at 20
min intervals. NANC relaxations were obtained in circular
muscle strips deprived of the mucosa and suspended isotonically
(tension 2-5 mN). The specimens of circular muscle were
pretreated with hyoscine sulphate (3 uM) and guanethidine
sulphate (5 pM) and stimulated at 20 min intervals with
rectangular pulses of submaximal strength (1-4 Hz; 0-1 ms; 25-
50 V for 20 s). After obtaining reproducible responses to
electrical stimulation, the effect of 1 um naloxone was tested
allowing a contact period of 20 min.
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rugs. The drugs used were: morphine hydrochloride purchased
from SIFAC, Milan, Italy; naloxone hydrochloride, physostig-
mine sulphate, noradrenaline bitartrate, 3,4-dihydroxybenzyla-
mine hydrobromide (internal standard for the noradrenaline
determinations), acetylcholine chloride, hyoscine sulphate and
guanethidine sulphate, all purchased from Sigma, St Louis, MO,

USA.

Data analysis. The effects of naloxone on the various parameters
were expressed as percentage variation with respect to the
control values. Concentration-response relationships with 95%
confidence limits were calculated by linear regression analysis
according to Tallarida & Murray (1987). The activity of
paloxone in different tests was evaluated by comparing equi-
effective concentrations in enhancing neurotransmitter release.

Results

Acetylcholine release. The mean resting acetylcholine release in
normal and sympathetically denervated preparations was 23 +2
and 24+1 ng g~! min~! (means+s.e.m., n=38), respectively.
The mean electrically-evoked acetylcholine release was 56 + 5
and 58+2 ng g~! min~! (n=8) in normal and sympathetically
denervated preparations, respectively.

Naloxone dose-dependently increased resting and electrically-
evoked acetylcholine release in normal and sympathetically
denervated preparations (Fig. 1). Naloxone was more potent in
increasing resting acetylcholine release in sympathetically dener-
vated preparations. Concentrations enhancing resting acetyl-
choline release by 50% were 324 (158-659) and 72 (24-213) nMin
normal and denervated preparations, respectively. No difference
was observed in the concentrations enhancing by 50% electri-
cally-evoked acetylcholine release in normal and denervated
preparations (78 (18-347) and 66 (39-112) nm, respectively).

Noradrenaline release. The mean electrically-evoked noradrena-
line release was 2:340-6 ng g~! min~! (n=13). It was dose-
dependently enhanced by naloxone (Fig. 2). The concentration
enhancing noradrenaline release by 50% was 6 (0-25-149) nm.

Electrical stimulation. In colonic preparations obtained from
normal guinea-pigs, electrical stimulation of colonic longitudi-
nally-mounted specimens evoked an excitatory response, which
was unaffected by 1 uM naloxone (% variation=—0-3+1-7,
n=4),
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FiG. 1. Log concentration-effect relationships for naloxone in
Increasing resting (a) and stimulated (b) acetylcholine release in
normal (open symbols) and denervated (closed symbols) prepara-
fions. Each point represents the mean of five experiments. Vertical
bars indicate s.e.m. *P <0-05 vs normal preparations.
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FiG. 2. Log concentration-effect relationship for naloxone in

increasing noradrenaline release. Each point represents the mean of
five experiments. Vertical bars indicate s.e.m.

Electrical stimulation of circular muscle strips in the presence
of hyoscine and guanethidine, evoked NANC relaxations, which
were enhanced by 1 uM naloxone. The increase in NANC
relaxation was frequency-dependent, being 7+ 1, 32+7 and
50+4% (n=4) at 1, 2 and 4 Hz stimulation frequency,
respectively.

Discussion

The present study, showing a facilitatory effect of naloxone on
acetylcholine and noradrenaline release, substantiates the
hypothesis that opioids exert a tonic restraint on neurotransmit-
ter release in the guinea-pig distal colon.

In the enteric nervous system, both enkephalinergic and
dynorphinergic neurons are widely distributed (Furness & Costa
1987) and are thought to modulate several gastrointestinal
functions, including motility, acid and endocrine secretions, and
fluid and electrolyte transport (Dockray 1987). However, it is
difficult to predict the effects of opioids in a specific experimental
model, since they depend on several factors such as the species,
the gut level and the experimental conditions.

Inhibition of neurotransmitter release at cholinergic synapses
(Paton 1957; Nakayama et al 1990) has been regarded as one of
the major mechanisms by which opioids inhibit intestinal
peristalsis. However, in some preparations, opioids can also
cause contraction by inhibition of the non-adrenergic, non-
cholinergic (NANC) inhibitory innervation (Shimo & Ishii 1978;
Tonini et al 1985; Radomirov et al 1990) or by a direct muscular
action (Kromer 1988; Bitar & Makhlouf 1982). Opioids have
indeed been shown to modulate the release of both excitatory
and inhibitory neurotransmitters such as substance P (Gintzler
& Scalisi 1982), vasoactive intestinal polypeptide (Grider &
Makhlouf 1987) and methionine-enkephalin (Glass et al 1986).

The observation that naloxone increases the release of
acetylcholine (present data) and the efficiency of the peristaltic
reflex (Marino et al 1992) is highly suggestive of a physiological
role of opioids in modulating peristalsis in the guinea-pig colon.
The increase in acetylcholine release observed with naloxone
suggests that opioids tonically inhibit cholinergic synapses in the
myenteric plexus. Furthermore, the fact that acetylcholine
release was unchanged in sympathetically denervated animals is
consistent with the hypothesis that, in the absence of the tonic
adrenergic inhibition, other inhibitory systems may take control.
The higher potency of naloxone in enhancing resting acetyicho-
line release after sympathetic denervation is consistent with this
hypothesis. The present experiments also suggest that endoge-



670 COMMUNICATIONS

nous opioids may tonically inhibit not only excitatory, but also
adrenergic and NANC inhibitory pathways. Exogenous opioids
have already been shown to inhibit catecholamine release from
the guinea-pig ileum (Nakayama et al 1990) and the dog adrenal
gland (Kimura et al 1988). In the latter experimental model,
naloxone itself was able to enhance electrically-evoked catechol-
amine output. On the other hand, the lack of effect of naloxone
on electrically-induced contractions in the longitudinal muscle
seems to indicate that opioids do not exert a tonic restraint at this
level. This is in keeping with the observation that morphine has
no effect on electrically-induced contractions in the human
taenia coli (Burleigh & Trout 1986).

The fact that opioids can inhibit noradrenaline release from
adrenergic terminals in guinea-pig ileum (Nakayama et al 1990)
taken together with the observation that the adrenergic agonist
clonidine increases opioid peptide levels in the myenteric plexus
(Schulz et al 1986) is consistent with the hypothesis of an
interaction between enteric opioid neurons and adrenergic
terminals, at least in the guinea-pig ileum (Colado & Martin
1992). The observed supersensitivity to morphine in inhibiting
propulsion in the sympathetically denervated colon (Marino et
al 1992) supports this hypothesis.

In conclusion, the present experiments provide evidence in
favour of the existence of a tonic restraint exerted by endogenous
opioids on excitatory (cholinergic) and inhibitory (adrenergic
and NANC) neural pathways. They also suggest that, after
suppression of the adrenergic inhibitory tone, the functional
relevance of opioid inhibitory pathways is increased.
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