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Abstract

The presence of inhibitory nonadrenergic noncholinergic (NAN@ey words

intrinsic innervation of the circular muscle of the gastrointestinalNonadrenergic
sphincters of the South American (SA) opossum was investigated noncholinergic nerves
vitro. Isolated circular muscle strips from the esophagogastric anffastrointestinal sphincter
ileocolonic junctions but not from the gastroduodenal (pylorus) regiorelaxation
developed spontaneous tension. Tetrodotoxin (TTX, 1 pM) atg2°uth American opossum
Electrical field stimulation of esophagogastric and ileocolonic junc-

tion strips caused frequency-dependent responses consisting of a

relaxation at lower frequencies (<1 Hz) and a biphasic response or

contraction at higher frequencies. In the strips from the pyloric region

electrical field stimulation abolished the spontaneous activity at lower

frequencies and induced contractions at higher frequencies. The re-

sponses elicited by electrical field stimulation in the three sphincters

were abolished by TTX (1 uM). Electrical field-induced contractions

were reduced while relaxations were enhanced by atropine (1 pM). In

the presence of atropine (1 pM) and guanethidine (3 pM), electrical

field stimulation, nicotine and ATP induced frequency- or concentra-

tion-dependent relaxations of the three sphincters that were abolished

by TTX (1 uM). Isoproterenol and sodium nitroprusside caused
concentration-dependent relaxations which were TTX-resistant. These

findings indicate that the sphincteric circular muscle of the SA opos-

sum gastrointestinal tract is relaxed by the activation of intrinsic

NANC nerves and therefore can be used as a model for the study of the

mechanisms involved in these responses.

Braz J Med Biol Res 30(6) 1997



794

Braz J Med Biol Res 30(6) 1997

N.M. Matsuda et al.

Introduction NaHCO;and 11.1 mM glucose at 7 and
bubbled with 95% @5% CQ,. After re-
Nerve-induced relaxation of gastrointesimoval of the mesentery and fat tissue, the
tinal smooth muscle is involved in importantesophagogastric, gastroduodenal and ileo-
physiological processes of the digestive traatolonic junctions were opened longitudinally
such as lower esophageal sphincter relaxand cleaned and the mucosa was removed.
ation following swallowing, accommodation Mucosa-free strips (10 x 3 x 3 mm) of the
to distention of the proximal stomach anctircular muscle were cut and suspended in
descending inhibition (1). Evidence accu-an isolated organ bath filled with 10 ml of
mulated during the last three decades indmodified Krebs solution at 3Z bubbled
cates that nerves mediating such responsesntinuously with 95% &5% CGQ.. One end
employ neither noradrenaline nor acetylchoef the strip was anchored inside the organ
line as a neurotransmitter and consequentshamber and the other was connected to a
are referred to as nonadrenergic noncholirferce transducer for the measurement of iso-
ergic (NANC) nerves (2). Experiments de-metric force on a four-channel Hewlett-
signed to elucidate the mediator and mechd&ackard polygraph (model 7754A). Length-
nisms involved in NANC nerve-induced re-passive tension relationship experiments
laxations of sphincteric muscle in the gaswere performed by stretching the strips to
trointestinal tract have been performedlifferent lengths (monitored by the basal
mainly in North American (NA) opossumstension) and recording the tension after an
(Didelphis virginiang (3-8) or in dogs (9- equilibration period of 30-45 min to estab-
12). The properties of opossum gastrointedish the optimal length. Once the optimal
tinal sphincters are closer to the human ondength was determined, in all the experi-
as compared to dogs and cats (13) but NAents in which the responses to electrical
opossums are not readily available in Braziffield stimulation (EFS) and drugs were char-
Consequently, it became of interest to chaacterized the strips were submitted to an
acterize in vitro the neurally induced re- initial tension of 1.5 g and an equilibration
sponses of gastrointestinal sphincters frorperiod of 45 min. Responses to EFS were
Didelphis albiventris an opossum specieselicited by applying 0.5-ms square wave
readily available in South America (SA), inpulses, supramaximal voltage (40 V) and
order to determine whether it could be awarying frequencies (0.1-8 Hz) for 10 s de-
alternative model to investigate the inhibitodivered with a Grass S4C stimulator through
ry innervation of sphincteric muscle fromtwo platinum ring electrodes placed 20 mm

the gastrointestinal tract. apart above and below the muscle strip. The
interval between successive stimuli was at
Material and Methods least 2 min.

The drugs used were atropine sulfate,

South American opossum®itlelphis propranolol hydrochloride, hexamethonium
albiventrig of both sexes, weighing 500- bromide, prazosin, tetrodotoxin (TTX), gua-
1500 g, were anesthetized with pentobamethidine, isoproterenol, nicotine, adenosine
bital (50 mg/kg,ip). Laparotomy was per- triphosphate disodium salt (ATP), vasoac-
formed and the distal esophagus, stomadive intestinal peptide (VIPY;aminobutyric
and duodenum as well as the distal ileum aracid (GABA), and sodium nitroprusside
proximal colon were resectegin blocand (SNP) (all from Sigma Chemical Co., St.
placed in Krebs solution containing 118.5.ouis, MO). All drugs were dissolved in
mM NacCl, 4.7 mM KCI, 2.5 mM Cag|l1.2 distilled water and freshly prepared for each
mM MgCl,, 1.2 mM KHPQ,, 23.8 mM experiment.
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Results

Circular muscle strips from the lower
esophageal sphincter and ileocolonic junc-
tion always developed spontaneous tension,
i.e., tension rose above the passively applied
tension, the magnitude of which was relateg,
to the initial length of the strip. Maximum 5§
tension was developed when the initial lengtf®
was set at 1.5 g (about 200% of the strip
length). In contrast, though the pyloric strips
did not develop spontaneous tension they
also did not exhibit any relaxation after ap-
plication of the initial tension. In addition,
pyloric strips always showed spontaneous
phasic activity while ileocolonic junction
strips exhibited spontaneous activity that dis-
appeared during the equilibration period.
Lower esophageal sphincter strips did not
show any spontaneous phasic activity. For
all the experiments in which the responses to
electrical field stimulation and drugs were
characterized the strips were submitted to an
initial tension of 1.5 g.

EFS of lower esophageal sphincter an@®
ileocolonic junction strips caused a fre-g
guency-dependent response consisting ofia
relaxation at the lower frequencies (<1 Hz)
and a biphasic response or contraction at the
higher frequencies. In the strips from the
pyloric region EFS abolished the spontane- |3
ous activity at the lower frequencies of stim-
ulation and induced a contraction at higher
frequencies (Figures 1A, 2A and 3A). Addi-
tion of atropine (1 pM) did not affect the
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Figure 1 - Representative trac-
ings showing the response of
isolated lower esophageal
sphincter strips to different EFS
frequencies (0.5 ms, 40 V for 10
s) in the absence (A) or in the
presence of atropine (B), atro-
pine + guanethidine (C) or atro-
pine + guanethidine + tetrodo-
toxin (D). The strips were incu-
bated with the drugs for at least
20 min.

Figure 2 - Representative trac-
ings showing the response of
isolated pyloric strips to differ-
ent EFS frequencies (0.5 ms, 40
V for 10 s) in the absence (A) or
in the presence of atropine (B),
atropine + guanethidine (C) or
atropine + guanethidine + tetro-
dotoxin (D). The strips were in-
cubated with the drugs for at
least 20 min.

tension of the strips in any of the sphinctersr prazosin (1 uM) failed to affect the relax-
(2.3 gvs2.4 for lower esophageal sphincterations induced by EFS in the presence of
1.5 gvs 1.6 g for pylorus and 2.1\ 2.0 g atropine (data not shown). In the presence of
for ileocolonic junction) but was associatedatropine and guanethidine, the magnitude of
with a striking reduction in the magnitude ofEFS-induced relaxations of the strips from
the contractile response and a correspondirije three sphincters was frequency-depend-
enhancement or unmasking of relaxations iant, reaching maximal values at 4 Hz (Fig-
the three sphincters (Figures 1B, 2B andres 1C, 2C, 3C and 4). TTX (1 uM) abol-
3B). Further addition of guanethidine (3 uM)ished the responsesto EFS in the three sphinc-
did not affect the basal tension or the reters (Figures 1D, 2D and 3D). Interestingly,
sponses to EFS (Figures 1C, 2C and 3CJ.TX raised the basal tension of the ileoco-
Similarly, addition of propranolol (10 uM) lonic junction (28.7 + 8.9%) but not of the
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Figure 3 - Representative trac-
ings showing the response of
isolated ileocolonic junction
strips to different EFS frequen-
cies (0.5 ms, 40V for 10 s) in the
absence (A) or in the presence
of atropine (B), atropine + gua-
nethidine (C) or atropine + gua-
nethidine + tetrodotoxin (D). The
strips were incubated with the
drugs for at least 20 min.

Figure 4 - Relationship between
the magnitude of EFS-induced
NANC relaxations of isolated
lower esophageal sphincter
(filled circles) and ileocolonic
junction (open circles) strips.
Ten-second trains of pulses (0.5
ms and 40 V) were applied at 2-
min intervals at different fre-
guencies. Data are reported as
the mean + SEM (N = 8). All
experiments were performed in
the presence of 1 uM atropine
and 3 uM guanethidine which
were added 20 min before stim-
ulation. The relaxation magni-
tude is reported as % of that
obtained with sodium nitroprus-
side (SNP).
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pendent relaxations of the lower esophageal
sphincter and ileocolonic junction (Figure 7)
which were unaffected by TTX (data not
shown). Similarly, VIP and SNP caused con-
centration-dependent relaxations (data not
shown).

Discussion

It is well established that gastrointestinal
smooth muscle contractility is influenced by
NANC inhibitory nerves (2). Following the
description that the smooth muscle composi-
tion of the NA opossum lower esophageal
sphincter, in contrast to that of more com-
mon laboratory animals (rats, cats and dogs),
resembles more closely the human lower
esophageal sphincter (13) most of the cur-
rent concepts regarding the neural control of
gastrointestinal sphincters were derived from
in vivoandin vitro studies performed on this
animal model (3-8,14,15). Since this opos-
sum species is not readily available to us, in
the present study we characterizedvitro
the nerve-induced responses of the circular
smooth muscle from gastrointestinal sphinc-
ters of the closely related opossum species
Didelphis albiventris readily available in
SA. Our results show that, as described for
isolated strips of circular smooth muscle
from the esophagogastric and ileocecal junc-

esophageal sphincter or the pyloritions of other species including humans (14-

21), the strips from these regions obtained

In the presence of atropine and guanethffom the SA opossum developed spontane-

dine, nicotine induced concentration-dependsus tension which was not influenced by
ent relaxations which were abolished by TTXatropine or adrenergic blockers. The fact
(Figure 5) and hexamethonium (10 uM) (datgéhat TTX raised the tension in the ileoco-
not shown). ATP also caused concentratiorenic junction but not in the lower esoph-
dependent relaxations of the lower esophageafjeal sphincter or pyloric strips indicates the
sphincter and ileocolonic junction strips in thepresence of an intrinsic tonic inhibitory in-
presence of atropine and guanethidine whichervation in this region. Similar responses
were abolished by TTX in the ileocolonicwere reported in the lower esophageal sphinc-
junction but not in lower esophageal sphincteter of the NA opossum (14) as well as in the
strips (Figure 6). GABA (1-300 uM) did not ileocolonic junction of the cat and NA opos-
cause any response in the three sphinctesam (15,16). Since atropine and guanethi-
(data not shown).

dine did not affect the basal tension of the

Isoproterenol caused concentration-deeocolonic junction, such tonic innervation
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seems to be due to intrinsic NANC nerves as
described in the cat and guinea pig (16,17).
The isolated strips of the circular muscle
obtained from the pyloric region of SA opos-
sums did not develop spontaneous tension
but always exhibited regular spontaneous
phasic activity. These findings are similar to
those reported for the cat (18) and humans
(19). Interestingly, TTX did not affect the
basal tension of the pyloric strips, indicating
a lack of tonic neural influences.

The present findings also show that elec-
trical field stimulation of isolated circular
muscle strips from the lower esophageal
sphincter and ileocolonic junction of the SA
opossum was associated with relaxation fol-
lowed by contraction at the higher frequen-
cies of stimulation. Both responses were
abolished by TTX indicating that they re-
sulted from the activation of intrinsic nerves.
The fact that atropine reduced the EFS-in-
duced contraction and enhanced the magni-
tude of the relaxant responses in both strips
while guanethidine and adrenergic blockers
failed to affect the relaxations indicates that
the latter are caused by the activation of
NANC nerves. Inhibitory NANC nerves of
the circular smooth muscle from the lower
esophageal sphincter and ileocolonic junc-

tion have been described in several speciess

including NA opossums, cats, dogs and hu-
mans (20-23). The fact that nicotine also
caused relaxations of the lower esophageal
sphincter and ileocolonic junction in a hexa-
methonium- and TTX-sensitive manner sug-
gests that the intrinsic NANC neurons of
these regions from the SA opossum are acti-
vated by nicotinic receptor stimulation. Cir-

opossum is also comparable regarding thiteocolonic junction (9) and NA opossum
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Figure 5 - Top, Representative
tracings showing the response
elicited by 100 pM nicotine on
isolated lower esophageal
sphincter (left) and ileocolonic
junction (right) strips in the ab-
sence or in the presence of 1
uM tetrodotoxin (TTX). Bottom,
Relationship between the mag-
nitude of relaxations induced by
different concentrations (M) of
nicotine in isolated lower esoph-
ageal sphincter (filled circles)
and ileocolonic junction (open
circles) strips. Data are reported
as the mean = SEM (N = 6). The
relaxation magnitude is reported
as % of that obtained with so-
dium nitroprusside (SNP). All ex-
periments were performed in
the presence of 1 uM atropine
and 3 pM guanethidine.

Figure 6 - Top, Representative
tracings showing the response
elicited by ATP (300 pM) on the
isolated lower esophageal
sphincter (left) and ileocolonic
junction (right) strips in the ab-
sence or in the presence of 1
uM tetrodotoxin (TTX). Bottom,
Relationship between the mag-
nitude of relaxations induced by
different concentrations (M) of
ATP in isolated lower esoph-
ageal sphincter (filled circles)
and ileocolonic junction (open
circles) strips. Data are reported
as the mean £ SEM (N = 6). The
relaxation magnitude is reported
as % of that obtained with so-
dium nitroprusside (SNP). All
experiments were performed in
the presence of 1 uM atropine
and 3 uM guanethidine.

Interestingly, ATP, which has been pro-
cular smooth muscle relaxations due to nicoposed as a NANC mediator (2), caused TTX-
tinic activation of intrinsic NANC neurons sensitive relaxations of the SA opossumi ileo-
have been also reported in the guinea pigolonic junction strips indicating that ATP is
taenia coli, rat duodenum and dog ileoconot acting directly on smooth muscle. Simi-
lonic junction (24-26). Therefore, the SAlar findings were reported for the canine

characteristic to the more widely employedower esophageal sphincter (27). On the other
models for studying inhibitory NANC inner- hand, SA opossum lower esophageal sphinc-

vation of gastrointestinal muscle.

ter strips were relaxed by ATP in a TTX-

Braz J Med Biol Res 30(6) 1997
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Figure 7 - Relationship between
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occur, since ATP has been shown to induce

the magnitude of relaxation in-
duced by different concentra-
tions (M) of isoproterenol in iso-
lated lower esophageal sphinc-
ter (filled circles) and ileocolonic
junction (open circles) strips.
Data are reported as the mean =
SEM (N = 6). The relaxation mag-
nitude is reported as % of that
obtained with sodium nitroprus-
side (SNP). All experiments were
performed in the presence of 1 20
UM atropine and 3 uM guanethi-

dine.

100

60 -

40

Relaxation (% of 10 uM SNP)

contractions in isolated human lower esoph-
ageal sphincter strips (28). Isoproterenol, as
well as the putative NANC neurotransmitter
VIP, caused concentration-dependent relax-
ations of both lower esophageal sphincter
and ileocolonic junction strips in a TTX-
resistant manner which is consistent with the
potential role of the latter as a NANC neu-
rotransmitter.

In conclusion, these findings show that
isolated smooth muscle strips from the

1 1
-6 -5 -4 -3
Isoproterenol (log M)

sphincteric regions of the SA opossum ex-
hibit conspicuous inhibitory NANC nerve-
induced responses and could be useful for

resistant manner. This observation is corstudies aimed at the identification of the
sistent with the putative role of ATP as arNANC neurotransmitter as well as to eluci-
inhibitory NANC neurotransmitter although date the mechanisms involved in these neu-
it is worth remarking that species differencesally induced relaxations.
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