The Mechanisms of Substance P-evoked
Intestinal Muscle Contraetion: Interaction Among
Substance P, Serotonergic and Cholinergic
Neurons in The Enteric Nervous System of
Guinea-Pig
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Fig. 1. The simultaneous recording system of both longitu-
dinal and circular muscle contractions.  Albino male
guinea-pig (300—600g) were used for this study. After
ileum was removed, L-shaped muscle strips were made.
The preparations were suspended in 10 ml organ bath
containing modified Krebs-Ringer solution which was kept
at 37°C and bubbled with 95%0,/5%CO; mixture. The
junctional part of both muscle stirips was fixed and the
free end of each muscle was connected to a force-displac-
ement transducer for isotonic registration of mechanical
activity.
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Fig.2. The effects of acetylcholine (1 gM) and substance P
(1 #M) on both lingitudinal and circular muscle layers in
guinea-pig ileum. Arrow heads indicates the time of
administration of both drugs.
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Fig.3. The effects of selective 5-HT, agonist, 2-methyl-5-
HT on both muscle layers in guinea-pig ileum. Lower
concentration of ICS 205-930 (1 uM) completely blocked
2-methyl-5-HT-evoked muscle contractions. Arrows
indicate the time of administration of 2-methyl-5-HT.
Arrow head indicates the time of administration of 1CS
205-930.
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Fig.4. The effects of 5-HT, agonist, 5-methoxytryptamine
(10 #M) on both muscle layers in guinea-pig ileum.
5-methoxytryptamine-evoked muscle contractions were
inhibited by only higher concentration of ICS 205-930 (10
#M). Arrows indicate the time of administration of ICS
205-930. Arrow heads indicate the time of administration
of 5-methoxytryptamine.
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Fig.5. The effects of ICS 205-930 on substance P-evoked
muscle contractions in guinea-pig ileum. Blockade of
substance P-evoked circular muscle contractions by high
concentration of ICS 205-930 (10 uM) was observed.
Arrows indicate the time of administration of ICS 205-930.
Arrow heads indicate the time of administration of
substance P.
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Fig.6. The concentration-response curves of substance P in
the presence of ICS 205-930 (1—10 uM) on longitudinal (a)
and circular (b) muscle. Vertical bars showed standard
errors of means. Abscissa, concentration of substance P
(1 uM) in log scale; ordinate, effects expressed in % of
maximal response raised by 1 M acetylcholine. ICS, ICS
205-930.
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Fig. 7. The effects of 5-HT: antagonists (ICS 205-930,
BRLA43694 or GR38032F) on substance P-evoked longitudi-
nal (a) and circular (b) muscle contractions. Substance
P-evoked circular muscle contractions was significantly
reduced by high concentration of ICS 205-930. Vertical
bars were described as well as Fig. 6. Ordinate were
expressed in % of maximal response raised by 1 uM
substance P. ICS, ICS 205-930; GR, GR38032F; BRL,
BRL43694.
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Fig.8. The concentration-response curves of substance P in
the presence of ICS 205-930 (10 M) and/or atropine (10
#M) on longitudinal muscle (a), on circular muscle (b).
Both atropine and ICS 205-930 significantly reduced
substance P-evoked circular muscle contraction. But the
effects of them were not additive. Vertical bars, abscissa
and ordinate were described as well as Fig. 6. ICS, ICS
205-930.
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Fig.9. The effects of atropine (10 uM) or tetrodotoxin (1
#M) on 5-HT (10 uM)-evoked muscle concentrations. Both
atropine and tetrodotoxin markedly reduced 5-HT-evoked
contractions on both muscle layers. Vertical bars and
ordinate were described as well as Fig. 6. TTX, tetrodo-
toXin.
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Fig.10. The potencies of substance P (1 u#M)-evoked muscle
contractions in the presence of ICS 205-930 (1—10 M) or
atropine (10 M) or tetrodotoxin (1 M) on longitudinal
muscle (a), on circular muscle (b). Tetrodotoxin did not
affect substance P-evoked longitudinal muscle contraction,
but markedly blocked the potency of substance P-evoked
circular muscle contraction. Vertical bars and ordinate
were described as well as Fig. 7. ICS, ICS 205-930; TTX,
tetrodotoxin.
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Fig. 11. Hypothesis. Substance P chiefly has direct actions
on longitudinal muscle cells. Whereas on circular muscle,
it has excitatory effects which are in large part, mediated
by 5-HT, receptors located on cholinergic neurons.
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The Mechanisms of Substance P-evoked Intestinal Muscle Contraction: Interaction Among Substance P,
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Abstract

Gastrointestinal motility is controlled by many neuropeptides and amines in the enteric nervous system. Both substance
P and 5-hydroxytryptamine (5-HT) have been considered as the most important excitatory neurotransmitters. These sub-
stances might interact with each other in modifying gastrointestinal motility. We examined this possibility in guinea-pig
ileum using the 5-HT; receptor antagonist, ICS 205-930, which acts as a 5-HT, antagonist only at high concentrations, in
addition to its role as a 5-HT; antagonist. The effects on substance P-induced muscle contractions were studied by simulta-
neous recording technique from longitudinal and circular muscle strips of the guinea-pig ileum. First, substance P dose-
dependently induced phasic contractions on both muscle strips. Lowere concentrations of ICS 205-930 (1-3 M) did not
affect the substance P-induced muscle contractions in either muscle strip. However, a higher concentration of ICS 205-930
(10 « M) significantly reduced only the substance P (1 #M)-induced circular muscle contractions to 55.1+8.2% of the
control. On the other hand, no concentration of ICS 205-930 affected longitudinal muscle contractions. ICS 205-930 did not
affect acetylcholine (1 M), neurokinin A (1 M) or neurokinin B (1 #M)-induced contractions of either muscle. Next, to
investigate the interaction between cholinergic and serotonergic neurons, atropine (10 M) and/or ICS 205-930 (10 uM)
treated substance P-induced contractions of both muscles were tested. Atropine also significantly reduced only substance P-
induced circular muscle contractions to the same extent as ICS 205-930, but the effects of atropine and ICS 205-930 were not
additive. Finally, the neural synaptic blocker, terodotoxin (1 » M) was tested on substance P or 5-HT-induced contractions of
both muscles. Tetrodotoxin markedly reduced substance P-induced circular muscle contractions, but did not affect longitudi-
nal muscle contractions at all. 5-HT-induced circular muscle contractions were completely blocked by tetrodotoxin, while
longitudinal muscle contractions were not. These results suggest that substance P has direct actions on longitudinal muscle
cells in guinea-pig ileum. In addition, substance P-induced circular muscle contractions were largely mediated by 5-HT,
receptors located on cholinergic neurons.



