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Studies on the Mechanism of Contraction by Substance P in Rabbit Ileum

Se-Hun Jo, Jin Sup Jung and Sang Ho Lee

Department of Physiology, College of Medicine, Pusan National University

The mechanism of the contractile response of longitudinal muscle of rabbit ileum to
substance P (SP) has been investigated. The contractions in rabbit ileum under various
conditions were recorded isometrically.

The following results were obtained.

1) The contractions by SP increased according to concentrations. SP-induced contraction
was not sustained but faded rapidly at 10-"M. The response to the cummulative addition of
SP was decreased in comparison to the response to separate administration of each concen-
tration.

2) The response to 10~®M SP after 5 min application of 10-’M SP was increased with
increasing the time interval between the administration of 107 and 10-*M SP.

3) The treatment of rabbit ileum by 10-"M SP for 5 min didn’t decrease the response to
107°M acetylcholine.

4) 107°M atropine had no effect of the contractile response to 10-’M SP. The response to
107'M SP was normal or subnormal in the presence of 3 mM tetraethylammoniam (TEA).

5) 100K solution, 10™*M ouabain, and Na-free solution inhibited the response to 10~*M SP
and 3 mM TEA completely, and to 10~’M SP incompletely. 3 mM TEA induced a considerable
contraction in K-free solution, but 10~8M SP didn’t induce the contraction. 10-*M norepine-
phrine decreased the contractile responses to SP and TEA.

6) The contractile response to 10°"M SP was dependent on the extracellular Ca?+ concen-
trations to 1.8 mM. .

7) The contractile response to 107"M SP remained 15% of the maximal response after
bathing the ileum in a Ca-free solution for 2.5 min.

8) The responsiveness to SP was completely lost within 10 min of bathing in Ca-free
solution, but was restored by the exposure to Ca?*, The restorative effect of Ca** depended
on the concentration of CaZ*, and on time for which the tissue exposed to this Ca2+ concentr-
ation.

These results suggest that there are two mechanisms of the action by which the low con-
centrations of substance P causes the contraction of intestinal smooth muscle: the reduction
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of K conductance and a mechanism dependent on the extracellular Ca2*, and that high conce-

ntration of SP may elicit a contraction by releasing Ca?* from an intracellular store, which

is not as sensitive to removal of extracellular Ca?* or as easily accessible to EGTA as the

extracellular space of the muscle. The location of this store is not known; it may be asso-

ciated with the internal side of the cell membrane.
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Fig. 1 A, The tracings of the response of longitudinal smooth muscle of rabbit ileum to increasing

doses of substance P(SP).

1B, The contractile response of rabbit ileum to cummulative addition of substance P.

038 ztaste #@4E Jelligle, B FES SP
o FA=H 9o 100M SP o} 9 53
A3 FHad 23 F WME S22 3
£ FEER 1% ALz Hiixos
A4 HFZY SPH 43 5% Fig. 1A
tx ARl 24 4 o(Fig. 1B). ol
<= 23 SP7 A4 §5& F&A e At
& A AR
Fig. 2% SPdl 8% A4T+F9 =%
tylcholine 10-M ol &8t 54 %2 vJepd A
100"M ¢] SP = 107°M acetylcholine -%-2] A
%ol Zate F5& sk ek

N

ace-

ol eh.
2] 90
2) SP 2| autodesensitization 2| S|E2A|Zt

Fig. 32 o]l gt SPe] & 5% ot A 24

dA 3E=E AE &7 $std 100'M SPe 5
7 mEAF S AEF 2, 5 10, 15 B 208 & tii
1078 SP & Fo] dlz7sd 59 378 vlmst A
ol e},

107°M SP o] x=&A7 24& 437 35¢ SPe
gk ibgo] zastgn SP & Fodste A2 3Fe)
AF%E JEY AEE S8k 208F A FAL
= B wmelA] o] F A4 SPE A=

S

3) Substance P 2! Acetylcholine 2] AtS X2

Fig. 4% SPdl 4@ 459
Ak Feld ez g
oA A3 £58 454EE 2

&% 5F SPE T4 2 530

A &Zsk7t SP o) o8]
aty] $8] SP3} Ach
Rolvh. 10°M Ach %

Aeds] &3

— 153 —



—u] A E A AISH A 25 1684—

100 ¢

(@]
(]
T

40 1

% 10'6Ach confraction

20 ¢

0»——“——& L L
9 8 T
-log [ SP]

ot

Fig. 2. Concentration-response curves for the con-
tractile effect of substance P on the lon-
gitudinal muscle of rabbit ileum.

(. Contractile responses to separate admi-
nistrations of each concentration of SP
at 25 min interval.

@. Contractile responses to cummulative
addition of SP at 1 min interval.
Contractions are expressed as a percentage
of the response to 10°°M acetylcholine.

(Mean+S.E.M, n=5).
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Fig. 8. Recovery time from desensitization.
Tissues were exposed to the 10°"M SP for
5 min and tested for sensitivity to 10°3M
SP at the times indicated.
Contractions are expressed as a percentage
of the initial response to 10-8M SP(Mean
+S.E.M, n=4),
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Fig. 4. Interrelationship between 10-"M SP and 10~°M Acetylcholine.
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Fig. 5. Effects of 10-*M atropine and 3 mM TEA on the contractile response to 10-"M SP.
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Fig. 7. Effects of 10-®M norepinephrine and 100K solution on the contractile response to 10-’M SP. -
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Fig. 8. Tracings of the response to 10~’M SP under various Ca?* concentrations.
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Fig. 9. Effect of external Ca? on the contractile
response to 10-"M SP.
The results are expressed as a percentage
-of the response to 10-°M acetylcholine
(Mean-+S.E.M., n=4),
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Fig. 10. The contractile response to 16-"M SP in Ca-free physiological salt solution(PSS).
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Fig. 11. Effect of removal of extracellular Ca’*
on the responsiveness to 10-’M SP.
The results are expressed as a percentage
of the initial response to 10-"M SP(Mean
+S.EM., n=3).

100

80

60r

/s Control

40

20

1 3. 1 1 ]

0 2 & 6 8 10

Time(min) .«

Fig, 12. The contractile response to the simul-
taneous addition of 10-"M SP and 0.5 mM
Ca?t after the treatment of longitudinal
muscle of rabbit ileum in Ca-free PSS
during variable time (Mean+S.EM,
n=>5),
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Fig. 13. The effect of the time interval between

washout of CaCl, and applications of SP
on the contractile response to 10-'"M SP
after the treatment of the longitudinal
muscle of rabbit ileumm with Ca-free PSS
for 10 min.
Contractions are expressed as a percen-
tage of the initial response of 10-"M SP
at each Ca?* concentration(Mean+S.E.M.,
n=¢).
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