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Influences of Gastric Mucosa upon the Catecholamine Induced Gastric Motility in

Guinea-pig

Poong Lyul Rhee, Ki Whan Kim and Sang Jin Lee*
Department of Physiology, College of medicine, Seoul National University and Chung Buk National University*

The effects of noradrenaline on the contractile and electrical activities were investigated using the
circular muscle strips with intact mucosa prepared from the antrum and fundus of guinea-pig stomach.
Electrical responses of circular muscle cells were recorded using glass capillary microelectrodes filled
with 3 M KCI. All experiments were performed in tris-buffered Tyrode solution which was aerated with
100% O, and kept at 35C.

The results obtained were as follows:

1) The spontaneous contractions recorded from the antral and fundic circular muscle strips with
intact mucosa were suppressed dose-dependently by the application of noradrenaline, whereas those
recorded from the mucosa-free strips were potentiated in a dose-dependent manner.

2) The inhibitory influences on the contractile activities in the normal intact strips were developed
via both g-adrenoceptors and B-adrenoceptors, while the excitatory influences in the mucosa-free
strips resulted from the strong excitatory effect via ¢-adrenoceptors and the weak inhibitory effect via
B-adrenoceptors.

3) Noradrenaline produced hyperpolarization of membrane potential, and increased the amplitude
and the maximum rate of rise of slow waves in the mucosa-free strips of antral and fundic circular
muscle.

4) Apamin blocked the appearance of the component of initial suppression of spontaneous phasic
contractions observed in the mucosa-free strips of antral circular muscle after the application of
noradrenaline.

5) The inhibitory influences on the contractile activities in the normal strips with intact mucosa
remained unaffected even in the strip with separate mucosa, in which mucosa and muscle layer were
mechanically disconnected.

From the above results, following conclusions could be made:

(1) There are no regional differences between the effects of noradrenaline on the antral circular
muscle and those on the fundic circular muscle.

(2) Excitatory responses to noradrenaline observed in the mucosa-free strip result from the dominant
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a-excitatory and the weak B-inhibitory action of noradrenaline.

(3) Inhibitory responses to noradrenaline in the normal strips with intact mucosa develop via both

a-inhibitory and g-inhibitory actions.

Key Words: Antral circular muscle, Fundic circular muscle, Noradrenaline, Slow waves, Apamin
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Fig. 1. A schematic representation of the isometric con-
traction and the electrical activity recording
system. The isometric contraction was recorded
through a tension transducer from the smooth
muscle preparation. And the microelectrode
puncture technique for intracellular recording of
the electrical activities was employed in this
experiment.
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L-Phenylephrine HCI (Sigma)
Phentolamine (Regitin, Ciba)
DL-Propranolol HC! (Sigma)
Tetrodotoxin (TTX, Sankyo)
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Antrum, circular muscle

(A) with mucosa 5 min

Fig. 2. Comparison of the norepine-
phrine effects on the spontaneous con-
tractions of a strip of antral circular
muscle having intact mucosa (A) with
those on the mucosa-free strip (B) in the
guinea-pig stomach.

Note that in the strip of circular

(B) without mucosa 5 min o
—_— muscle with intact mucosa the sponta-

neous contractions were suppressed
dose-dependently by the administration

50 mg . . .
of norepinephrine, whereas in the
mucosa-free strip the contractions were
-—O—LwTL 0 Norepinephrine (M) potentiated in a dose-dependent man-
=6 Ll ner
5x10 = '
10°°

Antrum, circular muscle without mucosa

5 min

5x107¢ -
105
5x10° M

Norepinephrine (M)

Fig. 3. Effects of norepinephrine on the spontaneous contractions recorded from the antral mucosa-free strip of
guinea-pig stomach.
Norepinephrine (NE) was administered cumulatively and the excitatory effect appeared at the concentration
of 107 M and increased in parallel with the increase in NE concentration. Note that the amplitude of tonic
contraction increased dose-dependently by NE administration, while that of phasic contractions showed dual
response especially at a higher concentration of NE; the initial increase followed by the subsequent gradual
increase in the amplitude of phasic contractions.
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Antrum, circular muscle

(A} With mucosa

§ min
M 100mg
0 FPTY: 0 Norepinephrine( M)
(B) With mucosa and blockers 5min
] 40 mg
o _ 0 Norepinephrine (M)
5x10
Blockers
(C) without mucosa 5min

M room

'_(;L____j_o_—'Norepinephrine (M)

§x10°

Fig. 4. The inhibitory effect of norepinephrine on the
spontaneous contractions recorded from the
antral circular muscle strip having intact mucosa
in guinea-pig stomach. Note that the characteris-
tic inhibitory effect of norepinephrine on the
spontaneous contractions of antral circular mus-
cle strip having intact mucosa (A) was also
produced even in the presence of TTX (3 x 107

M), guanethidine (5%10-¢ M), and atropine

(10-¢ M) (B).
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Antrum, circular muscle without mucosa

5 min

W S i ] 0 7
t TTX, GED & Atr.
NE (10¢ M)

(5x107e M)

—
© I ] 0

Py {5x10* m)
t Phentolamine (5:10°6 M)

5 min

(©) m “]lOOmg

L Ne(O'M)
t Ph (5x107m)

Propranalal (5:10°%M)

Fig. 5. The strong excitatory effect of norepinephrine
(NE) via g-adrenoceptors and the weak inhibi-
tory via B-adrenoceptors on the spontaneous
contractions recorded from the antral mucosa-
free strip of circular muscle in guinea-pig stom-
ach. The excitatory effect of NE on the sponta-
neous contractions was produced even in the
presence of TTX (3X10-7 M), guanethidine
(5 107% M), and atropine (10-% M) (A).

Note that the effect via @-adrenoceptors was
excitatory, while that via g-adrenoceptors was
slightly inhibitory (B & C).
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Antrum, circular myscle without mucosa
e o
5 min

—" ,,mé}.‘\.'"“’W”] 100 mg

(a)

L NE(10°M)

L————— Phentolamine {5-10°°M)
L——- Propranolol (5-10°M)

5 min

o SN

Phenylephnne( 5x108 M)
Phenlolamme( 5x106 M)

5 min

k

Isoprenaline(5 x 166 M)

T-—————Pu:apvanolol (5x106 M)

Antrum, circular muscle

(A) with intact mucosa
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Fig. 6. The excitatory response via @-adreno-
ceptors and the inhibitory response via Z-adre-
noceptors to the spontaneous contractions recor-
ded from the antral mucosa-free strip of cir-
cular muscle in the guinea-pig stomach.

Note that spontaneous contractions were
markedly potentiated by the administration of
a-agonist, phenylephrine (5X10-® M) and the
effect of phenylephrine was completely antagonized
by @-blocker, phentolamine (5x10-¢ M) (B). In
contrast to the excitatory action of phenylephrine,
the spontaneous contractions were suppressed by
B-agonist, isoprenaline (5X10-¢ M) and the
suppressed contractions were recovered to normal
level by B-blocker, propranolal (5% 10-¢ M) (C).

Fig. 7. The inhibitory effect of nore-
pinephrine (NE) via both g-adrenoce-

Norepmephnne(Sx%OsM) ptors and fB-adrenoceptors on the

10°M [
1 Propranolol { 5K1OGM )
(B) with separate mucosa 5 min
| o—
1 ) ) pinept ...c(sno M)

spontaneous contractions recorded
from the antral circular muscle strip
having intact mucosa in guinea-pig
stomach.

The inhibitory effect of NE (5x10-¢

M) on the spontaneous contractions

T

T Propranolol ( 5 *106M )

5 min

WJ soms

{C} without mucosa

5:0°M)  remained even in the antral circular

muscle strip having separate mucosa
(B). The difference between the prepa-
ration with intact mucosa and that with
separate mucosa is whether the inter-

pineph ine (5x10°M)

T.____Propranolol (5x105m )
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Fig. 8. Effect of extracellular Ca?** on the excitatory
action of norepinephrine to the spontaneous
contractions of an antral mucosa-free strip of
circular muscle in the guinea-pig stomach.
Note that in Ca2*-free Tyrode solution contain-
ing 0.1 mM EGTA the excitatory response to
norepinephrine was not developed (B).
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Antrum, circular muscle

30 sec

MM SIS

— e

Nu epi nne 105M
rep "ev" Prentolamine. 10°M

Fig. 9. The characteristic actions of norepinephrine (NE) to the spontaneous contractions and slow waves recorded
simultaneously from a mucosa-free strip of antral circular muscle in guinea-pig stomach.
The observed changes in slow waves after the administration of NE were hyperpolarization of membrane
potentlal and the increase in the amplitude and the maximum rate of rise of slow waves. These changes in
slow waves were completely antagonized by the administration of phentolamine (10-5 M). Note that the dual
response of spontaneous contractions result from the changes in slow waves; the initial decrease in spontaneous
phasic contraction due to the suppressed slow waves by hyperpolarization and the subsequent gradual increase
in the amplitude of phasic contractions due to the tall and steep slow waves developed by the increase of Ca2*

influx.
1 mm
MMMMMMMAM]‘“ s
Norepi ine( NE }
5x106 m
(8] ]100 mg
' Apamin(Apm), 167 M
|- NE
76
5x10°M
1 min
camm————- . Apm
--------- NE
T;xw-am 8- blocker
oA-blocker

5x16%M™

Fig. 10. Effects of apamin on the norepinephrine (NE)-induced characteristic dual response of the spontaneous
contractions recorded from a mucosa-free strip of antral circular muscle in the guinea-pig stomach.
The initial decrease in the spontaneous phasic contractions was blocked by the pretreatment with apamin.
However, the subsequent increase in phasic contractions was not affected (B).
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Fundus, Circular muscle

(A) with mucosa -
- 5 min

A1z Aol ghe Eotnl ¢ AEFel vA
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Norepinephrine (M)

1;F—L 5;1:9'5 —

Phentolamine { 5x16% M)

i Propranotol (5 x1G6 M)

{B) without mucosa
5 min

—
ﬂ]100 mg

1T orepinephrine( 1064 )
Phentolamine (10676 M)

Fundus, circular muscle with mucosa

5 min

og -zsol;_

rir

Fig. 11. Comparison of the norepine-
phrine effects on the contractions of a
strip of fundic circular muscle having
intact mucosa (A) with those on the
mucosa-free strip (B) in the guinea-pig
stomach.

Note that in the fundic circular
muscle strip with intact mucosa the
contractions were suppressed dose-
dependently by norepinephrine and
this inhibitory effect of NE on the
contraction was antagonized by both
phentolamine and propranolol (A),
whereas in the mucosa-free strip the
contraction was potentiated and this
excitatory effect was completely block-
ed by phentolamine (B).

(A) “I HHll I“I lll ‘ I” Il H‘I‘]zsomg

T1—o-$—ﬁ 5x16%

Norepinephrine{ M)
Phentolamine(5x10°6 M)

P otol( 5x 106 M)

5 min

(B) ijo mg

Phenylephrine (5x166 M )
Phentolamine (5x10° M)

Isoprenaline (5 x 1078 M}
Propranolo! {5 x 166 M )

HEzAIY A vhgoz el e, W5 (bee
venom) 2] & AE-9l apaming Ca?* &]&4] K+ %
2 AxlA] (Ca-dependent K channel blocker) ¢! o]
22 A glch(Banks et al, 1979), A F F
%y A4 AR SlEHe A4 BYE 4G
(inhibitory junction potentials) o}1} ATPH o]z ut
HSE BEF B4 25 P& 259 apamin
(105 Mol Sj3}e] o2 usle AE 3 o
2 A ¢l t}(Vladimirova & Shuba, 1978; Shuba &

Fig. 12. The inhibitory effect of norepinephrine
(NE) via g-adrenoceptors and g-adrenoce-
ptors on the contractions recorded from the
fundic circular muscle strip having intact
mucosa in the guinea-pig stomach.

Note that the contractions were suppressed
by both phenylephrine (B) and isoprenaline
G).

Vladimirova, 1980). Apaming] o] 2} 78 A2 o]
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Fundus, circular muscie without mucosa

5 min

(A) '
W_ : 1 o Norepinephrine(M) Fig. 13. Dose-dependency for the ex-
167——‘1_66—‘m7r\__5_- citatory effect of norepinephrine (NE)
10 on the contractions recorded from the
mucosa-free strip of fundic circular
muscle in the guinea-pig stomach (A).
rs_ﬂ'l NE administered in a dose-dependent
manner. The excitatory effect appeared
® ]125 m 'at the con?entration of _10'7 M NE and
. . increased in parallel with the increase
___,—/ in NE concentration. The excitatory
A_—O‘——Norepinephrine(M) effect of NE was also observed even in

[ Yy g
1 10r1;?_—‘_°61__§___ the presence of TTX, guanethidine,
” —
510775 and atropine (B).

] 4oms

' \] o

Norepinephrine, 10°M
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Fig. 14. The effect of norepinephrine (NE) on the contractions and slow waves recorded simultaneously from a

mucosa-free strip of fundic circular muscle in guinea-pig stomach.
Hyperpolarization of membrane potential, and the increase in amplitude and maximum rate of rise of slow
waves were observed after the administration of NE. The changes observed in the fundus were similar to those

in the antrum.
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