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Relation of Ethanol and Calcium to Contractile and Electrical Act{vity of Cat Stomach

Myung Suk Kim, Sang Soo Sim, Shin Hee Yoon, Sang Jun Han,
Chung Chin Kim and Hyun Choi

Department of Physiology, Catholic University Medical College, Seoul 135, Korea

This was study carried out to investigate the effect of calcium on spontaneous contraction and
electrical activity induced by ethanol in gastric smooth muscle.

After peeling off the mucous membrane from the isolated whole stomach of 102 cats, two kinds of
small muscle preparations (2.0 X 0.2 cm), one longitudinal and the other circular, were excised from the
fundus, the corpus and the antrum portion of each whole stomach specimen. The isometric contraction
of the small muscle preparation was measured in a cylinder-shaped chamber filled with Krebs-Ringer-
dextrose solution (pH 7.4, temperature 36+0.5°C) bubbling with 5% CO, in O,. A large muscle
preparation (5.0 X 1.2 cm) was excised from the anterior wall of the corpus-antrum portion of the same
specimen in 72 of 102 cats. The gastric electrical activity (slow wave and spike potential) was
monopolarly recorded by four capillary electrodes (Ag-AgCl), of which two were placed on the corpus
and two on the antrum, in a muscle chamber filled with the same solution as described above.

Changes in the amplitude of the contraction, frequency of the gastric slow wave and the production
of the spike potential were observed after adding ethanol and/or under the treatments with verapamil,
CaCl, and Ca-free Krebs-Ringer-dextrose solution.

The results were as follows:

1) After adding ethanol, the spontaneous phasic contraction of the corpus was reduced dose-
dependently (0.125—2.0%), which was totally abolished by higher concentrations (2.0—8.0%) of
ethanol.

2) The corporal phasic contraction was also completely abolished by verapamil (31075 M) or
Ca-free Krebs-Ringer-dextrose solution. The contraction was increased by CaCl, (1.8 x 1073 M), but
the inhibitory effect of ethanol on the contraction persisted even under the treatment with CaCl,.

3) At higher concentrations, ethanol caused tonic contraction of both preparations from the fundus,
the corpus and the antrum in a dose-dependent manner. The tonic contraction of the fundus produced

by ethanol was not influenced by CaCl, or verapamil, whereas the tonic contraction was not produced
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by ethanol in the Ca-free solution.

4) Frequency of gastric slow wave was decreased dose-dependently by the addition of ethanol (0.25

—1.0%), and the slow wave was not produced by higher concentration of ethanol (2.0%).

5) The frequency of slow wave was significantly reduced by verapamil only and the inhibitory

influence of ethanol on the slow wave frequency was reinforced by verapamil.

6) The treatrnent of .CaCl, increased significantly the slow wave frequency, and attenuated the

inhibitory effect of ethanol on the frequency.

It is therefore suggested that ethanol regulates the phasic contraction and the production of slow

wave by interfering with the transport of calcium in the stomach muscle of the cat.

Key Words: Stomach, Smooth muscle contraction, Slow wave, Ethanol, Calcium, Verapamil
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Isometric phasic and tonic contractions of longitudinal and circular muscle preparations from

gastric fundus, corpus and antrum in response to addition of ethanol.
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Fig. 2. Phasic and tonic contraction of long-

itudinal muscle preparation from cor-
pus following addition of various con-
centrations of ethanol.
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ponse to addition of various concentra-
tions of ethanol. Vertical graduations
represent 1 S.D. (n=10).
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to addition of various concentrations of
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Changes in tonic contractions of longitudinal muscle preparations from fundus, corpus, and

antrum in response to addition of ethanol (2.0% or 4.0%) only and under the pretreatment with

Ca-free Krebs-Ringer-dextrose solution.
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Fig. 7. Phasic contraction of longitudinal muscle S min
preparation from corpus in response to Fig. 8. Phasic contraction of longitudinal mus-
addition of ethanol under pretreatment cle preparations from corpus in response
with CaCl, (1.8 x 107°M), verapamil to addition of CaCl, (1.8 x 10*M) and
(3 x 10°M) and Ca-free Krebs-Ringer- verapamil (3 x 10*M) under pretreat-
dextrose solution. ment with ethanol (1.0%).
Table 1. Phasic contraction (amplitude, g and % inhibition from control) of longitudinal muscle pre-
paration from corpus following addition of ethanol (1.0 %) under pretreatment with
various concentrations of CaCl, (mean * S.D.)
Treatments Contraction (g) (ff P
Control CaCl, Ethanol (% inhibition)  (d4f)
Ethanol only 0.47 £ 0.14 - 0.06+0.03 (87.7% 6.0)
(n=10)
CaCl, (0.9 mM) 0.43+0.11 0.55 + 0.18* 0.12+0.06 (71.0%15.1) 24.529 < 0.05
+ Ethanol (n=10) (3,36)
CaCl (1.8 mM) 0.46 + 0.12 0.78 + 0.12* 0.26 £ 0.02 (45.0 £ 14.0)
+ Ethanol (n=10)
CaCl, (3.6 mM) 0.43+ 0.11 0.75 £ 0.28* 0.28+0.11 (36.4%18.8)

+ Ethanol (n=10)

Control :
*

Phasic contraction in Krebs-Ringer-dextrose solution only.
: Significantly different from control (P < 0.01, paired t-test),
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Tonic contraction of longitudinal muscle
preparation from fundus in response to
addition of ethanol under pretreatment
with CaCl, (1.8 x 107°M), verapamil
(8 x 10°M) and Ca-free Krebs-Ringer-
dextrose solution.
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Fig. 10. Tonic contraction of longitudinal mus-
cle preparation from fundus in respon-
se to addition of CaCl, (1.8 x 107*M)
and verapamil (3 x 10"*M) under pre-
treatment with ethanol (2.0%).
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Gastric slow wave (SW) in control state and after adding of various concentrations of ethanol
to a muscle preparation. C; & C; : electrodes placed on corpus ; Ay & A, : electrodes placed
on antrum. Vertical graduation represents 0.2 mV.,
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TIME IN  MINUTES

Mean frequency changes in gastric SW obtained from C, (corpus) and A, (antrum) after

adding Krebs-Ringer-dextrose solution (CONTROL) and various concentrations of ethanol.

Vertical graduations indicate 1 S.D. (n=6).

* ; Significantly different from control value (P < 0.001 — 0.005, t-test).

C2 (CORPUS) A2 ( ANTRUM)
* *
1

E
o
o
= CaClj
S CONTROL
=
w
=2
8 ETHANOL
o VERAPAMIL
™
2
1]

Ca - free
0 5 10 15 20
TIME IN MINUTES
Mean frequency changes in gastric SW obtained from C, (corpus) and A, (aatrum) after

adding Krebs-Ringer-dextrose solution (CONTROL), ethanol (1.0%), CaCl, (1.8 x 107M),
verapamil (3 x 10 M) and Ca-free Krebs-Ringer-dextrose solution. Verticai giaduations in--
dicate 1 S.D. (n=6).

* : Significantly different from control value ( P < 0.001 — 0,05, t-test)
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Table 2. Mean (* S.D.) frequency of gastric slow wave after addition of ethanol + (1.0 %) under pre-
treatements with CaCl, (1.8 x 107>M) and verapamil (3 x 10°M) from C, (corpus) and A,

(antrum) at 5-min intervals

Ethanol (1.0
Treatments Control CaCl, o.r anol (1.0%)
verapamil 5 min 10 min 15 min 20 min
Ethanol only C, 4.0 2,9* 2.4% 2.4% 2.3%
(n=6) 0,5 +0.7 0.5 +0.5 140.4
A, 4.0 2.8% 2.5% 2.4% 2.3%
0.5 0.7 0.4 +0.5 + 0.4
CaCl; + ethanol C, 3.6 5.2% 5.1% 5.2% 5.0* 4.5*%
(n=6) * 0.6 +1.0 + 0.9 *1.3 t1.4 *+0.8
A, 3.6 4.9* 5.,0% 4.6* 4.4+ 4.4*
0.6 *0.8 0.9 1.0 +0.8 0.8
Verapamil + ethanol C, 4.0 3.4* 3.0% 2.5%% 2.2%F  1.9%f
(n=6) 0.8 0.9 0.6 0.7 0.8 0.5
Az 4.0 3,5% 2.9%% 2.3%% 2.0%% 1.7%%
0.8 0.9 t0.8 0.9 0.8 0.6

: vs. control value (P < 0.05).
t ¢ vs. verapamil value (P < 0.05).

Table 3. Mean ( 8.D.) frequency of gastric slow wave after addition of CaCl, (1.8 x 107 M) and vera-
pamil (3 x 10*M) under pretreatment with ethanol from C, (corpus) and A, (antrum)

at 5-min intervals

C .
Treatments Control E(tiug}y(:)l CaCl, or verapamil
- 5 min 10 min 15 min 20 min
Ethanol + CaCl, C, 3.9 3.1* 3.7¢4 3.7+ 3.6+ 3.6%
(n=6) +0.3 +0.4 + 0.6 +0.6 + 0.6 0.4
A, 3.9 3.2% 3.4* 3.5% 3.7t 3.7%
+ 0.3 +0.4 + 0.7 + 0.6 +0.6 +0.5
Ethanol + verapamil C, 4.1 8.2% 2.8%% 2.6%% 1.8*%% 1.5%+
(n=6) t 0.4 +0.8 +1.0 0.9 1.6 1.5
A, 4.1 3.2% 2.7%+ 2.9%% 1.9%¢ 1.2%¢
+ 0.4 +0.8 1.0 +1.0 +1.6 +1.2

*  :vs control value ( P < 0.05).
t  :vs. ethanol value ( P < 0.05).

Table 4. Percentage of gastric slow wave accompanying spike potentials after addition of CaCl, (1.8 x

1072 M) from corpus (C2) and antrum (A, ) at 5-min intervals (Meant §.D.)

Control 0—5 min 6—10 min 11-15 min 16—-20 min

C(orpu)s (C3) 0 23.8 £ 26.4 33.56+ 18.2 21.7£15.2 15.8+12.8
n=6

Antrum (A;) 0 18.0+18.1 37.8+ 225 31.2+15.3 24.4t15.0

(n=6)
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