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THE EFFECT OF POTASSIUM ON FROG STOMACH MUSCLE

F. BAYSAL, S. ONDER, M. OZGUL & A. TOYGAR
Department of Pharmacology, Faculty of Medicine (Numune Hospital) Adana, Turkey

1 KCI relaxed strips of frog stomach muscle. Usually, the effect was biphasic, i.e. contraction

followed by relaxation at a concentration of 137 mm.

2 The effect was mimicked by K,SO,.

3 Ouabain (5 and 10 pg/ml) blocked the relaxations and reversed them to contractions. The tension

of strips was not affected.

4 Phenoxybenzamine (1 pg/ml) and procaine (20 pug/ml) inhibited the relaxations, potentiated the
contractile component and lowered the tone of the muscle.

§ The relaxation and the tone were inhibited by papaverine (5 pg/ml) but the contractile component

was unaffected.

6 It is suggested that potassium-induced relaxations are mediated through the activation of the

sodium pump.

Introduction

Potassium chloride induces relaxations in some
smooth muscle preparations of warm-blooded ani-
mals. Guinea-pig taenia coli that had undergone pro-
longed cold storage showed hyperpolarization accom-
panied by relaxation after the addition of potassium
(Shibata, Fukuda & Kurahashi, 1973). This inhibitory
action of potassium was prevented if the taenia were
pretreated with ouabain or incubated in Tyrode solu-
tion containing lithium instead of sodium. From these
results it was concluded that activation of the electro-
genic sodium pump in taenia by potassium elicits
these effects. Potassium caused an immediate inhibi-
tion of the activity of rabbit myometrium bathed in
K *-free Krebs solution (Johns & Paton, 1974). This
effect was abolished by ouabain treatment. The
observed inhibition could be produced by the oper-
ation of the pump mechanism. Another smooth
muscle preparation, the rat anococcygeus muscle
treated with acetylcholine, showed dose-dependent
relaxations to KCl (Gibson & James, 1977). These
authors suggested that this effect may be due to
stimulation of inhibitory nerves by potassium ion.
To our knowledge a detailed study of the effects
of potassium ion on smooth muscle of cold-blooded
animals has not yet been published. Therefore, we
have investigated the action of this ion on frog
stomach muscle strip pretreated with carbachol.

Methods

Longitudinal muscle strips prepared from the
stomach of the pithed frog (Rana esculenta) were used
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in these experiments. The method (Baysal, 1967) was
described earlier. Briefly, the stomach was removed
and cut open by an incision along the lesser curva-
ture. The mucosa was stripped off. The tissue was
then incised two or three times in the direction of
the longitudinal muscle. Strips thus obtained (ap-
proximately 3 cm long and 0.2 cm wide) were
mounted longitudinally in an organ bath filled with
a modified Tyrode solution of the following composi-
tion (mM): NaCl 135, KCl 2, CaCl, 3, NaH,PO, 04,
NaHCO, 12 and dextrose 6. The activity of muscle
strips was recorded with an isotonic lever (x 10 mag-
nification) on a smoked drum. Tension on the strip
was 0.5 g. The preparation was allowed to equilibrate
for 1 h. The solution was aerated with O,. Some
strips were treated for 10 min with isotonic KCI Tyr-
ode containing different concentrations of KCl. Tis-
sues were then washed with Tyrode solution and
allowed to recover for 20 min. In other experiments
the tone of the muscle was first raised by placing
it in Tyrode solution containing 0.5 pg/ml carbachol
for 1 h. Carbachol was tried in the concentration
range 0.25 to 1 pg/ml and the most reproducible KClI-
induced responses occurred at 0.5 pg/ml. Five strips
were used for each concentration. Following carba-
chol incubation strips were treated with isotonic KCl
Tyrode. The concentrations of KCl in different iso-
tonic KCl Tyrode solutions were 13, 27, 54 and 137
mM. In these solutions NaCl was replaced by KCl.
Each concentration was tested twice during the con-
trol period. Contact time with KCl Tyrode was 5 min.
After this, strips were washed with Tyrode solution
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Figure 1 The effect of different KCI Tyrode solutions
on frog stomach muscle strips. Points on the graph
are mean values (n = 8): Vertical lines show s.e. mean.

containing carbachol and left for 15 to 20 min. In
some experiments we used KCI Tyrode solutions con-
taining 0.5 pg/ml carbachol. No statistically impor-
tant differences (n = 13) were found between results
obtained in KCl Tyrode with carbachol and those
of KCl Tyrode without it. The latter solution was
considered more suitable for studying the effect of
the potassium ion. In a series of experiments the sen-
sitivity of strips to KCl Tyrode was tested again after
the first control.

In order to investigate which ion (potassium or
chloride) was involved in the action, K,SO, Tyrode
was used instead of KCl Tyrode (n = 10) and the
effect was compared with that of KCl Tyrode contain-
ing 137 mM potassium chloride. K,SO, Tyrode was
prepared by complete replacement of NaCl and KCl
with K,SO,.

Other experiments were carried out in which strips
were incubated with ouabain, papaverine, phenoxy-
benzamine, propranolol or procaine following control
responses to KCI Tyrode. The substances were equili-
brated for 1 h and kept in the bathing medium
throughout the experiment. A separate group of strips
was used for each concentration of drugs. In each
experimental group, the mean values of KCl-induced
effects were calculated and comparisons made by use
of Student’s t-test. Some results (contraction and
relaxation, in mm) were plotted graphically against
KCl concentration (mm).

Results

Isotonic KClI Tyrode produced contraction in 8
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Figure 2 Effects of different isotonic KC1 Tyrode solu-
tions on strips pretreated with carbachol. Points are
mean values (n = 19): Vertical lines show s.e. mean.

strips which had not been pretreated with carbachol
(Figure 1). The response was dependent on the con-
centration of KCl.

In the presence of carbachol, a group of strips (n =
19) was treated with isotonic KCl Tyrode solution.
KCI relaxed the muscle strips in a dose-dependent
manner. However, the same tissue showed a biphasic
response, i.e. contraction followed by relaxation at a
KCl concentration of 137 mM. After this first control,
KCl was tried again on the same strips. No significant
differences from the first control were observed
(Figure 2).

The responses produced by KCl were mimicked by
K,SO, in 10 strips. The same tissues were also
treated with 137 mm KCL The effects of these two
potassium salts were not statistically different (P >
0.999).

Ouabain was studied at concentrations of 0.25, 1,
5 and 10 pg/ml. The first two doses failed to elicit any
change. However, higher concentrations (5 and 10
pg/ml) inhibited relaxation, increased the contractile
component and caused the tissue’s responses to
resemble those in normal solution (Figure 3). Con-
tractions observed after this treatment were dose-
dependent. Spontaneous activity was also inhibited.
No important inhibition was observed in muscle tone.
The numbers of strips used for each ouabain concen-
tration were respectively 6, 6, 7 and 7.

Some strips were incubated with papaverine (1 and
S ug/ml). The muscle tension and the responses to
KCl were not affected by the smaller dose while 5
pg/ml lowered the tension and depressed relaxations.
However, the contractile component showed no sig-
nificant change with any papaverine concentration.
The strip numbers for each concentration were 6 and
11 respectively.
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Figure 3 The action of ouabain on KCl-induced
effects: (a) control responses (n = 70); (b) in presence
of ouabain 5 pug/ml (n = 7); (c) in presence of ouabain
10 pg/ml (n = 7). Vertical lines show s.e. mean. *Indi-
cates significant difference from control values (P <
0.005 and <0.001).
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Figure 4 The actions of procaine and phenoxybenz-
amine on KCl-induced effects in frog stomach strip.
(a) Control responses (n = 70); (b) in presence of pro-
caine: (O) S pg/ml (n = 5) and (A) 20 pg/ml (n = 7);
(c) in presence of phenoxybenzamine: (@) 0.2 pg/ml
(n = 5) and (A) 1.0 ug/ml (n = 8). *Indicates significant
difference from control values (P < 0.02; P < 0.005 and
P < 0.001).

Procaine was added to the bathing medium at three
different concentrations (1, 5 and 20 pg/ml); 7, 5 and
7 strips were used, respectively, for each concen-
tration. All concentrations except 1 pg/ml produced
significant effects on KCl-induced responses. The con-
tractile component increased in a significant manner
(Figure 4). Relaxation was significantly inhibited only
after the highest concentration of procaine (20 pg/mil)
which also lowered tone.

No change was observed in the tone of 5 strips
treated with 0.2 pug/ml phenoxybenzamine. Relaxa-
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tions to KCI were not significantly affected despite
the increase in the contractile component. A higher
concentration of phenoxybenzamine (1 pg/ml, 8
strips) lowered tone, relaxations decreased and the
contractile component increased (Figure 4). The re-
sponses to adrenaline (2.5 and 5 pg/ml) were signifi-
cantly blocked only at 1 pg/ml phenoxybenzamine.
Concentrations of adrenaline lower than 2.5 pg/ml
were ineffective in producing relaxation. In some
strips, reproducible responses to adrenaline did not
always occur even after these large doses.

Relaxations in response to KCl or adrenaline were
unaffected by propranolol treatment (0.2 and 1
ug/ml); 5 and 6 strips were used for each propranolol
concentration.

Discussion

The present study indicates that the active ion in KCI
is K* because similar results are obtained by the
treatment of the tissue with another potassium salt,
K,S0,.

K *-induced relaxations of frog stomach muscle can
be explained by the stimulating action of this ion on
the sodium pump, since ouabain inhibited relaxation
and reversed it to a contractile response. There is also
some evidence that high external potassium can accel-
erate the activity of this pump (Shibata et al., 1973).
A similar hypothesis has been advanced for the effect
of potassium on taenia of guinea-pig and rabbit myo-
metrium (Shibata et al., 1973; Johns & Paton, 1974).
The concentration of ouabain that we used to obtain
a significant action was much higher than the concen-
tration (2 and 10 ng/ml) required to inhibit the
sodium pump in rat uterus (Tiirker, Page & Khairal-
lah, 1967). However, in snail brain 10 pg/ml ouabain
was needed to inhibit the pump mechanism and thus
reduce the membrane potential (Kerkut, Lambert &
Walker, 1973). Similar results also occurred when the
potassium concentration was reduced from 4 mm to
0 mm.

The possibility that adrenoceptor activation can
explain the relaxation due to potassium was investi-
gated in several ways. Firstly propranolol, a
B-adrenoceptor blocking agent, was used. Neither
relaxation due to KCI nor to adrenaline was affected
by this substance in the concentrations used here.
Secondly phenoxybenzamine, an a-adrenoceptor
blocking agent, was applied. The high concentration
of the latter drug decreased both KCl and adrenaline-
induced relaxations. Mean values of the contractile
component were significantly increased by low and
high doses of this drug. The reductions in KCI as
well as in adrenaline-induced relaxations may be due
to a nonspecific action, i.e. the inhibition of strip tone,
since a similar decrease in KCl-induced relaxation
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could be obtained by papaverine treatment. A relaxa-
tion could be produced only after large doses of
adrenaline. Probably more propranolol is required to
block the effect of adrenaline. Thus, it is very unlikely
that KCl-induced relaxations are mediated through
the activation of adrenoceptors.

Procaine produced results similar to those found
with phenoxybenzamine. This supports the idea
(Somlyo & Somlyo, 1970) that there is a strong resem-
blance between the actions of haloalkylamines and
local anaesthetics on smooth muscle. Although inhibi-
tion of the relaxations produced by both substances
can be reasonably explained by their action on tone,
the significant potentiation of the contractile com-
ponent might be due to an effect on membrane cal-
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