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Role of Protein Kinase C in the Effect of ATP on Contractile
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We studied the effects of adenosine and ATP on contractile function of the isolated strip
from mouse diaphragm. ATP significantly increased the strength of muscle contraction
induced by carbachol. Adenosine had no effect on carbachol-induced muscle contrac-
tion. P2 receptor antagonist suramin abolished the effect of ATP. The positive chrono-
tropic effect of ATP was not observed after treatment with specific protein kinase C
inhibitor chelerythrine. Our results indicate that the effect of ATP on contractile function
of mouse diaphragm is realized via protein kinase C.
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Purine nucleotides modulate function of muscle
tissue. Much attention was given to the effects of
ATP and its analogues on smooth muscles [2,7].
However, little is known about the mechanism under-
lying the action of purines on skeletal muscle (SM).
Published data show that exogenous ATP in vitro
increases the strength of mouse diaphragm contrac-
tion [8]. The effect of purines on SM contraction is
probably related to modulation of the cholinergic
response via changes in non-quantum [4] and quan-
tum secretion of acetylcholine [5]. P2 receptors play
an important role in this process. However, the role
of intracellular messengers in this process is poorly
understood.

This work was designed to study the role of
protein kinase C (PKC) in the effect of ATP on
contractile activity of the isolated strip from mouse
diaphragm.

MATERIALS AND METHODS

Experiments were performed on male and female
mice weighing 25-32 g. The animals were killed by

bloodletting under light ether anesthesia. The dia-
phragm muscle was isolated. The muscle was pla-
ced in a thermostatic bath. Isometric tension was
achieved by prior stretching of SM at force of 500 mg
over 40 min. The muscle was perfused with Krebs
solution at 20-21oC. Diaphragm contraction was
induced by carbachol (CCh). CCh in a submaximal
concentration of 200 µM was added to the bath at 30-
min intervals. Perfusion was stopped during CCh
treatment. Contraction was recorded using a photo-
electric transducer [1] and a direct writer. We recor-
ded the strength of muscle contraction and the rate
of contraction (as the ratio of muscle contraction
force to the time-to-maximum tension).

Study was performed in 3 series.
In series I we studied the effect of ATP on the

strip of mouse diaphragm. Parameters of contrac-
tion were compared before and after 5-min incuba-
tion of the muscle in an ATP-containing solution
(100 µM). In series II we recorded parameters of
contraction before and after 15-min perfusion with
specific PKC inhibitor chelerythrine (50 µM). In
series III we evaluated the influence of combined
treatment with chelerythrine (15-min perfusion, 50
µM) and ATP (5-min incubation, 100 µM).

After each series the muscle was washed with
a perfusion solution not less than for 90 min to
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recover its contractile activity. During this period
the muscle was contracted in response to CCh treat-
ment at 30-min intervals.

RESULTS

Under control conditions ATP increased the strength
of CCh-induced contraction of the diaphragm strip
to 126.8% (p<0.001, Table 1). The rate of muscle
contraction increased to 187% (p<0.01, Table 1).

Adenosine (100 µM) treatment under condi-
tions similar to those in experiments with ATP had
no effect on CCh-induced muscle contraction.

Perfusion with suramin (100 µM) abolished the
effect of ATP on CCh-induced contraction of the
diaphragm muscle.

Perfusion of the muscle with chelerythrine de-
creased the strength of contractions to 65.7% (p<0.05,
Table 2). The rate of contractions decreased to
70.8% (p<0.001, Table 2).

PKC blockade with chelerythrine followed by
incubation with ATP decreased the strength of dia-
phragm contraction to 68.9% (p<0.05, Table 3).
The rate of muscle contraction increased to 354%
(p<0.05, Table 3).

The observed changes in the test parameters
were reversible.

ATP modifies functional properties of SM by
producing a direct effect on various stages of myo-
cyte contraction and indirectly (via the sympathetic
system, when purines operating as neurotransmit-
ters simulate the sympathetic effect).

ATP affects quantum secretion of acetylcholine
[5], inhibits non-quantum secretion of the trans-
mitter [4], and modulates postsynaptic ATP-sen-
sitive cation channels.

Our experiments on the isolated strip of mouse
diaphragm showed that incubation with ATP in-
creases the strength and rate of CCh-induced con-
traction (Table 1). Studying the contractile response
of the isolated muscle to agonist administration
showed that ATP affects postsynaptic structures of
the muscle.

The postsynaptic effects on mouse diaphragm
are realized similarly to other SM (i.e., via P2 re-
ceptors). This conclusion is derived from published
data and results of our experiments. The effect of
ATP was abolished by P2 receptor antagonist sura-
min. The action of adenosine is realized via P1, but
not via P2 receptors [3]. In our experiments sub-
stitution of ATP for adenosine had no effect on
CCh-induced contraction of the diaphragm.

The role of PKC in ATP-mediated modulation
of contractile function of mouse diaphragm was
evaluated by recording the strength and rate of

muscle contraction under various conditions of
treatment using specific PKC inhibitor chelerythrine
(Tables 1-3). ATP increased (187%), while che-
lerythrine decreased the rate of contraction (by
71%). The rate of contraction increased more sig-
nificantly after combined treatment with ATP and
chelerythrine in similar concentrations over the same
period (354 vs. 187%). Opposite changes in the
velocity of contraction indicate that PKC plays a
role in contractile activity of mouse diaphragm mo-
dulated by ATP.

The involvement of PKC in choline-mediated
excitation and contraction modulated by ATP is
important for the function of respiratory muscles
and mechanisms of fatigue. Studying the effect of
purines on SM will elucidate the mechanisms for
regulation of the contractile apparatus in SM under
normal conditions and in various models of experi-
mental pathology.

TABLE 1. CCh-Induced (200 µM) Contraction of the Isolated
Strip of Mouse Diaphragm after 5-min Incubation with ATP
(100 µM; n=10)

FT, sec 10.7±1.1 7.3±0.5 0.05

For, mV 335.2±93.4 426.2±110.0 0.001

Voc, mV/sec 25.6±5.6 47.8±8.0 0.01

Note. Here and in Tables 2 and 3: For, force of muscle contraction;
Voc, velocity; FT, ratio of For to the time-to-maximum tension.

Parameter pAfter
incubation

Before
incubation

TABLE 2. CCh-Induced (200 µM) Contraction of the Isolated
Strip of Mouse Diaphragm before and after 15-min Perfusion
with Chelerythrine (50 µM; n=7)

FT, sec 8.0±0.5 7.5±0.5 —

For, mV 230±30 151±19 0.05

Voc, mV/sec 28.8±3.8 20.4±2.6 0.001

Parameter pAfter
perfusion

Before
perfusion

TABLE 3. CCh-Induced (200 µM) Contraction of the Isolated
Strip of Mouse Diaphragm before and after Combined
Treatment with Chelerythrine (15-min Perfusion, 50 µM) and
ATP (5-min Incubation, 100 µM; n=7)

FT, sec 7.8±0.9 3.6±0.8 0.05

For, mV 161.0±28.2 111.0±22.8 0.05

Voc, mV/sec 16.2±3.8 57.4±10.8 0.05

Parameter pAfter
combined
treatment

Before
combined
treatment
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