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We studied parameters of the frog sartorius muscle contraction initiated by ryanodine
receptor agonists in the presence of ROS donors. We hypothesized that sodium nitro-
prusside and hydrogen peroxide inhibit initiation of contractions by N-ethylmaleimide
and that this effect of ROS donors on parameters of N-ethylmaleimide-induced contrac-
tions is due to a direct effects of sodium nitroprusside and hydrogen peroxide on
N-ethylmaleimide, but not to inactivation of ryanodine receptors in the sarcoplasmatic

reticulum of frog skeletal muscle.
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Cisterns of the sarcoplasmatic reticulum (SPR) in
skeletal muscle fibers (MF) are the main sites of
intracellular Ca?* storage and participate in the re-
gulation of its content determining the strength of
MF contraction. Ca** is released with participation
of ryanodine receptors (RyR) located in SPR mem-
brane near transverse tubules contacting with po-
tential-dependent L-type Ca channels (dihydropyri-
dine receptors) via special feet protruding into the
cytosol towards dihydropyridine receptors. The
action potential induces conformational changes in
these receptors, which leads to activation of RyR,
Ca* release from SPR, and its binding to troponin
C, which triggers muscle contraction [5]. Skeletal
MF SPR has type I ryanodine receptors (RyR,) [1].
The regulatory sites for Ca*, Mg?*, ATP, and cal-
modulin are located on the RyR foot [5]. In addi-
tion, RyR has functionally different sites for oxida-
tion and S-nitrosylation; oxidation of these sites
modifies channel activity [3]. Sulfhydryl reagent
analysis of RyR molecule revealed the presence of
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thiols involved in the regulation of MF contractile
function; failure of muscle work in some pathologies
can be due to disorders in this regulation [3,8]. We
studied RyR,-agonist-induced contractions of the frog
sartorius muscle MF in response to application of
N-ethylmaleimide (NEM) in the presence of ROS.

MATERIALS AND METHODS

Experiments were carried out on lake frogs in autumn-
winter. Sartorius muscle preparation was placed
into a cuvette (20-21°C) and during constant perfu-
sion by Ringer’s solution (115.0 mM NaCl, 2.5
mM KCI, 1.8 mM CaCl,, and 11.0 mM NaHCO,,
pH 7.3) was stretched at a force of 500 mg (iso-
metric conditions) over 40 min. Muscle contraction
was induced with RyR agonist added to the cuvette
with a microdosing device when perfusion was stop-
ped. Muscle contractions were recorded using a
photoelectric transformer, tension changes were re-
corded by an autorecorder [2]. The contractile func-
tion of MF was evaluated by the force of contraction
in mg and rate of contractions in mg/sec (determined
by the ratio of contraction force to duration of
maximum tension development in seconds).
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Carbacholine (200 uM), caffeine (1 mM), NEM,
sodium nitroprusside, H,O,, and dandrolene (100
uM; Sigma) were used in the study. Agonists (car-
bacholine, caffeine, NEM) initiating contractions
were added to the cuvette at 20-min intervals with
perfusion stopped. For evaluating the effects of
substances the solution in the cuvette was replaced
with a fresh portion before adding the agonist.
Effects of the agents were evaluated by comparing
contractile characteristics of MF before and after
addition of the test substances.

The interaction between nitrogen monoxide and
MF was provided by 15-min perfusion with solu-
tion containing sodium nitroprusside. The effects of
dandrolene and H,0, on MF were studied after
15-min perfusion of MF with solution containing
these agents in above concentrations. The results
were processed using SigmaStat 3.0 software.

RESULTS

For evaluating the parameters of intact muscle con-
tractions induced by carbacholine we selected a
sparing regimen of contractions (20-min intervals
between contractions), when the muscle developed
the constant amplitude in response to carbacholine
in the working concentration during the entire ex-
periment and the initial level of stretching was re-
stored during relaxation (Table 1). The latent period
of contraction in response to carbacholine, in con-
trast to the latent period of contractions with other
agonists, was very short, and it was impossible to
measure its length by our methods.

Caffeine sensitized RyR, molecule to Ca** and
caused muscle contraction because of RyR activa-
tion [1]. Addition of caffeine into incubation me-
dium initiated MF contractions with characteristics
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not differing from those of carbacholine-induced
contractions (Table 1).

Characteristics of MF contractions induced by
addition of NEM constituted 150% of time of the
maximum tension development and 157% of con-
traction force vs. carbacholine-induced contraction
(Table 1), with a latent period of 3+1 sec (n=60).
After preliminary 20-min washout repeated addition
of NEM into the cuvette caused muscle contraction
different from the first one: prolongation of latent
period to 250%, time of maximum tension develop-
ment to 267%, decrease of contraction force to
46%, and rate of contractions to 17% in compari-
son with the first contraction of the muscle in re-
sponse to NEM, which seemed to indicate a de-
crease in the muscle sensitivity to this agent.

NEM alkylates three thiol classes in rabbit ske-
letal muscle RyR, causing three phases of the chan-
nel modification, depending on the duration of
exposure and concentration [6]. High concentra-
tions of NEM first decrease, then increase, and then
again (now irreversibly) decrease the probability of
the channel opening. Low concentrations caused
the release of Ca®* from SPR, this effect of NEM
being completely reversible [3]. These data suggest
that frog muscle contractions under these condi-
tions are associated with activation of RyR. There-
fore, addition of RyR blocker dandrolene caused no
contraction of sartorius muscle in response to ago-
nists (carbacholine, caffeine, NEM), which con-
firms that the effects of these agents are mediated
through RyR activation.

ROS can dose-dependently induce RyR activa-
tion and stimulate their inhibition [4,9]. Low con-
centrations of nitrogen monoxide virtually do not
modify channel activity, while its high level causes
activation [7,10]. H,O, in submillimolar concen-

TABLE 1. Parameters of Frog Sartorius Muscle Contractions Caused by Carbacholine (Cc), N-Ethylmaleimide (NEM), and
Caffeine (Cf) Alone and in the Presence of ROS Donors Sodium Nitroprusside (SNP) and H,O,

Applied Force of contraction, Rate of contraction, Time of maximum Number
substances mg mg/sec tension, sec of experiments
Cc 508.0+56.7 91.5+36.1 6.00+0.58 6
Cf 489.5+64.2 93.2+29.8 5.50+0.66 5
NEM 796.7+98.1 83.7+24.8 9.00+0.73 6
SNP+Cc 501.5+59.0 92.1£33.4 5.80+0.63 5
SNP+Cf 497.2+66.7 94.5+32.2 5.40+0.71 5
SNP+NEM 248.4+85.2 109.8+42.9 7.50+0.92 5
H,0,+Cc 511.3+64.3 89.0+41.9 6.10+0.69 5
H,0,+Cf 498.4+70.7 90.4+32.5 5.70+0.68 5
H,0,*NEM 269.4+60.9 105.9+44.3 7.00£1.01 5




280

trations induces activation of Ca** release from SPR
and inhibits the channel in millimolar concentra-
tions [5]. In our experiments sodium nitroprusside
and H,O, caused no contractions of the frog sarto-
rius muscle. However, the force and rate of muscle
contractions induced by NEM decreased signifi-
cantly in the presence of nitrogen monoxide and
H,O, (Table 1). NEM in the presence of sodium nit-
roprusside caused contractions with the following
characteristics: time of maximum tension develop-
ment 100%, force of contraction 46.4% of carba-
choline-induced contraction (Table 1).

NEM in the presence of H,0O, caused contrac-
tions with the following characteristics: time of ma-
ximum tension development 168%, force of con-
traction 58%, rate of contraction 26% of carbacho-
line-induced contraction (Table 1). The parameters
of contractions initiated by carbacholine and caf-
feine did not change in the presence of ROS in the
same concentrations.

Hence, ROS (nitrogen monoxide and H,0,) in
concentrations negligible for RyR suppressed NEM-
induced muscle contraction. Presumably, this effect
is due to the effects of these compounds directly
on NEM, but not to RyR inactivation. This is con-
firmed by the results of studies demonstrating the
absence of nitrogen monoxide and H,O, effects on
muscle contractions induced by carbacholine and
caffeine (Table 1) and by the data of authorsde-
monstrating in a study of RyR incorporated in bili-
pid layer that nitrogen monoxide donors in concen-
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trations causing no RyR activation inhibited NEM-
induced release of Ca* from SPR [6]. These authors
hypothesized that NEM in low concentrations was
not a selective thiol reagent and activated RyR with-
out alkylation of critical thiols.

Hence, NEM can be used as an effective ini-
tiator of muscle contractions for model experiments
in neuromuscular physiology.
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