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Ca’*-Releasing Effect of Cerivastatin on the Sarcoplasmic Reticulum of Mouse and Rat Skeletal
Muscle Fibers

Ryotaku Inoue (Department of Pharmacology, Saitama Medical University, Moroyama, Iruma-gun,
Saitama 350-0495, Japan)

Ryanodine receptors (RyRs) play an important role as intracellular Ca*-release channels in a wide
variety of cells. Previously, our group reported that clofibric acid, an antihyperlipidemic agent, caused
Ca” release from the sarcoplasmic reticulum (SR) in a unique mode of action on RyR-Ca* release
channels in skinned skeletal muscle fibers. On the other hand, it was reported that simvastatin, a
different type of antihyperlipidemic agent, increased the cytoplasmic Ca® concentration via the release of
stored Ca” in L6 rat myoblasts and resulted in cell injury, although the exact mechanism is still debated.
These results raise the possibility that both types of antihyperlipidemic agent may have a common ability
to activate the RyR-Ca™ release channel.

In this study, the effect of cerivastatin (Cer), classified as an HMG-CoA reductase inhibitor as is
simvastatin, on Ca* release from the SR was analyzed using chemically skinned skeletal muscle fibers
from the mouse and the rat. The Ca* released from the SR of the skinned fibers was quantified using
Fura-2, and the activity of Ca®* release was expressed in terms of decay rate constants, based on the
amount of Ca* remaining in the SR. Cer (>>20 uM) released Ca* from the SR, while pravastatin showed
only a little effect. The rates of Ca** release were increased by Cer not only at pCa 7-4.5 but also at pCa >8.
Cer-induced Ca” release in the presence of Ca* was affected by adenosine monophosphate, Mg*" and
procaine in essentially the same way as for caffeine-induced Ca* release. The Ca**-uptake capacity of the
SR was reduced after co-treatment with ryanodine and Cer at pCa 6.0 to a much grater extent than with
ryanodine alone. Thus, Cer-induced Ca* release in the presence of Ca* must be a result of the activation
of the Ca”-induced Ca* release (CICR) mechanism of the ryanodine receptor. However, even under
the condition that CICR was maximally inhibited by Mg”* and procaine, or in the practical absence of
Ca* (pCa >8), Cer still caused Ca® release. These results indicate that Cer causes Ca” release also by
activating some other mechanism (s) in addition to the activation of CICR. Either or both of these effects
might be related to its adverse effect, rhabdomyolysis.
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Fig. 1. Cerivastatin (Cer)- and caffeine-induced Ca® release
from the sarcoplasmic reticulum (SR) of mouse skeletal
muscle fibers. Representative traces showing the time course
of Ca” release from the SR in response to agents were
obtained by measuring the change in Fura-2 intensity in the
absence of ATP and EGTA and in the presence or absence of
0.5 mM Mg™. At the time indicated by the arrowhead, 20-500
1M Cer (a), 50 mM caffeine or 500 uM Cer (b), 500 uM Cer
or 2 mM pravastatin (Prava) (c) was applied. SR Ca* loading
was carried out before each trial. The data in each panel were
obtained from one and the same preparation, but those in
different panels from different preparations.
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Fig. 2. Enhancing effect of Cer on Ca” release from the SR of mouse skeletal muscle fibers. (a) Experimental protocols for
measurement of CICR rate. Rounded boxes represent the SR. Step 1; in situ Ca* pump ATPase was used to load the SR in the
presence of 4 mM MgATP at pCa 6.7 for 90 s. WASH; MgATP and Ca** were washed out in the presence of 1 mM EGTA. Step 2;
Test solution (various Ca®" concentrations, bufferd with 10 mM EGTA and no ATP) was applied to induce CICR in the presence
or absence of statins. This procedure was omitted in protocol 1. Step 3; After washout of the test solution, the total release
of Ca” remaining in the SR was induced by addition of the assay solution containing high concentration of caffeine (50 mM)
and AMP (25 mM) in the presence of Fura-2 (35 pM). The difference in the amounts of Ca* assayed between the two types
of protocol was taken to represent the amount of Ca® released during the test procedure in protocol 2. (b) The SR was loaded
with a fixed amount of Ca®, which was then released by treating the fiber with or without 500 uM Cer in the absence of Mg** at
pCa 6.0 for the period of time shown on the abscissa. Remaining Ca® in the SR after the treatment was plotted on the ordinate
(mean = standard error of the mean [s.e.m.], #=3-4). An exponential curve was fitted by a nonlinear least square method. Error
bar smaller than the symbols is not shown. (c) The rates of Ca® release induced by 20-500 tM Cer were measured at pCa 6.0 in
the absence of Mg” (mean * s.e.m., #=7-16). **P<0.01 (vs without Cer).
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Fig. 3. Effect of Cer on the rate of CICR. The rate of Ca*
release from the SR of mouse (a) or rat (b) skeletal muscle
fibers was measured with or without 500 uM Cer at a range
of pCa >8-4.5 in the absence of Mg” (mean * s.e.m., #=3-9
for mouse, #=3-4 for rat). *P<0.05, **P<0.01 (vs without
Cer). The paired data with or without Cer were obtained from
the same preparation at each Ca**concentration. Error bars
smaller than the symbols are not shown.
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Fig. 4. Dependence on AMP concentration of the rate of
Cer- or caffeine-induced Ca*Trelease in mouse skeletal muscle
fibers. The rate of Ca*release with 500 pM Cer or 20 mM
caffeine was measured under various AMP concentrations
(0-10 mM) at pCa 6.0 in the presence of 0.5 mM Mg* (mean *
s.e.m., n=5 for Cer, n=3 for caffeine and AMP alone). The data
(0-10 mM AMP) in each line were obtained from the same
preparation. *P<0.05, “**P<0.01 (0 mM vs 2 mM or 2 mM
vs 5 mM AMP in each line). N.S., not significant. Error bars
smaller than the symbols are not shown.
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Fig. 5. Inhibition by Mg* of the rate of Cer- or caffeine-
induced Ca® release in mouse skeletal muscle fibers. The
rate of Ca”™ release with 500 pM Cer or 20 mM caffeine was
measured under various Mg” concentrations (0-10 mM) at
pCa 6.0 (a) (mean = s.e.m., #=3-10 for Cer, n=4 for caffeine) or
at pCa >8 (b) (mean = s.e.m., n=4 for Cer, n=3 for caffeine).
*P<0.05 (1 or 1.5 mM vs 10 mM Mg®). Error bars smaller
than the symbols are not shown.
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Fig. 6. Effect of procaine or tetracaine on Cer-induced Ca*™
release in mouse skeletal muscle fibers. The rate of Ca*
release with 50-500 uM Cer at pCa 6.0 (a) or 200-500 uM Cer
at pCa >8 (b) was measured in the presence or absence of
10 mM procaine under Mg*-free conditions (mean * s.e.m.,
n=3-4 for pCa 6.0, n=3-6 for pCa >8). The paired data with or
without procaine were obtained from the same preparation at
each Cer concentration. *P<C0.05, **P<0.01 (vs Cer alone).
N.S., not significant. (c) The rate of Ca® release with 500 pM
Cer at pCa >8-6.0 was measured in the presence or absence
of 500 M tetracaine under Mg*-free conditions (mean *
s.e.m., n=3). The paired data with or without tetracaine
were obtained from the same preparation at each Ca*
concentration. “P<0.05, **P<0.01 (vs Cer alone).
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Fig. 7. Enhancement of reduction of the Ca*-uptake capacity of the SR of skeletal muscle fibers after co-application of ryanodine
and Cer. Ca*-uptake capacity was determined after active Ca® loading to the SR, by measuring the amount of Ca* released by
application of 50 mM caffeine. Four successive measurements were made from the same preparations of mouse (a) or rat (b).
The data were normalized by the magnitude of the caffeine response in the first run. Between the runs, skinned fibers were
treated for 90 s with a solution containing Ca*" (pCa 6.0) in the absence of Mg and adenine nucleotide, to which either Cer
(200 pM) alone, ryanodine (30 uM) alone, or both ryanodine and Cer were added (mean=<ts.e.m., #=5-6 for mouse, #=4-6 for
rat). *P<0.05 (vs ryanodine alone, Dunnett’s test).
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Fig. 8. Enhancing effect of Cer on Ca*release in the presence
of a high concentration of Mg*and procaine in mouse skeletal
muscle fibers. The rate of Ca* release with or without 500 pM
Cer was measured at a range of pCa >8-5.0 in the presence of
10 mM Mg* and 10 mM procaine (mean = s.e.m., #=4-9). The
paired data with or without Cer were obtained from the same
preparation at each Ca”™ concentration. **P<0.01 (vs without
Cer). Error bars smaller than the symbols are not shown.
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