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i A OBEREFHN 21T 728 fIVAEIC 2 Kol
THREEZ XX TOLIARE I AHIE LT,
2. 10 0o AHE

EARERE, EEOAL 7oy b, Hk & O
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AMZ XTIV, P<0.05 ZFEAIRELT-,

3. MR
3. 1 NHE BEEFIIHCACAT(—EETILEYDE
BEAEMEINGT 5,
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Ca'jtpi% [ 5H.5¢%(05 mM Ca 7°5 2 mM Ca) &
[Ca®]; 25 E5H-4% (Fig. 3E), BLBEZEVZ &2, BIO14.6
A Z OO MV RT AR TUEL TRLL, [Ca™);
?%Efiﬁrﬁiﬁﬂ?ﬁﬂéhé’9:75%75>of:(Fig 3F), T, A
Moy FHIIPEC BIO14.6 Al TaZ AL CK

AR~ 523, Gd™*, LT =T AL R L-ZA
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Figl. NHE inhibitors protect muscle degeneration in
dystrophic animals. (A) CK level in blood from B1014.6
hamsters. EIPA was administered orally to 60-day-old
B1014.6 hamsters up to 74 days and blood CK level was
measured. Data are means £ S.D. (n = 3-5)*, P < 0.05.
(B) Gastrocnemius muscle samples were taken from normal
hamsters treated with tranilast or from BIO14.6
administrated with water or EIPA for 14 days and sections
were stained with hematoxylin (red) and eosin (blue). Scale
bar, 100 um. (C) Effect of cariporide on blood CK level of
mdx mice. Drug administration was started in 50-day-old
mice. Data are means £ S.D. (n = 5). (D) Effect of
cariporide on muscle performance measured with grip test.
The 50 days mdx mice were treated 22 days with cariporide.
Control and cariporide-treated mdx mice and normal mice
were griped to the wire strings, and time to keep on was
measured.
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Fig 2. Myotubes from BIO14.6 hamster exhibit higher
Na‘/H" exchange activity. (A and B) Typical trace of
change in BCECF fluorescence intensity indicated as a
ratio 440/490 against time course in a myotube from
normal or BIO14.6 hamsters, respectively. Myotubes
were acidified by NH,"-prepulse. After acidifying
myotubes, pH; recovery was initiated by addition of
extracellular Na®.  After pHi recovery, pHi was
calibrated by pH-adjusted solutions containing high
KCI and K*/H"-ionophore nigericin. (C) Resting level
of pH; in each myotubes was calculated from the data
shown in (A) and (B).
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Fig 3. NHE inhibitors reduce intracellular Na* and Ca®*
concentrations. (A) Effect of EIPA and Gd** on #Na*
uptake. Myotubes from normal or BIO14.6 hamsters
were incubated for 30 min in ?Na*-containing BSS in
the absence or presence of 0.1 mM EIPA or 1 mM
GdCl,,  (B) EIPA-sensitive “’Na’ uptake. (C)
Intracellular Na® concentration measured by SFBI
fluorescence. (D) Effect of cariporide on [Na'];. (E)
Typical trace of change in fluo-4 fluorescence intensity
observed by confocal microscopy. Addition of 2 mM Ca
(final 2.5 mM) increased [Ca*']; in BIO14.6 myotubes
but not in normal ones. Tapsigargin (Tg) induced
maximal Ca”* increase in both myotubes. (F)
Ca®*-induced rise in [Ca*']; in BIO14.6 myotubes was
almost completely abolished by preincubation with 0.1
mM cariporide.
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Study on functional abnormality of Na*-driven ion exchangers in
degenerative disease of skeletal and heart muscles
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Summary

Deficiency of delta-sarcoglycan, a component of the dystrophin-glycoprotein complex, causes
muscular dystrophy in BIO14.6 hamsters (B1O). Abnormal ion homeostasis has been suggested to be a
prerequisite for muscle dysgenesis. In this study, we tried to identify ion transport pathways responsible
for the Ca®* and Na* abnormality in myopathy using myotubes from normal and BIO. We found that the
sarcolemmal Na*/H™ exchanger (NHE) was significantly activated in BIO myotubes, as evidenced by an
alkaline shift of the intracellular pH (pH;) dependence of NHE activity, enhanced *’Na* influx, and
elevated pH; and cytosolic Na* concentration ([Na*;]). In BIO myotubes, NHE was found to serve as the
major Na® influx pathway because the specific inhibitor cariporide markedly (65%) inhibited it.
Interestingly, NHE inhibitor significantly reduced the intracellular Ca®" rise and the stretch-induced
creatine phosphokinase release in BIO myotubes and ameliorated the myopathic damage in vivo,
indicating that inhibition of NHE protects the muscle cell injury. Elevation in [Na*]; may contribute to
abnormal Ca®" homeostasis by influencing the Na*/Ca®" exchange activity. These data suggest that
Na*-dependent ion exchangers may play an important role in muscle degeneration.
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