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SMALL SOLUTES COMPRESS SKINNED FIBERS OF SKELETAL
MUSCLE : EFFECTS OF BUTANOLS AND PENTANOLS

Masako KIMURA and Shigeru TAKEMORI
Department of Molecular Physiology, The Jikei University School of Medicine

The effects of butanols (1-butanol, 1,2-butanediol, 1,3-butanediol, and 1,2,4-butanetriol)
and pentanols (1-pentanol, 2-pentanol, 3-pentanol, and 1,2-pentanediol) on the thickness and
contractility of skinned fibers of frog skeletal muscle were studied. Thickness was measured
as the optical cross-sectional area of the fibers. Contractility was evaluated as active force
development in artificial intracellular salt solutions of various Ca?* concentrations. Both
butanols and pentanols were found to compress skinned fibers and to suppress maximal force
development at a saturating Ca®"-activation level. At submaximal Ca®"-activation levels, the
alcohols increased the Ca?* sensitivity of the fibers for force development. Their effects on
maximal force and Ca?®* sensitivity were almost completely reversible, whereas their effects on
fiber thickness were irreversible. The ability of butanols to compress skinned fibers showed
a close correlation with the concentration of CH, groups that are not attached to hydroxyl
groups. Comparison of the compressing abilities of butanols and pentanols suggested that the
intramolecular distribution of hydroxyl groups is important for the fiber-compressing ability of
the molecules. The effects of butanol and butanediols on the contractility of skinned fibers
varied considerably at a comparable fiber-compression level. This finding indicates that the
fiber-compressing ability of alcohols involves a mechanism completely different from their
effect on contractility. Because any significant effect on sarcomere proteins that are directly
involved in contraction would modify active force development and because sarcomeres of
mechanically skinned, Triton-treated fibers contain only a small amount of proteins that are
not directly involved in contraction, an effect of alcohols on sarcomere proteins is unlikely to
directly cause fiber compression. Instead, fiber compression would be a consequence of
modification in the field formed in sarcomeres that maintains the physiological organization of
sarcomere structure in skeletal muscle.

(Tokyo Jikeikai Medical Journal 2007 ; 122 : 155-64)
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Table 1. Tested solutes
molecular ..
tested solutes weight origin
R Wako pure chemincal
1-butanol & industries, Tokyo
1.2-butanediol 90 Wako pure chemincal
industries
butanols
1.3-butanediol 90 Wako pure qhemmcal
industries
1,2,4-butanetriol 106 Wako pure ghemlncal
industries
1-pentanol 88 Kanto Kagaku, Tokyo
2-pentanol 88 Kanto Kagaku
pentanols
3-pentanol 88 Kanto Kagaku
1,2-pentanediol 104 Tokyo Kasei Kogyo,
Tokyo
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la. A representative time course of fiber com-
pression in 7.5% 1-butanol. Cross-sectional
area reached a plateau within 6-7 min.
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1b. Cross-sectional areas of skinned fibers in
the presence of 1-butanol, (circles), 1,2-
butanediol (squares), 1,3-butanediol, (tri-
angles) and 1,2,4-butanetriol (diamonds).
Plots are made against weight/weight concen-
tration of the butanols. Areas are expressed
relative to the original value in plain relaxing
solution.
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Data in Fig.1b are plotted against the
molar concentration of -CH,-units without
attached-OH. Symbols are the same as in Fig.
1b.
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Fig. 2a. Cross sectional areas of skinned fibers in
the presence of 1-pentanol (closed triangles),
2-pentanol (closed circles), 3-pentanol (closed
diamonds) and 1,2-pentanediol (closed
squares). Plots are made against weight/
weight concentration of the pentanols. Areas
are expressed relative to the original value in
plain relaxing solution.
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Fig.2b. Data in Fig.2a are plotted against the
molar concentration of -CH,-units without
attached ~-OH. Symbols are the same as in
Fig. 2a.
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Fig. 3. Data in Fig. 1c and Fig. 2b are combined in

the same graph. 1-butanol and 2-pentanol, 1,
2-butanediol and 1,2-pentanediol showed simi-
lar compressing ability and the dashed and
solid lines show extrapolation of the relation-
ships. The lines were drawn by eye.
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Fig. 4. Ca?'-activated tension of skinned fibers
with and without 5% 1-butanol. Active ten-
sion relative to maximal tension in the absence
of 1-butanol is plotted against pCa=—log
[Ca?*] to show pCa-tension curve. Closed
circles represent tension in the presence of 1-
butanol, diamonds and triangles represent con-
trols without 1-butanol obtained before and
after the series of activation in the presence of
1-butanol.
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