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Identification of novel compound for alleviating skeletal muscle fatigue
focusing on S-glutathionylation

Watanabe, Daiki
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It has been recently shown that S-glutathionylation of troponin I
ameliorates skeletal muscle fatigue. The purpose of the present study was to identify a novel
compound(s) for an enhancement of glutathione-S-transferase which is a catalyst for
S-glutathionylation. Present study indicated that indole-3-carbinol significantly decreased GST
activity and suppression of S-glutathionylation delayed recovery from muscle fatigue. Although the
enhancer of GST activity was not identified in this study, this study may provide a clue to develop
the new compound alleviating muscle fatigue.
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Fig. 1. Effects of various regents on glutathione-S-transferase (GST) activity

A, GST activities in the absence (Control) and presence of benzyl isothiocyanate, coumarin, a-angelica lactone, indole-3-
carbinol and indole-3-acetonitrile. B, dose-dependent changes in GST activity treating with B-naphthoflavone, disulfam and
indole-3-acetonitrile. C, dose-dependent changes in GST activity treating with indole-3-carbinol.

BSO GSH
BSO GSH 90% 2 0.5
6 Control 0.5 6
GSH
A B
0.5 h after FS 6 hafter S
# Interaction: P <0.05 2 #
25 )
o Control (N = 8) _ a,:# o Control (N =7)
g?° B BSO(N=7) 223 ° B BSO(N=7)
t 2 23
- 8 o2
310 5%
o g 2 »
=05
0 0
4 S S
¢ &F ¢
Q_oé\&s Q_o@_\\&e

Fig. 2. Effects of buthionine sulfoximine (BSO) treatment on reduced glutathione (GSH) content.

A, means (£SD) of GSH content 0.5 h after fatiguing stimulation (FS; 70 Hz, 350 msec train, every 3 sec until force
decreased to ~50% of initial). B, means (+SD) of GSH content 6 h after FS. N denotes the number of rats. Individual
values were represented as points. 2P < 0.05, vs. rested muscle within group (two-way ANOVA for repeated measure). *P
< 0.05, vs. control group (main effect; two-way ANOVA for repeated measure). 7P < 0.05, vs. stimulated muscle (main
effect; two-way ANOVA for repeated measure). Significant interaction (FS effect X BSO treatment effect) was described
in the graphs.
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Fig. 3. Effects of buthionine sulfoximine (BSO) treatment on force production in planta flexor muscles.

A, means (£SD) of force-frequency relationship 0.5 h after fatiguing stimulation (FS). B, means (£SD) of force at 40 Hz
0.5 h after FS, with individual values represented as points. C, means (£SD) of force at 100 Hz 0.5 h after FS, with
individual values represented as points. D, means (+SD) of force-frequency relationship 6 h after FS. E, means (+=SD)
of force at 40 Hz 6 h after FS, with individual values represented as points. F, means (£ SD) of force at 100 Hz 6 h after
FS, with individual values represented as points. N denotes the number of rats. 2P < 0.05, vs. rested muscle within group
(two-way ANOVA for repeated measure). #P < 0.05, vs. rested muscle (main effect; two-way ANOVA for repeated
measure). Significant interaction (FS effect X BSO treatment effect) was described in the graphs.
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Fig. 4. Effects of buthionine sulfoximine (BSO) treatment on depolarization-induced force of
mechanically skinned fibers obtained from the superficial region of medial and distal gastrocnemius
muscle.

Depolarization-induced force was normalized by Ca?*-activated maximum force (Depol/Max force ratio) in order
to estimate sarcoplasmic reticulum Ca?* release. A and B, representative example of depolarization-induced
force responses 0.5 h after fatiguing stimulation (FS). Vertical bars on the right side of the traces indicate Ca?*-
activated maximum force. C, means (+SD) of Depol/Max force ratio 0.5 h after FS, with values from individual
fiber represented as points. The number of rats used were 8, 7, 7 and 7 in control-rested, control-stimulated,
BSO-rested and BSO-stimulated, respectively. D and E, representative example of depolarization-induced force
responses 6 h after FS. Vertical bars on the right side of the traces indicate Ca?*-activated maximum force. F,
means (£SD) of Depol/Max force ratio 6 h after FS, with values from individual fiber represented as points. The
number of rats used were 5, 6, 5 and 7 in control-rested, control-stimulated, BSO-rested and BSO-stimulated,
respectively. 2P < 0.05, vs. rested muscle within group (two-way ANOVA). 2P < 0.05, vs. stimulated muscle in
control group (two-way ANOVA). #P < 0.05, vs. rested muscle (main effect; two-way ANOVA). Significant
interaction (FS effect X BSO treatment effect) was described in the graphs.
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Fig. 5. Effects of buthionine sulfoximine (BSO) treatment on
myofibril function of mechanically skinned fibers obtained from the
superficial region of medial and distal gastrocnemius muscle.
Skinned fibers were exposed to various Ca2?* concentration ([Ca2*]).
Thereafter, the diameter was measured in some fibers. A and E, means
(£SD) of force at various [Ca?*] 0.5 h after (A) and 6 h after (E) fatiguing
stimulation (FS). Forces were expressed as a percentage of Ca?*-
activated maximum force. B and F, means (%£SD) of specific force at
Ca?*-activated maximum force 0.5 h after (B) and 6 h after (F) FS, with
values from individual fiber represented as points. In B, the number of rats
used were 7, 6, 6 and 6 in control-rested, control-stimulated, BSO-rested
and BSO-stimulated, respectively. In E, the number of rats used were 5, 5,
4 and 4 in control-rested, control-stimulated, BSO-rested and BSO-
stimulated, respectively. C and G, means (£SD) of [Ca?*] for half-
maximal force ([Ca?*]5,) 0.5 h after (C) and 6 h after (G) FS, with values
from individual fiber represented as points. D and H, means (£SD) of Hill
coefficient of individual force-[Ca?*] curve 0.5 h after (D) and 6 h after (H)
FS, with values from individual fiber represented as points. 2P < 0.05, vs.
rested muscle within group (two-way ANOVA). ?P < 0.05, vs. stimulated
muscle in control group (two-way ANOVA). #P < 0.05, vs. rested muscle
(main effect; two-way ANOVA). Significant interaction (FS effect X BSO
treatment effect) was described in the graphs.
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