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Fig. 1 3'P NMR spectra of rabbit skeletal mu-
scle of standard protocol experiment.

(a) : control, (®: 0-3 min. at 0.5 Hz electric
stimulation, (¢), (d), (¢) and (£) : 0-3 min., 3-6 min.,
6-9 min. and 9-12 min. at 4 Hz electric stimula-
tion, respectively. (&), (b), (i), (i) and (k) : 0-6 min.,
6-12 min., 24-30 min., 54-60 min. and 111-120 min.
at recovery process, respectively.
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Fig.2 3'P NMR spectra of 5 runs at early
stages of standard protocol experiments.
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Fig.3 Time dependence of the intensities of
phosphocreatine and ATP of standard protocol
exteriments.

The intensities are the relative values to the
total intensities at each spectrum, and normal-
ized by those of the control values. Error bars
show standard error. n=5
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Fig. 4 Time dependence of the sum of the inten-
sities of inorganic phosphate and sugar phos-
phate of standard protocol experiments. The
intensities are the relative values to the total
intensities at each spectrum. Error bars show
standard error. n=>5.
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Fig. 5 Time dependence of intracellular pH of
standard protocol experiments.
Error bars show standard error. n=5
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Fig.6 Time dependence of the intensities of
phosphocreatine and ATP of standard protocol
experiments observed until 190 minutes of
recovery.

Error bars show standard error, which have less
physical meaning after 40 min. because of n=2.
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Fig. 7 3'P NMR spectra of rabbit skeletal mus-
cle under electric stimulation at different fre-
quency.
(a) 11 Hz. (b) : 2 Hz. (c) : 4 Hz.

All these spectra were acquired during 6-9
minutes of electric stimulation at each frequen-
cy after 3 minutes of electric stimulation at 0.5
Hz.
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A Study of Fatigue in Rabbit Skeletal Muscle by In Vivo *'P MRS

Keiko Koga Iwao Miura
(Tokushima Res. Inst., Otsuka Pharmaceutical (Tokushima Res. Inst., Otsuka Pcarmaceutical
Co., Ltd.) Co., Ltd.)

Energy metabolism during exercise and recovery process of rabbit skeletal muscle was
observed by in vivo 3P MRS. The small value of the ratio of the intensities between
inorganic phosphate and phosphocreatine at rest indicated that the observed moiety of
muscle had high fast-twitch fiber content. More than half of ATP and almost all of
phosphocreatine were depleted by electric stimulation at 4Hz. The extreme intraellular
pH was 5.9. The recovery from this metabolic state was very slow, and only a small
amount of ATP was resynthesized after 40 minutes of recovery. These phenomena show
the characteristic features of the energy metabolism in the fatigue of fast-twitch muscle.

The metabolic state as indicated by the intensity of phosphocreatine and intracellular
pH during exercise was not always parallel to contraction power measured by strain-
gauge.

Two inorganic phosphate peaks were observed, which are regarded as the signals from
fast-twich fiber and slow-twich fiber from their pH values. The ratios of these two peaks
were different between 1Hz, 2Hz and 4Hz electric stimulation. We conclude that we are
observing the different recruitment of fiber types at different exercise level in vivo.
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