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8. Mathematical model of metabolic fatigue during in-
tense exercise

OYuttamol Muangkram, Akira Amano (College of
Life Sciences, Ritsumeikan University)

An exercise-induced reduction in maximal voluntary
contraction or the failure to maintain the expected force
has generally defined as ‘muscle fatigue’. Intense exercise
activates ATPase activity and promotes ATP production,
thus leading to accumulating metabolic by-products such
as hydrogen ion (H"), inorganic phosphate (Pi), and lactate,
in contracting muscle and the blood. It is well known that
an increase in these metabolic by-product levels can lead
to metabolic fatigue. However, those complex mechanisms
are still unclear. The current study aimed to construct a
simplified mathematical model which can reproduce the
biological mechanisms of metabolic fatigue during
moderate- and high-intensity. The novel model should cap-
ture the key biological reactions and characteristic meta-
bolic alterations observed at fatigue including; the role of
creatine kinase reaction ‘buffering ATP’, the role of bicar-
bonate buffer system in regulating blood pH, and the accu-
mulation of metabolic by-products in good agreement with
the basic of experimental results. New metabolic model
can provide a better understanding of fatigue during in-
tense exercise such as 1) creatine kinase activity plays an
important role in maintaining ATP homeostasis at rest-to-
exercise transition, 2) the change in muscle creatine phos-
phate level is approximately matched by the change in
muscle inorganic phosphate, 3) there is a close relationship
among blood lactate level, bicarbonate buffer system, and
ventilation rate. For further study, the combination of our
model with other mechanism-related fatigue, e.g. shortage
of substrates within muscle fiber, may help elucidate the

nature of metabolic fatigue. [No conflict of interest]
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