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Abstract:

The regulation of the human energy metabolism is crucial to ensure the functionality of
the entire organism. The decisive role of the brain as active controller and heavy
consumer in the complex whole body energy metabolism is subject to recent research
activities. Latest studies suggest the priority of the brain energy supply in the competition
for energy within the organism.

We develop and investigate a model which describes the energy metabolism in a novel
and compact dynamical system. The model takes into account the two central roles of the
brain in the energy metabolism as consumer and superior regulatory instance. We
integrate energy fluxes and their control signals such as glucose fluxes, hormone signals
and the ingestion momentum in our dynamical system. As one novel characteristic,
insulin is regarded as central feedback signal of the brain. Consequently, our model
contains the competition for energy between brain and body periphery.

The model realistically reproduces the qualitative and quantitative behavior of the energy
metabolism. Short time observations demonstrate the physiological periodic food intake.
Integration over the daily cycle yields a stable long-term model in accordance with the
homeostatic regulation of the energy metabolism on a long time scale.

The presented model is a step towards a systemic understanding of the energy
metabolism and thus sheds light onto deregulations causing metabolic diseases such as
diabetes mellitus and obesity.
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