BOX 36.2

THE GLUCOSTATIC HYPOTHESIS

Almost 60 years ago, Mayer (1955) proposed that the onset and termination of meals are determined by changes in the amounts of glucose used by certain areas of the brain. More specifically, Mayer hypothesized that food intake was controlled by a region of the ventral hypothalamus whose glucose utilization, unlike the rest of the brain, was sensitive to insulin. In diabetic rats, the presence of hyperphagia despite elevated blood glucose emphasized the point that diminished glucose utilization in these insulin- dependent cells (as opposed to a reduction of blood glucose levels per se) was the critical factor in removing satiety and stimulating food intake. 

At first widely accepted, the glucostatic theory fell into disfavor for several reasons. For one, although eating can be induced by low availability of glucose to the brain, no evidence supports suppression of eating by high glucose availability. In addition, concentrations of blood glucose after administration of large doses of insulin are now known to be far lower than what occurs during a fast or at the normal onset of a meal. Thus, eating in response to insulin-induced hypoglycemia is now considered an “emergency response” that is not relevant to normal feeding. (A similar emergency response occurs after a systemic injection of 2-deoxyglucose induces an acute decrease in cellular glycolysis.) Finally, the prevailing view of the ventromedial hypothalamus as a satiety center has changed considerably since the original formulation of the glucostatic hypothesis. This region of the brain is better regarded as a regulatory control center that influences many aspects of hormonal and autonomic function. Diabetic hyperphagia may therefore represent the ineffectiveness of insulin or leptin to activate neural systems that inhibit food intake. In contrast, the earlier glucostatic hypothesis would have explained diabetic hyperphagia as a consequence of the decreased uptake of glucose into special hypothalamic neurons that mediate satiety. 

In recent years, evidence has emerged that neurons in the hypothalamic arcuate nucleus are sensitive to fluctuations of the adiposity signals leptin and insulin. Neurons in the same area also are sensitive to fluctuations of glucose as well as to certain fatty acids (especially oleic acid) and amino acids (especially leucine), and local manipulations of either adiposity signals or nutrients influence food intake, pancreatic insulin secretion, and the release of glucose from the liver. Hence, the view is emerging that the arcuate nucleus integrates long-term energy stores (principally body fat) with acute availability of nutrients to control several aspects of energy homeostasis.
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