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Regulatory role of brain-derived neurotrophic
factor (BDNF) in glucose and energy metabolism
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Diabetes mellitus is a group of metabolic diseases characterized by
hyperglycemia resulting from defects in insulin secretion, insulin action, or
both. It is well recognized that diabetes mellitus is a major health
problem, since long-term hyperglycemia causes severe diabetic
complications.

Neurotyophins are important regulators of nervous systems.
Brain-derived neurotrophic factor (BDNF) enhances the survival and
differentiation of several classes of neurons. In addition to the efficacy of
BDNF in neurological disorders, we previously found that BDNF reduces
food intake and blood glucose concentration in rodent obese diabetic
models, such as C57BL/KsJ-db/db (db/db) mice. As an extension of that
discovery, the author investigated the effect of BDNF on glucose and
energy metabolism in several animal models. )

The author applied a novel pellet pair-feeding apparatus and
demonstrates that BDNF plays a regulatory role in glucose metabolism
independently of appetite alteration in db/db mice. To evaluate the effect
of BDNF on insulin action, BDNF was administered to
streptozotocin-treated mice and the author found that BDNF itself does not
lower the blood glucose concentration, but enhances insulin action. In
addition to STZ mice, analyses of plasma insulin concentrations supported
that the hypoglycemic action of BDNF was stronger in younger, more
hyperinsulinemic db/db mice than older, less hyperinsulinemic mice.
BDNF was thus seen to exert its hypoglycemic action most efficiently in
db/db mice with sufficient plasma insulin levels. Chronic treatment of
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BDNF significantly improved glucose tolerance of KK mice and ZF rats as
evaluated by the oral glucose tolerance test and glucose clamp test
respectively. These data clearly showed that BDNF ameliorated insulin

resistance in animal models of impaired glucose tolerance (IGT) as well as
overt diabetes.

In order to elucidate the action mechanism of BDNF, body temperature
and oxygen consumption of db/db mice were measured to determine the
role of BDNF in the regulation of energy metabolism. In spite of the
reduced food intake, db/db mice given BDNF maintained nearly the same
body temperature and metabolic rate as ad libitum-fed vehicle-treated mice.
These results strongly suggest that BDNF enhances the expenditure of
excess energy in db/db mice. In addition, intracerebroventricular
administration of BDNF in doses as small as 15 pg/mouse (approximately
300 pg/kg, such dose was not effective when delivered peripherally)
proved to be effective in lowering blood glucose concentrations.
Therefore, it is reasonable to assume that when BDNF is administered
‘subcutaneously, a small portion of the dose enters the brain and is directly
responsible for lowering blood glucose concentration.

Obesity in rodents and humans is mostly associated with elevated
plasma leptin concentrations, suggesting a new pathological concept of
“leptin resistance”. The author examined whether or not BDNF is capable
of exerting its antiobesity and antidiabetic effects in leptin resistance
models. BDNF could ameliorate obesity and diabetes in DIO and KK A4
mice. These observations suggest that BDNF may be able to be used
therapeutically in the treatment of obesity and diabetes of various causes.
This study has also. highlighted the differential mechanisms regulating
antiobesity and antidiabetic effects of BDNF and leptin, thereby
demonstrating that BDNF is a useful tool in investigating the molecular
mechanism of leptin resistance.
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