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Abstract
Background: Streptozotocin-induced diabetic animals are characterized by hyperphagia due to deficiencies of
insulin and leptin. Forkhead box-containing protein of the O subfamily-1 (FoxO1l) regulates energy
homeostasis by regulating energy expenditure and food intake as well as mediating insulin and leptin signals
in the hypothalamus. To identify the mediator of diabetic hyperphagia, we examined the effects of insulin
or leptin on hypothalamic FoxO1 expression in a diabetic animal model.

Methods: Diabetes was induced in mice (C57BL/6) by intraperitoneal administration of streptozotocin (200
mg/kg). Stainless steel cannula was implanted into the lateral ventricle of the brain in each mouse. After
three weeks, the mice were administered saline, insulin or leptin via intracerebroventricular (ICV) route. The
medial hypothalamus was isolated to evaluate the mRNA expressions of FoxOl and neuropeptides.
Results: Streptozotocin-induced diabetic mice exhibited significant elevations of blood glucose and food
intake and significantly low levels of serum insulin and leptin. The levels of hypothalamic FoxO1 mRNA
were significantly increased in diabetic mice. The hypothalamic expression of neuropeptide Y (NPY) mRNA
was increased, but the expression of preproopiomelanocortin (POMC) mRNA was decreased in diabetic mice.
ICV administration of insulin or leptin attenuated the upregulation of hypothalamic FoxO1 mRNA, and
resulted in downregulation of NPY mRNA and upregulation of POMC mRNA in diabetic mice.
Conclusion: We observed that the expression of hypothalamic FoxOl mRNA was increased in
streptozotocin-induced diabetic mice, and that it was significantly attenuated by central administration of
insulin or leptin. These results suggest that hypothalamic FoxOl is the direct mediator of diabetic
hyperphagia. (Korean Diabetes J 33:375-381, 2009)
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Table 1. Changes of body weight and plasma metabolic parameters

Control Diabetes P
Change of body weight (g)’ 09 = 0.1 22 £ 05 < 0.01
Daily food intake (g/day) 42 + 04 74 £ 09 < 0.001
Plasma glucose (mmol/L) 6.8 + 0.8 255 + 2.8 < 0.001
Plasma insulin (pmol/L) 1,303.7 £ 687.6 240.3 £ 26.8 < 0.01
Plasma leptin (pmol/L) 2,116.5 + 465.0 86.5 £ 41.5 < 0.001

Data are means + S.D. * Change of body weight during the experiment (for 10 days).
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Fig. 1. Results of hypothalamic gene expression in streptozotocin induced diabetic mice. Levels of FoxOl, NPY and
POMC gene expression in the hypothalamus of diabetic mice as determined by real time PCR. A, B, C. Expression levels
of FoxOl, NPY and POMC mRNA were examined by real time PCR. Results are presented as means + S.D. n = 5
per group. * P < 0.05, ¥ P < 0.01 and ¥ P < 0.001 vs. control mice.
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Fig. 2. Effect of food deprivation on the mRNA level of hypothalamic FoxO1 and serum level of insulin and leptin. A,
B, C. Expression levels of hypothalamic FoxO1, NPY and POMC mRNA in the animals of food deprivation for two days
and in the animals of normally fed. D, E. Serum levels of insulin and leptin. Data are shown as means * S.D. n = 5
per group; * P < 0.05, ¥ P < 0.01 vs. control mice.
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Fig. 3. Effect of i.c.v. administration of saline, insulin or leptin on hypothalamic FoxO1 expression in the streptozotocin
induced diabetic mice. A, B, C. Expression levels of hypothalamic FoxO1l, NPY, POMC mRNA in diabetic mice after
i.c.v. administration of saline, insulin or leptin. Data are shown as the means = S.D. n = 5 per group. * P < 0.05 and
¥ P < 0.01 vs. control mice. ¥ P < 0.05 and § P < 0.01 vs. diabetic mice.
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