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ABSTRACT

The development of obesity following chronic consumption of a high-fat diet
contributes to peripheral insulin resistance, leading to type 2 diabetes. The peripheral
insulin resistance is related to obesity, hyperinsulinemia and elevation of plasma
corticosterones.  Although the correlation of peripheral insulin resistance and
cognitive impairment has been demonstrated, the effect of high-fat consumption on
the neurofunctional insulin sensitivity and level of corticosteroids in brain remains
unclear.  Moreover, several studies have shown the beneficial effects of

estrogen replacement on peripheral insulin sensitivity. However, effects of estrogen
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administration on neuronal insulin signaling in high-fat-fed rats have not been
investigated. Therefore, the hypotheses of this study are that 1) high-fat diet
consumption leads to peripheral and neuronal insulin resistance, and 2) the estrogen
administration inhibits both peripheral and neuronal insulin resistance caused by high-
fat diet consumption. To test the first hypothesis, male Wistar rats were fed with
normal diet (ND; 19.7% energy from fat) or a high-fat diet (HF; 59.3 % energy from
fat) for 4, 8 or 12 weeks. To test the second hypothesis, both male and female rats
were fed with either a normal diet or a high-fat diet for 12 weeks. Then, rats were
divided into four subgroups: ND, ND+E, HF and HF+E. The subgroups with +E
were given 50 pg/kg 17-p estradiol subcutaneously once daily for 30 days. At the end
of all experimental periods, blood and brain samples were collected to determine the
peripheral insulin resistance and neuronal insulin receptor function by using
extracellular recording in CA1 hippocampus and the immunoblot technique. We
found that peripheral insulin resistance was observed in 8- and 12- week high-fat-fed
rats. The elevation in plasma corticosterone level started in 4-week HF rats.
However, the neuronal corticosterone level significantly increased in 12-week HF
rats. The neuronal insulin receptor (IR) response demonstrated by insulin-induced
long-term depression (LTD) in CALl hippocampus was diminished in 12-week HF
rats. This reduction of insulin-induced LTD correlated with various parameters of
peripheral insulin resistance. Furthermore, levels of phosphorylation of neuronal
insulin receptors (IRs), neuronal IR substrate 1 (IRS-1) and neuronal Akt/PKB in
response to insulin were significantly decreased in 12-week HF rats without any
change in the level of IR, IRS-1 and Akt/PKB protein. In addition, estrogen

administration improved peripheral insulin sensitivity in both male and female HF



vii
rats. However, HF diet consumption also caused neuronal insulin resistance in both
male and female rats. Estrogen treatment improved the impairment of neuronal
insulin receptor function and signaling only in HF female rats. We further used
ovariectomized model (OVX) for confirming the effect of estrogen deprivation in
ND-fed female rats. Our study demonstrated that OV X rats caused the peripheral
insulin resistance and the impairment of insulin-induced LTD. The estrogen
administration had a beneficial effect on improving of both peripheral and neuronal
insulin resistance in these OV X rats. Our findings suggest that HF diet consumption
leads to the elevation of corticosterone and peripheral insulin resistance, which could
contribute to neuronal insulin resistance and neuronal stress. Moreover, the estrogen
administration improved the insulin sensitivity in peripheral tissue in both male and
female rats although the beneficial effect of estrogen administration on insulin

receptor function was occurred only in female rat.
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