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ABSTRACT

Type 2 diabetes mellitus (T2DM) is a chronic metabolic disorder, and the
early onset of T2DM is associated with insulin resistant condition. Our previous
studies have shown that 12-weeks of high-fat diet (HFD) consumption induced not
only peripheral but also neuronal insulin resistance. Furthermore, previous studies
demonstrated that HFD consumption has been associated with the cognitive
dysfunction. In the normal physiological condition, mitochondria is crucial organelle

to produce energy for cellular function. Byproducts of the mitochondrial respiratory
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chains from such as reactive oxygen species (ROS) can damage the cells and
lead to various pathological conditions such as neurodegenerative disease. Previous
studies demonstrated the correlation between mitochondrial dysfunction and
neurodegenerative disease such as Alzheimer’s disease. Our recent study also found
that 12-week of HFD consumption caused brain mitochondrial dysfunction.
Therefore, drugs with effective glycemic control as well as with neuroprotective
effects, should have great therapeutic benefit in diabetes patients with
neurodegenerative disorder. However, the possible neuroprotective effects of
metformin, drug of choice for treatment of T2DM, and vildagliptin, a novel anti-
diabetic agent, spatial learning behavior and brain mitochondrial function in insulin

resistant condition induced by HFD consumption have never been investigated.

Therefore, the hypotheses of this study are that 1) metformin and vildagliptin
improve peripheral insulin resistance via improving insulin sensitivity, 2) metformin
and vildagliptin administration improves learning and memory behaviors measured by
Morris Water Maze (MWM) test and 3) metformin and vildagliptin administration
attenuates brain oxidative stress and prevents brain mitochondrial dysfunction. To
determine all hypotheses, forty-eight male Wistar rats were fed with either a normal
diet (ND; 19.7% energy from fat) or a high-fat diet (HFD; 59.3 % energy from fat) for
12 weeks, blood sample was collected monthly for biochemical analysis. At 12th
week, all rats were tested for the measurement of locomotor activity, using Open-field
test (OFT) and using MWM test for learning and memory behaviors. After that, each
group (ND group and HFD group) was divided into 3 subgroups, including subgroup
treated with vehicle, subgroup treated with metformin (15 mg/kg BW b.i.d) or

subgroup treated with vildagliptin (3 mg/kg BW per day) for 21 days. At the end of
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treatment, all rats were tested with MWM test again. At the end of protocol, rats were
sacrificed, brain was removed to determine brain mitochondrial function and brain
oxidative stress levels. We found that 12-week HFD consumption caused peripheral
insulin resistance, as shown by increased HOMA index. The locomotor activity
between 12-week HFD-fed rats and ND-fed rats were not different. However, 12-
week HFD-fed rats had significantly impaired in learning and memory compared to
12-weeks ND-fed rats. We also demonstrated that metformin and vildagliptin had
equally beneficial effects to improve peripheral insulin sensitivity and decrease
plasma and brain oxidative stress levels caused by HFD consumption. Both
metformin and vildagliptin completely prevent the impairment of learning and
memory induced by HFD consumption. In addition, metformin and vildagliptin

significantly improved brain mitochondrial dysfunction caused by HFD consumption.

Our findings demonstrated that metformin and vildagliptin improve not only
insulin sensitivity but also learning and memory behaviors, possibly via are improve
peripheral insulin resistance, improve brain mitochondrial function and decrease

plasma and brain oxidative stress levels.
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