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Effects of flavonoids, dietary antioxidant, on glucose toxicity

Diabetes mellitus is a group of metabolic diseases characterized by hyperglycemia resulting from
defects in insulin secretion, insulin action, or both. The chronic hyperglycemia of diabetes is associated
with long-term damage, dysfunction, and failure of various organs, especially the eyes, kidney, nerves,
heart, and blood vessels. Having diabetes mellitus impaired not only physical health, but also social
and psychological health by the problems of insulin treatment, increasing medical cost, employment
opportunity, entering school and so on.

Chronic exposure to hyperglycemia can lead to cellular dysfunction that may result in impaired

insulin secretion, insulin resistance and chronic complications, a process that is termed glucose



toxicity. Intracellular hyperglycemia induces overproduction of superoxide at the mitochondrial level.
Overproduction of superoxide is the first and key event in the activation of all other pathways
involved in the pathogenesis of diabetic complications, such as polyol pathway flux, increased
advanced glycosylation end product (AGE) formation, and activation of protein kinase C (PKC).

There is no doubt that a strict control of blood glucose is the most important strategy to prevent
chronic complications of diabetes. However, it is difficult for many people with diabetes to achieve the
ideal blood glucose control even though the advance of drug therapy. If antioxidants in food such as
flavonoids could reduce the glucose toxicity, consumption of such foods might become effective
supportive therapy to prevent chronic complications of diabetes.

In this study, I examined whether quercetin, one of the flovanoids, can reduce the oxidative stress
induced by high concentrations of glucose in cultured cells. The intracellular concentration of
glutathione which was known to be decreased in diabetic patients was used as index of glucose
toxicity. The results showed that quercetin increased the intracellular concentration of glutathione in
both normal and high concentration of glucose, and protected cell damage induced by hydrogen
peroxide. Furthermore, I did proteome analysis of cells cultured in high concentration of glucose or
quercetin, and identified 13 proteins which is decreased or increased by the treatment. These proteins
included enzymes related to glutathione metabolism, proteins related to the regulation of cytoskeleton,
enzymes related to glucose metabolism, molecular chaperones, and proteins related to protein
synthesis in ribosome.

In the present study using cultured cells, I showed that quercetin could reduce the glucose toxicity
by increasing the intracellular concentration of glutathione. This supports the recommendation of
vegetable consumption in diabetic patients. I also found that the amounts of enzymes related to
glutathione metabolism were changed by high concentration of glucose for the first time. These results
will be helpful to understand the mechanisms of the glucose toxicity and the action mechanisms of

quercetin.
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