
Oxidative Stress and Glyeemic Regulation 

A n t o n i o  Cer ie l lo  

Oxidative stress is an acknowledged pathogenetic mechanism in diabetic complications. Hyperglycemia is a widely known 
cause of enhanced free radical concentration, whereas oxidative stress involvement in glycemic regulation is still debated. 
Glucose transport is a cascade of events starting from the interaction of insulin with its own receptor at the plasma membrane 
and ending with intracellular glucose metabolism. In this complex series of events, each step plays an important role and can 
be inhibited by a negative effect of oxidative stress. Several studies show that an acute increase in the blood glucose level may 
impair the physiological homeostasis of many systems in living organisms. The mechanisms through which acute 
hyperglycemia exerts these effects may be identified in the production of free radicals. It has been suggested that insulin 
resistance may be accompanied by intracellular production of free radicals. In adipocytes cultured in vitro, insulin increases the 
production of hydrogen peroxide, which has been shown to mimic the action of insulin. These data allow us to hypothesize 
that a vicious circle between hyperinsulinemia and free radicals could be operating: insulin resistance might cause elevated 
plasma free radical concentrations, which, in turn, might be responsible for a deterioration of insulin action, with 
hyperglycemia being a contributory factor. Data supporting this hypothesis are available. Vitamin E improves insulin action in 
healthy, elderly, and non-insulin-dependent diabetic subjects. Similar results can be obtained by vitamin C administration. 
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O XIDATIVE DAMAGE INFLICTED by reactive oxygen 
species is referred to as "oxidative stress." l In diabetes, 

oxidative stress seems mainly caused by both an increased 
production of plasma free radical concentrations and a sharp 
reduction in antioxidant defenses. 2 Among the causes of 
enhanced free radical production, hyperglycemia, 3 hyperinsulin- 
emia, 4 and/or insulin resistance 5 seem to play a major role. 

Although the relationship between oxidative stress and 
diabetic complications has been extensively investigated, the 
possible role of oxidative stress in glycemic regulation is still a 
neglected area. However, there is evidence that enhanced 
plasma free radical concentrations may impair insulin action, 
thus contributing to the generation of hyperglycemia, while 
hyperglycemia and insulin resistance, by themselves, may 
produce oxidative stress. 

Hyperglycemia and Oxidative Stress 

Hyperglycemia is a widely known cause of enhanced plasma 
free radical concentrations) Free radical production caused by 
hyperglycemia may occur via at least 3 different routes: 
nonenzymatic glycation, 6 auto-oxidation of glucose, 7 and intra- 
cellular activation of the polyol pathway. 8 Published studies 
show that an acute increase in blood glucose concentration can 
impair physiological homeostasis in various systems in the 
living organism and that antioxidants can oppose these effects) 
These results provide indirect evidence that hyperglycemia 
induces an oxidative stress. More direct evidence comes from 
studies on total radical-trapping antioxidant parameter (TRAP). 
Extracellular fluids lack protection by antioxidant enzymes, but 
contain several molecules that delay or inhibit the oxidative 
process. 9 The majority of these molecules have multiple antioxi- 
dant properties, so that the total antioxidant capacity of the 
plasma is determined not only by the concentration of indi- 
vidual antioxidants but also by their synergy. 9 An assay of 
TRAP has been proposed recently to evaluate plasma antioxi- 
dant capacity, a measure of the concentration of antioxidants 
and their mutual cooperation. Reduced TRAP activity has been 
reported in patients with type 1 or type 2 diabetes, m,u 

The impact of hyperglycemia on antioxidant status in dia- 
betic and nondiabetic subjects has recently been evaluated. 
During an oral glucose tolerance test, the plasma concentrations 

of protein-bound sulfydryl groups, vitamin C, and uric acid, as 
well as TRAR decreased significantly. 12 These results were 
similar in both healthy individuals and patients with type 2 
diabetes. 12 This finding confirms that hyperglycemia provokes 
oxidative stress, which leads to depletion of antioxidant capac- 
ity. 

Insulin Resistance and Oxidative Stress 

Findings in animal models indicate that rats with insulin 
resistance show signs of increased lipid peroxidation? 3 In 
adipocytes cultured in vitro, insulin increases the production of 
H202) 4 which has been shown to mimic the action of insulin, is 
Furthermore, the administration of vanadium reproduces the 
action of insulin 16 through the intercellular release of free 
radicals. 17 This is consistent with the observation that hyperinsu- 
linemia, in vivo, decreases vitamin E concentrations, suggesting 
that increased levels of insulin may produce an oxidative 
stress, is These findings convincingly support the hypothesis 
that insulin resistance is linked to the presence of an oxidative 
stress. 5 

Effects of  Oxidative Stress on hzsulin Action 

Increased oxygen radical production associated with a reduc- 
tion in plasma antioxidants, particularly glutathione, may have 
toxic effects on the plasma membrane structure/activity of the [3 
cells, contributing to the impaired insulin secretion in diabetes. 4 
In fact, in vitro studies showed that membrane-penetrating thiol 
oxidants impair insulin secretion, whereas an increase in 
extracellular glutathione or cysteine enhances the [5-cell re- 
sponse to glucose) 9'2° Moreover, it seems plausible that oxida- 
tive stress also reduces insulin action, because in the [3 cells, 
which are more susceptible to the effects of free radicals than 
other tissues, 21 it produces a consistent decrease in the expres- 
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sion of glucose transporters. 22 These data are in accord with the 

in vivo evidence that in diabetic patients both the concentration 
of free radicals and the levels of glutathione condition insulin 
action. 23,24 Moreover, the role of oxidative stress in worsening 

insulin action is evidenced by studies with antioxidants. In fact, 
in insulin-resistant rats, vitamin E increases insulin sensitivity, 25 
whereas vitamin C and vitamin E are not only able to restore 
insulin action in type 2 diabetic patients but also improve 
insulin secretion in normal subjects. ~-6,27 

CONCLUSION 

The previously discussed evidence supports the hypothesis 
that oxidative stress may be involved in glycemic regulation in 
diabetes. Both hyperglycemia and insulin resistance are accom- 
panied by reduced insulin actionY However, hyperglycemia 

and insulin resistance, typical features of type 2 diabetes, may 
be accompanied by oxidative stress, 3,5 which, in itself, may 
produce decreased insulin secretion/action. 4 Therefore, it may 
be hypothesized that oxidative stress represents the common 
pathway through which hyperglycemia and insulin resistance 
induce depressed insulin action (Fig 1). This point of view is 
supported by studies with antioxidants, which are able to 
improve insulin action. 26,27 Moreover, from this evidence, it can 

also be hypothesized that during a meal, a period characterized 
by a simultaneous increase in glycemia, derangement of insulin 

Hyperglycemia Insulin resistance 
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Fig 1. Hyperglycemia and insulin resistance are accompanied by 
reduced insulin action. However, both are also linked to the genera- 
tion of an oxidative stress, which can also produce, in itself, an 
impaired insulin action. It can be hypothesized that the oxidative 
stress represents the common pathway through which hyperglyce- 
mia and insulin induce a depressed insulin action. 

resistance, and increased requirement of insulin action, there 

should be an increased oxidative stress generation. This hypoth- 
esis has been recently confirmed in type 2 diabetic patients. 29 

From a clinical point of view, this means that a meal may be the 
ideal time for antioxidant supplementation in diabetes. 
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