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Abstract

Insulin is essential for glucose homeostasis. Insulin/glucose-insulin-potassium (GIK) regimen suppresses
the production of tumor necrosis factor-a (TNF-a), interleukins-6 (IL-6), macrophage migration inhibitory
factor (MIF) and other pro-inflammatory cytokines and reactive oxygen species (ROS), enhances the synthesis
of endothelial nitric oxide (eNO), and anti-inflammatory cytokines interleukins-4 (IL-4) and interleukin-10
(IL-10). In subjects who are critically ill, monocyte HLA-DR expression was significantly decreased with a
concomitant increase in plasma IL-10 and IL-4 concentrations. Large increases in the plasma concentrations
of TNF-q, IL-6, sustained increase in the expression of leukocyte CD11b/CD18, and ROS generation following
surgery and infections were found to be associated with increased mortality. By virtue of its actions on pro-
and anti-inflammatory cytokines and ROS, insulin may have the ability to alter HLA-DR expression in the
critically ill and thus bring about its beneficial actions in sepsis/septic shock, myocardial recovery following
acute myocardial infarction, improve prognosis of those who are critically ill, and suppress inflammation.

Introduction

Diabetic ketoacidosis (DKA) is managed with insulin,
intravenous fluids and potassium. Because the plasma
glucose level invariably falls more rapidly than the plasma
ketone level, insulin administration is continued and glucose
and potassium are infused simultaneously to prevent the
occurrence of hypoglycemia and hypokalemia. This forms
the glucose-insulin-potassium (GIK) regimen, which can
also be used to manage moderate degrees of hyperglycemia
even in the absence of ketoacidosis.! Most patients with
DKA recover when properly treated, although about 10%
may still die due to late complications of DKA such as
myocardial infarction (MI) and infection. The other acute
complications of DKA are vascular thrombosis and acute
respiratory distress syndrome (ARDS). Diabetic patients
can have volume depletion, hyperosmolality, increased
viscosity of blood as a result of hyperglycemia, and changes
in clotting factors favouring vascular thrombosis. The cause
of ARDS is not known. Hyperglycemia increases circulating
free fatty acids (FFAs), which are toxic to the myocardium
and induce arrhythmias. Osmotic diuresis that is common
in hyperglycemia results in volume depletion that may
compromise myocardial function. It is known that AMI
and cardiovascular diseases are common in patients with
diabetes mellitus. This has been attributed to increased
incidence of atherosclerosis, hyperlipidemia, and associated
presence of hypertension and renal disease. But, the exact
reason why the incidence of these diseases is common in
diabetes has never been explained convincingly. Recent
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studies suggest that hyperglycemia per se is toxic and that
insulin has anti-inflammatory and cardioprotective actions.
If this is true, it has wider clinical implications.

Hyperglycemia is harmful: but why and how?

Persistent hyperglycemia increases the risk of myocardial
infarction, peripheral vascular disease, stroke, renal
damage, vision loss, cataract, etc. This is especially evident
in patients with both type 1 and type 2 diabetes mellitus.
Studies showed that when these patients are appropriately
and adequately treated with diet restriction; exercise, oral
hypoglycemic agents and/or insulin are protected from these
complications. Both UKPDS (UK Prospective Diabetes Study
done in type 2 diabetes mellitus) and DCCT (The Diabetes
Control and Complications Trial of USA done in type 1
diabetes mellitus) studies clearly demonstrated that rigorous
control of blood glucose to near normal levels decreases the
progression of diabetic microvascular disease and improved
the quality of life.>*This beneficial effect has been attributed
to a reduction in the plasma glucose. If so, this suggests
that hyperglycemia is harmful. But it does not explain why
hyperglycemia should be harmful. A better understanding
of the molecular mechanism(s) of harmful actions of
hyperglycemia is expected to lead to development of newer
methods of treatment not only to control hyperglycemia but
also to prevent complications associated with raised blood
glucose levels.

Studies performed in experimental animals and patients
with diabetes mellitus revealed increased production of free
radicals (especially superoxide anion, O,") and formation of
excess of lipid peroxides especially when plasma glucose
levels are high.*¢ Hyperglycemia is known to increase the
production of O, and other reactive oxygen species (ROS)
inside cultured aortic endothelial cells.” The importance of
increased concentrations of ROS lies in the fact that they








