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ABSTRACT
Diabetes is the major cause of mortality and morbidity leading to cardiovascular and other related complications. Peroxisome proliferator activated
receptors (PPARs) are ligand‐activated transcription factors of nuclear hormone receptor super family comprising of three subtypes such as PPARα,
PPARβ and PPARγ. Activation of PPAR α reduces triglycerides and involves in regulation of energy homeostasis. Activation of PPARγ causes insulin
sensitization and enhances glucose metabolism, whereas activation of PPARβ enhances fatty acid metabolism. Several basic and clinical studies
have exemplified the beneficial effects of PPARγ ligands in preventing the cardiovascular risks and diabetes related complications.
The PPARγ agonists are developed to increase insulin sensitivity and simultaneously prevent diabetic cardiovascular complications. Rosiglitazone
was developed for treatment of Type II diabetes with secondary cardiovascular complications. Rosiglitazone was used with a good rate of success.
Unfortunately recent research has linked Rosiglitazone with several of cardiovascular risks and complications including increase risk of myocardial
infarction. Present review is an effort to critically justify the status and use of Rosiglitazone in treatment of diabetes.
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INTRODUCTION
Diabetes is a metabolic disorder characterized by insulin resistance
and reduced secretion of insulin and is associated with cardiovascular
pathologies such as atherosclerosis, hypertension, endothelial
dysfunction, cardiac dysfunction and myocardial infarction 1.
Long‐term complications of diabetes mellitus include retinopathy,
nephropathy and neuropathy and the risk of cardiovascular disease is
increased. Type 1 diabetes is a chronic disease characterized by
hyperglycaemia due to absolute deficiency of insulin secretion which is
caused by autoimmune destruction of the pancreatic beta cells.
Evidence of autoimmunity is provided by the appearance of
autoantibodies prior to the onset of clinical disease. The clinical
presentation ranges from mild nonspecific symptoms or no symptoms
to coma. Although type 1 diabetes usually develops before 30 years of
age, it can occur at any age. At presentation, most patients are thin and
have experienced weight loss, polyuria, polydipsia, fatigue, and
diabetic ketoacidosis.
In type 2 diabetes mellitus, the actions and secretion of insulin are
impaired, as opposed to the absolute deficiency of insulin that occurs
with type 1 diabetes mellitus. Type 2 diabetes is characterized by two
major pathophysiologic defects: (1) insulin resistance, which results in
increased hepatic glucose production and decreased peripheral
glucose disposal, (2) impaired β cell secretory function2.
Insulin resistance is an impaired biological response to the effects of
exogenous or endogenous insulin. Insulin resistance in the hepatic and
peripheral tissues, particularly skeletal muscle, leads to unrestrained
hepatic glucose production and diminished insulin‐stimulated
peripheral glucose uptake and utilization3. Insulin secretion by the
pancreatic beta cell is initially sufficient to compensate for insulin
resistance, thereby maintaining normal blood glucose levels.
Hyperinsulinaemia, which accompanies insulin resistance, can
maintain sufficiently normal glucose metabolism as long as pancreatic
β cell function remains normal. However, in patients who may develop
type 2 diabetes, insulin secretion eventually fails, leading to
hyperglycaemia and clinical diabetes4. Individuals with type 2 diabetes
may have few or no classic clinical symptoms of hyperglycaemia 5. The
difficulty in maintaining metabolic control, for example measured by
hemoglobin A1c (HbA1c) over time may be related to several
behavioral factors (for example difficulties with healthy eating,
exercise, medication regimens) but primarily reflects the underlying
progressive decline in β cell function. Type 2 diabetes has traditionally
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been treated in a stepwise manner, starting with life style
modifications6,7,8, exercise9 and later on pharmacotherapy with oral
agents. Several classes of oral agents are available for clinical use.
These mainly include insulin secretagogues (drugs that delay the
absorption of carbohydrates from the gastrointestinal tract) and
insulin sensitizers (Thiazolidinediones)10.
Peroxisome proliferator activated receptors (PPARs) belong to the
nuclear receptor superfamily11 and three isoforms of PPARs, encoded
by different genes, have been identified such as PPARα, PPARβ and
PPARγ12. The fibrate class of hypolipidemic drugs acts through PPARα
13, thiazolidinedione class of anti‐diabetic agents acts through PPARγ14
whereas clinical implications of PPARβ agonists as hypolipidemic
agents are under investigation 15.
PPARα, PPARβ and PPAR display differential tissue distribution with
PPARα, being expressed mainly in the liver, skeletal, and cardiac
muscle and in the endothelial cells and smooth‐muscle cells of the
vascular wall. It regulates genes that influence lipoprotein metabolism
and fatty acid uptake and oxidation as well as production of
inflammatory markers. Fibrates such as fenofibrate, bezafibrate,
ciprofibrate, and gemfibrozil act as full or partial PPARα, agonists16.
PPARβ is expressed in many tissues, with the highest expression in the
skin, brain, and adipose tissue. PPARγ is expressed most abundantly in
adipose tissue but is also found in pancreatic beta cells, vascular
endothelium, and macrophages17. PPARγ was originally identified as a
central regulator of gene expression and differentiation in adipose
cells18.
Because traditional agents have a limited impact on insulin resistance
and β‐cell function, thiazolidinediones may be an appropriate choice
especially for combination therapy in patients achieving poor
glycaemic control with initial monotherapy. By improving insulin
sensitivity, thiazolidinediones may exert beneficial effects on
cardiovascular risk factors. The excess cardiovascular risk in type 2
diabetes cannot be attributed to classic risk factors alone (mainly
hypertension, hypercholesterolaemia and smoking), but if present,
these risk factors are at least as important as in patients without
diabetes 19.
The thiazolidinediones consist of rosiglitazone and pioglitazone. These
substances decrease insulin resistance in muscle and adipose tissue by
activating the peroxisome proliferator‐activated receptor (PPARγ)
which increases production of proteins involved in glucose uptake.
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They also decrease hepatic glucose production by improving hepatic
insulin sensitivity20.
Rosiglitazone is an extremely selective and potent agonist of the
peroxisome proliferator‐activated receptor‐gamma (PPARγ). In
humans, these receptors are located in key target tissues for insulin
action such as adipose tissue, skeletal muscle, and the liver. The
activation of PPAR nuclear receptors regulates the transcription of
insulin‐responsive genes involved in the control of glucose production,
transport, utilization and regulation of fatty acid metabolism.
Rosiglitazone reduces blood glucose concentrations and reduces
hyperinsulinemia in the experimental animal through increased
sensitivity to insulin’s action in the insulin dependent tissues. Part of
this action is mediated by an increase in the insulin‐regulated glucose
transporter GLUT‐4 in the adipose tissue. Rosiglitazone is
predominantly metabolized by Cytochrome P450 and is more than
99% bound to plasma proteins, primarily albumin 21.
Rosiglitazone is marketed by the pharmaceutical company
GlaxoSmithKline as a stand‐alone drug (Avandia) and in combination
with metformin (Avandamet) or with glimepiride (Avandaryl). Annual
sales peaked at approx $2.5bn in 2006. The drug's patent expires in
2012.When Rosiglitazone entered; market was under the unfortunate
legacy of its predecessor, Troglitazone (Rezulin), which the FDA
withdrew due to unwanted hepatic side effects on 08‐08‐03 22.
Oral antidiabetic agents are most often used to treat type 2 diabetes
mellitus in its initial stages if lifestyle modifications have failed. The
thiazolidinediones, rosiglitazone and pioglitazone offer new oral
treatment options and affect many tissues and parts of the body.
One explanation for the beneficial effects of thiazolidinediones is their
unique mechanism of action as selective and potent inhibitors of
PPARγ . PPARγ receptors are present in many tissues like adipose,
hepatic and skeletal muscle tissue and control insulin‐responsive
genes, which have a wide‐ranging influence. Thiazolidinediones appear
to improve markers of inflammation and fibrinolysis, exert beneficial
effects on vascular reactivity, improve the lipid profile and fat
distribution, and decrease pancreatic β cell injury.
Rosiglitazone belonging to thiazolidinedione group which also
encompasses troglitazone (withdrawn due to hepatic toxicity) and
pioglitazone. It increases the sensitivity of skeletal muscle, liver and
adipose tissue to insulin without directly stimulating insulin secretion
from pancreatic ß‐cells, thereby reducing plasma glucose levels and
endogenous glucose production23. Differences in the side chain on the
main thiazolidine‐structure in comparison to pioglitazone are thought
to be responsible for the distinct bioavailability, metabolism and
antihyperglycaemic
potency of rosiglitazone. Although rosiglitazone appears to be
associated with some effects that are not mediated by PPARγ, 24 binding
of rosiglitazone to this receptor seems to be the important component
of its mechanism of action. Rosiglitazone has several
pharmacodynamic properties
which could ameliorate the increased risk of cardiovascular disease in
type 2 diabetes mellitus. In clinical studies in patients with type 2
diabetes mellitus, rosiglitazone has been associated with reductions in
the levels of small dense low density lipoprotein‐cholesterol (LDL‐C) –
despite overall increases in total LDL‐C ‐ and increase in the levels of
high density lipoprotein‐cholesterol (HDL‐C). Diastolic and systolic
blood pressures are thought to be decreased after rosiglitazone
treatment. Some other surrogate parameters indicating especially
cardiovascular risk were reported to be positively influenced by
rosiglitazone therapy.
Since the discovery of PPARs by Isselman and Green in 1990, these
molecules have been shown to play a major role in a diverse group of
processes and pathological conditions associated with aging,
inflammation, immunity, obesity, cancer, and fertility 25,26.
PPARs regulate gene transcription by two mechanisms namely
transactivation and transrepression. In transactivation, which is DNA‐
dependent, PPARγ forms a heterodimer with the retinoid X receptor
(RXR) and recognizes specific DNA response elements called PPAR
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response elements (PPRE) in the promoter region of target genes. This
results in transcription of PPARγ target genes. In transrepression,
PPARs can repress gene transcription by negatively interfering with
other signal‐transduction pathways, such as the nuclear factor‐κB
(NFκB) signaling pathway, in a DNA‐binding‐independent manner.
Apart from its role during transcriptional regulation, which requires
DNA‐binding, PPAR can also function in a DNA‐binding‐independent
manner to transrepress different target genes. PPAR may exert anti‐
inflammatory effects by negatively regulating the expression of pro‐
inflammatory genes induced during macrophage differentiation and
activation The activated PPAR/RXR heterodimer reduces the
availability of co‐activators required for gene induction by other
transcriptional factors. Thus, without distinct cofactors, transcriptional
factors, such as activated protein‐1 (AP‐1), nuclear factor‐κB (NF‐κB),
nuclear factor of activated T cells (NFAT) or signal transducer and
activator of transcription (STAT), cannot cause gene expression. In
lipopolysaccharide
(LPS)/interferon‐γ
(IFN‐γ)
stimulated
macrophages, attenuation of inducible nitric oxide synthase (iNOS)
expression in response to PPAR activation 27,28.
Both nondiabetic subjects and those with type 2 diabetes mellitus
(T2DM) show increased insulin‐stimulated glucose uptake in
peripheral tissues as well as increased hepatic insulin sensitivity (the
ability of insulin to suppress endogenous glucose production) and
insulin sensitivity in adipose tissue (measured from the ability of
insulin to suppress free fatty acid concentrations)29.
The mechanisms by which insulin sensitization occurs are thought to
involve either direct action on fatty acid uptake and storage in adipose
tissue (also known as the fatty steal hypotheses) or indirectly via its
action adipokines such adiponectin30. The free fatty acid storage in
adipose tissue as opposed to liver and skeletal most likely exerts a
protective effect on these tissues. In addition, advantageous effects on
the beta cells of the pancreas may occur by inhibiting
glucolipotoxicity31. Taken together, the mechanisms of action are
complex and multifold and the many effects of TZDs in various tissues
make it impossible to define all the exact mechanisms underlying their
insulin sensitizing effects in vivo in humans32.Adipose tissue is no
longer considered as a passive storage depot for triglycerides and fatty
acids, but rather an active metabolic organ that produces various
biologically active molecules (referred to as adipocytokines) which act
as autocrine, paracrine or endocrine regulators of many physiological
and patophysiological processes in the organism. Among them, a
special attention and scientific interest has been lately focused on
adiponectin, which is thought to be the molecular link between
adiposity and the insulin resistance. Adiponectin is a protein of 30 kD
and is exclusively produced in the adipose tissue. Adiponectin
possesses antidiabetic, anti‐atherogenic and anti‐inflammatory
characteristics. Plasma concentrations of adiponectin are decreased in
the metabolic syndrome; therefore therapeutic strategies that increase
adiponectin levels could be potentially useful for the treatment of the
metabolic syndrome, as well as prevention and/or delaying the
development of manifest type 2 diabetes and atherosclerotic coronary
vascular disease 33,34,35. Continuing loss of b‐cell function is the
underlying cause of deteriorating metabolic control in people with
type 2diabetes. Fatty acids could play a role in the reduction of b‐cell
insulin secretion. The failure of β‐cell function is believed to be
attributable to the apoptosis of β‐cells in response to increased FFA or
to an accumulation of triglycerides in the b‐cells 36,37. The FFA excess in
b‐cells increases the novo ceramide synthesis38 and nitric oxide
formation39 ,while reducing the antiapoptotic protection of b‐cells40.
The turning point of the fortune of Rosiglitazone was the publication of
the data from the metanalysis by Niessen in 2007.41 Niessen and
Wolski in their paper conclude that “Rosiglitazone was associated with
a significant increase in the risk of myocardial infarction and in the risk
of death from cardiovascular causes with borderline significance”.
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