
SELECTED SUMMARIES

plateletpheresis donors, for platelet production in vitro, for in-
creasing the yield of peripheral blood or bone marrow progenitor
cells and for expansion of peripheral blood, cord blood or bone
marrow progenitor cells in vitro. Although PEG-MGDF adminis-
tration to humans is remarkably safe, preclinical studies have
suggested several potential complications including
thrombocytosis, thromboembolism, fibrosis, splenomegaly and
stimulation of the growth of leukaemic cells. Ongoing clinical
trials will show whether any of these are of concern in humans. To
the haematologists' armamentarium of erythropoietin (which
stimulates red cell production) and G-CSF (granulocyte colony
stimulating factor, which stimulates neutrophil production), re-
combinant DNA biotechnology has added the third growth factor,
thrombopoietin. It remains to be seen if we can now produce
platelets on demand.
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SUMMARY
Troglitazone (TGT) is a new oral antidiabetic agent with a novel
mode of action. It potentiates the peripheral action of insulin and
improves glycaemic control in patients of type 2 diabetes, without
increasing the levels of circulating insulin. In these two studies, the
investigators evaluated the efficacy of TGT, in combination with
insulinlmetformin, in patients with type 2 diabetes mellitus.
In a multicentric study, Schwartz et al. examined 350 patients

with type 2 diabetes, who were poorly controlled on insulin. In the
baseline period, all patients were treated with their current insulin
dose and placebo for 8 weeks. Following this, they were randomized
in a double-blind manner to one of the three regimens: placebo, TGT
200 mg/day, or TGT 600 mg/day for a period of 26 weeks. Insulin
was continued in the same dose during the study, and reduced only
ifhypoglycaemia developed. Fasting serum glucose (FSG), glycosy-
lated haemoglobin (HbAlc) and lipids were measured periodically.
In the groups receiving 200 and 600 mg TGT daily, FSG de-

creased by 35 mg/dl and 49 mg/dl while HbAlc fell by 0.8% and
1.4% (p<O.OO1v. placebo). This improvement persisted for the entire
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duration of the study and occurred despite a significant lowering of
the required insulin dose in these two groups. There was a slight but
significant increase in total cholesterol, low-density lipoprotein
cholesterol, high-density lipoprotein cholesterol and body weight in
the individuals receiving TGT. Serum triglyceride decreased slightly
in all groups.
Documented hypoglycaemia occurred in 14% and 23% of pa-

tients receiving 200 mg and 600 mgTGT, respectively, compared to
8% on placebo. Five subjects on TGT had serum aminotransferase
levels more than 3 times the normal. Two patients, both on 600 mg/
day of TGT were withdrawn from the study. The third improved
while continuing on TGT.
In the second study, Inuchhi et al. studied the metabolic effects of

TGT and metformin, alone and in combination, in patients with type
2 diabetes. Metformin is a biguanide which acts by diminishing
hepatic glucose production and enhancing peripheral glucose utiliza-
tion. Twenty-nine patients oftype 2 diabetes were randomly assigned
to recei ve either metformin 1000 mg twice dail y or TGT 400 mg once
daily for 3 months, followed by both the drugs for an additional 3
months. Glycaernic control was assessed and glucose metabolism
was studied by hyperinsulinaemic-euglycaemic clamp studies at 0,
3 and 6 months. During the first 3 months of monotherapy, both drugs
led to an identical reduction in the fasting and post-prandial plasma
glucose (by 20% and 25%, respectively). Metformin primarily acted
by lowering endogenous (hepatic) glucose production, while TGT's
main action was to enhance peripheral (muscle) glucose utilization.
In combination, the two drugs further lowered fasting and post-
prandial plasma glucose (by 18% and 21%, respectively), and HbA lc
(by 1.2%).

COMMENT
Type 2 diabetes results from a combination of impaired insulin
action and defective insulin secretion. Insulin resistance leads to
both a decrease in glucose uptake in the peripheral tissues (prima-
rily muscle), as well as increased hepatic glucose production.
Subjects with central obesity (increased waist/hip ratio) are more
likely to have insulin resistance and glucose intolerance as well as
associated abnormalities such as hypertension and dyslipidaemias.
In general, Indians have an increased propensity to central obesity
(and the related abnormalities) in comparison to western Cauca-
sians.
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Presently, drug therapy oftype 2diabetes consists of sulphonyl-
ureas or biguanides. The former acts by increasing insulin secre-
tion, but can lead to hyperinsulinaemia and hypoglycaemia.
Biguanides reduce hepatic glucose production by unknown mecha-
nisms. However, they may produce lactic acidosis.
Thiazolidinediones are a new group of drugs which primarily

act by enhancing insulin action. I They promote glucose uptake
into muscles and may also reduce hepatic glucose production.
They do not alter insulin secretion and hence do' not cause
hypoglycaemia when used as sole therapy. They are not effective
in the absence of insulin, e.g. in patients with insulin-dependent
diabetes.
The mode of action of these drugs is not fully elucidated. They

may improve insulin effectiveness by different means, e.g. by
increasing levels of the GLUT-4 glucose transporter in adipose
tissues or by inhibiting hepatic phosphoenolpyruvate carboxy-
kinase, the rate-limiting enzyme in hepatic gluconeogenesis.
Recently, these drugs have been shown to be ligands for the
gamma- isoform of the peroxisome proliferator activated receptor,
a transcription factor which is a member of the nuclear receptor
superfamily.'
The most commonly used thiazolidinedione is troglitazone.

TGT has been used as a monotherapy to reduce insulin resistance
and progression from impaired glucose tolerance to diabetes. It is
also useful as the sole agent in the treatment of type 2 diabetes
which is uncontrolled by diet or exercise alone, 3However, mono-
therapy with TGT leads to only a mild improvement in glycaemic
control and hence it would need to be used with other hypogly-
caemic agents for treating most patients with type 2 diabetes.
Previous studies have shown that TGT improves glycaemic
control when used along with sulphonylureas.' The studies re-
viewed here demonstrate, for the first time, the beneficial effects
ofTGT in combination with insulin or metformin. In the study by
Schwartz et aI., glycaemic control improved rapidly and was
sustained over the entire 26-week study period, even as insulin
dosage was reduced. The study by Inzucchi et al., though involv-
ing a much smaller population of subjects, showed that TGT
potentiates the action of metformin. This study also showed that
both these drugs act by improving insulin action at different sites,
and are thus complementary.
Despite their beneficial effects on insulin resistance and glu-

cose intolerance, TGT has not been shown in human studies to
equivocally improve other features of the insulin resistance syn-
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drome. In different studies, including the current one by Schwarz
et aI., low density lipoprotein cholecterol levels actually in-
creased significantly, though this was partially offset by an
increase in the high density lipoprotein cholesterol and decrease
in triglyceride levels. Similarly, a worrisome increase in body-
weight has been noted in many studies.
However, the most disturbing side-effect ofTGT has been its

propensity to cause hepatic dysfunction, which has even been
fatal in rare instances. In a review of all clinical trials on TGT
conducted in USA, 48 outof2518 (1.9%) patients treated with the
drug had elevation of the serum alanine aminotransferase levels
to more than 3 times the normal.' The cause for this is idiosyn-
cratic hepatocellular damage and the effect is not dose-related. All
patients recovered on stopping TGT. The drug is currently
contraindicated in patients with liver disorders and frequent
monitoring of liver enzymes is mandatory, especially during the
first year of therapy.
In conclusion, TGT is a valuable addition to the current drug

therapy for type 2 diabetes, especially because of its unique action
of reducing insulin resistance. It is most likely to be effective as
a monotherapy in mild type 2 diabetes, or in combination with
other oral hypoglycaemic drugs or insulin. However, its propen-
sity to cause liver dysfunction is a cause of concern and requires
close follow up of all patients.
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