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ABSTRACT: Peroxisome proliferator-activated receptors (PPARS) are
nuclear transcription factors, and play a central role in insulin sensitivity,
lipid metabolism, and inflammation. PPAR -y appears to improve
glycaemic control by increasing peripheral insulin sensitivity and
reducing hepatic glucose production, thereby helping to preserve beta-
cell function. However, they have modest beneficial effects on lipid
parameters. It has been observed that fibrate drugs which activate
PPAR- «a, produce significant improvements in dyslipidaemia and
decrease atherosclerotic lesions, but do not affect glycaemia.
Theoretically, a compound targeting both o and 7y PPARs
simultaneously, might combine the benefits of thiazolidinediones
(TZDs) and fibrates. Hence, there is a resurgence of interest in the
development of new antidiabetic drugs that combine the insulin-
sensitizing effects of PPARy activation with the additional lipid-
modifying activity of the other PPAR subtypes. Compounds that act on
both receptors may represent an attractive treatment option, provided
that the potential to improve both glycemic and lipid parameters can be
achieved within the same therapeutic window in order to minimize the
incidence of PPAR-related side effects. The ongoing basic studies have
elucidated the cardio protective role of PPAR delta. Therefore, further
studies are on the track to develop PPAR o/6 and PPAR v/ dual
agonists and PPAR o/y/d pan agonists for the treatment of diabetic
cardiovascular complications.

INTRODUCTION: Peroxisome proliferator-
activated receptors (PPARs) are nuclear
transcription factors, and play a central role in
insulin  sensitivity, lipid metabolism, and
inflammation. They help in the regulation of storage
and catabolism of dietary fats and glucose, adipocyte
differentiation, inflammatory responses, and cancer.
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Each PPAR consists of three functional domains; -
The N-terminal, and DNA binding and ligand
binding domains. PPAR forms a heterodimer with
the retinoid X receptor, which recognizes DNA
sequences in the promoter region of their target
genes *. Three types of PPARs have been identified:
alpha, gamma, and delta (beta)

Tissue Expression of Peroxisome proliferator
Activated Receptors:

1. o (alpha) - Expressed in liver, kidney, heart,
muscle, adipose tissue, and others.
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2. P/ o (beta/delta) - Expressed in many tissues but
markedly in brain, adipose tissue, and skin.

3. vy (gamma) - although transcribed by the same
gene, this PPAR through alternative splicing is
expressed in three forms:

a. vl - expressed in virtually all tissues, including
heart, muscle, colon, kidney, pancreas, and
spleen.

b. y2 - expressed mainly in adipose tissue.

c. y3 - expressed in macrophages, large intestine,
white adipose tissue .

The Physiologic Role of Peroxiosme proliferator
activated Receptors: The classical biological
activity of PPAR a is the regulation of the rate of
fatty acid uptake and their esterification into
triglyceride or oxidation whereas PPAR vy is
classically involved in adipocyte differentiation,
regulation of fat storage, and maintenance of glucose
homeostasis. The physiological functions of PPAR 6
are instead still unclear, although it is known that this
receptor contributes to an inflammatory switch
through its association and disassociation with
transcriptional repressors. In recent years, there has
been increasing appreciation of the fact that, in
addition to the classical biological activities
mentioned above; PPARs have several other
pleiotropic functions.

For instance, they provide a fundamental
contribution to the regulation of certain physiological
activities of the prostacyclin (PGI2) system in
cardiovascular tissues. Indeed, PGI2, which is the
most abundant product of arachidonic acid in
vascular tissues, acts through a dual signaling
pathway, that includes both G protein— coupled cell
surface receptors named IP and PPARs. In this
respect, it has been recently demonstrated that the
angiogenic abilities of stable analogues of PGI2
depend on their capacity to act on PPARs.

Additional evidence also suggests that selective
activation of PPAR a and PPAR y promotes a robust
angiogenic process in vitro and in vivo, through a
mechanism that depends on the stimulation of the
prototypical angiogenic agent vascular endothelial
growth factor *.
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Potential Therapeutic Indication of Peroxisome-
Proliferator activated Receptors: The clinical
importance of PPARs originates with fibrates and
thiazolidinediones (TZDs), which respectively act on
PPAR o and PPAR vy and are used to ameliorate
hyperlipidemia and hyperglycemia in subjects with
type 2 diabetes mellitus (T2DM). Fibrates, such as
gemfibrozil, clofibrate, fenofibrate, and bezofibrate,
are drugs that effectively reduce triglycerides (TG)
and free fatty acids (FFA) and increase high-density
lipoproteins-cholesterol.

Fibrates also improve glucose tolerance in T2DM
patients, although this activity might be attributable
to the fact that some of these compounds also have
potential PPAR y activity. TZDs, such as
rosiglitazone,  pioglitazone,  troglitazone, and
ciglitazone, are insulin-sensitizing drugs and have
constituted a major advance in the recent therapeutic
management of T2DM. In addition to improving
insulin sensitivity, TZDs have also effects on TG,
FFA, and ketone body level in several animal models
of T2DM °,

Thiazolidinediones (TZDs) or glitazones like
rosiglitazone and pioglitazone are higher affinity
PPAR-y agonists for type 2 diabetes .
Thiazolidinediones or TZDs act by binding to
PPARs gamma and alpha receptors, a group of
receptor molecules inside the cell nucleus,
specifically PPAR gamma. The ligands for these
receptors are free fatty acids (FFAS) and eicosanoids
>8_Glitazones cause an increase in insulin sensitivity
and produce hypoglycaemic effects by increasing
fatty acid extraction by adipose tissues, shifting the
energy metabolism of myocytes towards glucose
consumption, up- regulating or activating molecules
involved in insulin signaling and glucose uptake,
producing a protective effect on pancreatic beta-
cells, and inhibiting tumor necrosis factor (TNF)-a. 2.

The TZDs have also been shown to have
antiproliferative, anti-inflammatory, and
immunomodulatory effects, with a potential role in
the treatment of  diabetic = complications,
inflammatory-proliferative diseases in non-insulin-
resistant euglycaemic individuals, autoimmune,
atopic and inflammatory diseases, sepsis, and
reperfusion injury °. Patients with diabetes have an
increased risk for cardiovascular disease that
contributes to a decreased life expectancy °.
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Various observational and interventional studies
have indicated that some insulin sensitizers appear to
reduce the incidence of cardiovascular events, and
improve survival "&.

TZDs activate peroxisome proliferator-activated
receptor gamma (PPAR- y), a member of the nuclear
receptor family of transcription factors, to exert a
wide range of plasma glucose lowering strategies,
including increased  expression of glucose
transporters, increased glucose uptake, and reduced
hepatic glucose production.  Besides lowering
plasma glucose levels, TZDs also modulate plasma
lipid and lipoprotein profiles * *°.
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Recent studies have found that PPAR- /5 is also a
regulator of serum lipids **. However, there are
currently no drugs in clinical use that selectively
activate this receptor. Therefore, modulators that
promote both PPAR-alpha and/or PPAR-gamma
agonism could theoretically offer significant benefits
in improving the dyslipidaemia state, reducing
hyperglycaemia and thus hinder the cardiovascular
disease risk factors associated with type 2 diabetes
mellitus and metabolic syndrome (table 1).

In addition, such a therapy could improve the
underlying insulin resistance and help break the
cycle of altered glucose and lipid metabolism that
promotes type 2 diabetes mellitus *%.

TABLE 1: PEROXISOME PROLIFERATOR ACTIVATED RECEPTORS AND THEIR CLINICAL IMPLICATIONS

PPAR DRUGS AS
RECEPTOR LOCATION FUNCTION AGONISTS
Controls LP metabolism, FA oxidation
. and cellular uptake of fat. Fibrate class of lipid-lowering
Skeletal muscle, liver, Regulation of adipocyte gene agents (ie
PPAR-a kidney and Vascular gutat b g . g L
. expression and differentiation clofibrate, fenofibrate, and
endothelial cells. . . . .
Regulation of target genes involved gemfibrozil).
in glucose and lipid metabolism
Oligodendrocytes and Oligodendrocyte differentiation and
spermatocytes. Muscle, Spermatogenesis. Increases FA
PPARs-B/ & P ytes. Mu permatogenesi .
adipocytes, macrophages, oxidation and serves as an anti-
etc inflammatory factor
Improvements in insulin sensitivity and
. | i I. Adi
Adipocytes, skeletal . g ycer’fuc. contro dlpocyt.e L
. differentiation and fat deposition. Oral hypoglycemics like,
PPAR-y muscle, and cardiac . . . . - L
muscle Antihypertensive angiotensin Il Typel pioglitazone and rosiglitazone.
' receptor antagonists has selective
PPAR-y-modulating activity.
Combined treatments with PPAR The new generation of
PPAR-a + gamma and alpha agonists improve dual-action PPARs—the
PPAR-y insulin resistance and alleviate glitazars:-muraglitazar,
atherogenic dyslipidemia. aleglitazar.

Peroxisome proliferator-activated receptor gamma
(PPAR v) agonists are a class of drugs that act as
insulin sensitizers, providing glycemic control .
Agonists of the related alpha-subtype of the
peroxisome proliferator activated receptor (PPAR o)
improve the lipid profile, lowering levels of TGs and
raising levels of HDL-C. An ideal dual PPAR a /y
agonist would provide both glycemic control and an
improved lipid profile at a well-tolerated therapeutic
dose ™.

Different PPARs regulate distinct metabolic
pathways (figure 1), and the ultimate goal of the
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combination agonist strategy is to activate each
receptor subtype to provide maximum efficacy on
appropriate target genes while keeping adverse side-
effects to a minimum.

That these adverse effects have diverse origins (eg,
cancer, renal dysfunction, and cardiovascular risk)
suggests that many of these problems are compound
specific rather than a result of the dual activation of
PPARs, which lends support to the development of
new agents of this class .
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1 5teatosis, |hyperglycaemia, | dyslipidaemia,
Tendothelial function, | atherosclerosis
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FIGURE 1: PPAR GAMMA AND ALPHA AGONISTS EFFECT ON INSULIN RESISTANCE AND ATHEROGENIC

DYSLIPIDEMIA

Almost all TZD drugs so far investigated for
antidiabetic ~ activity are  associated  with
cardiovascular adverse effects. The reason for the
apparent  differences  between  cardiovascular
outcomes with the TZD medications has not been
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fully elucidated. It has been hypothesized that the
beneficial effects of pioglitazone on lipid profiles
may play a role, and it is known that agonists of
PPAR receptors modify the transcription of genes
involved in glucose and lipid metabolism. For this
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reason, efforts to improve the effects of PPAR
receptor agonists on lipid parameters have focused
on increasing agonism toward the PPAR-a receptor
16

The PPAR-o receptor is the site of action for
gemfibrozil, bezafibrate, ciprofibrate, fenofibrate,
and some elements of omega-3 fatty acids. In clinical
studies, PPAR-a receptor agonists have been shown
to increase HDL levels, decrease triglyceride levels
and fatty acids, and shift LDL toward less
atherogenic particles *’. The positive effects of
fibrates (weak PPAR-o receptor agonists) on both
HDL-C levels and cardiovascular endpoints have
been shown in different clinical studies *°.

1. Novel dual-acting peroxisome proliferator-
activated receptor alpha and gamma
agonists: Given the favorable effects of fibrates
on both lipid parameters and the hypoglycemic
effects of PPAR-y agonists, a dual PPAR-o/y
agonist could be effective in the treatment of
patients with diabetes. Termed the glitazars,
several dual PPAR-a/y agonists have been
developed, although none have been approved
for clinical use due to the results of both
preclinical animal studies and clinical studies *°.

Agents such as ragaglitazar, MK-0767, and
naveglitazar were found to be associated with an
increased incidence of both bladder cancer and
hyperplasia in rodent studies. Due to these
concerns, a phase Il study with ragaglitazar was
terminated early and further development was
not pursued. In addition, the development of
tesaglitazar was discontinued because of

indications that it may cause renal dysfunction
20

Muraglitazar is the glitazar with the most extensive
data and has been shown to be effective in reducing
HbA 1. and triglyceride levels while increasing HDL-
C levels 2. After completion of phase 1 studies, it
was recommended for FDA approval. Prior to
official approval from the FDA, a metaanalysis
performed by Nissen and coworkers ?? found that the
2374 patients treated with muraglitazar had an
increased risk of death, myocardial infarction, or
stroke when compared with patients who received
either pioglitazone or placebo. After publication of
these data, the sponsor withdrew its application from
the FDA and muraglitazar was never approved for
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clinical use. While the theoretical benefits of dual
PPAR agonism are promising, development of
agents has been limited due to the adverse effect
profile seen in prior studies.

Tesaglitazar is a glitazar with biologically active
form of (S)-enantiomer, whereas, the (R)-
enantiomer is approximately 100 times less potent
than its antipode. In a pharmacokinetics study on
eight healthy male subjects after a single oral or
intravenous (i.v.) dose of 1 mg of tesaglitazar, the
maximum plasma concentration (Cnax) Was achieved
at a 1 hour post dose with 100% bioavailability. It
has a mean plasma clearance of 0.16 litre /hour, the
volume of distribution at a steady state of 9.1 liters,
and an elimination half life of 45 hours.

Tesaglitazar was mainly metabolized before
excretion, and about 20% of it was excreted
unchanged, resulting in a renal clearance of 0.030 I/h
Plasma protein binding of tesaglitazar was high
(99.9%), and the mean blood-plasma partitioning
ratio was 0.66 ( low affinity for red blood cells).
There was no indication of partial inversion of the
(S) - enantiomer to the corresponding (R)-form.
Tesaglitazar was well tolerated. In a dose-escalation
study in healthy males, oral tesaglitazar
demonstrated an increase in concentration time curve
(AUC) and the Cmax proportionally, with increasing
doses, indicating linear pharmacokinetics . Food
had no effect on the extent of its absorption, although
the rate of absorption was reduced in the fed state. In
animal studies, tesaglitazar has been shown to lower
circulating TG, glucose, and insulin levels in mice
models with type 2 diabetes, and has been shown to
lower circulating triglyceride and insulin levels in
obese zucker rat models of insulin resistance 2.

Also, clinical evaluation has shown that tesaglitazar
improves lipid and glucose metabolism, increases
insulin sensitivity, and improves the atherogenic
lipoprotein profile in patients with dyslipidaemia
associated with insulin resistance. Both PPAR a and
vy are expressed in the kidney, and their agonists
exhibit renoprotective effects in type 2 diabetes . In
various animal studies, treatment of db/db mice with
tesaglitazar for 3 months, significantly lowered
fasting plasma glucose and the homeostasis model
assessment of insulin resistance levels, but had little
ggfect on body weight, adiposity, or cardiac function
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It was observed that treatment with tesaglitazar was
associated with reduced plasma insulin and total TG
levels, and increased plasma adiponectin levels.
Tesaglitazar markedly attenuated albuminuria and
significantly lowered glomerulofibrosis, collagen
deposition, and transforming growth factor-betal
expression in renal tissues of db/db mice. Moreover,
in cultured mesangial cells and proximal tubule cells,
where both PPARs o and y were expressed,
tesaglitazar treatment abolished high glucose-
induced total collagen protein production and type |
and IV collagen gene expression. Thus, tesaglitazar
is found to have a reno-protective effect in diabetic
patients 2°.

The development of muraglitazar and tesaglitazar
was discontinued due to compound-specific side
effects that included elevated risk of cardiovascular
events for muraglitazar and decreased renal function
for tesaglitazar. Moreover, in clinical studies, both
muraglitazar and tesaglitazar increased weight gain
and edema to a similar or even greater degree than
pioglitazone 2%,

Ragaglitazar (NNC 61-0029 or (-) DRF2725):
Ragaglitazar has high affinity for the PPAR-a and vy
receptors with 1Csy values of 0.98 and 0.092 microM,
respectively. In pharmacokinetic studies, ragaglitazar
showed rapid absorption with tmax: 1.5-1.7 h, t1/2 of
80 hours, following a single dose (1-120 mg) and
104 hours in healthy subjects, and 122 hours in
patients after multiple dosing [a loading dose and
thereafter once-daily doses (0.5-16 mg)]. It has been
observed that 4 mg ragaglitazar daily for 21 days
resulted in decrease in fasting levels of plasma
glucose (18%), C-peptide (18%), fructosamine (6%),
TG (36%), FFA (49%), total cholesterol (11%), low-
density lipoprotein (LDL), cholesterol (21%), and
very low-density lipoprotein (VLDL) cholesterol
(15%), as well as an increase in HDL cholesterol
(33%) 2’

Ragaglitazar was well tolerated; however, peripheral
oedema and anaemia were reported at the highest
dose level (16 mg). In a study on early and late
diabetes stages in Zucker diabetic fatty (ZDF) rats,
ragaglitazar treatment resulted in overall reduced
circulating insulin, and improved insulin sensitivity
to a greater extent than after treatment with
rosiglitazone. In late-intervention  therapy,
ragaglitazar was found to reduce Hb Alc by 2.3%, as
compared to 1.1% reduction by rosiglitazone .
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It has been observed that ragaglitazar and pioglitazar
equally improve metabolic profile and insulin
sensitivity in ZDF rats, particularly when they are
administered early in the course of diabetes.
Ragaglitazar improves -cell function more than
three-fold with prevention and intervention therapies,
whereas pioglitazar showed improvement only in
intervention therapy. In a 12-week, double-blind,
parallel, randomized, placebo-controlled dose-
ranging study on 177 hypertriglyceridaemic type 2
diabetic subjects, ragaglitazar, in doses of 1, 4 and 10
mg, resulted in a significant decrease in fasting
plasma glucose, TG, FFA, apolipoprotein B, LDL
cholesterol, and total cholesterol, and also resulted in
a significant increase in HDL cholesterol. Common
adverse events were oedema, weight increase,
leukopaenia, and anaemia .

Farglitazar (G1262570): It is the L-tyrosine
analogue, and has high affinity for the human PPARy
nuclear receptor, and a low but possibly important
activity for the PPARa receptor (1,000 times less
potent on PPARa). It has robust effects on glucose,
high-density lipoprotein (HDL), and triglycerides
(TG), in diabetic patients. Its blood glucose and lipid
lowering activity have been demonstrated in patients
of Type 2 diabetes. The blood pressure (BP)
lowering effect of farglitazar has also been reported
in various studies. A 4- week randomized, double-
blind, parallel-group study on 304 hypertensive type-
2 diabetics, showed dose-dependent (0.5, 1, 2, 5, or
10 mg daily) reductions in a mean 24-hour
ambulatory BP with farglitazar, in comparison to
placebo. Farglitazar 10 mg resulted in a statistically
and clinically significant lowering of mean diastolic
and systolic BP with smaller no significant decreases
at lower doses. Farglitazar was well tolerated, with
no clinically significant increase in heart rate. Dose-
related oedema was seen (up to 13% at 10 mg after 4
weeks) *2.

Naveglitazar: Naveglitazar (LY519818); is a
nonthiozolidinedione PPAR o / v dual, o dominant
agonist. After oral administration, naveglitazar is
well absorbed and moderately metabolized. The most
prominent metabolite observed in circulation is the
R-enantiomer of naveglitazar, LY591026, which is
formed via enzymatic chiral inversion. Para-
Hydroxy naveglitazar and the sulfate conjugate of
para-hydroxy naveglitazar, are also observed in
circulation in most species, especially in the monkey.
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It is metabolized by enzymatic chiral inversion,
aromatic hydroxylation, oxidative dehydrogenation,
and/or various phase Il conjugation pathways.
Naveglitazar is highly bound to plasma proteins
among the species examined (>99%) (33).
Arylthiazolidinedione (TZD 18), Isoxazolidinedione
(JTT-501) and KRP_297 are other duel PPAR a and
v agonists under development *°.

Experimental dual agonists’ muraglitazar,
ragaglitazar, fariglitazar and tesaglitazar were
initially promising, but alarming side effects were
observed during development. A meta-analysis of
phase Il and 111 clinical trials found that muraglitazar
increased the composite risk of nonfatal myocardial
infarction, nonfatal stroke, or all-cause mortality in
diabetic patients compared with placebo or
pioglitazone (N _ 3725; relative risk _ 2.23; 95% ClI,
1.07-4.66) **. Ragaglitazar had significant
carcinogenic effects in rodent bladders and is no
longer being developed for human use.
Tesaglitazar’s  development was  discontinued
because it severely increased serum creatinine in
diabetic patients .

Aleglitazar; is a new dual PPAR-a/y agonist.
Designed to be a balanced agonist of both PPAR-y
and PPAR-a, 13 clinical studies have been
completed thus far in over 600 patients evaluating
the clinical effects, safety, and pharmacokinetics of
aleglitazar. The compound has been found to have
peak onset in approximately 3 hours and a half-life
between 5 and 16 hours *.

Following a single-blind, 4- to 5-week placebo run-in
period to wash out any previous hypoglycemic or
weight-lowering  drugs, 332 patients  were
randomized to double-blind treatment with one of
four aleglitazar doses (50 pg, 150 pg, 300 pg, or 600
ug once daily), placebo, or open-label pioglitazone.
Patients were followed for 16 weeks with the
primary endpoint being the efficacy of the drug in
reducing HbA;. concentration over the study period.
Changes from baseline in fasting plasma glucose
levels and lipid profiles were prespecified secondary
efficacy endpoints. Given the prior concerns
regarding cardiac safety with the glitazars, an
independent blinded clinical events committee
adjudicated on, according to prospectively defined
criteria, the incidence of safety endpoints, including
peripheral edema, death (cardiovascular vs non-
cardiovascular), heart failure, myocardial infarction,
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coronary revascularization, and admission to hospital
for unstable angina. Changes in bodyweight and
renal function, as well as markers of inflammation,
were also measured * 3.

After 16 weeks of therapy, aleglitazar when
compared with placebo was found to produce a
significant, dose-dependent reduction in HbA;. of
—0.85% (95%CI —0.50, —1.20; p < 0.0001) and the
concentration of fasting plasma glucose (—2.16
mmol/L, 95% CI —1.35 to —-2.98; p < 0.0001).
Although the study was not powered to assess the
significance of differences between aleglitazar and
pioglitazone, the 150 pg dose of aleglitazar when
compared with 45 mg of pioglitazone was associated
with similar reductions in HbA 1. and fasting glucose
levels. Perhaps more important than the
hypoglycemic effects, there were dose-dependent,
statistically significant beneficial effects on lipid
parameters. Aleglitazar, compared with placebo,
increased HDL-C levels in a dose-dependent manner
by up to 28% and reduced triglyceride levels by as
much as 38%. Aleglitazar also significantly reduced
LDL-C levels, although by a lesser magnitude than
the other lipid fractions. The substantial favorable
effects of aleglitazar on HDL-C and triglyceride
levels support the hypothesis that this agent might
reduce cardiovascular complications among diabetic
patients ¢,

All doses of aleglitazar were well tolerated
throughout the study. Adverse event rates in the
aleglitazar treatment groups were similar to those of
both the placebo and pioglitazone groups. Most
adverse events were mild and considered unrelated to
treatment; however, at all doses of aleglitazar there
were dose-dependent increases in both bodyweight
and the number of patients with edema, which were
similar to those with pioglitazone. Prior studies of
fibrates, tesaglitazar, and phase | studies of
aleglitazar have suggested that PPAR-o agonism
may result in a decline in creatinine clearance. In
SYNCHRONY, aleglitazar reduced creatinine
clearance by between 4% and 14%. In patients
treated with the 150 pg dose, aleglitazar reduced
creatinine clearance by 6% %" %,

While these results are promising, caution is
warranted in overoptimistic interpretation of the data
given that the small sample size and short duration of
this phase Il study prevent definitive conclusions
regarding both efficacy and long-term safety of
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aleglitazar. Large-scale, ongoing phase Ill studies
will provide both stronger evidence and further data
on the effects and safety of aleglitazar *>*".

Based upon these data from the SYNCHRONY
study, the 150 pg daily dose of aleglitazar was
selected for the ongoing phase Il trial because it was
thought to offer the optimal combination of glycemic
control equal to that of pioglitazone, adverse effects
of magnitude equal to or less than with placebo or
pioglitazone, and favorable effects on lipid profiles
that were numerically greater than with pioglitazone.
These findings from SYNCHRONY suggest that
aleglitazar may be an effective agent for the
treatment of hyperglycemia and the modification of
cardiac risk factors in diabetic patients, without the
attendant safety concerns observed with previously

studied glitazars 3%,
In light of previous studies that suggested
pioglitazone may reduce macrovascular

complications, * the effect of aleglitazar on lipid
profiles observed in SYNCHRONY raise hope that
an agent with balanced PPAR-a and -y agonism may
favorably influence cardiovascular endpoints while
achieving glycemic control. Towards this end,
aleglitazar is currently under evaluation in a large-
scale phase Il randomized trial (ALECARDIO) to
determine  whether this agent can reduce
cardiovascular mortality and morbidity in patients
with type Il diabetes and a recent acute coronary
syndrome event.

A total of 6000 patients with type Il diabetes will be
randomized within 2-6 weeks of hospitalization for
acute coronary syndrome (myocardial infarction or
unstable angina) to either 150 pg of aliglitazar or
placebo in addition to standard medical therapies for
coronary artery disease and diabetes. The trial is
event-driven, and will continue until there have been
950 adjudicated endpoints and all patients have been
treated for a sufficient duration (minimum 2.5 years)
to develop an adequate safety database. The primary
endpoint of the study is the time to first occurrence
of any component of the composite endpoint of
cardiovascular death, myocardial infarction, or
stroke.

Isohumulones: These are the bitter compounds
derived from hops that are present in beer. Hops, the
female inflorescences of the hop plant (Humulus
lupulus L.), are used as a preservative and flavouring
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agent in beer. Isohumulones, called iso- o acids, are
the compounds that impart the bitter flavour to beer.
Previously, humulone was shown to inhibit
angiogenesis by suppressing cyclooxygenase-2, and
to have antibacterial properties. Recently, among the
three major isohumulone homologs, isohumulone
and isocohumulone are found to activate PPAR a
and vy.

In an animal study on diabetic KK-Ay mice,
isohumulones (isohumulone and isocohumulone)
were found to reduce plasma glucose, TG and FFA
(65.3, 62.6, and 73.1%, respectively, for
isohumulone), as seen with pioglitazone. However,
unlike pioglitazone, isohumulone treatment did not
result in significant body weight gain. Moreover,
C57BL/6N mice which were fed a high fat diet that
were treated with isohumulones, showed improved
glucose tolerance, reduced insulin resistance,
increased liver fatty acid oxidation, a decrease in
size, and an increase in apoptosis of their
hypertrophic adipocytes.

A double-blind, placebo-controlled pilot study on
diabetic patients, have demonstrated a significant
decrease in blood glucose and haemoglobin Alc
levels after 8 weeks of therapy with isohumulones
(by 10.1 and 6.4%, respectively, versus week 0) 3*.
Hence, isohumulones have the potential to be a
therapeutic option in type 2 diabetes and metabolic
syndrome.

2. Future Prospects: Aleglitazar’s cardiovascular
effects require further investigation. The
diversity of these cardiovascular effects, as well
as other side effects, underlines the importance
of thoroughly evaluating new peroxisome
proliferator-activated receptor agonists before
and after widespread clinical use. Further
research is required to wunderstand why
peroxisome proliferator- activated receptor
agonists seem to improve cardiovascular risk
factors while having only modest or even
negative, effects on cardiovascular outcomes *°.
A large-scale clinical trial of the effect of
aleglitazar on cardiovascular death, myocardial
infarction, and stroke is currently ongoing. If
successful, this investigation may lead to
approval of the first agent specifically targeted
to reduce the burden of cardiovascular disease in
patients with diabetes.
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The ongoing basic studies have elucidated the REFERENCES:

cardio protective, vascular protective and anti-
inflammatory roles of PPAR & (*°). Therefore,
further studies are on the track to develop PPAR
a/ & and PPAR v/6 dual agonists and PPAR a/y/d
pan agonists for the treatment of diabetic
cardiovascular complications. More powerful
new compounds with pan-PPAR activity and
proven long-term safety should be highly
effective in a clinical setting of patients, with
coexisting relevant lipid and glucose metabolism
disorders. These discoveries pave the way for
the development of drugs for treating chronic
multigenic  cardiovascular and  metabolic
diseases, for which therapy is presently
insufficient or nonexistent.

With increasing evidence of the
pathophysiological importance of  the
dyslipidaemia associated with type 2 diabetes
mellitus, metabolic syndrome and insulin
resistance, a more aggressive approach to lipid
management is required through diet, exercise
and specific lipid-altering drug therapy, as well
as with antidiabetic agents that improve some of
the associated complex atherogenic parameters.
Nuclear receptors are an attractive and relatively
unexploited target for drug development.
Functioning as transcription factors and thereby
controlling cellular processes at the level of gene
expression, modulation of nuclear receptor
activity produces selective alterations in
downstream gene expression. These
characteristics, combined with their involvement
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sensitivity and glucose tolerance, but are often
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parameters can be achieved within the same
therapeutic window in order to minimize the
incidence of PPAR-related side effects.
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