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Peroxisome Profilerator-Activated Receptors (PPARs) —
The New Frontiers in the Treatment of Cardiovascular

Diseases

Introduction

Peroxisome Profilerator-Activated Receptors
(PPARs) are nuclear hormone receptors that
belong to the  steroid/thyroid/retinoid
superfamily of receptors’. PPARs form
heterodimers with the Retinoid-X Receptors
(RXRs) to form PPAR/RXR dimers that bind
to a peroxisome proliferators-response
element (PPRE)?, a DNA-specific sequence
of which many types exist. This binding
activates a change in gene transcription.
There are three different PPAR isoforms:
alpha, beta/delta and gamma which vary in
their affinity to ligands, distribution throughout
the body, and cofactor proteins they bind to.
Each isoform has distinct properties and
when activated stimulates the expression of
genes involved in energy homeostasis,
specifically the metabolism of glucose and
fatty acids®. Ever since the recognition of
their importance, vigorous research has led
to uncovering a plethora of effects that they
impact. In many clinical studies, they have
been tested and proven to provide benefits in
a wide array of cardiovascular diseases
including but not limited to obesity, diabetes,
atherosclerosis, and have been found useful
to improve health and wellness. Some of
them have even been used by muscle
builders as a means to developing muscle
mass. This article examines these receptors,
their characteristics, the ligands that act on

them and how the ligands are being used to
clinical advantage.

PPARa activation increases the expression
of lipoprotein lipase and apolipoprotein A-V
(apoA-V) while simultaneously decreasing
expression of apoC-lll in the liver, which
decreases VLDL particles and lowering
plasma triglycerides®. These changes liberate
fatty acids, allowing them to either be
oxidized or stored. Thus, PPARa agonists
may therefore be beneficial in aiding fat loss.
Unlike PPARa, the exact functions of
PPARPp/s are still being researched, though in
obese animals, it appears to decrease
adiposity. Some opine that PPARB/6 may
serve as a "back-up" to PPARa or have more
specific actions in skeletal muscle than
PPARa does”.

PPARy is involved in the storage of fatty
acids and its activation can either increase or
decrease the transcription of genes and
enzymes involved in insulin sensitivity and
adipogenesis, adipocyte differentiation, cell
proliferation, and the inflammatory processs.
All of these effects play a role in obesity and
metabolic syndrome X (abdominal obesity,
insulin resistance, and elevated blood
pressure). Activation of PPARy decreases
insulin resistance, hence, the prototype
compounds, the thiazolidinediones (TZDs)
are known as classical anti-diabetic drugs
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and have been used to treat type-2 diabetes
though hepatoxicity, sodium and water
retention due to their use have limited their
use®.

Pharmaceutical Drugs Targeting PPAR
Fibrates and Cholesterol Levels

Fibrates (fibric acid derivatives) are
cholesterol-lowering drugs that work by
decreasing the amount of circulating plasma
cholesterol and triglycerides. Most fibrates
also increase HDL levels and have been
used by body builders because of its action
as fatty acid-partitioning drugs, i.e. more fat
makes their way to muscle and liver rather
than fat tissue. Two fibrates that have been
examined to a great extent are bezafibrate
and gemfibrozil. The two studies most
commonly referenced with regards to
bezafibrate are the Bezafibrate Coronary
Atherosclerosis Intervention Trial (BECAIT)
study’ and the Bezafibrate Infarction
Prevention (BIP) study®. Both studies,
involving post-myocardial infarction patients,
demonstrated that bezafibrate decreased
plasma fibrinogen levels, plasma cholesterol
and triglyceride levels, and increased HDL
levels leading to the conclusion that
bezafibrate treatment is a safe and effective
way to reduce plasma triglyceride levels and
increase HDL levels.

Gemfibrozil, like bezafibrate, has been shown
to decrease cholesterol and plasma
triglyceride levels while increasing HDL levels
and as demonstrated in Helsinki Heart Study
(HHS)Q, gemfibrozil reduced the risk of CHD
by 34%. The Veterans Affairs High-Density
Cholesterol Intervention Trial (VA-HIT) found
similar results'®.

PPARYy activation, Insulin Resistance and
Type Il Diabetes

Thiazolidinediones (TZDs) are prototype
PPARy ligands (a.k.a. insulin sensitizers)
known for their specific use in the
management of Type Il diabetes on account
of their effect on activation of PPARy and

decreased insulin resistance. Two examples
of TZDs are troglitazone and pioglitazone.
The Troglitazone Study Group'' involving
330 patients found troglitazone to decrease
plasma FFA levels, fasting plasma glucose,
triglycerides, and fasting plasma insulin
levels in type 2 diabetics. Pioglitazone has
been shown to produce similar effects as
troglitazone, except that pioglitazone caused
these changes without affecting fasting or

glucose-stimulated insulin levels'.

Supplements Targeting PPAR (Lignans
and Fatty Acids)

Due to the potential side effects associated
with the current pharmaceutical drugs that
target PPAR receptors, there is a search for
safe alternatives. Current research is being
done with various fatty acids and lignans -
molecules that combine with a receptor or
another entity acting as an "activator", to
measure their ability to activate PPAR
receptors. Sesamin is a naturally-occurring
lignan found in sesame seeds and oil and
has been shown to be a potent PPARa
agonist increasing fat oxidation in
mitochondria and peroxisomes by increasing
the expression of enzymes involved in (-
oxidation of fatty acids'® thus ensuring that
less fat is esterified in the liver and thus less
fat is stored in adipose tissue.

Conjugated Linoleic Acid (CLA) is a PPARY
antagonist that causes attenuation of fat cell
differentiation. Supplementation with CLA has
been shown to decrease adipocyte number
and size™. It is available as a supplement
and is a mix of isomers of linoleic acid
(commercially sold as a 50:50 mix of cis-9,
trans-11 and trans-10, cis-12 isomers).
Studies done on humans have shown
decreased body fat and/or increased lean
mass (though results are mixed).

Future Research

There is a strong potential for using PPAR
ligands in the treatment of obesity, diabetes,
atherosclerosis. Currently, human research is
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being done on synthesized pharmaceutical
drugs, which while effective in treating insulin
resistance and elevated plasma triglycerides
carry side effects with them. Like all
pharmaceutical drugs, the costs versus
benefits must be examined. The new wave of
fatty acids and lignans that have been shown
to be PPAR ligands are only in an infantile
stage and with the exception of CLA, few
human studies have been completed on
these substances. Much more research
needs to be done on these compounds in
humans to examine their full beneficial and
side effects. With obesity and type Il diabetes
becoming more and more prevalent, PPAR
ligands are fast becoming the next hot topic
in human research. While the ideal way to
treat and prevent these conditions from
occurring is consistent diet and exercise, the
average individual especially those in affluent
societies and/or lifestyles is suffering from
these diseases is sedentary and not willing to
put forth the effort needed to make lifestyle
changes to correct the diseases. With this in
mind, PPAR agonists may be the answer for
them.
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