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ABSTRACT

Since the discovery of the first statin nearly 30 years ago, this class of drugs has advanced to become the mainstay of
cholesterol-lowering therapy to reduce the incidence of cardiovascular events in patients with or without coronary artery
disease. Accumulating evidence clearly suggest that statin also induce non-lipid-modifiable action known as pleiotropic
effect which could be responsible for this additional benefits. The most important positive pleiotropic effects of statins are
antiinflammatory, antiproliferative, and antithrombotic effects. Statins are also directly involved in restoring or improving
endothelial function, attenuation vascular remodeling, inhibition of vascular inflammatory response, and perhaps stabilizing
atherosclerotic plaques. In particular, inhibition of Rho and its downstream target, Rho-associated protein kinase (ROCK),
has emerged as the principle mechanisms underlying the pleiotropic effects of statins. Statins have antiatherosclerotic,
antiinflammatory, antioxidant, immunomodulatory and antithrombotic effects. It applies equally to diseases of chronic
inflammation type, as to those, where bone metabolism is disturbed. It is also documented that statins could decrease bone
fracture risk; through bone formation intensification, and. inhibition of bone tissue resorption. Slowing down the
atherosclerosis progression is a very important effect, considering that in rheumatoid arthritis (RA) and in systemic lupus
erythematosus (SLE) we are dealing with premature and rapid progression of atherosclerotic lesions.

Key Words: Ststin, Pleiotropic effects, Cholesterol-lowering therapy, antiinflammatory, antiproliferative, and antithrombotic
effects.

INTRODUCTION

tatins are a group of drugs that inhibit

3-hydroxy-methyl-glutaryl coenzyme A

(HMG-CoA) reductase, the enzyme
responsible for the conversion of HMG-CoA
to mevalonate, the rate-limiting step in denovo
synthesis cholesterol [1]. Therefore statins are
most commonly used drugs in the treatment of
dyslipidemia and prevention of coronary artery
disease [2,3]. Accumulating evidence clearly
suggest that Statins not only inhibit the
biosynthesis of cholesterol but also of
isoprenoid intermediates such as geranyl-
geranyl pyrophosphate (GGPP) and farnesyl
pyrophosphate (FPP) [4].
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GGPP and FPP attachments for the post-
translational modification (isoprenylation) of
several proteins, including the small GTP-
binding proteins Ras, Rac, and Rho. [5]
Isoprenylation is essential for activation and
intracellular transport of proteins crucial for
various  cellular  functions, such as
maintenance of cell shape, motility, factor
secretion, differentiation, and proliferation.
These GTPases link the extra-cellular stimuli
to signaling molecules such as mitogen
activated protein kinases (MAPK) [6].
Therefore, the non-cholesterol effects of
statins involve interrupting the composition of
cell membranes and inhibiting protein
prenylation. Statins are rapidly becoming
frontline therapy for diabetes mellitus,
hypertension, and other known cardiovascular
disease risk factors. Originally, reductions in
cardiovascular disease events and mortality
and overall improved outcomes were
attributed to dramatic reductions in circulating
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serum lipid levels that were mediated by stability,
inhibition of liver 3-hydroxy 3-methyl glutaryl
coenzyme A (HMG-CoA) reductase [7].

favourable coaugulation profile,
prevention of platelet aggregation and
normalizing sympathetic outflow as well as
their antiproliferative and immunosuppressive
properties suggest a new face of statin therapy
which make them very important not only in
the treatment of dyslipidemias but also in CVS
and cerebrovascular diseases. [9, 10]

Statins are also known for their pleiotropic
effects, which are independent of their lipid-
lowering properties [3]. These pleiotropic
properties includes anti inflammatory actions,
improvement of endothelial function by
prevention of LDL oxidation and increasing
nitric oxide bioavailability. [8].Secondary to
incresease expression and activity of anti-
oxidant actions of statin to provide plaque
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Fig 1. The endogenous mevalonate pathway leading to cholesterol biosynthesis [11]

Evidence also suggests that Statins proved to
decrease stroke risk independent of LDL-
cholesterol lowering effect. C-reactive protein
(CRP), a marker of inflammation and are
related to improved clinical outcomes and
unrelated to statin effects on LDL cholesterol
statins improve vascular function better than

non-statin interventions that achieve similar
LDL reductions

Anti Atherosclerotic Effect of Statin

Statins have capacity to decrease global
fibrinolyticactivity of the blood, decrease
activity of PAI-1 and inhibit thrombine
generation. Data regarding influence of statins
on fibrinogen levels are not so convincing.
Statins shown to induce a regression in

Reddy B.V.K. et al

vascular atherosclerosis and a reduction also
decrease the incidence of cardiovascular-
related morbidity and mortality in patients
with and without coronary artery disease [12-
14]. Most of the effects of statins, independent
of their lipid lowering activity have been
correlated with their anti-inflammatory
activity [15]. In addition, pleotropic effects of
statins have also shown to provide therapeutic
beneficial  effects in  various  non-
atherosclerotic diseases, including
fibrosclerotic aortic stenosis, Sudden Cardiac
Death Prevention, Arterial Hypertension Deep
Venous Thrombosis, Alzheimer’s Dementia,
Sclerosis Multiplex, Rheumatic Diseases (RA)
Osteoporosis, Regression Of Left Ventricular
Hypertrophy [16]
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Fig 2. Various Pleiotropic properties of statins [17]

Most of which can result from their capacity
to interfere with mevalonate pathway and
subsequent inhibhition of prenylation of Rho
family GTPases [18-21]. Macrophages are
capable of degrading the extracellular matrix
and, by secreting matrix metalloproteinase
(MMP) which may weaken the fibrous cap and
thus predispose an atheromatous plaque to
rupture. Fluvastatin and simvastatin are shown
to inhibit MMP-9 (gelatinase B) activity and
secretion by macrophages [22]. This effect is
reversed by the addition of mevalonate,
suggesting that it is mediated by HMG CoA
reductase inhibition. Fluvastatin appears to
decrease MMP-1 expression in human
vascular endothelial cells. This effect is also
seen with lovastatin and again is completely
blocked by co-incubation with mevalonate
[23]. Simvastatin has been shown to reduce
macrophage superoxide formation, thereby
decreasing cell oxygen production [24].
Fluvastatin and lovastatin bind to phospholipid
on the surface of LDL and thus prevent
diffusion into the lipoprotein core of free
radicals generated under oxidative stress [25].
In addition atorvastatin and fluvastatin have
also been shown to have direct antioxidant
activity  [25,26]. Statins could directly
upregulate endothelial nitric oxide synthase
(eNOS) expression in vitro [27]. A significant
increase in endothelium-dependent
vasodilation in patients with moderate
hypercholesterolemia has been observed after
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4 weeks of treatment with simvastatin [28].
The neuroprotective effect of statins is absent
in eNOS deficient mice, suggesting that
enhanced eNOS activity by statins is a main
mechanism by which HMGCoA reductase
inhibitors protect against cerebral injury [29].
Several invitro and invivo studies shown that
statin reduce cell surface expression of cell
adhesion molecule ICAM-1, LFA-1, CDl11b,
CD18 and CD49) on monocytes and activated
T cells [30,31]. In addition, statins inhibit cell
surface expression of ICAM-1, VCAM-I,
LFA-1 and CDI18 on activated endothelial
cells [32,33]. Statins also shown to inhibit the
production of pro-inflammatory cytokines
such as IFN-g, TNF-a, IL-lband IL-6 by
mononuclear cells, microglia and astrocytes
[34-36]. In addition, statin shown to reduce
serum levels of TNF-a, IL-6, IL-1 and IL-8 are
lowered in hypercholester-olemic patients.
[37]. Several studies have shown that statins
inhibit the production of MCP-1 (CCL2) in a
variety of cell types and decrease serum levels
of this chemokine and IL-8 (CXCLS) in
hypercholesteremic  patients [37-39]. In
addition treatment with Atorvastatin decrease
spontaneous release of MIP-la (CCL3) and
IL-8 by PBMC is decreased in patients with
coronary artery disease [40]. Various in-vitro
and in-vivo experiment findings suggest that
statins also exert anti-inflammatory via
regulating of the immune system. The first
clinical evidence showing that pravastatin

www.ajprd.com 3



Asian Journal of Pharmaceutical Research and Development Vol.1 (5) Sept.—Oct. 2013: 01-09

significantly decreases in the incidence of
severe acute heart transplantation rejections
[41]. The immunomodulatory properties of
statins could be exerted through interference in
the expression and function of a variety of
immune relevant molecules. Numerous
studies clearly evidencing that statins may
affect the function of the immune and
inflammatory cells, including natural killer
cells, monocytes, macrophages, microglia and
T cells [42, 43]. Statins shown to attenuate the
secretion of pro-inflammatory  cytokine
interleukins (IL-1, 2, 4, 5, 10 and 12),
interferon-y, and tumor necrosis factor-o(TNF-
a), decrease the activity of cyclooxygenase-2
(COX-2), thromboxanes A2, and
thromboxanes B2 [2]. Simvastatin, lovastatin,
atorvastatin and pravastatin were found to
inhibit particularly IFN-g-induced expression
of MHC-II molecules on endothelial cells,
macrophages and microglia [44, 45]. In
addition, they were also found to inhibit
constitutive MHC-II expression on B
lymphocytes and MHC-II expression by
activated T lymphocytes and microglia
[30,11,46,47]

In a pilot short-term comparative (simvastatin
versus chloroquine) open clinical trial in 15
patients with rheumatoid arthritis shown that
90% of the patients who received simvastatin
(40 mg/day) showed better response after 8
weeks, as compared to to chloroquine
therefore statin are being suggested as
alternative therapeutic agent for the treatment
of RA [48]. Clinical studies also demonstrate
that low-dosage simvastatin significantly
reduce blood Th1/Th2 and CD4/CDS ratios in
RA [49]. Additional evidence that statins may
have an anti-inflammatory effect is provided
by a randomized trial that found that patients
with rheumatoid arthritis experienced clinical
improvement, reduced CRP levels and lower
erythrocyte sedimentation rates when treated
with atorvastatin compared with placebo [50].
In vitro studies have shown that statins inhibit
protein prenylation on T-cells, and the receptor
activator of nuclear factor kappa B ligand,
known as RANKL, and tumor necrosis factor
o (TNF-o) stimulateddifferentiation  of
progenitor cells into osteoclasts, resulting in a
dramatic impairment in the pathways regulated
by small GTPases [51,52].
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Fig 3: Anti-inflammatory actions of statins [53]

The direct anti-inflammatory effect of
simvastatin (3-10 mg/kg p.o ) has been

demonstrated using an established model of
acute inflammation 1i.e carrageenan-induced
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foot pad edema in rat [54]. also a study has
shown that atorvastatin (30 mg/kg for 14 days)
could delay the progression of established
autoimmune  disease in the NZB/W
spontaneous murine model of SLE [46].
Treatment with atorvastatin resulted in a
significant ~ reduction in  anti-dsDNA
antibodies,  proteinuria, = glomerular Ig
deposition and glomerular hypertrophy. These
effects were along by a significantly reduced
expression of major histocompatibility
complex (MHC)II and CD86/80onB-
lymphocytes and consequently autoreactive T-
cell proliferation was profoundly impaired.
[55] Several studies have demonstrated anti-
inflammatory effects of atorvastatin in
normoglycemic animal models and cell culture
studies [56]. Moreover, atorvastatin has been
shown to reduce in vitro levels of circulating
soluble ICAM-1 and VCAM-1[57].
Atorvastatin sufficiently reduce inflammatory
response due to diabetes mellitus despite of
hyper-glycemia and hyperlipidemia resulting
in improved vascular function indexed by
enhanced endothelial-dependent  vasodila-
tationin ~ vivo. Taken together, NF-xB
activation due to reactive oxygen species
generation [58] is involved in the induction of
vascular inflammatory responses including
enhanced cytokines and cellular adhesion
molecules expression [59] consequently
resulting in endothelial dysfunction [60] which
was mitigated by low-dose atorvastatin
treatment. Treatment with atorvastatin at a low
dose in severe diabetic conditions shown to

anti-oxidative and anti-inflammatory effects
including a reduced activity of the ERK1/2-
NFxB-pathway, contributing to vascular
protection despite unchanged levels of
hyperglycemia and hyperlipidemia [61].

Statins have been shown to reduce NAD(P)H-
dependent superoxide formation by a
monocyte-derived cell line in culture [62].
Experiments with human endothelial cells
have shown that statin treatment can inhibit ox
LDL-induced NADPH oxidase expression and
superoxide anion formation [63]. Atorvastatin
also suppressed reactive oxygen species
generation due to under diabetic conditions
despite of hyperglycemia and hyperlipidemia
in-vivo. Atorvastatin treatment of diabetic rats
leads also to a reduction of NF-kB expression
and ERKI1/2 phosphorylation. This is in
agreement with others who showed that statins
reduces NF-«B under normoglycemic
conditions in animal models of left ventricular
hypertrophy and myocardial infarction as well
as in cell culture [64]. Despite extensive
research on molecular mechanisms of statins,
little is known about the interactions of these
drugs with intracellular signalling
transduction, including MAPKSs. On the other
hand, fluvastatin treatment (6 mg/kg) of
hypercholesterolemic rats reduced the number
of leukocytes that adhered to postcapillary
venules in response to platelet activating factor
or leukotriene B4 [65] and rosuvastatin (0.5—
1.25 mg/kg) attenuates thrombin induced
leukocyte rolling, adhesion and transmigration
[66].

Table 1: Pharmacodynamic and chemical Characteristics of statins [16]

Atorvastatin Lovastatin Pravastatin Simvastatin Fluvastatin Rosuvastatin
Dose range (mg/dL) 10-80 10-80 10-80 20-80 5-40
Maximal LDL-C | 60 40 47 24 55
reduction (%)
Serum triglyceride | 29 16 18 10 43
reduction (%)
Serum HDL-C | 6 8.6 12 8 9,2
increased (%)
Penetration to CNS No Yes Yes No No
Renal excretion (%) 2 10 13 <6 10
Mechanism of hepatic | Cytochrome Cytochrome Cytochrome Cytochrome Cytochrome
metabolism p-4503A4 p-450 3A4 p-450 3A4 p-4502C9 p-4502C9
Hydro/lipophilic lipophilic Lipophilic hydrophilic lipophilic lipophilic Hydrophilic
properties
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Atorvastatin has earlier been shown to inhibit
edema formation, neutrophil influx, releaseof
his-tamine and inflammatory cytokines and to
ameliorate pathological changes in arthritic
joints  [67,68-70].  Statins, other than
atorvastatin, have also been shown to be
effective in reducing the disease severity,
levels of cytokines and chemokines and
inhibiting bone destruction [71-73]. The
beneficial effects of statins in arthritis could be
attributed to their ability to inhibit HMG-CoA
reductase enzyme. By inhibiting this enzyme,
statins not only inhibit cholesterol synthesis
but also inhibit the synthesis of isoprenoid
intermediates that control various
inflammatory pathways [74].

Ameliorative Effect of Statin on Diabetic
Complications

Statins have been shown to affect the
expression, secretion and function of a variety
of immune mediators, resulting in the
modulation of both adaptive and innate
immune functions. Therefore, statins have
been considered as a treatment for various
inflammatory  diseases. A single
epidemiological ~ study  addressing the
relationship between neuropathy and statin
therapy suggests a protective effect of both
statin and fibrate use against the development
of diabetic peripheral sensory neuropathy [75].
The effects of statin therapy on diabetic
neuropathy are based mainly on limited animal
data. Rosuvastatin treatment has shown to
improved nerve conduction velocities and
hypoalgesic response to thermal stimulus
possibly via decreasing superoxide and
nitrotyrosine levels and also decreasing free
fatty acids in zucker rats with metabolic
syndrome. [76]. Rosuvastatin has shown to
improve the recovery of sciatic nerve function
and vasa nervorum through increase of
neuronal nitric oxide synthase expression.
Since, co administration of a specific nitric
oxide synthase inhibitor with rosuvastatin
attenuated  the  beneficial effects of
rosuvastatin, but these observed effect are
independent of lipid lowering effect [77] . In
vitro expression studies demonstrated that
rosuvastatin inhibited down-regulation of

Vol.1 (5) Sept.-Oct. 2013: 01-09

have also been demonstrated to promote the
neovascularization of ischemic tissue in
normocholesterolemic animals by increasing
further functional activity of endothelial
progenitor cells [78]. However, diabetic
angiopathy that can be in both micro-vessel
(such as vasonervorum) and macro-vessels
(small-middle diameter arteriesand arterioles),
can result in an impairment of tissue functions
by leading to ischemia [79,80]. Statins, in this
case, may be effective for the prevention of
development of diabetic foot ulceration (DFU)
as well as for the treatment of DFU via
increased oxygenation and nourishment of
tissues by increasing perfusion.

CONCLUSION

Statins have the same mode of action via
inhibition of HMG-CoA reductase activity but
differ between each other in the extent of this
inhibition, which leads to different levels of
LDL cholesterol lowering. Due to this fact, not
only cholesterol synthesis inhibited is but also
formation  of  inflammatory  proteins,
substances associated with smooth muscle
cells proliferation and endogenous synthesis of
coenzyme QI10. As the list of pleiotropic
effects effects of statins is expanding rapidly,
it_will become essential to establish their
relative biological significance and clinical
relevance. LDL cholesterol indubitably
represents a modifiable key risk factor for
atherosclerosis, and lowering LDL-C blood
levels certainly diminishes cardiovascular risk
in the long term. The current flurry of interest
in the socalled pleiotropic effects of statins
should in no way deter practitioners from
aggressive management of dyslipidemia, a
long established risk factor, as mandated by
current guidelines. Nevertheless, it will be
important to take action on the new indications
which have emerged from consideration of
possible pleiotropic effects. Further study of
pleiotropic functions of statins may provide
insights into the biology of atherosclerosis and
other diseases including osteoporosis,
rheumatoid  arthritis, connective  tissue
diseases, etc. that could yield benefits in terms
of targeting and developing novel strategies
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