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ABSTRACT 
Statins are most effective pharmacological agents to decrease total plasma cholesterol level by 
competitive inhibition of hydroxyl methyl glutaryl Coenzyme A (HMG-CoA) reductase. Apart from the well-
known Low density lipoprotein (LDL)-and cholesterol-lowering effect, statins have been postulated to 
exert other beneficial effects called pleotropic effects. Better understanding of various pleotropic effects of 
statins has prompted a new surge of interest in their use to treat or prevent a wide range of chronic and 
life-threatening disorders. Their effectiveness in treating these disorders suggests that the benefits of 
statins may not be limited to its cholesterol-lowering effect. Although the clinical implication of this 
beneficial non-lipid effect seems promising, yet properly-designed, large multicentre, prospective, control 
trials are needed to validate the use of statins for indication other than primary and secondary prevention 
of vascular disease. 

Keywords: Statins, Hydroxyl methyl glutaryl Coenzyme A (HMG-Co A) reductase, Pleotropic effect, 
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Statins are structurally similar to hydroxyl methyl 
glutaryl Coenzyme A (HMG-CoA), a precursor of 
cholesterol HMG-CoA reductase which regulates the 
rate-limiting step in the synthesis of cholesterol. They 
are most efficient agent for reducing plasma cholesterol 
by competitively-inhibiting the principle enzyme 
involved [ 1]. Regulation of plasma cholesterol lowers 
the risk of cardiovascular events in both primary and 
secondary preventions levels. Mevallonic acid, the 
product of HMG-CoA reductase is not only the 
substrate for cholesterol synthesis but it is also the 
precursor of isoprenoids and other metabolites involved 
in different cellular pathway of atherogenesis and 
thrombosis [ 2]. As a consequence, statins have the 
potential to elicit in pleotropic effect, which are 
independent of cholesterol reduction and may explain 
many of the direct anti-atherosclerotic and anti-
thrombotic properties of these compounds. They are 
involved in maintenance of endothelial function, 
increased tissue antioxidant capacity, and inhibition of 
smooth muscle cells proliferation and inflammation, 
increased stability of atherosclerotic plaques, restoration 
of platelet activity and coagulation process. Statins also 
inhibit tumor cell growth and enhance intracellular 
calcium mobilation. Recently, it was reported that satins 

have anti-inflammatory and immunomodulatory role 
and may be relevant for treatment of atherosclorosis. 
Statins are classified in various ways on the basis of 
their sources, metabolic pathways, physiochemical 
properties and specific activity [ 3,  4].  

MECHANISMS FOR THE ACTION OF STATINS 

(i) Mechanisms involving lipids 

Statins target hepatocytes and inhibit HMG-CoA 
reductase, the enzyme that converts HMG-CoA into 
mevalonic acid, a cholesterol precursor. The statins not 
only compete with the normal substrate in the enzymes 
active site but also alter the conformation of the enzyme 
when they bind to its active site and prevent HMG-CoA 
reductase from attaining a functional structure. The 
change in conformation at the active site makes these 
drugs very effective and specific. Binding of statins to 
HMG-CoA reductase is reversible, and their affinity for 
the enzyme is in the nanomolar range, as compared to 
the natural substrate that has micromolar affinity [ 5]. 
The inhibition of HMG-CoA reductase determines the 
reduction of intracellular cholesterol by inducing the 
activation of protease, which sequentially cleaves the  
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sterol regulatory element binding proteins (SREBPs) 
from the endoplasmic reticulum. SREBPs are 
translocated at the level of the nucleus, where they 
increase the gene expression for LDL receptor. The 
reduction of cholesterol in hepatocytes leads to the 
increase of hepatic LDL receptor that determines the  
reduction of circulating LDL and of its precursors 
(intermediate density - IDL and very low density- 
VLDL lipoproteins) [ 6]. Statins inhibit hepatic synthesis 
of apolipoprotein B-100, determining a reduction of the 
synthesis and secretion of triglyceride-rich lipoproteins 
[ 7]. 

(ii) Mechanisms involving intracellular signaling 
pathways (non-lipid pleotropic effect) 

As shown in Fig 1, a variety of proteins have 
covalently attached isoprenoid groups, mainly the C15 
farnesyl and C20 geranylgeranyl residues. Many 
prenylated proteins are associated with intracellular 
membranes and mutating their Cys prenylation sites 
blocks their membrane localization. The hydrophobic 
prenyl group can act to anchor its attached protein to a 
membrane. Prenylated proteins may interact with 
specific membrane - bound receptor proteins and hence 
prenylation also mediates protein – protein interactions 
[ 8]. 

The complex process of cell signaling is very 
important for intercellular communication. Extracellular 
signaling molecules, which are water-soluble and have 
high molecular weight, need to bind to specific 
receptors on the cell surface, which transduce the 
extracellular signals into the cell by intracellular 

signaling pathways (cascades). Many intracellular 
signaling molecules are prenylated proteins. The 
specific receptors on the cell surface are associated with 
trimeric G protein, or have Ser/Thr/Tyr kinases 
activities. The trimeric G protein has a 
geranylgeranylated subunit (gamma), allowing this 
signaling protein to be inserted in the cell membrane 
near specific membrane receptors and to receive 
extracellular signals, which are then transferred to the 
secondary signaling molecules in the cell. Another 
important class of prenylated signaling molecules is the 
components of Ras family, which are farnesylated and 
intermediate the Ser/Thr/Tyr kinases activities of 
membrane receptors from the cell surface.  

 
Fig 1. Generalized scheme depicting isoprenoid metabolism to a 
geranylgeranyl-conjugated Rho GTP-binding in cellular signal 
transduction. Both mevalonic acid and geranylgeranyl-PP are reported 
to compensate for statin effects on cells, whereas cholesterol is non-
compensatory (see text). 

The mevalonate pathway yields a series of 
isoprenoids, which are vital for diverse cellular 
functions. These isoprenoids include: isopentenyl 
adenosine, present in some types of transfer RNA, 
dolichols required for glycoprotein synthesis, and poly-
isoprenoid side chains of ubiquinone and hemeA, 
involved in electron transport [ 9]. 

ROLES OF STATINS 

(i) Pleotropic effect and cardiovascular effects 

Due to the non lipid-pleotropic effects, statins have 
wide range of applicability in different therapies which 
are as follows (Table 1) [ 10]; 

1. Statins as anti-inflammatory drugs and 
immunomodulatory drugs 

Statins may interfere directly with several key 
mechanisms of the inflammatory response in all the 
steps of atherogenesis involving different cellular 
elements like: endothelial cells (ECs), smooth muscle 
cells (SMCs), macrophages, and lymphocytes [ 11]. 

a. Statins modulate the fuction of monocytes 
i.e.chemotaxis 

The early step in atherogenesis involves monocyte 
adhesion to the endothelium that owing to various 
stimuli (turbulence, dyslipidemia, toxins, and so forth) 
acquires activated phenotype. The interaction of the 
monocytic surface receptor with activated endothelium 
provides adhesion and migration of monocytes across it. 
Monocytes that infiltrate this lesion generate 
chemotactic stimuli and attract other leukocytes to the 
same site, provocate inflammatory reaction through all 
phases of atheroma development. The spectrum of 
immunomodulatory properties of these drugs related to 
monocyte function includes effect on expression of 
surface proteins and adhesiveness, adhesive interaction 
between monocytes and vascular wall, and proliferation 
and differentiation. 

The mechanism that is responsible for the increased 
adhesion of monocytes in patients with 
hypercholesterolemia has been attributed to abnormal 
monocyte function with respect to eicosanoid 
metabolism and superoxide anion production [ 12]. 
Certain statins, i e. lovastatin [ 13], pravastatin [ 14],  
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simvastatin [ 15] have an inhibitory effect on superoxide 
anion formation and subsequent LDL oxidation in 
activated monocytes [ 16]. The influence of statins on 
the differentiation of monocytes was shown by Weber et 
al in 1995 [ 17]. They reported that lovastatin increased 
surface protein expression of CD14 and CD11b in 
human monocytic Mono Mac 6 cells, enhanced 
adhesiveness to human umbilical vein endothelial cells 
and retarded the growth and proliferation.  

b. Statin preserve the endothelial function 

Endothelial dysfunction represents an early event in 
the initiation of atherosclerotic lesion, induced by 
hypercholesterolemia. Nitric oxide (NO) regulates the 
anti-atherosclerotic function of the endothelium [ 18]. 
Hypercholesterolemia reduces the capacity of 
endothelial cells to produce NO, probably due to the 
reduced availability of L-arginine, the physiologic 
substrate of NO synthase, and determines an increased 
degradation of NO. Cholesterol reduction by statins 
leads to a significant increase of the endothelial 
function. The effect of statins on the endothelial 
function can be partially independent of the reduction of 
the lipid level. Simvastatin, as well as lovastatin, induce 
the transcriptional activation of eNOS gene in human 
endothelial cells in vitro [ 19]. Activation of eNOS by 
statins takes place post-translationally and is prevented 
by isoprenoid derivatives, mevalonate and 
geranylgeraniol. The endothelial function was increased 
in primates treated with pravastatin, without the 
reduction of LDL cholesterol. 

c. Impact of statins on vascular smooth muscle 
cells (SMCs) and plaque stability. 

The accumulation of SMCs in the intima is an early 
feature of atherosclerosis that results from a 
combination of migration from the media, proliferation 
and eventual death, including apoptosis. The data 
regarding the influence of statins on these processes, 
and collagen production by SMCs are much more 
controversial. First and foremost, it has been proved that 
HMG-CoA reductase inhibitors may alter SMCs 
proliferation and migration [ 20- 22], although their 
effects were distinct and associated with hydrophilic-
lipophilic properties. There is evidence of decreased in 
vitro SMCs proliferation after exposure to serum from 
patients treated with lipophilic statin–fluvastatin, but not 
with hydrophilic paravastatin. 

The ability of statins to suppress the increased 
oxidative stress and related SMCs migration has been 
considered an additional basis for anti-atherosclerotic 
therapy. Indeed, lipophilic compounds such as 
simvastatin and fluvastatin exhibited greatest impact on 
SMC oxidative stress and migration than hydrophilic 
pravastatin did. 

d. The suppression effect of statins on different T-
cell function  

T-cells are prominent components of both early and 
late atherosclerotic lesions and the role of Th1/Th2 cells 

subsets in the evolution and rupture of the plaque is 
currently under investigation. Suppression of lymphoid 
cell function in vitro such as proliferation or natural 
killer cell activity by compactin, lovastatin and 
simvastatin has been reported [ 23- 25]. 
e. Effect of statins on macrophages 

The other important cells accumulating in 
atherosclerotic plaque are macrophages that are 
involved in all the phases of atherosclerosis from 
initiation through progression and finally plaque rupture 
and thrombosis. Several works have demonstrated that 
macrophages proliferate in human and 
hypercholesterolemic rabbit atheroma [ 26]. Survival 
factors such as macrophage-colony stimulating factor 
(M-CSF) and granulocyte macrophage-colony 
stimulating factor (GM-CSF) induce macrophage 
proliferation in vitro [ 27,  28] and ox-LDL enhances 
their action [ 29]. This macrophage proliferation may 
contribute to formation of the macrophage rich 
vulnerable atheroma. 

2. Statins as antioxidant 

At least 4 mechanisms were proposed to explain 
statins antioxidant properties [ 30]. 

(a) The hypocholesterolemic effect, resulting in 
reduced lipoprotein cholesterol, and thus, reduced level 
of oxidation substrate; 

(b) The decrease of cell oxygen production, by 
inhibiting the generation of superoxide by macrophages. 
Recently, it was demonstrated that statins could 
attenuate the formation of superoxide anion in 
endothelial cells, by preventing the prenylation of p21 
Rac protein [ 31]. Statins can also prevent LDL 
oxidation by preserving the activity of the endogenous 
antioxidant system, like superoxide dismutase [ 32]. 

(c) The binding of statins to phospholipids on 
the surface of lipoproteins (fluvastatin and lovastatin 
bind to LDL phospholipids) preventing the diffusion 
towards the lipoprotein core of free radicals generated 
during oxidative stress; 

(d) The potent antioxidative potential of the 
statin metabolites (i.e. atorvastatin and fluvastatin 
metabolites) also results in protection of lipoproteins 
from oxidation [ 33]. 

3. Statins as antithrombotic agent (Fig 2) 

a. Effects on the stability of the atherosclerotic 
plaque 

Coronary events are the result of unstable 
atherosclerotic lesion rupture and thrombus formation 
[ 34]. The plaque instability, manifested as an ulceration 
of the fibrous cap, the rupture of the plaque and internal 
hemorrhage, are characteristics of the plaques with 
numerous lipid deposits and macrophages in the cap. 
Recently, it was demonstrated that statins (fluvastatin, 
simvastatin) can inhibit the gelatinolytic activity of 
metalloproteases, as well as their secretion by human 
macrophages in culture [ 35]. Angiographic studies 
showed that statins reduce the progression and induce 
the regression of coronary atherosclerosis, reduce the  
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formation of new lesions and the incidence of coronary 
events [ 36]. Computer tomography provided evidence 
of the reduction in the volume of coronary calcified 
plaques after 12 months of statin treatment. It was 
concluded that alterations in the composition of lesions 
confers an increased stability. 

b. Effects on platelet activation 

Hypercholesterolemia is associated with 
hypercoagulability, as well as with increased platelet 
activation. An increased level of LDL determines 
increased platelets reactivity, associated with an 
increased thromboxane A2 biosynthesis. Recently, a 
new mechanism was elucidated where by platelet 
activity is increased in hypercholesterolemia due to 
LDL inhibiting the platelet antiport Na+/H+ [ 37]. In 
addition, platelet dependent thrombin generation is 
increased in hypercholesterolemic subjects, and 
pravastatin treatment determines a restoration of 
thrombin formation. Statin therapy was accompanied by 
a reduction of platelet aggregation induced by ADP, 
collagen or fibrinogen, as well as of thromboxane 
production, in parallel with LDL cholesterol reduction. 

c. Effects on the coagulation process 

Primary and secondary prevention studies 
demonstrate that statin therapy reduces significantly 
thrombus formation. Recently, a link between the 
enhancement of endothelial fibrinolytic system and the 
inhibition of mevalonate pathway was reported [ 38]. 
The tissue factor plays an important role in the initiation 
of the extrinsic coagulation pathway and it was 
localized in lipid-loaded macrophages from 
atherosclerotic plaque. Recently, Colli et al [ 39] have 
shown that lipophilic statins (simvastatin and 
fluvastatin) reduce the expression and activity of the 
tissue factor in human monocyte-derived macrophages 
in culture, effect prevented by the addition of 
mevalonate and transgeranylgeraniol. 

4. Statins as antiarrhythmic therapy 

 
Fig 2. A composite of isoprenoid-conjugated proteins and cellular 
thrombin generating pathways. The statin-induced shift is shown from 
favoring thrombotic to thrombolytic processes (Figure courtesy of 
John W. Fenton, II). 

Recently, it has been proposed that statins reduce the 
incidence of arrhythmias in patients with atherosclerotic 
heart disease. They reduce the ventricular tachycardia/ 
ventricular fibrillation (VT/VF) [ 40]. In addition, lipid-
lowering therapy was associated with significant 
reduction in both cardiac mortality and all-cause death 
in larger cohort of patients treated with antiarrhythmic 
drug therapy. Recent study [ 41] suggests that the anti-
inflammatory effect of statins can reduce the recurrence 
of atrial fibrillation. The beneficial effect of statin 
therapy in preventing AF may be mediated through its 
effect on the progression of coronary artery disease 
CAD [ 42]. Also, in addition to this indirect 
antiarrhythmic effect statins may exhibit direct 
antiarrhythmic effects by modulating the fatty acid 
composition in physio-chemical properties of cell 
membranes, with resultant alterations in transmembrane 
ion channel properties [ 43,  44]. Moreover statins have 
multiple pleotropic effects (independent of lipid 
lowering). They decrease the messenger ribonucleic 
acid (mRNA) levels for interleukin-8, monocyte, and 
chemo attractant protein-1, plasminogen activator 
inhibitor-1 and endothelin-1. They increase the levels of 
thrombomodulin, an endothelial nitric oxide synthases 
(eNOS) [ 45]. Statins also act on G-proteins. This leads 
to reduced eNOS and mRNA degradation and higher 
eNOS protein levels and their activity. In addition, by 
scavenging free radicals and reactive oxygen species 
statins prevent nitric oxide degradation and preserve 
endothelial function. All these mechanisms result in 
improved endothelial function leading to coronary 
vasodilatation, increased coronary blood flow and less 
myocardial ischemia with reduced likelihood of AF. 

5. Statin and peripheral arterial disease (PAD) 

According to a recent randomized, double blind 
parallel-design study [ 46], atorvastatin achieved greater 
improvement in pain-free walking time and 
participation in physical activity in patient with 
intermittent claudication than did inactive placebo. The 
beneficial effects of statin in PAD may be attributed to 
increased production of nitric oxide in the endothelium, 
which has local vasodilator propertities in addition to 
antithrombogenic, antiproliferative, and leukocyte 
adhesion-inhibiting effect [ 47,  48]. Other mechanism by 
which statin favorably influence lower limb ischemia 
include enhancement of endothelium-dependent 
relaxation, and inhibition of platelet function [ 49] and 

endothelin-1 which is a potent vasoconstrictor and 
mitogen [ 50]. Reduction of vascular inflammation may 
be an additional mechanism by which statin are 
associated with better functioning in patient with PAD. 
Statin-associated reduction of inflammatory cytokines 
could improve blood flow, regress atherosclerosis, or 
improve end-organ fuction [ 51]. 

6. Statin and Non-ischemic cardiomyopathy 

The anti-inflammatory properties of statin may 
confer greater benefit than just reducing the risk of AF.  
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The result of a recently-published randomized 
controlled trial by Node et al. [ 52] suggest that the anti-
inflammatory effect of statin result in improved 
neurohormonal imbalance and cardiac function and may 
benefits patient with symptomatic non-ischaemic dilated 
cardiomyopathy. Investigator reported that there were 
positive correlation between change in ejection fraction 
and reduction in circulating inflammatory cytokines, 
suggesting that statin may improve cardiac function in 
part by modulating the inflammation state.  

(ii) Pleotropic effect and other disease state.  

1. Statins and Neuro inflammatory Disorders 

Statins have beneficial effects in patients with 
multiple sclerosis. Recent studies indicate that statins 
have immunomodulatory properties. Statins decrease 
the migration of leucocytes into the central nervous 
system, inhibit major histocompatibility complex II and 
co-stimulatory signals required for activation of 
proinflammatory cells, induce a TH2 phenotype 
investigated in T cells and decrease the expression of 
inflammatory mediators in the central nervous system, 
including nitric oxide and tumor necrosis factor alpha. 
These immuno-modulatory effects can either inhibit or 
reverse chronic and relapsing experimental autoimmune 
encephalomyelitis, a model of multiple sclerosis [ 53]. 
Data from epidemiological trials indicate that statins 
may have some protective effect against the 
development of Alzheimer’s disease as well. 

2. Statins and psychological well being 

Two recent studies have associated long-term use of 
statin with reduced risk of depression in-patient with 
coronary artery disease [ 54]. Young and collogues 
hypothesize that the penetration of the blood brain 
barrier by the lipophilic statins accounts for most of the 
observed impact on psychological well being. The 
investigators observed that use of statin was inversely 
associated with depression but such an association was 
not likely to be directly casual because there is no 
known pharmacological mechanism for this effect. 
However, they suggested that a possible explanation 
could be an indirect effect of statins on the risk of 
depression through improved quality of life due to 
increased incidence of cardiovascular events or more 
health consciousness and compliance among patients 
having longer lipid treatment. 

3. Statins and cancer  

Statins have been shown to inhibit proliferation and 
to induce apoptosis in a variety of tumor cells [ 55- 57]. 
They have also been found to display antitumor effects 
against melanoma, mammarycarcinoma, 
pancreaticadenocarcinoma, fibrosarcoma, glioma, 
neuroblastoma, and lymphoma in animal tumor models 
resulting in retardation of tumor growth, and/or 
inhibition of the metastatic process. 

The molecular mechanisms underlying antitumor 
activity statins have not been fully elucidated but 
interference with the function of Ras and Rho family 

GTPases, inhibition of the activity of certain cyclic 
dependent kinases (CDK), and activation of CDK 
inhibitors, all seem to participate in this activity. The 
fact that mevalonate plays a key role in cell proliferation 
and that many malignant cells present an increased 
HMG-CoA reductase activity, suggests that a selective 
inhibition of this enzyme could lead to a new 
chemotherapy for cancer disease. Results obtained in 
vitro have shown that statins can inhibit tumor cell 
growth, a fact confirmed by some in vivo experiments 
also. The obtained reduction of sterols synthesis by 
statins, suggests that inhibition of tumor cell growth can 
be related to the reduction of nonsteroidal isoprenoid 
compounds. 

Future directions in the development of the statins as 
an anticancer agents include combinations with 
chemotherapeutic or other molecular –targeted agents, 
combinations with radiotherapy, maintenance therapy in 
minimal disease status, and as chemo preventive 
therapy. 

4. Statins and osteoporosis 

Statins have been linked to a reduction in the 
incidence of fractures in elderly patients [ 58, 59]. After 
adjusting for multiple factors, such as age, body mass 
index, and estrogen use among statin users in each of 
the four prospective studies, a trend toward fewer hip 
and non-spine fractures was observed. Similar 
reductions in risk were reported in the Meta analysis of 
observational studies; statin use was associated with an 
estimated 57% reduction in hip fracture, and an 
estimated 31% reduction in non-spine fracture. 

Recent experimental evidence supports a role for 
mevalonate pathway in murine and rabbit osteoclast 
formation and bone resorption. Lovastatin inhibited 
both processes. In addition, it was demonstrated in vitro 
and in vivo in rodents, that statins enhance new bone 
formation. Statins administration is associated with a 
decrease of bone fracture risk in subjects over 50 years, 
probably because of the increase of the mineral density 
of the bones. Thus, subjects with hyperlipidemia known 
to present increased risk for osteoporosis (mostly post-
menopausal women) could benefit from statin therapy. 

5. Statins and age-related maculopathy 

Age-related maculopathy (ARM) is the leading 
cause of irreversible vision loss among older adults in 
the western world. Based on the presence of similar risk 
factors, some suggest that the pathophysiologies of 
ARM and cardiovascular disease have similar casual 
pathways and therefore, both groups of patients may 
benefit from the same drug treatment. Results suggest 
that statin use is associated with a significant size 
reduction of ARM [ 60]. 

ADVERSE EFFECTS OF STATIN THERAPY 
Statins are generally well tolerated. The most 

important adverse effects are liver and muscle toxicity. 
Myopathy can happen if inhibitors of cytochrome P450 
or other inhibitors of statins metabolism are 
administered together with statins, which increase blood 
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concentration of statins. Such are the azole antifungal. 
Fibrates and niacin enhance myopathy risk of statins by  

a mechanism not involving the increased statins 

blood concentration. Other risk factors are hepatic 
dysfunction, renal insufficiency, hypothyroidism, 
advanced age and serious infections. 

Table 1. Important pleiotropic effects of various statins and cardiovascular implications 

Effect Mechanism of action Change Statins Type of Study Implications Reference 

↓ cerivastatin C [ 67] 
↓ Pravastatin C [ 68] C-Reactive Protein 
↓ Fluvastatin C 

Used in CAD, ACS, PCI 
[ 69] 

↓ Fluvastatin C, E [ 70,  71] 
↓ Fluvastatin I [ 72] 
↓ Pravastatin I [ 73] MCP-I 

↓ Lovastatin I [ 74] 
Growth and proliferation of 
macrophages ↓ Cerivastatin E, I 

Prevents chemotaxis 

[ 75,  76] 

↓ Pravastatin E [ 77] 
↑ Fluvastatin E [ 77] 
↑ Simvastatin I [ 78,  79] 
↑ Lovastatin I [ 79] 
↑ Atorvastain I [ 79] 

Apoptosis 

↑ Pravastatin E 

Retard hyperplasia and 
restenosis, thereby pro-
duces plaque stability 

initially 
[ 77] 

↓ Pravastatin E [ 77] Collagen gene expression and 
synthesis of collagen  Fluvastatin E Plaque stability later [ 77] 

↓ Lovastatin I [ 80] m-RNA cyclooxygenase-2 
↓ Simvastatin I 

Reduces vascular in-
flammation [ 80] 

Anti- inflammatory 
effect 

Monocyte infilteration and V-
CAM-1 ↓ Cerivastatin E, I Prevents chemo taxis [ 101,  102] 

T-cell proliferation ↓ Lovastatin I [ 81] 
↓ Simvastatin I [ 82] Expression of MHC II 
↓ Provastatin I [ 82] 
↓ Atorvastain I [ 83] 
↓ Lovastatin I [ 83] 
↓ Pravastatin I [ 83] 

Antigen presenting cell and T-
cell activation 

↓ Pravastatin I [ 84] 
TNF- ↓ Pravastatin I [ 84] 
Interleukin –1 ↓ Simvastatin I [ 85] 
IL-8 ↓ Simvastatin C [ 86] 
IL-6 ↓ Lovastatin I [ 80] 
PPAR and ↓ Simvastatin I 

Reduces vascular 
inflammation &anti 
rejective role & anti 

proliferative role 

[ 80] 

Immuno- 
modulatory 

Isoprenylation of Ras and Rho 
genes ↓ Pravastatin C 

Vascular antiproliferation 
in transport associated 

artereo sclerosis 
[ 89] 

Isoprenylation of Ras and Rho 
genes ↓ Atorvastain I, E [ 87,  88] 

↑ Simvastatin E [ 90] Activation of eNOS through 
proteinkinase ↑ Rosuvastatin E [ 64] 

Endothelial 
dysfunction 
improvement, 
increased NO 
bioavailability Aortic caveolin-I protein an 

inhibitor of  NOS ↓ Rosuvastatin E 

Cardiovascular 
hemostasis vasodialation 

and anti proliferative 
[ 63] 

Bioavailability of NO, which can 
antagonize vasoconstrictive 
properties of ROS 

↑ Simvastatin E [ 91] 

Lipid peroxidation and ROS 
production ↓ Simvastatin C [ 93] 

Antioxidant  
action 

Myeloperoxidase derived ROS ↓ Atorvastatin C 

Reduces cardiovascular 
oxidative stress 

[ 61] 
↑ Fluvastatin I [ 66] Scavenge superoxide free radical 
↑ Simvastatin I [ 92] 
↓ Fluvastatin I [ 66] NAD (P) H oxidase 
↓ Simvastatin I [ 92] 
↓ Fluvastatin I [ 66] 

↓ LDL oxidation 

Inflamation cascade 
↓ Simvastatin I 

Antiatherogenic effect 

[ 92] 
↑ Cerivastatin I, E [ 62,  94] Matrix metalloproteinases 

(MMP-9) ↑ Pravastatin I [ 95] 
Cholestrol ester content ↑ Pravastatin I [ 95] 
Volume of collagen contents ↑ Pravastatin I [ 95] 
Monoocyte infiltaration in artery 
wall ↑ Atorvastatin E [ 96] 

↑ Pravastatin E [ 77] 
↑ Fluvastatin E [ 77] 
↑ Simvastatin I [ 78,  79] 
↑ Lovastatin I [ 79] 

Plaque stability 

Apoptosis 

↑ Atorvastatin I 

Useful in ACS, MI, and 
UA 

[ 79] 
        [
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CONCLUSION 

Inhibitors of 3-hydroxy-3-methyl glytaryl coenzyme 
A reductase or statins are effective lipid-lowering drugs, 
which are widely used in clinical practice. In recent 
years, considerable data have accumulated regarding 
their pleotropic effect particularly as an anti-
inflammatory and immunomodulatory therapy. Review 
of the literature allows us to conclude that statin owing 
to their influence on cellular metabolism may interfere 
directly with several key mechanisms for various 
pharmacological activities. Accumulating knowledge in 
the action of these drugs may broaden the application of 
statin to the treatment of non-cardiovascular disease. 
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