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ABSTRACT 

 

Fibrates, the synthetic agonists of the peroxisome proliferator 

activated receptor-α (PPAR-α), are known to be conventional, 

effective and well-tolerated agents in the management of 

dyslipidemias. At the molecular level, fibrates bind to PPAR-α and 

increase the expression of genes that are involved in fatty acid 

uptake (fatty acid binding protein, FABP), β-oxidation (acyl-CoA 

oxidase, ACOX) and ω-oxidation (cytochrome P450). The key actions 

of fibrates include reduction in elevated triglyceride (TG) and low-

density lipoprotein (LDL) levels and consequent rise in high density 

lipoprotein (HDL) cholesterol concentrations. Moreover, the shifting 

of dense LDL to larger more buoyant particles is encouraged by 

fibrates which makes them less susceptible to oxidation and possess 

higher binding affinity for removal by the non-atherogenic LDL 

receptor pathway. The present review article highlights about the 

mechanism of action of fibrates in the management of 

dyslipidemias. Moreover, the pleiotropic effects of fibrates have also 

been discussed.  
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INTRODUCTION  

Coronary heart disease (CHD) is the leading cause of 

morbidity and mortality and its prevalence is 

continuously increasing worldwide [1]. Epidemiological 

studies have shown that dyslipidemia is associated with 

an increased risk of CHD and is recognized as an 

independent risk factor for the same. Fibrates are 

effective and well-tolerated in long-term management 

of dyslipidemia in individuals at high CHD risk. Fibrates 

are synthetic agonists of PPAR-α, a subfamily of the 

nuclear receptor superfamily naturally activated by 

ligands such as free fatty acids and eicosanoids [2-4]. 

PPAR-α is expressed in tissues with highly active fatty 

acid metabolism such as liver, heart, kidney, 

endothelium and vascular smooth muscle [4,5]. Fibrates 

have been widely used in the treatment of 

hypercholesterolemia, hypertriglyceridemia and to 

reduce elevated total cholesterol, LDL cholesterol, 

serum TGs and apolipoprotein-B (apo-B), and to 

increase HDL cholesterol in patients with primary 

hypercholesterolemia and mixed dyslipidemia  [2,6]. In 

addition, fibrates have been reported to possess various 

pleiotropic effects such as anti-inflammatory, 

antioxidant and antithrombotic affects alongwith 

improvement of endothelial function [7-10]. In this 

review, the pharmacology of the fibrates is discussed 

along with evaluating their role in primary and 

secondary prevention of CHD. Moreover, various 

pleiotropic effects exhibited by fibrates have delineated. 

 

MECHANISM OF ACTION OF FIBRATES 

The PPARs (i.e., PPAR-alpha, -beta, -delta and -gamma) 

form a subfamily of the nuclear receptor gene family 

that are activated by fatty acids and derivatives to 

differing extents. The primary mechanism of action of 

fibrates is via activation of the nuclear transcription 

factor PPAR-α which is predominantly expressed in 

tissues metabolising fatty acids such as the liver, kidney 

and heart [2,5,11]. PPAR-α activators increase hepatic 

uptake and esterification of free fatty acids causing 

increased mitochondrial free fatty acid uptake and the 

resulting free fatty acid oxidation. On activation by 

binding of hypolipidemic fibrates, PPAR-α binds as 

heterodimers with retinoid X receptor (RXR), which 

subsequently recognizes and binds to specific PPAR-α 

response elements leading to modulation of expression 

of the target genes [2,5]. In addition, the activity of 

lipoprotein lipase is increased and synthesis of apoC-III is 

decreased which collectively enhance the clearance of 

circulating TG-rich lipoproteins. Hepatic fatty acid 

oxidation is also increased leading to reduced 

production of TG-rich very low-density lipoproteins 

(VLDL) [4,6]. Moreover, the increase in plasma HDL-

cholesterol is due to overexpression of apoA-I and apoA-

II [12].  In addition, fibrates encourage shifting of density 

of LDL particles towards larger and more buoyant 

particles that are less susceptible to oxidation and 

possess increased affinity for LDL receptor [13-14]. 

Further, the PPAR-α activation regulates gene 

expression involved in metabolic pathways including 

lipid metabolism thereby reducing TG concentrations 

and increasing HDL concentrations. 

EFFECTS ON LIPIDS AND LIPOPROTEINS 

Fibrates such as clofibrate, gemfibrozil, bezafibrate and 

fenofibrate have been reported to possess modulatory 

effects on lipids and lipoproteins [15]. Fibrates reduce 

plasma levels of TGs by 30-50%, reduce LDL cholesterol 

levels by  

15-20% and increase HDL cholesterol levels by 5-15% 

depending on the underlying lipid abnormality and 

baseline lipid phenotype [2,6,16-17]. Clofibrate has been 

noted to decrease TG, VLDL and LDL levels by increasing 

the catabolism of VLDL to LDL and decreasing the 

synthesis of VLDL by the liver. Moreover, cholesterol 

formation is found to be inhibited early in the 

biosynthetic chain and the excretion of neutral streoids 

is increased [18]. Moreover, fibrates have been noted to 

stimulate reverse cholesterol transport by modulating 

macrophage cholesterol efflux, cholesterol transport 

and bile acid synthesis resulting in reduced TG and LDL 

levels and substantially enhancing HDL concentrations. 

Recently, gemfibrozil has been shown to stimulate 

cholesterol efflux via upregulation of ATP-binding 

cassette transporter or ABCA-1 transporter protein [19]. 

Moreover, gemfibrozil has been reported to inhibit the 

intracellular storage of excess esterified cholesterol 

molecules. Bezafibrate showed significant lipid-

modifying profile which is characterised by marked 
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decrease in elevated TG levels, increases in HDL 

cholesterol levels and decreases in total and LDL 

cholesterol levels [20]. Moreover, bezafibrate is found 

to be effective in most types of primary and secondary 

dyslipidemia and in conditions featuring 

hypertriglyceridemia and HDL cholesterol deficiency. It 

has been noted that low-dose bezafibrate decreased 

serum and liver TG levels in mice by attenuating hepatic 

lipogenesis and TG secretion that involve down-

regulation of sterol regulatory element-binding protein 

(SREBP)-1c. Whereas, the high-dose bezafibrate 

decreased serum and liver TG levels by enhancement of 

hepatic fatty acid uptake and β-oxidation via PPAR-α 

activation [11]. Fenofibrate, an activator of PPAR-α, is a 

well known hypolipidemic agent and is generally used to 

treat hypertriglyceridemia, hypercholesterolemia and 

mixed dyslipidemia [3,7].  

Apo A-1 is the cofactor of the enzyme lecithin 

cholesterolacyltranferase (LCAT), which plays a key role 

on the efflux of cholesterol from extrahepatic tissue to 

liver for excretion. The decreased level of Apo-AI is 

associated with increased risk of CHD. Gemfibrozil has 

been noted to stimulate the production of HDL by 

upregulating the expression of apo A-I and A-II [21-22]. 

Moreover, PPAR-α activation by bezafibrate has been 

noted to suppress the transcriptional expression of apo-

CIII, an endogenous inhibitor of lipoprotein lipase and 

hepatic TG lipase ultimately leading to an enhancement 

of lipoprotein lipolysis. In addition, apoAV gene is found 

to be implicated in triglyceride metabolism, the 

deficiency of which results in an increase of plasma 

triglycerides, whereas its overexpression leads to a 

reduction of triglycerides in mice [23-24]. Similarly, 

human apoAV deficiency contributes to severe 

hypertriglyceridemia in the affected subjects [25]. 

Additionally, numbers of published data have shown 

that fibrates induce apoAV expression by activating the 

PPAR-α expression [26-27].  

 
 

Fig 1. Schematic representation of mechanism of action of fibrates 

PPAR-α, peroxisome proliferator activated receptor-α; RXR, retinoid X receptor; 

PPRE, peroxisome proliferator respons elements; CHL, cholesterol
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PLEIOTROPIC EFFECTS OF FIBRATES 

Apart from lipid modifying effects, fibrates also exert 

numerous pleiotropic effects such as their anti-

inflammatory, antioxidant and antithrombotic affects 

alongwith their ability to improve endothelial function. 

PPAR-α activation by fibrates is found to be involved in 

the control of the anti-inflammatory responses via 

inhibition of the transcriptional factor nuclar factor 

kappa-B (NF-κB) [2]. The expression of many adhesion 

molecules such as vascular cell adhesion molecule-1 

(VCAM-1) and intercellular CAM-1 (ICAM-1) is regulated 

by NF-κB. Moreover, the activation of NF-κB also 

increases synthesis and release of proinflammatory 

cytokines such as interleukin (IL)-1, IL-2 and IL-6, which 

activate inflammatory cells and enhance their 

attachment to the vessel wall [28-29]. The activation of 

NF-κB is inhibited by PPAR-α agonists and thus inhibited 

translocation of the active component of NF-κB into the 

nucleus. Additionally, fibrates attenuated the 

production of pro-inflammatory stimuli such as 

interleukin-6 (IL-6) and various prostaglandins as well as 

the acute phase proteins including fibrinogen and C-

reactive protein (CRP) levels [30-31]. In addition, three 

month therapy with the PPAR-α agonist fenofibrate 

decreased the circulating levels of VCAM-1 and ICAM-1 

in the fasting state of patients with hypertriglyceridemia 

[32]. Fenofibrate lowered the plasma concentrations of 

adhesion molecules E-selectin, MCP-1 and VCAM-1 in 

patients with type 2 diabetes mellitus and mixed 

hyperlipoproteinemia [33]. Additionally in cultured 

human umbilical vein endothelial cells, fenofibrate 

significantly diminished the expression of 

proinflammatory mediators such as CD40, CD40L and 

gelatinase activities induced by CRP that further 

evidenced its potential effect as anti-inflammatory 

agent [34-35]. 

Moreover, fibrates have been reported to 

possess favourable effects on coagulation and 

fibrinolysis. Fenofibrate and bezafibrate have been 

noted to reduce levels of fibrinogen by up to 20% [9]. 

Moreover, fenofibrate have been shown to increase 

fibrinolysis and attenuate platelet hyperaggregability in 

hypercholesterolemic subjects that further accounts for 

its pleiotropic effects [36]. Fibrates have been 

significantly noted to decrease plasma fibrinogen levels 

and inhibit tissue factor expression in human monocytes 

and macrophages. Interestingly, gemfibrozil, bezafibrate 

and fenofibrate has been noted to reduce plasminogen 

activator inhibitor type 1 (PAI-1) and fibrinogen levels in 

hypercholesterolemic subjects [35,37]. It has been 

observed that fenofibrate significantly reduced 

fibrinogen and PAI-1 antigen levels [7-8]. 

It has been widely accepted that PPAR-α 

activation by fibrates is involved in affording 

cardioprotection. PPAR-α activation by clofibrate 

afforded cardioprotection by a mechanism that involves 

increased eNOS and NO production alongwith inhibition 

of NADPH oxidase activity [38]. Treatment with 

clofibrate has been shown to inhibit superoxide 

dismutase and glutathione peroxidase activities 

accouting for its antioxidant effect. Furthermore, 

clofibrate showed cardioprtection in a model of 

hypertension by increasing the release of NO. 

Administration of fenofibrate markedly attenuated the 

development of oxidative stress and vascular 

inflammation [34,39]. Fenofibrate has been shown to 

improve the integrity of vascular endothelium by 

activation of eNOS and generation of NO in the vessels 

and consequent reduction in oxidative stress evidencing 

its potential in cardioprotection [10]. Moreover, 

treatment with bezafibrate reduced the elevated levels 

of lipoprotein-A and fibrinogen, which are independent 

cardiovascular risk factors). In addition, bezafibrate 

afforded cardioprotection in patients with diabetes 

which showed that benzafibrate users had a lower 

hazard for incident diabetes that account for its 

antidiabetic cardioprotective properties [40]. 

Furthermore fenofibrate significantly improved flow-

mediated dilation in patients with hypertriglyceridemia. 

It has also been observed that fenofibrate significantly 

improved percent flow-mediated dilator response to 

hyperemia in these patients further accounting for its 

cardioprotective potential [7-8]. 

Moreover, fibrates improved carbohydrate 

metabolism in patients with dyslipidemia including 

diabetic patients. Fenofibrate have been reported to 

significantly decrease serum uric acid levels, increase 

serum creatinine and homocysteine levels. Moreover, 
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reduction in serum alkaline phosphatase and gamma 

glutamyltranspeptidase activity has been well-

documented by fibrates treatment [41]. Additionally, 

the PPAR-α ligands improved insulin sensitivity and 

reduced adiposity in rodent models [42]. Experiment 

studies have revealed that AdipoR1 and AdipoR2, the 

receptors for adiponectin, are induced by activation of 

PPAR-α. The expression of adiponectin mRNA in visceral 

fat deposits has been found to be elevated by 

fenofibrate treatment when compared to untreated 

rats, whereas TNF-α mRNA is down-regulated by 

fenofibrate which suggest that fenofibrate has a 

beneficial role in the treatment of type 2 diabetes by 

regulating adiponectin and TNF-α levels [35,43]. Further, 

treatment with bezafibrate significantly reduced serum 

TG and free fatty acid levels and improved insulin 

resistance in rodent model [44]. In addition, it has been 

observed that fenofibrate therapy significantly increased 

plasma adiponectin levels and insulin sensitivity in 

primary hypertriglyceridemic patients [8,35,45]. 

 

CONCLUSIONS 

Fibrates, the PPAR-α agonists are the most effective and 

well-tolerated agents in the management of patients 

with dyslipidemias. Fibrates have been known to 

possess various pleiotropic effects such as anti-

inflammatory, antioxidant and antithrombotic affects. 

Moreover, improvement of endothelial function and 

carbohydrate metabolism in patients with dyslipidemia 

has also been obtained with fibrates therapy. However, 

the interesting results of fibrates alongwith their 

pleiotropic effects potentially suggest a new 

recommendation for fibrate therapy. Further studies are 

awaited concerning the potential beneficial effects of 

fibrate therapy in more profound clinical and non-

clinical manifestations which would translate into 

improved quality of life for patients presented with 

cardiovascular risk associated with dyslipidemias. 
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