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ABSTRACT
Omega-3 fatty acids are essential compounds for health. They 
play a crucial role to avoid and/or delay many cardiovascular 
alterations such as inflammation, arrhythmic effect, endothelial 
dysfunction, thrombosis, etc.. Their supplementation can induce 
a reduction of post-prandial dysmetabolic “spikes”, responsible 
for a rapid progression of atherosclerosis. Daily giving of PUFA 
omega-3, by lowering triglycerides serum levels, may induce 
a slowing of the age-dependent atherosclerosis’ progression 
reducing the cardiovascular risk. On the other hand, the high serum 
concentration of Poly-Unsaturated Fatty Acids (PUFA) omega-3 
is associated with prolonged survival in patients mediated by 
telomeres’ lenthening. In fact, an inverse relationship between 
baseline blood levels of omega-3 fatty acids and the lenght of 
telomeres was demonstrated. An anti-depressant effect of PUFA 
omega-3, for its action on neuronal membrane stability was also  
evidenced. In addition, omega-3 PUFA seems to exert a positive 
effect on squamous cells carcinoma, even though they can increase 
the cancer prostate growth. Thus, besides several positive effects 
of high serum levels of PUFA omega-3 concentration, their 
detrimental action on prostate cancer growth must be considered 
too.
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INTRODUCTION
Essential Fatty Acids (EFAs) are necessary fats that humans cannot 
synthetize but may be obtained through the diet. Two families of 
EFAs there are: omega-3 and omega-6 fatty acids. These families 
belong to a group of polynsaturated fats called “essential” because 
they are necessary for life. Biochemically, both omega-3 and  
omega-6 have more than a double bond in the carbon chain. The 
omega-6 fatty acids contain their double bond between the 6th and 
7th carbon atoms (counted from a methyl terminal carbon atom). 
Omega-3 fatty acids have their first double bond between the 3rd and 
4th carbon atoms (Figure1). The hormones derived from two classes 
of fatty acids have opposite effects. Those coming from omega-6 
fatty acids tend to increase the inflammatory processes, the blood 
clotting and the cell proliferation. Contrarily, the hormones deriving 
from omega-3 fatty acids reduce these same effects. Both  hormones’ 
families must be dynamically balanced to obtain a fair effect. Some 
reports have referred a significant risk lowering for heart disease 
and certain forms of cancer prevalently ingesting oil of omega-3 
fatty acids. Concerning this, recent studies have reported that certain 
cultural eating styles with prevalence in omega-3 PUFA, such as 
Asian and Mediterranean diets, appear to lower risk factors for heart 
disease and certain forms of cancer as well. Eskimo diet is another 
diet-type, mainly containing marine fish-oils omega-3 fatty acids, that 
exert a protective effects on some, important pathologic processes 
influencing the life’s duration.
    Omega-3-Poly-Unsatured Fatty Acids (PUFA), such as Ecosa-
Pentaenoic Acid (EPA) and Docosa-Hexaenoic Acid (DHA) were 
prevalently employed  for their multiple arterial and cardioprotective 
properties evidenced in Eskimo poeple since early ’60-’70 years[1]. 
The dietary consumption of marine fish oils by this population was 
believed to be responsible for that[2] . 
     Protective cardiovascular  effects  of omega-3 PUFA are mediated 
by several mechanisms[3,4]. But, this drug owns many others 
properties, able to significantly improve the state of health and to 
extend the length of life  (Table 1).
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it mainly depends on insulin resistance progressively estasblishing 
with advancing age in individuals also without ouvert diabetes. Many 
conditions related to lifestyle factors such as dietary habits, physical 
inactivity, and smoking have also been associated with abnormal 
post-prandial lipemia. In addition, exaggerated post-prandial “spikes” 
in glucose and lipids generate excess of free radicals that can 
trigger biochemical cascade resulting in inflammation, endothelial 
dysfunction, and sympathetic activity.
      The American Heart Association (AHA) evidenziated that the 
fish oil acids DHA and EPA are useful in decreasing triglyceride 
serum levels. The mechanisms by which such effect happens is 
still a matter for controversy, but a recent report supposes that 
triglyceride synthesis could be reduced by n-3 fatty acids in three 
ways: (1) reduced substrate (i.e. fatty acids) availability, which 
could be secondary to increase in β-oxidation, decreased free fatty 
acids delivery to the liver, decreased hepatic fatty acids synthesis; 
(2) increased phospholipid synthesis; (3) decreased activity of 
triglyceride-synthesizing enzymes[6].
    Omega-3 fatty acids has  been found to suppress hepatic 
lipogenesis, reduce the hepatic output of triglycerides, enhance 
ketogenesis, and induce fatty acid oxidation in both liver and skeletal 
muscle. The drug also induces a consistent reduction of VLDL, with 
rise in high density lipoproteins (HDL) and reduction in Low Density 
Lipoproteins (LDL). These beneficial effects support the opinion 
that omega-3 fatty acid intakes are associated with reductions in 
cardiovascular disease risk.

Anti-arrhythmic action 
Another important action of PUFA-omega-3 is their anti-arrhythmic 
activity. Some meta-analyses demonstrated that the consumption 
of fish oil has beneficial effects on survival for reduction of the  
arrhythmic death, particularly in patients with ischemic substrates. 
The most important anti-arrhythmic effect of PUFA omega-3 consists 
in its protective action towards Atrial Fibrillation (AF). Possibile 
mechanisms for this benefit appear to be multiple and likewise  
include the effects of omega-3 fatty-acids on cardiac ion currents, 
their actions on cardiac autonomic properties, and the rise in atrial 
fibrillation threshold. In addition, the alterations in cell membrane 
properties by inclusion of fish oil derivatives may have a prominent 
part for reduction of supra-ventricular arrhythmias[7]. Concerning 
that, the Gruppo Italiano per lo Studio della Sopravvivenza 
nell’Infarto Miocardico (GISSI)-Prevenzione performed a study in 
11.323 patients suffered from previous myocardial infarction and 
treated with a dose of 1.0 gr/day of omega-3 PUFA for 3.5 years. 
The results of the trial clearly demonstrated that in patients who have 
had a previous myocardial infarction, PUFA omega-3 supplements 
reduced long-term complications. In particular, the combined primary 
end-point of death, non fatal myocardial infarction and non fatal 
stroke were significantly reduced by this daily treatment[8]. Possible 
mechanisms for the anti-arrhythmic benefit of fish oil therapy appear 
to be multiple and may include effects on cardiac ion currents, 
effects on cardiac autonomic and electrical properties and effects on 
alteration cell membrane.

Anti-inflammatory effect  
There is increasing evidence that acute hyper-triglyceridemia state 
and dyslipidemia happening in the post-prandial period are the most  
important metabolic conditions contributing to the progression of 
atherosclerotic process by the inflammatory action. The possible 
mechanism seems to be  the following:  hypertriglyceridemia  
induces a rapid increase of triglyceride remnants levels favouring the 
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Figuer 1 Chemical structure of omega-3 and omega-6 PUFA. from: Harris 
WS, Mozaffarian D, Rimm E et al Circulation 2009 119: 902-907

Actions of PUFA omega-3 in humans
A-Anti-atherosclerotic Actions

B-Other Effects

Table 1 Different actions performed by PUFA omega-3 in humans.

Lowering triglyceride serum levels,
Anti-inflammatory effects,
Modulation of endothelial function,
Anti-thrombotic activity
Reduction of post-prandial dysmetabolic 
status

Metabolic syndrome,
Anti-arrhythmic action
Alzheimer’s disease,
Anti-depressive (or depressant) action
Telomere’s lenghthening,
Cancer effects

EFFECTS
The drug exerts several actions on cardiac rhythm-disturbances, 
endothelial function, coagulative system, some metabolic 
pathways and on inflammatory mediators, altogether opposing to 
the atherosclerotic process and so inducing a protective effect on 
cardiovascular system.

Triglycerides levels
A firstly described effect of Omega-3 fatty acids is the lowering of 
triglycerides’ serum levels. It is known that triglycerides, such as the 
major component of Very Low Density Lipoproteins (VLDL) and 
chylomicrons, play an important role in the  metabolism of energetic 
sources and transporters of dietary fat. They are stored in the body 
fat after digestion and are formed by combining glycerol and three 
molecules of fatty acids. When physiological conditions dictate the 
need to use the triglycerides, hormones or a neurotrasmiter signal 
their release. An enzyme called lipase breaks down the triglyceride 
molecule into glicerol and fatty acids (this process is called lipolysis 
and happens in the interstine). Free fatty acids are used as an energy 
source when the body requires that. In the human body, high levels of 
triglycerides in the bloodstream have been linked to atherosclerosis 
and the risk of heart disease and stroke. Particularly, triglyceride-
rich remnants of VLDL were able to penetrate the artery wall 
and take up residence in the sub-intimal space, despite their size. 
Retention of these large particles below the endothelium induces 
the formation of foam cells having a share in the pathogenesis of 
atherosclerosis. That especially happens in the post-prandial phase, 
exerting most important damages in the intimal layer of the vessels’ 
wall. A recent clinical study described that post-prandial triglyceride 
levels are related to the most important angiographic progression 
of coronary and carotid atherosclerosis[5]. But, the pathogenesis of 
post-prandial lipid abnormalities is only partially known. Certainly 
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serum  increase in C-reactive protein, cytokines, InterLeukin (IL)-1B, 
IL-6, IL-8 and endothelin-1[9]. In turn, this inflammatory environment  
contribute to degenerative process at expense of vascular wall 
(atherosclerosis). Some studies reported that the administration of 
omega-3 fatty acids at individuals having pro-inflammatory proteins 
is able to induce reduction of tumor necrosis factor-A, interleukin 
levels, cytokines, and other inflammatory mediators[10]. Omega-3 fatty 
acids may exert their anti-inflammatory properties through multiple 
pathways. They are able to suppress monocyte adhesion to human 
endothelial cells and to reduce the production of messenger chemicals 
called cytokines, interleukines and tumor-necrosis factor-A. Another 
anti-atherosclerotic effect carried out by n-3 PUFA in respect to n-6 
PUFA was recently illustrated by Thies et al. These demonstrated 
that atherosclerotic plaques readily incorporate n-3 PUFAs from fish-
oil supplementation show changes that can enhance their stability 
(thick, fibrous caps and no signs of inflammation), in comparison 
with plaques of patients receiving n-6 PUFAs. Furthermore, in the  
group being treated with n-3 PUFAs  longer that the median duration,  
there were more characteristically stable plaques than in these with 
increased consumption of n-6 PUFAs. That happens because the 
number of macrophages in the plaques from patients receiving n-3 
PUFAs was lower than in those of n-6 group. Stability of plaques 
(treated with omega-3 PUFA) could explain reductions in fatal and 
non-fatal cardiovascular events[11].

Effects on endothelium 
It is known that the endothelial layer such as the major regulator 
of vascular homeostasis, exerts a number of vasoprotective effects. 
That happens by mantaining the balance between vasodilation 
and vasoconstriction (respectively due to the inhibition and the 
stimulation of smooth muscle cell) and preserving the dynamic 
equilibrium between thrombogenesis and fibrinolysis. On the other 
hand, the increased triglyceride levels (inducing the decrease in 
HDL and the inflammatory, pro-arrhythmic and pro-thrombotic 
activities) favours an impaired endothelial dysfunction. This 
condition is related to minor and/or impaired release of Nitric Oxide 
(NO). The positive effect of omega-3 fatty acids on endothelial 
dysfunction was associated with higher DHA levels that antagonize  
this disorder[12]. Concerning that, a recent study of Engler et al 
demostrated that DHA supplementation in hyperlipemic children 
restores endothelial dependent flow-mediated dilation, consistent 
with the hypothesis that Omega-3 PUFA induces the NO increase[13]. 
It was also demonstrated that the chronic supplementation with 
fish oil in type 2 diabetes mellitus-patients, improves fasting 
endothelium-dependent vascular reactivity by enhancing NO release 
and formation of prostaglandins[14]. Another potential mechanism 
of restoration of normal endothelial function induced by omega-3 
PUFA supplementation includes the increased vascular smooth 
muscle relaxation dependent from reduced calcium[15]. In a recent 
paper was also demonstrated that in patients with dyslipidemia both 
omega-3 PUFA and Rosuvastatin, improve endothelial dependent and 
independent vasodilatation as well as  the lipide profile[16]. 

Anti-thrombotic activity 
In addition, omega-3 PUFA supplementation is able to induce a 
reduction of ThromboXAne-2 (TXA2) production, a prolongation 
of blendeering time, a reduction of platelet adhesiveness, and an  
increase in red cell deformability. The reduction of the platelet’s 
TXA2 production may be ascribed to the decrease in arachidonate 
(AA) content of platelets’ membrane, the inhibition of AA release, 
and the competitive inhibition of AA at level of cyclo-oxygenase. 

Other studies indicated that diets rich in fish or supplemented 
with fish oils may increase Plasminogen-Activator Inhibitor-1 
(PAI-1) plasma levels. In addition, EPA-administration increases 
ProstaGlandin (PG12) production in rat thoracic aorta, and in 
rat aorta smooth muscle cell. This may be explained by EPA-
derived peroxide stimulation of cyclo-oxygenase activity. Finally, 
EPA-administration decreased platelets’ growth factor (PDGF) 
production in rat peritoneal macrophages, and suppressed foam cell 
formation[17]. This last effect was also demonstrated that the addition 
of omega-3 ethil esters to the combination of Aspirin and Clopidogrel 
significantly potentiates platelets’ response of anti-thrombotic activity 
after coronary intervention, in comparison to one of two drugs 
alone[18]. 

Post-prandial disorders 
Several data evidenced that increased levels of glucose and lipids are 
present in the serum during the post prandial phase, producing an 
unpaired metabolism in this period. Some evidences demonstrated 
that post-prandial dysmetabolism is important to be an independent 
predictor of future cardiovascular events both in diabetic and 
non-diabetic subjects[19]. Particularly, transient increase in free 
radicals acutely triggers inflammation, endothelial dysfunction, 
hypercoagulability, sympathetic hyperactivity, and cascade of other 
atherogenic changes[20]. To these main effects, must be also added 
to the unfavourable increase of post-prandial hyperglicemia and the 
negative effects of post-prandial hyperlipemia (showing besides the 
elevaled triglyceride levels, the raise in serum chylomictrons, and 
remnant lipoproteins). Accumulated evidences concerning  non-
fasting triglyceride levels suggest that the atherosclerosis progression 
happening in the post-prandial phase is a phenomenon in which 
intestine-derived triglyceride-rich lipoproteins, would play an 
important role[21,22]. These negative actions are responsible for the 
atherosclerotic progression manly happening in this period (post-
prandial phase). On the contrary, the reduction of post-prandial 
“spikes” in glucose and in lipids obtaining with the omega-3 PUFA 
giving improves the inflammatory processes, the thrombogenic 
tendency, and the endothelial dysfunction, slowing the atherosclerotic 
progression.  

Metabolic syndrome
Metabolic Syndrome (MetS) is a cluster of interrelated factors, such 
as central obesity, high blood pressure, impaired glucose metabolism 
and elevated triglyceride serum levels. It must be considered as  
an important predictor of cardiovascular disease and is associated 
with gene variations, insulin resistance and dyslipidemia. Recently, 
Jimenez-Gomez et al demonstrated that the adverse postprandial 
triglyceride effects may be avoited by concomitant long chain (n=3) 
PUFA supplementationt[23]. It was also demostrated that the obesity-
associated metabolic syndrome is a significant health care concern 
today. Levels of the adipocyte-derived peptide hormone leptin are 
highly correlated with adipose tissue mass (for leptin resistance)  
and are reduced in both humans and mice after weight loss[24]. Oils 
from marine sources containing omega-3 PUFA, such as EPA and 
DHA, have been shown to reduce the adipocyte diameter and thus 
the adipose tissue, for the reduction of leptin serum levels[25]. In 
addition, Carpentier et al suggested that the benefits of n-3 fatty oil 
supplementation could be caused by a reduction of inflammatory 
conditions, improvement of endothelial function, and increase of 
antioxidant status[26]. On the other hand, Mori et al showed that 
DHA significantly reduced 24 h blood pressure. The potential role of 
omega-3 PUFA in blood pressure prevention and management was 
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also evidenced by Borghi and Coll. that underlined as this compound 
reduce Angiotensin-Converting Enzyme (ACE) activity, Angiotensin 
II formation and enhance eNO generation activating the parasympatic 
nervous system[27]. In addition, the compound favours the NO 
release, as well as the  ADP release, acts on vasoactive prostanoids (as  
TXA2), and endothelium-derived hyperpolarizing factor[28].

OTHER EFFECTS
Alzheimer’s Disease  
Some studies performed at the Department of Veteran Affairs and 
the University of California have found that a diet rich in DHA 
dramatically slowed the progression of Alzheimer’s Disease (AD) 
in mice. A recent research found that the DHA consumption cut 
the harmful brain plaques that mark the disease by up to 70%[29]. 
On the contrary, cross sectional and prospective cohort data have 
demonstrated that reduced dietary intake or low DHA brain levels 
are associated with accelerated cognitive decline and AD. But several 
trials, investigating the effects of PUFA-omega-3 supplementation, 
failed to demonstrate its efficacy in the AD prevention. But, these 
trials suggested that beneficial effects of omega-3 PUFA on AD 
depend perhaps on the specific stage of the disease[30]. Specifically, 
it is known that AD is a multifactorial neurodegenerative disease. 
Some clinical studies have shown that nutrition can affect the risk 
of its development and DHA appears to play an important role in 
that. In fact, DHA incorporation into neuronal membranes increases 
their fluidity. It also improves neurotransmission and signaling via 
increased receptor binding, and the the function of ion channels[30,31]. 
In addition, the DHA supplementation is able to lower the beta 
amyloid and tau proteins levels, reducing the amount of neuronal 
loss. These are the mainly manners of intervention of DHA in the AD 
pathogenesis.
    An adjunctive modality of intervention is related to Resolvins 
and Protectins respectively derived from EPA and DHA. These  
compounds seem to play an important role in AD derived by their  
anti-inflammatory and immunoregulatory actions[32]. In fact, they 
are part of the molecular mechanisms that contribute to removal the 
inflammatory effect in neuronal cells and to restore tissue integrity. In 
particular, a protective effects in animal models of stroke and in AD, 
and the ability to promote the cells-apoptosis were found for (neuro)
Protectins[33]. In addition, both Resolvins and Protectins  may mitigate 
the sepsi-effects and may positively intervene in the  recovery 
process from acute inflammation. Nevertheless, the mechanisms by 
which such effects are exerted are controversial too.

Anti-depressant action   
Some evidences showed that DHA deficiency is associated with 
dysfunction of neuronal membrane stability connected to the 
aetiology of mood cognitive depression and cognitive function[34,35]. 
Meanwhile, EPA is important in to balance the immune function 
and physical health, by reducing the membrane arachidonic acid 
and prostaglandin E2 synthesis and might be associate with medical 
comorbidity and somatic symptoms in depression[36].                  
    The phospholipid hypothesis of depression is promising and  
supported by numerous data on n-3 PUFAs and immunomodulation, 
signal transduction, neurotrasmission and neuroprotection. It seems 
that a lack od DHA acts by increasing corticotropin-releasing 
hormone that moderates emotionality. This, in turn, acts on 
hypothalamic pituitary adrenal axis (an important neuroendocrine 
system) that regulates mood and anxiety. Other data suggest that 
Omega-3 fatty acid intake increases attention, and reduces aggression 
by reducing cognitive processes. Probably, PUFA omega-3 PUFA 

will be a common antidepressant treatment in several populations, 
including those with bipolar disorders[37] and in depressant patients 
with somatic symptoms[38,39]. Thus, emerging researches suggest that 
the omega-3 PUFA and the balanced n-3/n-6 PUFA ratio may be 
effective for people with mild depression, means by an innovative 
but unknown  mechanism. 

Telomere’s length
Independently from their cardiovascular actions but by mechanisms 
referring to these same, Omega-3 PUFA fatty acids seem also to 
act on the life-lengthening. In fact, a previous report referred on 
the association between telomere’s length, coronary disease, and 
Omega-3 fatty acids consumption. The hypothesis explaining these 
findings is that cardiac ischemia results in an intracellular redox 
shift, responsible for accelerated telomere’s attrition[40]. On the other 
hand, telomere’s shortening results to be associated with an increased 
likelihood of mortality favoured by heart disease. Concerning this, 
Starr et al showed that telomeres’ shortening in peripheral blood 
leukocytes is a reliable index of ischemic heart disease risk[41]. More 
recently, Farzaneh-Far and al. found a significant association between 
omega-3 fatty acid blood levels and telomere’s length in ischemic 
patients[42,43]. These results highlighted the presence of an inverse 
relationship between baseline blood levels of marine omega-3 
fatty acids and the rate of telomere shortening. Nevertheless,  
the mechanisms involved in this process remain incompletely 
understood, even though there seems to be an increasing evidence 
that omega-3 fatty acids exert some direct effects on aging and its 
related diseases[44]. Particularly, omega-3 fatty acids supplementation 
seems to be associated with attenuation of age-associated rises in 
pulse-wave velocity, that is a key marker of vascular stiffness[45]. 
Another possibile explanation is that the decelerated telomere 
attrition depends from the oxidative stress[46]. Both actions seem 
to reduce the activity of enzyme telomerase, responsible for life 
duration[47]. Other factors, such as systemic inflammation, obesity, 
and lack of physical activity, are also invoked in to define the 
telomere’s length by different and unspecified mechanisms. Finally, 
recent data suggest that lower n-6:n-3 omega PUFA ratio (obtained 
by omega-3 supplementation) impacts on inflammation, oxidative 
stress, immune cell aging and some cardiovascular diseases reducing 
the length of telomerase[48].

Cancer effects
Omega-3 fatty acids selectively inhibit cell-growth and favour cell-
death in squamous-cell carcinoma. Squamous cells are mainly present 
in skin cancer. But, they also occur in tumours of the digestive tract, 
lungs and of other areas of the body. Particularly, omega-3 fatty acids 
selectively inhibited the growth of the malignant and pre-malignant 
cells at doses which did not affect the normal cells, by an unknown 
mechanism[49]. On the contrary, a study found that men with high 
levels of omega-3 PUFA in their blood were at greater risk of prostate 
cancer than those with low concentrations. But, previous studies 
regard to the prostate cancer have produced different results, even 
though it is unclear why omega-3 PUFA increased the risk of the 
prostate cancer. Recent data evidenced that the effect could be related 
to the body’s conversion of fatty acids into compounds which can 
damage cells and DNA[50].

CONCLUSIONS 

Omega-3 PUFAs have been shown to exert a range of actions 
which include numerous positive effects slowing the atherosclerotic 
process. To delay that, their supplementation against the “spikes” of 
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metabolic disorder induced by the post-prandial phase, could be also 
considered. Other beneficial actions are performed in varied fields, 
such as telomere’s lenght, depressive state, Alzheimers’ disease, 
some malignants characterized by the presence of squamous cells. 
Referring to these favourable effects, the American Heart Association 
recommends eating fish (particularly fatty fish) at least two times a 
week. Each serving is 3-5 once cooked or about ¾ cup of fish. Of 
these, fishes like salmon, mackarel, herring, sardines and albacore 
tuna are particulary high in omega-3 fatty acids. In addition, a 
balanced diet is composed by 40% of carbohydrates; 25% of proteins, 
25% of fats and 10% of mineral, vitamins and water. Finally, for a 
balanced weight loss diet, 1,200-1,500/day calories are requested 
(Figure 2). For all these favourable activities, the serum levels of 
omega-3 PUFA must be high. But, this condition could be avoided 
in men for the capability of omega-3 PUFA to favour the cancer-
prostate growth. Thus, their daily supplementation is conflicting
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AD=Alzheimer’s Disease
NO=Nitric Oxide
TXA2=ThromboXAne-2
AA=ArachidonAte
PAI-1=Plasminogen Activator Inhibitor-1
PG12=ProstaGlandin-12
PDGF=Platelets’ Growth Factor
MetS=Metabolic Syndrome
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