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Introduction


Possible health benefits of dietary fish, fish fats, fish oil, including cod liver oil, is 
known in the scientific community for over a hundred years. Studies by Dyerberg & Bang [1] on a small group 
of Eskimos ignited the research interest in the scientific community on this line of approach to the management
 of cardiovascular diseases. Since that time, results of many original studies have been published on the role 
of prostaglandins in health and disease [2-14]. Based on the results of such studies use of dietary omega-3 fatty 
acids have been recommended for the management of risks for cardiovascular disease as well as anti-inflammatory agents.
 Food and Drug administration has approved icosapent ethyl (Vascepa-Amarin), which contains mostly eicosapentaenoic acid 
(EPA, 96%) for the management of high triglycerides in the circulating blood. In spite of several basic, applied and clinical
 studies on the benefits of omega-3 fatty acids, the subject has become quite controversial. In this mini review, we will 
discuss briefly role of prostaglandins in cardiovascular physiology, some of the controversies, expectations and limitations
 of omega-3 fatty acids as therapeutic agents.

Half a century has passed since Dyerberg & Bang [1] published their seminal work on hemostatic function and platelet 
fatty acids in Eskimos. The very first sentence of their abstract says, ″Death from cardiovascular disease is rare among Eskimos″. 
They attributed this to the dietary habits of Eskimos, which included fish-rich in omega-3 polyunsaturated fatty acids (PUFA). 
In their studies, they found that the Eskimos had longer bleeding-time due to a reduction in platelet aggregation. They also 
speculated that C20:5 omega 3 fatty acids in this population are converted in their vessel wall tissue to an anti-aggregatory
 prostacyclin (PGI3). In view of these observations they concluded that dietary substitution of arachidonic acid by Eicosapentaenoic
 acid might reduce incidence of thrombotic disorders including myocardial infarction [1]. Since this discovery, numerous research papers
 and reviews have been written on this subject, specifically in relation to platelet function [2,3]. Since two pharmacologically 
opposing bioactive molecules (thromboxane; TXA2 and prostacyclin; PGI2) are generated by Arachidonic acid (AA) metabolism, we will briefly describe
arachidonic acid metabolism and the role of AA metabolites in modulating platelet function.

Arachidonic acid is a 20-carbon polyunsaturated fatty acid (20:46) found in membrane phospholipids. Agonist-mediated activation
 mechanisms stimulate Phospholipase A2, which facilitates the release of arachidonic acid from phospholipids. AA is converted to prostaglandin
 (PG) endoperoxides (PGG2/PGH2) by cyclooxygenase (Prostaglandin G/H synthase; COX-1). These transient metabolites are converted by thromboxane 
synthetase to thromboxane A2, which is the major metabolite of this pathway in platelets. Whereas, in vascular tissues, the endoperoxides generated
 by COX-1 enzymes are transformed by prostacyclin synthetase to prostacyclin (PGI2). Thromboxane is a potent platelet agonist and a vasoconstrictor. 
Prostacyclin is an antiplatelet compound and exerts vasodilatory effects on vascular tissues. Thus from a single substrate AA, 
two pharmacologically opposing vasoactive prostanoids are generated by platelets and vascular tissues. Aspirin selectively
 acetylates the hydroxyl groups of a single serine residue (position 529) in the prostaglandin G/H synthase and causes
 irreversible inhibition of the activity of this enzyme. Inhibition of PG synthase results in the decreased conversion
 of AA to PG endoperoxides, PGG2/PGH2. Molecular mechanisms involved in aspirin-mediated inhibition of prostaglandin G/H synthase are well
 documented [4].

Prostaglandins are produced by the action of enzymes on essential fatty acids. There are two major
 pathways, one that uses the double unsaturated omega-6 linoleic acid and the other with triple-unsaturated omega-3 
alpha-lionenic acid. In the omega-6 pathway, the series-1 prostaglandins are produced from a 20-carbon, triple unsaturated 
fatty acid (dihomo--linoleic acid). The series 2(diene) prostaglandins are produced from 20-carbon quadruple saturated fatty
 acid called arachidonic acid. The omega-3 pathway, the series 3 (triene) prostaglandins are produced from a 20-carbon quintuple
 unsaturated fatty acid called eicosapentaenoic acid (EPA) found in abundance in fish liver oils. In brief, the series 2 prostaglandins 
seem to be involved in swelling, inflammation, clotting and vasodilation, while the
series-1 seems to exert the opposite effect. The observed low
incidence of CAD in Greenland Eskimos seems to be attributed
to reduced platelet aggregability. Platelets-rich in EPA seems
to produce prostaglandins of the three series (TXA3), which are
weakly aggregatory. On the other hand, vessel wall uses this
substrate to produce prostacyclin of the three series (PGI3), with
normal vasodilatory properties. Similarly, it was believed that
the prostaglandins of the 4 series (tetraenes; TXA4, PGI4) were
generated by Docosahexaenoic acid (DHA).

Studies from our laboratory at the University of Minnesota
as well as that of others demonstrated that DHA is a strong
inhibitor of prostaglandin synthesis as well as platelet function
[12,13]. DHA is a potent competitive inhibitor of arachidonic acid
metabolism by sheep vesicular gland prostaglandin synthetase.
Based on our in vitro studies we concluded that these fatty acids
(EPA,20:5-3 and DHA, 20:6-3) if released in the vicinity of the
enzymes (COX) could compete with arachidonic acid for the heme
site of the enzyme and prevent the conversion of AA to series-2
prostaglandins (TXA2 and PGI2) [15]. Murthy [16], Endocrinologist,
Hennepin County Medical Center, Minneapolis, did a double-blind
study with 12g of fax oil containing 55% of alpha linolenic acid,
a precursor of EPA (20:5-3) and DHA (22:6-3) and found no
significant prolongation of bleeding times. EPA and DHA levels
in the platelet were although detectable, very low and nowhere
near to what Dyerberg [1] found in the Eskimos [16]. We at the
University of Minnesota studied oral dose of EPA (EPA300Mg/
DHA130Mg; Shaklee Products) two capsules a day for 60 days or
15 capsules a day for three days. We found no significant effect on
agonist induced irreversible aggregation of platelets. Based on the
results of our in vitro and in vivo studies, we and others concluded
that in platelets, preferred substrate for prostaglandin synthesis
is arachidonic acid and chances of producing large quantities
of 3 series (TXA3) or 4 series (TXA4) of prostaglandins was very
limited [15-17].

The fact that the seminal article by Dyerberg & Bang [1]
claimed that Eskimos do not die of cardiovascular disease and
the assumption that their fish diet is protecting them, raised the
expectations of patients, clinicians as well as public at large. In
view of the fact that fish diet may pose some toxicity (PCB and
mercury contamination) problems, public health professional
developed guidelines as to how much fish one can consume per
week or month to be safe. Furthermore, not all fish is rich in
omega-3 fatty acids. Therefore, pharmaceutical industries started
marketing a variety of fish oil supplements. Now coming back to
controversies, although manufacturers use terms like medical
grade, pharmaceutical grade to imply purity and potency of their
preparations, as supplements these claims are not regulated.
Formulations exist of variable ratios of EPA/DHA and optimal
ratio of these combinations for heart disease prevention is not yet
determined.

April issue of JAMA in its medical News and Perspectives
describes recent findings on fish oil supplementation as, ″Another
Nail in the Coffin for Fish Oil Supplements″ [18]. The article
concluded that popular fish oil capsules do little to protect patients
with heart disease. The findings of 10 clinical trials are at odds with
the advice from the American Heart Association (AHA), including
a 2017 science advisory recommendation to consider fish oil
supplementation for patients with a recent myocardial infarction
or heart attack. Under the heading, ″Original Investigation″ a
recent article in JAMA cardiology asked a very important question
which is on everyone′s mind? [19]. Does supplementation with
marine-derived omega-3 fatty acids have any association with
reduction in fatal or non-fatal coronary artery disease in people
at high risk of cardiovascular disease? This meta-analysis of 10
clinical trials involving 77917 participants demonstrated that
supplementation with marine-derived omega-3 fatty acids for a
mean 4.4 years had no significant association with reduction in
fatal or nonfatal coronary heart disease or any major vascular
events. In this review we have barely touched the topic, we urge
the readers to refer to the reports of these clinical trials for further
information [20-29].

In spite of all said and done, the acute vascular events resulting
with a heart attack or stroke are mediated by hyperactive platelets
or prothrombotic coagulation state. As mentioned in an earlier
paragraph, our in vivo studies did not show any inhibitory
effect of omega-3 fatty acids on platelet function. There is some
controversy about the absorption and incorporation of EPA and
DHA into plasma lipids, depending upon whether they are used
as ethyl ester (EE) or in a triglyceride (TG) formula. Based on a
randomized double-blind study on the effects of such derivatives,
it can be concluded that fish oil derivatives of both the forms are
well incorporated into plasma lipids and exert similar influence
on platelet function [30]. Results from another study on blood
clotting parameters and in vitro platelet aggregation, suggests
that adding 6g/d of dietary DHA for 90 days to a typical western
diet containing less than 50mg/d of DHA produces no observable
physiological changes in blood coagulation, platelet function or
thrombotic tendencies in healthy adult males [31]. In view of
these observations, we feel that dietary supplementations with
omega-3 fatty acids may not have significant inhibitory activity on
platelet function as well as coagulation pathways.

In conclusion, the discovery by Dyerberg & Bang [1] that
Eskimos had lower incidence of cardiovascular disease and
increased bleeding tendencies, suggested a role for fish diet
in the modulation of platelet and coagulation functions, which
by and large are responsible for acute vascular events. Further
studies speculated that the omega-3 fatty (EPA 20:53) acids if
incorporated into the platelet lipids upon release would produce
prostaglandins of the 3 series (TXA3) and PGI3. These studies
demonstrated that TXA3 was less potent agonist whereas PGI3
as equally potent vasodilator and a platelet antagonist. However,
studies from our laboratory showed that arachidonic acid is the
preferred substrate for the generation of series 2 prostanoids
(TXA2, PGI2). After half a century of work and over ten major
clinical trials, there seems to be an agreement in the scientific
community that dietary omega-3 fatty acids do not lower the
incidence of cardiovascular risks. However, we do not know
whether consumption of marine fish has a very different effect on
cardiovascular physiology and function.

The American heart association recommends 2 to 4g of EPA plus
DHA per day as capsules under a physician′s care, for patients who
need to lower their triglyceride level. In an excellent review on the
subject, the authors concluded that a well-designed randomized
clinical trial will be important to determine the extent to which
triglyceride and HDL-C lowering through supplementation with
marine-derived omega 3 PUFA improves outcomes beyond
standard-care therapy [32]. Omega-3 PUFA is also recommended
as an anti-inflammatory drug by clinicians. Dietary supplements
lack specificity in terms of their pharmacological efficacy. On
the other hand, a well-formulated therapeutic drug can provide
significant beneficial effects. Paul Ridker, Director of the Center
for Cardiovascular Disease Prevention at Brigham and Women′s
Hospital, at Boston, USA says that ″For the first time we have been
able to definitely show that lowering inflammation independent of
cholesterol reduces cardiovascular risk. The study was conducted
with over 10,000 patients, who had previously heart attack
and had persistently high levels of C-reactive protein (hsCRP),
a marker of inflammation. The drug tested was Canakinumab a
monoclonal antibody that neutralizes interleukin 1 signaling,
thereby suppressing inflammation [33]. Hypothesis for this
approach was developed based on the fact that of the patients
on high statin therapy, there were still a significant proportion of
those who still had increased hsCRP.

A growing body of research indicates that consuming fish and
other types of seafood may be good for heart health. However,
as indicated in the large number of clinical studies the beneficial
effects of Omega-3 PUFA supplements on cardiovascular endpoints
or outcomes are unclear and might vary widely based on the use of
other cardioprotective agents, the types and the source of Omega-3
PUFA. Understanding the mechanisms underlying a disease and
disease processes will help us develop better and efficient drug
therapy for the management of chronic metabolic diseases. As for
as the role of dietary supplements and complimentary therapies
in the management of cardiovascular disease, in my opinion, they
have a very important role in the preventive strategies, and this
will be the subject of my next mini review.
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