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Docosahexaenoic acid (DHA) is known as a major nutrient from marine origin. Considering its beneficial

effect in vascular risk prevention, the effect of DHA on blood components, especially platelets, will be

reviewed here. Investigating the dose-effect of DHA in humans shows that daily intake lower than one

gram/day brings several benefits, such as inhibition of platelet aggregation, resistance of monocytes

against apoptosis, and reinforced antioxidant status in platelets and low-density lipoproteins. However,

higher daily intake may be less efficient on those parameters, especially by losing the antioxidant effect.

On the other hand, a focus on the inhibition of platelet aggregation by lipoxygenase end-products of

DHA is made. The easy conversion of DHA by lipoxygenases and the formation of a double

lipoxygenation product named protectin DX, reveal an original way for DHA to contribute in platelet

inhibition through both the cyclooxygenase inhibition and the antagonism of thromboxane A2 action.

& 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Docosahexaenoic acid (DHA) is considered as the major end-
product of the omega-3 essential fatty acids starting from the
indispensable a-linolenic acid in mammals. The conversion of the
latter into the former is supposed to be low in humans, except in
pregnant women [1]. In addition it is considered to be the main
polyunsaturated fatty acyl residue in the brain and retinal
phospholipids [2], DHA is an important nutrient found in marine
food, and it may accumulate in many cells to reach a few percent
of membrane phospholipid fatty acyls, including blood cell
membranes. It is assumed to play a positive role in preventing
the cardiovascular risk [3]. This could be due to structural effects,
in relation to the folding of the molecule induced by its six cis/Z
double bonds [4]. Another possibility is to inhibit the conversion
of arachidonic acid (ARA) at the level of the cyclooxygenase
enzymes [5], then decreasing the formation of the atherothrom-
botic agent thromboxane (Tx) A2 from ARA. In addition, DHA is
easily oxygenated by lipoxygenases [6,7] and some of their end-
products may counteract the effect of TxA2 on its receptor site [8].

After its intake as esterified in triglycerides (fish or algal oil) or
in phospholipids (fish meat), DHA is quickly distributed within
blood lipoproteins [9] and made available to tissues, including
blood cells, where it is transferred for esterification into mem-
brane phospholipids [10,11]. The issue of the dose intake in

dietary approaches is an important one as some studies have
reported that, due to their high number of methylene interrupted
double bonds, long-chain omega-3 polyunsaturated fatty acids
(PUFA) such as DHA could be prone to peroxidation and could
even promote it, depending on the amount ingested [12]. The
present manuscript addresses both that issue, especially focusing
on blood platelets in their plasma environment, and the inhibition
of platelet aggregation by lipoxygenase products of DHA.

2. Dose-effect of DHA intake on blood cells and low-density
lipoproteins

Increased vascular risk in aging is a well-known situation [13].
Investigation of platelet reactivity shows that platelets from
elderly people respond more easily to aggregating agents, and
that they contain lower amount of the antioxidant vitamin E, in
relation to a higher production of malondialdehyde (MDA) con-
sidered as a global marker of lipid peroxidation within the cell
[14,15]. On the other hand, increased lipid peroxidation in
platelets can clearly be associated with higher aggregation
response [16]. It is then of interest to lower platelet reactivity
through decreasing the peroxide tone of the cell [17].

In that frame, low dosage of a mixture of long-chain omega-3
PUFA (DHA/eicosapentaenoic acid (EPA) with a 5/1 ratio) has been
used, as compared with a placebo for six weeks. Interestingly,
180 mg/day of the mixture esterified in a triglyceride, restored
platelet vitamin E while decreasing the MDA content [18].
This positive effect of a low intake could be considered surprising,
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but confirmed previous results in a similar population after the intake
of 100 mg/day EPA for two months in the form of 1,3-octanoyl,
2-eicosapentaenoyl-glycerol [19]. These results indicated that low
intake of long-chain omega-3 PUFA may, at least in a population of
elderly people that undergo oxidative stress, be beneficial for cardi-
ovascular prevention through the regulation of platelet reactivity.

This issue has been more recently revisited in healthy volun-
teers who ingested increasing doses of DHA (200, 400, 800 and
1600 mg/day DHA in algal triglycerides for two weeks each). Blood
samples, obtained before and after each dose, and after a final wash
out period, were processed for separation of platelets, polymorpho-
nuclear leukocytes (PMNs), monocytes and plasma lipoproteins.
The main results can be summarized as follows. DHA accumulated
in plasma and cell glycerophospholipids in a dose-dependent man-
ner, with a significant increase from the lowest dose (200 mg/day).
Collagen-induced platelet aggregation was significantly inhibited
after 400, 800 and 1600 mg/day but the extent of inhibition was
lower at the highest dose. Platelet vitamin E was significantly
increased after the lowest dose, while it was increased in low-
density lipoproteins (LDL) after the three lowest doses but not after
the highest, with a reciprocal decrease of MDA [20,21]. In addition,
LDL were significantly more resistant to copper-induced oxidation
after the same lowest doses. Moreover, monocytes from the volun-
teers were also more resistant to oxidized LDL-induced apoptosis,
especially after the middle dose of DHA [22]. Finally, the overall
marker of lipid peroxidation, the isoprostane 8-epi-PGF2a in urine,
was significantly lower and higher after 200 mg/day and 1600 mg/
day, respectively [20]. The decrease of the generated leukotriene (LT)
B4 in calcium ionophore-stimulated PMNs was compensated by LTB5,
which is known to be much less pro-inflammatory than LTB4 [23],
and this was proportional to the intake of DHA [24]. Altogether, these
results indicate that, except for PMNs, cell functions were mostly
affected after 400 and 800 mg/day. These ex vivo findings are in
accordance with results we obtained in vitro with platelets enriched
with different concentrations of DHA [25]. As far as the overall in vivo

redox status is concerned, there was clearly an ‘‘antioxidant’’ effect of
low doses of DHA that was masked at the highest dose of DHA intake
with an even increased systemic oxidative stress as judged by
urinary isoprostanes. The mechanism of action of such an antiox-
idant effect of DHA is unclear. However, the measurement of
hydroxy-alkenals from omega-3 and -6 PUFA might give a clue.
The two relevant degradation products of hydroperoxide derivatives
from the two series PUFA are 4-hydroxy-hexenal (4-HHE) and
4-hydroxy-nonenal (4-HNE), respectively [26,27]. The measurement
of both products showed that plasma 4-HHE increased in function of
increasing doses of DHA while 4-HNE remained constant [21]. This
suggests that the DHA ingested was specifically peroxidized whereas
the omega-6 PUFA of the body were not during the DHA supple-
mentation. Although the amount of plasma 4-HHE measured only
the free part of it, without considering the part covalently bound to
primary amine- and thiol-containing biomolecules, it was likely
proportional to the amount produced. It might be then considered
that DHA could be a preferential target of oxidative stress (although
at a very low level compared to the amount ingested), then sparing
other antioxidants such as vitamin E, until a certain level of intake for
which the propagation of lipid peroxidation could mask the bene-
ficial effects of the low intake. This speculative hypothesis is of
interest in the current discussion on the dose-effect of long-chain
omega-3 PUFA.

3. Lipoxygenation of DHA and effect of the end-products
on platelet aggregation

The three main lipoxygenases acting upon ARA, namely 5-, 12-
and 15-lipoxygenases, may oxygenate DHA at more than three

carbon positions [6,28], e.g. carbons 4 and 7 for 5-lipoxygenase
and carbons 11 and 14 for 12-lipoxygenase, in agreement with
the multiple double bonds of the substrate. As platelet 12-
lipoxygenase followed by the action of glutathione peroxidase
produces substantial amounts of 11- and 14-hydroxy derivatives
from DHA, these products were tested on platelet aggregation,
and compared to the lipoxygenase end-product of ARA or EPA.
Interestingly, the hydroxy derivatives from DHA were more
potent to inhibit the TxA2-induced platelet aggregation than 12-
HETE from ARA or 12-HEPE from EPA. The most potent of them,
14-OH-DHA (Fig. 1), was also able to inhibit the TxA2-induced
aorta contraction [8].

More recently, a series of papers from the group of Serhan have
pointed out the great potential of DHA for being oxygenated into
various derivatives with anti-inflammatory effects in different ways.
These papers have reported on several docosanoids called protec-
tins, resolvins and maresins reviewed in [29,30]. One of them,
protectin D1, has also been named neuroprotectin D1 because of
its specific action on neuron cells [31]. Based on these data, we have
reconsidered the possibility of making a double lipoxygenation
product of DHA able to inhibit platelet aggregation. To this end,
DHA was incubated with soybean lipoxygenase, known to produce
17(S)-hydroperoxy-DHA, and a main dihydroxy derivative has been
isolated and characterized as 10(S),17(S)-dihydroxy-docosa-4Z,7Z,
11E,13Z,15E,19Z-hexaenoic acid by a series of physico-chemical
methods, including high performance chromatography coupled with
mass spectrometry and NMR [32]. This product, named protectin DX
(PDX) is an isomer of protectin D1 (PD1) or 10(R),17(S)-dihydroxy-
docosa-4Z,7Z,11E,13E,15Z,19Z-hexaenoic acid. Interestingly, PDX,
like many other oxygenated PUFA sharing the same E,Z,E conjugated
triene geometry (Fig. 1), inhibits collagen- and ARA-induced platelet
aggregation. In contrast, other conjugated triene products, such as
E,E,Z like in PD1 or LTB4, or all trans (E,E,E) derivatives are not active
against platelet aggregation [33]. The E,Z,E conjugated trienes
obtained by the double lipoxygenation of PUFA have been named
poxytrins. The mechanism of inhibition of platelet aggregation is
double with an inhibition of cyclooxygenase 1 and the antagonistic
action on TxA2 receptor site. In contrast, poxytrins are not active
upon platelet 12-lipoxygenase [33].

4. Conclusion

DHA is definitely an interesting nutrient in the prevention of
blood platelet hyperaggregation, and we may consider its com-
plementary effect compared to EPA that competes with ARA at
the level of cyclooxygenase and is converted into prostanoids of

Fig. 1. Chemical structures of DHA, its 12-/o9-lipoxygenase end-product 14[S]-

HDHE, and its 15-/o6 double lipoxygenase end-product 10[S],17[S]-diHDHE

(PDX). HDHE, hydroxy-docosahexaenoic acid. The E,Z,E motif of the conjugated

triene ( ), common in poxytrins, is responsible for the inhibition of

platelet cyclooxygenase activity and antagonism of thromboxane A2-induced

aggregation.
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