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ABSTRACT
Objective: In a recent study, we showed that the combination of aspirin plus the ω3 fatty acids eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA)
synergistically inhibited platelet function. As aspirin,
EPA, and DHA have demonstrated anti-inflammatory properties, we hypothesized that the ingestion of
EPA and DHA, with and without aspirin, would reduce plasma levels of inflammatory cytokines and angiogenesis factors more than aspirin alone and before
aspirin was ingested. Methods: Using multiplex technology, we investigated the effects of aspirin (singledose 650 mg on day 1), EPA + DHA (3.4 g/d for days
2 - 29), and aspirin with EPA + DHA (day 30) on
plasma levels of inflammatory cytokines and angiogenesis factors in healthy adults. Results: Aspirin alone
had no effect on any factor versus baseline, but EPA
+ DHA, with and without aspirin, significantly reduced concentrations of 8 of 9 factors. Although EPA
+ DHA plus aspirin reduced concentrations of a subset of the factors compared to baseline, neither aspirin alone nor the combination significantly reduced the
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level of any analyte more robustly than EPA + DHA
alone. Conclusions: These data suggest that EPA + DHA
has more pronounced down-regulatory effects on inflammation and angiogenesis than aspirin. The implications of these findings for the use of combined therapy for cardiovascular disease remain to be clarified.
Keywords: Eicosapentaenoic Acid; Docosahexaenoic
Acid; Lipid Mediators; Fatty Acids; Angiogenesis;
Hemostasis; Platelet Function; Cytokines; Aspirin

1. INTRODUCTION
Cardiovascular disease (CVD) is the leading cause of death,
disability, and healthcare expense in the United States, and
also the leading cause of death worldwide [1]. Angiogenesis is the generation of new blood vessels and a process involved in the pathophysiology of CVD [2]. Several
cytokines/chemokines and angiogenesis factors have been
associated with the progression of cardiovascular disease
(CVD) [2]. These include most prominently tumor necrosis factor-α, interleukin (IL)-6, IL-8, IL-1β, macrophage chemoattractant protein (MCP), platelet-derived
growth factor (PDGF), basic fibroblast growth factor (bFGF), and vascular endothelial growth factor (VEGF),
whereas IL-10 tends to act as an atheroprotective mediator [3].
Aspirin exerts anti-inflammatory effects by downregulating the activity of nuclear factor kappa-light-chainenhancer of activated B cells (NF-κB), which regulates the
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production of many inflammatory cytokines including
TNF and leukotrienes [4]. The fish-derived ω3 fatty acids eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA) also have cardioprotective effects [5]. We have
previously shown that EPA + DHA does not modulate
platelet aggregation but the combination of EPA + DHA
with aspirin synergistically reduces it [6]. Using plasma
in this current study, we investigated the effects of aspirin and EPA + DHA, alone and in combination, on plasma levels of inflammatory cytokines and angiogenesis
factors in healthy adults.

2. METHODS
2.1. Protocol
The original study from which blood samples were obtained was designed to assess the effects of aspirin and
EPA + DHA on platelet function [6]. It was an openlabel, 4 week, sequential therapy trial in which each subject served as his/her own control. The study involved 4
visits: Day 1 (baseline); Day 2 (1 day after an oral dose
of 650 mg of a regular aspirin tablet); Day 29 (after 28
days of daily treatment with 3.4 g/day of prescription
EPA + DHA [Lovaza, GlaxoSmithKline, Philadelphia,
PA, USA]); and Day 30 (after 1 day of combined treatment with 3.4 g/day of prescription EPA + DHA and 650
mg aspirin). One day of aspirin treatment was selected
because the effects of aspirin on platelet aggregation are
complete 1 day after ingestion, and are similar at 1 and 7
days after ingestion in healthy volunteers [7]. Blood was
drawn into sodium citrate for all tests after a 10-hour
overnight fast and stored immediately at –80˚C.

2.2. Subjects
Fifteen healthy volunteers not taking medications, vitamin pills, nutritional supplements, or herbal preparations
were recruited. Other exclusions included drinking more
than 3 alcoholic beverages a day, or having any of the
following conditions: ulcer or bleeding in the stomach,
liver or kidney disease, a bleeding or blood clotting disorder (e.g. hemophilia), fluid retention, heart disease, hypertension, gout, asthma, arthritis, or nasal polyps. Subjects had no history of allergic reactions to aspirin, fish
or fish oils, or to non-steroidal anti-inflammatory drugs.
The study was approved by the University of South Dakota Institutional Review Board, and written informed
consent was obtained from each subject.

2.3. Laboratory Methods
The effects of aspirin and EPA + DHA, alone or in combination, on plasma levels of cytokines and angiogenesis
factors were examined using the BioPlex suspension
array system (BioRad Life Sciences, Hercules, CA, USA),
Copyright © 2012 SciRes.

according to the manufacturer’s instructions. Briefly, beads
coated with specific antibodies [anti-tumor necrosis factor alpha (TNF-α), -platelet-derived growth factor (PDGF),
interleukins (IL-6, -IL-8, -IL-10, -IL-1β), macrophage
chemoattractant protein (MCP), basic fibroblast growth
factor (b-FGF), and vascular endothelial growth factor
(VEGF)] were immobilized on a 96 well plate and allowed to react with sample (50 µL) containing unknown
amounts of cytokine. After a series of washes to remove
unbound protein, a biotinylated detection antibody specific for a different epitope on the cytokine was added to
the plate. Streptavidin-PE was added to the wells, and the
reaction was quantified based on bead color and fluorescence intensity. Cytokine concentrations were calculated
using BioPlex Manager software (Bio-Rad).

2.4. Statistical Analyses
Concentrations of all cytokines and growth factors were
tested for normality using the Shapiro-Wilk statistic, and
many were not normally distributed based on this metric
(p < 0.05). Therefore, the Wilcoxon signed-rank test was
used to determine differences in cytokine and angiogenesis factor levels between the study time points. p-values < 0.05 or < 0.1 were considered statistically significant due to the small sample-size and were not adjusted
for multiple comparisons for any analysis due to the exploratory nature of this study and a priori hypotheses for
each analyte. Analysis was conducted using SAS software (Version 9.2; SAS Institute Inc., Cary, NC, USA).

3. RESULTS
The study participants were relatively young (mean age
33.3 years), had a body mass index in the overweight
range, consumed very little fish and alcohol, and 60%
were female (Table 1). The effects of EPA + DHA and/
or aspirin ingestion on inflammatory cytokines and angiogenesis factors are presented in Figures 1-2, respecttively. EPA + DHA alone significantly reduced the concentrations of all factors, as compared with baseline or
aspirin alone. EPA + DHA combined with aspirin reduced the concentrations of a subset of all of the factors
Table 1. Baseline characteristics of study subjects.
Variable

Mean (n = 15)

SD

Age

33.3

11

Male (%)

40

Servings of non-fried fish per month

1.2

1

Alcoholic drinks/wk

1.3

1.1

Body mass index at enrollment

27.6

3.4
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Figure 1. The effects of aspirin and EPA + DHA on plasma cytokine levels. Plasma concentrations of the indicated cytokines were
evaluated at baseline, 1 day after an oral dose of 650 mg of regular aspirin (aspirin), after 28 days of treatment with 3.4 mg/day of
prescription EPA + DHA (EPA + DHA), and after 1 day of combined treatment with EPA + DHA and aspirin (aspirin & EPA + DHA).
Units are in picogram/mL and error bars represent 1 standard deviation. Single asterisks indicate a p-value of <0.1 and double asterisks indicate a p-value of <0.05 as compared to baseline. Single crosses indicate a p-value < 0.1 and double crosses indicate a p-value
< 0.05 as compared to the effects of aspirin alone. Aspirin did not significantly alter concentrations of any cytokine when ingested
alone, compared to baseline, or in combination with EPA + DHA when compared to EPA + DHA alone.

compared with baseline. Aspirin alone did not significantly reduce the level of any cytokine or factor compared to baseline, and aspirin combined with EPA +
DHA did not reduce the concentrations of factors more
robustly compared to EPA + DHA alone (p > 0.1).

4. DISCUSSION
The key finding of this study is that a brief 28 day supplementation with EPA + DHA led to a significant reduction in plasma levels of cytokines and angiogenesis
factors implicated in atherosclerosis. To the best of our
Copyright © 2012 SciRes.

knowledge, no prior studies have compared the effects of
aspirin and EPA + DHA, alone, and in combination, on
all of these analytes simultaneously. EPA and DHA have
been shown to exert potent anti-angiogenic effects by inhibiting the production of important inflammatory and
angiogenic mediators, namely VEGF, PDGF, platelet-derived endothelial cell growth factor (PD-ECGF), COX-2,
prostaglandin-E2 (PGE2), nitric oxide, NF-kappaB, matrix metalloproteinases and beta-catenin [8]. PDGF concentrations in plasma in our study were reduced by consumption of 3.4 g/d of EPA + DHA. This is in contrast to
OPEN ACCESS
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Figure 2. The effects of aspirin and EPA + DHA on plasma angiogenesis factor levels. Plasma concentrations of b-FGF and VEGF
were evaluated as described for Figure 1. Single asterisks indicate a p-value of <0.1 and double asterisks indicate a p-value of <0.05
as compared to baseline. Single crosses indicate a p-value < 0.1 and double crosses indicate a p-value < 0.05 as compared to the effects of aspirin alone. Aspirin did not significantly alter the concentrations of any angiogenesis factor when ingested alone, compared
to baseline, or in combination with EPA + DHA, when compared to EPA + DHA alone.

the results of an earlier study of 63 healthy participants
in which the consumption of 0.3 g/day, 0.6 g/day or 0.9
g/day of EPA + DHA for 8 weeks had no effect on serum
PDGF levels [9]. A dose of 0.6 mg/day is consistent with
slightly more than 2 portions of fatty fish per week, and
1 g/day is consistent with about 4 fatty fish meals per
week. These differences in the effects of EPA + DHA on
PDGF suggest that doses of EPA + DHA higher than
those typically achieved through diet may be necessary
to achieve downregulation of PDGF. In support of this, a
dose of 7 g/day for 4 weeks has been shown to suppress
adherence-activated and non-activated mononuclear cellmediated production of PDGF and MCP in humans [10].
To date, the modulation of blood concentrations of angiogenesis activator b-FGF in humans by EPA and DHA
has not been reported.
It is known from in vitro studies that EPA and DHA
downregulate the production of TNF-α, IL-6, IL-8, and
IL-1β via modulation of nuclear factor (NFkappaB [11],
while also downregulating monocyte [12] and MCP-1
[13] activity. However, the doses used and duration of
administration vary considerably from study-to-study in
humans. While some of the studies provided <2 g EPA +
DHA per day [11], others have examined the effects of
higher doses [14]. Perhaps because of these differences,
Copyright © 2012 SciRes.

the amount of EPA + DHA required to exert beneficial
effects is not clear. Most of these previous studies used
ex vivo techniques to examine immune cell function, unlike the current study in which we directly measured
plasma levels in human subjects taking approved doses
of EPA + DHA.
The formation of vasa vasorum through angiogenesis
has been associated with plaque instability and rupture,
as micro-vessel formation has a predilection for the shoulder regions of atherosclerotic plaques [15]. Stimulators of
angiogenesis that would induce the growth of new blood
vessels and thus potentially reduce ischemic burden in
the heart and limbs have been considered promising [16],
however, despite promising results in preclinical models,
data from clinical trials have been inconclusive, and evidence suggests that angiogenic factors actually promote
atherosclerosis and potentially destabilize coronary plaques [2]. EPA and DHA have been shown to inhibit pathologic angiogenesis [17].
In contrast to our expectations, IL-10 concentrations
decreased with EPA + DHA treatment. In an observational study involving 1123 subjects [18], lower DHA
plasma levels were strongly associated with lower IL-10
concentrations. To our knowledge, there are no published
data on the effects of pharmaceutical-grade EPA + DHA
OPEN ACCESS
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given at FDA-approved doses on IL-10. Interestingly, the
inhibitory effect of EPA + DHA on plasma IL-10 levels
was more modest in our study than for most of the other
cytokines. Although we cannot know if oral doses of
DHA alone would alter IL-10 levels, nor whether, in our
study, it was the high dose of ω3 fatty acids or the provision of EPA that lowered this marker, it seems possible
that EPA and/or DHA on IL-10 may affect this cytokine
differently depending on the dose and preparation used.
Our study found no effect of a 650 mg dose of aspirin
alone on plasma cytokines and pro-angiogenesis factors.
This dose of aspirin was chosen because we originally
wanted to study the potential effects of aspirin and EPA
+ DHA on platelet function [19]. It remains possible that
other doses of aspirin, or ingestion of aspirin for longer
time points, might affect some of the inflammatory cytokines or proangiogenesis factors measured. Alternatively,
while the clearance of many cytokines and angiogenesis
factors occurs quickly with half-lives of <3 hours, it is
possible that the effects of aspirin on molecules with longer half-lives could be detected in studies with longer
periods of aspirin use. In addition, the data in this study
should be cautiously interpreted as the number of participants was relatively small. Their age was also quite
low and they were quite healthy, limiting the ability to
predict the process of atherosclerosis and clinical events.
Thus, different results could be found in a much larger
cohort with older, or diseased, participants. In addition,
we were not able to determine if the angiogenesis stimulating factors of cigarette smoking [20] and endothelial
progenitor cells [21] influence the effects that EPA +
DHA or aspirin had on the pro-angiogenesis molecules
that we measured. Future studies will be needed to investigate these possibilities.
In conclusion, our findings support the idea that the
ω3 fatty acids EPA + DHA have anti-inflammatory and
anti-angiogenesis effects in vivo, which may contribute to
the beneficial effects of fish oil supplementation in susceptible human subjects who take or do not take aspirin.
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