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ABSTRACT

Background: Increased fish or fish-oil consumption is associated
with reduced risk of cardiac mortality, especially sudden death. This
benetit putatively arises from the incorporation of the long-chain
n- 3 fatty acids eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA) into cardiomyocyte phospholipids.
Objective: The study examined the kinetics of incorporation of n- 3
fatty acids into human myocardial membrane phospholipids during
supplementation with fish oil and a-linolenic acid-rich flaxseed oil.
Design: Patients with low self-reported fish intake « I fish meal/wk
and no oil supplements) accepted for elective cardiac surgery in­
volving cardiopulmonary bypass were randomly allocated to I of 6
groups: no supplement; fish oil (6 g EPA+DHNd) for either 7, 14,
or 21 d before surgery; flaxseed oil; or olive oil (both 10 mUd for
21 d before surgery). Right atrial appendage tissue removed during
surgery and blood collected at enrollment and before surgery were
analyzed for phospholipid fatty acids.
Results: Surgery rescheduling resulted in a range of treatment times
from 7 to 118 d. In the fish-oil-treated subjects, accumulation ofEP A
and DHA in the right atrium was curvilinear with time and reached
a maximum at =30 d of treatment and displaced mainly arachidonic
acid. Flaxseed oil supplementation yielded a small increase in atrial
EPA but not DHA, whereas olive oil did not significantly change
atrial n - 3 fatty acids.
Conclusion: The results of the present study show that dietary n - 3
fatty acids are rapidly incorporated into human myocardial phos­
pholipids at the expense of arachidonic acid during high-dose fish-
oil supplementation. Am J CUn Nutr 2007;85:1222~8.
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INTRODUCTION

Several cohort (1-5), dietary intervention (6-8), and case­
control (9, 10) studies have shown that fish and n-3 polyunsat­
urated fatty acids (PUFAs) confer significant cardiovascular
benefit. The cohort studies documented a 42-67% lower inci­

dence of cardiac death associated with intake of fish or vegetable
n- 3 fats, and the intervention studies reported a 32-73% lower
risk of cardiac death with or without nonfatal myocardial infarc­
tion (1-8). A large intervention study using a fish-oil concentrate
reported a 45% reduction in sudden cardiac death with fish oil
(8). In addition, case-control studies have found that, compared
with the lowest quartile, erythrocyte or whole blood n - 3 PUF As

in the highest quartile are associated with a 90% reduction in risk
of primary cardiac arrest (10) or sudden cardiac death (9).

The mechanism by which eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA) confer cardiovascular protection

may involve a replacement of arachidonic acid (AA) in vascular
and cardiac membrane phospholipids. AA is a precursor of proin­

flammatory eicosanoids, whereas EP A and DHA have been
shown to be anti-thrombotic and anti-arrhythmic, respectively. It
has been proposed that the erythrocyte EP A +DHA content (the
omega-3 index) could serve as a risk factor for death from cor­
onary artery disease, with EP A +DHA 2:8% of total erythrocyte
fatty acids being proposed as a target to reduce the risk of death
from coronary artery disease (11). However, only one small
study looked at the incorporation of dietary n - 3 fatty acids into
human myocardium, and that study used endocardial biopsy
specimens from transplanted hearts (12). No studies have exam­

ined nontransplanted hearts; in particular, no data exist on the rate
of increase in human myocardial EP A and DHA in response to
dietary intervention. This information is important for prospec­
tive acute dietary interventions, such as for acute coronary syn­
drome, and is also pertinent in determining the likely time to
benefit in longer-teml administration of fish oil. Thus, in the
present study we examined the rate of incorporation of dietary
n-3 PUFAs into human myocardium during fish-oil treatment
compared with the effect of flaxseed oil-derived n - 3 fatty acids
on human myocardial fatty acids.

SUBJECTS AND METHODS

Subjects

Patients accepted for elective on-pump cardiac surgery (cor­
onary artery bypass graft, valve repair or replacement, or both)
were recruited if they had not previously had cardiac surgery,

were expected to have at least 21 d waiting time before surgery,
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1 AA, arachidonic acid; ALA, a-linolenic acid; DHA, docosahexaenoic

acid; DPA, docosapentaenoic acid; EP A, eicosapentaenoic acid; LA, linoleic
acid; OA, oleic acid; SDA, stearidonic acid.

and if they reported a low frequency of ingestion of fish (::; I fish
meal/wk) and no fish oil or other oil supplements. The study
design was a random, blinded al1ocation to parallel treatment
groups. Randomization was by sealed envelope. Of 6 treatments
groups,S received a supplement and the other received no test
dietary intervention. The dietary treatments were 10 mUd of
either fish-oil concentrate (Berg Lipidtech AS, Aalesund, Nor­
way) for 7,14, or 21 d before surgery and flaxseed oil or olive oil
for 21 d before surgery. The dietary oils contained a total of
1.86% lemon and lime oil flavoring to improve palatability and
blinding. The oil was provided in bottles, and the subjects were
instructed to take it in fruit juice as described previously (13). The
fish-oil concentrate was selected because it contained approxi­
mately equal proportions of EPA and DHA, providing a daily
intake of ""3 g of each fatty acid. The flaxseed oil comparator
provided a similar total amount of n-3 PUFAs, but as
a-linolenic acid (ALA). The olive oil comparator provided < I%
of the n- 3 PUFA intake of flaxseed oil, also as ALA. The fatty
acid composition of the oils is detailed in Table 1.

Subjects allocated to an intervention were advised of their
treatment start date once a surgery date was set. Subjects who had
their surgery date rescheduled (earlier or later) after the start of
the intervention were advised to continue the allocated oil up to
the time of surgery.

Subjects who failed to complete the intervention, or from
whom an atrial specimen was not obtained at surgery, were
replaced as needed by the next available patient to ensure that a
total of 30 atrial specimens were obtained from subjects who
completed the fish-oil supplementation and 10 from subjects in
each of the other groups. Compliance was assessed by interview
and by changes in erythrocyte and plasma fatty acid composition.
Informed consent was obtained before participation in the study,
which was approved by the Research Ethics Committee of the
Royal Adelaide Hospital.

Tissue collection procedures

Nonfasting blood was collected into lithium heparin tubes at
enrollment and again at the time of admission to the hospital

RESULTS

Fatty acid extraction and analysis

Erythrocyte and plasma phospholipids were extracted as de­
scribed (14). Atrial samples were cleaned of adipose tissue and
clotted blood. Approximately 0.2 g tissue was homogenized in
2 mL saline before mixing with 3 mL methanol. Chloroform
(6 mL) was added, the samples were centrifuged (1560 X g, 10
min, room temperature), and the chloroform phase was trans­
ferred to a 20-mL scintillation vial and evaporated to dryness.

Phospholipids were separated by thin-layer chromatography
and after methanolysis of the phospholipid fractions. Fatty acid
methyl esters were analyzed by gas-liquid chromatography as
described (15).

before surgery. Right atrial appendage tissue that is removed as
a standard surgical procedure during cannulation of the heart in
preparation for cardiopulmonary bypass was collected and
placed immediately into ice-cold saline, transferred to the labo­
ratory, removcd from the saline, and stored at -70°C until
analyzed.

Subjects

To achieve our group size objectives, we enrol1ed a total of 84
subjects to yield 10 atrial samples in each treatment group as
detailed in Figure 1. The required total of 60 subjects was en­
rolled initially, 24 of whom withdrew for the reasons shown and
were replaced.

Alterations to the scheduling of elective surgery were com­
mon. As a consequence, the actual duration of oil consumption
did not match that specified by the group allocation. Thus, a
spread of treatment durations occulTed across a range from 7 to
63 d for the fish-oil groups, from 18 to 118 d in the flaxseed oil
group, and from IS to 79 d for the olive oil group. The basic
characteristics at baseline of al1 the subjects from whom atrial
tissue was obtained and who completed the intervention did not
differ significantly as detailed in Table 2.

Safety

Postsurgical blood loss from mediastinal chest tube drains was
recorded at the time of tube removal.

Statistical analysis

Continuous variables were compared by using analysis of
variance with post-testing by Tukey-Kramer multiple compari­
sons test or Kruskal-Wallis with post-testing by Dunn's test as
appropriate. Subjects completing the fish-oil treatment were al­
located to tertiles on the basis of duration of fish-oil treatment.

Analyses were conducted by using INSTAT version 3.06
(Graphpad Software, San Diego, CA). Regression analysis was
used to explore relations between duration of intervention and
fatty acid content of atrium and erythrocytes (PRISM version
4.1; Graphpad Software). Best-fit curves were obtained by using
the linear and nonlinear regression analytic features of PRISM.
For each data set, linear regression, sigmoidal dose-response
(variable slope), and second-order polynomial curves were cal­
culated, with the best-fit curve selected by comparison of the?
values.
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Fish oilFatty acid

Palmitic (16:0)

Stearic (18:0)
Total saturated

OA (18:ln-9)
Total monounsaturated

LA (18:2n-6)
AA (20:4n-6)
Total n-6

ALA (l8:3n-3)
SDA (18:4n-3)
EPA (20:5n-3)
DPA (22:5n-3)
DHA (22:6n-3)
Total n-3

TABLE 1
Fatty acid composition of the dietary oils!




