
Introduction

Coronary artery disease (CAD) still remains as a
leading cause for both morbidity and mortality in
Western countries. Historically, significant attention

has been given to elevated levels of low-density lipo-
protein (LDL) cholesterol in the pathogenesis of CAD.
However, recent studies highlighted the importance of
high plasma triglyceride levels on the development of
atherosclerotic vascular disease. For example, a meta-
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j Abstract Background Con-
sumption of fish oil and n-3 fatty
acids is associated with beneficial
modifications in plasma lipid lev-
els. The impact of these modifica-
tions on development of
atherosclerotic lesions merits fur-
ther investigation. Aim of the
study The aim of this study was to
investigate the impact of fish oil
consumption on quality and
quantity of lipoprotein fatty acids
and its influence on atherosclero-
sis in apolipoprotein E-knockout
(apo E-KO) mice. Methods Male
apo E-KO mice were treated with
1% dietary fish oil for 14 weeks.
Plasma triglycerides (TG), phos-
pholipids, (PL) and cholesteryl
ester (CE) fractions were separated
using thin layer chromatography.
Plasma-free fatty acids (FFA) plus
fatty acid contents of TG, PL, CE
were determined using gas chro-
matography. Aortic atherosclero-
sis was assessed by histological
and morphometrical techniques.
Results Twenty-eight fatty acids
were identified in each of the four
lipid compartments. High
amounts of n-3 fatty acids

(eicosapentaenoic (EPA), docosa-
hexaenoic (DHA)) were found in
all of these fractions. The levels of
EPA and DHA increased by 400
and 150%, respectively, in FFA,
TG and PL compartments; higher
increases (>500 and 200%) in EPA
and DHA were found in CE. This
markedly decreased the n-6/n-3
ratios in FFA, TG, PL, and CE by
60, 72, 53, and 61%, respectively.
These changes were accompanied
by a significant increase in plasma
triglyceride levels. Surprisingly,
these changes did not affect ath-
erogenesis. Conclusions Elevated
levels of EPA and DHA do not
appear to prevent development of
atherosclerotic plaques in this
model. Longer studies warrant
investigation of the direct benefits
of these fatty acids against myo-
cardial damage as clinical conse-
quences of advanced
atherosclerosis.

j Key words apo E-KO mice –
fish oil – fatty acids –
triglycerides – cholesteryl ester –
phospholipids
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analysis by Hokanson and Austin [1] showed a sig-
nificant positive association between elevated levels of
plasma triglycerides and atherosclerotic events. Sim-
ilarly, plasma triglyceride levels were identified as an
independent predictor for ischemic heart disease in
men [2]. Thus, reducing plasma triglyceride levels by
dietary and/or pharmacological agents is recom-
mended for prevention and/or treatment of CAD.
Among dietary agents, triglyceride-lowering effects of
fish oil have been well-established in both humans
and animal models [3–5]. The nature of fatty acid
components of the triglycerides is probably the major
contributing factor in its atherogenic properties.
Particularly, saturated fatty acids may promote ath-
erosclerosis, while long chain n-3 fatty acids are be-
lieved to prevent atherosclerosis.

Apoliporotein E plays a crucial role in triglyceride-
rich lipoprotein metabolism. Subjects with apolipo-
protein E-deficiency develop type III dyslipidemia
with elevated levels of plasma triglycerides [6]. These
subjects also develop atherosclerotic vascular disease.
Similar to humans, we have shown that deletion of
apolipoprotein E gene in mice is associated with sig-
nificant increases in the level of plasma triglycerides
and cholesterol [7]. However, other studies have
shown that fatty acid composition in several lipid
fractions of the brain of apolipoprotein E-knockout
(apo E-KO) mice is comparable to that of their wild-
type counterparts [8]. This suggests that deletion of
apo E may not significantly change tissue fatty acid
metabolism. These apo E-KO mice develop sponta-
neous atherosclerosis in their early stage of life [9].
Despite its extensive use, this animal model has cer-
tain limitations, which may question its application in
studying human diseases. For example, rodent lipo-
protein metabolism and atheroma formation are quite
different of the human mechanisms. Therefore, one
may prefer rabbit models over rodent models for
studying the effects of fish oil on dyslipidemia and
atherosclerosis. Regardless, we and others have shown
that reductions in plasma cholesterol levels reduce the
extent and severity of atherogenesis in this animal
model [10–12]. Unlike cholesterol, the role of in-
creased levels of plasma triglycerides in accelerated
atherogenesis in apo E-KO mice has not been fully
studied. Similarly, the nature of lipoprotein fatty acid
profile and its contribution to accelerated athero-
genesis in this animal model is not known.

Long chain n-3 fatty acids such as eicosapentae-
noic (EPA, C20:5n-3) and docosahexaenoic (DHA,
C22:6n-3) and to a lesser extent alpha-lionlenic acid
(ALA, C18:3n-3) are believed to be cardiovascular
protective. Cardiovascular benefits from these fatty
acids are not limited to their triglyceride-lowering
properties. Anti-thrombotic, anti-arrhythmic, and
anti-hypertensive effects of fish oil may also contrib-

ute to its preventive effects on both CAD and stroke.
Many of these beneficial effects of fish oil are attrib-
uted to the type of n-3 fatty acids (EPA and DHA)
found in fish, shellfish and marine mammals. In
addition to several epidemiological studies, a recent
study has reported a significant inverse association
between intakes of EPA and DHA with carotid inti-
mal-medial thickness in a total of 1902 subjects [13].
These epidemiological and observational studies were
the bases of recommendations for increased intake of
EPA and DHA by several medical authorities world-
wide [14, 15]. However, available literature lacks
documentation of the distribution of these fatty acids
in various lipoprotein fractions and their relation to
atherosclerosis. Thus, the aim of this study was (a) to
characterize fatty acid profile of various plasma lipid
fractions in apo E-KO mice with severe dyslipidemia
and atherosclerosis, and (b) to investigate to what
extent the n-3 fatty acids of fish oil are incorporated
to various plasma lipid fractions, and how this affects
the overall plasma/lipoprotein fatty acid profile and
atherogenesis in this model of dyslipidemia and ath-
erosclerosis. Simultaneously, the association between
plasma triglyceride levels and the extent of athero-
sclerosis was studied.

Materials and Methods

j Animals and diets

Fifteen male 4-week-old apo E-KO mice were pur-
chased from Jackson Laboratories, Ann Harbor, ME.
After a 10-day adaptation period, the animals were
divided into two groups (treated, n = 8 and controls,
n = 7) matched with their average body weight and
plasma total cholesterol levels as previously described
[10, 11]. PicoLab mouse chow containing 9% (w/w)
fat was supplemented with 0.2% (w/w) cholesterol to
generate ‘‘control’’ diets. This diet was further sup-
plemented with 1% fish oil (Pronova Biocare, San-
defjord, Norway). The animals fed the experimental
diets for 14 weeks; body weights were recorded
weekly. Blood samples were taken at baseline and 4-
week intervals. To determine the contribution of
various fatty acids (without dietary supplementation)
in lipoprotein structures and their relation to ath-
erogenesis and subsequently the role of dietary EPA
and DHA in these parameters, addition of a non-n-3
fatty acids to the diet of the control group was avoi-
ded. At the end of the study, the animals were sacri-
ficed under deep anesthesia (60 mg/kg pentobarbital
i.p.) and final blood samples were taken by cardiac
puncture as previously described [10, 11]. The studies
were approved by the Animal Care Committee at the
University of Manitoba, Winnipeg, Canada.
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j Lipid analysis

Plasma was separated and used for determination of
cholesterol and triglyceride concentrations using
standard enzymatic assays [10, 11]. Plasma choleste-
ryl ester, triglyceride and phospholipid fractions were
separated using thin layer chromatography as previ-
ously described [16]. Plasma free fatty acid profile and
fatty acid composition of the above-mentioned lipid
fractions were determined using gas chromatography
techniques [16].

j Histology and morphometry

The hearts were harvested and fixed in 10% formalin.
Sections from aortic roots were cut and stained with
oil red O, hematoxylin and eosin and Movat’s pen-
tachrome for histological and morphometrical
examinations. A series of oil red O-stained sections
were used for morphometrical analysis using image
ProPlus analysis system as previously described [11].

j Statistical analysis

The two-tailed student-t test was used to determine
the significant differences between the control and
treated animals at the level of P < 0.05. We also used
SPSS software version 11.5 for Windows� to test
normal distribution of our data at baseline and at the
end of the study. Normal distribution was confirmed
when the standard error of skewness was greater than
two times the skewness values. Our analysis of body
weight and plasma cholesterol concentrations at
baseline revealed normal distribution. Similarly, the
levels of major fatty acids, including ALA, EPA, DHA,
oleic acid and linoleic acid in various fractions of
plasma lipids as well as body weight at the end of the
study revealed normal distribution. Data are ex-
pressed as mean ± standard deviation.

Results

j Body weight

Figure 1 shows body weight gain for the control and
fish-oil-treated groups over the experimental course.
Both groups of mice had similar body weight gains.
This indicates that addition of 1% fish oil to the diet
did not result in higher body weight in the treated
group. Both groups of animals had the highest rate of
body weight gain (approximately 25%) during the
first two weeks of the study. The extent of body weight
gain was lower from week 4 to week 8; it basically

reached plateau after week 8 in both groups of mice
(Fig. 1).

j Plasma total cholesterol and triglycerides

Plasma total cholesterol and triglyceride levels at base-
line and during the experimental course are shown in
Figs. 2 and 3. Both groups of mice had similar cho-
lesterol levels (460 vs 465 mg/dl) at baseline; these
levels increased approximately 3 times (460 vs. 1250,
mg/dl) in both groups by week 4, an expected outcome
of the ingestion of dietary cholesterol through the
experimental diet (Fig. 2). The levels of total choles-
terol remained steady and comparable between the
two groups over the rest of experimental course
(Fig. 2). In contrary, the levels of plasma triglyceride
levels significantly increased (65 vs. 210, mg/dl) in
fish-oil-treated animals at week 4 and remained high
throughout the study as compared to controls (Fig. 3).
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j Fatty acid profiles

A complete fatty acid analysis was performed on the
final plasma samples. Table 1 summarizes the com-
position of fatty acids in each fraction of free fatty
acid, cholesteryl ester, triglycerides, and phospholip-

ids from the two groups of control and fish-oil-treated
apo E-KO mice. In the control group, fatty acids
C16:0, C18:1n-9, and C18:2n-6 were among the most
abundant fatty acids in plasma free fatty acid pool.
C18:3n-3, C20:4n-6, C20:5n-3, C22:0, and C22:6n-3
were found in free fatty acid pool in intermediate
amounts. In triglyceride fraction, C16:0, C18:1n-9,
C18:2n-6, C20:5n-3, and C22:6n-3 were in high
amounts, while C16:1n-7, C18:0, C18:1n-7, C18:3n-3,
C20:4-n6, C22:0 were in intermediate amounts. High
amounts of C16:0, C18:0, and C18:2n-6, and inter-
mediate amounts of C18:1n-9, C18:1n-7, C20:3n-6,
C20:4n-6, and C20:5n-3 were found in phospholipids.
C16:0, C18:1n-9, and C18:1n-7 were found in high
amounts in cholesteryl ester fraction. Other detectable
fatty acids were found to be in very small amounts in
all of the four plasma lipid compartments. In the
treated group, 14 weeks on fish oil (1% w/w) sub-
stantially changed the fatty acid profile in all of the
four lipid fractions. For example, the levels of EPA
and DHA increased by 400 and 150%, respectively, in
free fatty acid, triglyceride and phospholipid com-
partments; higher increases (>500 and 200%) in EPA
and DHA contents were found in cholesteryl ester. In
addition to EPA and DHA, the levels of several other
polyunsaturated fatty acids in the lipid fractions were
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Fig. 3 Plasma triglyceride concentrations (TG, mg/dl) in the control and fish-
oil-treated apo E-KO mice over the experimental course. Fish oil treatment
significantly increased plasma triglyceride levels by week 4 of the study, as
compared to controls. Open bars, controls; solid bars, fish-oil-treated; *,
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Table 1 Plasma fatty acid profile in
various fractions in the fish-oil-trea-
ted and control apo E-KO mice at the
end of the study (means; pmol/mg
lipid extract; controls (n = 7), treated
(n = 8).

Fatty acids Free fatty acids Triglycerides Phospholipids Cholesteryl ester

Controls Treated Controls Treated Controls Treated Controls Treated

C12:0 0.17 0.11 0.00 0.01 0.00 0.00 0.01 0.02
C14:0 0.82 0.71 0.27 0.22 0.10 0.12 0.30 0.30
C14:1 0.40 0.50 0.07 0.11 0.01 0.01 0.06 0.05
C16:0 31.4 33.8 17.9 10.0* 25.5 26.8 17.6 17.7
C16:1n9 0.48 0.35* 0.51 0.30* 0.13 0.13 0.32 0.29
C16:1n7 1.91 1.31* 1.25 0.82* 0.29 0.25 3.15 2.68*
C18:0 12.9 12.5 5.77 2.45* 17.7 17.8 6.99 7.05
C18:1n9 16.9 11.9* 22.9 14.1* 6.81 6.79 32.1 30.2
C18:1n7 1.16 0.69* 1.09 0.57* 1.35 1.00* 1.38 1.51
C18:2n6 18.4 15.1* 20.7 15.3* 30.24 25.6* 28.4 24.6
C18:3n6 0.17 0.10* 0.33 0.13* 0.09 0.07* 0.24 0.09
C18:3n3 1.03 0.88 1.25 0.90* 0.18 0.14* 2.43 2.51
C20:0 0.87 0.86 0.55 0.17* 0.34 0.38* 0.17 0.16
C20:1 0.09 0.08 0.25 0.29 0.05 0.04 0.09 0.14
C20:2n6 0.82 0.44 0.47 0.16* 0.36 0.27* 0.10 0.10
C20:3n9 0.59 1.08 0.60 0.27* 0.08 0.04* 0.13 0.13
C20:3n6 0.55 0.50 0.45 0.15* 1.57 0.93* 0.16 0.14
C20:4n6 1.65 1.36 4.82 3.67* 6.29 4.76* 2.76 2.29
C20:5n3 1.28 6.00* 8.9 38.7* 1.25 5.11* 0.98 5.34*
C22:0 1.97 2.81* 1.20 0.37* 0.27 0.34 0.07 0.07
C22:1n11 0.023 0.07 0.11 0.12 0.04 0.07* 0.04 0.10*
C22:1n9 0.11 0.14 0.23 0.24 0.06 0.14* 0.05 0.12*
C22:4n6 0.10 0.03* 0.14 0.14 0.16 0.07* 0.02 0.05
C22:5n6 0.05 0.08 0.19 0.22 0.07 0.14 0.02 0.06*
C22:5n3 0.45 1.03* 0.67 1.58 0.47 0.84* 0.08 0.24*
C22:6n3 3.90 5.78* 7.69 8.21 5.48 6.90* 1.56 3.12*
C24:0 0.71 0.80 0.26 0.08* 0.12 0.15 0.00 0.00
C24:1 0.08 0.03 0.03 0.01 0.43 0.45 0.01 0.01

*, P < 0.05 as compared with controls
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significantly changed after fish oil consumption. Fig-
ure 4 shows that fish oil treatment significantly in-
creased total n-3 fatty acid contents of all lipid
fractions examined, as compared to controls. Fur-
thermore, the treatment resulted in substantial
changes in n-6 to n-3 ratios in all of the lipid fractions
studies (Table 2). After fish oil treatment, this ratio
reduced by 60% (from 3.22 to 1.28), 72% (from 1.44 to
0.40), 53% (from 5.25 to 2.45), and 61% (from 6.28 to
2.43) in free fatty acid pool, triglycerides, phospho-
lipids, and cholesteryl ester, respectively. In contrary,
reduced levels of several mono and polyunsaturated
fatty acids such as C18:1n9, C18:1n-7, C18:2n-6,
C18:3n-6, C18:3n-3, C20:2n-6, C20:3n-9, C20:3n-6, and
C20:4n-6 were observed in various lipid fractions in
the treated animals as compared to controls (Table 1).
Fish oil did not alter the levels of medium-chain
saturated fatty acids (C12:0, C14:0, and C16:0) in any
of the four lipid fractions studied. Similarly, minimal
effects of fish oil were observed on the levels of long-
chain saturated fatty acids (C20:0, C22:0, and C24:0).

j Morphological and morphometrical assessments of
atherosclerotic lesions

Histological examinations of serial transverse sections
from the aortic roots revealed similar features of
atherosclerotic lesions in both groups of animals. The
atherosclerotic lesions in both groups were mainly
consisted of neutral lipids as demonstrated by oil red
O staining. Similarly, numerous cholesterol clefts
along with comparable amount of cellular and extra-
cellular components of atherosclerotic lesions were
observed in both control and treated animals. Overall,
pathological features of these lesions resembled those
observed in the control groups of our previous studies
[9, 10]. For this reason and because we have exten-
sively shown photomicrographs of such lesions [7, 9,
10], illustration of the atherosclerotic lesions is not
included in this report. As it was evident in histo-
logical examinations, morphometrical analysis also
showed very similar atherosclerotic lesion size in the
two groups of animals (30 vs. 29 mm2).

Discussion

In this study, the fatty acid profile of plasma cho-
lesteryl ester, triglycerides, and phospholipids as well
as plasma free fatty acid pool in apo E-KO mice has
been characterized. Furthermore, the impact of fish
oil consumption on the fatty acid compositions of the
above-mentioned lipid fractions was studied. Finally,
the influence of EPA and DHA on atherosclerosis was
examined. Ingestion of a diet enriched with fish oil
substantially altered fatty acid compositions of the
four plasma lipid fractions (free fatty acids, cho-
lesteryl ester, phospholipids, and triglycerides). These
changes were accompanied by an increase in plasma
triglyceride concentrations and no effects on plasma
total cholesterol levels or the extent of aortic athero-
sclerosis in this animal model.

Numerous human and animal studies have shown
triglyceride-lowering, anti-arrhythmic, anti-throm-
botic, and anti-inflammatory effects of fish oil. These
features are most likely the underlying mechanisms of
cardiovascular protective properties of fish oil ob-
served in humans and experimental animals. Con-
vincing evidence for protection against cardiovascular
diseases is provided by randomized clinical trials.
However, direct evidence for anti-atherogenic prop-
erties of fish oil has not been fully documented yet.
Recently, Hino et al. [13] have reported an inverse
association between fish intake and intima-media
thickness (IMT), a marker of carotid atherosclerosis.
The present study failed to reveal such association in
apo E-KO mice. Long-term (14 weeks) treatment with
fish oil did not reduce the quality or quantity of

Table 2 The overall ratio of n-6 to n-3 fatty acids in various lipid fractions in
apo E-KO mice and the effects of long-term fish oil treatment on this ratio

Lipid Fractions Overall n-6 to n-3 fatty acid ratio

Control
(n = 7)

Fish-oil-treated
(n = 8)

Reductions

Free fatty acid 3.22 1.28 )60%
Triglycerides 1.44 0.40 )72%
Phospholipids 5.25 2.45 )53%
Cholesteryl ester 6.28 2.43 )61%
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atherosclerotic lesions in the aortic valves. Interest-
ingly, fish oil treatment was accompanied by a
marked increase in plasma triglyceride levels, which
may suggest that increased plasma triglyceride con-
centrations are not atherogeic in this model. More-
over, high amounts of n-3 fatty acids, particularly
EPA and DHA in lipid fractions were not sufficient to
prevent atherosclerosis. On the other hand, compa-
rable concentrations of plasma total cholesterol and
atherosclerotic lesion size between the treated group
and the control group may suggest that plasma cho-
lesterol levels are major contributing factors for the
development of atherosclerotic lesions in this model.
Our previous studies in which reductions in plasma
cholesterol levels by phytosterols resulted in preven-
tion of atherosclerosis support this notion.

The present data on plasma triglyceride levels and
atheromatous vascular disease in apo E-KO mice add
to the controversial efficacy of fish oil reported from
epidemiological and observational studies. For
example, Stone [17] reported a lower CAD mortality
rate in men who ate fish as compared to men who did
not. Zhang et al. [18] reported reduced risks of CAD
and stroke mortality due to fish consumption across
36 countries. Furthermore, a dose-response relation-
ship was reported between the frequency of fish in-
take and reduced cardiovascular risk factors in
Japanese subjects [19]. Similarly, the Nurses’ Health
Study reported a negative association between the
amount of fish and n-3 fatty acid consumption and
CAD death [20]. Low cardiovascular mortality in
Eskimos is believed to be associated with consuming a
traditional diet high in EPA and DHA [21]. Similarly,
an inverse correlation between the intake of EPA and
DHA and total or cardiovascular mortality rate was
found in Western populations [22]. These observa-
tions led the American authorities to recommend an
increase in fish intake by general population.

In contrary, other studies failed to reproduce such
association. For example, the Health Professionals’
Follow-up Study [23] showed no relation between fish
or n-3 fatty acid intake with risk of fatal coronary
disease or non-fatal myocardial infarction or coro-
nary artery bypass grafting. Likewise, the US Physi-
cians’ Health Study [24] did not show an association
between fish and n-3 fatty acid intake and reduced
risk of total myocardial infarction, non-sudden car-
diac death, or total cardiovascular mortality. Two
other reports, namely the EURAMIC Study (European
Multicentre Case–Control Study on Antioxidants,
Myocardial Infarction and Breast cancer Study) [25]
and a meta-analysis of the Seven Countries data [26]
also reported no association between fish consump-
tion and the overall risk of cardiovascular mortality.
Furthermore, Ebbesson et al. [27] reported that up to
26% of a cohort of 454 Alaskan Eskimos aged 55 or

older had coronary heart disease despite high intake
of n-3 fatty acids and high levels of plasma n-3 fatty
acids. However, in another study these investigators
reported that high intakes of n-3 fatty acids in Alas-
kan Eskimos may protect them against metabolic
syndrome and glucose intolerance [28]. The above-
mentioned contrasting data regarding benefits of n-3
fatty acids against CAD may reflect differences in
study populations and individual genetic and meta-
bolic background.

One possible mechanism of protection against
cardiac mortality is the incorporation of the n-3 fatty
acid into the myocardium, plasma lipoproteins and
other cellular compartments. Harris et al. [29] have
shown that long-term fish oil supplementation results
in the incorporation of n-3 fatty acids in various tis-
sues (cardiac and buccal cells, red cells and plasma) in
humans. Other studies [30–32] report that (a) plasma
phospholipids fatty acids are closely related to that of
cardiac tissue, and (b) that n-3 fatty acids in phos-
pholipids reflect fish intake in humans. Thus, the
whole plasma fatty acid profile may not be a good
representative of either tissue n-3 fatty acid levels or
fish consumption. The present study reports sub-
stantial alterations in the fatty acid compositions of
plasma phospholipids and triglyceride fractions after
long-term ingestion of fish oil in apo E-KO mice.

Despite triglyceride-lowering effects of fish oil in
humans or wild-type animals, fish oil does not reduce
triglyceride levels in apo E-KO mice. Indeed, the
present study reports paradoxical effects of fish oil
with this regard. Consumption of fish oil was associ-
ated with significant increases in plasma triglyceride
levels (Fig. 3). This paradoxical effect of fish oil may
be explained, at least in part, by the role of apo E on
metabolism of fatty acids and triglyceride-rich lipo-
protein particles. Apo E is needed for clearance of
these triglyceride-rich particles, and therefore, a lack
of apo E may be responsible for the lack of triglyc-
eride-lowering effects of fish oil in apo E-KO mice.
We have previously reported that VLDL is the
prominent lipoprotein particle in plasma of apo E-KO
mice [10]; this lipoprotein particle accumulates in
plasma due to a lack of apo E-mediated uptake of
these particles. We now speculate that higher levels of
n-3 fatty acids in plasma further impair this apo E-
mediated pathway, resulting in additional accumula-
tion of triglyceride-rich particles in plasma. It is
possible that a lack of apo E contributes to an increase
in hepatic synthesis of triglyceride-rich particle by n-3
fatty acids as well as a simultaneous reduction in their
catabolism. However, our data suggest that apo E may
not have a role in absorption or distribution of n-3
fatty acids, as a significant rise in the levels of n-3 fatty
acids in various fractions of plasma lipids was ob-
served (Fig. 4). Our studies show that incorporation
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of EPA and DHA in plasma lipid fractions including
phospholipids, the best representative of tissue EPA/
DHA pool, does not result in prevention of athero-
sclerotic lesions in apo E-KO mice. This observation
may suggest that the cardiovascular benefits from
these fatty acids are most likely mediated through
mechanisms other than prevention of atherosclerosis.
In agreement with this speculation, Leaf et al. [33]
reported that reductions in plasma lipids and blood
pressure do not appear to explain the mechanisms of
benefits of EPA and DHA against sudden cardiac
death. Numerous animal studies [34–37] strongly
suggest that EPA and DHA have direct protective ef-
fects on the heart itself. These effects may be mediated
through alterations in the dynamics of sodium and
calcium channel function. It is proposed that ische-
mia-activated phospholipase A2 releases EPA and
DHA from myocardial membrane phospholipids,
leading to alterations in ion channels. Therefore,
enrichment of cardiac tissue with EPA and DHA may
prevent the clinical consequences of atherosclerosis
such as arrhythmias, but does not appear to prevent
the development of atherosclerotic lesions. It would
have been beneficial, if we could measure the levels of
n-3 fatty acids in arterial wall and cardiac tissues.
However, we used these tissues for assessment of
atherosclerotic lesions.

In conclusion, we report high amounts of n-3
fatty acids in various lipoprotein fractions in apo E-

KO mice with severe atherosclerosis. Further sub-
stantial enrichment of lipoproteins with EPA and
DHA increases plasma triglyceride levels with no
change in atherogenesis in this animal model. One
reason for this paradoxical effect of fish oil could be
the lack of apo E and the animal model used. It is
possible that benefits from EPA and DHA are
mediated through mechanisms other than preven-
tion of atherosclerotic plaque formation. As fatty
acid components of phospholipids are shown to be
a true representative of tissue fatty acids and we
observed high amount of EPA and DHA in phos-
pholipids of fish-oil-treated mice, this study sug-
gests that dietary fish oil may substantially increase
myocardial contents of EPA and DHA. Thus, longer
studies warrant investigation of the direct benefits
of these fatty acids against myocardial damage and
sudden death as clinical consequences of advanced
atherosclerosis. As increased plasma triglyceride
levels by fish oil did not affect atherogenesis, it may
be concluded that elevated levels of plasma trigly-
ceride may not substantially contribute to acceler-
ated atherogenesis in apo E-KO mice.
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