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Introduction

Endothelial dysfunction has been documented in many
independent cardiovascular risk factors, including diabetes
mellitus, smoking, ageing, obesity, essential hypertension
and hyperlipidaemia.1-6 Impairment of nitric oxide synthesis
or chronic inactivation of nitric oxide by oxygen free radicals
may account for the increased vascular resistance, vascular
hypertrophy, increased platelet and monocyte adhesion to
the endothelium, atherosclerosis, myocardial infarction and
stroke.7 Fibrinogen, a known coronary risk factor, seems also
to contribute to endothelial cell anomalies.8-11

There is increasing supporting evidence that a functional
impairment of the endothelium, resulting in a reduction in
the availability of nitric oxide and enhanced release of
vasoconstricting factors, may predispose patients to
monocyte and platelet adhesion, the proliferation of smooth
muscle cells, and increased accumulation of macrophages
and lipoproteins in the arterial wall. These effects promote
atherosclerotic structural lesions at an early age.12

n-3 polyunsaturated fatty acid (PUFA) is derived almost
exclusively from cold water fish and marine animals, and in
areas where consumption of n-3 PUFA is high, the incidence
of cardiovascular disease is reported to be low.13 Fish oil
therapy can influence vascular tone and reactivity and alter
the functional properties of the systemic circulation.14,15 The
mechanisms by which n-3 fatty acids influence the function
of endothelium are still under investigation but it is known
that n-3 fatty acids must be incorporated into the cellular
phospholipids to exert their effect.16 This incorporation
results in a concomitant reduction of n-6 fatty acids in the
phospholipids,17 suggesting that a specific ratio of n-3 to n-6
fatty acids is important in reducing endothelial activation. 

It also appears that the reduction in cell surface expression

of the transcriptional n-3 fatty acids may be due to
modulation at the transcriptional level, given the finding of
a reduced level of cell adhesion molecule messenger RNA
after incubation with n-3 fatty acids.18

As fish oils favourably influence many of the mechanisms
involved in atherogenesis, they are attractive candidates for
therapy in atherosclerotic high-risk subjects,19 and we have
previously described20,21 a protocol for the enhanced
exchange of n-3 for n-6 PUFA in serum phospholipids when
fish oil is administered (together with intermittent one-day
fasting), promoting the depletion of n-6 PUFA and
subsequent increase of n-3 PUFA concentration during fish
oil supplementation. This resulted in an increased level of
20:5 n-3 eicosapentaenoic acid (EPA) and 22:6 n-3
docosahexaenoic acid (DHA) and a decrease in serum
arachidonic acid (AA) in just 13 days, compared to at least 12
weeks in other studies.22-24

Impaired nitric oxide production, brachial artery
reactivity and fish oil in offspring of ischaemic 
heart disease patients
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The offspring of coronary heart disease (CHD) patients are
at particularly high risk for developing CHD. Endothelial
dysfunction is present in the majority of CHD and
atherosclerosis patients. Fish oil, rich in n-3 fatty acids has
been shown to augment endothelium-dependent
vasodilatation in human peripheral and coronary arteries.
The aims of this study are to investigate presence 
of endothelial dysfunction determined by the brachial
flow-mediated diameter, nitric oxide, plasma lipids and
fibrinogen, and the effect of high doses of fish oil on these
parameters. Twenty-four healthy offspring of CHD
patients (study group) were supplemented with 9 g/day
Alsepa fish oil (each gram containing 180mg EPA and
120mg DHA), for a period of two weeks. Plasma nitric
oxide, urine nitric oxide, fibrinogens and flow-mediated
vasodilatation (FMD) were determined prior to fish oil
therapy, two weeks into therapy and four weeks after the
end of therapy with fish oil. Twelve healthy subjects
(control group) with no family history of heart disease
were studied as controls (day one only). The offspring had
a lower increase in FMD and lower nitric oxide production,
compared with the control group. No other parameters
varied between the two groups. The administration of fish
oil did not result in any changes in the studied parameters.
In healthy offspring of CHD patients, early endothelial
dysfunction was documented before evidence of
atherosclerosis. Ingestion of fish oil over a 13-day period
did not improve endothelial dysfunction.
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The use of this procedure (using 9 g/day fish oil) in
hypertensive patients causes a significant reduction in
systolic/diastolic blood pressure (BP), serum triglycerides,
and platelet aggregation on the extracellular matrix. Positive
family history increases an offspring’s cardiovascular risk.25

The aim of this study is to investigate whether or not
healthy offspring of CHD patients do have reduced
endothelial-dependent vasodilatation, what the effect of our
protocol using high doses of fish oil will be, bearing in mind
that it has already proved beneficial for enhanced exchange
of n-3 for n-6 PUFA on endothelial-dependent
vasodilatation. Here, the nitric oxide system, brachial flow-
mediated vasodilatation measurement, plasma lipids and
fibrinogen are determined as markers of endothelial
function and atherosclerosis.

Materials and methods

Study population
Twenty-four healthy offspring (12 males, 12 females; aged
37.6±5.1 years [range 26–47] ) of CHD patients participated
in the study. All had a positive family history of CHD;
specifically, a first-degree relative (mother, father or
brother/sister) diagnosed with CHD before the age of 45
(males) and before the age of 55 (females).

After a complete physical examination, including BP
measurement, 24-h urine collection, laboratory
determination and brachial flow-mediated vasodilatation
measurement, all subjects were treated with nine capsules
(3x1g TID) of Alsepa fish oil concentrate for two weeks.20,21

Each capsule contained 180 mg EPA and 120 mg DHA 
(Arko, NY, USA). Total daily n-3 supplement was 1620 mg
EPA and 1080 mg DHA. 

All subjects were advised to adhere to a low cholesterol
diet (cholesterol intake <300 mg/day, 50% carbohydrates,
30% fat and 20% protein). All examinations were performed
after a 20-h fast, on day zero (prior to fish oil therapy), on
day 14 (end of fish oil therapy) and four weeks after the last
dose of fish oil.

Twelve healthy subjects (6 males, 6 females; aged 36.2±6.3
years [range 18–45]), match for age and sex, with no family
history of any heart disease, served as the control group (day
zero only). The local ethics committee approved the study
and written informed consent was obtained from all subjects.

Laboratory measurements
Laboratory tests were performed at one particular clinical
laboratory, using identical techniques.

Blood pressure
A constant set of observers took three BP measurements
from each patient, at 3-min intervals, in the seated position,
between 08.00––10.00 hours, and average results were
recorded.

Plasma lipid analysis
Triglycerides (TG) were assayed by an enzymatic method
(bioMerieux, France) following TG hydrolysis by lipase. Total
cholesterol was assayed by an enzymatic method
(bioMerieux) using cholesterol-oxidase, phenol reaction to
quinoneimine. High-density lipoprotein (HDL)-cholesterol
was assayed by precipitation of plasma HDL with heparin,

and MnCI2 LDL was calculated using the formula of
Friedewald et al.26

Brachial flow-mediated vasodilatation measurements
This method has been described elsewhere.5 Briefly, the
diameter of the brachial target artery was measured from 
B-mode ultrasound images, using a 10-MHz linear array
transducer and a standard action ATL HDI300 (Advanced
Technology Laboratory, Bothell, USA). In all trials, scans
were taken at rest and during reactive hyperaemia, after 90
sec and 5 min. The subjects remained in a supine position for
10 min prior to the initial scan. 

The brachial artery was scanned in a longitudinal section,
2–15 cm above the elbow, wherever the clearest ultrasound
image was obtained. The centre of the artery was identified
when the clearest picture of the anterior and posterior
intimal layers was obtained. The transmit (focus) zone was
set to the depth of the near vessel wall, in view of the greater
difficulty of evaluating the near compared with the far wall
‘m’ line (the interface between media and adventitia), and
gain settings were set to optimise images of the
lumen/arterial wall interface. 

Images were magnified using a resolution box function
(leading to a video line width of approximately 0.065 mm),
and machine operating parameters were not changed
during any part of the study.

When a satisfactory transducer position was found, the
skin was marked and the arm was held in an identical
position throughout the study. A resting scan was recorded
and arterial flow velocity was measured using a pulsed
Doppler signal at a 60˚ angle to the vessel, with the range
gate (1.5 mm) in the centre of the artery. 

Increased flow was then induced by inflation of a
pneumatic tourniquet around the forearm (to a pressure of
240 mmHg for 4.5 min), followed by release. A second scan
was taken, continuously and 90 seconds after cuff deflation,
including a repeat flow velocity recording for the first 5 min
after the cuff was released.

NO measurements
Blood samples were obtained following overnight fasting.
Both urine and serum samples were stored at –70˚C until
laboratory determinations for levels of nitrite (NO2 ), nitrate
(NO3) and stable metabolites of NO (NOX) were measured in
all samples.27 After enzymatic reduction of NO3 (prepared in
our laboratory from Escherichia coli and NADPH), NO2 was
determined spectrophotometrically using the Griess
reaction. The results are given as mmol/L in serum and
nmol/mg creatinine in urine. Based on the 24-h urea
excretion, a similar daily intake of nitates was assumed.

Statistical analysis
Descriptive data are expressed as means (±SD). SPSS for
Windows analysis was carried out to test significance
between the different parameters studied. P<0.05 was
considered statistically significant.

Results

All 24 subjects (study group) treated with fish oil completed
the protocol. The clinical and laboratory data of both fish-oil
treated and control subjects are presented in Table 1. Both
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groups had normal BP and laboratory values of total
cholesterol, TG, HDL, low-density lipoprotein (LDL),
creatinine, urea, glucose, uric acid and plasma fibrinogen.

FMD changes in the two groups are presented in Table 2.
The baseline change in FMD for the study group was
4.5±2%, which was significantly lower (P<0.001) than for
the control group (7.5±3%). The fish-oil treatment had no
effect on FMD throughout the whole study period.

Table 3 shows the serum and urine NOx (NO2+NO3).
Mean plasma NOx was lower in the study group (26.8±13.4
µmol/L) than in the controls (33.7±11.7 µmol/L), but did not
attain statistical significance (P=0.08). Urine NOx was
significantly lower in the study group (393.4±25.6 nmol/mg
creatinine) than in the controls (872.7±157.3 nmol/mg
creatinine) (P<0.00001). These results suggest significantly

lower NO production in the study group than in the control
group. Throughout the study, the fish oil did not affect
serum NOx or urine NOx.

Discussion

The major finding of the present work was a significantly
different delta FMD in the offspring of CHD patients,
compared with a control group. The lower delta FMD in
these subjects seems to be associated with lower NO
production. Although plasma fibrinogen and lipid levels
were normal, the results suggest early endothelial
dysfunction in patients with a family history of CHD. In the
presented protocol, fish oil given for two weeks had no
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Table 1. Haemodynamic and biochemical variables at baseline and after fish-oil supplementation (P=NS)

Control Group Study Group

Day 1 only Day 1 Day 13 Day 43 

Weight (kg) 71.08±13 73.08±10 73.3±11 73.5±10 

BMI (kg/m2) 25.1±4.2 24.9±3.6 25.1±3.8 25.1±3.9 

SBP (mmHg) 112±6 116±9 114±7 112±7 

DBP (mmHg) 71±3.6 73±5.4 73±4.5 73±4.7 

CHO (mg%) 191.3±16 188.4±18 191.4±19 190.6±17 

TG (mg%) 148.2±17 152.7±20 142.3±18 141.8±19 

HDL (mg%) 38±6.2 44.1±7.1 45.1±7.4 43.8±7.2 

LDL (mg%) 124.9±11.3 114±97 118.8±8.9 116.1±9.2 

GLU (mg%) 92.4±4.2 91±3.6 91.6±3.7 92±4.4 

Fib (mg%) 298±26 318±21 311±21 321 ±26 

UA (mg%) 4.7± 1.1 4.5±0.6 4.5±0.7 4.5±0.6 

Table 2. Brachial artery flow-mediated vasodilatation (FMD) at baseline and after fish-oil supplement (P=NS)

Control Group Study Group

Day 1 Day 13 Day 43 

FMD(%) 7.5±3 4.5±2 4.4 ±2 5.2±2

P<0.001 P=0.81 P=0.72 P=0.71

(Control vs Study) (13 vs 0) (43 vs 0) (43 vs 13)

Table 3. NO production and excretion at baseline and after fish-oil supplement

Control Group Study Group

Day 1 Day 13 Day 43 

Serum NO (µmol/L) 33.7±11.7 26.8±13.4 28.1±12.7 28.4±12.1

Urine NO (nmol/mg CR) 872.7±157.3 393.4±25.6 441.2±269.5 387.1±290

P value P value P value P value

(control vs day 1) (day 43 vs 1) (day13 vs 1) (day 43 vs 13)

Serum NO 0.08 0.51 0.51 0.85

Urine NO <0.0001 0.13 0.91 0.13

NO = (NO2+NO3)



effect on any of the studied parameters.
There is increasing evidence of the importance of

endothelial dysfunction as an early indicator of
atherosclerosis and an important cause of ischaemia in
patients with atherosclerosis.28 Using invasive and non-
invasive approaches to study endothelial function, a close
correlation was shown between the coronary vasculature
and the brachial artery.29,30 Endothelial dysfunction is
associated with various cardiovascular risk factors, including:
diabetes mellitus, hypertension, dyslipidaemia (especially
low LDL), smoking and obesity.1-6 A positive family history of
CHD in patients is also a risk factor for their offspring.8,25

Reduced FMV of the brachial artery reflects endothelial
dysfunction of subcutaneous resistance arteries and, to a
lesser degree, structural changes of these vessels in the
offspring of CHD patients. This supports the hypothesis that
impaired endothelial function in these subjects is systemic,
affecting conduct and resistance size vessels.6 Although NTG
was not used in the present study (guidelines31 published
after the study was completed), the results show obvious
differences between the study and control groups.
Endothelial dysfunction may result from decreased
production of NO, inactivation of NO by oxygen-derived
free radicals and/or increased production of endothelium-
derived contracting factors, which oppose the vascular effect
of NO.30

Recently, Lee at al.8 found that genetic factors associated
with endothelial dysfunction affect the onset of coronary
artery disease in Korean males, and these were related to
eNOS polymorphism and NADH/NADPH oxidase p22 phox
gene C242T polymorphism. However, the distribution of the
fibrinogen H1/H2 genotypes was not associated with the
development of CHD. Impaired basal nitric oxide
production was found in offspring of patients with
hypertension,30 and, to a lesser degree, in offspring of
diabetic patients.32 Recently, offspring of premature
myocardial infarction patients were also found to have
endothelial dysfunction (measured by brachial artery
reactivity) and impaired NO production,33 a finding that
reinforces the results of the present study. It is also
interesting to note that the administration of L-arginine in
CHD patients with endothelial dysfunction did not affect
the FMD.

Epidemiological and clinical studies show an inverse
correlation between the consumption of fish oil and
cardiovascular disease mortality rates.34,35 Fish oil rich in n-3
PUFA EPA and DHA is known to reduce BP and serum TG
levels and to normalise the hypercoagulability state.20,21 n-3
PUFA have been shown to modify several key risk factors for
cardiovascular disease, with benefits that include increased
HDL cholesterol concentration, reduced triacylglycerol-rich
lipoprotein concentrations, reduced post-prandial lipaemia
and reduced remnant concentration. In contrast, LDL-
cholesterol concentration has sometimes been found to rise.
Additional benefits of fish oils include improved endothelial
function and better arterial compliance (elasticity).

Future trials will be needed to determine minimum
effective dosages of EPA and DHA over long periods and to
show cardiovascular disease reduction through intervention.
In previous studies,20,21 we showed that an n-6 for n-3 PUFA
exchange in the platelets membrane caused a reduction in
platelet aggregation, BP and serum TG levels within two
weeks, and that the higher the initial levels of such

parameters were, the higher the fish-oil reduction effect. 
In the present study, initial baseline parameters were

normal (BP, TG, platelet count), by definition of the inclusion
criteria used, and, as expected, no changes were found in
these using the protocol (Table 1). Perhaps it was because of
these unchanged parameters (even the change in baseline
TG was minimal and not significant) that we failed to show
any effect on NO production or excretion, or on FMD,
during the 13 days of the study protocol.

In summary, in healthy offspring of CHD patients, FMD is
decreased in parallel with decreased NO production,
reflecting endothelial dysfunction and resulting in increased
cardiovascular risk. Short-term supplementation with fish-
oil treatment does not affect either FMD or NO production,
thus failing to improve endothelial function. In the present
study, endothelial dysfunction was apparent in the offspring
of CHD patients prior to the development of atherosclerosis,
and may be related to a possible genetic polymorphism of
endothelial nitric oxide synthesis. We were unable to show
that the administration of fish oil for 13 days improves the
impaired vessels’ endothelial function; however, a longer
period of treatment might affect the parameters studied.

This study did not receive any funding from sources other than the
Barzilai Medical Center.
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