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ABSTRACT

Chronic fish oil intervention had been shown toéhawositive impact on endothelial function.
Although high fat meals have often been associattta loss of postprandial vascular reactivity,
studies examining the effects of fish oil fattydscon vascular function in the postprandial phase
are limited. Our aim was to examine the impachefaddition of fish oil fatty acids to a standard
test meal on postprandial vascular reactivity. Tuydive men received in random order either a
placebo oil meal (40 g of mixed fat, fatty acid fideorepresentative of the UK diet) or a fish oil
meal (31 g mixed fat and 9 g fish oil) on 2 occasidv/ascular reactivity was measured at baseline
(0 h) and 4 h after the meal by laser Doppler iphtwesis and blood samples taken for the
measurement of plasma lipids, total nitrite, glecaad insulin. Endothelial nitric oxide synthase
(eNOS) and nicotinamide adenine dinucleotide phatp{NADPH) oxidase mRNA gene
expression was determined in endothelial cellg aitaibation with triacylglycerol-rich
lipoproteins (TRLs) isolated from the 4 h plasmmpkes. Compared with baseline, sodium
nitroprusside (endothelial independent vasodilatatjiced reactivity®=0.024) and plasma nitrite
levels P=0.001) were increased after the fish oil meaendothelial cells, postprandial TRLs
isolated after the fish oil meal increased eNOSdeateased NADPH oxidase gene expression
compared with placebo oil meal TRIR<.03). In conclusion, meal fatty acids appear tate
important determinant of vascular reactivity, wigh oils significantly improving postprandial

endothelial independent vasodilation.

THIS IS NOT THE FINAL VERSION - see d0i:10.1042/CS20070277

2
Licenced copy. Copying is not permitted, except with prior permission and as allowed by law.

' 2007 The Authors Journal compilation ' 2007 Biochemical Society



Clinical Science Immediate Publication. Published on 3 Dec 2007 as manuscript CS20070277

Clinical

INTRODUCTION

Endothelial dysfunction, characterised by a de@@&asascular reactivity is highly prognostic of
future cardiovascular events [1,2]. Evidence is momerging in the literature that mechanisms
involved in the control of vascular tone are inflaed by dietary factors, with total dietary fat
intake and fatty acid composition emerging as amtilly important modulator. In particular, there
is a limited but convincing body of evidence toigade positive benefits of diets rich in the long
chain n-3 polyunsaturated fatty acids (PUFAS), sapentaenoic acid (EPA) and docosahexaenoic
acid (DHA) on endothelial function and vascularcteaty, when assessed after an overnight fast
[3-6]. However, individuals spend a large proportaf the day in the postprandial state and the
acute impact of dietary factors on postprandiatubes reactivity is poorly understood.

Over the last decade a number of studies have erantihe impact of meal fat quantity on
vascular reactivity measured 2-8 h after a medlijfmonsistent findings have been reported.
Although some studies have observed no relationahgpeater number have indicated that
increasing the total fat content of a test mealiced both cardiac and peripheral vascular reagtivit
[7]. In general, high fat meals (50-105 g) haverbglgown to impair endothelium dependent
vasodilation compared with low fat meals (less th@rg). A number of studies have suggested that
the greater postprandial triacylglycerol (TAG) respe after a high fat meal may be responsible for
this effect [8-10].

Only two studies have examined the impact of EPARHA on postprandial vascular
reactivity [9,10]. In the study of Vogel et al. [9he consumption of a meal containing canned red
salmon was shown to have little impact on flow ragati dilatation. In type 2 diabetics, an
improvement in vascular reactivity was observedlie addition of both marine and plant sources
of n-3 PUFAs to a monounsaturated fatty acid-ri@ahiut this association was only observed

when the data for the study group was analysedrdicpto fasting TAG concentration [10].

THIS IS NOT THE FINAL VERSION - see d0i:10.1042/CS20070277

Lower postprandial TAG concentrations measured #fte EPA and DHA containing meal were
inversely correlated with the increase in flow nagéld dilatation only in the type 2 diabetic sulgect
with fasting TAG greater than or equal to 1.69 minol

Several studies have suggested that the mechamisogh which high fat meals inhibit
vascular reactivity is via the induction of a tergy state of fat-induced oxidative stress [11,12].
An excess generation of reactive oxygen specie$, asl superoxide anion, in the sub-endothelial
space has been shown to lead to a reduction ipidaeailability of nitric oxide, an important
endothelial derived vasodilator [13]. The majorrseuof the superoxide anion in the vasculature is
the nicotinamide adenine dinucleotide phosplid#DPH) oxidase family of enzymes [14].

Studies in animals have suggested that chronicfistupplementation may lead to beneficial
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effects on endothelial function via reductionsigstie oxidative stress and induction of antioxidant
enzyme activity [15]. However, very little is knovarf the effects of fish oil fatty acids on celiular
redox status during the postprandial state.

The purpose of this study was to determine whetteenddition of fish oil fatty acids
(equivalent to 2 portions of oily fish) to a stardiéest meal could improve postprandial vascular
reactivity at the microcirculation level. Underlgimolecular mechanisms were investigated by
determining the concentration of potential medmtafrreactivity in the circulation and by using ex-

vivo cell culture studies.

METHODS

Twenty-five healthy males (mean age 46 (SEM 4)¢ lamdy mass index 25.5 (SEM 0.8) kgjm
were studied on 2 occasions. Subjects were exclifideely had any metabolic disorders (e.qg.
diabetes or any other endocrine or liver diseasesg taking dietary supplements (e.g. high dose
fish oil supplements (greater then 1 g EPA and Og¢Aday) or high doses of antioxidant vitamins
(greater then 80(Qg vitamin A, 60 mg vitamin C, 10 mg vitamin E orQ4@g beta carotene)), were
heavy drinkers (greater then 30 units of alcoholpeek), or were taking medication that could
affect lipoprotein metabolism or blood pressuree Shbjects were asked to abstain from alcohol
and organised exercise regimens for 24 h before pastprandial investigation. A low fat evening
meal (less than 10 g fat) was consumed on the eygdx@fore each study day.

The design of the study was a single blind crossivehich subjects attended the clinical
unit at the University of Reading on 2 occasionsasated by at least 1 week. Two test meals of
different fatty acid composition were given to tleunteers in the form of a warm chocolate drink
containing the test oils and toasted white breall strawberry jam. This meal contained 42.8 g fat,

with 40 g provided by the test oil source and #aainder by additional meal items. The placebo

THIS IS NOT THE FINAL VERSION - see d0i:10.1042/CS20070277

oil meal consisted of an 80:20 mixture of palm wlend soybean oil (placebo oil; Aarhus United
UK Limited, Hull, United Kingdom), providing a fattacid profile representative of a typical UK
diet. The fish oil meal contained 31 g of the plaxeil and 9 g anchovy fish oil (Ocean Nutrition,
Nova Scotia, Canada) providing 5.4 g DHA plus EPRa#i¢ 1.5:1) equivalent to levels found in two
portions of oily fish. The nutrient and fatty acdmposition of the test meals are shown in tables 1
and 2 respectively.

Following a 12 h overnight fast, the subjectsratesl the investigation unit and a measure of
forearm microvascular function was performed usasgr Doppler imaging with iontophoresis. A
baseline (0 h) blood sample was then taken belfier¢etst meal was given and consumed within 15

min. A second blood sample was taken and microvastunction was assessed 4 h after the meal.
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No food was allowed during the 4 h test period dachffeinated sugar free drinks were provided
ad libitum.

Ethical consent for the study was provided by tiversity of Reading Research and
Ethics committee, and written informed consent wlatained from the subjects before the study

began.

Assessment of vascular reactivity

Peripheral microvascular function was assessed @siralidated technique which quantifies the
vasodilator responses to 1% acetylcholine (AChp#ralium dependent vasodilation) and 1%
sodium nitroprusside (SNP, endothelial independasbdilation), delivered transdermally using
iontophoresis. This non invasive in vivo methodvies a robust surrogate marker of vascular
function in other parts of the body and is desctilmedetail elsewhere [16,17]. Briefly, prior toeth
vascular reactive assessment, subjects were taletetperature controlled room (22-24°C) to rest
for 30 min to ensure stable baseline conditions tik® vascular reactivity measurement,
participants lay in a semi-recumbent position witéir right arm supported on an armrest. A
temperature probe and iontophoresis chambers waxghad to the volar aspect of the forearm with
ACh and SNP introduced into the anodal and cathclitainbers respectively. Following a basal
measurement of skin perfusion, an incremental eonsurrent was delivered progressively in/6
steps (5, 10, 15 and 2@\) to yield a total charge (current x time) of 8)0fbulombs during the
measurement. A series of 15 scans was performgte asirrent increased from 0-g8 (with a
further 5 scans performed after the current had kegtched off) and skin perfusion was measured
using a laser Doppler imager (Moor Instruments kéahj Axminster, United Kingdom). For each
scan, median flux values were determined withirhesddhe iontophoresis chambers and plotted

against the cumulative charge (0-8,000 columbs2. Within-day and between-day coefficients of

THIS IS NOT THE FINAL VERSION - see d0i:10.1042/CS20070277

variation for this method are both less than 1064.[1

Analytical procedures

Blood samples were collected into potassium EDTi#estuand plasma separated by centrifugation
at 1700 g for 10 min in a bench top centrifuge®&.4£lasma for lipoprotein isolation and analysis
of lipids, glucose, insulin and nitrite were stoetd80°C. TAG and glucose were measured with an
ILAB 600 clinical chemistry analyser (InstrumenteatiLaboratory, Warrington, UK) using enzyme-
based colorimetric tests supplied by Instrumentatiaboratory. Non-esterified fatty acids

(NEFAs) were analysed as above using a kit suppledipha Laboratories (Eastleigh, UK). All
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samples for each subject were analysed withinglesimatch and the inter-assay coefficient of
variation was less than 4% for all analytes.

Plasma insulin was measured using a specific eeZinked immunosorbent assay
incorporating monoclonal antibodies (Dako Ltd, Hidtlycombe, UK). Total nitrite levels
(surrogate marker of bioavailable nitric oxide) eveetermined using a commercially available kit
following reduction of nitrate to nitrite (ACTIVE RTIF, Rixensart, Belgium). The inter-assay

coefficients of variation for these assays wers than 6%.

To determine molecular mechanisms underlying tfectes of meal fatty acids on postprandial
vascular reactivity, TAG-rich lipoproteins (TRLsy&lberg flotation rate (5400, a fraction which
contains predominately chylomicrons) were isoldtech the 4 h postprandial plasma samples and
incubated with human umbilical vein endotheliale@HUVECS) to determine effects on the gene
expression of endothelial nitric oxide synthase@&\an enzyme involved in the formation of
nitric oxide from L-arginine in endothelial cellapd the NADPH oxidase subunit expressed in

endothelial cells, NOX-4 (an enzyme involved in themation of the superoxide anion).

Cell culture experiments

To ensure sufficient quantities of thee&0 TRL fraction for the cell culture studies, fprandial
plasma samples from 5 different volunteers werdgubbefore density gradient ultracentrifugation
was performed as previously described [18]. Liptgirs were passed through PD-10 desalting
columns (Amersham Biosciences, Chalfont St. GllH§) and further concentrated using Vivaspin
concentrators (Sartorius Ltd, Epsom, UK) beforeitamiuto cell cultures. To protect the lipoprotein
fraction from oxidation, butylated hydroxytoluenasvadded at a final concentration of 20 uM (Dr.

Danilo Norata, personal communication). ApolipopintB (apoB) was measured in the

THIS IS NOT THE FINAL VERSION - see d0i:10.1042/CS20070277

concentrated lipoprotein fractions using an ILABG®inical chemistry analyser by turbidimetric
immunoassay using a kit supplied by Alpha Laborasor

Pooled HUVECs (Cambrex Bioscience, Wokingham, Ukyevmaintained in complete
medium; endothelial basal medium-2 supplementel ytirocortisone, fibroblast growth factor-
B, vascular endothelial growth factor, insulin-ligewth factor-1, epidermal growth factor,
gentamicin sulfate amphotericin B-1000, heparinpdsic acid and 2% (v/v) fetal bovine serum
(FBS)(Cambrex Bioscience). For experiments, endiadleells were grown to 60-70% confluence
in 6 well plates, washed twice with HEPES buffesatine solution, and incubated in lipid-depleted
complete medium where the FBS was replaced by 29) ¢harcoal stripped lipoprotein-deficient

FBS (Cambrex Bioscience) for 12 h to induce quieseeCells were then incubated with the
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S>400 fraction (0.5 pg apoB/ml) for 4 h at°87 Only endothelial cells passaged less than four

times were used for experiments.

Real time RT-PCR

Total RNA was extracted from the cells using Qiag®easy Mini Kit and QIA shredder (Qiagen
Ltd., Crawley, UK) using protocols recommended ligy tnanufacturer. cDNA was generated from
0.8-1.5 pg samples of total RNA at°@2for 50 min (reaction volume 20ul) using oligo:eis

primer (Invitrogen Ltd, Paisley, UK) and reversanscriptase (Superscript Il; Invitrogen Ltd) using
protocols recommended by the manufacturer.

Specific primers for NOX-4 (forward primer 5GTGTBARAGCAGAGCCTCAGC3’ and
reverse primer 5GGAACCTTCTGTGATCCTCG3') were demg and real time RT-PCR
performed as previously described [19]. The prisegjuence for eNOS was obtained from
Miyomoto et al. [20]. The gene expression of eachdt gene was normalized to flractin
expression and the data represent the fold changdRiNA expression relative to the control (no

lipoprotein additions), which is arbitrarily defidas 1.

Cell viability and cytotoxicity The lactate dehydrogenase (LDH) concentration@ftledium was
determined after incubation with the=800 (0.5 pg apoB/ml) fraction for 4 h using a coenomlly
available colorimetric cytotoxicity assay (Biogeise4JK). The cell viability of the monolayers was

analysed as previously described [21].

Statistical analysis
Data were analysed using SPSS version 12.1 (SR§SChicago IL). Results are presented in the

text and figures as meafisSEM. The plasma metabolites in the baseline @nld)4 h postprandial

THIS IS NOT THE FINAL VERSION - see d0i:10.1042/CS20070277

sample were analysed using a paired samples ff@stnicrovascular responses to ACh and SNP
measured at baseline (0 h) and 4 h after the meakbs analysed using two-way repeated measures
analysis of variance. The fold changes in mMRNA gexmression were analysed using an
independert t-test. All data were checked for nditynand log transformed where necessary before
statistical analysis. These data included the masoular responses to ACh and SNP and NEFA.
Data which could not be normalised (TAG, glucose imsulin) were analysed using the Wilcoxen

non-parametric test. Values B¥0.05 were taken as significant.
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RESULTS
The placebo oil and fish oil meals were well toledaby the subjects without any unpleasarit side

effects.

Plasma metabolites
Baseline (0 h) and postprandial (4 h) concentrateme shown in Table 3. There were no significant
differences in baseline lipid, glucose, insulirtatal nitrite concentrations between study days.
Compared with baseline concentrations, there wagraficant increase in TAG concentrations
following both mealsB=0.001). Total nitrite and NEFA concentrations walso significantly
increased 4 h after the fish oil meBk(.03; Table 3).

Between meal comparisons indicated that at 4entdtal nitrite and glucose concentrations
were significantly greater after the fish oil comgwith the placebo oil medP€0.05; Table 3).

Postprandial TAG, NEFA and insulin concentratioresevsimilar following both meals.

Microvascular responsesto ACh and SNP at baseline and 4 h after the test meals.

Figure 1 shows the baseline (0 h) and postprafdiiglskin perfusion responses to ACh and SNP,
following the placebo oil and fish oil meals. Thakda are presented as flux units versus
cumulative charge (0-8,000 coulombs); as the chaugeases there is an increase in drug delivery
leading to a greater skin perfusion (flux unitspnipared with the baseline (0 h) measurement,
there was a significant increase in the vasodijatesponse to SNAP£0.024), and to a lesser

extent ACh P=0.108), 4 h after the fish oil meal (Figure 1)gr8ficant differences were not

observed between the baseline and postprandiainespo ACh or SNP for the placebo oil meal.

Cell culture experiments

THIS IS NOT THE FINAL VERSION - see d0i:10.1042/CS20070277

Cell viability and cytotoxicity Compared with the control (no lipoprotein additipriere was no
loss in cell viability or increase in the releasé.DH from the HUVECSs following incubation with

the $>400 fraction for a period of 4 h (data not shown).

Real time RT-PCR Figure 2 show the fold changes of eNOS and NOX-ANékh HUVECs
following incubation with postprandiak3100 TRLs isolated after the placebo oil and fishm®als
compared with no lipoprotein additions (controljieh is designated as 1. There was a
significantly greater upregulation of eNOS (1.41\@ fold; P=0.014) and a greater downregulation
of NOX-4 (-1.9 vs -1.2 foldP=0.025) mRNA expression following incubation wittetfish olil

compared with the placebo oil meal TRLs (Figure 2).
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DISCUSSION
With increasing recognition of the pivotal rolevafscular dysfunction in the progression of
atherosclerosis, the vasculature has emergediagpantant target for dietary therapies. Over the
past decade, there has been considerable interéis¢ ampact of meal composition on postprandial
vascular reactivity. Dietary fat, in particular,shemerged as a potential modulator since a number
of studies have shown impairment in vascular reagt?-8 h after high fat compared with low fat
meals [7]. This is an important observation simaviiduals spend the majority of the day in the
postprandial state and it is likely that thesedramt changes in vascular reactivity, repeated on a
daily basis could have implications for long-terasgular health and overall cardiovascular risk.
In the present study, we found that a single meatked in 5.4 g DHA and EPA,
equivalent to 2 portions of oily fish, acutely inopes postprandial vascular reactivity in our male
cohort. Although the improvement in the ACh inducedctivity (endothelial dependent
vasodilation) did not reach significance, a sigmwifit increase in the vasodilatory response to SNP
(endothelial independent vasodilation) was obseocggdpared with baseline measurements. In
addition, these improvements were associated wsibraficant increase in postprandial plasma
total nitrite levels, a surrogate marker of bio#ale nitric oxide. Whilst chronic long chain n-3
PUFA consumption has been shown to have positieeisfon vascular reactivity measured in the
fasting state, only 2 previous studies have detezththe acute impact of fish and/or fish oils on
postprandial vascular reactivity [9,10]. In agreemgith the findings of the current study, West et
al [10] observed a tendency for an increase in #atial dependent vasodilation with the addition
of 4.0 g of EPA/DHA to a high fat meal in type 2betics. In this study, subgroup analysis
revealed that only subjects with a higher fastidgsTconcentration (greater than or equal to 1.69
mmol/l) showed a significant increase in endothelependent vasodilation after the fish oil

enriched meal [10], with no significant effect hretlow TAG subgroup who displayed similar mean

THIS IS NOT THE FINAL VERSION - see d0i:10.1042/CS20070277

fasting TAG levels to our male cohort. Interestingh the study of Vogel et al. [9], the
consumption of canned red salmon containing 6 @wéga-3 fatty acids had little impact on
endothelial dependent vasodilation in healthy yoadglts with a lower than average fasting TAG
concentration (less than 1.0 mmol/l). Therefoppears from these studies, that fasting TAG
concentration could play a role in the postpranaiaponsiveness of the vasculature to fish oWy fatt
acids, in particular the endothelial dependentopse.

A novel but unexpected observation in the prestlyswas the significant improvement in
endothelial independent vasodilation 4 h followihg fish oil meal. SNP was used as a nitric oxide
donor to examine the reactivity of the smooth meiselll layer. Whilst the mechanism of nitric

oxide release from SNP is not fully understoods thought to occur by both enzymatic and non-
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enzymatic processes requiring the presence ofmegthbranes of the endothelium and smooth
muscle layer (vascular tissue) to reduce SNP t@mkide [23]. Although the West et al [10] and
Vogel et al [9] studies have not examined the arnpact of fish oil fatty acids on postprandial
endothelial independent vasodilation, a recentrahrsupplementation study showed fish oils to
predominately improve endothelial independent vidaton to SNP measured in the fasting state in
overweight hyperlipidaemic men [4]. It was suggddig the authors that fish oil fatty acids may
enhance the vasodilatorily responses to SNP hycag@asing the biotransformation of SNP to nitric
oxide or b) increasing the reactivity of the smowtihscle layer to vasorelaxation as a result of
decreased calcium influx into the cells. This latteechanism has also been suggested in a previous
review of the chronic effects of fish oil fatty dsion vascular function [24] and in animal studies
using isolated rat aortic rings [25]. Since therent study is of acute test meal design, there avoul
be limited ability to influence the fatty acid coogition of the smooth muscle cell layer and
therefore modulate calcium influx into the cellsv&h the pivotal role of the endothelial layer in

the regulation of vascular tone, the focus of tleeinanistic work was on endothelial cell
metabolism, and its regulation by circulatory madiois such as TRL patrticles.

Significant improvements in the endothelium indeget and to a lesser extent endothelium
dependent vasodilation after the fish oil meal a@sompanied by increases in the concentrations
of TAG, NEFA and total nitrite. In particular, ppsandial concentrations of nitrite and glucose
were greater after the fish oil compared with tleeebo oil meal. Since total nitrite levels have
been regarded as an index of endothelial nitrid@kormation in vivo [26], our data indicates that
the acute ingestion of fish oil fatty acids maydea the greater availability of endothelial dedve
nitric oxide. Although the effects of fish oils tlee endothelium dependent vasodilatory response to
ACh did not reach statistical significance, theitgtresponses are consistent with the tendency for

an increase in response after the fish oil mealpaoed with baseline. In the present study, it is no

THIS IS NOT THE FINAL VERSION - see d0i:10.1042/CS20070277

known whether the greater total nitrite concentragiafter the fish oil meal reflect greater nitric
oxide production or decrease in the rate of dedi@udaf nitric oxide in the endothelium.

Post-meal glucose concentrations were also showa togher after the fish oil compared
with the placebo oil meal. This data is interesting together with the tendency for a lower insulin
concentration suggests that fish oil fatty acidy fme acutely influencing postprandial glucose
disposal. However, these data needs to be integweth caution since the timing of the
postprandial blood sample was not concordant walimal recorded concentrations of both
glucose and insulin (generally 60-120 min) aftéigh-fat mixed meal.

A number of mechanisms to explain the benefidiglats of fish oil fatty acids on

endothelial function have been derived from chr@uipplementation studies in both humans and
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animals. Although the mechanisms of how acuteditfatty acid intake alters postprandial
vascular reactivity are unknown, some studies lgpethesised that fish oil supplementation leads
to improvements in vascular reactivity by incregdine bioavailability of nitric oxide in the
vascular wall [27]. This is thought to occur bywmber of mechanisms including a) an increase in
nitric oxide production via effects on eNOS gengutation and post-transcriptional regulation of
eNOS phosphorylation or b) decrease in nitric oxidgradation due to a reduction in reactive
oxygen species generation or an increase in adoxienzyme activity. Resuits from the cell
culture component of the current study are suggestiat one or both of these mechanisms may be
important. The lipid composition of the postpran@g400 fraction has been shown to reflect the
fatty acid composition of the test meal and tie480 fraction isolated after the fish oil meal ted
a down regulation of NOX-4, and an upregulatioeNOS gene expression compared to the
placebo oil meal TRL particles. In our human stutlg, improvement in endothelial dependent
vasodilation did not reach significance but theegpitation of eNOS expression is consistent with
the significant increase in total nitrite concetitnas after the fish oil meal. The down regulatain
NADPH oxidase, the major source of superoxide amdhe vasculature, would be predicted to be
associated with a decrease in nitric oxide degrawlalnterestingly, both EPA and DHA have been
recognised as ligands for the peroxisome proliferattivated receptor (PPAR) gamma, the
transcriptional regulator of both NADPH oxidase aogeroxide dismutase (an antioxidant
enzyme). At present, the effects of fish oil fattfds on PPAR gamma activity and cellular redox
status are unknown. Since NOX-4 is also express&dscular smooth muscle cells, we cannot rule
out the possibility that fish oils acutely influesttsmooth muscle action directly by modulating the
redox status within these cells.

In conclusion, the present study provides novalifigs which suggest that inclusion of

EPA and DHA in a meal can improve postprandial ukscaeactivity. The mechanism of action

THIS IS NOT THE FINAL VERSION - see d0i:10.1042/CS20070277

appears to be predominately in response to the NOrdSNP. Findings from our cell culture
studies indicate that fish oil fatty acids may reelsuperoxide formation via down regulation of
NADPH oxidase. These changes are suggestive ohpadt of treatment on the redox status of the
vascular wall with possible influence on circulgtimitric oxide levels. However, further work to
determine underlying mechanisms of how fish otiyfaicids influence postprandial vascular

reactivity are merited which focus on both endagielependent and independent pathways.
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FIGURE LEGENDS

Figure 1. Baseline and postprandial microvascular respoisA€h (top panel) and SNP (bottom
panel) for the placebo oil (left panel) and fish(aght panel) meals. The flux units measured at
baseline are shown by open circles and the postiadiux units by closed circles. Values are
mean + SEM for n = 25 men. For the fish oil melagre was a significant increase in the

postprandial vasodilatory response to SNP compaitidthe baseline responge=0.024).

Figure 2. Relative amounts of mRNAs (normalised feactin) from HUVECS incubated with
$>400 (0.5 pg apoB/ml) isolated 4 h after the placeib(black bars) and fish cil (white bars)
meals. Each value represents the amount of RNAvelt the control (no lipoprotein additions),
which is arbitrarily defined as 1. Each experime&as performed in duplicate and values represent
meant SEM for 4 independent experiment8=0.014 andP=0.025 compared with placebo oil.

eNOS, endothelial nitric oxide.
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Table 1. Composition of the test meals*

Carbohydrate Fat Protein Energy
(@) (@) (@) (kJ)

Test oil (40 g) 0 40 0 1478
Skimmed milk (150 g) 7.5 0.2 51 213
Nesquik (25 g) 20.0 0.8 0.8 380
Skimmed milk powder (15 g) 7.8 0.2 53 228
White bread (73 g) 51.3 1.6 8.5 1014
Jam (30 g) 27.5 0 0 47
Total 114.1 42.8 19.7 3360

"Determined from manufacturers’ data and from faarlds [28]. Nesquik is a

chocolate flavoured milkshake mix manufactured legthe (\Vevey, Switzerland).
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Table 2. Fatty acid composition of the test meals (%)

Placebo oil meal Fish oil meal

Myristic acid (14:0) 1.0 1.0
Palmitic acid (16:0) 32.0 26.1
Stearic acid (18:0) 4.0 3.9
Oleic acid (18:1) 42.0 34.4
Linoleic acid (18:2) 20.0 16.0
Linolenic acid (18:3) 1.0 0.8
Arachidonic acid (20:4) 0.3
Eicosapentaenoic acid (20:5) 5.4
Docosapentaenoic acid (22:5) 1.6
Docosahexaenoic acid (22:6) 7.9

"Determined from the manufacturers’ data.
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Table 3. Lipid, glucose, insulin and total nitrite concextions before and after 2 high fat meals in 25thyzijuen.

Placebo oil meal Fish oil mea§
Baseline (0Oh) Postprandial (4 h) Baseline (0Oh) Po&prandial (4 h)
Triacylglycerol (mmol/l) 1.44 +0.2 2.48+0.4 1.40+0.2 2%5?@0 +0.3
Non-esterified fatty acidgimol/l) 278.0 £ 26.5 308.5+26.4 270.3+£21.7 359‘?.4 +32.8
Glucose (mmolll) 5.38+0.1 5.16 + 0.1 5.57+0.1 547 +0.1
Insulin (pmol/l) 275+24 31.7+6.9 28.1 + 3.7 2%.3 +3.9
Total nitrite @mol/l) 37.8+2.6 34.9+33 33.90+2.0 4?(.6 +3.4
Data represents mean + SEM. =
"P=0.024 andP=0.001 compared with baseline concentrations: :";J
*P=0.046 andP=0.013 compared with the postprandial fish oil mzaicentrations. 5
2
2
T
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