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ABSTRACT and Australia (5) have recommended increases in the consump-
Background: Results of many studies indicate that consumptiontion of n—3 fatty acids, namelya-linolenic acid (ALA;
of n—3 fatty acids can benefit persons with cardiovascular dis18:3n—3) and its long-chain metabolites eicosapentaenoic acid
ease and rheumatoid arthritis. However, encapsulated fish oil €PA; 20:5r-3) and docosahexaenoic acid (DHA; 22:@).
unlikely to be suited to lifetime daily use and recommendation@LA is present in certain vegetable oils (flaxseed and canola),
to increase fish intake have not been effective. whereas EPA and DHA are present in fish and in more concen-
Objective: The objective was to examine the effectiveness of @rated amounts in fish oil. Consumption of ALA leads to signifi-
diet that incorporates foods rich in-8 fatty acids in elevating cant increases in tissue EPA but not in DHA (6, 7). However, the
tissue concentrations of eicosapentaenoic acid and in suppregonsumption of fish or fish oil (which contain both EPA and
ing the production of inflammatory mediators. DHA) yields higher concentrations of both EPA and DHA (8, 9).
Design: Healthy male volunteers were provided with foods that Although health authorities may recommend increased intakes
were enriched im-linolenic acid (cooking oil, margarine, salad of n—3 fatty acids, the studies on which the recommendations
dressing, and mayonnaise) and eicosapentaenoic and docosae based do not necessarily provide guidelines for achieving
hexaenoic acids (sausages and savory dip) and with foods natilis goal. For example, in controlled clinical studies of rheuma-
rally rich in n—3 fatty acids, such as flaxseed meal and fish. Subtoid arthritis, the sole strategy for increasing cellular EPA and
jects incorporated these products into their food at home fobHA concentrations has been dietary supplementation with fish-
4 wk. Fatty acid intakes, cellular and plasma fatty acid conceneil capsules (1). Twelve double-blind, placebo-controlled studies
trations, and monocyte-derived eicosanoid and cytokine produgrovided evidence that—+3 fatty acid supplementation of the
tion were measured. diet has a beneficial effect in patients with rheumatoid arthritis
Results: Analyses of dietary records indicated that intake of(1). However, encapsulated fish oil is not suitable for daily use;
eicosapentaenoic acid plus docosahexaenoic acid averag#uls, the results of rheumatoid arthritis studies generally have
1.8 g/d and intake od-linolenic acid averaged 9.0 g/d. These not led to changes in clinical practice that incorporate advice to
intakes led to an average 3-fold increase in eicosapentaenoic adittrease intakes of-n3 fatty acids.
in plasma, platelet, and mononuclear cell phospholipids. Throm- Evidence that dietary-n3 fatty acids can prevent cardiovas-
boxane B, prostaglandin E and interleukin B synthesis cular disease has led to recommendations to increase fish con-
decreased by 36%, 26%, and 20P0< 0.05), respectively. sumption (2). However, modern Western societies consume little
Conclusions: Foods that are strategically or naturally enrichedfish and an increase in fish consumption would involve major
in n—3 fatty acids can be used to achieve desired biochemicalietary changes. Therefore, this dietary approach is not an effec-
effects without the ingestion of supplements or a change itive way to achieve an increase in the consumption-& fatty
dietary habits. A wide range of—18-enriched foods could be acids at a community or clinical level.
developed to support large-scale programs on the basis of the
therapeutic and disease-preventive effects o8B rfatty acids.
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tralia, and the Child Nutrition Research Centre, Flinders Medical Centre,
KEY WORDS a-Linolenic acid, eicosapentaenoic acid, Bedford Park, Australia.

docosahexaenoic acid,—3 fatty acids, a3 fatty acid—rich 2Supported by Meadow Lea Foods/Grain Research Development Corpo-
foods, cytokines, eicosanoids, men ration Nutritional Research Program. The dietary products used in the study

were provided by Meadow Lea Foods Pty Ltd, Mascot, Australia; SAFCOL,
Adelaide, Australia; Roche Vitamins Pty Ltd, Sydney, Australia; and Essen-
INTRODUCTION tial Nutrient Research Corporation (ENRECO), Manitowoc, WI.

. . X . 3Address reprint requests to MJ James, Rheumatology Unit, Royal
The health benefits of the dietary consumption of foods rlcrAdelaide Hospital, Adelaide, SA 5000, Australia. E-mail: mjjames@

in n—3 fatty acids in persons with cardiovascular disease an medgcine.adelaide.edu.au.
rheumatoid arthritis have been well documented (1, 2). Accord Received July 14, 1999.
ingly, health authorities in Canada (3), the United Kingdom (4), Accepted for publication December 17, 1999.

42 Am J Clin Nutr2000;72:42-8. Printed in USA. © 2000 American Society for Clinical Nutrition



FOODS ENRICHED WITH A3 FATTY ACIDS 43

TABLE 1 Foods Pty Ltd, Mascot, Australia)ldble 1). Foods enriched
n—3 and n-6 Fatty acid content of the food items provided to the with EPA and DHA via fish oil (ROPUFA-30; Roche Vitamins
subjects during the stutly Pty Ltd, Sydney, Australia) included sausages (4% by wt) and
Food LA ALA EPA DHA French onion dip (5% by wt). Subjects were also supplied with

muffin mix (Meadow Lea Foods Pty Ltd), from which the short-
_ ening had been omitted so that the ALA-enriched oil could be
Oil? 9.2 16.0 0 0 added before the muffins were baked. Subjects were supplied

% of total fatty acids

Margariné 105 221 0 0 with canned fish (pink salmon and sardines; SAFCOL, Adelaide,
fﬂijgnigzz'ﬁg 3.0 9.7 0 0 Australia) and fresh fish (mullet, flathead, and deep-sea bream).
Hert? 27 52 0 0 A flaxseed-meal mixture naturally rich in ALA (Alena Energy
Plair? 47 15.3 0 0 Drink; ENRECO, Manitowoc, WI) was also provided and sub-
Flaxseed-meal mixture 5.4 16.7 0 0 jects were instructed to use it in orange juice, in food preparation
Sardines 0.14 0.05 0.50 1.68 (eg, cakes, muffins, casseroles, Mornay sauce, and soups), and
Pink salmon 0.20 0.15 0.89 1.66 with their breakfast cereal. Advice was provided on avoidance,

Deep-sea bream 0 0 0.30 0.40 when practical, of foods containing high amounts of6n
Flathead 0 0 0.05 0.29  polyunsaturated fatty acids (PUFAs), eg, certain nuts, potato
Mullet 0 0 0.73 052 chips, and certain cooking oils and their derivative products.
Sausagés 0.70 0.17 0.52 031 Although subjects were discouraged from dining away from
French onion dip 0 0.28 0.65 0.74

home, they were educated about suitable choices that they could
LA, linoleic acid; ALA, a-linolenic acid; EPA, eicosapentaenoic acid; make (including suitable fast-food take-out choices) when they
DH,ZA, docosahexaenqic acid. _ did dine away from home.
gﬂgg:gmg:ig x:tﬂ I::ﬁs;?d oil. Subjects were not asked to eat any set quantity of any food,
' but rather to use the provided foods and ingredients in desired
qguantities during food preparation. A target value for EPA of
1.5% of total fatty acids in the mononuclear cells was set.
An effective strategy for implementing a long-term increase inMononuclear cell phospholipid fatty acids were analyzed 2 wk
n—3 fatty acid consumption has yet to be developed. A suitabléto the study and, if the percentage of EPA was below the target
approach will be one that offers a selection of foods and ingrevalue, the subjects were contacted and encouraged to increase
dients that can be substituted in the diet for common everydatheir use of the provided-r3-enriched foods in place of other
food items. In this study we developed a range of foods antbods if this was still practical.
ingredients enriched with ALA, EPA, and DHA and examined All subjects were asked to record their dietary intakes on
the effect of these foods and ingredients erBratty acid tissue 2 weekdays and 1 weekend day of every week during the trial.
concentrations and on the synthesis of eicosanoids and cytokin8sibjects were instructed to maintain a diet diary by using
in healthy volunteers. weighed measurements and standard household measures at the
commencement of the trial. All subjects were supplied with dig-
ital electronic scales. Diet diaries were analyzed for total energy

SUBJECTS AND METHODS intakes; the percentages of energy derived from protein, carbo-
) hydrate, fat, and alcohol; and intakes of oleic acid (OA;
Subjects 18:1n-9), linoleic acid (LA; 18:2r-6), ALA, EPA, and DHA

Fifteen healthy male subjects were recruited from volunteersvith DIET-1 (Xyris Software Pty Ltd, Brisbane, Australia),
who responded to an advertisement about dietary interventiowhich is based on the Australian Nutrient Database NUTTAB
studies. The specifics of the study were explained to the subjec®-92 (Department of Community Services and Health). We
before they were enrolled to ensure that the subjects’ schedulesodified this database to include the fatty acid content of Aus-
were compatible with the requirements of the study. The meatralian foods and ingredients as well as of the provided foods.
(+SD) age of the subjects was 3%5.5 y and their mean body Fasting venous blood samples were taken at each of the visits
mass index (BMI; in kg/f) was 25.6t 2.9. None of the subjects (0, 2, and 4 wk). Subjects were instructed to fast for 12 h and to
had a history of hyperlipidemia or inflammatory disease and alavoid abnormally high intakes of alcohol 24 h before the clinic
were apparently healthy, as indicated by a medical questionnairgsits. Nonsteroidal antiinflammatory medications that inhibit
completed at enrollment. The study was approved by the Royahe prostaglandin—endoperoxide synthase (cyclooxygenase;
Adelaide Hospital Research Ethics Committee and writtenCOX) pathway were proscribed (10). Paracetamol (aceta-
informed consent was obtained from all participants. minophen) was allowed for pain relief if required.

Diets and experimental design Analytic methods

The foods and ingredients selected for the diet were designegle| separation and fatty acids
to increase the dietary content of 8 fatty acids and to decrease
the content of r6 fatty acids and were supplied to the subjects Peripheral blood samples (20 mL) were added to tubes con-
in quantities sufficient for their entire families. Subjects main-taining 4 mL 4.5% EDTA in water and 4 mL 6.0% dextran
tained the n-3-enriched, A-6-poor diet for 4 wk. Foods were (Phamacia LKB, Uppsala, Sweden) in normal saline, pH 7.0.
either enriched with ALA (from flaxseed oil) or with EPA and Erythrocytes were allowed to sediment under gravity 4C3or
DHA. Food items that were enriched with ALA included cook- 30 min. The resulting leukocyte-enriched plasma was loaded
ing oil, margarine, salad dressing, and mayonnaise (Meadow Leanto a Ficoll-Paque gradient with a density of 1.077 kg/L
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(Lymphoprep; Nycomed Pharma, Oslo) and centrifuged at 110°C until analyzed for interleukinfl (IL-18), tumor necrosis
X g for 10 min at 28C to separate the plasma and platelets. Thdactor o (TNF-a), prostaglandin E(PGE,), and TXB,. Because
gradient was further centrifuged at 280g for 20 min to sepa- aspirin is rapidly hydrolyzed in whole bloot { = 39 min), the
rate the mononuclear cells. The plasma and cellular fractionactivity of COX-2, which is induced by lipopolysaccharide stim-
were extracted in chloroform:methanol (11) and stored741°C ulation after 3—4 h, is not affected (13).

before fatty acid analysis. The total lipid extract from the plasma

and cellular fractions was fractionated by thin-layer chromatog!Mmunoassays

raphy and the phospholipid fractions retained. The cellular and TNF-a and IL-183 were measured by enzyme-linked immuno-
plasma fractions were then transesterified by methanolysisorbent assay (ELISA) by using commercially developed
(1% H,SO, in methanol at 78C for 3 h). Fatty acid methyl esters matched-pair antibodies and recombinant T&N&nd IL-13 stan-
were separated and quantified with a Hewlett-Packard 68968ards (Endogen, Woburn, MA). The range of detection was
gas chromatograph equipped with a 50-m capillary columrD.07-5ug/L for both TNFe and IL-13. PGE and TXB, were
(0.33 mm internal diameter) coated with BPX-70 (O28-film measured in triplicate by radioimmunoassay with use of
thickness; SGE Pty Ltd, Victoria, Australia). The injector tem-[*H]PGE, and fH]TXB, (Amersham Australia Pty Ltd, Sydney,
perature was set at 28D and the detector (flame ionization) Australia), PGE and TXB, (Cayman Chemical Co, Ann Arbor,
temperature was set at 3@ The initial oven temperature was MI), and rabbit anti-PGE (Sigma Chemical Co); rabbit anti-
140°C and was programmed to rise to 2€0at 5C/min. TXB, was prepared by inoculating rabbits with TXByroglob-
Helium was used as the carrier gas at a velocity of 35 cm/s. Fattin conjugates (14). Cross-reactivities for the B@Rti-serum
acid methyl esters were identified based on the retention time wwere <0.001% for TXB 4.6% for 6-keto PGE, and 3.8% for
authentic lipid standards obtained from NuChek Prep IndPGF,. Cross-reactivities for the TXBanti-serum were 0.06%
(Elysian, MN) (12). All organic solvents contained butylated for PGE, 0.05% for 6-keto PG, and <0.05% for PGE.

hydroxy anisole (0.005%) as an antioxidant. L
Statistics

Cyclooxygenase activity The data were analyzed with repeated-measures analysis of

Blood was processed to distinguish eicosanoids produced byariance to determine any differences between visits. Where
COX-1 and COX-2 according to the method of Patrignani et athere was a significant difference € 0.05), the analysis of vari-
(13) as follows. ance was followed by Tukey’s honestly significantly different

COX-1 activity After subjects fasted overnight, a 10-mL multiple comparisons analysis to identify differences. WINKS
venous blood sample was obtained, of which 5 mL was allowed.5 (1997; TexaSoft, CedarHill, TX) was used for the analyses.
to clot at 37C for 60 min. Cell-free serum was separated byData are given as meafisSDs.
centrifugation and stored at© until analyzed for thromboxane
B, (TXB,), a measure of constitutive COX-1 activity in human
whole blood (13). RESULTS

COX-2 activity The remainder of the blood sample was added . )
to a lithium heparin—containing tube to which freshly preparedSUbJeCts and compliance
aspirin (AsproClear, Roche, Australia) (10 mg/L) was added Subjects’ weights did not change significantly during the
immediately (at time 0) to inhibit constitutive COX-1 activity. period of the trial and there were no withdrawals from the study.
Lipopolysaccharide (serotype 0111:B4; Sigma Chemical Co, SBehavioral responses to the dietary advice were monitored from
Louis) was then added (final concentration: 0.2 mg/L) followedthe dietary records, which were maintained during the 4-wk
by incubation for 24 h at 3T. Cell-free plasma was then sepa- period and at the dietetic interviews at 0, 2, and 4 wk. All sub-
rated by centrifugation (10 min at 800g at 4°C) and stored at jects appeared to make the appropriate substitutions in their

foods in line with the dietary advice.

Dietary intakes
TABLE 2 . . . . . L
Estimates of the subjects’ daily intakes of energy, protein, fat, Dietary intakes were estimated by analyzing the diet diaries

carbohydrate, and alcofol (Tables 2and3). The mean energy intake throughout the study
was 10.3+ 1.9 MJ/d. The mean percentage of energy derived

Value from protein was 18.4 2.6%, that from fat was 35.8 4.6%,

Energy (MJ/d) 10.3 1.9 (7.6-15.0) that from carbohydrate was 42t56.7%, and that from alcohol
Protein was 4.2+ 6.2% (Table 2). The mean intake of LA was

(og/d) 109.7+ 15.1 (85.6-156.4) 9.2+ 2.5 g/d and the mean intake of ALA was &24.2 g/d
Fa(tA) of energy) 18426 (15.0-24.3) (Table 3). The mean intake of EPA was 8®4 g/d and the mean

(g/d) 98.4+ 23.9 (62.9-149.4) !ntake of DHA was 1.03 0.6 g/q. The combined mean total

(% of energy) 35.3 4.6 (26.1-46.6) intake of EPA and DHA from all dietary sources was 1.83 g/d.
Carbohydrate .

(g/d) 2754765 (172.0-426.0) ALY acids

(% of energy) 42.5 6.7 (26.4-53.8) Fatty acids in the plasma phospholipid fraction, mononuclear
Alcohol cell phospholipids and platelet phospholipidBalfles 4—6

(9/d) 14.7+ 21.8 (0.0-92.1) respectively) of the samples obtained at the onset of the trial

(% of energy) 4.2 6.19 (0-24.8) (0 wk) and 2 and 4 wk after consumption of theZhenriched

X + SD; range in parentheses. foodstuffs were analyzed.
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TABLE 3 acids at the 2-wk time point in the mononuclear cell phospho-
Estimates of the subjects’ daily intakes of selecte® m—6, and n-3 lipid and platelet phospholipid fractions. Concentrations of OA
fatty acids and total monounsaturated fatty acids did not change signifi-
Value cantly between 2 and 4 wk.
18:1n-9 Cellular and plasma saturated fatty acids
(g/d) 31.7+ 8.5 (15.9-51.8) . . L
(% of energy) 11.42.1 (7.2-17.3) Total saturated fatty acid concentrations changed significantly
18:2n-6 after the test diet only in plasma and platelet phospholipids, in
(g/d) 9.2+ 2.5 (6.0-15.5) which concentrations decreased at the 2-wk time point. The
(% of energy) 3.2 0.6 (2.3-5.2) decrease was maintained at 4 wk in the platelet but not in the
18:3n-3 plasma phospholipid fraction.
(g/d) 9.2+ 4.2 (2.9-18.4)
(% of energy) 3.2 1.3 (1.3-5.5) Target values
20:5/’;_3 0.8+ 0.4 (016187 The notional target value that was set for EPA in the mononu-
(g/d) 8£0.4 (0.16-1.82) clear cells was 1.5% of total fatty acids. At the 2-wk analysis, 5
(% of energy) 0.2% 0.13 (0.07-0.65) . . . .
22:6-3 of the 15 subjects had attained this level in the mononuclear cell
(.g/d) 1.03+ 0.61 (0.15-2.95) phospholipids. The remaining 10 subjects were contacted by
(% of energy) 0.3% 0.20 (0.07-0.96)  telephone within 2 d of this assessment and counseled on ways

to further increase their intake of-3 fatty acids from the foods
i¢hat were provided for the remaining 2-wk period. At 4 wk, only

1 of these 10 subjects had achieved the target value. One of the

5 subjects who achieved the target value at 2 wk failed to do so

at the 4-wk assessment.

1X + SD; range in parentheses. OA, oleic acid; LA, linoleic acid; ALA,
a-linolenic acid; EPA, eicosapentaenoic acid; DHA, docosahexaenoic ac

Cellular and plasma # 3 fatty acids

a-Linolenic acid After consumption of the-n3-enriched diet
for 2 wk, there was a significant increase3(-4-fold) in ALA
concentrations in all of the fractions analyzed (except for the As described above, serum TXBoncentrations reflect
mononuclear cells, in which the increase waS-fold; NS). COX-1 activity, whereas eicosanoids in lipopolysaccharide-
After another 2 wk of the diet, there was little further change instimulated, aspirin-pretreated whole blood reflect COX-2
ALA concentrations. activity (13). There was no significant change in serum TXB
Eicosapentaenoic acidAfter consumption of the 13- synthesis during the study (0 wk: 362208 nmol/L; 2 wk:
enriched diet for 2 wk, there was a significant increasg.%- 300+ 178 nmol/L; and 4 wk: 29% 126 nmol/L). In lipopoly-
fold) in EPA concentrations in all of the fractions analyzed. Aftersaccharide-stimulated, aspirin-pretreated whole blood, the syn-
another 2 wk of the diet, there were further increases in EPAhesis of TXB and PGE decreased significantly from baseline
(=3-fold increase from baseline), but the difference from valuedby 36% and 26%, respectively, after consumption of the diet for
at 2 wk was not significant. 2 wk (Table 7). There was no further change in eicosanoid con-
Docosapentaenoic acidThere was a significant increase centrations between 2 and 4 wk.
(30%) in docosapentaenoic acid (DPA; 223) concentrations The synthesis of IL{4 decreased significantly by 20% after
in all of the fractions analyzed after 2 wk of consumption of thethe n—3-enriched diet was consumed for 2 wk and decreased
n—3-enriched diet, with no further increase observed after 4 wkiurther by 4 wk, but not significantly so (Table 7). The synthesis
Docosahexaenoic acidfter consumption of the-n3-enriched
diet for 2 wk, there was a significant increasd (5-fold) in DHA
concentrations in all of the fractions analyzed. DHA concentra TABLE 4

Eicosanoid and cytokine synthesis

tions did not increase further in the following 2 wk. Fatty acids in plasma phospholipids at 0 (baseline), 2, and 4 wk of the diet
Cellular and plasma r6 fatty acids Duration of diet
. . . . . . Fatty acid 0 wk 2 wk 4 wk
Linolenic acid After 2 wk of the prescribed dietary regimen, Y -
there were significant decreases in LA concentrations in th % of total fatty acids
plasma phospholipid fraction, which were sustained at 4 wk. LATotal saturated 44540.8% 4359+ 1.10  44.60+ 0.9C*
concentrations decreased in the mononuclear cell fraction only :18:1n-9 10.04+1.4#  9.62+0.98  9.70+1.16

the end of the 4-wk period. A similar proportionate decreas¢Total monounsaturated 13.#21.66' 13.83+1.13  13.52+ 1.16
(=8%) in platelet LA concentrations was seen at 2 and 4 wk, bL"~6

it was not significant. 18:2 21.00+4.12 18.00% 3.02’b 18.03+ 2.3@

Arachidonic acid Significant decreases={%) in arachidonic 20:4 954£205  9.37+167"  888+170

. 9 . 0 ) Total 35.30+ 1.93 31.29+ 1.6  30.54+ 1.5C°
acid (AA; 20:4n-6) concentrations were observed in the plasme, 5

phospholipid and mononuclear cell phospholipid fractions. 1g.3 019+ 0.072 068+03%  055+0.29

There were no significant changes in AA concentrations in the 20:5 0.98+03%  2.55+1.08 2.98+ 1.0

platelet phospholipid fraction. 22:5 1.14+ 0.29 1.47+0.29 1.37+0.24

) 22:6 3.16+0.90¢  5.54+1.13 5.44+ 1.14

Cellular and plasma monounsaturated fatty acids Total 555+ 1.14 1024+ 219  10.37+ 2.0%

Oleic acid There was a small but significant increase in OA  x + SD. Values with different superscript letters are significantly dif-
concentrations and in the total amount of monounsaturated fatiferent,P < 0.05.
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TABLE 5 were more likely to form the core items of the diet and were
Fatty acids in mononuclear cell phospholipids at 0 (baseline), 2, and 4 wknore likely to accommodate the addition of the3enriched
of the diet oils without taste being compromised.

Duration of diet Lovegrove et al (18) used a similar dietary approach to
Fatty acid 0 wk 2wk 4 wk increase dietary EPA and DHA, but they chose mainly sweet

foods to supplement with fish oil, including bread, biscuits, cake,

ice cream, orange drink, milkshakes, low-fat spreads, pasta, may-
Total saturated 43.460.74 43.72+0.85 43.49+0.64 onnaise, vinaigrette, and milk shake powder. Although the sub-
18:1n-9 1176+ 095 1243+ 074 12.98+0.82  acts in that study consumed an average of 1.4 g EPA and DHA
Total monounsaturated 15.531.2°  16.41+0.78  16.36+ 1.22 daily, there was a mean increase in body weight of 1.2 kg over the

% of total fatty acids

n_168:2 6.40¢ 166 6.4+ 0.8G° 593+ 0.94 3.-W|$ §tudy period. !3y contrast, in our dietary study thgre was no
204 2204+ 1.0F 2050+ 124  20.79+ 1.40 significant change in weight over the 4-wk study period. In the
Total 34923+ 087 3131+ 1.08 3101+ 1.29 study by lovegrove et al (18), many of the supplemental foods

n—3 used were not core food items. In the present study, the supple-
18:3 0.02+ 0.08 0.10+ 0.1 0.10+ 0.1 mental foods used were savory and were used by subjects in place
20:5 0.40+ 0.10 0.93+0.32 1.11+0.44 of their usual foods. This is an important consideration over the
225 2,79+ 0.28  3.02+0.37  3.06+0.4% long term because weight gain would be an undesirable and
22:6 236048  3.21x052  3.33:062 unnecessary side effect of consuming3aenriched foods.

Total 559+0.5¢  7.26£0.79  7.67+1.08 This 4-wk study showed a 3-fold increase in EPA concentra-
1X + SD. Values with different superscript letters are significantly dif- tions and 1.5—2.0-fold increases in DHA concentrations in the tis-
ferent,P < 0.05. sue phospholipids that were examined. ALA, the precursor to

EPA, rose by 3—4-fold during this period. These tissu8 RUFA
concentrations were attained by the 2-wk midpoint analysis,
of TNF-a decreased significantly by 40% after 2 wk of the diet.thereby indicating the relatively short time required for3n
However, after 4 wk of the diet, TN&-synthesis was not signi- PUFA concentrations to rise. The increases were achieved with an
ficantly different from that at 2 wk or at baseline. average ALA intake of 9.0 g/d, an average EPA intake of 0.80 g/d,
and an average DHA intake of 1.03 g/d over the 4-wk period. The
ALA intake achieved was 9-fold higher than the usual intake in the
community (6). The LA intake averageed.0 g/d over the 4-wk
Mononuclear cell EPA concentrations were inversely associperiod, which is=<50% lower than the intakes of the general com-
ated with the lipopolysaccharide-stimulated, aspirin-pretreatednunity (6). A reduction in the intake of dietary LA is important
whole-blood synthesis of TXBPGE, and IL-13. The correla- because high LA intakes have been shown to reduce tissue con-
tion coefficients ) were—0.48 < 0.05),—0.33 P < 0.05), and  centrations of EPA and DHA resulting from dietary sources (19).
—0.48 P < 0.05), respectively. No relation was observed between The total average intake of EPA and DHA was 1.83 g/d, which
TNF-a synthesis and mononuclear cell EPA concentrations. is equivalent to the amount provided by taking 6 menhaden fish-
oil capsules/d. The equivalent number of fish meals needed to
achieve these intakes is more difficult to compute because of the
DISCUSSION different content of long-chain-r3 fatty acids in different fish
The major aim of this dietary study was to determine the feaspecies. In comparison, the average EPA and DHA intakes in the
sibility of using novel foods enriched in—=8 fatty acids (ALA, present study equated to amounts that could be achieved from
EPA, and DHA) to increase tissue-8 fatty acids to concentra-
tions known to be associated with a low production of proin-
flammatory cytokines and eicosanoids. Generally, fish oil and, tABLE 6
a .Ie_sser extenf[, fish W_ere used_ as Fhe So_urceaffatty aC_'dS n _ Fatty acids in platelet phospholipids at 0 (baseline), 2, and 4 wk of the diet
clinical and biochemical studies in which reduced eicosanoic

and cytokine production were observed (1, 15-17). To explort

Mononuclear cell fatty acid, eicosanoid, and cytokine con-
centrations

Duration of diet

strategies designed to increase3fatty acid intakes that would ~Fatty acid 0 wk 2 wk 4 wk
be suited more realistically to long-term daily use throughout ¢Total saturated 43.480.54 42.60+0.8% 42.10+ 1.0
community, healthy volunteers were provided with a variety of18:1n-9 13.17+0.57 14.00+ 0.74 14.30+0.78
foods naturally rich in or enriched in ALA, EPA, and DHA. Total monounsaturated ~ 16.390.88  17.50+ 0.83 17.92+ 1.10°
To be practical for long-term daily use, it was essential than—6
the selected foods be core items in the typical Australian diet, ie 18:2 740t17¢  6.71+118  6.82+14%
foods that are consumed regularly and not intermittently. Mos 2217124 2154137 21274221
. . . . . Total 3453+ 1.14 32.34+1.00 31.95+1.6P
importantly, the food items had to withstand enrichment Wlthn_3
n—3 fatg_/ acids (either flaxsee_d oil or fish ail) without_ effects on g3 0.08: 002 022+00% 020+ 008
palatability or the extent of their use in food preparation. In addi- g.5 050+0.12 119+ 03P  1.46+0.48
tion, the foods needed to have broad appeal across age groups 22:5 1.88+ 0.268 2.14+0.3% 2.27+0.34
that they would be consumed by everyone within a householc 22:6 1.89+0.40* 2.86+0.62  3.06+0.67
overall use would have been less than optimal if replacemer Total 442+ 047  6.47+1.00  7.05%1.06

foods needed to be prepared for other family members. Wit 1x+ SD. values with different superscript letters are significantly dif-
these factors in mind, savory foods were chosen because thferent,P < 0.05.
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TABLE 7

Eicosanoid [thromboxane,BTXB,) and prostaglandin £PGE,)] and
cytokine [interleukin B (IL-13) and tumor necrosis factar(TNF-a)]
synthesis from bacterial lipopolysaccharide-treated, aspirin-pretreated
whole blood at 0 (baseline), 2, and 4 wk of theldiet

Duration of diet

0 wk 2 wk 4 wk
TXB, (nmol/L) 34.9+ 17.6 224+ 178 23.6+ 17.4
PGE, (nmol/L) 15.3£11.6 11.3+ 11.1b 10.4+ 8.0
IL-18 (pg/l) 40.93+12.17 32.97+9.18 32.31+ 7.63
TNF-a (pmol/L) 680+ 309 411+ 260 578+ 286°

1X + SD. Values with different superscript letters are significantly dif-

ferent,P < 0.05.
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future studies should be to establish target values of tiss@e n
fatty acids that might be therapeutic for or considered preventive
against cardiovascular disease and rheumatoid arthritis. This could
be more appropriate than recommending a set dietary intake of
n—3 PUFAs, which becomes problematic whea3nPUFAs are
delivered through many different foods. Additionally, target tissue
EPA values could be met via the consumption of ALA as well as
EPA. Thus, by setting a target EPA value, a wide variety of dietary
strategies can be used to achieve a common objective.

Overall, there is substantial evidence of the health benefits
of n—3 fatty acids (1, 2). However, practical clinical use of the
evidence will require consumption of a variety of 3\ fatty
acid—enriched foods that are easily incorporated into daily
diets. Additionally, the development of target tissue3nfatty
acid concentrations will provide a single outcome measure

the consumption o&£70 g canned pink salmon/d or 150 g fresh that accommodates a variety of dietary approaches to achieve

mullet/d. Daily fish intake at these levels is unlikely to be achievsuch an outcome.

able in the long term because it would limit dietary variety. In
Australia, the intake of fish did not increase in a recent 12-y

period during which the health benefits of eating fish were pro-REFERENCES

moted increasingly. The National Dietary Survey in 1983 1.
reported average fish and seafood intakes of 21 g/d in South Aus-
tralian males aged >19 y (20). The National Nutrition Survey, 2.
conducted in 1995, reported fish and seafood intakes of 23 g/d in3
the same reference group (21).

The increase in tissue phospholipidg 31fatty acid concentra-
tions was coincident with modest suppression of the cytokine 4
IL-1B8 and of the eicosanoids TXEBand PGE. Suppression of
these inflammatory mediators was observed 2 wk after #8 n
enriched diet began and was maintained for the following 2 wk 5.
of the diet. Although TNFx synthesis decreased significantly
after 2 wk of the diet, values at 4 wk were not significantly dif-
ferent from those at baseline. The data indicate that dM@&s
not suppressed by the—R®-enriched diet as were the other
inflammatory mediators. The mononuclear cell EPA concentra-
tions correlated inversely with the synthesis of TXBGE, and
IL-1B, but not with the synthesis of TNk-These correlations 5
were somewhat weaker than those observed in a previous study
in which fish-oil capsules were given as a supplement (22).

The present findings suggest that there may be differences in
the suppressive effects of-8 fatty acids on COX-1- and COX- 8.
2-mediated eicosanoid synthesis. Although the COX-2-mediated
synthesis of TXBand PGEwas significantly reduced after con-
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