British Journd of Nutrition (1998) 80, 163—-167

163

Replacemen of linoleic acid with «-linolenic acid does not alter blood
lipid s in normolipidaemic men
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The effed of partid dietay replacemenof linoleic acid (18:2n-6; linoleic acid-rich diet) with
a-linolenic acid (18:31-3; «-linolenic acid-rich diet) on plasnalipids wasinvestigate in twenty-
nine healtty yourg men After a 2-week stabilization period subjecs were randomy assigné to
eithe the a-linolenic acid-rich diet grow (n 15), receivirg amean of 10-1 g of «-linolenic acid
ard 121 g of linoleic acid/d or the linoleic acid-rich diet group (n 14), receivirgamean of 1-0g
of a-linolenic acid and 210 g of linoleic acid/d for a 6-week teg period Blood sample were
taken at the commencemerof the stabilization pericd ard at the stat (week 0), midpoirt (week 3)
ard endpoir (week 6) of theted periad and plasmalipidsanalysedThe changsoccurrirg onthe
linoleic acid-rich diet and a-linolenic acid-rich diet were compare but no significart differences
in the changs in plasna totd cholesterql LDL-cholestero] HDL-cholestero|l the subfractions
HDL , ard HDL ; or triacylglycerobk were found Thes resuls indicatk that dietay replacement
of linoleic acid with «-linolenic acid in the diet of healtty male subjecs offers similar
cardioprotectie benefis with respetto lipid metabolism.

a-Linolenic acid: Linoleic acid: Blood lipids: Linseed oil

It has been well docunental tha a relatiorship exists
betweea plasima cholesteol ard triacylglycerols and CHD
(Roe & Shipley, 1986 Kromhou et al. 1988 National
Institute of Healh Consenssi Conferene, 1993) LDL-

chdesterd is positively associaté with risk of CHD
(Peklanen et al. 1990 as are triacylglycerols (Criqui et
al. 1993) while HDL-choleserol hasan inverserelationship
(Sdonen et al. 1991) It has also been shown tha the type of
dietay fat ingestel is a maja factar influencirg plasma
lipid profiles Saturatd fatty adds except steart acid
(C18:0) hawe a hypecholesteolaemc effed (Hegste et
al. 1965 Grundy & Vega 1988) Oleic acid (C18:1n-9), the
predominan dietay monounsturated fatty add, resuls in

lowering of LDL-cholesterd (Bonanone & Grundy, 1988)
as does linoleic acid (Becke et al. 1983 McDondd et al.

1989) the predominah polyunsatuated fatty add (PUFA).
Health authorities have recommenrded that the proportions
of both in the diet be prefeentially increased at the experse
of saturatd fat (Truswel et al. 1992).

The n-6 PUFA linoleic acid has becone precominart in
Wesgem diets largely becaus of its presene in margaines
ard cooking oils. However interest in increased consump-
tion of the n-3 family of PUFA has grown since studies of
Greenlad Eskimas showal low incidence of CHD (Bang &
Dyerberg 1972 Dyerbeg et al. 1975) despie high
fat intakes, with the very-lorg-chan n-3 fatty acids

eicosapntaendc acid (EPA; C205n-3) ard docoshexa-
noic acid (DHA; C226n-3) comprising alarge proportia of
fat intake (Barg et al. 1976) This populatio is chaacter-
ized by low serun choleserd ard triacylglycerols.
Consumptio of EPA and DHA in the form of fish oil
capsuls has shown tha triacylglycerols are lowered
(Sandes et al. 1981; von Schaky et al. 1985 while effects
on LDL - ard HDL-cholesterb hawe been less well defined.
In sone studies LDL-cholesterd has risen (Zucker et al.
1988 and in othes it has fallen (Harris et al. 1988) von
Schaky et al. (1985 sav no chang in HDL-cholesterol
while Sandes et al. (1981) found an increase. However the
benefit of the very-long-chan n-3 PUFA arelikely to bevia
mechamsims othe than cholesteol metalwlism.

A numbe of studies of the effects on blood lipids of the
progenior fatty acid of the n-3 family, «-linolenic acid,
hawe bee reported Interpreation of the resuls of these
studies has been difficult becaus oleic acid has been altered
at the sane time (McDonad et al. 1989 Wardlaw et al.
1991) or differences exist in the subjects demographic
(Sandes & Roshanai1l983 ard bloaod lipid charateristics
(Kestin et al. 1990 Mantzoris et al. 1994) The importance
of establifing the precise effeds of «-linolenic acid on
bload lipids is consideable given the markal reductio in
myocadial infarction ascribel to it (de Lorgeril et al. 1994).

In the presem study the effects of repla@mert of linoleic

Abbreviati ons: DHA, docosahexaenoicid EPA, eicosapentaenoiacid PUFA, polyunsaturate fatty acid.
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Table 1. Demographics and plasma lipid concentrations of subjects at the commencement of the 2-week stabilization
period

(Mean values with standard deviations)

a-Linolenic acid-rich diet (n 15) Linoleic acid-rich diet (n 14)
Variable Mean SD Mean SD
Age (years) 25-0 41 24-0 4.5
Weight (kgg 72:0 90 725 80
BMI (kg/m*) 2211 2:0 227 1-6
Triacylglycerols (mmol/l) 0-8 01 0-7 0-1
Total cholesterol (mmol/l) 4-2 0-2 4.1 0-2

Table 2. The nutrient intakes of the subjects on the stabilization diet and on the 6-week test diets
(Mean values with standard deviations)

Stabilization diet (n 29) a-Linolenic acid-rich diet (n 15) Linoleic acid-rich diet (n 14)
Nutrient* Mean SD Mean SD Mean Sb
Energy (kJ) 12 824 981 13 157 714 12 941 549
% total energy
Protein 154 0-2 155 01 155 0-0
Fat 393 08 312 03 314 0-3
Carbohydrate 432 1-0 49-1 04 49-1 0-3
Saturated fatty acids 16-3 02 97 0-3 9-8 0-2
Monounsaturated fatty acids 14-8 06 116 01 11-8 04
Polyunsaturated fatty acids 60 0-2 67 0-3 6-9 0-0
a-Linolenic acid 0-2 0-0 35 05 01 0-0
Linoleic acid 56 0-3 31 0-2 67 0:0

* Calculated from The Composition of Foods Australia: 6 (Lewis et al. 1992).

acid with o-linolenic acid on blood lipids were tested. required to ensure that weight was maintained to within
Subjects were selected to be as homogenous as possiblé kg. The stabilization diet was designed to supply 39-5 %

and only two fatty acids were manipulated;linolenic energy as fat with 16-3 % energy as saturated fat, and 5-8 %
acid and linoleic acid, by replacing safflower oil with energy as polyunsaturated fatty acids (5-5 % energy as
linseed oil. linoleic acid and 0-3 % energy aslinolenic acid).

After the stabilization period subjects were randomly
allocated to either thex-linolenic acid-rich group r{ 15)
or the linoleic acid-rich groupn(14) and consumed the
Subjects appropriate diet for 6 weeks. The test diets were designed to
. . have 31-6 % energy as fat with 9-9 % energy as saturated fat
Twenty-nine male subjects between the ages of 18—35 years o u :
were selected from volunteers responding to advertisementsand 6:6 % energy as polyunsaturated fat, and-&inolenic

o . . ; N . acid : linoleic acid ratio of either 1:0-Q{linolenic acid-
within the University. Following the initial screening of . ) : - L : o
respondents, those found to be free from chronic illness rich) or 1 : 66 (linoleic acid-rich). All subjects maintained a

. : ' daily food diary. Food items not consumed, or consumed in
\é\/l}hlacg:\él“l; <2§_g%nnf(’)lt/cl’ti{ncdhﬂ§f ttzfi:: 66'1§ mmggilégtlizhs addition to that which was provided, were recorded in the
wye?eyincluded as subjécts Table 1 gutlin)r;s the Subjectdiary and accounted for in the final computer analysis. After
characteristics. The study was approved by the Human accounting for any deletions or additions by subjects to the

. ; . . prescribed menus, the percentage energy from nutrients
Ethics Committee of the University of Sydney. were in general agreement with the calculated intakes and

are shown in Table 2. No fish or seafood products were
included in any of the diets.

Subjects were instructed to maintain normal lifestyle
Diets were designed to provide approximately 12 MJ using patterns with respect to exercise, and to keep alcohol
the Composition of Foods Australia (Lewas al. 1992) for ingestion to a minimum. Subjects were unaware of which
calculation of nutrient composition. All food was supplied diet they received. All food items consumed during the test
to the subjects throughout the duration of the study. Break- period were identical except for muffins, which were made
fast and dinner were consumed under the supervision ofwith either safflower or linseed oil. Vitamin E contents of
study staff in a Metabolic Unit on weekdays and a boxed both oils were determined and thelinolenic acid-rich diet
lunch was taken away. Weekend meals were packed andsupplemented to bring it to the same concentration as the
labelled to be prepared and consumed as indicated. During asafflower oil.
2-week stabilization period before the study, body weight  The fatty acid composition of the diets were determined
was measured daily and energy intakes were altered aspy lipid extraction (Folchet al. 1957) from daily menu

Materials and methods

Study design
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Table 3. The fatty acid composition of the stabilization and test diets as analysed from diet composites
(Mean values with standard deviations)

Stabilization diet (%) a-Linolenic acid-rich diet (%) Linoleic acid-rich diet (%)

Fatty acid* Mean sD Mean SD Mean sD

C10:0 1.7 0-0 0-6 0-0 0-6 0-0
C12:0 2.0 00 2:6 00 2:6 0-0
C14:0 5.3 0.0 3.5 0.0 3.5 0.0
C15:0 0-6 0.0 0-4 0.0 0-5 0-0
C16:0 22.0 00 20-0 03 20-4 0-2
C18:0 8.7 0.0 7-1 0-2 7.0 0-3
Cl4:1 0-3 0.0 0-3 0.0 0-3 0-0
Ci6:1 14 00 1.3 03 1.3 0-2
C18:1(n-9) 39-4 0.0 40-6 2.1 40-5 16
C18:1(n-7) 1.7 0-0 1.2 06 1.3 0-6
C18:2 155 0-0 121 06 21.0 0-8
C18:3 14 0.0 10-1 0-6 1.0 0-1

* Fatty acid value expressed as percentage of total fatty acids.

Table 4. Body weights (kg) of the subjects at the commencement

and end of test diets et al. (1982) using increasing concentrations of a dextran

sulfate/MgC} solution was used to isolate total HDL-

(Mean values with their standard deviations) and HDLs-cholesterol which were measured using the

a-Linolenic acid-rich Linoleic acid-rich CHOD-PAP method. HDk-cholesterol was calculated by
diet (n 15) diet (n 14) difference. Plasma triacylglycerols were measured using
Time Mean Sb Mean sb the Unimate 5 TRIG diagnostic reagent system (Roche
Products Pty Ltd.).The concentration of LDL-cholesterol
wggtg ;iig gg ;ig ig was calculated using the Friedewald equation (Friedewald

et al. 1972) and converted to Sl units once total- and HDL-
cholesterol, and triacylglycerol concentrations had been
determined.
composites and quantified with GLC of the fatty acid methyl

esters (Lepage & Roy, 1986).

Statistical analyses

The differences between lipid concentrations at week 0 and
week 3, and at week 0 and week 6 of the test diets were
Blood was sampled at the start of the stabilization period, at calculated for each group and the changes produced after 6
week 0, which was the end of the stabilization period just weeks on thex-linolenic acid-rich and linoleic acid-rich
before starting the test diet, then at week 3 (midpoint) and diets compared using the unpairedest. The level of
week 6 (endpoint) of the test diets. At each sampling point significance was taken as P<0-05. The mean differences
blood was taken twice, separated by a period of 4 d, to in changes between the two groups and 95 % CI were also
account for biological variation in cholesterol concentra- calculated.

tions. Before blood sampling, subjects were required to lie

in a supine position for 15 min. Venous blood was collected

after a 12 h overnight fast into a plastic syringe and 10 ml Results

was dispensed into lithium-heparin tubes and kept on ice The o-linolenic acid-rich diet supplied a mean of 10-1 g of
until processing ready for ch_olesterol and trlacylglycerol a-linolenic acid and 12-1 g of linoleic acid/d, while the
analysis. The blood was centrifuged at 120for 10minat  jingleic acid-rich diet supplied 1-0 g aflinolenic acid and

5%, and the resultant plasma was removed and stored af1.g g of linoleic acid/d. The individual fatty acid com-
—20° until analysis. On the day of analysis, plasma samples ,sition of each diet period and group is shown in Table 3.
were thaweq at room temperature and centrifuged at $200 Fatty acids less than C10:0 were not included in the
to remove fibrin clots. calculations as they were not resolved by the GC program.
The diets did not include any fish or seafood hence EPA and
DHA constituted <0-01 % of total fatty acids on all of the
diets.

Plasma cholesterol and triacylglycerols were measured on The subjects’ body weights remained unchanged
the Cobas Fara autoanalyser (Roche Products Pty Ltd., Deghroughout the study (Table 4).

Why, NSW, Australia). Total plasma cholesterol was deter-  Table 5 shows the plasma lipids for thdinolenic acid-
mined using the enzymic cholesterol CHOD-PAP kit rich and the linoleic acid-rich diet groups. There was no
method (Boehringer Manheim, Germany). Standards andsignificant difference between the two groups for any of the
controls used were purchased from Abbott Laboratories, changes occurring in the plasma lipid fractions after 6 weeks
Abbott Park, IL, USA. The precipitation method of Warnick on the diets.

Blood collection and sample preparation

Plasma lipids
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Table 5. Changes in plasma lipid concentrations after 3 and 6 weeks on the «-linolenic acid- and the linoleic acid-rich diets*

a-Linolenic acid-rich diet (n 15) Linoleic acid-rich diet (n 14) Difference between
the changes at week
Stabili- Change at Change at  Stabili- Change at Change at 6 for a-linolenic v.
" zation Week 0 week 3 week 6 zation Week O week 3 week 6 linoleic acid-rich diet
Plasma lipid
(mmol/l) Mean Mean Mean  SEM Mean SEM  Mean Mean Mean SEM Mean SEM Mean 95 % ClI
Total cholesterol ~ 4-2 38 -0003 014 -011 013 41 39 -0-17 014 -025 0-10 014 -0-19, 0-47
LDL-cholesterol 31 23 004 016 -005 011 31 25 -016 012 -022 010 017 -0-13,0-46
HDL-cholesterol 1-2 11 -0-12 0-05 -0-07 0-05 1-2 11 -0:06 004 -0-10 0-05 0-03 -0-11, 0-17
HDL,-cholesterol 04 04 -0:02 004 -001 004 04 04 -0-:03 003 -0-04 0-03 0-03 -0-08,0-14
HDL;-cholesterol  0-8 07 -010 002 -006 003 07 07 -0-:02 003 -0:06 004 0-00 -0-08, 0-08
LDL:HDL 2:7 2:3 0-32 0-36 0-:02 017 2:9 2:4 -0:07 017 012 026 -0:10 -0-72,0-52
Triacylglycerols 08 08 011 005 0-03 005 07 07 011 005 015 006 -012 -0-28,0-04

* For details of diets and procedures, see pp. 164—-165.
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Discussion detected (Sanders & Roshanai, 1983; Kestiral. 1990;
Mantzioris et al. 1994). This may be becausgelinolenic
acid was fed in low amounts, so only a small amount of EPA
was produced

A significant reduction in plasma LDL-cholesterol
occurred following the 2-week stabilization diet for both
subject groupsi< 0-05). This suggests that the composition
of the subjects’ diets was different before they started the
study but no attempt was made to quantify accurately their
pre-study intakes. A reduction from approximately 16 % to
10 % energy from saturated fat during the test diets did not
produce any further reductions in LDL-cholesterol over the
6 weeks. It may be that because these subjects had plasma
cholesterol at the lower end of normal and that no real
changes were made in total unsaturated fat intake, that the
LDL-cholesterol was stable.

In conclusion, the lack of any deleterious effects on lipid
metabolism of substituting-linolenic acid for linoleic acid
supports its inclusion in the diet. This means that investi-
gators can explore the benefits@finolenic acid on other
variables in the cardiovascular disease equation. It is in
these other areas such as thrombotic tendency and heart
arrhythmias in whiche-linolenic acid is most likely to
produce benefits.

The present study revealed no variation in plasma choles-
terol when half then-6 PUFA, as linoleic acid, were
replaced by then-3 fatty acid,a-linolenic acid. The diets
were identical except for the replacement of safflower oil
with linseed oil. Previous studies using linseed oil as a
dietary supplement in normolipidaemic subjects have simi-
larly shown no effects on serum cholesterol, but interpreta-
tion is complicated because diets have either been
unmonitored (Sanders & Roshani, 1983) or more than one
dietary variable has been changed (Kellelyal. 1993).
Valstaet al (1995) studied forty subjects using a crossover
experiment with two 6-week periods on high monounsatu-
rated fat diets with either a high (low erucic acid-rapeseed
oil) or low (TRISUNO sunflower oil) a-linolenic acid
content and linoleic acid the only other variable. They
reported similar declines in total and LDL-cholesterol and
triacylglycerols on both diets. Mantziorist al. (1994)
instructed subjects to follow a low-fat diet and replace oils
and margarines with either linseed or sunflower products.
Dietary intakes were monitored throughout the study but
after 4 weeks no effect on LDL-cholesterol or HDL-cho-
lesterol was found for either diet. These results together with
those of our strictly controlled study indicate thafino-
lenic acid has similar effects to linoleic acid on blood lipids
in normolipidaemic subjects. Acknowledgements
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