Dietary fish oil enhances plasma and
LDL oxidative modification in rats
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Incorporation of long-chain polyvunsaturated fatty acids (PUFA) in low density lipoprotein (LDL) might induce
a decrease in lts resistance against oxidative modification because of their high degree of unsaturation. To
investigate the in vivo and in vitro influence of dietary w-3 fatry acids on plasma and LDL susceptibility to
oxidative modification, a diet containing 15% wt/wt fish oil was fed to rats together with diets containing 15%
wrwt soybean oil or coconut oil for 6 weeks. The plasma lipid concentration was significantly lower after fish
oil feeding compared with the two control diets. Fish oil fed rats exhibited significantly lower total (peroxyl)
radical-trapping antioxidant activity (TRAP) than both soybean oil and coconut oil fed animals (P < 0.01). The
levels of thiobarbituric acid—reactive substance in the native LDL were 0.66 nmol/mg, 0.51 nmolimg, and
undetectable, respectively, in fish oil, sovbean oil. and coconut oil rats. Metal-catalyzed oxidative modification
of LDL was monitored following the time course of conjugated dienes and lipid hvdroperoxides formation and
thiobarbituric acid-reactive substance activirv. The effect of the two unsaturated diets on the extent of LDL
modification was similar, but the lag phase was shorter in fish oil LDL than in sovbean oil LDL, despite the same
concentration of vitamin E. Also the oxidative modification of native apoB-100, measured by the emission
fluorescence spectra at 430 nm (excitation 360 nm). was markedly higher in LDL of fish oil fed rats than in the
other two groups. The results indicate that dietary w-3 fatty acids induce a decrease in the plasma antioxidant
potential and an increase in the ex vivo susceptibility of LDL to oxidative modification. (J. Nutr. Biochem. 6:

474-480. 1995.)
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Introduction

The role of long-chain w-3 fatty acids in protecting against
cardiovascular diseases is still unsettled. Fish oil has been
shown to have an antiaggregatory effect,'** and its supple-
mentation is effective in lowering plasma triglycerides in
humans.’** Animal studies have shown the effect of -3
fatty acids both in reducing the hepatic secretion of very low
density lipoprotein (VLDL)® and in accelerating VLDL
clearance.® However. the reported effects on total choles-
terol, low density lipoprotein cholesterol (LDL-C), and
high7density lipoprotein cholesterol (HDL-C) are ambigu-
ous.
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Compelling evidence suggests that lipoprotein oxidative
modification is involved in the pathogenesis of atheroscle-
rosis.® Although the precise mechanism(s) involved in its
modification in vivo and its locality are still unclear, several
lines of evidence supgort the in vivo existence of oxida-
tively modified LDL.

Oxidative modification of low density lipoprotein (LDL)
can be mimicked in vitro by incubation with transition metal
ions or cells (endothelial cells, smooth muscle cells, mono-
cytes, and macrophages).'”

The susceptibility of LDL to oxidative modification is
modulated by the circulating level of antioxidants and its
fatty acid composition.''™"* Incorporation of monounsat-
urated fatty acids into LDL has been shown to protect
against oxidative modification of LDL, in contrast with
highly unsaturated fatty acids.’>'® Therefore, LDL parti-
cles rich in long-chain polyunsaturated fatty acids should be
more readily oxidatively modified and, in principle, more
atherogenic. Also, plasma enrichment with -3 fatty acids
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could impair the antioxidant defense system increasing the
requirement for antioxidants.

The aim of this study was to test how much a fish oil-
enriched diet would alter the distribution of w-3 fatty acids
in plasma and in LDL and how much a different proportion
of w-3 fatty acids would affect the susceptibility of LDL to
in vitro oxidative modification. Therefore high fat diets
containing fish oil (high w-3) or soybean oil (high w-6) and
coconut oil (high saturated) have been fed to rats. The
plasma antioxidant potential was determined. The oxidative
modification of LDL was measured determining intermedi-
ate and final products of Cu®* -catalyzed lipid peroxidation.
The fluorescence, due to the reaction of aldehydic lipid
peroxidation products with free amino groups of apoB, was
also measured in native LDL.

Methods and materials
Diet and animal

Thirty male Wistar rats (initial weight 68 * 6 g) were individually
housed in wire bottom stainless cages under controlled lighting.
The animals were randomly divided into three groups of 10 and
fed for 6 weeks experimental diets containing 15% (wt/wt) either
soybean oil (SO), fish oil (FO). or coconut oil (CO). SO and CO
were commercially available oils. FO was kindly provided by
Seven Seas Ltd. (Hull, UK).

The high fat level in the diets was chosen to stress the differ-
ences in the response. The composition of these diets (wt/wt) was
20% casein, 40% rice starch, 15% fat. 0.3% dL-methionine, 17%
sucrose, 3% fiber, 3.5% salt mixture (AIN 76), 1% vitamin mix-
ture (AIN 76), and 0.2% choline chloride. Diets were prepared
weekly and stored at 4°C under nitrogen. After 1 week of storage.
diets were analyzed for peroxides by iodimetric titration'® and
showed very low values (SO and FO diets, <l mEqg/kg; CO.
undetectable). Samples of diets were analyzed for fatty acids com-
position by gas liquid chromatography (GLC).>® Table I reports
the fatty acid percent composition of the three experimental diets.
Oils were analyzed for vitamin E content according to Carpen-
ter.”' The dietary vitamin E was equalized to 57 IU/kg of diet by
adding a suitable amount of vitamin E as tocopherol (supplied by
Fluka, cat no. 95240, 1.1 U/mg), and the total tocopherol content
was measured according to McMurray®? on the same day of the
preparation of the diet.

Preparation of LDL

LDL fraction (1.019 to 1.055 g/mL) was isolated from plasma
collected in ethylenediamine-tetraacetic acid (EDTA) (1 mg/mL)
after an overnight fast by sequential ultracentrifugation in salt
solutions (NaCl, KBr, containing | mg/mL of EDTA Na,) accord-
ing to Havel et al.,*® using a Beckman T-100 bench top Ultracen-
trifuge (T-100.3 rotor). LDL. was flushed with N, stored at 4°C.
and used within 1 week of the preparation.

Plasma and LDL analysis

Cholesterol, phospholipids. triglycerides. and uric acid concentra-
tions were determined in plasma and LDL using reagent kits from
Boerhinger Mannheim (Mannheim, Germany). Vitamin E was de-
termined according to Bieri et al.>* Plasma ascorbic acid was
measured by high performance liquid chromatography (HPLC),
following the method of Farber et al.”® Thiobarbituric-reactive
substance (TBA-RS) was measured in lipoprotein fraction accord-
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Table 1 Fatty acid composition of the experimental diets (% of
total fatty acids)

Fatty acid Soybean ail Fish oil Coconut il
10.0 — — 29
12:0 0.1 02 46.7
14.0 01 79 17.5
16.0 9.6 198 1.0
161 w-7 — 10.2 0.2
180 43 3.7 10.6
181 w-7 0.3 4.1 —
181 w-9 26.3 95 8.1
18:2 w-6 521 21 17
18:3 w-3 6.4 0.9 —
183 w-6 — 03 —
18:4 w-3 — 4.2 —
20:0 03 0.4 0.3
20:1 w-9 e 01 —
20.2 w-6 — 02 —
20:3 w-6 — — 0.1
204 w-6 02 10

205 w-3 — 195 03
22.0 0.4 02 0.1
2271 w-11 — 05 —
22.4 w-6 — 0.2 —
22:5 w8 — 1.9 —
22:6 w-3 — 126 —
24:0 — — —
241 w-9 — 06 —
SFA 14.8 322 89.1
MUFA 26.6 250 8.2
PUFA 587 428 2.0
w-3 6.4 39.1 0.3
w- 523 3.9 1.9

ing to Maseki et al.?® The plasma sulfhydry! concentration was
measured by the spectrophotometric method described by Ell-
man.?” Plasma fatty acids composition was determined by GLC
according to Mueller®® with minor modification. Fatty acid com-
position was determined in lipoprotein fractions by GLC according
to Mueller’® and Knapp™ after pooling five samples for each
dietary group. Lipoprotein protein was determined by the method
of Lowry et al.*® using bovine albumin as a reference standard.
The lipoprotein concentration was calculated from the mass of
protein + individual lipids (total cholesterol + triglycerides +
phospholipids) according to Sattler et al.*'

Experimental total (peroxyl) radical-trapping antioxidant activ-
ity (TRAP) was measured on plasma by subjecting it to controlled
peroxidation using the thermal decomposition of azobis (2-
amidinopropane hydrochloride) at 41°C, as described by Wayner
et al.* The oxygen consumption was measured by using a Clark
oxygen electrode (YSI) with a Gilson 5/6 oxygraph.

Fluorescence measurements

ApoB fluorescence was measured on pools of five LDL samples
for each dietary group, according to Esterbauer.® In brief, 0.8 mg
of native LDL was extracted four times with a mixture of chloro-
form-methanol 2:1 (vol/vol). The aqueous phase of the chloro-
form-methanol extract was separated by centrifugation and re-
moved. ApoB was washed twice with [ mL of water, dried under
nitrogen, and redissolved in I mL of 3% aqueous sodium dodecyl
sulfate (SDS) solution. This solution of apoB was then used for
fluorescence spectroscopy. Spectra were recorded at 430 nm with
excitation at 360 nm.
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Oxidation of LDL

Two pools of five LDL samples for each dietary group were dia-
lyzed against a 200-fold volume of 0.01 M phosphate-buffered
saling (PBS) 0.15 M NaCl, pH 7.4., for 24 hr at 4°C in the dark.
From the dialyzed solutions, a volume was diluted with PBS to
obtain a final concentration of 0.5 mg/mL of LDL. Oxidation was
initiated by the addition of freshly prepared CuCl, (5 uM final
concentration) at 37°C.>* The kinetic of conjugated dienes forma-
tion was followed by continuous monitoring the 234 nm absorp-
tion using Beckman DU 70 Spectrophotometer. Lipid hydroper-
oxide were measured iodometrically at different time points, ac-
cording to El Saadani et al.** The vitamin E concentration at time
zero was measured according to Bieri et al.**

Statistical analysis

Statistical analysis was performed using one-factor analysis of
variance and the Scheffe F-test method for multiple comparison.
In the case of the kinetic of Cu’” - stimulated oxidation, 2-factor
ANOVA for repeated measurements was used.

Results

After 6 weeks of feeding the experimental diets, there was
no significant difference in food intake, weight gain. final
weight, and relative liver weight among rats fed the differ-
ent diets (data not shown). The plasma fatty acid composi-

Table 2 Plasma fatty acid compositior (% of total fatty acids)

Soybean oil Fish oll Coconut ol
Fatty acid m SD m sD m SD
12.0 0.29 0.05 037 003 1.38 014
14:0 0.70 0.03 520 0.38 2.41 028
16:0 18.70 1.00 28.82 1.19 24 22 1.22
16:1 w-7 0.95 015 8.07 0.22 3.51 0.36
18.0 16.42 026 10.68 0.40 1371 058
1811 -7 1.95 0.12 3.65 0.85 2.91 0.08
181 w-9 7.65 0.38 10.49 067 19.87 0.60
182 w-6 17.03 0.32 258 013 544 0.27
18.3 -3 0.93 0.06 044 0.06 012 0.04
18:3 w-6 1.18 0.05 031 025 027 018
18:4 w-3 0.20 .02 153 0.08 —
20:0 0.36 0.04 042 001 028 0.01
2011 w-9 0.38 0.04 049 001 1.21 071
202 w6 0.26 0.02 029 0.19 506 015
20:3 w-6 050 0.03 - — :
204 w6 2598 0.63 767 0.44 1617 070
20:5 w-3 0.31 012 677 047 0.24 0.03
22:0 0.64 016 023 0.02 074 0.08
221 w-11 — - 062 0.38 -
224 w6 0.32 0.02 017 0.02 - =
225 -3 0.57 0.06 196 016 0.28 0.03
24:0 1.01 0.03 051 002 078 005
22:6 w-3 2.7 012 707 078 132 013
241 ©-9 1.13 0.14 187 0.66 —
SFA 38.12 1.57 46 23 2.05 43.52 2.36
MUFA 12.06 Q.71 2519 1.94 27.50 167
PUFA 49.99 1.39 2879 252 28.90 149
w-3 4.71 0.39 1777 1.55 196 035
-6 4527 220 1102 071 26 94 112

Values are given as mean and SD of six rats for each dietary group
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tion in the three groups is reported in Table 2. PUFA ac-
count for 50% of FA in SO fed rats, mainly as w-6 (45.3%
of total FA). Plasma from FO and CO fed rats are charac-
terized by a similar proportion of SFA, MUFA, and PUFA,
but w-3 FAs are 17.8% in FO plasma against 2% in CO fed
animals.

The concentration of various plasma components in rats
fed the three experimental diets are reported in Table 3. The
plasma lipid concentration was lower after fish oil feeding
compared with the two control diets. In particular, FO fed
rats had a total cholesterol concentration significantly lower
than SO fed animals (44.7 *= 3.8 and 72.6 = 12.4 mg/dL,
respectively, P < 0.0022) and triglycerides significantly
lower than CO fed animals (33.1 = 11.6 and 78.5 = 15.0
mg/mL, respectively, P < 0.015). As regards phospholip-
ids, FO fed rats had a plasma concentration lower than that
of both control groups (67.1 = 5.8 mg/dL; FO; 113.5 *
26.5 mg/dL; SO; 147.6 + 8.8 mg/dL, CO; P < 0.0002).
Plasma levels of vitamin E (2.8 = 0.5, SO, and 2.5 = 0.2
pg/mL, FO versus 7.3 * 0.4 pg/mL, CO) and uric acid
(0.9 £ 0.2, SO, and 1.1 = 0.1 mg/dL, FO, versus 1.5 *
0.2 mg/dL, CO) were significantly lower in the high-
unsaturated diets.

Vitamin C and sulthydril group levels were similar in the
three diets, while vitamin A was significantly lower in the
FO group as compared with the two control diets (274.7 =
48.6 ng/mL, FO, versus 468.3 * 14.5, SO, and 466.4 *
43.8 ng/mL, CO). Plasma levels of carotenoids (a- and
B-carotene, cryptoxanthine, lutein, zeaxanthine, and lyco-
pene) were not detectable (<1 nmol/mL of plasma).

As shown in Figure 1, TRAP activity was significantly
lower in FO fed animals than in both CO and SO groups (P
< 0.01). Interestingly, there was no significant difference
in TRAP between CO and SO groups.

The fatty acid composition of LDL fractions is reported
in Table 4. Data represent the mean of two pools of five rats
for each dietary group. In FO treated animals a large pro-
portion of w-3 PUFA was incorporated in the LDL lipids
(mainly eicosapentaenoic and docosahexaenoic acid), while
w-6 unsaturated and saturated fatty acids were incorporated
in the LDL of the soybean oil and coconut oil group, re-
spectively.

Table 5 shows the concentration of vitamin E and TBA-
RS in the native LDL, expressed per milligram of lipopro-
tein. Vitamin E (equalized in the three diets) was not sig-
nificantly different among the dietary groups. TBA-RS was
significantly higher (P = 0.004) in the FO group (0.66
nmol/mg of LDL) than in the SO group (0.51 nmol/mg of
LDL), although the difference is not biologically relevant.
Plasma TBA-RS was under the limit of detection in CO
rats.

Figures 2 and 3 show the in vitro susceptibility of the
LDL fraction to metal catalyzed lipid peroxidation. The
time-course curves of conjugated dienes (CD) (Figure 2)
give two indications. First, in FO-LDL the absorbance at
234 nm rapidly increases without any detectable lag phase.
The other two groups of LDL have a higher protection,
corresponding to a lag phase of 18 and 30 min for SO-LDL
and CO-LDL, respectively, calculated by extrapolating the
propagation phase. Second, the overall CD formation is



Table 3 Effect of dietary oils or vanous plasma parameters
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Soybean oil Fish oil Coconut oil P
Total cholesterol (mg/dL) 726 1242 447 38° 576 2.92° 0.002
Triglycerides (mg/dL) 528 21.48° 331 116° 785 15.0° 0.012
Phospholipids (mg/dL) 1135 26.0° 67.1 5.8° 1476 88° <0.001
Vitamin € (ng/mL}) 28 05° 25 02° 73 04° <0.001
Vitamin C (pg/mL) 84 36 61 15 93 18 NS
—SH groups (nmol/mL) 1920 331 1846 259 1768 6.2 NS
Uric acid (mg/dL) 09 o02° t1  01® 15 02° 0.004

Data are mean = SD of 10 rats for each dietary group.

Values with different superscript are significantly different by ANOVA (Scheffe F-test).

higher in SO-LDL than FO-LDL (P < 0.05 by I-factor
ANOVA at 4 h).

Lipid hydroperoxide production (Figure 3a) had a shape
similar to CD formation. LDL from the SO fed rats pre-
sented a peak value for LPO (at time 3 hr) slightly higher
than the FO group (peaking at 2 hr, with a value 15%
lower), although not statistically significant (P = 0.393 by
2-factor ANOVA repeated measurements).

As regards TBA-RS production (Figure 3b), the higher
increase was observed in LDL of fish oil fed rats, SO hav-
ing an intermediate behavior) (FO versus SO and CO P <
0.001; SO versus CO, P < 0.003 by 2-factor ANOVA for
repeated measurements).

The reaction of aldehydic lipid peroxidation products
with the amino-free group of the lysine can alter the apoB
properties. In particular, this process is associated with the
increase of the generation of fluorescent chromophores with
a strong emission maximum at 430 nm when excitation is
performed at 360 nm. Figure 4 presents the characteristic
fluorescence spectra of protein moieties obtained from
freshly prepared LDL (native LDL). The three protein sub-
fractions showed a diffuse emission between 400 and 500
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e

Figure 1 TRAP in the three experimental groups. TRAP (uM per-
oxyl radical trapped) was measured by the oxygen electrode
method on 0.1 mL plasma in 5 mM Na-phosphate buffer. pH 8 0.
containing 0.9% NaCl and 10 mM ABAP at 41°C. Data are mean =
SD of six rats for each dietary group. FO vs. SO and CO. P < 0.01
by 1-factor analysis of varance

nm, but the relative fluorescence intensity of the sample of
fish oil fed rats was higher than those of both coconut oil
and soybean oil fed rats (P < 0.001).

Discussion

Fish oil may induce an increase in the sensitivity to oxida-
tive modification of biological systems because of its high
degree of unsaturation.>® FO supplementation causes the
modification of the fatty acid pattern in plasma and leuko-
cyte phospholipids®” and in rat liver and heart.*®° This
increase of the unsaturation degree probably increases the
requirement for antioxidant nutrients, as supported by the
fall of plasma a-tocopherol reportcd in healthy volunteers
after fish oil supplementation.’7

In a previous experiment, an increase in lipid peroxida-
tion products has been observed in liver microsomes of rats
fed fish oil, as compared with a control diet.*® The rate of
Fe’ " /ascorbate-induced lipid peroxidation was 3 fold
higher in rats fed fish oil, as compared with rats eating

Table 4 Fatty acid composition of LDL (% of total fatty acids)

Fatty acid Soybean oil Fish oit Coconut oil
120 — — 1.0
140 i1 06 2.1
16:0 12.8 146 19.7
161 w-7 40 75 4.2
*8:0 79 8.0 18.9
81 w7 09 6.0 09
181 w9 179 14 8 214
18:2 w-6 191 3.2 35
18:3 w-3 72 37 —
183 w-6 43 40 5.0
184 w-3 — 24 2.0
204 w-6 222 6.3 21.1
205 -3 1.0 14.6 —
225 w-3 — 3.1 —
226 w-3 19 11.3 02
SFA 21.8 23.2 a1.7
MUFA 229 28.3 26.5
PUFA 556 486 319
w-3 10.1 35.0 22
w-6 45.6 13.6 29.6

Values are means of two determinations on two different LDL pools
far each dietary group.
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Table 5 Composition of native LDL

Soybean ail Fish oil Coconut oil P
Vitamin E
wg/mg  079+023 101 +008 136=x058 NS
TBA-RS
nmol/mg 0.5t = 0.05° 066 = 0.05" ND 0.0042

Results are expressed per milligram of lipoprotein and represent
mean =+ SD of six rats for each dietary group

Va.ues with different superscripts are significartly different by
ANOVA (Scheffe F-test)

coconut diet. Also cumene hydroperoxide-induced oxida-
tive stress led to increased fatty acid peroxidation in red
blood cells from rabbits on a fish oil-enriched diet, com-
pared with RBCs from animals on a conventional diet.*
Moreover, contrasting results have been presented on the
effect of fish oil supplementation on the development of
atherosclerosis in Watanabe heritable hyperlipidemic rab-
bits. '™

The effect of fish oil ingestion on the susceptibility of
LDL to peroxidation has been tested in smokers and non-
smokers, using TBARS and degradation of LDL by murine
peritoneal macrophages, as indices of oxidative modifica-
tion. FO supplementation induced a significant rise of the
two parameters in both groups of subjects, even if baseline
values were lower in nonsmokers than smokers.**

In our study, we tested the effect in rats of fish oil sup-
plementation on the in vivo and in vitro susceptiblity of
plasma and LDL to oxidative modification using soybean
and coconut oil as high unsaturated and low unsaturated
control, respectively.

The dietary oil supplementation profoundly affected
plasma and LDL fatty acids composition; in particular, in
fish oil fed rats, w-3 fatty acids reached 18% and 35% of the
total FA in plasma and LDL, respectively. At the plasma
level, fish oil fed rats showed the lower protection against
oxidative risk not only when compared with CO fed animals
but also with the high-PUFA SO fed rats, despite the ab-
sence in the diets of oxidized products. This effect is evi-

1.217

—— soybean oil

—*— fish oil

—®— coconut ol

abs 234 nm

denced by plasma antioxidants level, as well as by the
TRAP activity. The differences in the oxidative status of
native LDL are less evident.

This suggests that, despite the same vitamin E concen-
tration and the lower total polyunsaturated fatty acids con-
tent (SO, 56%; FO, 49%), the LDL of fish oil fed animals
is very susceptible to metal-catalyzed oxidative modifica-
tion, due to its enrichment with w-3 PUFA.

The oxidation of PUFA leads to the cleavage of the fatty
acid carbon chain, resulting in a great number of medium
short chain aldehydes.*’ It is currently believed that these
medium short chain aldehydes react with the lysine amino
group of apoB.*>™*" This oxidative process generates fluo-
rescent chromophores in the lipoprotein. The fluorescence
spectra of apoB of native LDL clearly shows that native
LDL from FO fed animals has the strongest fluorescence at
430 nm. This result is in agreement with the higher TBA-
RS level in native LDL of FO fed rats.

To further explore the susceptibility to oxidative modi-
fication induced by the three different diets, LDL were ex-
posed to copper-catalyzed oxidation. LDL of both fish oil
and soybean oil treated rats showed a rapid increase of
conjugated diene absorbance and LPO and TBARS produc-
tion. Conjugated dienes formation, higher in the SO than in
FO fed animals, could be explained by the very high content
of linoleic acid in SO-LDL (19% and 3% of the total FA in
SO- and FO-LDL, respectively). The higher TBA-RS in
FO-LDL than in SO-LDL can be accounted for by the high
content in FO-LDL of long chain w-3 PUFA with =5 dou-
ble bounds (336 nmol/mg of protein in FO-LDL and 41
nmol/mg of protein in SO-LDL). These long chain polyun-
saturated FAs are rich sources of TBA-RS because they
easily form cyclic peroxides, precursors of malondialde-
hyde which is one of the components of TBA-RS.*® TBA-
RS in SO and CO-LDL is mainly yielded by arachidonic
acid (477 nmol/mg of protein, SO-LDL; 74 nmol/mg of
protein, FO-LDL; 315 nmol/mg of protein, CO-LDL), the
response of linoleic hydroperoxide to the TBA-RS test be-
ing very small.*® On the other hand, in auto-oxidation ex-
periments, long-chain FAs (22:6) have been shown to react
faster and with hi%her yield than arachidonic acid in pro-
ducing TBA-RS.*> This behavior also explains the time

Figure 2 Formation of conjugated dienes
during Cu®~-stimulated oxidation of LDL
Two pools of LDL samples (0.250 mg/mL) for
each dietary group were oxidized in PBS
containing 5 uM Cu?* at 37°C; absorbance
was measured continuously at 234 nm. The
zero time levels were subtracted from the
values shown, and each point represents the
mean of two experiments. Difference by
1-factor ANOVA at 4 hr: SO vs. FO, P < 0.05;
SO and FO vs. CO, P < 0.0001.
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course of LPO; in fact LPO peaks carly and faster in FO-
LDL than in SO-LDL.

In conclusion, our results suggest that fish oil enriched
diet weakens plasma antioxidant potential and enhances the
susceptibility of LDL to in vivo and in vitro oxidative mod-
ification in rats. Hence, this study supports the idea that w-3
fatty acids supplementation in human diets should be asso-
ciated with the increase of the requirement for antioxidant
nutrients.
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