ASBMB

JOURNAL OF LIPID RESEARCH

I

Effect of dietary oils on lipid peroxidation and on
antioxidant parameters of rat plasma and

lipoprotein fractions
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Abstract In order to investigate the influence of fatty acid pat-
tern and antioxidants other than vitamin E on lipid peroxidation
and antioxidant levels of plasma very low density and low density
lipoproteins (VLDL + LDL), the effects of three diets (equalized
for vitamin E) containing soybean oil, olive oil, or an oleate-rich
mixture of triglycerides (triolein) were studied in rats. A sig-
nificantly lower concentration of thiobarbituric acid-reactive
substances (TBA-RS) in plasma and lipoproteins was found
after the olive oil diet (soybean oil, 3.7 + 0.4 nmol/ml; triolein,
2.1 + 0.5 nmol/ml; olive oil, 1.5 + 0.3 nmol/ml, in plasma) (soy-
bean oil, 0.99 + 0.16 nmol/ml; triolein, 0.96 + 0.13 nmol/ml;
olive oil, 0.38 + 0.12 nmol/ml, in the VLDL + LDL fraction).
Furthermore, the results from in vitro copper-induced lipid
peroxidation, expressed in terms of conjugated dienes, lipid
hydroperoxides, and TBA-RS content, showed that VLDL +
LDL particles from olive olive oil-fed rats were remarkably resis-
tant to oxidative modification. B The results suggest that the
fatty acid unsaturation of dietary oils is not the only determining
factor of the antioxidant capacity of lipoproteins in this animal
model. The maximal protection observed after the olive oil diet
may be explained by the presence of other unidentified anti-
oxidants in addition to vitamin E, derived from oil intake.
Therefore, the optimal balance between the content of unsatu-
rated fatty acids and natural antioxidants in dietary oils appears
to be of major importance.—Scaccini, C., M. Nardini,
M. D’Aquino, V. Gentili, M. Di Felice, and G. Tomassi.
Effect of dietary oils on lipid peroxidation and on antioxidant
parameters of rat plasma and lipoprotein fractions. J. Lipid Res.
1992. 33: 627-633.
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Oxidative damages, including those associated with
lipid peroxidation, are generally believed to be a sig-
nificant factor in many pathological processes (1).

In the pathogenesis of atherosclerosis, evidence is in-
creasing that lipoprotein peroxidation may be involved
(2). When low density lipoproteins (LDL) are modified in
vitro (3) by peroxidation, they are taken up by a scavenger
receptor on the surface of monocytes and macrophages (4,
5); this uptake might lead to the formation of fatty
streaks, the first step in the formation of an atherosclerotic

plaque (6).

There is evidence, by immunocytochemical methods,
that oxidized LDL is generated in vivo and it has been
demonstrated that proteins with malondialdehyde-modified
lysine residues are present in atherosclerotic lesions of
rabbit aortas (2, 7). Avogaro, Bittolo-Bon, and Cazzolato
(8) found that an oxidatively modified LDL subfraction
was present in normal human subjects (5-20% of total
LDL).

Therefore, the influence of dietary fatty acids and anti-
oxidants on the resistance of LDL to oxidation is of rele-
vance in the regulation of atherosclerosis. Parthasarathy
and coworkers (9) demonstrated that LDL isolated from
plasma of rabbits fed an oleate-rich variant sunflower oil
were remarkably more resistant to transition-metal-
induced oxidation than LDL particles rich in polyunsatu-
rated fatty acids. Moreover, Jessup et al. (10) suggested
that unidentified endogenous antioxidants may also be
significant in the prevention of oxidative modifications of
LDL.

In order to investigate this point, natural soybean oil,
extra virgin olive oil, and an oleate-rich mixture of tri-
glycerides, mimicking olive oil (triolein, 75% oleic acid),
were used for the preparation of synthetic diets for experi-
ment In rats.

Since both LDL and VLDL have been found to undergo
lipid peroxidation (11, 12) and since rats have a relatively
small amount of LDL (13) we chose to investigate the in
vivo and in vitro oxidation of the lipoprotein fraction con-
taining both LDL and VLDL.

Abbreviations: VLDL, very low density lipoprotein; LDL, low den-
sity lipoprotein; SO, soybean oil; OO, olive oil; TO, triolein; TBA-RS,
thiobarbituric acid-reactive substances; TRAP, total(peroxyl) radical-
trapping antioxidant parameter; HPLC, high performance liquid chro-
matography.
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TABLE 1. Fatty acid composition of the experimental diets

Fatty Acid Soybean Oil Olive Oil Triolein
% of total faity acids

12:0 0.2 0.5
14.0 0.2 0.2 2.2
16:0 10.9 12.0 4.9
18:0 3.7 1.9 1.6
18.1 21.2 75.2 73.7
18:2 54.1 7.6 10.1
18:3 7.2 0.5 0.1
20:0 0.3 0.4

20:1 0.4 0.2 1.1
20:4 0.6 0.6 0.4
22:0 0.4 0.1

24:0 0.3 0.1 0.3

Values are means of two determinations.

METHODS

Diet and animals

Thirty male Wistar rats (initial weight 68 + 6 g) were
individually housed in wire-bottom stainless-steel cages
under controlled lighting. The animals were randomly
divided into three groups of ten and fed, for 6 weeks, ex-
perimental diets supplemented with 15% (w/w) soybean
oil (SO), olive oil (OO), or a oleate-rich mixture of
triglycerides (triolein, 75% oleic acid from Fluka),
mimicking olive oil in fatty acid composition (TO). The
diet composition (w/w) was: 20% casein, 40% rice starch,
15% fat, 0.3% dl-methionine, 17% sucrose, 3% fiber, 3.5%
salt mixture (AIN 76), 1% vitamin mixture (AIN 76),
and 0.2% choline chloride. Diets were prepared weekly
and stored at 4°C under nitrogen.

Samples of diets were analyzed for fatty acids composi-
tion by gas-liquid chromatography (14) (Table 1). Oils
were analyzed for vitamin E content according to Car-
penter (15). The dietary vitamin E was adjusted to 82 IU/kg
of diet and total tocopherol content was measured accord-
ing to McMurray, Blauchflower, and Rice (16) on the
same day as preparation of the diet.

Preparation of lipoproteins

Lipoprotein fractions were isolated by sequential ultra-
centrifugation in a Beckman T-100 benchtop Ultracen-
trifuge, using a T-100.3 rotor, according to Havel, Eder,
and Bragdon (17). A 3-ml centrifuge tube was used for
2 ml plasma (containing 1 mg/ml EDTA Na,). Plasma
density was adjusted to 1.055 g/ml (18) with a high density
salt solution (containing NaCl, KBr, and EDTA Nay).
After centrifugation for 6 h at 100,000 rpm, VLDL + LDL
particles were removed using a tube slicer.

Plasma and lipoprotein analyses

Cholesterol, phospholipid, triglyceride, and uric acid
concentrations were determined using reagent kits from
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Boehringer Mannheim. Vitamin E was determined ac-
cording to Bieri, Tolliver, and Catignani (19). Plasma
carotenoids were determined according to Stacewicz-
Sapuntzakis et al. (20). Ascorbic acid was measured by
HPLC according to the method of Farber et al. (21). The
plasma diene-conjugated derivative of linoleic acid [18:2
(9, 11)] was determined by HPLC according to Iversen,
Cawood, and Dormandy (22). Thiobarbituric acid-reactive
substance (TBA-RS) was measured in plasma according
to Yagi (23) and in the lipoprotein fraction according to
Maseki et al. (24); in both determinations, 0.01% BHT
was added to the TBA reagent. Sulfhydryl group concen-
tration was measured by the spectrophotometric method
described by Ellman (25). Plasma and lipoprotein fatty
acids were extracted according to Mueller and Binz (26)
and derivatized, using MeOH-HCI as reagent (27).

Total (peroxyl) radical-trapping antioxidant parameter
(TRAP) was calculated according to Wayner et al. (28) on
the basis of the molar concentration of vitamin E, urate,
ascorbate, and sulfhydryl groups in plasma. The indi-
vidual stoichiometric factor (n) for urate, ascorbate, and
sulfhydryl groups was determined, as described by Wayner
et al. (28) by the oxygen electrode method, using a Clark
electrode (YSI) with a Gilson 5/6 oxigraph.

Oxidation of lipoproteins

Pools of five freshly prepared VLDL + LDL samples
for each dietary group were dialyzed against a 200-fold
volume of phosphate-buffered saline (PBS, 0.01 M phos-
phate, 0.15 M NaCl, pH 7.4) at 4°C in the dark for 24 h;
the dialysis buffer was changed twice during this time
period. .

Suitable volumes from the dialyzed solutions were
diluted with PBS to obtain a final lipoprotein concentra-

TABLE 2. Plasma fatty acid composition

Fatty Acid Soybean Qil Olive Oil Triolein
%o of total fatty acids

14:0 46 + 0.8 1.9 + 0.1 22 + 0.4
16:0 19.7 + 0.9 20.2 + 0.5 21.2 + 1.2
16:1 09 + 0.1 1.1 + 0.1 1.4 + 0.2
18:0 15.7 + 0.7 14.1 £ 05 135 + 0.8
18:1 10.6 + 1.7 229 + 0.5 22.7 £ 0.6
18:2 19.3 + 1.2 54 + 04 5.0 + 0.4
18:3 2.2 + 03 0.7 £+ 0.3 04 + 0.1
20:0 1.1 + 0.2 0.7 + 0.2 0.8 + 0.1
20:1 05+ 03 0.9 + 0.2 0.8 + 0.3
20:3 0.7 + 0.1 45+ 0.3 45 + 0.5
20:4 156 + 1.2 153 + 1.4 16.0 + 1.1
20:5 1.2 + 0.1 2.8 + 08 2.9 + 0.5
22:0 0.8 + 0.4 1.0 £ 0.1 1.3 £ 03
22:4 04 + 0.1 0.9 + 0.1 0.6 + 0.1
22:5 09 + 05 1.5 + 0.4 2.0 + 0.8
22:6 22 + 0.2 2.4 £ 0.2 1.5 + 0.2

Values are given as mean + SD.
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TABLE 3. Effects of dietary oils on various plasma parameters

Parameter Soybean Qil Olive Oil Triolein P

Triglycerides (mg/100 ml) 129.2 + 43.5% 149.0 + 40.5° 107.5 + 49.9% 0.172
Total cholesterol (mg/100 ml) 71.2 + 11.7° 87.4 + 10.5° 70.1 + 10.5° 0.006
TBA-RS (nmol/ml) 3.7 £+ 0.4° 1.5 + 0.3 2.1 + 0.5 <0.001
Vitamin E (ug/ml) 6.3 + 1.3% 6.7 + 1.3° 52 + 0.8 0.024
Ascorbic acid (pg/ml) 9.4 + 2.0 10.4 + 3.4 10.8 + 3.7 0.563
Uric acid (mg/100 ml) 1.1 £ 0.1° 1.8 £ 0.7 1.4 £ 0.4% 0.013
Sulfhydryl groups (nmol/ml) 260 + 31 281 + 49 263 + 30 0.474
TRAP,* (aM) 372 + 40° 485 + 106 424 + 69%° 0.029

Values with different superscripts are significantly different by Anova (Scheffe F-test); mean + SD
*Stoichiometric factors used for calculation: vitamin E = 2, urate = 2.25; ascorbate = 1.

groups = 0.45.

tion of 0.5 mg/ml. Lipoprotein concentration was calcu-
lated from the mass of protein and individual lipids.

Oxidation was initiated by the addition of freshly pre-
pared CuCl, (5 pM final concentration) at 37°C (29).
The kinetics of conjugated diene formation was followed
by continuously monitoring absorption at 234 nm, using
a Beckman DU 70 spectrophotometer, thermostated at
37°C. Lipid hydroperoxides were estimated iodometrical-
ly at different time points, according to El-Saadani et al.
(30). TBA-RS was measured according to Maseki et al.
(24). Vitamin E concentration was measured according to
Bieri et al. (19).

Statistical analysis

Data are presented as mean + standard deviation.
Statistical analysis was performed using a one-factor anal-
ysis of variance and Scheffe’s method for multiple compar-
isons. Differences with P < 0.05 were considered statisti-
cally significant.

RESULTS

There was no significant difference in food intake, weight
gain, final weight, and relative liver weight (g/100 g of body
weight) among rats fed different diets (data not shown).

The plasma fatty acid composition in the three groups
(Table 2) reflected dietary fatty acids. Linoleic acid was
the major component (19.3%) of the plasma fatty acids in
the SO group, and oleic acid in the OO and TO groups
(22.9% and 22.7%, respectively); arachidonic acid and
docosahexaenoic acid, the main precursors of malondi-
aldehyde in mammalian tissues (31), were similar in the
three groups.

Concentration of various plasma components in rats
fed the various experimental diets are reported in Table 3.
OO-fed rats were more resistant to in vivo lipid peroxida-
tion: plasma TBA-RS was significantly lower (P < 0.001)
in the OO-fed group: 1.5 + 0.3 nmol/ml versus 3.7 + 0.4
(SO) and 2.1 + 0.5 nmol/ml (TO). Plasma levels of vita-

41; sulfhydryl

min E (OO, 6.7 + 1.3 pg/ml vs. SO, 6.3 + 1.3 ug/ml, and
TO, 5.2 + 0.8 pg/ml, P = 0.024) and uric acid (OO,
1.8 + 0.7 mg/dl vs. SO, 11 + 01 mg/dl, and TO,
1.4 + 0.4 mg/dl, P = 0.013) were significantly different
among the three dietary groups. Vitamin C (OO,
10.4 + 3.4 pg/ml; SO, 9.4 + 2.0; TO, 10.8 + 3.7) and
-SH group levels (OO, 281 + 49 nmol/ml; SO, 260 + 31
nmol/ml; 263 + 30 nmol/ml) were similar in the three
groups.

The calculated TRAP were significantly higher (P <
0.03) in OO-fed rats than in the SO-fed group; this may
be due to the higher contribution of plasma urate to the
calculation of TRAP. OO and TO groups showed similar
TRAP values, in spite of the different plasma levels of
TBA-RS.

The plasma diene-conjugated derivative of linoleic acid
[18:2 (9, 11)] was not quantified since its concentration
was too low to be detected by the method used. We
tried to measure the plasma levels of carotenoids (a- and
B-carotene, cryptoxanthine, lutein, zeaxanthin, and lyco-
pene) in the three experimental groups, but the concen-
trations were also too low to be detected (<1 nmol/ml
plasma).

TABLE 4. VLDL + LDL fatty acid composition

Fatty Acid Soybean Oil Olive Oil Triolein
% of total fatty acids
14:0 1.0 1.0 0.7
16:0 19.7 22.9 19.9
16:1 6.6 3.2 1.8
18:0 5.9 7.2 8.0
18:1 15.5 42.4 44.7
18:2 319 8.3 8.8
18:3 3.1 0.4 0.9
20:4 9.3 8.1 8.8
20:5 0.8 0.4 0.4
22:5 1.0 1.1 1.3
22:6 3.6 1.3 1.0

Values are means of two determinations.
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TABLE 5. Effect of dietary oils on lipoprotein parameters

VLDL + LDL Soybean Oil Olive Oil Triolein P

Cholesterol (mg/100 ml) 10.8 + 4.8 12.8 + 2.5 9.9 + 3.3 0.581
TBA-RS (nmol/ml) 0.99 + 0.16° 0.38 + 0.12° 0.96 1+ 0.13° <0.001
Vitamin E (ug/ml) 1.8 + 0.8 1.7 + 0.7 1.6 + 0.5 0.817

Values with different superscripts are significantly different by Anova (Scheffe F-test); mean + SD. Results are

means + SD; six rats for each dietary group.

The fatty acid composition of VLDL + LDL fractions
is reported in Table 4. OO and TO lipoprotein fractions
were very similar with respect to their fatty acid composi-
tion, oleic acid being the major component (42.4% and
44.7%, respectively). Linoleic acid represented 31.9% of
fatty acids in the SO fraction.

The distribution of total cholesterol, vitamin E, and
TBA-RS in the VLDL + LDL fraction is shown in
Table 5. The lipoprotein fraction of OO-fed rats ex-
hibited a markedly lower content of lipid peroxidation
products (as monitored by thiobarbituric acid reactivity),
when compared to the other two groups of animals (OO,
0.38 + 0.12 nmol/ml vs. SO, 0.99 + 0.16 nmol/ml; and
TO, 0.96 + 0.13 nmol/ml; P < 0.001). No significant
differences among the three dietary groups were found in
vitamin E and cholesterol levels (Table 5).

When the VLDL + LDL fractions from the three
dietary groups were subjected to in vitro copper-induced
oxidation (5 uM CuCl, in PBS at 37°C), marked differ-
ences were observed in the susceptibility to lipid peroxida-
tion, as indicated by the rate of diene conjugation (ab-
sorption at 234 nm) (Fig. 1). As expected, the lipoprotein
fraction from rats fed the SO diet was readily oxidized, as

0.2

0.0

0.2 T T T T v T
0 60 120 180 240 300 360 420

time (min)

Fig. 1 Rate of formation of conjugated dienes. Two pools of five freshly
prepared VLDL + LDL samples (0.5 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 duplicate
determinations. VLDL + LDL from rats fed for 6 weeks on a diet of
15% (w/w) soybean oil, SO (O), olive oil, OO (#), and an oleate-rich
mixture of triglycerides, TO (A).
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seen by the short lag phase (less than 30 min) and by the
steep increase in the rate of formation of conjugate dienes.
On the other hand, the lipoprotein fraction from rats fed
the OO diet was remarkably resistant to lipid peroxida-
tion, as seen by the length of the lag phase (more than 4 h)
and by the slower rate of conjugated diene formation.
VLDL + LDL of TO-fed rats showed a higher rate of
lipid peroxidation and a shorter lag phase compared to
the OO-fed rats.

The rate of generation of lipid hydroperoxides (Fig. 2)
and TBA-RS (Fig. 3) in VLDL + LDL from the three
dietary groups confirmed the behavior observed for con-
jugated diene formation. In both cases, the VLLDL + LDL
fraction from OO-fed animals showed a high resistance to
peroxidation, compared to both SO-fed rats (as ex-
pected), and to TO-fed animals.

The vitamin E contents of the three lipoprotein frac-
tions measured at time zero were comparable: SO,
2.9 pg/mg lipoprotein; OO, 2.9 ug/mg lipoprotein; TO,
2.6 pg/mg lipoprotein.

DISCUSSION

Recent reports (10, 32-35) have suggested that vitamin E
is not the only antioxidant responsible for the resistance
of LDL to oxidation, indicating that other natural en-
dogenous antioxidants, mainly from dietary intake, could
be involved in the prevention of oxidative modification.

Recently, Parthasarathy et al. (9) demonstrated that
LDL particles isolated from plasma of rabbits fed a high-
oleate variant sunflower oil were remarkably more resis-
tant to oxidative modification than those isolated from
plasma of rabbits fed conventional sunflower oil, suggest-
ing that the introduction of monounsaturated fatty acids
in place of polyunsaturated fatty acids protects LDL
against oxidative modification by simply reducing the
number of polyunsaturated fatty acids available as targets
for peroxidation.

Other experiments with isolated and perfused rat hearts
have shown that the susceptibility to hydroperoxide-
induced oxidative stress (measured by ultra-weak chemi-
luminescence emission and eicosanoid release) can be
modulated by dietary fats differing in unsaturated fatty
acid and antioxidant content (36).
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Fig. 2. Production of lipid hydroperoxides during Cu?*-stimulated oxi-
dation of rat VLDL + LDL fraction. Two pools of five freshly prepared
VLDL + LDL samples (0.5 mg/ml) for each dietary group were oxi-
dized in PBS containing 5 uM Cu?, at 37°C. Peroxides were deter-
mined iodometrically (31). The zero-time levels were subtracted from the
values shown and each point represents the mean of duplicate determi-
nations. VLDL + LDL from rats fed for 6 weeks on a diet of 15% (w/w)
soybean oil, SO ([0), olive oil, OO (#), and an oleate-rich mixture of
triglycerides, TO (A).

In order to evaluate the effect of fatty acid unsaturation
and the contribution of antioxidants (other than vitamin E)
contained in olive o0il (37-40) on the oxidative stability of
plasma and lipoproteins, we compared a conventional
soybean oil diet (54 % linoleic acid) with an olive oil diet
(75% oleic acid) and a diet containing an oleate-rich syn-
thetic mixture of triglycerides (74% oleic acid). All diets
had the same vitamin E content.

The measurement of lipid peroxidation in plasma, ex-
pressed as TBA-RS, showed that SO-fed animals had
(significantly) the highest TBA-RS levels. Nevertheless, in
the TO group the plasma TBA-RS was higher than in the
OO group, in spite of similar plasma fatty acid composi-
tion. Urate, protein sulthydryl groups, ascorbate, and
vitamin E have been reported to account for most of the
peroxyl radical-trapping antioxidant activity in plasma
(28). In our study, the interaction among these various
plasma antioxidants may only partially explain the differ-
ent TBA-RS plasma levels found in the three groups. In
fact, the TRAP values calculated for the OO and TO
groups were not significantly different, indicating that the
observed TBA-RS levels were not fully accounted for by
those antioxidants entered into the calculation (urate, as-
corbate, -SH, and vitamin E).

The observed difference in TBA-RS plasma levels be-
tween OO and TO groups may be related to the reported
presence in olive oil of antioxidants other than vitamin E
(37-40). Among these, 3-carotene has been proposed to
act as plasma antioxidant (41). The level of plasma carote-

noids is determined by the efficiency of the cleavage of
carotenes. As reported in the literature, rat intestine has
a very efficient cleavage enzyme, which results in very low
plasma carotenoid levels (42). In our experiments, plasma
B-carotene, as well as the other carotenoids, was undetec-
table in all experimental groups. Moreover, the plasma
vitamin A contents of OO-fed rats (379 + 64 ug/ml) and
TO-fed rats (344 + 53 pg/ml) were not significantly
different. Therefore, the higher antioxidant potential
showed by olive oil fed animals cannot be ascribed to a
different content in 3-carotene or vitamin A.

Furthermore, our results confirm the reported lack of
correlation between TBA-RS and vitamin E in LDL (10,
32-35). In fact, in the LDL + VLDL fraction, TBA-RS
concentration was independent of the a-tocopherol con-
tent, which was identical in the three experimental
groups.

The results from the in vitro copper-induced peroxida-
tion of VLDL + LDL particles, expressed in terms of
conjugated dienes, lipid hydroperoxides, and TBA-RS,
strengthen the hypothesis of the presence in VLDL + LDL
of OO-fed rats of other antioxidants effective in protection
against lipid peroxidation. In fact, the VLDL + LDL
fraction from OO-fed animals was much more resistant to
oxidative modification not only compared to SO-fed rats
(as expected) but also to TO-fed rats, although the initial
vitamin E content was the same in the three experimental
groups.

Our results indicate that the resistance to lipid peroxi-
dation of lipoprotein fractions is modulated by both

-
o
L

TBA-RS content
{(nmo! MDA/mg lipoprotein)
W

0 60 120 180 240

time (min)

Fig. 3 Production of TBA-RS during Cu?*-stimulated oxidation of rat
VLDL + LDL fraction. Two pools of five freshly prepared VLDL +
LDL samples (0.5 mg/ml) for each dietary group were oxidized in PBS
containing 5 puM Cu?, at 37°C. TBA-RS was determined according to
Maseki et al. (25). The zero-time levels were subtracted from the values
shown and each point represents the mean of duplicate determinations.
VLDL + LDL from rats fed for 6 weeks a diet of 15% (w/w) soybean
oil, 8O (0O), olive oil, OO (#), and an oleate-rich mixture of triglycer-
ides, TO (A).
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dietary fatty acid composition and antioxidant content.
The use of monounsaturated fats in the diet, rather than
polyunsaturated fats, generates lipoprotein particles
markedly resistant to oxidative modification. On the
other hand, the dietary contribution of antioxidant com-
pounds affects the overall resistance of lipoproteins to
lipid peroxidation. Our experiments indicate that olive oil
contains some natural components, in addition to well-
known tocopherols and carotenoids, with antioxidant ac-
tion in vivo, the nature of which needs further investiga-

tion. 0@

The authors thank Mrs. Pierina Rami and Mrs. Rita Rami for
their skillful assistance. Supported by the National Research
Council (Italy), Special Project RAISA, Subproject 4, Paper
n. 302.

Manuscript received 26 June 1991, in revised from 21 November 1991, and in
re-revised form 10 February 1992.

REFERENCES

1. Draper, H. H. 1990. Nutritional modulation of oxygen rad-
ical pathology. Adv. Nutr. Res. 8: 119-145.

2. Steinberg, D., S. Parthasarathy, T. E. Carew, J. C. Khoo,
and J. L. Witztum. 1989. Beyond cholesterol. Modifications
of low-density lipoprotein that increase its atherogenicity.
N. Engl. ] Med. 320: 915-924.

3. Quinn, M. T, S. Parthasarathy, L. G. Fong, and D. Stein-
berg. 1987. Oxidatively modified low density lipoproteins:
a potential role in recruitment and retention of monocyte/
macrophages during atherogenesis. Proc. Naitl. Acad. Sci.
USA 84: 2995-2998.

4. Steinbrecher, U. P, H. Zhang, and M. Lougheed. 1990.
Role of oxidatively modified LDL in atherosclerosis. Free
Rad. Biol. Med. 9: 155-168.

5. Heinecke, J. W. 1987. Free radical modification of low-
density lipoprotein: mechanisms and biochemical conse-
quences. Free Rad. Biol. Med. 3: 65-73.

6. Faggiotto, A., and R. Ross. 1984. Studies on hypercholes-
terolemia in the nonhuman primate. II. Fatty streak con-
version to fibrous plaque. Arteriosclerosis. 4: 341-356.

7. Palinsky W., M. E. Rosenfeld, S. Yla-Herttuala, G. C.
Gurtner, S. S. Socher, S. W. Butler, S. Parthasarathy, T. E.
Carew, D. Steinberg, and J. L. Witztum. 1989. Low density
lipoprotein undergoes oxidative modification in vivo. Proc.
Natl. Acad. Sci. USA. 86: 1372-1376.

8. Avogaro, P, G. Biuolo-Bon, and G. Cazzolato. 1988.
Presence of a modified low density lipoprotein in human.
Arteriosclerosis. 8: 79-87.

9. Parthasarathy, S., J. C. Khoo, E. Miller, ]J. Barnett, J. Witz-
tum, and D. Steinberg. 1990. Low density lipoprotein rich
in oleic acid is protected against oxidative modification: Im-
plications for dietary prevention of atherosclerosis. Proc.
Natl. Acad. Sci. USA. 87: 3894-3898.

10. Jessup, W, S. M. Rankin, C. De Whalley, J. R. S. Hoult,
J. Scott, and D. S. Leake. 1990. Alpha- tocopherol con-
sumption during low-density-lipoprotein  oxidation.
Biochem. J. 265: 399-405.

11. Hessler, J. R, D. W. Morel, L. J. Lewis, and G. M.

632 Journal of Lipid Research Volume 33, 1992

12.

13.

14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Chisolm. 1983. Lipoprotein oxidation and lipoprotein-
induced cytotoxicity. Artertosclerosis. 3: 215-222,

Morel, D. W, J. R. Hessler, and G. M. Chisolm. 1983. Low
density lipoprotein cytotoxicity induced by free radical
peroxidation of lipids. J. Lipid Res. 24: 1070-1076.
Chapman, M. J. 1980. Animal lipoproteins: chemistry,
structure and comparative aspects. J. Lipid Res. 21:
789-853.

Metcalfe, L. D., and A. A. Schmitz. 1961. Rapid prepara-
tion of fatty acid ester for gas-chromatography analysis.
Anal. Chem. 33: 363-369.

Carpenter, A. P. 1979. Determination of tocopherol in
vegetable oils. J. Am. Oil Chem. Soc. 56: 668-671.
McMurray, C., W. J. Blauchflower, and D. A. Rice. 1980.
Influence of extraction techniques on determination of
alpha-tocopherol in animal foodstuff. J Assoc. Off Anal
Chem. 63: 1258-1261.

Havel, R. J., H. A. Eder, and J. H. Bradgon. 1955. The dis-
tribution and chemical composition of ultracentrifugally
separated lipoproteins in human serum. J. Clin. Invest. 34:
1345-1353.

Lasser, N. L., P. S. Roheim, D. Edelstein, and H. A. Eder.
1973. Serum lipoproteins of normal and cholesterol-fed
rats. J. Lipid Res. 14: 1-8.

Bieri, J. G., T. J. Tolliver, and G. L. Catignani. 1979.
Simultaneous determination of alpha-tocopherol and
retinol in plasma or red cells by high pressure liquid chro-
matography. Am. J. Clin. Nutr. 32: 2143-2149.
Stacewicz-Sapuntzakis, M., P. E. Bowen, J. W. Kikendall,
and M. Burgess. 1987. Simultaneous determination of se-
rum retinol and various carotenoids: their distribution in
middle-aged men and women. J Micronutr. Anal. 3: 27-45.
Farber, C. M., S. Kanengiser, R. Stahl, L. Liebes, and
R. Silber. 1983. A specific high-performance liquid chro-
matography assay for dehydroascorbic acid shows an in-
creased content in CLL lymphocytes. Anal. Biochem. 134:
355-360.

Iversen, S. A., P. Cawood, and T. L. Dormandy. 1985. A
method for the measurement of a diene-conjugated deriva-
tive of linoleic acids, 18:2 (9, 11), in serum phospholipid,
and a possible origin. Ann. Clin. Biochem. 22: 137-140.
Yagi, K. 1982. Assay for serum lipid peroxide level and its
clinical significance. In Lipid Peroxide in Biology and
Medicine. K. Yagi, editor. Academic Press, New York.
324-340.

Maseki, M., I. Nishigaki, M. Hagihara, Y. Tomoda, and
K. Yagi. 1981. Lipid peroxide levels and lipid content of
serum lipoprotein fractions of pregnant subjects with or
without pre-eclampsia. Clin. Chim. Acta. 115: 155-161.
Ellman, G. L. 1959. Tissue sulphydryl groups. Arch.
Biochem. Biophys. 82: 70-77.

Mueller, H. W., and K. Binz. 1982. Glass capillary gas
chromatography of the serum fatty acid fraction via auto-
matic injection of lipid extracts. J. Chromatog. 288: 75-93.
Knapp, D. R. 1979. Handbook of Analytical Derivatization
Reactions. J. Wiley & Sons. New York. 151-152.

Wayner, D. D. M., G. W. Burton, K. W. Ingold, L. R. C.
Barclay, and S. L. Locke. 1987. The relative contribution of
vitamin E, urate, ascorbate and proteins to the radical-
trapping antioxidant activity of human blood samples.
Biochim. Biophys. Acta. 924: 408-419.

Steinbrecher, V. P, J. Witztum, S. Parthasarathy, and
D. Steinberg. 1987. Decrease in reactive amino groups
during oxidation or endotelian cell modification of LDL.
Arteriosclerosis. 7: 135-143.

2TOZ ‘8T aunr uo ‘1sanb Aq 610 J'mmm woly papeojumoq


http://www.jlr.org/

ASBMB

JOURNAL OF LIPID RESEARCH

I

30.

31.

32.

33.

34.

35.

El-Saadani, M., H. Esterbauer, M. El-Sayed, M. Goher,
A. Y. Nassar, and G. Jurgens. 1989. A spectrophotometric
assay for lipid peroxides in serum lipoproteins using a com-
mercially available reagent. . Lipid Res. 30: 627-630.
Esterbauer, H., R. J. Schaur, and H. Zollner. 1991.
Chemistry and biochemistry of 4-hydroxynonenal, malon-
aldehyde and related aldehydes. Free Rad. Biol Med. 11:
81-128.

Babiy, A. V., J. M. Gebicki, and D. R. Sullivan. 1990. Vita-
min E content and low density lipoprotein oxidizability in-
duced by free radicals. Atherosclerosis. 81: 175-182.
Esterbauer, H., M. Dieber-Rotheneder, G. Waeg, H. Puhl,
and F. Tatzber. 1990. Endogenous antioxidants and lipo-
protein oxidation. Biochem. Soc. Trans. 18: 1059-1061.
Dieber-Rotheneder, M., H. Puhl, G. Waeg, G. Streigl, and
H. Esterbauer. 1991. Effect of oral supplementation with D-
«-tocopherol on the vitamin E content of human low den-
sity lipoproteins and resistance to oxidation. J. Lipid Res.
32: 1325-1332.

Stocker, R., V. W. Bowry, and B. Frei. 1991. Ubiquinol-10
protects human low density lipoprotein more efficiently

Scaccini et al,

36.

37.

38.

39.

40.

41.

42.

against lipid peroxidation that does «-tocopherol. Proc.
Natl. Acad. Sci. USA 88: 1646-1650.

Ursini, F., G. Pelosi, G. Tomassi, A. Benassi, M. Di Felice,
and R. Barsacchi. 1987. Effect of dietary fats on
hydroperoxide-induced chemiluminescence emission and
eicosanoic release in the rat heart. Biochim. Biophys. Acta.
919: 93-96.

Fedeli, E. 1977. Lipids of olives. Prog Chem. Fats Other
Lipids. 15: 57-74.

Kiritsakis, A., and P. Markakis. 1987. Olive oil: a review
Adv. Food Res. 31: 453-482.

Gutfinger, H. 1981. Polyphenols in olive oil. | Am. Oil
Chem. Soc. 58: 966-968.

Boskou, D., and 1. D. Morton. 1975. Changes in sterol com-
position of olive oil on heating. J Sci. Food Agric. 26:
1149-1153.

Di Mascio, P., M. E. Murphy, and H. Sies. 1991. Anti-
oxidant defence system: the role of carotenoids, tocopherols
and thiols. Am. J. Clin. Nutr. 53: 1945-2008S.

Simpson, K. L. 1983. Relative value of carotenoids as
precursors of vitamin A. Proc. Nutr. Soc. 42: 7-17.

Dietary oils and lipid peroxidation in rats 633

2T0Z ‘8T aunr uo ‘1sanb Aq 610 J'mmm woly papeojumoq


http://www.jlr.org/

