Lipid peroxidation in liver microsomes
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The effect of varying unsaturation degree of dietary lipid on the oxidative response of rat liver microsomes
was studied. Three groups of growing male rats were maintained for 6 weeks on 15% fat diets containing
either soybean oil, olive oil, or coconut oil, with the same level of vitamin E. After 6 weeks, microsomal
malondialdehyde, vitamin E, and fatty acid composition were measured in liver microsomes. The relative
abundance of saturated and unsaturated fatty acids in the microsomes reflected the composition of the
dietary lipid. When dietary requirement for vitamin E was satisfied, the increased polyunsaturated fatty
acid intake from vegetable oils did not enhance lipid peroxidation in physiological conditions, as dem-
onstrated by similar malondialdehyde concentrations found in the three groups. However, the somewhat
lower vitamin E content measured in soybean oil-fed rats confirms an enhanced requirement for dietary
antioxidant caused by the increased intake of polyunsaturated fatty acids. The susceptibility of liver
microsomes to lipid peroxidation stimulated by the ADPliron/ascorbate system was also studied. Mem-
branes of soybean oil-fed rats exhibited the highest peroxidation rate, as shown by oxygen consumption
and malondialdehyde and 4-hydroxy-2,3-trans-nonenal production, because of the lower concentration
of vitamin E and of the higher content of polyunsaturated farty acids. Microsomes of olive oil- and

coconut oil-fed rats showed highest protection against lipid peroxidation.
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Introduction

The use of vegetable oils has been recommended as a
part of dietary programs to increase the ratio of poly-
unsaturated to saturated fatty acids to lower serum
cholesterol and, indirectly, to prevent the development
of atherosclerosis.'?

Nevertheless, because polyunsaturated fatty acids
(PUFA) are substrates for free-radical reactions lead-
ing to lipid peroxidation, a high dietary intake of
PUFA might overwhelm the normal antioxidant de-

Research supported by National Research Council of Italy, Special
Project RAISA, Subproject 4, Paper n. 460.

Address reprint requests to Dr. Mirelia Nardini at the Istituto Na-
zionale della Nutrizione, Unitd di Nutrizione Sperimentale, Via
Ardeatina 546-00178, Roma, Italia.

Received February 4, 1992; accepted June 12, 1992.

© 1993 Butterworth—Heinemann

fenses of the organism, and increase the need for
dietary antioxidants.*-¢

Lipid peroxidation is thought to play a key role in
many pathological processes,’* and evidence is increas-
ing that lipoprotein peroxidation may be involved in
the pathology of atherosclerosis.®!°

Among vegetable oils, olive oil may be considered
to offer a good protection against lipid peroxidation
because of the optimal balance between the degree of
fatty acid unsaturation and vitamin E content.!! Oleic
acid, the most abundant fatty acid present in olive oil
(63-83% of total fatty acids), is resistant to peroxi-
dation.’? Moreover, oleic acid is known to inhibit lipid
peroxidation in in vivo® and in vitro* experiments,
perhaps by chelating available free iron.!'s'® Olive oil
is also known to lower serum cholesterol levels and to
exert a protective effect against atherosclerosis devel-
opment.!”® Recently, Parthasarathy et al.” demon-
strated that the use of monounsaturated, oleate-rich
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fats rather than polyunsaturated fats generates lipo-
protein particles markedly resistant to transition-metal-
induced oxidative modifications.

The oxidative metabolism of drugs and carcinogens
in the rat liver microsomal fraction is markedly de-
pendent on the nature of the dietary lipid,”*-* and it
is known that the dietary lipid influences the rate of
oxidative metabolism by modification of the fatty acids
composition of the endoplasmic reticulum.?- It is
therefore apparent that the nature and relative quan-
tities of dietary unsaturated fatty acids may have an
important role in the regulation of the rate and extent
of lipid peroxidation.*>2427

In the present investigation the effect of varying the
unsaturation degree of dietary lipid on the oxidative
response of rat liver microsomes was studied. Rats
were fed three different diets contained soybean oil
(SO), olive oil (00), or coconut oil (CO), with the
same level of vitamin E in the diets. Oxidative status
and susceptibility of liver microsomes to lipid peroxi-
dation stimulated by the ADP/iron/ascorbate system
were studied.

Materials and methods
Diets and animals

Semisynthetic diets containing 15% soybean oil, olive oil,
and coconut oil were prepared. The composition of the
experimental diets was: 20% casein, 0.3% dl-methionine,
40% rice starch, 17% sucrose, 15% oil, 3% fiber, 3.5% salt
mixture (AIN 76), 1% vitamin mixture {AIN 76), 0.2%
choline chloride. The diets were prepared weekly and stored
at 4° C under nitrogen. Male albino rats weighing 68 +* 6 g
were individually housed in wire bottom stainless cages.
Lighting was regulated to provide equal hours of light and
dark. The animals were randomly divided in three groups of
10 and fed the experimental diets for 6 weeks. Food and
water were provided ad libitum. At the end of this period,
after an overnight fasting, rats were sacrified.

Diet analysis

Qils were analyzed for tocopherol content according to
Carpenter®, a and vy tocopherols were converted in vitamin
E equivalents (UI), and, finally, the content of vitamin E
was equalized to 82 IU/Kg diet. The total dietary tocopherol
content was measured according to Mc Murray” on the same
day of preparation of the diet. Samples of diets were ana-
lyzed for fatty acid composition by gas-liquid chromatogra-
phy (GLC)* (Table 1).

Microsome preparation

The liver was removed immediately after the rat was killed,
weighed, and microsomes prepared by homogenization in
0.25 M sucrose/20 mmol/L. TrisHCl pH 7.4 medium and
ultracentrifugation at 105,000g (ultracentrifuge Beckman In-
strument model L5-50B, Palo Alto, CA USA) according to
the method described by Slater.

Analytical methods

Protein concentration in microsomal suspensions was esti-
mated by the Biuret method,” using bovine serum albumin
as standard.
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Table 1 Fatty acid composition (%) of experimental diets

Fatty acid SO 00 CO
10.0 — e 0.2
12.0 — 0.2 32.6
14:.0 0.2 0.2 20.5
16:0 10.9 12.0 155
18:0 3.7 1.9 17.9
18:1 n-9 21.2 752 9.0
18:2 n-6 541 7.6 2.2
18:3 n-3 7.2 0.5

20.0 0.3 0.4 0.4
20:1 n-9 0.4 0.2 0.2
20:4 n-6 0.6 0.6 0.2
22:0 0.4 0.1 11
24:0 0.3 0.1 04
PUFA 61.9 8.7 2.4
MUFA 216 75.4 9.2
SFA 158 14.9 88.6
Ula 153.8 94.5 14.4

aUnsaturation Index (Ul) = sum of percentages of individual fatty
acids x number of double bonds.

Vitamin E in microsomal samples was measured by high
performance liquid chromatography (HPLC) after saponifi-
cation, as described by Buttris and Diplock.”

Malondialdehyde (MDA) in microsomal suspension (con-
taining 0.1 mg/mL butylhydroxytoluene) was determined by
HPLC according to the method of Esterbauer et al.*

4-Hydroxy-2,3-trans-nonenal (HNE) was prepared ac-
cording to the chemical synthesis described by Esterbauer
and Weger.* HNE in microsomal suspensions was deter-
mined by HPLC according to Lang et al.*

Fatty acid composition of microsomes was determined by
GLC® after extraction with chloroform/methanol (2:1 vol/
vol) in the presence of butylhydroxytoluene according to
Folch.*

Liver microsome peroxidation

Microsomes (1 mg protein/mL) were preincubated for 2 min
at 30° C in 50 mmol/L TrissHCl/150 mmol/L KCl pH 7.4,
containing 500 wmol/L ADP, followed by the addition of
333 pumol/L ascorbate and 8 wmol/L ferric chloride.® At
different time aliquots were withdrawn and processed for
MDA and HNE determination with HPLC.*%

Measurement of oxygen uptake during
lipid peroxidation

Microsomal suspensions (1 mg protein/mL) were preincu-
bated for 2 min at 30° C in 50 mmol/L TrisHCI/150 mmol/L
KCl pH 7.4, containing 500 pumol/L ADP, followed by the
addition of 333 pmol/L ascorbate and 8 pmol/L ferric chlo-
ride.* O, uptake was measured polarographically employing
a Clark electrode (Yellow Spring Instruments Co. Inc., Yel-
low Spring, OH USA) with a Gilson 5/6H oxygraph (Mid-
dleton, WI USA). Ambient O, concentration in the buffer
(30° C) was 270 umol/L.

Statistical analysis

Data presented are mean + standard deviation. Data were
analyzed by one-factor analysis of variance and Scheffe’s
method for multiple comparisons; linear regression analysis
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was performed using a least squares method. Differences
with P < 0.05 were considered statistically significant.

Results

Fatty acid composition of liver microsomes is shown
in Table 2. The fatty acid composition of liver micro-
somes reflected the dietary lipid composition. Micro-
somes from SO-fed rats contained more PUFA (47.9%
of total fatty acids) in comparison with OO-fed rats

Table 2 Fatty acid composition (%) of liver microsomes2

Fatty acid SO 00 CO
12.0 0.2 = 01 0.2 + 01 0.2 + 01
140 03 +02 0.2 + 01 07 £02
16.0 182 + 0.2 192 + 04 174 = 11
18.0 261 + 04 240 =10 303 =12
18:1 n-9 39 £ 02 101 = 1.7 99 + 09
18:2 n-6 119 £ 02 36 + 03 50+ 06
18:3 n-3 04 = 01 — —
20:0 0.3 + 0.1 0.1 = 01 0.3 = 01
20:1 n-9 09 +04 0.3 = 01 03 +02
20:4 n-6 273 = 04 300 + 1.3 192 + 22
22:0 02 = 01 1.3 =01 58 + 08
24:0 0.3 £ 01 0.2 = 01 0.3 + 01
20:5 n-3 0.6 = 01 0.4 + 02 08 £ 03
22:4 n-6 0.4 + 01 0.4 + 01 0.4 + 01
22:5 n-3 1.1 = 0.1 04 =02 08 =03
22:6 n-3 6.4 + 02 57 + 04 33 +04
PUFA 479 + 1.3 405+ 24 205 + 40
MUFA 4.7 + 0.7 104 £ 18 102 =11
SFA 457 =10 453 + 18 550 = 35
yte 1869 = 5.8 1771 = 119 1266 = 17.4

aValues are means = SD for six rats.
bUnsaturation Index (Ul) = sum of percentages of individual fatty
acid x number of double bonds.

Table 3 Vitamin E and malondialdehyde content of liver microsomes

(40.4%) and CO-fed rats (29.5%). Microsomes from
CO-fed rats had the highest content of SFA (54.9%
of total fatty acids). Membranes from OO-fed rats
contained middle quantities of PUFA in comparison
to SO- and CO-fed rats and high quantities of monoun-
saturated fatty acids (MUFA). The high content of
oleic acid in microsomes of CO-fed animals is possibly
due to the quick conversion of stearic acid (18% in coco-
nut diet) to oleic acid through a rapid desaturation.***

The liver microsomes content of vitamin E and
MDA is shown in Table 3. Significant differences
(P = 0.018) in vitamin E content were observed among
the three groups, with the lower level in SO-fed rats
(in ng/mg protein: SO, 95.6+18.2; OO, 109.6 £27.8;
CO, 127.7+20.9). The difference between SO-fed rats
and CO-fed rats was significant (P = 0.005), whereas
the differences between SO-fed rats and OO-fed rats
and between OO-fed rats and CO-fed rats were not.

A different behavior was observed for MDA con-
tent. No significative difference (P = 0.23) was found
among the three groups (in pmol/mg protein: SO,
19.3+5.7; 00, 18.0+5.5; CO, 15.2+4.5). Although
SO-fed rats presented the highest value, differences
between SO-fed rats and CO-fed rats were not signif-
icant (P = 0.05).

Any attempt to quantitatively determine 4-hydroxy-
2,3-trans nonenal, a lipid soluble peroxidation product,
failed because its concentration in microsomal suspen-
sions (about 5-8 pmol/mg protein) was near the de-
tection limit of the method.

Table 4 shows the aldehyde production during mi-
crosomal peroxidation induced by ADP/iron/ascorbate
at different times of incubation. Microsomes from SO-
fed rats showed the highest rate of aldehyde production
in respect to OO- and CO-fed rats. MDA produced
by microsomes of OO-fed rats was not significantly

SO 00 CO P
Vitamin E 956 = 18.22 109.6 = 27.8ab 127.7 = 20.9° 0.018
(ng/mg protein)
Malondialdehyde 193 = 5.7 180 = 55 152 = 45 ns

(pmol/mg protein)

Values are means =+ SD for 10 rats. Values with different superscript are significantly different by ANOVA (Scheffe F test).

Table 4 Aldehydes production during lipid peroxidation of liver microsomes

SO 00 CO P
nmoles/mg protein
MDA at 5 min 233 £ 2.9 151 = 0.3° 12.7 + 0.4 0.01
MDA at 15 min 305 = 112 208 = 1.8° 151 + 0.6° 0.002
MDA at 30 min 363 £ 2.52 245 = 0.7° 19.3 = 1.4° 0.005
HNE at 30 min 1.0 = 0.1 05 = 01 nd 0.02

Values are means + SD for six rats. Values with different superscripts are significantly different by ANOVA (Scheffe Ftest). nd, not detectable.
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different from that of CO-fed rats, except than at time
15 min. Membranes from SO-fed rats produced twice
as much HNE as OO-fed rats. HNE in microsomes of
CO-fed rats was undetectable also after 30 min of in-
cubation.

The polarographic traces obtained from peroxidiz-
ing microsomes are shown in Figure 1. Probably due
to vitamin E consumption, the length of the induction
period was different in the three groups (curves A, B,
C), resulting in significantly different initial rates of
O, consumption (in nmoles O,mg protein: SO,
42.0x1.0; OO, 21.7*1.0; CO, 2.7+0.2; P=0.0001)
(Table 5, first column). Moreover, rates of oxygen
uptake in the second, linear part of polarographic
traces are also significantly different (P = 0.0001),
with the highest rate of oxidation observed for SO-fed
rats (in nmoles/min/mg protein: SO, 133.2+14.7; OO,
111.4+10.3; CO, 74.4 = 14.0) (Table 5, second column).

To clarify the effect of vitamin E content and fatty
acid composition on the course of polarographic traces,
we studied the peroxidation of microsomes from rats
fed a diet supplemented with 15% (wt/wt) triolein, a

100

50

[02] (per cent of air saturation)

2 4 6

{min)

time

Figure 1 Polarographic traces obtained by inducing lipid peroxi-
dation in liver microsomes. Microsomes (1 mg protein/mL) were
preincubated for 1 min at 30° C in 50 mmol/L Tris-HCI/150 mmol/L
KCI pH 7.4 containing 500 pmol/L ADP, 333 wmol/L ascorbate fol-
lowed by the addition of FeCl; (8 umol/L). Sample from: A, CO-fed
rats; B, OO-fed rats; C, SO-fed rats; D (dotted line), triolein-fed rats.
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Table 5 Oxygen consumption during lipid peroxidation of liver
microsomes?

Diet Phase o Phase ilc

nmoles/mg protein nmoles/min/mg protein

SO 420 £ 1.0 1332 = 147
00 217 £ 1.0 1114 = 10.3
CO 27 £ 02 744 + 140
Triolein 5560 75 1135 = 125

aValues are means = SD for five rats.

®Values referred to oxygen consumption in the first minute of reaction.
“Values referred to oxygen consumption in the linear phase of po-
larographic trace.

synthetic mixture of triglycerides (75% oleic acid)
mimicking olive oil in fatty acid composition. Micro-
somes from triolein-fed rats had a fatty acid compo-
sition quite similar to that of OO-fed rats (C16:0,
18.0£1.5%; C18:0, 24.8+2.0%; C18:1 n-9, 9.5+1.4%;
C18:2 n-6, 4.1x0.2% C20:4 n-6, 29.7+2.9%) with
40.8% PUFA, 14.2% MUFA, 46.0% saturated fatty
acid (SFA), and a vitamin E content (74.4+9.4 ng/mg
protein) significantly lower in respect to the other three
groups, particularly the OO-fed group (P = 0.0001).
As shown in Table 5, the rate of oxygen consumption
in the second linear part of polarographic traces was
similar to that of microsomes from OO-fed rats
(113.5+12.5 nmoles O,/min/mg protein for triolein-
fed group, 111.4+10.3 nmoles O,/min/mg protein for
OO-fed group), but the length of the induction period
(Figure 1, curve D, dotted line) and the initial rate
(55.0+7.5 nmoles O,/mg protein for triolein fed-group,
21.7+1.0 nmoles O,/mg protein for OO-fed rats) (Ta-
ble 5) were markedly different from those of OO-fed
rat microsomes.

Linear regression analysis showed a statistically sig-
nificant negative correlation between the initial rates
of oxygen consumption and vitamin E content (r =
0.987, P = 0.013) and a highly significant positive
correlation between rate of O, consumption in the
second linear phase and PUFA content of microsomes
(r = 0998, P = 0.002). No correlation whatsoever
was found between initial rates and PUFA content or
between vitamin E content and rates of oxygen con-
sumption in the second linear phase. These results
confirm that the induction period was really due to
consumption of vitamin E, and that peroxidation rates
in the linear phase were only determined by the fatty
acids unsaturation degree of microsomes.

Discussion

The relative abundance of saturated and unsaturated
fatty acids in the microsomal membranes reflects the
consumption of the fatty acids present in the diet.
However a certain aliquot of MUFA is converted to
PUFA.* This phenomenon is particularly evident in
the olive oil diet.

All diets used in our experiment were equalized for
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vitamin E content to 82 IU/Kg diet, a quantity that
fully satisfies the requirement of rats (about 50 IU/Kg
according to National Research Council),* but vitamin
E levels in SO-fed rats were somewhat lower than
those of OO-fed rats and CO-fed rats, confirming an
enhanced requirement for dietary antioxidants caused
by high intake of PUFA.

Nevertheless, plasma ascorbate concentration was
not significantly different among the three groups of
rats (data not shown). Malondialdehyde concentration
was quite similar in all groups of animals, suggesting
that when dietary requirement for vitamin E is satis-
fied, increased PUFA intake from vegetable oils does
not enhance lipid peroxidation in physiological condi-
tions. We cannot exclude that malondialdehyde, a hy-
drophilic compound, once formed would diffuse
partially from the place of its origin in lipid phase into
the surrounding aqueous phase, as shown for perox-
iding liver microsomes.*

In the presence of an induced oxidative stress, mi-
crosomes from SO-fed rats were the most susceptible
to lipid peroxidation, as indicated by oxygen con-
sumption and MDA and HNE production, both for
the lower concentration of vitamin E, SFA, and MUFA
and for the increased levels of PUFA. OO-fed rats
showed a better protection toward induced lipid per-
oxidation in comparison with SO-fed rats, due to the
lower content of PUFA and to the higher content of
vitamin E, SFA and MUFA. HNE produced during
lipid peroxidation of microsomes from OO-fed rats
was half of the amount produced by membranes of
SO-fed rats. Moreover, the amount of MDA produced
during peroxidation was not significantly different from
that produced by microsomes of CO-fed rats. CO-fed
rats were the most resistent to lipid peroxidation both
for the higher levels of vitamin E and SFA and for the
lower content of PUFA.

To lower serum cholesterol levels, the consump-
tion of oils with high contents of polyunsaturated-
monounsaturated fatty acids is recommended instead
of highly saturated fats (butter, lard), which are known
to raise cholesterol levels. However, polyunsaturated
fatty acids are easily susceptible to peroxidation and
high dietary intake of PUFA might overwhelm the
normal antioxidant defenses of the organism. Our re-
sults show that in the absence of induced oxidative
insults, diets with high PUFA content do not cause
substantial increases in microsomes’ oxidative status
when dietary requirement for vitamin E is satisfied.
Nevertheless, olive oil in the diet seems to assure a
better protection against oxidative risk in comparison
to rich PUFA vegetable oils.

Abbreviations

PUFA polyunsaturated fatty acids
MUFA monounsaturated fatty acids
SFA saturated fatty acids

SO soybean oil

00 olive oil

CO coconut oil

MDA  malondialehyde

HNE  4-hydroxy-2,3-transnonenal

GLC gas-liquid chromatography

HPLC  high-performance liquid chromatography
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