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Summary

Changes in the activity of brain antioxidant superoxide dismutases (SOD) were followed in newborn and young female
rats 8, 15, 30, 45, 60 and 75 days after birth treated with olive oil. In newborn rats, the content of brain cytosol SOD
(CuZnSOD) and mitochondrial SOD (MnSOD) decreased after treatment with olive oil. However, in the brain of rats
aged 8 days this effect was lost. The suppressive effect of olive oil on these enzymes reappeared again in 15-day-old
rats. In rats aged one month, only the activity of CuZnSOD was reduced after olive oil treatment. In the brain of rats
aged 45, 60 and 75 days, neither MnSOD nor CuZnSOD were affected by olive oil. The different effects of olive oil on
the brain SOD, during ontogeny suggest that profound changes in the susceptibility of nervous tissue antioxidant

enzymes to olive oil take place during sexual maturation.
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Introduction

It is well known that the antioxidant defense
system is very complex because of two components: a)
enzyme systems such as superoxide dismutase (SOD),
catalase (CAT), glutathione peroxidase (GSH-Px),
glutathione reductase (GR) and b) non-enzymatic, low-
molecular components such as vitamins C, A and E
(Cadenas 1989). The SODs are very important because
they catalyze dismutation of superoxide in H,0, and H,0
without oxidation of other molecules in the intracellular
environment. If the surplus superoxide is not removed,
very reactive and toxic OH radicals are produced as a
consequence (Halliwell and Gutteridge 1985). Free
radicals attack biomolecules such as DNA, proteins and

lipids. Furthermore, they initiate lipid peroxidation and
the release of hydrolytic enzymes. After the destruction of
cellular components, the cells are condemned to die
(Feeney and Berman 1976, Kong and Davidson 1980,
Brawn and Fridovich 1980). Hence, free radicals are the
cause of a large number of pathological processes (Reilly
et al. 1991).

We have genetic predisposition for antioxidant
defense but we can modulate it by food rich in
antioxidants. Antioxidants are needed to prevent the
formation and oppose the actions of reactive oxygen
(Halliwell 1996). Hence, in recent years, there has been a
growing evidence that a healthy balance should exist
between oxidants and protective antioxidant enzymes.
The role of antioxidants in nutrition is an area arousing
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increasing interest. Many dietary compounds have been
suggested to be important antioxidants. DeDeckere and
Korver (1996) investigated the minor constituents of rice
_ bran oil as functional foods. Eder and Kirchgessner
(1997) studied concentrations of lipids in plasma and
lipoproteins and oxidative susceptibility of low-density
lipoproteins (LDL) in zinc-deficient rats fed on linseed oil
or olive oil. In general, their study showed that the effects
of zinc deficiency on the concentrations of plasma lipids
and the susceptibility of LDL to lipid peroxidation
depend on the type of fat. In our previous study we
showed that neither MnSOD nor CuZnSOD were affected
by olive oil in the brain of female Wistar rats aged 3.5
months (Pajovic et al. 1997). In the present study, we
investigated the physiological changes in the activity of
SOD in newborn and young female rat brains induced by
olive oil.

Methods

The activities of CuZnSOD and MnSOD were
measured in subcellular fractions of homogenates
prepared from brains of newborn, 8, 15, 30, 45, 60 and
75-day-old female Wistar rats, treated 24 h and 48 h prior
to sacrifice with a subcutaneous injection of 0.1 ml olive
oil / 100 g body weight. The controls were sham-injected.
The pregnant rat mother was treated with olive oil 24 h
and 48 h before delivery (on the 19" and 20™ day of
pregnancy). All animals were sacrificed in the morning by
decapitation with a guillotine (Harvard Apparatus) and
the fresh brains were dissected for sample preparations.

Tissue homogenates were prepared by a
slightly modified method of Rossi et al. (1983) and De
Waziers and Albrecht (1987). Individual brains were
homogenized in 0.25 M sucrose containing 0.05 M Tris-
HCl and 1 mM EDTA, pH 7.4. The tissue homogenates
were vortexed for 30 s several times with intermittent
cooling on ice, and left frozen at —70 °C for 20 h. The
homogenates were then defrozen and centrifuged at 37
000 rpm for 65 min. Cytosols were kept at —20 °C until
use. The protein concentration was determined by the
method of Lowry et al. (1951).

SOD activity was measured by the method of
Misra and Fridovich (1972). The reaction of autoxidation
of norepinephrine to adrenochrome was performed in 3
ml of 0.05 M Na,CO; at pH 10.2 and 26 °C. The
inhibition of autoxidation was monitored at 480 nm. After
assaying total SOD activity, the samples were treated with

-4 mM KCN in order to inhibit cytosol SOD (Geller and
Winge 1983) and subjected again to the enzyme assay as

described above. The values thus obtained and the
between the two measurements were
MnSOD and CuZnSOD activities,
respectively. The results were expressed in units of
enzyme activity. One unit of SOD was defined as the
amount of protein which causes 50 % inhibition of the

differences
considered as

conversion rate between the 3rd and the 4th min of
incubation.

The results were analyzed by ANOVA in
combination with Scheffe”s test, and by Student's t-test.
Differences between means = S.E.M. were considered
significant at p<0.05.
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Fig. 1. Activity of MnSOD in the brain of rats aged 0, 8
15 and 30 days. A - non-treated controls; B - treated witl
olive oil. Columns represent the mean values of th
samples and vertical bars represent S.E.M. * p<0.05

Results

MnSOD activities in the brain (Figs 1 and 2)

Brain MnSOD activity in newborn animals wa
suppressed by 0.1 ml olive oil, the respective values fo
the controls and those treated with olive oil bein
12.9+1.3 and 8.9+0.9 units/mg protein (F;;;=4.3
p<0.05), respectively. In contrast, this effect was lost i1
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brains of rats aged 8 days (F,;,=0.14; p>0.05). However,
the activity of MnSOD was significantly decreased again
in the brains of 15-day-old rats (11.3+1.0) in comparison
to the controls (17.4+0.5) (ty=5.2; p<0.05). Olive oil
treatment 24 h and 48 h before sacrifice in the brains of
the rats aged 30 days (11.6+1.9), 45 days (12.7+3.2), 60
days (9.6+1.9) and 75 days (16.9+1.2) had no effect on
the activity of MnSOD in comparison to the control
animals (11.53+2; 10.8+1.6; 11.942.7; 16.4+1.2 units/mg
protein) (p<0.05).
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Fig. 2. Activity of MnSOD in the brain of rats aged 45,
60 and 75 days. For legend see Fig. 1.

CuZnSOD activities in the brain (Figs 3 and 4)

The activity of brain CuZnSOD was significantly
decreased in newborn rats (20.1+0.7 units /mg protein in
control vs 16.2+1.4 in treated with olive oil; F,,=4.5,
p<0.05). The same was true for the brains of the rats aged
15 days (50.7+4.5 in controls vs 33.5+3.8 in those treated
with olive oil; F, 15=3.7, p<0.05) and 30 days (39.1+3.6 in
controls vs 32.2+1.6 in animals treated with olive oil,
tay=1.84, p<0.05). CuZnSOD activity in brain
homogenates of 8-day-old female rats was not affected by
olive oil (t;,y=0.36, p>0.05). On the other hand, the
activity of CuZnSOD in the of rats aged 45 days
(44.1£4.7), 60 days (41.03+1.5) and 75 days (44.2+4.4)
remained unchanged in comparison to the controls
(37.8+4.2; 51.0+5.8; 36.3+1.4 units/mg protein; p>0.05).
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Fig. 3. Activity of CuZnSOD in the brain of rats aged 0,
8, 15 and 30 days. For legend see Fig. .
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Fig. 4. Activity of CuZnSOD in the brain of rats aged 45,

- 60 and 75 days. For legend see Fig. 1.

Discussion

Free radicals and antioxidants are widely
discussed in clinical and nutritional literature (Halliwell
1996). Antioxidants are used for prolonging shelf life, to
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maintain the nutritional quality of lipid containing foods
and to mitigate the consequences of oxidative damage in
the human body (Mantha et al. 1993, Kinscherf et al.
- 1995). Jarvinen et al. (1997) studied the association
between dietary antioxidant vitamins, dietary fibers,
selected foods and risk of breast cancer. There was a
significant inverse relationship between milk consumption
and the occurrence of breast cancer, whereas higher
consumption of fried meat was associated with increased
risk of breast cancer. No significant relationship was
found between the intakes of vitamin E, vitamin C, beta-
carotene, lycopene, lutein or dietary fiber and the
occurrence of breast cancer. Experimental approaches to
the optimization of antioxidant nutrient intake are being
proposed.

Our experimental results suggest that olive oil,

which is rich in natural antioxidants, primarily challenges
the antioxidant enzyme defense in the brain during sexual
maturation, thus modulating the susceptibility of nerve
cells to free radical oxidative damage. These changes of
SOD activity have been considered in relation to the
morphological and biochemical during
differentiation of rat neurons and the blood-brain barrier.
Peroxidation of phospholipid unsaturated fatty acids is
accompanied by structural and functional changes of
nerve cell membranes. These changes during sexual
maturation
physiological roles of cellular activity such as enzyme

changes

have been correlated with certain
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