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Effect of various stressors on the level of lipid peroxide, antioxidants and Na™,
K*-ATPase activity in rat brain
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Abstract. The level of malondialdehyde (MDA), an index of lipid peroxidation, and the antioxidants superoxide
dismutase (SOD) and glutathione (GSH), as well as the activity of Na*, K*-ATPase, were assessed in whole rat
brain after immobilization, anemic hypoxia (NaNO,) and 72 h starvation. The effect of these stressors on plasma
glucose and corticosterone levels was also observed. Hypoxia and starvation stimulated the lipid peroxide
formation in brain as indicated by an increase in the level of MDA, being higher after starvation than hypoxia.
Brain SOD activity was also increased in response to hypoxia and starvation while GSH content was only
diminished in hypoxia. However, neither MDA nor antioxidants were affected by immobilization. On the other
hand, the activity of brain Na*, K™-ATPase was significantly increased by immobilization and hypoxia but
decreased in starvation. A similar pattern of change was also observed in plasma glucose and corticosterone levels
in response to these stressors. These results elucidate differences in the biochemical response of animals towards

various types of stress, with increased lipid peroxide formation in hypoxia and starvation.
Key words. Stress; hypoxia; immobilization; starvation; lipid peroxide; antioxidants; Na™, K*-ATPase.

Hypoxia, immobilization and starvation are among the
stressful physical stimuli applied to experimental ani-
mals. Acute exposure to a stressor produces a wide range
of biochemical changes in an organism'~“. Oxygen free
radicals and other reactive oxygen species are postulated
by many investigators to be among the causal factors for
those biochemical changes. One of the most common
effects of an exacerbated free radical formation in living
tissues is the peroxidation of polyunsaturated fatty acids.
Increased lipid peroxide formation has been demon-
strated in several tissues in stressed rats®~®, suggesting
that free radical generation is increased under stress.
Unfortunately, the high lipid content of brain may
render it highly susceptible to oxidative attack under
stress. Concomitant disturbances in cellular antioxidant
defense mechanisms and other normal cell functions
were also demonstrated in hypoxia and other physical
stress conditions'®~'3, Based on these findings, the aim of
the present study was to investigate the effect of three
models of stress (hypoxia, immobilization and starva-
tion) on the level of antioxidants, superoxide dismutase
(SOD) activity and glutathione (GSH), as well as the
content of malondialdhyde (MDA) as an index of lipid
peroxidation in rat-whole brain. The study was also
extended to assess the degree of disturbance in neural
activity under stress by measuring the whole brain Na*,
K + ATPase activity, an enzyme involved in the re-
uptake of physiologically released biogenic amines neu-
rotransmitters'®. Assessment of plasma glucose and
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corticosterone levels were also included to reflect the
degree of stress achieved.

Materials and methods

Animals and experimental designs. Male Wistar albino
rats (200-250 g) bred at the National Scientific Research
Center Lab. Cairo, Egypt, were kept in groups of eight
per cage under controlled environmental conditions
(temperature 25 °C, lights on from 06.00—18.00). They
had access to rat chow and water ad libitum. The animals
were subjected to either of the following stress condi-
tions:

a) Hypoxia: anemic hypoxia was induced chemically by
injecting the rats subcutaneously with 15 mg NaNO, /100
g body weight 20 min before decapitation'?. MacMillan'?
had shown that chemical hypoxia provides an accurate
model for hypoxic hypoxia.

b) Immobilization: the animals were subjected to immo-
bilization stress by enclosing the rats in plastic meshed
jars, fit to their individual body size, for one hour, so that
their head, tail and limbs movements were minimized
while breathing was not restricted'®.

¢) Starvation: animals were deprived of all food but not
water for 72 h'7. The last group of animals was kept
away from any stressful stimuli and served as control for
the other groups.

Tissue sampling and methods. At the end of the experi-
mental period of stress, the animals from the above
groups were killed by decapitation at 10-12 a.m. The
blood was collected in heparinized centrifuge tubes to
separate plasma, in which glucose'® and corticosterone'®
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Figure 1. Malonaldehyde (MDA) and antioxidant (SOD and
GSH) levels in rat brain after hypoxia, immobilization and starva-
tion. Values shown are means + SE for 6-7 animals in each
group. Significant difference from control at 2p < 0.001, ®p < 0.01,
°p < 0.05 (using Student’s t-test).

levels were estimated. Meanwhile, whole brains were
rapidly removed on an ice-cooled mixture (CaCl,, NaCl
and ice at —55 °C). The weighed brain was homogenized
in ice-cold bidistilled water (20% w/v). Each brain ho-
mogenate was divided into 3 portions and treated differ-
ently. The first portion was mixed with phosphate buffer
(50 mmol/L, pH 7.8) to reach a final concentration of 5%
w/v. This was centrifuged at 600 x g for 10 min at 4 °C.
In the supernatant, lipid peroxide was ascertained by
measuring malondialdehyde (MDA) content®® which
was expressed as nmol MDA/mg protein using 1,1,3,3-
tetraethoxypropane as a standard. The second centrifu-
gation was done at 105,000 x g for 15 min at 4 °C to
separate the cytosolic fraction in which the activity of
SOD was estimated®-?2. The activity was expressed as
units/mg protein (one unit is the amount of enzyme that
causes half maximal inhibition of nitroblue tetrazolium
reduction). The second portion of brain homogenate was
mixed with ice-cold 0.32 mol/L sucrose buffered with 50

mmol/L Tris HCI pH 7.4 at a concentration of 4% w/v.

It was then centrifuged at 600 x g for 10 min at 4 °C. In
the supernatant, the ouabain-sensitive Na*, K*-ATPase
was assayed using the method of Post and Sen® and
Lowry and Lopez*. Na*, K*-ATPase activity was cal-
culated by subtracting the ATPase activity assayed with
ouabain from that assayed without ouabain. Enzyme
activity is expressed as umoles P, released/hour/mg
protein. The protein content of the above supernatants
was estimated by the method of Lowry et al.?. The third
portion of brain homogenate was deproteinized with
ice-cold 6% (w/v) m-phosphoric acid. The super-
natant after centrifugation was used for estimation of
GSH level®s,
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Statistics. Statistical analysis of data was carried out
using Student’s t-test.

Results and discussion

In the present study, lipid peroxidation was increased in
rat brain after hypoxia and 72 h starvation, as indicated
by the significant increase in brain MDA level. The
highest increase was observed after starvation (fig. 1).
These observations are in agreement with previous re-
ports which demonstrated an increase in the level of
lipid peroxide in whole-brain homogenates, synaptoso-
mal and mitochondrial fractions of hypoxic rats?”?%, as
well as in the other tissues of starved rats®?. In hypoxia
and other related disorders, free radicals have been
implicated as important pathogenic factors in their
pathogenesis®. Hypothetically, the mechanisms by
which the free radicals are generated during hypoxia are
complex and depend on multiple interacting factors: a)
shortage of O, at the cytochrome oxidase step may give
rise to leakage of partially reduced oxygen species; b)
rapid fall in cellular ATP, due to diminished aerobic
oxidation, may result in the alteration of ionic transport
with cytosolic calcium overload. This elevates AMP
concentration and increases its catabolism to inosine
and hypoxanthine, a substrate for xanthine oxidase®' 2.
Free radicals generated by those disorders attack the
membrane phospholipids, causing their peroxidation.
Peroxidation of membrane phospholipids is considered
to be a fundamental aspect of free radical damage in
brain due to its high lipid content®®. These peroxidative
processes in the brain are surely contributory to the
inactivation of many membrane-bound biomolecules
such as enzymes, since phospholipids are important for
the optimum activity of many enzymes. On the other
hand, increased catabolic processes in starvation appear
to be the main mechanism underlying the generation of
free radicals and lipid peroxidation in brain of starved
rats.

It was also noticeable that the elevation of MDA level
in the brain of hypoxic and starved rats was accompa-
nied by a significant increase in SOD activity, with a
significant decrease in brain GSH only after hypoxia.
An unexpected finding was the lack of a significant
change in GSH content in the brain of starved rats (fig.
1). The observed increase in brain SOD activity seems
to be an adaptive response to conditions of increased
peroxidative stress. Reactive oxygen species such as O5.
have been reported to act as inducers of tissue SOD.
However, the decrease in GSH content after hypoxia
was interpreted as being caused by its extensive utiliza-
tion in scavenging the free radicals. In contrast to
hypoxia and starvation, immobilization of rats for
one hour affected neither the MDA content nor the
measured antioxidants (fig. 1). Although our results
failed to provide evidence for increased free radical
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Figure 2. Plasma glucose and corticosterone levels, and brain
Na*, K*-ATPase activity of rats after hypoxia, immobilization
and starvation. Values shown are means + SE for 6-8 animals in
each group. Significant difference from control at 2p <0.001,
°p < 0.05 (using Student’s t-test).

production in immobilization, in contrast to previous
reports® 3, they do not exclude the possibility that
increased amounts of free radicals may have been
generated, but scavenged by high concentrations of
brain catecholamines evoked by immobilization3®.
Monoamines and related metabolites have previously
been shown to scavenge free radicals, inhibit lipid per-
oxidation, and chelate metal ions, slowing their partici-
pation in lipid peroxide reactions®.

The results of the present study also revealed that both
hypoxia and immobilization caused significant increases
in plasma glucose and corticosterone levels (fig. 2).
These results clearly showed that the corticosterone
response to stress was related to the intensity of the
stressor to which the animals were subjected. Thus,
plasma corticosterone evoked in response to hypoxia is
greater than to immobilization. The increase in plasma
corticosterone of hypoxic rats was in agreement with
the previous results that showed an elevation of blood
glucocorticoids in rabbit*® and humans® subjected to
hypoxic conditions. The elevation of plasma corticos-
terone in response to immobilization or hypoxia could
be explained by a stimulation of the hypothalamopitu-
itary-adrenal axis, that will trigger the release of corti-
cotropic releasing factor from hypothalamus with a
subsequent increase in ACTH secretion®®. The results
also showed that plasma glucose is strongly influenced
by the intensity of the stressor. It is higher in hypoxia
than in immobilization, since plasma glucose is strongly
influenced by glucocorticoids*. In contrast to the rise in
plasma glucose and corticosterone levels of hypoxic and
immbolized rats, starvation of rats for 72 h lowered
these two parameters significantly (fig. 2). Such a re-
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sponse of animals to food deprivation is an adaptive
mechanism to suppress the stress-induced rise in
catabolic hormones, saving energy expenditure*?.

The results also showed that immobilization of the rats
for one hour or their exposure to anemic hypoxia
caused a significant increase in the activity of brain
Na*, K*-ATPase. The rise was more pronounced in
response to hypoxia than to immobilization (fig. 2). In
stressful conditions, such as immobilization and hy-
poxia, there is an increase in the release and turnover of
biogenic amines and excitatory amino acid neurotrans-
mitters®¢4>4. Biogenic amines have previously been
shown to stimulate brain Na*, K*-ATPase activity
both in vitro* and in vivo**. The increased neural
excitability associated with marked changes in elec-
trolyte distribution in the brain of stressed rats may
account for the increased activity of brain Na*, K*-AT-
Pase in this study. In contrast, starvation for 72 h
caused a decrease in brain Na*, K*-ATPase activity
(fig. 2). In starvation, the increased lipid peroxide for-
mation (fig. 1) could disturb the anatomical integrity of
the biomembrane and diminish its fluidity leading to
inhibition of several membrane-bound enzymes in-
cluding Na*, K*-ATPase. Ohta et al.¥’ demonstrated
the role of lipid peroxidation and the decrease of
membrane fluidity in inhibition of membrane bound
Ca?*-ATPase activity of the intestinal brush-border
membrane. Thus, the inhibition of ion channel con-
ductance in brain of starved animals has a significant
effect on metabolic cost and may be an important
mechanism to reduce energy expenditure during food
deprivation.

In conclusion, the present study revealed quite distinct
variations in the biochemical response of the animal
toward various types of stress. The starved animal
metabolism is directed toward minimizing energy ex-
penditure as indicated by reduced catabolic hormone
and blood sugar levels as well as decreased brain Na™,
K*-ATPase activity. Hypoxia and immobilization, on
the other hand, are associated with enhancement of
metabolic processes as reflected by elevation of
catabolic hormones and blood sugar levels as well as
increased brain Na*™-K*-ATPase activity. It is also
noteworthy that no correlation exists between the eleva-
tion of lipid peroxide level and other parameters in the
brain of hypoxic and starved rats.
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