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Oxidative stress is a dynamic and complex situation in which
there is an imbalance between the generation of reac-
tive oxygen species (ROS) and the availability and action
of antioxidants." The central nervous system (CNS) con-
sumes large amounts of oxygen to carry out physiological
processes, and this metabolism process generates abundant
free radicals. Certain factors make the CNS susceptible to
ROS attacks, such as lack of antioxidant mechanisms, high
concentration of polyunsaturated fatty acids, and selectiv-
ity of the blood-brain barrier, which limits distribution of
some antioxidants including vitamin E.2

Oxidative stress has mainly been studied in such neu-
rodegenerative diseases as Alzheimer disease,® Parkinson’s
disease,*® and amyotrophic lateral sclerosis.® Oxidative
damage has been identified even in early stages of
these diseases, indicating that their aetiologies are linked
to free radicals.

Reactive oxygen species that elude antioxidant mech-
anisms and accumulate progressively will trigger lipid
peroxidation mechanisms and elicit structural damage to
proteins and DNA.” These molecular changes are exac-
erbated in the neuronal populations affected by certain
pathological processes. Therefore, pyramidal neurons in the
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hippocampus and parietal cortex are specifically affected in
Alzheimer disease, whereas the compact substantia nigra,
striatal neurons, and motor neurons are affected in Parkin-
son’s disease, Huntington disease, and lateral amyotrophic
sclerosis, respectively. Unfortunately, the mechanisms that
determine selective neuronal vulnerability are not yet
understood.®

Different neuronal populations in each region of the brain
have their own morphologies and biochemical character-
istics. As a result of this diversity, it is very likely that
each neuronal population has its own molecular compo-
sition that will determine its vulnerability to oxidative
stress. These differences have been observed between
neuronal populations in the hippocampus, the substan-
tia nigra, and neurons in the cerebral and cerebellar
cortices.’

New evidence indicates that oxidative stress is present
in other CNS disorders. Recent studies in children with
autism spectrum disorders have shown that oxidative
species/antioxidant imbalance can participate in the patho-
genesis of these diseases. These patients showed changes
in membrane fluidity, neuronal loss in the cerebellum, and
altered oxidative stress markers.'0

Furthermore, oxidative stress has been associated with
neuronal hyperexcitability. Results in this area led to stud-
ies on the role of ROS in epilepsy and drug-resistant
epilepsy.’’ These studies suggest that epileptic seizures
elicit an increase in oxidation of cellular macromolecules
before neuronal death takes place. Oxidative stress seems
to be the result of excitotoxicity, since seizure-induced
neuronal death involves an excess of calcium.'? Redox state
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improves in patients with drug-resistant epilepsy after sur-
gical resection of the epileptic foci."

Despite evidence indicating that oxidative stress may
be a pathogenic factor in neurological diseases, clinical
experience with using antioxidants as neuroprotective
treatment —mainly such classic antioxidants as vitamins
C and E— has obtained poor results overall. However,
antioxidant therapy has delivered more encouraging results
in animal models of these conditions.™

In conclusion, oxidative stress manifests as a pathogenic
factor in a variety of neurological diseases, although it may
also be associated with their aetiology. Further studies are
needed in order to identify mechanisms of selective neu-
ronal vulnerability to ROS in different brain regions, and
to determine how effective antioxidant therapy may be for
treating these diseases.
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