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“By denying scientific principles, one may maintain any paradox.”
Galileo Galilei

One of the life’s paradoxes is the fact that the molecule supporting
aerobic life-oxygen-is not just essential for the energetic metabolism
and for respiration, but almost equally involved in the ethiopatogenesis
of numerous diseases and degenerative states due to oxygen-based
reactive species called free radicals (FR). Nature has selected and
included, in an evolutionary manner, in the composition of living
bodies, reactions generating FR with multiple roles: functional, inter-
cellular communicational or destructive, cytolitic, etc. At molecular
level the main target of the free radical is the sulphurhydril free or protein
groups, while at cellular level the main target are cellular membranes.
FR occurs in the body, as the result of endogenous metabolic activity
or of the local assimilation of some chemical pollutants at cellular level
or at the level of several tissues, simultaneously or gradually. Due to
their high reactivity, FR has been found responsible for many noxious
effects on the living body. Oxidative stress is defined as an exaggerated
production of oxygenated FR, accompanied by a dislocation of anti-
oxidation agents. We cannot live without oxygen, since it is essential
in the functioning of energy-producing cells. A body transforms and
eliminates oxygen (CO,) properly almost entirely (98%) [1].

Unfortunately, the rest is at the origin of some “hyper-reactive”
species called FR (is oxidated derivatives of the electron deficit, unstable
oxygen molecule, that cause dysfunctions of all body cells). The volume
of oxygen contained by a single inspiration produces a billion FR.

Reactive oxygen species (ROS) are at the origin of chain reactions,
such a radical, unstable as a result of the electron deficit, captures the
missing electron from a “foreign” molecule that becomes, in its turn, an
unstable radical, and the process goes on and on [2].

Such reactions occur quasi-instantaneously, at speeds of the order
of billions/second, until the deficit electron is formed by a neuter,
stable molecule, but whose physiological function is altered. It results
in lesions of the nucleic acids involved in cell division or in protein
synthesis that become incapable of transporting the oxygen necessary
to the metabolism [3]. The activity of FR was described as a sort of
“inner radiation” attacking and damaging cells/tissues, resulting in
different symptoms usually attributed to ageing [4]. The damaging
effects of normally producing ROS in the body are under control
by specialised removal enzymes. Both diseases and adaptations to
the environment are linked to the alteration of the body chemical
metabolism characterised by the transition from heterolithic (2
electrons are attracted/released) to the increase of homolithic processes
(1 electron is transited). Homolithic reactions produce radicals that
can react, damaging cell compartments, tissues, and organisms. These
reactions that generate ROS reach equilibrium through the inner
increase of oxidative processes or by the presence of antioxidant
compounds [5]. The main actions of ROS in a biological system are:
oxidation of unsaturated fatty acids in the cell membrane, oxidation of
aminoacids in proteins, depolymerisation of hialuric acid, oxidation of
DNA oxidative products, modulation of the nucleotide cyclase activity,
modulation of prostaglandin activity and synthesis, etc [6-8].

The current concepts of ROS signalling can be grouped into two
action mechanisms:

— Alterations of intracellular redox state: Compared to the
extra-cell environment, cytoplasm is normally maintained in
reducing conditions (accompanied by the buffer redox capacity
of intra-cell thiol such as GSH and TRX-thioredoxin). These thiol
systems oppose intra-cell oxidative stress reducing H,O,, lipid
superoxides and peroxides (catalysed by peroxidases).

—  Protein oxidative changes: ROS can alter the structure and
function of proteins, changing the rest of amino acids, inducing
protein dimerisation and interacting with other metal complexes
(Fe-S). Oxidative changes of amino acids in the protein functional
domain can involve several pathways [9]. The target cell components
of free radical action include lipids (low-density lipoproteins),
macromolecules with complex structure, proteins and DNA.

In order to minimise the negative effects of ROS, organisms are
endowed with very efficient antioxidant defence system [10]. In the
presence of oxidative stress, i.e. of a positive oxidative balance the most
vulnerable system of a body is the central nervous system. Health state
analysis has thus shifted from cell level to molecular level (molecular
biology-ROS) and to atomic level (atomic physics-electrons) [11-13].
This is the biochemical and biophysical context in which the action of
anti-oxidative compounds, taking into account that oxidative stress,
is responsible for about 80-90% of chronic-degenerative diseases
associated to ageing.

The ageing is not a chronological process caused by the passage
of time, but rather a biological process determined by the speed that
ROS are assimilated by the body, destroying cells, attacking tissues, and
affecting vital functions [14-17].

ROS produced by one’s own body play a role in the cell defence
system, destroying bacteria and viruses, decomposing chemical
pollutants, and neutralising toxins [18].

Living organisms and, particularly, the encephalus, are very
sensitive to the damage produced by FR [19]. Most probably, this is due
to the following factors: electron-rich neuronal biomolecules (histidine,
tryptophan, etc.) recognise the oxygen radical, an electrophilous
ROS (it alters histaminergic and serotoninergic systems); neuronal
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membranes are rich in polyunsaturated fatty acids (privileged
molecular substratum of ROS); neuronal mitochondria are represented
in large numbers (mitochondria are the cell core of FR); neurons are
easily subjected to dedifferentiation as a result of the attack by ROS on
the DNA (they lose their own genetic specialisation or differentiation
and turn into neuter cells, with no specific function); neuronal oxygen
is certainly present since the brain, unlike other organs and tissues, has
an overall aerobic energetic metabolism [20-24]. At the brain level,
there are small amounts of enzymatic and non-enzymatic antioxidants.
Vitamin C is an exception, as it has, at brain level, a concentration 50
times higher than in any other part of the organism [25].

This is the key-substance for the protection of the central nervous
system against FR. Neurons are “perennial cells” and the cumulated
lesions produced by ROS on the different cell structures could, in
time, degrade quantitatively and qualitatively, the neurotransmission
functions and result in behavioural changes [26]. The postulate of the
ageing theory is based on the reactions of FR involved in the changes
caused by ageing. The changes are associated with the environment,
with diseases, and with the intrinsic ageing process. This theory is
based on the chemical nature of the reactions of ROS and on their
omnipresence. The most reactive of all ROS is hydroxyl, which reacts
with deoxiribose and the bases of the DNA. As a result of the postulate
of the ageing theory, we can draw two conclusions on the relationship
between the deterioration of the DNA and maximum life span. The
increase agents/processes of the rate of deterioration of the DNA or
the decrease of DNA recovery can speed up the ageing process. Thus,
decreasing life span and apparent deterioration speed, we can decrease
proportionally the speed of the specific metabolism (the energetic
nutritional supplement). ROS are considered factors that cause cell
dedifferentiation since they react with chromatin, they change the bases
of the DNA, and they cause ruptures of the chain [27-29]; they induce
chromosomal aberrations and a long life in the species with a low rate
of accumulation of chromosomal aberrations; long life species have a
low rate of accumulation of age pigments, lipofuscine, because ageing
rate is proportional with metabolic rate for many different species [30-
32]. The factor determining the increase of the intensity of free radical
formation is oxygen activation. Due to the presence of this element
not only in the atmosphere but also in almost all the substances in the
body, the interaction of FR with oxygen is inevitable [33]. They attack
the existing pro-oxidants (substances/ions) for which the ROS have an
affinity. ROS occur in certain reactions of oxidoreduction resulting in
structural alterations, in most cases with the alteration of the biological
function (it becomes more hydrosoluble or it intervenes in another
chain of metabolic reactions) [34]. The human body has natural
antioxidants; they make up a complex of enzymes, vitamins, metals,
and aminoacids functioning in association at two levels: it identifies
ROS and guides them towards antioxidant molecules that neutralise
them and re-develop them again. Antioxidants donate or receive a
supplementary electron to neutralise ROS and to put an end to the
oxidation cascade of oxidation [35-37]. ROS forms at mitochondrial
level, during the respiratory chain, as well as a result of enzymatic
reactions. The speed of formation of ROS depends on the speed of
use of the oxygen, and it is directly proportional with the number of
mitochondria in the cell.

The importance of FR can only be understood if we know well their
role.

Evolutively, nature has selected and included in the human body,
reactions generating ROS with multiple roles: functional, intracellular

communication, or destructive, cytolitic. If, at molecular level, the main
target of the ROS is the free or protein groups SH, at cellular level, the
major goal is cell membranes. ROS can be formed in the body as a result
of endogenous metabolic activity or of the assimilation of chemical
pollutants-locally, at cell level, or in several tissues, simultaneously or
gradually. Because of their high reactivity, ROS has been incriminated
in many noxious body actions. As a conclusion, ROS and oxidative
stress play an important role in the induction of dysfunctions at cell
level and of different diseases at body level.

The balance between the antioxidant action of ROS and the level
of antioxidants in a body is essential for life and it characterizes the
capacity of resistance and adaptation of a living body.

“A perfection of means, and confusion of aims, seems to be our main
problem.” Albert Einstein
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