Journal of Controversies in Biomedical Research 2015; 1(1):23-27.
DOI: http://dx.doi.org/ 10.15586/jcbmr.2015.7

Commentary

Reactive Oxygen Species in Disease:
Rebuttal of a Conventional Concept

Luis Vitettal.2, Samantha Coulson!2, Anthony W Linnane!-2

1The University of Sydney, Sydney Medical School — Medical Sciences, Discipline of Pharmacology,
Australia; 2 Medlab Clinical Ltd., Sydney, Australia.

Abstract

The production of intracellular reactive oxygen species and reactive nitrogen species has long
been proposed as leading to the random deleterious modification of macromolecules (i.e.,
nucleic acids, proteins) with an associated progressive development of the age associated
systemic diseases (e.g., diabetes, Parkinson’s disease) as well as contributing to the ageing
process. Superoxide anion (hydrogen peroxide) and nitric oxide (peroxynitrite) comprise
regulated intracellular second messenger pro-oxidant systems, with specific sub-cellular
locales of production and are essential for the normal function of the metabolome and cellular
electro-physiology. We have posited that the formation of superoxide anion and its metabolic
product hydrogen peroxide, and nitric oxide, do not conditionally lead to random damage of
macromolecular species such as nucleic acids or proteins. Under normal physiological
conditions their production is intrinsically regulated that is very much consistent with their
second messenger purpose of function. We further propose that the concept of an orally
administered small molecule antioxidant as a therapy to abrogate free radical activity (to
control oxidative stress) is a chimera. As such we consider that free radicals are not a major
overwhelming player in the development of the chronic diseases or the ageing process.
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Introduction

Numerous compounds that have been
isolated from foods, nutrients and herbal

medicines, commonly defined as
antioxidants, have been advanced as
molecules that can effectively

counterbalance the over-production of free
radicals produced by intracellular oxidation
reactions in the expectation of ameliorating
symptoms of the chronic diseases. It has
been reported that the body can function

effectively with low levels of free radicals but
if there is an overload of reactive oxygen
species (ROS) and or reactive nitrogen
species (RNS) that then there is an increased
risk for diabetes, chronic kidney disease,
heart disease, cancer, and other chronic
diseases. @We have challenged the
antioxidant—free radical theory of chronic
diseases and ageing and advanced the idea
that there is a critical requirement for free
radicals that is consistent with their
intracellular second messenger functions
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(1-3), a fact that is rarely acknowledged in
such studies.

Antioxidant supplements are among the
most popular over-the-counter health
products in the world with a net worth of
billions of dollars in global sales without the
requirement of a health practitioner’s
prescription (4,5). The motivation for this
influx of high market value is largely based
on in vitro research models conducted to
demonstrate that free radicals could be

counterbalanced suggesting that
antioxidant compounds in foods and
supplements could benefit health by

abrogating the over production of free
radicals.

There has been a plethora of investigations
on antioxidants and the rescuing of the
asserted oxidative damage to
macromolecules that ensues. However the
conclusions emanating from the in vitro and
in vivo experimental models have no
relevance to normal physiological function
and therefore the significance to the risk of
developing a chronic disease or affecting the
ageing process is a null effect (1). Hydrogen
peroxide is the immediately obvious
substance employed in such investigations
with thousands of articles in the medical
and scientific literature reporting it as
causal for macromolecular damage and
severe cellular toxicity. The demonstration
of cellular toxicity is based on employing
hydrogen peroxide levels that far exceed
those observed under normal physiological
conditions, otherwise it is cited that at lower
levels the phenomenon is not detectable.
The hypothesis that is advanced and
justified is that the high levels of hydrogen
peroxide are requisite in order to
demonstrate the toxic effect that hydrogen
peroxide has on cells and its complement of
macromolecules. Additional experiments
investigating the levels of cellular catalase
and glutathione peroxidase, which function
to regulate the level of hydrogen peroxide,
further postulate that these enzyme systems
prevent the cellular damage that hydrogen
peroxide may cause. In contrast to this,
hydrogen peroxide is not a toxic compound
at physiological levels (1).

This commentary discusses in brief the role
of these second messengers in the
regulation of the metabolome in terms of
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radical formation as an  essential
contributor to the physiologically normal
regulation of sub-cellular bioenergy
systems; proteolysis regulation,;
transcription activation; enzyme activation;
mitochondrial DNA  changes; redox
regulation of metabolism and cell
differentiation (1).

Historical view and contradictions

Historically, @Harman (6) in 1956
hypothesized that free radicals (also termed
oxygen radical formation) was a major
injurious contributor to the ageing process
and degenerative diseases due to their
attack on cell constituents (macromolecules
such as DNA, proteins, cell membranes) and
connective tissues. An extensive set of
experiments followed that received strong
support for the hypothesis that free radicals
were causal for oxidative damage. Boveris
and Chance (7) in 1973 showed that large
amounts of superoxide anions were
generated by the mitochondrial electron
transport chain during the phase of
oxidative phosphorylation of the Kreb’s
cycle, whereby complex I and II reduced
coenzyme Q10 and its oxidation by complex
III. Furthermore, Chance and colleagues (8)
then reported in 1979 and estimated that 1-
3% of inspired oxygen was converted to
ROS, which would indeed be toxic to cells.
Chance’s experiments however, were
contradicted when Staniek and Nohl (9) in
2000 and St-Pierre and colleagues (10) in
2002 demonstrated that intact normally
respiring mitochondria were not observed to
produce high concentrations of ROS and
that the earlier extrapolations of superoxide
anion and hydrogen peroxide were over
estimations by several orders of magnitude.
Therefore, the high amounts of ROS were
not produced in physiologically normally
respiring human mitochondria and that the
human  cellular metabolome  tightly
regulates the production of ROS/RNS. This
then indicating that oxidative damage did
not occur unless the system was induced to
do so in a non-physiological experimental
setting.

Is oxidative damage involved in
depressive disorder?

In a recent review by Tobe (11),
investigations on mitochondrial dysfunction
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and oxidative damage in major depressive
disorder were considered. The human
studies described in that review were based
on brain imaging captured via magnetic
resonance imaging and post mortem
histologic studies. It was suggested that the
decreased size of the brain, decreased glial
cell density and neuronal size linked with
major depressive disorder, biopolar or
schizophrenia were due to oxidative stress.
There was no scientific or mechanistic
explanation that confirmed this suggestion
nor was it associated with a systemic
overproduction of free radicals. The basis of
the discussion was reverted to animal
studies, which had established a non-
physiological environment that was causal
for increased ROS production, inhibition of
mitochondrial respiration and oxidative
DNA damage (12-14). Such investigations
reinforce and reiterate that oxidative
damage does not occur under normal
physiological conditions. The cellular
damage alluded to in those investigations
occurs in a set of experiments with induced
abnormal productions of ROS/RNS.

Is antioxidant therapy beneficial?

Additional recent experiments by others (15)
have questioned the role of antioxidant
supplementations, suggesting that
introduction of antioxidants may cause
antioxidant-induced stress whereby these
compounds overwhelm the body’s free
radical production disrupting cellular redox
balance. Many investigators report benefits
of antioxidant administration however there
are only a few that question the possible
harmful effects (16). Free radicals have been
designated and repeatedly reported as
largely harmful chemical entities and as
such have a negative impact on cellular
metabolism and mitochondria and therefore
are causal for macromolecular oxidative
damage (16). However, it has been reported
that ROS and RNS participate in specific
functions and play an important role in
signal transduction in many physiological
events (1-3, 9,10). ROS and RNS play a
significant role in signal transduction of

cytokine receptors, tyrosine receptors,
serine/threonine kinases, G  protein-
coupled receptors, ion-channel linked

receptors in response to angiotension II,
cytokines, glutamate, epidermal growth
factor, vascular endothelial growth factor,
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tumour necrosis factor alpha and platelet
derived growth factor (15, 16). Furthermore,
hydrogen peroxide is a known mitogen (1).

Villanueva and Kross (15) form the
argument that excess consumption of
administered antioxidants can overwhelm
the cellular function of ROS / RNS and
therefore decrease their biological function
within cells. This deleterious action then
goes on to interfere with the normal cellular
processes and requirements by disrupting
biochemical and physiological activity
required for normal cellular function. They
list nine trials indicating no effect from
antioxidant supplementation and six trials
that found harmful effects from antioxidant
supplementation versus twelve that
reported a benefit (15). This body of evidence
raises a further query and concern as to
antioxidant supplementation benefits
versus safety.

The question may not only be if antioxidant
supplementation is beneficial or detrimental
but is there an antioxidant effect? What has
been reported is that antioxidants that are
referred to in the literature can also be
designated as pro-oxidants, inducing the
formation of hydrogen peroxide, a necessary
biochemical requisite for optimal cellular
function. It would hence seem that
antioxidants promote healthy cellular
metabolism by providing a regulated oxido-
reductase activity. Coenzyme Q10 is such
an example. Coenzyme Q10 is a key
component of the oxidative phosphorylation
section of energy production and electron
transport chain as well as other organelle
oxido-reductase activity (3). Coenzyme Q10
has been labeled as a strict antioxidant
however it also has a pro-oxidant function
through the formation of superoxide anion
and hydrogen peroxide that is a major factor
in its beneficial mode of activity (3).

Reprise

The human metabolome is an expression of
a finely tuned dynamic equilibrium, which
is comprised of thousands of anabolic and
catabolic reactions and all cellular systems
are finely regulated. However, there is no
perfect machine and malfunctions can
occur (1). If there is a small inappropriate
leakage of free radicals, the mitochondria or
cell can be damaged and will go into
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apoptosis (death) and cannot continue to
function in a compromised state as
suggested by some authors (17,18).
Currently, there are no blinded human
clinical trials establishing excessive
systemic over production of reactive oxygen
species as the primary cause of aging or
associated diseases (1).

The canon belief that the production of ROS
and RNS leads to random deleterious
modification of macromolecular species,
mitochondria and cellular metabolism and
that oxidative damage is a major contributor
to ageing and related systemic diseases is
untenable. Furthermore, the administration
of antioxidants such as vitamin A, C, E,
compounds found in herbs or coenzyme
Q10 that can ameliorate oxidative stress is
flawed. ROS and RNS are products of
normal cellular metabolism and are
necessary for normal  physiological
functioning of the organism.

Furthermore, consider as an extreme
malfunction of the superoxide anion/NO
systems that are often cited in support of the
free radical damage theory. The first, is
septic shock which affects a small number
of individuals arises from phagocytic cells
over producing the radicals consequent on a
microbial infection that leads to an
unrelenting and life taking arterial
hypotension unless the causative infection
is resolved. Secondly, the alternating view
is exemplified by chronic granulomatous
disease, a rare immuno-deficiency disease
arising from a phox 67 mutation that is
characterized by the inability of neutrophils
to adequately respond to a microbial
infection. The cells of the immune system
under produce superoxide anion/nitric
oxide and most patients die from
overwhelming infections at an early age as a
result of the deficit.

Conclusion

Antioxidants can also act as pro-oxidants
(e.g. ascorbic acid) therefore readdressing
the action of these molecules to oxido-
reductase molecules may serve researchers
with a more appropriate mode of action for
further investigations of efficacy. The
antioxidant compounds marketed still play
a vital role and should be included in a
prescription of health. However, additional
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clinically relevant research is required
though, that considers that the evolutionary
progression of humans has become
dependent upon the production of ROS and
RNS formation. Reassessment of the
antioxidant theory and a new paradigm of
thinking are certainly required.
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