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Abstract

Oxidative stress research has been going on for a long time, but a review of recent free radicals
research literature presents little or no framework for translation into clinical practice. Instead,
there seems to be a paradigm shift whereby the current trend in oxidative stress research has
moved from the yet-to-be translated basic concepts to new hypotheses and theories that can hardly
be separated from the basics. This commentary focuses on the issue of ‘translating basic science
to clinical practice’; with a view to draw attention to untranslated basic concepts, some new
theories that are inseparable from the basic concepts, the gap between negative vs positive
research outcomes, and the gap between diagnostic pathology vs research in assessment of
oxidative stress. Attempt is made to explain how oxidative stress research can be adopted in
clinical practice and pathology, in particular. Importantly, this article identifies that the
confounding effects of various default metabolites with anti- or pro-oxidant properties require to
be acknowledged; and also hypothesize a framework to relate any new theory to the basics as well
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INTRODUCTION
Untranslated basic concepts

Oxidative stress research has been going on for over
sixty years. One of the major challenges facing adoption
in clinical practice is the choice of ideal biomarkers that
are informative for diagnosis and management of
diseases. The dilemma for choice for ideal markers in
part stems from the fact that there are complex
endogenous mechanisms for correction and repair of
oxidative damage [1] and that oxidative stress can be due
to reduced antioxidant protection and/or increase in free
radical production [2]. This is compounded by the fact
that there are numerous antioxidant and pro-oxidant
species whose contribution to oxidative stress is still not
clear and some of these compounds have oxidant and
antioxidant properties depending on the micro-
environment [3].

Several indices of oxidative stress are measured in
various disease and these include total oxidant capacity
[4] as well as H,O,, a product of partial reduction of
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molecular oxygen [5], thiobarbituric acid reactive
substances  (TBARS)  for lipid  peroxidation,
malondialdehyde (MDA) for lipid peroxidation [4, 6],
8-isoprostane for lipid peroxidation, and 8-hydroxy-2-
deoxyguanosine for DNA oxidation [7]. Peroxynitrite
(ONOQO)) nitrates proteins [8]; 3-nitrotyrosine (3-NT) is
therefore a biomarker for the generation of reactive
nitrogen intermediates [9]. Several endogenous
antioxidant enzymes including superoxide dismutase
(SOD), glutathione peroxidise (GSH-Px), glutathione
reductase and catalase (CAT) [6] counter the damaging
effects of free radicals [10].

Beside the requirements of substantiation and validity,
there is also a need for rational application of biomarkers
of oxidative stress to observational studies and clinical
trials [11]. It has been identified that appropriate
participant selection is a panacea for consistent outcomes
in antioxidant trials; for instance, the need to select
patients who show evidence of pro-oxidant [12]. On
association of oxidative stress with various diseases of
interest, increased SOD and CAT red blood cells’
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activities in farmers as a result of pesticide exposure
were observed. The report attributed the increased SOD
activity to activation of compensatory mechanism
through the effects of pesticides on progenitor cells,
while the high CAT activities were possibly adaptive
responses to the produced free radicals [13]. In
Alzheimer’s disease there is a decrease in antioxidant
capacity and beta amyloids also possibly act as pro-
oxidants and combine with redox active metals to form
reactive oxygen and nitrogen species (ROS and RNS)
[14]. Such observations link directly or indirectly pro-
oxidant production to pesticide exposure. Conducting
animal experimentation in a manner which is not
compatible to human volunteer experimentation is not
necessary as the experimental outcome would be
unverifiable and untranslatable to clinical practice. In
other words, research methodology should be such that it
can be duplicated in a clinical setting, which would also
include validated diagnostic biomarkers. The point being
brought to the fore is that it is important to have a basic
oxidative stress concept that is experimented by a
laboratory method and can be duplicated in a diagnostic
pathology.

CURRENT EVIDENCE
Some theories inseparable from the basic concepts

Reactive ‘nitrogen’ vs ‘oxygen’ species: one of the
theories in oxidative stress research is that RNS are more
potent oxidants than ROS. It is argued that oxidative
stress is not sufficient to explain cellular damage while
conventional antioxidants have been less useful than
expected, and that nitro-oxidative stress is now
considered as the fundamental harmful mechanism
instead of oxidative stress. Therefore, a paradigm shift is
now from oxidative stress management to nitrosative
stress management [1, 15-17]. Yet, it is known that RNS
arise as product(s) of reaction(s) of ROS, or even
regarded as a subset of ROS [18].

The question is of a framework to monitor oxidative
stress by laboratory methods. Though, superoxide anion
(O,*) reacts with the nitrogen-centered radical nitric
oxide (NOe) to form the ONOQO'; the development of
ONOO" decomposition catalysts as a potential
therapeutic agent is now being suggested [17].

0O, + NO - ONOO’

It may be difficult to separate RNS from ROS in several
aspects. The reactive species are formed as part of
normal physiology, and are associated with oxidative
damage of the mitochondria, which underlies the concept
that oxidative stress is synonymous with mitochondrial
dysfunction or cytotoxicity. Further, they are both
capable of altering cellular responses [19], and the
tendency of reduced glutathione (GSH) to attenuate both
RNS and ROS is apparent. Thus, we re-echo a recent
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hypothesis that specific interactions between RNS and
ROS are involved in causing the vulnerability to
oxidative damage [20]. We also hypothesize that normal
levels of GSH and its co-antioxidant network, including
coenzyme Q, vitamins C and E [21], as well as bilirubin
and uric acid [22], would confound RNS effects.

Despite the availability of a number of ROS and RNS
and associated enzymes to measure and assess oxidative
stress, few studies have been done to compare the two
different reactive species. There is indication that cells
can repair damage after nitrosative stress but not after
oxidative stress [23], and there is also the opinion that
RNS may be more potent than ROS [1]. Both NO« and
O,+ are at the center of the complex interactions,
whereby, in a simplified illustration (Fig.1), they have
alternative pathways. Nitric oxide reacts with superoxide
to form ONOO", which, under physiological conditions,
exists in a dynamic equilibrium with peroxynitrous acid
(ONOOH). What needs to be appreciated is that shifts in
this equilibrium may show little no difference in damage
potential. At equilibrium, up to 30% ONOOH could
convert to nitrogen dioxide (NO,¢) and hydroxyl (*OH)
radicals. If there is a shift in the equilibrium that limits
the ‘NOe + O,¢” reaction, NO+ would go on to produce
NO,e, while O, would form hydrogen peroxide (H,O,)
that could feed forward to NO,* and/or *OH formation
[24]. Comparison or differentiation may be difficult,
especially as both ROS and RNS can interact, integrate
and synergize to cause oxidative damage. Therefore, the
growing preference for RNS to ROS is subject to debate.

Metabolic waste products vs antioxidant activity:
another set of theories in oxidative stress research is
whether known metabolic waste products including uric
acid and bilirubin are antioxidants in addition to their
toxic properties. Uric acid is still being investigated and
speculated for its antioxidant benefit. For instance, it was
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Fig. 1. Simplified interactions between reactive oxygen and nitrogen
species. Both nitric oxide (NO+) and superoxide (O,*) are at the center
of the complex interactions, whereby they have alternative pathways.
NO- reacts with O to form peroxynitrite (ONOO"), which under
physiological conditions, exists in a dynamic equilibrium with
peroxynitrous acid (ONOOH). At equilibrium, up to 30% ONOOH
could convert to nitrogen dioxide (NO2¢) and hydroxyl (*OH) radicals.
If there is a shift in the equilibrium that limits the ‘NO- + O,+™ reaction,
NO- would go on to produce NO,* while O+ would go on to form
hydrogen peroxide (H,0,), and could feed forward to NO and/or *OH
formation. Thus, with or without equilibrium, NO* and O, would
produce deleterious NO, and *OH [24].
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just recently investigated whether uric acid serves as risk
factor for cardiovascular diseases or as antioxidant
defence. The report suggested that hyperuricemia
improves physical activity after cardiac rehabilitation
and might reflect the decline in antioxidant defences that
occurs in old age [25]. However, an earlier report, which
investigated whether regular physical activity results in
hyperuricemia, indicated that intense physical function is
associated with increased uric acid and a risk to
immobility [26]; that is, physical activity is a cause, not
an effect, of hyperuricemia. Further, the association of
hyperuricemia with diseases are still being reported
[27-31]. On bilirubin, suffice to say that while further
toxic effect such as nephrotoxicity are still being
reported [32-34], it is also speculated to show
antioxidant protection effects on cardiovascular disease
albeit at physiological level [35, 36].

We reviewed archive laboratory data, firstly to determine
association and correlation of serum uric acid, albumin
and estimated glomerular filtration rate (eGFR) in order
to identify the potential of renal function testing in
evaluation of oxidative stress. We observed that serum
albumin levels were reduced as eGFR decreased and
there was also an inverse relationship between eGFR and
serum uric acid levels [37]. Secondly, on the basis that
erythrocyte  oxidative stress can cause both
hyperviscosity and intravascular hemolysis with the
latter able to cause hyperbilirubinemia, we evaluated the
association and correlation of blood viscosity and
bilirubin levels in a general population and observed a
weak positive correlation between blood viscosity and
bilirubinemia [38].

The results from our evaluations uphold the ancient
concepts that hyperbilirubinemia and hyperuricemia are
epiphenomenal to pathophysiology. If our interpretation
is wrong, it is pertinent to know how to interpret and
optimize the tests. For instance, it is important to know
how bilirubin or uric acid would be useful as antioxidant
therapeutic agents. It will be of interest for proponents of
antioxidant activities of serum bilirubin and uric acid to
know that interpretation of the levels of these
metabolites can be taken into account in therapeutic
management of patients.

The gap between negative and positive research
outcomes is no real conflict

The objective of this section is to re-address the conflict
between experimental positive (presence of antioxidant
effect) and observational negative (no antioxidant effect)
reports from antioxidant studies. Using three reports:
observational negative, observational neutral and an
experimental positive cardiovascular outcomes, critical
points are brought to the fore that experimental and
observational results are not conflicting, but a factor of
different research protocols on the effectiveness of
antioxidant in cardiovascular disease [39].

http://www.oamsjournal.com

In this paper, reference is made to the seemingly
conflicting reports on effectiveness of antioxidants in
Down’s syndrome:

Negative report: a study evaluated the efficacy and
toxicity of antioxidants in people with Down’s syndrome
and the methodology involved semi-independent
individuals who were on psychotropic and Parkinson
disease medications. Both the control and treated groups
had participants with existing moderate to severe levels
of cognitive impairment. Further, vitamin E supplement
administered to the treated group was 900 IU, in addition
to 200 mg of ascorbic acid and 600 mg of alpha-lipoic
acid. The results showed that compared to the placebo
group the group administered antioxidant supplements
neither improved cognitive functioning nor stabilization
of cognitive decline possibly implying there was existing
damage, which vitamin E supplementation alone could
not reverse [40].

Positive report: in a mouse model of Down’s syndrome
that evaluated oxidative stress and assessed the efficacy
of long-term antioxidant administration, it was reported
that vitamin E delayed the onset of cognitive and
morphological abnormalities [41]. The study protocol
involved administration of vitamin E corresponding to
3000 IU for adult human.

Clearly, the two study protocols presented are not
replicas of each other. Thus, it is incorrect to say they are
conflicting. An error in oxidative stress studies that try to
link research to clinical practice and involves reporting
negative or no antioxidant effect is that at least one of the
following three facts is often overlooked:

e Antioxidant imbalance means disturbance in
antioxidant homeostasis. Antioxidant therapies can
only improve existing imbalance in co-antioxidant
network, thereby alleviate oxidative stress and
prevent further oxidative damage

e Antioxidant therapy does not necessarily reverse any
damage that has already occurred, or treats the
cellular injury that disrupted its balance or
homeostasis. Down’s syndrome is caused by the
presence of an extra copy of or all of chromosome 21
[42]. Thus, where cognitive impairment is associated
with Down’s syndrome, it is our view that
antioxidant would not delete the extra copy of
chromosome 21.

e While experimental animals are regimented equally
in their activities, clients in human observational
studies are still exposed to varying levels of stress of
daily life, which depends on the individuals’
circumstances that are not within the control of the
researcher.

The argument is that there is no real conflict in findings
between  negative  observational and  positive
experimental studies. On one hand, observational studies
vis-a-vis clinical trials are yet to exactly duplicate the
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conditions and protocols of experimental studies with a
view to limit confounding factors. On the other,
experimental  studies need to adopt research
methodologies that can be duplicated in human studies.
This view is supported by the report that inappropriate
patient selection is one of the reasons for inconsistent
outcomes in antioxidant trials [12]. The hypothesis
hereby propagated is that observational study that
exactly duplicates an experimental study could obtain
near, if not exact, result. Hence, the framework being
suggested here is that every experimental study should
give recourse to clinical confounding factors in order to
enable validation for practice.

THE IMPORTANCE OF THE HYPOTHESES

Application of antioxidant and oxidative stress
knowledge to patient care

A cursory comparison of current vs past trend in
oxidative stress research will reveal little or no
framework for translation oxidative stress research
methods and/or theories into clinical practice. Instead,
there is continuing shift of emphasis in theories. The
current trend in oxidative stress research has moved from
the yet-to-be translated basic concepts to new hypotheses
and theories that can hardly be separated from the basics.
This commentary re-visits the topic of ‘translating basic
science to clinical practice’ or ‘from research to bedside’
in oxidative stress research. If it is essential to relate
knowledge to what it talks about [43], relating
knowledge of antioxidant and oxidative stress to patient-
care in conventional medical practice is important.

Implications for research methods and reagents

Perhaps another salient point of note is that analytical
methods for oxidative stress research are not validated
for use in clinical practice. Several indices of oxidative
stress including biomarkers of RNS and ROS as well as
indices of oxidative damage have been identified for a
long time. For instance, GSH method has been
standardized and reference value determined [44], but
available reagents in the market are designated for
‘research use only’. Such reagents have to be upgraded
and validated for ‘in vitro diagnostic use’, so that
diagnostic pathology can duplicate experimental
methodology with valid standard operational procedure.
Otherwise, the issue remains how to compare apple with
apple, or ‘translating basic science to clinical practice’.
The same importance applies to emerging computer-
based diagnostic technologies, which is highlighted in
the third article of this series [45].

Further, it is known that medical knowledge consists of
norms, hypotheses and theories. Whereas some
hypotheses are verifiable, most theories are empirically
not testable at all due to non-existence of statements of
facts [43]. Good examples that have been brought to the

228

fore in this article include the concept that bilirubin and
uric acid are antioxidants. It is essential that proponents
of these theories come up with a hypothesis on how
bilirubin and/or uric acid would be useful as antioxidant
therapeutic agents, i.e. considering their toxicities as
waste products of metabolism.

CONCLUSION

The overreaching conclusion is that new biomarkers or
theories should be rationalized and related with basic
paradigm. Experimental oxidative stress assessment
methods, especially in animals, need to use protocols
that should be applicable and replicable in diagnostic
pathology. This is necessary for comparison of results
from experimental vs observational studies to be
comparing apple with apple.
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