OXIDATIVE STRESS

and its implication in disease
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Diagnostic options
The harmful effects of ROS/RNS are mainly counteracted by an intricate antioxidant defense system. It
includes on the one hand endogenous enzymatic antioxidants as superoxide dismutase (SOD), catalase and
glutathione peroxidase (GPX) and on the other hand
a variety of other non-enzymatic antioxidants. These
include carotinoids, ascorbate, ubiquinone, thiols, glutathione and several trace elements.

Laboratoires Réunis offers a variety of different
parameters for the determination of oxidative
stress and the antioxidative status, e.g.:
Antioxidative capacity
Glutathione profile
(reduced, oxidized and total)
Glutathione peroxidase
Superoxide dismutase

Clinical significance

Ubiquinone

The degree of oxidative stress is determined by the
balance of ROS/RNS production and the antioxidative
defense capacity of the body. Under normal physiological conditions, cell generated ROS are neutralized
by the action of antioxidants and antioxidant enzymes.
Should these systems falter can the resulting oxidative
stress and following, the accumulation of ROS/RNS
induce relevant cellular damage, including DNA damage, metabolic disorders or generate inflammatory
reactions. Since these highly-reactive oxygen/nitrogen
species circulate within the blood, they can access all
organs and tissues; particularly neuronal and endothelial cells are susceptible to oxidative stress damage.

Selenium
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Vitamin E/Vitamin A

Zinc
Methylmalonic acid
Specific marker for nitrosative stress:
Citrullin

and its implication in disease

Specific markers of lipid peroxidation:
Malondialdehyde
Oxidized LDL
Specific marker for DNA damage:

Therefore, a multitude of diseases and processes are
associated with or accelerated by oxidative stress:

Oxidative
stress

8-Hydroxydesoxyguanosine

Ageing
Arteriosclerosis and cardiovascular disease
Boost of systemic inflammatory processes
Neurodegenerative diseases
(Parkinson’s disease, Alzheimer’s disease)
Cancer
Rheumatoid arthritis
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At a glance
Oxidative stress mechanisms are implicated in many
disease conditions in the human body. The term oxidative stress reflects an imbalance in free radical formation within a cell or organism and the capacity of the
human body to detoxify their harmful effects by antioxidants. It is a condition in which cells are subjected
to excessive levels of molecular oxygen or its chemical
derivatives called reactive oxygen species (ROS) and to
reactive nitrogen species (RNS) both being implicated
in the cause of many diseases.
ROS are highly reactive oxygen containing molecules
with one or more unpaired electrons. They are formed
as intermediates in various normal biochemical reactions. RNS are formed by the combination of nitric oxide with superoxide anions resulting in the generation
of peroxynitrite. Only when produced in abundance
ROS/RNS are implicated in relevant damage within the
human body.

EXOGENOUS
FACTORS
Smoking

There are several physiological/endogenous sources
for the generation of ROS/RNS. They are formed as byproducts of normal and essential metabolic reactions:
During energy generation in the mitochondria
Furthermore, superoxide, other ROS and RNS are
deployed by the immune system during inflammation and infection defense. In phagocytes,
ROS are produced in large quantities for the use
in oxygen-dependent killing mechanisms against
invading pathogens and microorganisms.
During detoxification reactions involving the
liver cytochrome P-450 enzyme system and additionally, during normal biological processes various enzymes such as oxidases and dehydrogenases contribute to the formation of ROS and RNS.
But not only physiological processes lead to the formation of free radicals and ROS. Exogenous environmental factors like UV-light, radioactivity, ozone,
chemicals and pollutants, lifestyle factors such as smoking, stress and
some drugs can also result
in a significant amount of
ROS production.

Radioactivity

Antioxidative Capacity:

Glutathione profile:

Ubiquinone, Q10:

Selenium:

The test determines the total capacity of the plasma to detoxify
peroxides, which are reaction products of free radicals. The higher the oxidative challenge the lower the antioxidative capacity.

Glutathione is a tripeptide consisting of glutamine acid, glycine
and cysteine. It is an important antioxidant and co-enzyme that
is formed in the liver. It exists in a reduced and an oxidized form.
With the glutathione profile the reduced, the oxidized and the
total glutathione is determined.

Ubiquinone is synthesized by the human organism but can
also be found in small amounts in food. Co-enzyme Q10 fulfills a vital role during energy production in the mitochondria.
It is known to be highly concentrated in heart muscle cells,
brain and liver cells due to the high energy requirements of
these cell types. Its reduced form is able to inhibit the lipidperoxidation and thus it exerts a powerful antioxidative activity.
Q10 levels are reported to decrease with age and chronic disease as heart disease, Parkinson’s disease, cancer and diabetes.

Sample: Serum

Sample: EDTA

Sample: EDTA

Method: ELISA

Method: HPLC

Method: HPLC

Selenium is a component of a variety of important enzymes
that are protective against oxidative stress and that are necessary for a functioning immune-system. It is a cofactor required
to maintain the activity of glutathione peroxidase (GPX), an
enzyme that catalyzes the degradation of organic hydroperoxides. Selenium cannot be produced by the human body and
as a consequence has to be ingested with the food. In certain
cases, the concentration of ingested selenium is not sufficient
and a supplementation is recommended. Risk groups for a
selenium deficiency are patients with gastro-intestinal dysfunctions, kidney problems or chronic inflammations, patients
with cellular and humoral immune deficiency, vegans and patients with a special diet.

Therefore, the analysis of the antioxidative capacity gives a first
overview about the antioxidative protection system and represents a basic-screening method for oxidative stress.

Sample: EDTA

Glutathione peroxidase (GPX) activity:

Superoxide dismutase (SOD) activity:

Malondialdehyde/oxidized LDL:

GPX is localized in the cytoplasm and in the mitochondria. Its
substrate is glutathione. Its proper enzymatic function is dependent on adequate levels of selenium. GPX catalyses the reduction
of hydrogen peroxide to water, with the simultaneous conversion
of reduced glutathione to oxidised glutathione; GPX is therefore
an important antioxidant. The activity of GPX can be impaired by
the accumulation of peroxidized lipids in the mitochondria and
in the cellular membrane.

SOD is present in the cytosol (zinc and copper-dependent SOD)
and in mitochondria (manganese-dependent SOD). The SOD
converts superoxide radicals into H2O2. An optimal activity of
SOD and GPX is necessary in order to protect against damages
resulting from free radical production.

Malondialdehyde and oxidized LDL are important markers for
lipidperoxidation. They are formed due to free radical attacks
on cellular lipid membranes and lipoproteins (i.e. LDL). Malondialdehyde (MDA) is an end-product of the radical-initiated
oxidative decomposition of polyunsaturated fatty acids and
is a reactive carbonyl compound that is both mutagenic and
carcinogenic.

Decreased levels of SOD activity can be observed in cases of rheumatoid arthritis, glucose intolerance and with age.

The oxidation of LDL occurs when the LDL cholesterol particles in the body react with free radicals. The modification of
LDL cholesterol by oxidation is one of the first steps in the
development of atherosclerosis. Oxidized LDL is taken up by
activated macrophages via their scavenger receptors, resulting
in foam cell formation, vascular inflammation and the initiation of atherosclerosis.

Sample: EDTA

Sample: EDTA

Method: Photometry

Method: Photometry

Methylmalonic acid:

Vitamin E/Vitamin A:

Elevated levels of oxidized LDL are associated with accelerated
atherogenesis, coronary artery disease, metabolic syndrome,
diabetes and angina.

Method: Atomic absorption spectometry

8-Hydroxydesoxyguanosin (8-OH-dG):
8-hydroxy-2’-deoxyguanosine (8-OH-dG) is produced by the
oxidative damage of DNA caused by free radicals. Measurement of the urinary level of the DNA oxidative stress marker
8-OH-dG allows quantifying the DNA damage which can be
coupled with pathophysiological processes, environmental
and age related diseases (e.g. cell aging, degenerative diseases, cancer…).

Sample: Urine
Method: ELISA

Citrullin:

UV-light
Air pollution

FORMATION OF
ROS/RNS

Physical stress
Unbalanced diet

ENDOGENOUS
FACTORS
Cell respiration
Inflammation
Infection defense
Detoxification

DAMAGE OF
PROTEINS

DAMAGE
OF DNA

LIPIDPEROXIDATION

Sample: Heparin
Method: HPLC

Methylmalonic acid (MMA) is an early and sensitive predictive
marker for a vitamin B12 deficiency. MMA acts as a coenzyme
of the methylmalonyl-CoA mutase which catalyzes the reaction
of methylmalonyl-CoA to succinyl-CoA in the citric acid cycle. In
case of a decreased availability of vitamin B12 methylmalonylCoA accumulates and is then further metabolized to MMA. As a
consequence increased concentrations of MMA can be detected
in the urine. Increased values of methylmalonic acid (MMA) can
already be found when the vitamin B12 level is still in the normal
reference range.

Vitamin E is a lipophilic vitamin that is hydrolyzed and absorbed
by the intestinal membrane. It has a high antioxidative potential
and prevents the propagation of lipid peroxidation induced by
oxidative stress.

Sample: Urine

Sample: Serum

Sample: EDTA/heparin

Method: LCMS

Method: HPLC

Method: Atomic absorption spectrometry

Vitamin A is a fat soluble vitamin that is involved in neuronal
tissue development and plasticity. It possesses an effective antioxidant property and thus plays a significant role in scavenging
free radicals.

Zinc:
Zinc is an essential trace element that is involved in more than
300 enzymatic metabolic processes and which plays an important part for the body’s immune defence. As a component of
the superoxide dismutase (SOD) zinc plays an important role
in the elimination of free radicals while it is also an essential
component of insulin action and sugar metabolism.

During nitrosative stress the formation of radicals as nitric oxide (NO), peroxynitrite and nitrotyrosin occurs. NO is generated from arginine by the enzyme NO synthetase. Citrulline is
formed as a by-product of this reaction which can be measured in blood and urine. With increasing nitrosative stress
higher citrulline values can be measured. Therefore, citrulline
is a relevant marker for nitrosative stress.

Sample: EDTA or urine
Method: LCMS

