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Oxidative Stress Analysis Blood/Urine

M E T A B O L I C

A S S E S S M E N T S

What this test does:
Pinpoints the metabolic deficiencies
that accelerate the aging process and
lead to degenerative diseases.

Turn-around Time 7 days

Overview For the past several decades, physicians and researchers alike have studied oxida-
tive stress in the body. More recently, attention has been focused on the many disor-
ders tied into free radical chemistry (such as diabetes) and its strong link to the aging
process. While the biochemical significance of oxidative stress has been understood
for some time, it has been more difficult to assess its impact upon individuals and
then measure effectiveness of therapeutic intervention.
Genova Diagnostics has developed a sensitive assessment utilizing acetaminophen
and salicylate challenges to evaluate oxidative stress status, antioxidant reserve and
the interrelationship with hepatic detoxification. This test allows clinicians to develop
individual therapies for patients and monitor treatment progress.

Oxidants and Antioxidants Dr. Jeffrey Bland has recently published a comprehensive review of oxidants and
antioxidants in clinical medicine, portions of which have been excerpted in the fol-
lowing discussion. Bland’s review discusses oxidative stress in much greater detail
than can be done herein, and is strongly recommended for additional reading.1

In a seminal paper published in 1957, Harman noted that free radicals increase with
increasing metabolic activity and are related to alterations in biological oxidation/
reduction reactions.2 He suggested that aging and the degenerative diseases associ-
ated with it may be attributed to the deleterious side-effects of free  radicals on cellu-
lar constituents and that antioxidants may play a very important role in helping to pro-
tect against free radical oxidative damage.
During the early 1970s, Irwin Fridovich posited that one of the most important oxidants
in the cellular systems could be superoxide, which is created as a consequence of
the univalent reduction of molecular oxygen to a free radical-like species.3 The late
Linus Pauling was the first to propose that oxygen could be converted to superoxide
by a variety of chemicals and physical methods and could be important in physiology.
The birth of the field of free radical biology can be attributed in part to Pauling’s pio-
neering work in inorganic chemistry, which occurred in the 1920s.4

More recently, Sies described the physiological state associated with increased 
production of reactive oxygen species (ROS) as a state of “oxidative stress.”5 In 1985,
he defined oxidative stress as a disturbance in the pro-oxidant/ antioxidant balance in
favor of the pro-oxidant state. In this situation the organism is under increased expo-
sure to reactive oxygen species which participate in free radical-induced alterations
of cellular components through exponential chain radical-carrying mechanisms. 

Oxidative Stress Protection against the pathology induced by these oxidant species is provided by a
broad class of protective agents termed antioxidants, represented by both the small
molecules such as tocopherol and ascorbate, and enzymes such as superoxide dis-
mutase and glutathione peroxidase.
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Oxidative stress at the cellular
level results from many factors,
including exposure to alcohol,
medications, trauma, cold, toxins
or radiation (Figure 1). Oxidative
stress also can be a conse-
quence of liver exposure to xeno-
biotic substances which induce
oxidative reactions through
upregulation of the cytochrome 
P-450 mixed function oxidase 
system. This process can deplete
specific cellular antioxidants 
such as glutathione, vitamin C 
or vitamin E.

Free Radicals Free radicals can be generated in
a wide variety of normal physio-
logical functions (Figure 2). In
some cases they are protective in
nature but they can be harmful if
not processed rapidly. Free radi-
cals and lipid peroxides have
been found to be elevated in
patients with rheumatoid arthritis
and systemic lupus erythemato-
sus, as well as patients with
glomerular disorders.6,7 They play
an important role in regulating
hypertension through the 
degradation of prostacyclin 
and nitric oxide.8

Free radicals have been implicat-
ed in the etiology of diabetes and
potentially in some of its long term complications through the destruction of pancre-
atic beta cells.9 Notably, patients with Type I diabetes and angiopathy were found to
have substantially higher lipid peroxides than controls, leading to the suggestion that
this might be involved in the development 
of atherosclerosis.  
Reactive oxygen species have also been implicated in the development of tissue
damage in ulcerative colitis, in breast cancer risk where lipid peroxides were 
found to be highest in women with mammographic dysplasia, and in a variety of 
liver diseases.10-12 

All these processes have the potential to impact one another through the free 
radicals that they generate.
The free radical mechanisms of the human body might be viewed in analogy to an
army that has the potential for great good, but must be kept well disciplined and well
fed. When exhausted by repeated attacks and poorly fed, this army has the potential
for vast damage.

Using Genova Diagnostics’ 
Oxidative Stress Panel The Oxidative Stress panel can be ordered by itself or in conjunction with the

Detoxification Profile for a more complete picture of the body’s detoxification func-
tion. The Oxidative Stress panel includes measurement of blood glutathione, lipid 
peroxides, Glutathione peroxidase (GSH-Px), Superoxide dismutase (SOD) and two 
derivatives of salicylate: catechol and 2, 3-dihydroxybenzoate (2,3-DHB).
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Glutathione
The measurement of whole blood Glutathione reflects the body’s reserves of this criti-
cal molecule. Glutathione functions both as an antioxidant (in the form of glutathione
peroxidase) and as a detoxifying agent for a vast array of xenobiotics. Glutathione, for
example, plays a critical role in detoxifying an intermediate of acetaminophen metab-
olism and preventing acetaminophen toxicity.  Glutathione, due to its cysteine con-
tent, is also a minor source of the organic sulfate used in detoxification reactions.
Glutathione is measured in a fasting sample following an overnight acetaminophen
challenge. This allows for assessment of functional reserve after detoxifying capacity
has been tested.

Glutathione Peroxidase (GSH-Px) 
Glutathione peroxidase is a selenium-dependant enzyme  found primarily in the cyto-
plasm (70%) but also in the mitochondria (30%). Requiring four selenium atoms per
active molecule, GSH-Px scavenges lipid peroxides throughout the membrane 
surfaces and quenches H2O2, converting it to water. Accumulations of oxidized lipids
in mitochondrial and cell membranes have deleterious effects on function. Adequate 
levels of GSH-Px prevent this accumulation. The enzyme also participates in regener-
ation of the reduced (active) form of vitamin C . Studies indicate that low levels of
GSH-Px activity are related to disease states.13-14 High levels of this enzyme have also
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been associated with certain conditions such as Alzheimer's dementia and Beta-
Thalassemia minor.15-16 This perhaps reflects a response to increased amount of
oxidative stress. 
By measuring glutathione, glutathione peroxidase, and the lipid peroxides, the clini-
cian can evaluate the relationship involved in maintenance of oxidative stress protec-
tion. Perhaps most importantly, evidence exists that supplementation with selenium is
able to increase the levels of glutathione peroxidase in patients.17

Superoxide Dismutase (SOD) 
This important enzyme is found in both the cell cytosol and the mitochondria. The
cytosol form is dependant upon zinc and copper co-factors while the mitochondrial
form requires manganese. As the name denotes, the superoxide radical is the sub-
strate upon which the enzyme works, converting it to the less reactive H2O2 four
times faster than if the enzyme were not present.
As normal mitochondrial processes result in production of the superoxide radical,
sufficient activity of Mn/SOD and GSH-Px protect this organelle from these damaging
functional by-products. During periods of excessive muscular activity, this may be of
particular importance. Investigations of SOD in clinical medicine include the observa-
tion that SOD is a sensitive marker for exposure to agricultural pesticides.18 SOD
seems to be found at high levels in conditions such as systemic sclerosis, myositis,
and malignant melanoma.19-21 SOD is decreased in patients with juvenile rheumatoid
arthritis, affirming correlations of SOD and inflammation.22 SOD levels are also found
to be low in patients with both early hyperglycemia AND impaired glucose toler-
ance.23 SOD levels were found to be low in experimental zinc deficiency research.
This provides physicians with clear therapeutic rationale for modifying zinc nutriture.24 

Lipid Peroxides and Hydroxyl Radical Markers
Lipid peroxides result from hydroxyl radical-attack on polyunsaturated fatty acids
(PUFAs). Elevated levels of lipid peroxides are thus strongly suggestive of hydroxyl
radical activity and reflect oxidative damage. The production of toxic radicals and
metabolites is thought to be the main cause of much systemic damage. It has been
suggested that hydroxyl radical attack upon membrane bound essential fatty acids
(EFAs), leading to a loss of highly unsaturated EFAs, may have a direct relationship to
EFA deficiencies, free radical damage and the aging process.25

Catechol and 2,3-DHB are direct products of hydroxyl radical attack upon salicylic
acid.26,27 The amount of 2,3-DHB appearing in the urine after an aspirin challenge
appears to be a direct reflection of hydroxyl radical concentrations.27

It is not surprising that 2,3-DHB has been reported to be a sensitive indicator of
oxidative damage in diabetics.28 The research by Ghiselli suggests that hydroxyl radi-
cals are involved in the pathogenesis of late complications in diabetes. 
Catechol is a minor metabolite of hydroxyl radical attack upon salicylic acid. Its gen-
eration involves the release of a molecule of carbon dioxide. Catechol is thought to 
correlate with 2,3-DHB as an additional indicator of oxidative stress.29,30

Clinical Therapeutics for
Oxidative Stress In the 1970s, Pauling discussed the use of therapeutic doses of vitamin C to prevent

and treat viral infections. Cathcart reported in numerous clinical instances therapeutic
benefit of using “bowel tolerance” doses of vitamin C (the oral dose which will initiate
diarrhea) for the treatment of many virus-related disorders.31 Although his theories
have not been proven through detailed mechanistic studies, many clinicians have
reported anecdotally that their patients have benefited from this therapeutic approach.
There is emerging recognition that individual antioxidants may not have as wide-
ranging clinical benefits as the intake of balanced antioxidants which incorporate all
the dietary redox-active substances people have consumed for millennia. This is due
in part to the involvement by different antioxidants in the process of regenerating
each other.
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Specific antioxidants include ascorbate, carotenoids and tocopherols, but also
extend into other phytonutrients such as phenols, flavonoids, and quinoids. There is
growing acceptance among scientific and medical communities that enhanced
antioxidant intake in the diet and specific application of antioxidants in certain states
of oxidative stress may provide both preventive and therapeutic advantage.32

For more information, refer to the Oxidative Stress Interpretive Guidelines available
from Genova Diagnostics.

Related Tests Because oxidative stress attacks the body at the cellular level, virtually every part is
affected by free radical damage. The relationship of the liver and its pivotal role in
detoxification leads most practitioners to order the companion test, the Detoxification
Profile. Among others, the Amino Acids Analysis looks at levels of cysteine and tau-
rine. Low levels of cysteine (the rate-limiting factor for the synthesis of GSH) can
result from impairments in methionine metabolism, made evident by the results of the
analysis. Taurine is an important scavenger of the hypochlorite ion (OCI), which con-
tributes to oxidative stress and inflammation.
Still other tests may be useful to the clinician.  Recent toxic exposure and cumulative
exposure over time can be assessed by Elemental Analysis of hair, urine, or blood.
The test also examines levels of nutrient elements for excesses and deficiencies
which can interfere with antioxidant activity in the body. 
The key to effective antioxidant supplement is absorption, and suspected problems
with digestion and absorption should be investigated with tests of gastrointestinal
function. The Comprehensive Digestive Stool Analysis (CDSA) is the place to start,
because its results and test commentary present a useful picture of total gut environ-
ment health.  The Interpretive Guidelines for the CDSA will suggest additional diges-
tive testing, such as Intestinal Permeability Assessment and Bacterial Overgrowth of
the Small Intestine, if deemed necessary. Malabsorption of antioxidant and detoxify-
ing nutrients and increased intestinal permeability to toxins can result in an overload
to the liver’s detoxication capacity.
Because nearly every modern diet is deficient in essential fatty acids, especially 
W-3 fatty acids, the Essential and Metabolic Fatty Acids Analysis can be instrumen-
tal in establishing a foundation for improved antioxidant utilization. Proper balance of
fatty acids is necessary for effective cell communication, creating precursors for 
hormones, reducing inflammation throughout the body, and healthy neurological 
development.  The interaction of metabolic mediators can be improved by restoring
homeostasis of fatty acids.
Inflammation and nutrient insufficiencies, as well as disordered methionine 
metabolism, ultimately increase cardiac risk by elevating levels of the amino acid 
homocysteine and creating an environment where the C-reactive protein is called
into action in response to injury and infection. Both metabolites are biochemical
markers in the Comprehensive Cardiovascular Assessment, and their elevation has
been associated with cardiovascular illness.

For Oxidative Stress Analysis kits or information, please call a 
Client Services representative at 800-522-4762 or order online 
at www.GDX.net.
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This information is for the sole use of a licensed health care practitioner and is for educational 
purposes only. It is not meant for use as diagnostic information. All claims submitted to
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sary.  “Medically necessary” is defined as a test or procedure that is reasonable and necessary for the
diagnosis or treatment of illness or injury or to improve the functioning of a malformed body member.
Consequently, tests performed for screening purposes will not be reimbursed by the Medicare program.
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