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Disclaimer

• Information in this presentation is not intended to 
diagnose, treat, reverse, cure, or prevent any 
disease. While this presentation is based on medical 
literature, findings, and text, The following statements 
have not been evaluated by the FDA.
• The information provided in this presentation is for your 

consideration only as a practicing health care 
provider. Ultimately you are responsible for exercising 
professional judgment in the care of your own patients.



O2, Glucose



Oxidative stress has been linked to heart disease, cancer, rheumatoid arthritis, 
hypertension, Alzheimer’s disease, and Parkinson’s disease…all the things.

Oxidative Stress

Linked to inflammation and production of proinflammatory cytokines
Cytokines linked to diseases as well (osteoporosis, diabetes)





Oxidative stress is caused by excessive production of free radicals from oxygen 
(ROS) and nitrogen (RNS)

Atoms, molecules or ions with unpaired electrons
Highly reactive

Free Radicals



Examples include:
Hydroxyl radical (OH)
Peroxyl radical (ROO)

Superoxide radical (O2-)

Nitric oxide (NO), peroxynitrite 
(ONOO-), and NO2
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Ionizing radiation
UV radiation

Metabolism (mitochondria)
Xenobiotics (pollution, toxin)

Inflammation
Medications

Diet
Stress

Exercise
Toxicity (bio/metal/enviro)

Causes of Free Radicals



Organelle Biomarker activity

Nucleus 8-hydroxy deoxyguanosine

Mitochondria Catalase, Cu/Zn SOD, Mn-SOD

Endoplasmic reticulum and golgi PEG-SOD, F2-isoprostanes, HNE

Plasma TBARS, CUPRAC, 8-iso-PGF(2a), LHP

Total cellular constituents Cytokines, chaperones, telomeres

Conventional Markers of Oxidative Stress

A + B = C = D = E
Lifestyle + Genetics = Organelle Dysfunction = Biomarker activity = Disease



• Uric Acid
• GGT
• Bilirubin

Three Makers of Oxidative Stress



We found that a marked decrease in serum UA levels caused a decrease in serum and saliva 
antioxidant capacity, assessed by TRAP and FRAP assays, and an increase in oxidative stress, 
assessed by measuring urinary isoprostanes and skeletal muscle protein carbonylation.

It is possible that an increase in UA concentration is a protective mechanism to attenuate the 
adverse effects of an increase in oxidative stress.





Elevated uric acid is associated with several conditions (i.e. hypertension, 
cardiovascular disease)
Elevated uric acid is also associated with increased Total Antioxidant Capacity 
(TAC)
Elevated uric acid can be due to fructose and alcohol consumption, dietary 
purine consumption, hyperinsulinemia, or poor renal clearance of UA
Elevated uric acid may indicate oxidative stress, and an attempt to attenuate 
oxidative stress by the body

Uric Acid ROS Summary



Decreased uric acid, on the other hand, may indicate unchecked oxidative 
stress

Uric Acid ROS Summary



Uric acid, despite being a major antioxidant in the human plasma, both correlates and predicts 
development of obesity, hypertension, and cardiovascular disease, conditions associated with 
oxidative stress. While one explanation for this paradox could be that a rise in uric acid represents 
an attempted protective response by the host, we review the evidence that uric acid may function 
either as an antioxidant (primarily in plasma) or pro-oxidant (primarily within the cell).

The presence of ascorbic acid in the plasma is required for the antioxidant effect of uric acid. (lipid 
peroxidation)

Uric acid cannot scavenge all radicals, with superoxide as an example.



Uric Acid + ROS

Traditional Reference range:
3.4-7.0 mg/dL (men)

2.4-6.0 mg/dL (women)

Optimal Reference Range:
3.7-5.5 mg/dL (men) 

3.2-4.4 mg/dL (women)



GGT + ROS



The results included the following: 
1. 35 studies including 571 511 participants and 72 196 cases of mortality; 
2. GGT, even at physiologic levels, was associated with increased all-cause mortality and 

cardiovascular mortality, and might also be associated with cancer-related mortality in the 
general population



Several population based cohort studies have consistently shown that increased serum GGT activity, 
even high normal values within the reference range, is associated with an increased risk of major 
vascular and non-vascular outcomes
(especially incident type 2 diabetes and CVD morbidity and mortality) in both men and women, in 
different ethnic groups and among self-reported non-drinkers.



Here, we examine the relationship of GGT to other serum markers such as serum ferritin (SF) levels, 
and we suggest a link to exposure to environmental and endogenous toxins, resulting in oxidative 
and nitrosative stress.

GGT is an early predictive marker for atherosclerosis, heart failure, arterial stiffness and plaque, 
gestational diabetes, and various liver diseases, including viral hepatitis, other infectious diseases, 
and several life-threatening cancers.



We hypothesize that GGT is a marker for glutathione depletion in the liver and
that elevations in GGT reflect increased exposure to organic xenobiotics that are metabolized in the 
liver through glutathionylation.

We note that the population-wide level of GGT has been steadily increasing over time in the last 
three decades in the US and two decades in Korea. Several studies indicate this upward trend has 
affected other populations, including Europe, as well.

We suspect this may be indicative of increased exposure to environmental xenobiotics, especially 
POPs, as well as increased body iron burden.



The prevalence of several other clinical symptoms are correlated with GGT, including hypertension, 
insulin resistance, artery calcification, and albuminuria, as well as biological markers including 
lipids, creatine, triglycerides, uric acid, HbA1c, and hs-CRP. In many cases, GGT is a stronger 
predictor of disease risk than these other symptoms and markers.



Low antioxidant defenses are also correlated with elevated GGT, particularly reduced levels of 
glutathione. GGT is needed to metabolize glutathionylated xenobiotics in the liver and multiple 
other tissue sites including the lungs, and this is a simple explanation for its elevation in association 
with increased exposure to xenobiotics. GGT induces oxidative stress in the artery wall in the 
presence of free iron, and GGT also likely is an indicator of depleted supply of glutathione,
especially in the liver, which leads to a cascade of problems related to increased oxidative stress.



GGT + ROS

Traditional Reference Range
0-65 IU/L

Optimal Reference Range
12-24 IU/L (Men)

10-22 IU/L (Women)



Do you Just Give them 
Glutathione?



Recent studies from our and other laboratories have provided evidence for a third functional aspect 
of GSH, i..e the prooxidant roles played by molecular species originating during its catabolism by 
the membrane ectoenzyme g-glutamyl transpeptidase (GGT)

The prooxidant reactions induced by GSH catabolism appear to represent a novel, as yet
unrecognized mechanism for modulation of cellular signal transduction.





GGT produces cysteinyl glycine as a product of the decomposition of 
glutathione, and this dipeptide reacts with free iron to induce the Fenton 
reaction and subsequent production of superoxide, a well-established reactive 
oxygen species (ROS). 

Glutathione



Elevated GGT levels, contribute to prooxidant activity, particularly in the 
presence of iron or copper. 
When GGT levels are elevated, damage to red blood cell membranes can 
occur causing the release of these potentially toxic transition metals, which 
can further result in chain, prooxidant reactions. 

Glutathione



Glutathione and Curcumin +

Our study suggests that curcumin may represent a new horizon in managing iron overload-induced toxicity as 
well as in pathological diseases characterized by hepatic iron accumulation such as thalassemia, sickle cell 
anemia, and myelodysplastic syndromes, reduced oxidative stress derived lipid peroxide, possibly via iron 
chelation and improving the body endogenous antioxidant defense mechanism.

Although Zn2+ showed little binding affinity to curcumin, Cu2+ and Fe2+ appeared to bind at least two curcumin 
molecules.

This raises the possibility that curcumin could provide beneficial antioxidant effects during chronic iron overload 
beyond its role as an iron-chelating agent, such as the possession of antioxidant property.



Gamma-Glutamyltransferase (GGT)

Traditional Reference Range
0-65 IU/L

Optimal Reference Range
12-24 IU/L (Men)

10-22 IU/L (Women)



Bilirubin

Bilirubin also functions as an antioxidant and thus may be decreased during 
oxidative stress
Bilirubin appears to be the most potent antioxidant against lipid peroxides

(Glutathione is hydrophilic)

Because of this, low bilirubin has also been associated with increased risk of 
cardiovascular disease and all cause mortality (death from all causes).  
Elevated levels may increase mortality as well.
Bilirubin may also increase insulin sensitivity and protect against future 
diabetes
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Bilirubin

Traditional Reference Range
0.1-1.2 mg/dL

Optimal Reference Range
0.5 – 0.8 mg/dL



WELLNESS

The Ability to Heal

The Wedge Protocol


