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 Biogenetix products are not intended to diagnose, treat, reverse, 
cure, or prevent any disease. They are intended to be used as 
dietary supplements for the sole purpose of supporting patients. 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.

Disclaimer



 Are you currently evaluating oxidative stress in patients?
 Would you like to know which patients need antioxidants and 

which don’t?
 Would you like to know which patients might benefit from 

glutathione?

Oxidative Stress



1. Oxidative Stress – What is it and why is it important
2. Markers of oxidative stress on a blood chemistry
3. What to do

Overview



 Oxidative stress has been linked to heart disease, cancer, 
rheumatoid arthritis, hypertension, Alzheimer’s disease, and 
Parkinson’s disease, and much more

Oxidative Stress



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

Oxidative Stress



 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

Free Radicals



Fats Carbohydrates Proteins

Citrate

cis-Aconitate

Isocitrate

α-ketoglutarate

Succinyl-CoA
Succinate

Fumarate

Malate

Oxaloacetate

Acetyl CoA

Glucose & Other Sugars Amino AcidsFA, Cholesterol, 
Glycerol

B1, B2, B3, B5, Lipoate

Cysteine, Fe++

B3, Mg, Mn

Mg

B2

B3
Asp

Tyr
Phe

Leu
Ile
Val
Met

Glu
His
Arg
Pro
Gln

B1, B2, B3, B5, LipoateCarnitine B1, B2, B3, B5, Lipoate

Cyt c
Q10

I

II

III IV

NADHNAD+
FAD

FADH2 H20

O2O2-
O2

ADP + Pi

Q10

ATP 
Synthase

ATP
NADH

FADH2

H+ H+ H+

Reactive oxygen species
- 0.4–4.0% of oxygen is converted to 

the superoxide (O2-) radical.

H202H20

SOD*

* Manganese SOD and copper/zinc SOD
GSHGSSG

GPX
(Selenium)

- Mitochondrial damage leads to 
more ROS, causing damage to 
mitochondrial DNA



 Ionizing radiation
 UV radiation
 Metabolism (mitochondria)
 Xenobiotics (pollution, toxic chemicals)
 Inflammation
 Medications
 Diet
 Stress
 Exercise

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, teleomeres

Conventional Markers of Oxidative Stress





 Uric Acid
 GGT
 Bilirubin

Three Makers of Oxidative Stress



Uric Acid



Uric Acid

 Uric acid is the major end product of DNA purine base 
metabolism, specifically purine nucleosides adenosine and 
guanosine.  
 Adenosine → inosine → hypoxanthine → xanthine → uric acid*
 Guanosine → guanine → xanthine → uric acid*

*Xanthine oxidase is the final enzyme that converts xanthine to 
uric acid. 
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Uric Acid



Uric Acid

 Uric acid synthesis primarily occurs in liver and intestinal mucosa 
due to high xanthine oxidase enzyme activity in those two 
tissues.  

 Daily synthesis of uric acid is approximately 700mg with dietary 
sources of nucleoprotein contributing approximately 300mg to 
the daily total uric acid production, though this will vary 
considerably depending on dietary intake. 



Uric Acid

 Uric acid is excreted via the kidneys. 
 Approximately 400-800mg of uric acid is excreted daily.  
 There may be day-to-day and seasonal variations to uric acid with 

levels being slightly higher in the summer than in winter months.  
 The more alkaline the urine, the more uric acid is excreted.  

Conversely the more acidic the urine the more uric acid is 
reabsorbed and less is excreted.

 Increases in exercise, stress, weight, hypertension, diabetes and type 
A personalities are associated with higher levels of uric acid.



Uric Acid

 Newer research suggests that uric acid can be a marker of 
oxidative stress and act as an antioxidant or reducing agent.  

 And similar to other reducing agents (eg vitamin C), uric acid 
can also act as a pro-oxidant.  

 Elevated uric acid levels are associated with cardiovascular 
disease, hypertension and diabetes, though there is some 
debate as to whether high uric acid are causative or 
correlative with these



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.



Studies on Uric Acid



 Elevated uric acid is associated with a number of 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 Summary



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

Uric Acid 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

Traditional Reference range:
 3.4-7.0 mg/dL (men)
 2.4-6.0 mg/dL (women)

Optimal Reference Range:
 3.7-6.0 mg/dL (men) 
 3.2-5.5 mg/dL (women)



Ten healthy subjects who swim regularly in ice-cold water during the winter (winter 
swimming), were evaluated before and after this short-term whole body exposure. 
A drastic decrease in plasma uric acid concentration was observed during and 
following the exposure to the cold stimulus. We hypothesize that the uric acid 
decrease can be caused by its consumption after formation of oxygen radicals. In 
addition, the erythrocytic level of oxidized glutathione and the ratio of oxidized 
glutathione/total glutathione also increased following cold exposure, which 
supports this hypothesis.



Uric Acid - Elevated
Elevated - If uric acid is elevated above either the optimal or 
laboratory reference range, it is either increased production, 
decreased excretion, or a combination of both.

Cause Reason Additional Inquiry
Gout Excessive breakdown of purines Ask about history of gout and/or 

systemic joint pain
Kidney 
dysfunction

Poor filtration and excretion of uric 
acid, thus keeping serum levels 
elevated

Evaluate BUN, creatinine, 
phosphorus; urinalysis

Excess alcohol 
intake

Hepatocellular destruction Ask about alcohol intake

Starvation and/or 
extreme calorie 
restriction

Catabolism of proteins and thus purine Diet history

Hypothyroidism Association Evaluate TSH
Hyperlipidemia Association Evaluate cholesterol



Uric Acid - Elevated
Liver dysfunction Excess destruction of hepatic cells Evaluate AST, ALT, GGT, Alk Phos, LDH
Hemolytic anemia Excess destruction of cells Evaluate CBC markers
Excess consumption 
of fructose

Excess fructose increases conversion of ATP to 
inosine; increases synthesis of purines via the 
pentose phosphate pathway; fructose may 
also decrease uric acid excretion

Diet journal

Chronically elevated 
serum glucose

Association Evaluate glucose, hemoglobin A1C

Fungal infection Some researchers consider uric acid to be a 
mycotoxin produced by yeast and fungus

Ketogenic diet May impair ability of kidneys to excrete uric 
acid due to competition with ketones. 
Alternatively, acidic urine increases uric acid 
reabsorption.

Inquire about diet; ketones in urine

High supplemental 
niacin intake

Supplement history

High protein diet More protein typically means more purine 
intake and thus uric acid production

Diet journal

Excess acidity Excess acidity can lead to acidity of the urine, 
which tends to reabsorb uric acid leading to 
higher serum levels.

Acidity is often correlated with blood 
sugar dysregulation; low CO2 levels can 
indicate hyperacidity



Uric Acid - Decreased
Cause Reason

Molybdenum 
deficiency

Xanthine oxidase is a molybdenum 
dependent enzyme.  Low levels of 
molybdenum may lead to decreased uric 
acid production. 

Ask about increased sensitivity to smells 
and/or consumed sulfites/nitrites 
(molybdenum also used in sulfite 
oxidase)

Zinc deficiency May increase urinary uric acid excretion; low 
zinc can also lead to high copper, which can 
negatively impact iron (See below)

Evaluate alk phos; skin issues; taste 
acuity issues

Iron deficiency May cause relative increase in copper, which 
may displace iron with uric acid production

Evaluate ferritin, TIBC, CBC markers

Low purine intake 
(eg vegetarian)

Diet journal

Oxidative stress Uric acid is an abundant serum antioxidant.  If 
oxidative stress is high, uric acid levels may be 
decreased.

Evaluate bilirubin and GGT.  Low 
bilirubin and elevated GGT may further 
indicate oxidative stress.

Excess alkalinity Generally the more alkaline the blood, the 
more alkaline the urine, which is associated 
with higher levels of excretion of uric acid 
and thus lower serum levels.

High CO2 levels can indicate 
hyperalkalinity



Gamma-Glutamyltransferase
(GGT)



Gamma-Glutamyltransferase (GGT)

 Gamma-glutamyltransferase (GGT) is present primarily in the 
liver, kidney and pancreas. 

 GGT is highly sensitive for biliary tree issues, and is often 
elevated in excess alcohol consumption

 GGT is present in cell membranes and is involved in the transfer 
of amino acids

 Plays key roles in catabolism and synthesis of glutathione



Gamma-Glutamyltransferase (GGT)

 Introduced to clinical laboratories a half century ago
 Recognized as biomarker of liver injury and alcohol 

consumption
 More recently, suggested to be a biomarker of transition across 

the disease spectrum (similar to cholesterol several decades 
ago)







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.



Furthermore, both native GGT and inactive GGT stimulated the expression of the 
receptor activator of nuclear factor-B ligand (RANKL) mRNA and protein from bone 
marrow stromal cells. This report is the first demonstration of a novel biological 
activity of GGT protein in a manner independent of its enzymatic activity.



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.



Gamma-Glutamyltransferase (GGT)

Traditional Reference Range
 0-65 IU/L

Optimal Reference Range
 12-24 IU/L (Men)
 10-22 IU/L (Women)



Do you just give 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 
transpeptidatse (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 chelationation 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.



Glutathione and Curcumin



Gamma-Glutamyltransferase (GGT)

Traditional Reference Range
 0-65 IU/L

Optimal Reference Range
 12-24 IU/L (Men)
 10-22 IU/L (Women)



GGT - Elevated

Cause Reason Additional Inquiry
Biliary tree
dysfunction 
(cholestasis)

GGT is found in high amounts in biliary 
epithelium. Thus in biliary tree dysfunction can 
increase GGT levels.

Gall bladder symptoms, alkaline 
phosphatase.

Alcoholism Alcohol seems to increase the activity of GGT, 
though the exact mechanism is unclear.

Client history.

Pancreatitis Pancreatic inflammation can release enzymes 
normally found in that tissue.  GGT is found in 
the pancreas and thus, can be elevated during 
pancreatic inflammation.

Consider running amylase and lipase.

Oxidative Stress GGT, even when high‐normal, may be an early 
and sensitive enzyme for oxidative stress.

Evaluate bilirubin (low) and uric acid 
(elevated).



GGT - Decreased

Cause Reason Additional Inquiry
Hypothyroidism

Magnesium 
deficiency

Association.  Inverse correlation
between magnesium level and GGT 
levels.

Evaluate magnesium levels as well 
as signs and symptoms.



Bilirubin



Bilirubin

 Bilirubin is the byproduct of red blood cell breakdown.
 Serum bilirubin is a combination of direct (conjugated) and 

indirect (unconjugated) bilirubin
 Normally, indirect bilirubin is approximately 70-85% of total bilirubin
 If 50% or more is direct, hepatic/biliary obstruction is suspected
 If less than 20% is direct, accelerated hemolysis (RBC breakdown) 

or liver dysfunction is suspected
 Bilirubin is a major component of bile and gives it its green 

pigmentation







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



Sedlak, Thomas W., and Solomon H. Snyder. 2004. “Bilirubin Benefits: Cellular Protection 
by a Biliverdin Reductase Antioxidant Cycle.” Pediatrics 113 (6): 1776–82.



Boon, Ai-Ching, Andrew C. Bulmer, Jeff S. Coombes, and Robert G. Fassett. 2014. “Circulating Bilirubin and Defense against Kidney 
Disease and Cardiovascular Mortality: Mechanisms Contributing to Protection in Clinical Investigations.” American Journal of Physiology -
Renal Physiology 307 (2): F123–36. doi:10.1152/ajprenal.00039.2014.







Bilirubin

Traditional Reference Range
 0.1-1.2 mg/dL

Optimal Reference Range
 0.5 – 0.8 mg/dL



Sedlak, Thomas W., and Solomon H. Snyder. 2004. “Bilirubin Benefits: Cellular Protection 
by a Biliverdin Reductase Antioxidant Cycle.” Pediatrics 113 (6): 1776–82.





At this concentration, curcumin also increased the cytoprotective effect against 
the oxidative stress of H2O2 through the reduction of ROS levels in human retinal 
pigment epithelial cells. Curcumin’s effect on the reduction of ROS was mediated 
by the increase in HO-1 expression.



Bilirubin - Elevated
Cause Reason Additional Inquiry

Excess hemolysis Excess red blood cell breakdown 
increases bilirubin 
(indirect/unconjugated).

Liver dysfunction The liver conjugates bilirubin.  If the liver
is not functioning properly, 
indirect/unconjugated bilirubin will be 
elevated.

Evaluate liver markers.

Bile duct 
obstruction

Bilirubin is cleared from the liver via the 
biliary ducts into the intestines. Thus if the 
biliary ducts are obstructed, 
conjugated/direct bilirubin will enter into 
circulation.

Evaluate alkaline phosphatase and 
GGT.

Gilbret’s Syndrome Genetic cause of elevated bilirubin. Ask client if they have a history of 
elevated bilirubin.  If so, likely Gilbret’s



Bilirubin - Decreased
Cause Reason

Oxidative stress Bilirubin can act as an antioxidant and thus, 
oxidative stress may lower levels.

Evaluate uric acid and GGT as well.

Zinc deficiency Biliverdin reductase is a zinc dependent 
enzyme and converts biliverdin to 
bilirubin, thus leading to low bilirubin 
levels.

Evaluate alkaline phosphatase.



Combined Markers



Combined Markers

Low TB and high GGT levels were concomitantly associated with coronary 
atherosclerosis in Korean men.





The mean (standard deviation) levels of GGT, Bil, and the mean LDL particle size 
were found to be 21.7 (8.3) IU/L, 14.0 (4.3) μmol/L, and 26.7 (0.6) nm, respectively. 
An univariate correlation test showed both a significant inverse correlation 
between the mean LDL particle size and GGT and a significant positive correlation 
between the mean LDL particle size and Bil.



 Uric acid < 3.7 mg/dL (men) or 3.2 mg/dL (women)
 Consider deficiencies (molybdenum, zinc, iron) 
 Glutathione (BioG Max – GSH) and/or antioxidant therapy

 GGT > 12-24 IU/L (Men) or 10-22 IU/L (Women)
 Glutathione and curcumin

 Bilirubin < 0.5 mg/dL
 Curcumin, ECGC, rosemary, quercitin

Bottom Line - What To Do



 Are you currently evaluating oxidative stress in patients?
 Would you like to know which patients need antioxidants and 

which don’t?
 Would you like to know which patients might benefit from 

glutathione?

Oxidative Stress



Summary

 Uric acid is a by-product of purine metabolism.  It, too, is an 
antioxidant and when low, can indicate a number of possibilities, 
including oxidative stress 

 γ-Glutamyltransferase (GGT) is an enzyme that metabolizes 
extracellular reduced glutathione, which allows for the amino acid 
precursors to be utilized for intracellular glutathione synthesis.
 High-normal GGT is a marker of oxidative stress.

 Bilirubin is a by-product of red blood cell breakdown.  It is also acts as 
an antioxidant.  
 Studies suggest that when low (< 0.5) can indicate excess oxidative stress



Summary

 Oxidative stress is associated 
with a number of chronic 
conditions

 You now have an easy and 
reliable way of evaluating 
oxidative stress, and thus 
recommending antioxidant 
therapy, to your patients/clients 
using a standard blood 
chemistry 



Thank You



 BioG Max – GSH
 Buy 5, get one free (February)

 All other products 10% off until 
2/10 at noon

Limited Time Offer

www.biogenetix.com
720-287-2155


