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} The material contained within this presentation is not intended to 
replace the services and/or medical advice of your personal licensed 
health care professional.

} This material is for educational purposes only
} This information is not meant to encourage diagnosis and treatment of 

disease. 
} Any application of suggestions set forth in the following portions of this 

presentation is at the reader’s discretion.
} Implementation and/or experimentation with any supplements, herbs, 

dietary changes, medications, and/or lifestyle changes, etc., is done so 
at your sole risk and responsibility.
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} The organic acids test (OAT) is a compilation of chemical 
metabolites that are representative of various endogenous 
biochemical pathways linked to cellular metabolic imbalances 
which can be linked to various diseases or disorders:
◦ Elevated succinic acid is linked to mitochondria dysfunction often caused by 

environmental chemical exposure. 

} Certain OAT markers (those found on page 1) are representative of 
intestinal colonization or overgrowth of opportunistic organisms. 
◦ Tartaric acid is linked to aspergillus mold exposure and colonization

} The OAT is separated into various sections each representative of 
individual metabolic pathways or nutrient status. 
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} It is important to understand that certain sections on the OAT, and 
their associated markers, may influence other sections on the test:
◦ Elevated tartaric, linked to aspergillus mold exposure, can cause a high oxalic 

acid which can be associated with mitochondrial dysfunction. 

} Pattern recognition within the organic acids test is an ongoing area 
of study. In many situations it is not just one marker being elevated 
that is clinically significant (although it can be), but what that 
elevated marker means to the clinical picture of your patient and 
its potential relationship to other markers on the OAT:
◦ High succinic acid can be associated with environmental chemical exposure 

causing mitochondria problems. There may be an elevated citric acid too 
linked to oxidative stress. This often occurs when pyroglutamic acid is 
elevated indicating a glutathione deficiency.  

5



} To provide an overview of various sections on the 
Organic Acids Test (OAT) from Great Plains Laboratory 
and how they relate to one another.

} To provide information about specific markers from the 
OAT and what they can indicate clinically for an 
individual:
◦ This seminar focuses on what is seen most common in practice 

with regards to the OAT.  
} To show how specific markers from the OAT can relate 

to other tests from Great Plains Laboratory. 
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} To provide clinical insight regarding various OAT 
examples based on practice experience: 
◦ Many OATs (approximately 80%) that you will see from a 

variety of patients (regardless of their diagnosis) will often
have similar markers. 

} To provide various intervention options certain 
problems, e.g., candida, clostridia, high oxalate.

} To provide a framework for quickly interpreting the 
OAT and inspire a desire for further learning. 
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AdvancedOATMasteryCourse.com
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Each OAT needs to be applied clinically to 
your patient and treatments not just 
implemented based on test markers. 
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} Autism-spectrum disorders
} ADD/ADHD
} Autoimmune
} Chronic fatigue
} Digestive problems
} Metabolic disorders
} Mental health disorders
} Neurological disorders
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Any	individual	with	a	
chronic	health	

condition	where	you	
suspect	that	metabolic	
imbalances	and/or	
toxins	may	be	a	
causative	or	

contributing	factor.



} Organic acids are chemical compounds excreted in the urine of 
mammals that are products of metabolism:
◦ Often present at 100X their concentration compared to blood 

} Organic acids are organic compounds that are acidic:
◦ Lactic acid (the conjugate base is lactate)

} Organic acids are substances in which carbon and hydrogen are 
always present, but may also contain the elements of oxygen, 
nitrogen, sulfur and phosphorus:
◦ Carboxyl (-COOH)
◦ Alcohol (-OH)
◦ Thiol (-SH)
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Organic	Acid	Example	–
2,5-Furandicarboxylic	Acid

Marker #4 on the Organic Acids Test from 
Great Plains Laboratory
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Aspergillus colonization





} Lactic (acid) – an organic 
acid that is the byproduct 
of glucose metabolism.

} Derived from pyruvic 
acid.
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15

Mycotoxins
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} Lactic acidosis is a high anion gap metabolic acidosis due to 
elevated lactic acid.

} This can occur from overproduction of lactic acid, decreased 
metabolism of lactic acid or both.

} There are two main types of lactic acidosis:
◦ Type A 
◦ Type B 

} D-lactic acidosis



} Most serious form of lactic acidosis
} Caused by lactic acid over-production in ischemic tissue via 

anaerobic generation of ATP from oxygen deprivation.
} Linked to hypoperfusion in hypovolemic, cardiac 

insufficiency and septic shock.
} Local tissue hypoxia, e.g., seizures, intense shivering
} Made worse by poor liver perfusion due to lack of clearance 

of lactic acid.
} Can occur from various hemoglobinopathies and lung 

diseases. 
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} Less serious form of lactic acidosis
} Local tissue hypoxia, e.g., vigorous exercise, seizures, 

intense shivering.
} Various medications such biguanide phenformins (e.g., 

metformin, glyburide, glipizide), liver insufficiency.
} Cancer
} Thiamine deficiency
} Mold exposure, i.e., producing mycotoxins
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} Introduction to the Organic Acids Test (lecture #1)
} The role of the OAT in candida assessment (lecture #2)
} The role of the OAT in clostridia assessment (lecture #3)
} The role of the OAT in oxalate assessment (lecture #4)
} Indicators of other problems: nutrient imbalances, fatty 

acid metabolites, etc. (lecture #1).
} Neurotransmitter imbalances (lecture #3 and #5) and 

mitochondrial dysfunction assessment.
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Net 2 ATP

Nicotinamide adenine dinucleotide

Minus 2 ATP

Plus 2 ATP

Break even ATP
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Wikipedia: Fvasconcellos 22:35, 9 September 2007 (UTC)
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Krebs Cycle
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Energy obtained through the transfer of electrons (e−) in the ETC is used by complex I (NADH coenzyme Q 
reductase), complex III (cytochrome bc1), and complex IV (cytochrome c oxidase) to pump protons (H+) from 

the mitochondrial matrix into the intermembrane space, creating a proton gradient. While electrons are 
transferred from complexes I and II to complex III by coenzyme Q (ubiquinone; Q), cytochrome c (Cyt c) 

carries electrons to complex IV, where molecular oxygen (O2) is reduced to water (H2O). ATP synthase uses the 
flow of H+ back into the matrix to generate ATP from adenosine diphosphate (ADP) and inorganic phosphate 

(Pi). Reactive oxygen species (O2
−) are generated by electrons that fail to complete the series. Vitamin K2

(VitK2) transfers electrons from complexes I and II to complex III.
CREDIT: Y. HAMMOND/SCIENCE

cytochrome c

OxidaseReductase
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} Cytochrome c, a small heme protein that 
is loosely bound to the outer surface of 
the inner membrane, shuttles electrons 
from complex III to complex IV.

} Each cytochrome c carries only one 
electron, so the reduction of O2 to 2H2O 
by complex IV requires four reduced 
cytochrome c molecules.

} In response to oxidative stress and cell 
injury, cytochrome c may be released 
from the inner mitochondrial membrane 
and leak into the cytosol, inducing 
apoptosis (cell death).



Source: IUBMB Life, Volume: 70, Issue: 11, Pages: 1084-1092, First published: 
04 September 2018, DOI: (10.1002/iub.1932)
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Hair Analysis 
(aka hair metals) 
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Reference ranges are 
age and sex specific

Between 1st and 2nd

standard deviation

Above the 2nd

standard deviation
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Dr.	Woeller	OAT	Lecture	Support	Document	



Suggestions for reviewing an Organic 
Acids Test from Great Plains Laboratory
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Page	1	– Yeast	and	Fungal	Markers
(Evaluates for invasive candida and mold exposure)

OAT Sample Report 
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Page	1	– Bacterial	and	Clostridia	Markers	
(Evaluates for dysbiosis and clostridia bacteria toxins)

OAT Sample Report 
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Page	3	- Oxalic	Acid	and	Metabolites
(Evaluates for high oxalate) 

OAT Sample Report 
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Page	3	– Glycolytic	and	Mitochondrial	Metabolites
(Evaluates for mitochondrial dysfunction) 

OAT Sample Report 
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Page	3	– Neurotransmitter	Metabolites
(Evaluates for phenylalanine, tyrosine and tryptophan metabolism 
linked to neurotransmitter status and quinolinic acid production)

OAT Sample Report 
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DOPAC 8.5
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Source: Jill James, Ph.D
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S-adenosylmethionine (SAMe)



High	DOPAC	(examples)

} Dopamine Beta-Hydroxylase inhibition:
◦ Polymorphism
◦ Clostridia toxin inhibition
◦ Vitamin C and/or copper deficiency

} Deficiency of SAMe:
◦ SAMe 200mg to 400mg BID

} Catechol-O-methyltransferase (COMT) 
polymorphism.

} Magnesium deficiency
} Increased L-Tyrosine and/or 

Phenylalanine consumption. 



Low	DOPAC	(examples)

} Polymorphism of MAO enzyme
} Decreased intake or absorption of 

L-Tyrosine and/or Phenylalanine.
} Decreased BH4 

(tetrahydrobiopterin).
} Deficiency of Vitamin B6
} MAO inhibitors, i.e. drugs, certain 

supplements like turmeric and 
kava. 
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Page	4	– Pyrimidines	and	Fatty	Acids
(Evaluates for folate metabolism, as well as fatty acid metabolism 

problems which can contribute to mitochondrial dysfunction) 

OAT Sample Report 
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Page	4	– Nutritional	Markers
(Evaluates for various nutrient imbalances)

OAT Sample Report 
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Page	5	– Indicators	of	Detoxification
(Evaluates for glutathione deficiency and other imbalances)

OAT Sample Report 



50

Page	5	– Amino	Acid	Metabolites	&	Phosphoric	Acid
(Measures inborn errors of metabolism and other metabolic imbalances )

OAT 
Sample 
Report 



More information to come in Lecture #2
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} Autism
} Alzheimer’s disease
} Systemic lupus 

erythematosus (SLE)
} Fibromyalgia
} Chronic fatigue syndrome 

& CFIDS
} HIV infection
} Schizophrenia

} Colitis
} Depression
} PMS
} Vaginal yeast infection
} Multiple sclerosis
} Interstitial cystitis
} Seizures
} Irritable bowel
} Cancer



More information to come in Lecture #3
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Organic Acids Test

Organic Acids 
Test

Organic Acids 
Test



Distribution	of	values	for	HPHPA	Clostridia	
metabolite	in	urine	samples	of	male	infants,	

control	boys,	and	boys	with	autism.
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Nutritional Neuroscience 2010 Vol 13 No 3: 1-10

62

Acute	Schizophrenia



More information to come in Lecture #4
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483Oxalic
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75-90% of kidney stones are oxalates. 10-15 percent of adults 
will be diagnosed with a kidney stone in their lifetime.
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Glyoxylate reductase
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Isocitrate lyase 
from candida
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} Arthritis
} Behavior problems in children

} Interstitial cystitis
} Joint pain

} Fibromyalgia
} Heart disease 

} Heavy metal problems
} Mitochondrial dysfunction

} Osteoporosis
} Thyroid disorders

70



More information to come in Lecture #5
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Quinolinic	Acid
Production

Serotonin
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Nicotinamide	adenine	dinucleotide	(hydrogen)
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Oxidized Reduced



Redox Reactions
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• Oxidation is the loss of electrons or an increase in 
oxidation state by a molecule, atom, or ion. 

• Reduction is the gain of electrons or a decrease in 
oxidation state by a molecule, atom, or ion.

Electron Transport ChainKrebs Cycle



Serotonin

Quinolinic	acid

Gamma
Interferon
from immune 
system due to
infection

Kills cells containing bacteria, viruses, parasites. May also damage 
infectious organisms themselves. IDO causes drastic reduction in 

tryptophan for protein synthesis needed by infected cells and 
infectious organisms - tryptophan at very low levels.

Beta 
amyloid 
peptide-
Alzheimer’s

Excess tryptophan
Causes failure to
Kill infectious agents

Cortisol
Stress
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5.4Succinic
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28Pyroglutamic
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Tiglyglycine linked to mitochondrial DNA mutations from infection, 
inflammation, toxins and nutritional deficiencies.

Tiglyglycine
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Complex I



General supplement support and antioxidant therapy 
can be helpful for mitochondrial issues.
Examples:
• L-Carnitine – helps with fatty acid transport
• CoQ10 (Ubiquinol)
• Thiamine (B1), Pyridoxine (B6), Riboflavin (B2) - all support 

mitochondrial function.
• Antioxidants – help to decrease oxidative stress
• ‘Mitochondrial Cocktail’ – combination of ingredients for 

balanced mitochondrial support, e.g., CoQ10, NADH.
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• At the cellular level Mg²⁺ competes with Ca²⁺, as well as protons (+) or amines 
(-NH₂⁺), for binding affinity to various anions (negatively charged) found in the 

mitochondria, cytosol, and nucleus. 
• More than 1/2 of the magnesium found in the nucleus is associated with 

nucleic acids and free nucleotides which are polyanionic groups. 

Source: https://coolgyan.org/chemistry/magnesium-phosphate/
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Branched	Chain	Alpha-Ketoacid	Dehydrogenase	(Complex)	

-Thiamine pyrophosphate
-Lipoic acid

-Coenzyme A
-Flavin adenine dinucleotide (FAD)

-Nicotinamide adenine dinucleotide (NAD+)
Magnesium
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Glutathione – discussed in lecture #5
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Beta-oxidation is the process by which 
fatty acid are broken down in the 

mitochondria to generate acetyl-CoA. 
The acetyl-CoA then enters citric acid 

cycle generating NADH which is used by 
the electron transport chain.
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Suberic –
common with 
overnight fast Adipic – common with gelatin or 

“junk food” consumption

1780

1661

#43, #44

#43, #44
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High acetone can make breath smell 
like nail polish
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Indirect:
} Methylmalonic acid - B-12 def.
} Methylcitric acid – biotin deficiency
} Glutaric and 3-hydroxy-3-methylglutaric - indicators of riboflavin and coenzyme 

Q-10 deficiency, respectively. 

Direct:
} Ascorbic acid - vitamin C
} Pantothenic acid – vitamin B5
} Pyridoxic acid – vitamin B6
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313

3.0
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Elevated in cancer, 
genetic disease, 

folate issues.Pyrimidines

Pyrimidines

Uracil

Thymine
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32
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Source:	Diff.com

Two carbon nitrogen 
ring bases

One carbon 
nitrogen ring bases
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High values
• High intake 
• Hyperparathyroidism 
• Vitamin D-resistant rickets
• Immobilization following 

paraplegia or fracture
• Vitamin D intoxication
• Renal tubular damage, heavy 

metal toxicity
• Familial hypophosphatemia
• Metabolic acidosis

Low values
• Low intake
• Hypoparathyroidism
• Pseudohypoparathyroidism
• Parathyroidectomy
• Vitamin D deficiency



Phosphoric (acid)
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1940



2-Hydroxyhippuric

2-Hydroxyhippuric
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1.6
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36

192

Aspartame

2-hydroxyhippuric



Structure	of	2-Hydroxyhippuric	Acid	-metabolite	of	
aspartame	(Nutrasweet®),	aspirin,	foods,	additives
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Structure	of	4-cresol	(methylphenol)

HO CH31

2
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4

5 6

Phenyl group

Hydroxyl group
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} 2-year old female
} Failure to thrive (suspected)
} Language delay

105

} Social inhibitions
} No behavioral issues
} Lives in S. Eastern United States
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} Start performing Organic Acids Tests when appropriate 
on a wide variety of patients.

} Keep a copy of “The Clinical Significance of the Organic 
Acids Test” for easy reference for test marker 
descriptions.

} Keep searching for additional information about the 
clinical significance of the OAT.

} Contact Great Plains Laboratory directly for assistance 
with test interpretation.
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THANK YOU

Next Lecture
The OAT, Fungal Markers, and 
Chronic Candidiasis


