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Human biochemical individuality dictates how efficiently the body processes environmental compounds and heavy 

metals. The liver serves as the primary site of detoxification through a synchronized sequence known as Phase I 

(functionalization) and Phase II (conjugation) pathways. While the cytochrome P450 (CYP) enzyme superfamily facilitates 

Phase I clearance with a documented 1,000-fold variation in functional activity among populations, similar genetic 

polymorphisms heavily affect Phase II processes. This white paper validates the biochemical mechanism behind arsenic 

detoxification, verifying that specific genetic markers in the arsenic methyltransferase enzyme can inadvertently amplify 

the element's toxicity rather than mitigate it.  

 1. The Landscape of Metabolic Variation 

Phase I: Cytochrome P450 Enzymes 

Phase I detoxification is dominated by the liver's Cytochrome P450 (CYP) enzymes, which clear xenobiotics (foreign 

chemicals) from the bloodstream. Genetic research demonstrates a massive 1,000-fold functional variation in how 

effectively these enzymes operate across individuals. Key insights include:  

• CYP2C19 Variability: There is an active 5-fold difference in metabolic capacity between individuals characterized as 

"poor metabolizers" versus "extensive metabolizers." This deficiency is compounded if the neighboring enzyme 

CYP3A4 is concurrently inhibited. Conversely, an "ultra-rapid" variant allele is found in 18% of both Swedish and 

Ethiopian populations. 

• CYP2D6 Prevalence: This single enzyme is responsible for metabolizing approximately 25% of all prescription 

medications. It exhibits the hallmark 1,000-fold functional variation. While 7% of Caucasians are poor metabolizers 

(elevating their risk of adverse drug reactions), approximately 30% of Arabian and Eastern African populations are 

ultra-rapid metabolizers, frequently rendering standard pharmaceutical dosages ineffective. Notably, CYP2D6 activity 

can be naturally inhibited by compounds found in ginger. 

Phase II: Conjugation and Acetylation 

Following Phase I, intermediate metabolites must undergo Phase II neutralization to become water-soluble for excretion. 

Phase II pathways also exhibit significant hereditary variation. For instance, acetylation rates vary by a factor of 4 across 

distinct group averages. The "slow acetylator" phenotype is highly dependent on ethnicity, occurring in 52% to 68% of 
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Caucasian populations, but in only 10% to 15% of Japanese populations. This slow acetylation profile is clinically linked to 

increased susceptibility to certain diseases, including breast cancer.  

 2. The Two-Step Mechanism of Arsenic Detoxification 

Arsenic is considered one of the most hazardous environmental toxins. Dr. Joseph Pizzorno's broader epidemiological 

assessments indicate that approximately one-third (33%) of the general population possesses body burdens or exposure 

levels of arsenic capable of inducing chronic conditions, such as cardiovascular disease, diabetes, and major cancers.  

The physiological elimination of inorganic arsenic (IA) from the body relies on a precise, sequential two-step methylation 

pathway regulated by the enzyme arsenic methyltransferase (AS3MT).  

The Sequential Methylation Cascade: 

Step 1: Inorganic Arsenic (IA) → Monomethylarsonic Acid (MMA) 

Step 2: Monomethylarsonic Acid (MMA) → Dimethylarsinic Acid (DMA) 

From a toxicological standpoint, the first step does not detoxify the metal; instead, it generates an intermediate 

metabolite, MMA, which is eight times (8x) more toxic than the original elemental inorganic arsenic. It is only during the 

second step that AS3MT converts MMA into Dimethylarsinic Acid (DMA), a substance that is essentially non-toxic and 

safely excreted through urine.  

 3. Genetic Polymorphisms and Hyper-Vulnerability 

Because the intermediate product of this pathway is vastly more harmful than the initial toxin, the relative speed and 

efficiency of each step are critical. Individual variation is determined by Single Nucleotide Polymorphisms (SNPs) within 

the AS3MT gene:  

• First Methylation Capacity (rs11191439): The C allele of the AS3MT 14458 locus provides a significantly higher 

capacity for the first methylation step compared to the T allele. Population prevalence for this locus shows that the 

high-capacity homozygous CC genotype occurs in 1.3% of individuals, the heterozygous CT genotype in 18.1%, and 

the lower-capacity homozygous TT genotype in 80.5%. 

• Second Methylation Capacity (rs3740393): The C allele of the AS3MT 12390 locus yields a higher second 

methylation capacity compared to the G allele. 

The 1% Ultra-Risk Phenotype: 

A metabolic combination of a "Fast 1st Methylation" (driven by the rs11191439 C allele) and a "Slow 2nd 

Methylation" (driven by the rs3740393 G allele) creates a severe metabolic bottleneck. This causes a rapid 

accumulation of the highly toxic MMA intermediate, resulting in greatly increased arsenic toxicity. This precise 

genetic profile affects approximately 1% of the population. 

Broadly, about 20% of the overall population possesses genetic variations that result in a generally slow or inefficient 

arsenic detoxification process, impairing their ability to eliminate this prevalent environmental toxicant.  
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Metabolic Profile Genetic Mechanism (AS3MT) 
Population 

Prevalence 

Clinical Outcome 

Slow Arsenic 

Detoxification 

Generalized low-efficiency variants 

across the AS3MT gene 
~ 20% of the 

population Delayed clearance, prolonged systemic 

retention of inorganic arsenic. 

Hyper-Toxic 

Bottleneck Fast 1st step (rs11191439 C allele) + 

Slow 2nd step (rs3740393 G allele) 

~ 1% of the 

population Rapid production and dangerous 

accumulation of 8x toxic MMA 

intermediate. 

 

 4. Verification of the Founder's Hypotheses 

A full evaluation of the referenced research confirms the biochemical bottleneck described above—where robust 

production of the first enzyme variant combined with deficient or slow production of the second variant leads to elevated 

levels of the highly damaging intermediate compound (MMA)—is explicitly supported by genetic and toxicological data.  

Furthermore, the estimate that a substantial segment of the population (approximately 30% to 33%) carries disease-

inducing body burdens of arsenic matches Dr. Pizzorno's published environmental medicine findings. This accentuates 

the profound necessity of personalized testing to identify high-risk individuals before standard environmental exposures 

of any toxin lead to clinical disease.  
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