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TOXINS, TOXICANTS & TOXIC SUBSTANCES  
The word "toxin" itself does not describe a specific class of 
compounds, but rather something that can cause harm to the 
body. More specifically, a toxin or toxic substance is a 
chemical or mixture that may injure or present an 
unreasonable risk of injury to the health of an exposed 
organism. The National Cancer Institute defines "toxin" as a 
poisonous compound made by bacteria, plants, or animals; it 
defines “toxicant” as a poison made by humans or that is put 
into the environment by human activities.1 Each toxic 
substance has a defined toxic dose or toxic concentration at 
which it produces its toxic effect. 
 
Environmental pollutants (referred to as exogenous toxicants) 
present at variable levels in the air, drinking water, and food 
supply. Toxicants in the environment include a wide range of 
compounds, such as heavy metals, organic pesticides, drugs, 
and industrial materials. Exposure to environmental toxicants 
has been associated with many types of serious diseases, 
such as cancers and neurodegenerative disorders—as well as 
other health ailments characterized by fatigue, muscle 
weakness, and cognitive dysfunction. It is important to note 
that besides environmental pollutants, the human body 
generates toxins (referred to as endogenous toxins) as part of 
daily normal function.  
 
To avoid confusion, the word “toxin” in this review will be used 
to indicate either toxins (biological source) or toxicants 
(chemical source). One of the most important biochemical 
processes attending to toxin removal in our bodies is the 
biotransformation process, also called the detoxification 
system, which is comprised of Phase I, Phase II, and Phase III 
pathways. The detoxification system is highly dependent on 
nutrient support for optimal functioning. 
 
TOXIN EXPOSURE & CHRONIC DISEASE 
A growing body of literature suggests an association between 
toxicant exposure and the etiology of a number of chronic 
conditions, such as chronic fatigue syndrome (CFS), multiple 
chemical sensitivities (MCS), fibromyalgia (FM), and 
atherosclerosis. Symptoms including unremitting and 
debilitating fatigue, myalgias, arthralgias, and cognitive 
dysfunction are common amongst these syndromes. 
Associations between environmental toxicant exposure and the 
development of many other chronic degenerative diseases 

have been reported as well (Table 1).2-11  
Exposure to environmental toxicants can occur from air 
pollution, food supply, and drinking water, in addition to skin 
contact. For example, epidemiological studies have identified 
associations between symptoms of Parkinson’s disease and 
prolonged exposure to pesticides through farming or drinking 
well water; proximity in residence to industrial plants, printing 
plants, or quarries; or chronic occupational exposure to 
manganese, copper, or a combination of lead and iron.12 While 
the mechanisms of these toxic exposures are not known, an 
individual’s ability to excrete toxins has been shown to be a 
major factor in disease susceptibility.13,14 
 
Table 1. Clinical Symptoms and Conditions Associated with 

Environmental Toxicity 

 
 

Abnormal pregnancy outcomes  

Atherosclerosis  

Broad mood swings  

Cancer  

Chronic fatigue syndrome  

Chronic immune system depression  

Contact dermatitis  

Fatigue  

Fertility problems  

Fibromyalgia  

Headaches  

History of increasing sensitivity to exogenous exposures,         

odors, or medications  

Joint pain  

Kidney dysfunction  

Learning disorders  

Memory loss  

Mineral imbalances (particularly zinc and calcium)  

Multiple chemical sensitivities  

Muscle pain and weakness  

Nonresponsive or recurrent yeast infections  

Panic attacks  

Parkinson's disease  

Tinnitus  

Unusual responses to medications 

Worsening of symptoms after anesthesia or pregnancy 
 

   
COMMON CLASSES OF TOXINS  
• Industrial chemicals and combustion pollutants. This is 

one of the largest categories of toxicants. Virtually everyone 
is exposed to halogenated hydrocarbons, such as 
polychlorinated biphenyls (PCBs), at some level during an 
average day.15   
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• Pesticides. Many of the industrial chemicals are developed 

for their toxic effects on certain organisms and then sold as 
pesticides, insecticides, and herbicides. Most pesticides are 
in some way toxic to humans.16 

• Endocrine disruptors. Common endocrine disruptors 
include phthalates found in plastics, PCBs, bisphenol A 
(BPA), some pesticides, synthetic steroids in meat, and 
dichlorodiphenyltrichloroethane (DDT).17 Biologists have 
long noted problems with sterility and malformation of sex 
organs in many animal species that have been linked to the 
presence of these contaminants in the environment.  

• Toxic metals. Lead, mercury, cadmium, arsenic, and other 
toxic metals are ubiquitous in the environment and often 
have delayed effects because they accumulate in the body. 
For example, lead can be sequestered in bones, replacing 
calcium, where it has a half-life of 62 years.18 Lead toxicity 
includes DNA damage, depressed immune system function, 
anemia, hypertension, kidney disease, and increased tooth 
decay.19,20  

• Food additives, preservatives, and drugs. The greatest 
toxin exposure by far is through oral intake of foods, drugs, 
and water containing toxic substances that can be absorbed 
in the gastrointestinal (GI) tract. 

 
TOXIC LOAD & STORAGE OF TOXINS  
It is becoming apparent that toxin exposures cannot be 
considered individually, because humans are not exposed to 
individual toxins exclusively. Moreover, toxins can act in an 
additive manner if they exert their toxic effects through the 
same pathway(s). Further, the majority of toxic substances are 
fat-soluble, so they can sequester in tissues and remain there 
for many years.21,22 In this way, toxins can continue to accum-
ulate so that body tissues are exposed to much higher doses 
than environmental concentrations would suggest are present.  
 
REMOVAL OF TOXINS FROM THE BODY  
In order to remove these diverse toxins, the body has a 
complex, integrated system designed to convert fat-soluble 
toxins to water-soluble molecules, after which they can be 
directly excreted through renal or biliary routes. This system  
is called the detoxification or biotransformation system, 
including Phase I and Phase II metabolizing enzymes and 
Phase III transporters. Toxin-metabolizing enzymes are 
predominantly expressed in the liver, GI tract, lungs, and 
kidneys, although most cells have some detoxification 
capacity. Biotransformation reactions occur in concert, working 

together to remove toxins.  
Phase I Bioactivation. Fat-soluble toxins do not have a 
reactive site that will easily attach to the water-soluble moiety; 
therefore, a reactive site must be made first on the toxin before 
the water-soluble piece can be attached. This is accomplished 
by the Phase I enzymes.23 Phase I reactions are catalyzed by 
a number of different enzymes, primarily from the cytochrome 
P450 (CYP) superfamily of enzymes. Eighteen families of CYP 
enzymes have been identified in humans, and each of these 
contains several subfamilies.  
 
Phase I enzymes are localized to the cytosol of the cell and are 
regulated by receptor mediated gene transcription. CYPs have 
broad specificity and use the reduced form of nicotinamide 
adenosine dinucleotide (NADH) as a cofactor in converting 
oxygen to a hydroxyl group on the fat-soluble toxin. The result 
of this reaction is the generation of a reactive site on the 
transformed toxin. This reactive hydroxyl site is very much like 
that of a reactive oxygen species (ROS), and can readily bind 
to other molecules, such as DNA and proteins.  
 
On occasion, the product from this part of the detoxification 
process becomes soluble in water after the addition of the 
hydroxyl group and can be directly excreted. This is the case 
with caffeine, which undergoes only Phase I activation before 
excretion. This direct, one-step excretion is not common, 
however, and most activated toxins (reactive intermediates, 
see below) require conjugation with a larger, more water-
soluble moiety to effectively alter their lipid characteristics.  
 
Many dietary ingredients support CYP reactions (Figure 1), 
including niacin, which is required for generation of NADH. In 
addition, the activation reaction often generates ROS. Dietary 
antioxidants, therefore, may help protect tissue from damage 
that may occur by this reaction.23,24 
 
Phase II Conjugation. Phase I activation results in the 
generation of reactive intermediates that are often more 
reactive—and potentially more toxic—than the parent 
molecule. This molecule should be converted to a non-toxic, 
water-soluble molecule at the site of production as soon as 
possible. Conjugation of the reactive intermediate to a water-
soluble molecule is accomplished by Phase II conjugation 
enzymes, which consist of many enzyme superfamilies— 
including sulfotransferases (SULT), UDP-glucuronosyl-
transferases (UGT), glutathione S-transferases (GST), 
and N-acetyltransferases (NAT).24  
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Conjugation reactions not only require the water-soluble moiety 
that will be attached to the toxin—such as sulfate in the case of 
sulfation or glucuronic acid in the case of glucuronidation—but 
also use a large amount of energy in the form of adenosine 
triphosphate (ATP). In addition to energy repletion, Phase II 
reactions require an abundance of cofactors.23 Multiple 
nutrients and phytonutrients may help support Phase II 
reactions (Figure 1). 
 
Phase III Transport. Phase III proteins are transmembrane-
spanning proteins that transport substrate out of the cell.24 
Depending on the membrane localization of the transporter, 
water-soluble toxins are exported from the cell to the 
circulation for eventual elimination by the kidneys or exported 
into the bile and then excreted via the feces.24    
 
Phase I metabolizes a toxin and Phase II conjugates a water-
soluble group to the toxin, promoting its excretion in Phase III. 
These activities work in concert and thus must be balanced. In 
particular, Phase II activities must keep up with the Phase I 
generation of reactive intermediates or an imbalance in the 
production of reactive substances occurs. 
 
Figure 1. Liver Cell Detoxification Mechanisms 

 

 
Detoxification occurs primarily in the liver, but also throughout the GI 
tract, kidneys, lungs, and brain. Nutrient support is vital for optimal 
functioning of detoxification pathways.   
 
 
 

 
ENERGY PRODUCTION & OXIDATIVE STRESS IN 
TOXICITY  
As noted earlier, ATP is vital for adequate biotransformation. 
Generation of adequate ATP requires healthy, nutrient-
supported mitochondria. Unfortunately, many toxins can inhibit 
mitochondrial function, which can lead to a decreased 
biotransformation capacity of other toxins.25 Production of ROS 
is also a consequence of energy production, and excess 
presence of these damaging molecules—a state referred to as 
oxidative stress—is associated with toxicity.26  
 
Nutrients that support mitochondrial function include the 
essential cofactors for energy production: thiamin, riboflavin, 
niacin, pantothenic acid, and magnesium. Also, nutrients that 
help protect the body from oxidative stress, such as vitamins C 
and E, zinc, selenium, and copper, are beneficial.27,28  

 

DIGESTION, EXCRETION & DIET IN TOXICITY  
Gastric emptying, intestinal transit, and bile secretion are part 
of healthy digestion and can have a profound effect on 
detoxification. Toxins that are conjugated in the intestinal tract 
and during first pass metabolism in the liver are primarily 
excreted via bile, which requires healthy fecal production. 
Dietary fiber supports healthy excretion—which is important for 
removing biotransformed toxins—and has been shown to bind 
some toxins directly, thereby facilitating their removal before 
significant absorption occurs.29  

 

Human urinary pH can range from 4.6 (acidic) to 8.0 
(alkaline),30 which may affect the elimination of toxins. For 
example, urine alkalinization increases the urine elimination of 
methylchlorophenoxyproprionic acid and 2,4-dichloropheno-
xyacetic acid (herbicides).31 In the event of acute poisoning or 
overdose of toxins, alkalinization of urine to pH ≥ 7.5 is a 
method for the enhanced elimination of toxins under acute 
medical settings.31 Clinical studies have shown that alkaline 
minerals commonly found in fruits and vegetables increase 
urinary pH.32,33 Thus, progressive alkalinization of urine via 
dietary agents may assist metabolic detoxification by 
enhancing urinary excretion of weak acids.34 In addition, 
adequate intake of water is essential to maintaining healthy 
kidney function and promoting urinary excretion of toxins.  
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NUTRITION & THE DETOXIFICATION SYSTEM 
In addition to support for excretion, overall nutrition influences 
biotransformation in many other ways. Support for energy 
production, as well as generation of new enzymes (protein 
production), are vital during detoxification. Therefore, adequate 
intake of complex carbohydrates, energy-supportive fats, and 
high quality protein are essential for providing protective 
mechanisms against toxic damage.35  Fats can be problematic, 
since many people consume too many unhealthy fats. 
Moreover, individuals undergoing toxic exposure may not 
efficiently absorb nutrients through the intestinal tract if they 
are also experiencing altered intestinal permeability. Therefore, 
provision of a highly bioavailable source of fats that can be 
used directly to support energy production is beneficial. The 
medium-chain triglycerides (MCTs) are fats that fit this profile.36  

 
PHYTONUTRIENT SUPPORT FOR BALANCED 
DETOXIFICATION ACTIVITIES 
Nutrient support for all detoxification activities is essential to 
achieving healthy, balanced detoxification. Phytonutrients 
support detoxification through multiple mechanisms. 
Antioxidant activity supports Phase I specifically. Modulation of 
enzyme activity directly and induction of gene transcription of 
Phase I and II enzymes and Phase III proteins are additional 
mechanisms of phytonutrient regulation of detoxification.  
 
Some phytonutrients support Phase I activity, such as indole-3-
carbinol from broccoli, which provides modest support for the 
CYP1A enzymes. Overactivation of Phase I is a concern, 
however, and is associated with high, continuous levels of 
toxins that are known to be particularly effective at inducing 
Phase I activities. For example, smoked meats (heterocyclic 
amines formed on charbroiled beef) and dioxins have all been 
shown to over-induce CYP1A enzymes, and even low doses of 
these compounds induce CYP1A much more effectively than 
the modest support provided by indole-3-carbinol.37-39  
 
Many phytonutrients also act as antioxidants and bind reactive 
intermediates and ROS from Phase I reactions. Therefore, 
nutrient modulators minimize damage caused by reactive 
intermediates, which may be one reason for the association 
between diets high in fruits and vegetables and reduced 
susceptibilities to many health conditions.40 
 
Phytonutrients particularly beneficial for Phase II activities 
include catechins (from green tea and grapes), ellagic acid 

(from pomegranate and many berries), xanthohumol (from 
hops), and glucosinolates (found in crucifers, such as 
watercress and broccoli).41  
 
NUTRIENTS THAT SUPPORT DETOXIFICATION  
Provision of macronutrients is extremely important in a 
detoxification program. Water fasting has many adverse health 
effects, including decreased energy production, catabolism of 
lean tissue, upregulation of Phase I activities with a 
concomitant increase in oxidative stress, and decreased levels 
of Phase II cofactors. Detoxification is an energy-dependent 
process that puts a metabolic burden on the body. Instead of 
decreasing nutrient support, a focused, high impact source of 
nutrients is essential. However, this source of nutrients should 
have a low allergenic potential so as to minimize inflammation 
due to food allergen reactions. 
 
An 8-week study in women with fibromyalgia demonstrated 
that a diet low in food allergens supplemented with a 
phytonutrient-rich powdered supplement produced increased 
elimination of heavy metals and improved fibromyalgia 
symptoms compared to a standard American diet 
supplemented with rice protein powder.42 A nutrient base that 
includes protein, carbohydrate, fiber, and fat is important to 
maintaining healthy metabolism during a detoxification 
program.  
 
Fiber. Dietary fiber, such as isomalto-oligosaccharides (IMO), 
citrus pectin, and apple fiber, can benefit a detoxification 
program in many ways. Fiber supports intestinal mucosal cell 
barriers and improves beneficial colonic microbiota and bowel 
movements, which decrease toxic burden on the body and 
provide a first line of defense against toxins. Fiber promotes 
removal of the conjugated toxins that are excreted via bile and 
may decrease the absorption of some toxins.43-45 Most notably, 
some fibers have been shown to directly bind toxins, thereby 
helping to remove potentially damaging toxins.45  
 
Protein. Protein that provides methionine and cysteine in a 
highly absorbable form is of benefit to Phase II conjugation, as 
these amino acids can be used to generate the sulfation and 
glutathione cofactors. A high quality protein may also benefit 
those with toxic mercury burdens, since mercury exposure is 
associated with the depletion of specific amino acids that are 
precursors to neurotransmitters.46 Methionine is also a 
component of S-adenosylmethionine (SAM), and is required for 
methylation (see page 5).  
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N-Acetylcysteine (NAC). NAC is a precursor of L-cysteine, 
and L-cysteine is a substrate and the rate-limiting factor in 
glutathione synthesis. Glutathione is an important antioxidant, 
plays a major role in the detoxification of both endogenous and 
xenobiotic compounds, and is a chelating agent for heavy 
metals.18 In the presence of a toxic load of metals or oxidative 
stress, the demand for glutathione increases and L-cysteine 
could be depleted.46 Orally administered glutathione is poorly 
absorbed, and direct supplementation of glutathione does not 
seem to improve glutathione status and biomarkers of 
oxidative stress in humans.47 On the other hand, 
supplementation of NAC replenishes L-cysteine and has been 
shown to boost the endogenous synthesis of glutathione.48 
 
Methionine, Choline, Vitamin B12 & Folate. Methylation is 
one of the conjugation reactions of Phase II detoxification.49 
The methyl donor SAM is a cofactor required to form methyl 
conjugates. Thus, nutrients that are involved in 1-carbon 
metabolism and the production and recycling of SAM are 
essential to support balanced biotransformation. These 
nutrients include, but are not limited to, methionine, choline, 
vitamin B12, and folate. Methionine is essential for the 
synthesis of SAM. Vitamin B12, folate, and choline provide 
support for homocysteine metabolism, which drives re-
methylation of SAM.50 
 
Super Oxide Dismutase (SOD). SOD is an endogenous 
antioxidant enzyme present in nearly all cells exposed to 
oxygen. It neutralizes the highly reactive radical superoxide 
(O2–) to oxygen or hydrogen peroxide (which is further 
degraded by other endogenous enzymes such as catalase), 
thereby protecting cells from oxidative stress and superoxide 
toxicity. Different forms of SOD exists in humans, including 
cytosolic (Cu, Zn-SOD), mitochondrial (Mn-SOD), and 
extracellular (EC-SOD).51 
 
SOD can be extracted from dietary sources. Cantaloupe melon 
(Cucumis melo. L), for example, is rich in multiple forms of 
SOD (Fe-SOD; Cu, Zn-SOD; and Mn-SOD). However, SOD 
via oral consumption is denatured by gastric acid in the 
stomach. Encapsulating SOD using microencapsulation 
technology may enable the enzyme to reach the intestinal 
tract. Interestingly, oral consumption of the encapsulated 
melon SOD concentrate in animal models has been shown to 
increase endogenous antioxidant enzymes (SOD, glutathione 
peroxidase, and catalase) in the liver, adipose tissue, and 

heart tissue.52-55 This suggests that this specially formulated 
SOD may potentially boost the body’s endogenous antioxidant 
capacity. 
Ellagic Acid. Ellagic acid, a phenol antioxidant found in many 
plant foods (e.g., pomegranate), may act directly against some 
metal toxicity (e.g., nickel) by chelating the metal and 
promoting its excretion, thereby providing protection from liver 
damage and oxidative stress.56  
 
Ellagic acid promotes balanced detoxification via several 
mechanisms. It induces expression of glutathione synthesizing 
enzymes, GST, and other Phase II enzymes.57-59 Reports that 
ellagic acid modulates CYP enzymes suggest a role for the 
compound in Phase I detoxification pathways as well. Ellagic 
acid has demonstrated direct binding to toxins, such as 
benzo[a]pyrene-related compounds from air pollution, 
rendering them non-toxic and promoting their excretion.60,61 
     
Green Tea Catechins. A large body of literature studying the 
health benefits of catechins is available. These data suggest 
that catechins—a class of flavonoids found in high 
concentrations in green tea extracts—are bifunctional 
modulators that provide many beneficial activities, including 
induction of Phase I CYP enzymes and Phase II glucuronida-
tion and glutathione conjugation enzymes.62 Cell-based assays 
demonstrated that catechins induce receptor-mediated gene 
expression of enzymes involved in metabolic detoxification.63  
Interestingly, some catechins have been shown to induce 
Phase I activities while others selectively inhibit Phase I 
activities.64-66 A cell-based study showed that catechins 
inhibited the over-induction of Phase I activities by a toxic 
substance, but were able to moderately induce Phase I activity 
themselves when the toxin was not present.67 This capacity of 
catechins to regulate expression and activity of Phase I 
enzymes suggests that this natural compound is effective for 
supporting a balanced detoxification system.  
 
The molecular structure of catechins enables these 
compounds to act as chelators, binding to reactive 
intermediates produced by Phase I that are not immediately 
conjugated by a Phase II reaction, which is another 
mechanism by which this class of flavonoids may promote 
balanced detoxification.58,59 
 
A cup of tea contains between 100 mg to 200 mg catechins, 

which is suggested to account for at least 90% of the observed 
beneficial effects of green tea.60,67 Green tea catechins also 
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have been shown to promote healthy intestinal microbiota and 
pH and to support healthy bowel function—qualities that further 
support detoxification.68  
Glucosinolates. Glucosinolates are sulfur-containing 
glycosides found in cruciferous vegetables. Intact plant cells 
contain the enzyme myrosinase that is physically separated 
from glucosinolates.69 When the plant cells are damaged as a 
result of chopping or chewing, myrosinase is released and 
interacts with glucosinolates, forming the biologically active 
compounds termed isothiocyanates.70 Different types of 
glucosinolates form different types of isothiocyanates. For 
example, watercress (Nasturtium officinale) contains high 
levels of gluconasturtiin that is converted into phenethyl 
isothiocyanate (PEITC), and broccoli (Brassica oleracea) is 
rich in glucoraphanin that is metabolized to sulforaphane. 
These isothiocyanates have been shown to be potent inducers 
of antioxidant and Phase II detoxification enzymes via the 
Keap1/Nrf2 pathway.71-73 Plant myrosinase is inactivated by 
heat (e.g., cooking) and thus cooked cruciferous vegetables 
are devoid of myrosinase activity. However, research has 
shown that the human gut contains myrosinase-producing 
bacteria capable of converting some glucosinolates to 
isothiocyanates.74,75  
 
Xanthohumol. Xanthohumol is the most abundant prenylated 
flavonoid in the flowers of hops. Preclinical studies have found 
that xanthohumol exhibits a broad spectrum of biological 
activities, including suppression of nitric oxide production, 
down-regulation of IL-12, and inhibition of lipopolysaccharide-
induced responses.76-77 Further, xanthohumol upregulates 
antioxidant and Phase II detoxification enzymes via the 
Keap1/Nrf2 pathway.78 Xanthohumol has also been shown to 
act as a selective kinase response modulator (SKRM) and 
inhibit NF-κB signaling pathways.79-81 
 
Silymarin. Silymarin (from milk thistle) has been used in 
traditional medicine throughout the world as a 
hepatoprotectant, and recent studies demonstrate effective 
liver-protectant functions of silymarin.64,65 Randomized, 
controlled clinical trials have demonstrated a beneficial effect 
of 420 mg silymarin per day on indices of liver function in 
patients with various etiologies of acute hepatitis. Other studies 
have found similar benefits for patients with liver disease—
including those exposed to toxic levels of industrial phenolics, 
such as toluene.65,66 Silymarin has also been shown to 
increase serum glutathione and glutathione peroxidase in 
patients with liver disease and induce glutathione transferase 

activity in animals.82,83 Silymarin glycosides exhibit potent 
antioxidant activity, and therefore silymarin may act as a 
bifunctional modulator.68 

Artichoke. Traditional medicine has long used artichoke 
extract (Cynara scolymus) for liver support, and several 
bioactives have been identified, including chlorogenic acid, 
cynarin, caffeic acid, and luteolin.69,70 Results from cell-based 
studies suggest that artichoke has potent antioxidant activity 
and attenuates toxin-induced reduction of glutathione 
reserves.71,72 Artichoke leaf extract administration for two 
weeks protected rats against oxidative stress-induced 
hepatotoxicity.73 Consumption of encapsulated artichoke 
extract has been shown to increase the absorption of these 
bioactives in humans, resulting in the production of beneficial 
metabolites such as ferulic acid.84 Ferulic acid, chlorogenic 
acid, and cynarin provide strong antioxidant protection, which 
may account for some of their health-promoting activities.69,70  
 
CLINICAL APPLICATIONS  
Optimizing the body's ability to manage and excrete toxins is 
essential for optimal health. Several recent reviews have 
discussed targeted, nutrient-based detoxification intervention 
therapies for patients with CFS, FM, MCS, and Parkinson's 
disease, as well as in apparently healthy individuals.37,75-80 
 
Decreasing exposure to toxins is extremely important in all 
programs. However, minimizing toxin exposure is only one part 
of a successful strategy to decrease susceptibility to toxicity-
related conditions. Low-allergy-potential, targeted nutrition that 
provides the full spectrum of cofactor precursors, support for 
excretion, and bifunctional inducers for balanced Phase I and 
Phase II biotransformation may promote balanced 
detoxification and health throughout life.  
 
Table 2. Clinical Considerations for Programs to Support 
Biotransformation  
 

 

• Decrease exposure to toxins  
• Provide nutritional support for biotransformation and 
conjugation reactions 

• Provide nutritional support for energy production during 
detoxification programs 

• Support endogenous antioxidant mechanisms for 
biotransformation and heavy metal detoxification  

• Provide methyl donors to promote methylation pathways 
• Support healthy digestion and excretion 

 



 7 

References  
1. NCI Dictionary of Cancer Terms. (Accessed October 12, 2015, at 

http://www.cancer.gov/publications/dictionaries/cancer-terms?expand=T.) 
2. Kern JK, Geier DA, Bjorklund G, et al. Evidence supporting a link between 

dental amalgams and chronic illness, fatigue, depression, anxiety, and 
suicide. Neuro Endocrinol Lett. 2014;35:537-552. 

3. Moro AM, Brucker N, Charao MF, et al. Early hematological and 
immunological alterations in gasoline station attendants exposed to 
benzene. Environ Res. 2015;137:349-356. 

4. Callahan CL, Al-Batanony M, Ismail AA, et al. Chlorpyrifos exposure and 
respiratory health among adolescent agricultural workers. Int J Environ Res 
Public Health. 2014;11:13117-13129. 

5. Bowler RM, Roels HA, Nakagawa S, et al. Dose-effect relationships between 
manganese exposure and neurological, neuropsychological and pulmonary 
function in confined space bridge welders. Occup Environ Med. 
2007;64:167-177. 

6. Baker MG, Criswell SR, Racette BA, et al. Neurological outcomes associated 
with low-level manganese exposure in an inception cohort of asymptomatic 
welding trainees. Scand J Work Environ Health. 2015;41:94-101. 

7. Freitas F, Brucker N, Durgante J, et al. Urinary 1-hydroxypyrene is 
associated with oxidative stress and inflammatory biomarkers in acute 
Myocardial Infarction. Int J Environ Res Public Health. 2014;11:9024-9037. 

8. Chin-Chan M, Navarro-Yepes J, Quintanilla-Vega B. Environmental 
pollutants as risk factors for neurodegenerative disorders: Alzheimer and 
Parkinson diseases. Front Cell Neurosci. 2015;9:124. 

9. Genuis SJ, Kelln KL. Toxicant exposure and bioaccumulation: a common 
and potentially reversible cause of cognitive dysfunction and dementia. 
Behav Neurol. 2015;2015:620143. 

10. Tang M, Chen K, Yang F, Liu W. Exposure to organochlorine pollutants and 
type 2 diabetes: a systematic review and meta-analysis. PLoS One. 
2014;9:e85556. 

11. Cao Y. Environmental pollution and DNA methylation: carcinogenesis, 
clinical significance, and practical applications. Front Med. 2015;9:261-274. 

12. Bachurin SO, Tkachenko SE, Lermontova NN. Pyridine derivatives: 
structure-activity relationships causing parkinsonism-like symptoms. Rev 
Environ Contam Toxicol. 1991;122:1-36. 

13. Gorell JM, Johnson CC, Rybicki BA, et al. Occupational exposure to 
manganese, copper, lead, iron, mercury and zinc and the risk of Parkinson's 
disease. Neurotoxicology. 1999;20:239-247. 

14. Sherer TB, Betarbet R, Greenamyre JT. Environment, mitochondria, and 
Parkinson's disease. Neuroscientist. 2002;8:192-197. 

15. Silkworth JB, Brown JF, Jr. Evaluating the impact of exposure to 
environmental contaminants on human health. Clin Chem. 1996;42:1345-
1349. 

16. Bolognesi C, Morasso G. Genotoxicity of pesticides: potential risk for 
consumers. Trends Food Sci Tech. 2000;11:182-187. 

17. Rochester JR. Bisphenol A and human health: a review of the literature. 
Reprod Toxicol. 2013;42:132-155. 

18. Olmstead MJ. Heavy Metal Sources, Effects, and Detoxification. Altern  
Complement Ther. 2000;6:347-354. 

19. Gerlach RF, Cury JA, Krug FJ, Line SR. Effect of lead on dental enamel 
formation. Toxicology. 2002;175:27-34. 

20. Youravong N, Chongsuvivatwong V, Geater AF, Dahlen G, Teanpaisan R. 
Lead associated caries development in children living in a lead contaminated 
area, Thailand. Sci Total Environ. 2006;361:88-96. 

21. La Merrill M, Emond C, Kim MJ, et al. Toxicological function of adipose 
tissue: focus on persistent organic pollutants. Environ Health Perspect. 
2013;121:162-169. 

22. Pestana D, Faria G, Sa C, et al. Persistent organic pollutant levels in human 
visceral and subcutaneous adipose tissue in obese individuals—depot 
differences and dysmetabolism implications. Environ Res. 2014;133:170-
177. 

23. Liska DJ. The detoxification enzyme systems. Altern Med Rev. 1998;3:187-
198. 

24. Xu C, Li CY, Kong AN. Induction of phase I, II and III drug 
metabolism/transport by xenobiotics. Arch Pharm Res. 2005;28:249-268. 

25. Umeda S, Muta T, Ohsato T, et al. The D-loop structure of human mtDNA is 
destabilized directly by 1-methyl-4-phenylpyridinium ion (MPP+), a 
parkinsonism-causing toxin. Eur J Biochem. 2000;267:200-206. 

26. Pall ML, Satterlee JD. Elevated nitric oxide/peroxynitrite mechanism for the 
common etiology of multiple chemical sensitivity, chronic fatigue syndrome, 
and posttraumatic stress disorder. Ann N Y Acad Sci. 2001;933:323-329. 

 
 

27. Aw TY, Jones DP. Nutrient supply and mitochondrial function. Annu Rev 
Nutr. 1989;9:229-251. 

28. Aruoma OI. Nutrition and health aspects of free radicals and antioxidants. 
Food Chem Toxicol. 1994;32:671-683. 

29. Harris PJ, Sasidharan VK, Roberton AM, et al. Adsorption of a hydrophobic 
mutagen to cereal brans and cereal bran dietary fibres. Mutat Res. 
1998;412:323-331. 

30. Urine pH test. U.S. National Library of Medicine, 2014. (Accessed Jan. 26, 
2016, at https://www.nlm.nih.gov/medlineplus/ency/article/003583.htm.) 

31. Proudfoot AT, Krenzelok EP, Vale JA. Position Paper on urine alkalinization. 
J Toxicol Clin Toxicol. 2004;42:1-26. 

32. Berardi JM, Logan AC, Rao AV. Plant based dietary supplement increases 
urinary pH. J Int Soc Sports Nutr. 2008;5:20. 

33. Konig D, Muser K, Dickhuth HH, Berg A, Deibert P. Effect of a supplement 
rich in alkaline minerals on acid-base balance in humans. Nutr J. 2009;8:23. 

34. Minich DM, Bland JS. Acid-alkaline balance: role in chronic disease and 
detoxification. Altern Ther Health Med. 2007;13:62-65. 

35. Lall SB, Singh B, Gulati K, Seth SD. Role of nutrition in toxic injury. Indian J 
Exp Biol. 1999;37:109-116. 

36. De Gaetano A, Castagneto M, Mingrone G, et al. Kinetics of medium-chain 
triglycerides and free fatty acids in healthy volunteers and surgically stressed 
patients. JPEN J Parenter Enteral Nutr. 1994;18:134-140. 

37. McDanell RE, Henderson LA, Russell K, McLean AE. The effect of brassica 
vegetable consumption on caffeine metabolism in humans. Hum Exp 
Toxicol. 1992;11:167-172. 

38. Vanden Heuvel JP, Clark GC, Kohn MC, et al. Dioxin-responsive genes: 
examination of dose-response relationships using quantitative reverse 
transcriptase-polymerase chain reaction. Cancer Res. 1994;54:62-68. 

39. Kall MA, Clausen J. Dietary effect on mixed function P450 1A2 activity 
assayed by estimation of caffeine metabolism in man. Hum Exp Toxicol. 
1995;14:801-807. 

40. Turati F, Rossi M, Pelucchi C, Levi F, La Vecchia C. Fruit and vegetables 
and cancer risk: a review of southern European studies. Br J Nutr. 2015;113 
Suppl 2:S102-110. 

41. Hodges RE, Minich DM. Modulation of metabolic detoxification pathways 
using foods and food-derived components: a scientific review with clinical 
application. J Nutr Metab. 2015;2015:760689. 

42. Lamb JJ, Konda VR, Quig DW, et al. A program consisting of a 
phytonutrient-rich medical food and an elimination diet ameliorated 
fibromyalgia symptoms and promoted toxic-element detoxification in a pilot 
trial. Altern Ther Health Med. 2011;17:36-44. 

43. Yen CH, Tseng YH, Kuo YW, Lee MC, Chen HL. Long-term supplementation 
of isomalto-oligosaccharides improved colonic microflora profile, bowel 
function, and blood cholesterol levels in constipated elderly people--a 
placebo-controlled, diet-controlled trial. Nutrition. 2011;27:445-450. 

44. Eliaz I, Hotchkiss AT, Fishman ML, Rode D. The effect of modified citrus 
pectin on urinary excretion of toxic elements. Phytother Res. 2006;20:859-
864. 

45. Zhang N, Huang C, Ou S. In vitro binding capacities of three dietary fibers 
and their mixture for four toxic elements, cholesterol, and bile acid. J Hazard 
Mater. 2011;186:236-239. 

46. Quig D. Cysteine metabolism and metal toxicity. Altern Med Rev. 
1998;3:262-270. 

47. Allen J, Bradley RD. Effects of oral glutathione supplementation on systemic 
oxidative stress biomarkers in human volunteers. J Altern Complement Med. 
2011;17:827-833. 

48. Atkuri KR, Mantovani JJ, Herzenberg LA, Herzenberg LA. N-Acetylcysteine--
a safe antidote for cysteine/glutathione deficiency. Curr Opin Pharmacol. 
2007;7:355-359. 

49. Jancova P, Anzenbacher P, Anzenbacherova E. Phase II drug metabolizing 
enzymes. Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 
2010;154:103-116. 

50. Selhub J. Folate, vitamin B12 and vitamin B6 and one carbon metabolism. J 
Nutr Health Aging. 2002;6:39-42. 

51. Landis GN, Tower J. Superoxide dismutase evolution and life span 
regulation. Mech Ageing Dev. 2005;126:365-379. 

52. Carillon J, Romain C, Bardy G, et al. Cafeteria diet induces obesity and 
insulin resistance associated with oxidative stress but not with inflammation: 
improvement by dietary supplementation with a melon superoxide 
dismutase. Free Radic Biol Med. 2013;65:254-261. 

 
 
 
 



 8 

 
53. Carillon J, Knabe L, Montalban A, et al. Curative diet supplementation with a 

melon superoxide dismutase reduces adipose tissue in obese hamsters by 
improving insulin sensitivity. Mol Nutr Food Res. 2014;58:842-850. 

54. Carillon J, Fouret G, Feillet-Coudray C, et al. Short-term assessment of 
toxicological aspects, oxidative and inflammatory response to dietary melon 
superoxide dismutase in rats. Food Chem Toxicol. 2013;55:323-328. 

55. Carillon J, Rugale C, Rouanet JM, et al. Endogenous antioxidant defense 
induction by melon superoxide dismutase reduces cardiac hypertrophy in 
spontaneously hypertensive rats. Int J Food Sci Nutr. 2014;65:602-609. 

56. Ahmed S, Rahman A, Saleem M, Athar M, Sultana S. Ellagic acid 
ameliorates nickel induced biochemical alterations: diminution of oxidative 
stress. Hum Exp Toxicol. 1999;18:691-698. 

57. Fry JR, Sinclair D, Piper CH, Townsend SL, Thomas NW. Depression of 
glutathione content, elevation of CYP2E1-dependent activation, and the 
principal determinant of the fasting-mediated enhancement of 1,3-dichloro-2-
propanol hepatotoxicity in the rat. Food Chem Toxicol. 1999;37:351-355. 

58. van der Logt EM, Roelofs HM, Nagengast FM, Peters WH. Induction of rat 
hepatic and intestinal UDP-glucuronosyltransferases by naturally occurring 
dietary anticarcinogens. Carcinogenesis. 2003;24:1651-1656. 

59. Shepherd AG, Manson MM, Ball HW, McLellan LI. Regulation of rat 
glutamate-cysteine ligase (gamma-glutamylcysteine synthetase) subunits by 
chemopreventive agents and in aflatoxin B(1)-induced preneoplasia. 
Carcinogenesis. 2000;21:1827-1834. 

60. Barch DH, Rundhaugen LM, Stoner GD, Pillay NS, Rosche WA. Structure-
function relationships of the dietary anticarcinogen ellagic acid. 
Carcinogenesis. 1996;17:265-269. 

61. Barch DH, Rundhaugen LM, Pillay NS. Ellagic acid induces transcription of 
the rat glutathione S-transferase-Ya gene. Carcinogenesis. 1995;16:665-
668. 

62. Maliakal PP, Coville PF, Wanwimolruk S. Tea consumption modulates 
hepatic drug metabolizing enzymes in Wistar rats. J Pharm Pharmacol. 
2001;53:569-577. 

63. Yao R, Yasuoka A, Kamei A, et al. Dietary flavonoids activate the 
constitutive androstane receptor (CAR). J Agric Food Chem. 2010;58:2168-
2173. 

64. Bu-Abbas A, Clifford MN, Walker R, Ioannides C. Selective induction of rat 
hepatic CYP1 and CYP4 proteins and of peroxisomal proliferation by green 
tea. Carcinogenesis. 1994;15:2575-2579. 

65. Dashwood RH, Xu M, Hernaez JF, et al. Cancer chemopreventive 
mechanisms of tea against heterocyclic amine mutagens from cooked meat. 
Proc Soc Exp Biol Med. 1999;220:239-243. 

66. Xu M, Dashwood RH. Chemoprevention studies of heterocyclic amine-
induced colon carcinogenesis. Cancer Lett. 1999;143:179-183. 

67. Williams SN, Shih H, Guenette DK, et al. Comparative studies on the effects 
of green tea extracts and individual tea catechins on human CYP1A gene 
expression. Chem Biol Interact. 2000;128:211-229. 

68. Goto K, Kanaya S, Ishigami T, Hara Y. The effects of tea catechins on fecal 
conditions of elderly residents in a long-term care facility. J Nutr Sci 
Vitaminol (Tokyo). 1999;45:135-141. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
MET2221 07062018 © 2018 Metagenics Institute. All Rights Reserved. 
 

 
69. Holst B, Williamson G. A critical review of the bioavailability of glucosinolates 

and related compounds. Nat Prod Rep. 2004;21:425-447 
70. Fahey JW, Zalcmann AT, Talalay P. The chemical diversity and distribution 

of glucosinolates and isothiocyanates among plants. Phytochemistry. 
2001;56:5-51. 

71. Guerrero-Beltran CE, Calderon-Oliver M, Pedraza-Chaverri J, Chirino YI. 
Protective effect of sulforaphane against oxidative stress: recent advances. 
Exp Toxicol Pathol. 2012;64:503-508. 

72. Bai Y, Wang X, Zhao S, et al. Sulforaphane protects against cardiovascular 
disease via Nrf2 activation. Oxid Med Cell Longev. 2015;2015:407580. 

73. Gupta P, Wright SE, Kim SH, Srivastava SK. Phenethyl isothiocyanate: a 
comprehensive review of anti-cancer mechanisms. Biochim Biophys Acta. 
2014;1846:405-424. 

74. Fahey JW, Wehage SL, Holtzclaw WD, et al. Protection of humans by plant 
glucosinolates: efficiency of conversion of glucosinolates to isothiocyanates 
by the gastrointestinal microflora. Cancer Prev Res (Phila). 2012;5:603-611. 

75. Getahun SM, Chung FL. Conversion of glucosinolates to isothiocyanates in 
humans after ingestion of cooked watercress. Cancer Epidemiol Biomarkers 
Prev. 1999;8:447-451. 

76. Zhao F, Nozawa H, Daikonnya A, Kondo K, Kitanaka S. Inhibitors of nitric 
oxide production from hops (Humulus lupulus L.). Biol Pharm Bull. 
2003;26:61-65. 

77. Cho YC, You SK, Kim HJ, et al. Xanthohumol inhibits IL-12 production and 
reduces chronic allergic contact dermatitis. Int Immunopharmacol. 
2010;10:556-561. 

78. Lee IS, Lim J, Gal J, et al. Anti-inflammatory activity of xanthohumol involves 
heme oxygenase-1 induction via NRF2-ARE signaling in microglial BV2 
cells. Neurochem Int. 2011;58:153-160. 

79. Lee YM, Hsieh KH, Lu WJ, et al. Xanthohumol, a prenylated flavonoid from 
hops (Humulus lupulus), prevents platelet activation in human platelets. Evid 
Based Complement Alternat Med. 2012;2012:852362. 

80. Harikumar KB, Kunnumakkara AB, Ahn KS, et al. Modification of the 
cysteine residues in IkappaBalpha kinase and NF-kappaB (p65) by 
xanthohumol leads to suppression of NF-kappaB-regulated gene products 
and potentiation of apoptosis in leukemia cells. Blood. 2009;113:2003-2013. 

81. Albini A, Dell'Eva R, Vene R, et al. Mechanisms of the antiangiogenic activity 
by the hop flavonoid xanthohumol: NF-kappaB and Akt as targets. Faseb J. 
2006;20:527-529. 

82. Wellington K, Jarvis B. Silymarin: a review of its clinical properties in the 
management of hepatic disorders. BioDrugs. 2001;15:465-489. 

83. Yanaida Y, Kohno H, Yoshida K, et al. Dietary silymarin suppresses 4-
nitroquinoline 1-oxide-induced tongue carcinogenesis in male F344 rats. 
Carcinogenesis. 2002;23:787-794. 

84. Rechner AR, Pannala AS, Rice-Evans CA. Caffeic acid derivatives in 
artichoke extract are metabolised to phenolic acids in vivo. Free Radic Res. 
2001;35:195-202. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

                           


