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An enormous amount of research literature associating toxin exposure to disease
has been published, and current estimates suggest that between $568 and $793
billion dollars is spent in the U.S. and Canada every year on toxicity-related
diseases.(Muir and Zegarac, 2001) Exposure to toxins -- such as heavy metals,
pesticides, industrial compounds and pollutants -- is a causative factor for many
types of cancers, Parkinson's disease, conditions such as chronic fatigue syndrome
(CFS) and multiple chemical sensitivities (MCS), and is suggested to affect diverse
conditions such as atherosclerosis and diabetes.(Sherer et al., 2002; Racciatti et al.,
2001; Olmstead, 2000; Silkworth and Brown, 1996) Cancer statistics alone are
alarming; environment may account for as much as 80% of cancer
cases.(Lichtenstein et al., 2000) Cancer is the third leading cause of death in
children.(CDC, 2000) In particular, the incidence of non-Hodgkin's lymphoma and
brain cancer in children have increased 30% and 21%, respectively, between 1973
and 1997, and strong associations exist between these cancers and exposure to
environmental toxins like organochlorinated pesticides.(Buckley et al., 2000;
Daniels et al., 1997; Meinert et al., 2000; Rothman et al., 1997; Webster et al., 2002)

The question for preventive medicine is: How do we protect ourselves and our
patients from the damage toxins can produce in order to promote optimal health
and longevity? Certainly, decreasing the amount of toxins in the environment, and
minimizing exposure to toxins are key in any strategy to decrease risk of myriad
conditions. Yet, these strategies alone are not enough. We can't escape toxin
exposure in today's world. A 2001 pilot study looking at residential toxin exposure
detected the presence of 33 different carcinogens implicated in breast cancer in
house dust, and 24 different compounds in air.(Rudel et al., 2001) Investigations on
tissue samples in humans show that we maintain a level of toxin contamination
within our bodies on a regular basis. For example, studies in 1995 showed that
several toxins, including naphthols and chlorinated polyphenols, were found in
tissues from at least 64% of the 1000 people studied, with the majority of these
toxins present in over 80% of the tissues sampled.(Levin, 1999) These data indicate
that we are all carrying a toxic load within our bodies due to a lifetime of exposure,
and this toxic burden can accumulate so the body tissues are exposed to much
higher doses than the environmental concentrations would suggest are present.



We simply cannot remove ourselves from all exposures to toxins. What we can do to
provide protection from the influence these toxins can have on our health by
promoting the endogenous systems that protect the body from their effects. The
primary system that performs this task is the detoxification, or biotransformation
system of enzymes, which includes Phase I bioactivation, and the Phase II
conjugation. And, since these enzyme systems require many key nutrients to
function optimally, phytonutrients can play a major role in promoting healthy
detoxification and protection from toxicity.

Detoxification: One of the body's major defenses to environmental stress

The detoxification system is the main means by which lipid-soluble toxins are
removed from the body. By far, the majority of toxins and drugs are lipid-soluble
and, therefore, to be efficiently and safely removed via urine must be converted to a
non-toxic water-soluble molecule during metabolism. This process occurs in two
phases that work in concert with each other: Phase I adds an attachment site
(bioactivation) to the toxin; and, Phase II attaches a water-soluble moiety to the
toxin (conjugation).(reviewed in Liska, 1998) The Phase I enzymes bioactivate the
toxin by adding a hydroxyl group to the lipid-soluble toxin. In doing so, Phase I uses
the reduced form of nicotinamine adenosine dinucleotide (NADH) as a cofactor.
Many dietary ingredients support Phase I reactions, including vitamin B3 (niacin),
which is required for generation of NADH. In addition, the bioactivation reaction
often also generates reactive oxygen species directly as a spin-off product, since it
uses oxygen; therefore, dietary antioxidants can help protect tissue from damage
that may occur by this reaction.

One of the consequences of Phase I bioactivation is that the product, called the
reactive intermediate, is quite often more reactive -- and potentially more toxic --
than the parent molecule. Therefore, it is important that this molecule be converted
to a non-toxic, water-soluble molecule as soon as possible. Conjugation of the
reactive intermediate to a water-soluble molecule is accomplished by the Phase Il
conjugation reactions, which include glucuronidation, sulfation, glutathione
conjugation, amino acid conjugation, methylation, and acetylation. These Phase Il
reactions require a replenishable source of cofactors-such as sulfate in the case of
sulfation or specific amino acids the case of amino acid conjugation -- since these
cofactors are attached to the toxin and then lost through excretion. The Phase II
reactions not only require a steady source of cofactors, but also use large amounts of
energy in the form of adenosine triphosphate (ATP). Therefore, ATP must be
adequately replenished for optimal, balanced detoxification.

The detoxification system is quite complex. It occurs mainly in the liver, although
the small intestine is very important in removing toxins during first-pass



metabolism. In fact, about 25% of detoxification and removal of toxins occurs in the
intestine, which is significant not only in the amount of activity but also because
once toxins are deactivated in the intestines they never enter the body. So, intestinal
health is also important for optimal detoxification. However, it is important to note
that all cells in the body have some of the Phase I and Phase Il enzymes with which
to perform detoxification and provide protection from toxins.

Phase I Bioactivation

Requires NADH (produced from niacin)
Requires oxygen, and often results in a more reactive toxin
Generates reactive oxygen species as spin-off products

Antioxidant support is crucial to protect from reactive oxygen species and reactive
intermediates

Phase II Conjugation

Conjugation reactions include glucuronidation, sulfation, methylation, amino acid
conjugation, glutathione conjugation, and acetylation

Requires a constant, replenishing source of the cofactors for these conjugation
reactions, including taurine, glycine, glutamine, sulfate reserves, glutathione,
methylation cofactors, and healthy serum glucose levels

Requires large amounts of energy (ATP)

Conjugation enzymes can be induced with bifunctional modulators

Clinical Considerations for Programs to Support Optimal, Balanced
Biotransformation

Decrease total load and exposure to toxins.



Provide low-allergy potential protein and high-energy, healthy fats to support
amino acid needs and energy production for detoxification, while maintaining low
toxin load and healthy blood glucose.

Provide bifunctional modulators to balance Phase I and Phase II activities.

Provide a complete, full spectrum nutrient support for Phase II conjugation
reactions. In particular, provide strong support for key methylation pathways.

Support healthy liver function, especially with strong antioxidant protection to
protect from Phase [ generated reactive oxygen species and promote detoxification
of toxic metals.

Support healthy digestion and excretion.

Clinical programs to promote healthy balanced detoxification should take into
consideration several factors. Adequate nutriture for overall support of
biotransformation and excretion is key, as well as provision of the full spectrum of
Phase II cofactors. In addition, emerging research suggests that many
phytonutrients that are associated with lower risk of cancers may exert their
protective influence because they are bifunctional modulators of the detoxification
system. A brief review of these clinical considerations is provided below.

Decrease total load and exposure to toxicants.

Decreasing exposure to toxins is extremely important to promote healthy
detoxification and lower risk of toxin-associated disease. Airborne toxins are of
particular concern since, by entering through nasal passages, they can bypass the
blood-brain barrier and travel through the olfactory tract directly to the brain.
Removal of toxins from the environment is a straightforward concept, but, since it
usually involves lifestyle changes, can be difficult to fully implement. In addition,
toxin exposure can occur at work as well as at home, so all environments should be
considered.

Macronutrients to Support Detoxification

Several studies have shown that water or juice fasting can be detrimental to the
body's ability to support detoxification and excretion of toxins. These fasting
programs result in catabolism of muscle over fat, since the body needs a continual
source of amino acids for production of new enzymes and proteins. When amino
acids are not available from the diet, the body starts breaking down its own protein



reserves -- muscle. Water fasting is also of concern since it means a decreased intake
of the necessary Phase II cofactors, which may lead to unbalanced detoxification.
This has been demonstrated in animal models, in which water fasting results in
decreased glutathione levels. Animals on water fasting programs have been shown
to have an enhanced susceptibility to toxicity symptoms after a toxin exposure.(Fry
et al.,, 1999) Fasting also leads to an over-induction of some Phase | enzymes,
promoting even more unbalanced detoxification.(Lall et al., 1999) Detoxification is
an energy-requiring process that puts a metabolic burden on the body, so instead of
decreasing nutrient support, a focused, high-impact source of nutrients is essential.

A high-quality, complete source of protein should be low-allergy-potential in order
to decrease the body's burden of inflammation and potential allergen toxins. High-
quality protein is a good source of methionine, cysteine, glutamine, and glycine in a
form that provides high absorption; these amino acids can be used to generate
sulfation, glutathione and amino acid conjugation cofactors. A high-quality protein
also may benefit those with toxic burdens of mercury, since mercury exposure is
associated with depletion of the specific amino acids that are precursors to
neurotransmitters. Cell culture studies have shown that mercury inhibits uptake
and release of neurotransmitters such as dopamine, norepinephrine, and
serotonin.(Quig, 1998) Methionine is also a component of the homocysteine cycle,
which provides S-adenosylmethionine, the cofactor for Phase Il methylation.

Support for energy production is also vital during detoxification; therefore,
adequate intake of high energy-supportive nutrients are essential.(Lall et al., 1999)
Fats can be problematic, since many people consume too many of the wrong kind.
Moreover, individuals with toxicity-related conditions may have altered intestinal
permeability (leaky gut) as one of the consequences of toxic exposure and,
therefore, may not efficiently absorb nutrients like long-chain fats through the
intestinal tract. 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.(DeGaetano et al., 1994) MCTs are not absorbed
like long-chain fats, but are quickly metabolized in the small intestine and can be
absorbed without the presence of bile. Moreover, the small intestine has greater
capacity to absorb MCTs, and MCTs have been shown to support patients with
malabsorption syndrome. MCTs have been shown to prevent early alcohol-induced
liver injury in animals, possibly due to their ability to inhibit generation of reactive
oxygen species.(Kono et al., 2000) Interestingly, olive oil, in contrast to sunflower,
corn, or fish oil, was found to be protective against chemically-induced fibrosis in
rats,(Szende et al,, 1994) suggesting it may also be a good source of fat for a
detoxification program.



Bifunctional Support for Detoxification: Achieving Balance

As mentioned above, Phase I bioactivation is necessary to provide an active site for
attachment of the water-soluble group; however, Phase I bioactivation, by its name,
"activates" the toxin to a more reactive compound. This double-edged sword of
Phase I means that some activity is essential, but too much activity can result in
generation of these reactive intermediates too quickly for Phase II to neutralize
them into non-toxic, excretable molecules. Some phytonutrients support Phase |
activity, such as indole-3-carbinol from broccoli, which provides a modest support
for the Phase I enzymes. Over-activation of Phase I is of concern, however, and is
associated with high, continuous levels of toxin exposure. Many toxins are extremely
effective at over-inducing Phase I enzymes. For example, smoking, heterocyclic
amines formed on charbroiled beef, and dioxin have all been shown to over-induce
the Phase I CYP1A enzymes; and, low doses of these compounds appear to induce
CYP1A much more effectively than the modest support provided by the
phytonutrients associated with cancer protection, such as catechins and indole-3-
carbinol.(McDanell et al., 1992; Vanden Heuvel et al., 1994; Kall and Clausen, 1995)

As can be elucidated from its name, a compound that provides bifuctional
modulation for detoxification is one that supports healthy, optimal activity of both
Phase I and Phase II. In the case of Phase I, healthy, optimal activity is associated
with induction of the enzymes, thereby providing for higher activity. Support for
healthy, optimal Phase I requires managing a balanced level of Phase I enzymes.
Bifunctional modulators often are capable of inhibiting the induction of Phase I
enzymes by toxins, without inhibiting Phase I entirely.

Since there are many Phase Il enzymes, an effective bifunctional modulator will
promote several of these Phase II activities at the same time. Many of the
bifunctional modulators also promote optimal balance by their ability to act as
antioxidants and quench reactive oxygen species from Phase I reactions. Therefore,
bifunctional modulators support optimal detoxification balance by modulating
Phase I activities, inducing several Phase II activities, and minimizing damage by
reactive molecules. Several phytonutrients that are associated with protection from
toxin damage do so by acting as bifunctional modulators; these include ellagic acid,
found in pomegranate and many berries, catechins from green tea and grapes, and
the glucosinolates found in crucifers, such as watercress and broccoli.

Ellagic Acid

In animal studies, ellagic acid has been shown to significantly reduce chemically-
induced lung and liver tumorigenesis, protect from carbon tetrachloride liver
damage, enhance glutathione production and decrease lipid peroxidation.(Khanduja



et al.,, 1999; Singh et al., 1999; Ahn et al., 1996) Ellagic acid may also act directly
against some metal toxicity, such as nickel, by chelating the metal and promoting its
excretion, providing protection from liver damage and oxidative stress.(Ahmed et
al,, 1999) Ellagic acid is a bifunctional modulator that promotes balanced
detoxification by several mechanisms: it induces production of glutathione-S-
transferases and other Phase II activities at the gene level, it modulates Phase |
activities so these enzymes are not over-induced, and it can bind directly to some
toxic substances, rendering them non-toxic and promoting their excretion. For
example, ellagic acid can inhibit the induction of Phase I CYP1A by the mutagen
benzo[a]pyrene, but does not directly inhibit constitutive, necessary activity of
CYP1A.(Barch et al., 1996) Ellagic acid can also bind directly to DNA, protecting the
DNA from carcinogenic mutations.

Catechins

Alarge body of literature studying the health benefits of catechins has accumulated.
These data indicate that the catechins are bifunctional modulators that provide
many beneficial activities, including induction of Phase II glucuronidation and
glutathione conjugation enzymes. Prospective animal experiments have shown that
green tea catechins possess anticarcinogenic and antimutagenic potential.(Ahmad
and Muktar, 1999; McKay and Blumberg, 2002) These compounds are strong
antioxidants, data suggest that consumption of catechins may be associated with
lower incidence of Parkinson's disease and many types of cancer.(Checkoway et al.,
2002; Ross et al,, 2000) These activities have prompted the National Cancer
Institute to investigate the potential of green tea extract containing catechins as a
chemotherapeautic agent.(Steele et al., 2000)

Interestingly, catechins have been shown to induce some Phase I activities;(Abbas et
al,, 1994; Xu et al,, 1996) however, data also suggests that catechins selectively
inhibit some Phase I activities as well.(Dashwood et al., 1999) A recent cell culture
study showed that catechins inhibited the over-induction of Phase I activities by a
toxic substance, but were able to moderately induce the Phase I activity themselves
when the carcinogen was not present.(Williams et al., 2000) This ability to modify
levels of Phase I -- promoting a moderate induction and inhibiting an over-induction
-- may account for some of the beneficial activities of catechins. This study also
indicated that the full spectrum of catechins was necessary for this effect, and
different catechins provide differential Phase I antagonist and agonist functions.

The strong antioxidant activity of catechins also provides ability of catechins to bind
to the reactive intermediates produced by Phase I that are not immediately
conjugated by a Phase Il reactions, which is another reason catechins may promote
balance. Green tea catechins have also been shown to promote healthy microflora,



pH, and bowel function(Goto et al., 1999), which may further support detoxification.
One cup of tea contains between 100 an 200 mg of catechins(Ahmad and Muktar,
1999), which is suggested to account for at least 90% of the observed beneficial
effects of green tea.(Williams et al., 2000)

Watercress

Watercress (Nasturtium officinale), like other crucifers, contains high levels of
glucosinolates. Glucosinolates are precursors to several bioactive isothiocyanates,
including phenylethyl isothiocyanate (PEITC), and watercress is a particularly rich
source of PEITC. In humans, research has shown that glucosinolates can be
effectively converted to PEITC by gut flora after consumption of
watercress.(Getahun and Chung, 1999; Krul et al., 2002) PEITC from watercress has
been shown to inhibit chemically-induced lung and colon carcinogenesis in rats, and
promote excretion of carcinogens in humans.(Hecht, 1999; Chung et al., 2000) The
proposed mechanisms for these activities include inhibition of select Phase I
activities with concomitant induction of Phase II glucuronosyl transferases and
glutathione S-transferases.(Getahun and Chung, 1999; Rose et al., 2000; Leclercq,
1998) This bifunctional activity of watercress is one of the proposed reasons that
epidemiological data shows crucifers to be chemoprotective.

Balance and Healthy Detoxification: Providing a full spectrum of Phase II cofactors

The depletion or insufficiency of any cofactor needed in the detoxification process is
a significant factor in susceptibility to toxicity. Phase I prepares a toxin for
conjugation by the Phase Il system, and Phase II conjugates a water-soluble group to
the toxin, rendering it non-toxic and promoting its excretion. These two activities
work in concert, and must be balanced. In particular, Phase II activities must be able
to keep-up with Phase I or an imbalance in production of reactive intermediates
occurs. When Phase I generates a reactive intermediate that is not immediately
conjugated and removed, this reactive intermediate can act as a reactive oxygen
species and bind DNA, proteins, and RNA, causing irreversible damage to a cell.

There are many Phase II activities, and support for all of these activities is essential
to achieve healthy, balanced, complete detoxification. Therefore, high Phase Il
activity, and a full spectrum of cofactors for Phase II activities are required.
Provision of the amino acid conjugation cofactors, which include glycine, glutamine
(from protein), and taurine, is important. Providing sulfation cofactors is
particularly important since serum sulfate can be easily decreased after toxic
exposure. For instance, subchronic acetaminophen (650 mg) doses over four
consecutive days resulted in a decrease in serum sulfate levels in healthy
subjects.(Hoffman et al., 1990) Sulfate cofactors also support production of
glutahione. Methylation support is particularly important for optimal, full spectrum



Phase II activity since methylation is a key player in excretion of steroids and
steroid-like toxins.

Sulfation Support with N-Acetylcysteine and Sodium Sulfate

Oral N-acetylcysteine has been shown to increase the level of glutathione produced
in the body, which is not only the cofactor for glutathione conjugation, but is also a
major route for detoxification of heavy metals by the ability of metals bind to the
sulfur in glutathione.(Olmstead, 2000) Due to its support for glutathione production,
cysteine becomes depleted in the presence of a toxic load of metals, and it is a
principle support factor in combating metal toxicity.(Quig, 1998) Provision of
sulfate cofactors with cysteine (provided as N-acetylcysteine) at 200 mg to 500 mg
per day is suggested to support sulfation cofactor status and glutathione production.

Methylation and the Labile Methyls in Detoxification

The methyl donors, choline, methionine, and folate, are called "labile methyls"
because they are used during metabolism and, therefore, required to be replenished.
Interestingly, dietary deficiency of these "labile methyls" is the only nutrient
deficiency known to be carcinogenic in itself.(Rogers, 1995) Some Phase I enzymes
have also been shown to be adversely induced in animals deficient of dietary labile
methyls.(Zhang et al,, 1997) The role of these dietary labile methyls in healthy
promotion is due, in part, to their important role in supporting balanced
biotransformation by providing cofactors for Phase Il conjugation reactions. Vitamin
B12 and folate provide support for the homocysteine cycle, which allows for
remethylation of SAM. The biologically-active, natural form of folate is 5-
methyltetrahydrofolate.(Scott, 2001)

Provision of choline is particularly important. Because choline can be synthesized
endogenously from methionine, it has been assumed dietary sources are not
required; however, much experimental data has challenged this assumption and
shown that dietary sources of choline are essential. For example, choline deficiency
has been shown to result in fatty liver and other liver diseases.(Buchman et al.,
2001; Zeisel, 2000) Recently, the Food and Nutrition Board of the National Academy
of Sciences has designated choline as an essential nutrient.(Miller, 2002)

Healthy liver function and antioxidant supports to protect from oxidative stress are
essential in detoxification

As can be seen by the above discussion, generation of ATP is vital for adequate
detoxification. In particular, Phase Il requires large amounts of ATP. Generation of



adequate ATP requires healthy, nutrient-supported mitochondria. Unfortunately,
many toxicants can inhibit mitochondrial function, which can lead to a decreased
capacity to biotransform other toxins.(Umeda et al., 2000) Production of reactive
oxygen species is also a consequence of energy production, and excess presence of
these damaging molecules, called oxidative stress, is associated with toxicity. For
example, oxidant damage via nitric oxide or peroxynitrite has been implicated in
MCS, CFS, and Parkinson's disease, among others.(Pall and Slatterle, 2001; Marshall
et al.,, 1999) Nutrients that support mitochondrial function include the essential
cofactors for energy production: thiamin, riboflavin, niacin, pantothenic acid, and
magnesium. In addition, nutrients that help protect from oxidative stress, such as
vitamins C and E, zinc, selenium, and copper, are also beneficial. (Aw and Jones,
1989; Aruoma, 1994)

In addition to focused antioxidant support, protection of the liver from oxidative
stress damage and provision phytonutrients and botanicals that support healthy
liver function is particularly important in detoxification.

Silymarin

Several recent reviews have discussed the use of silymarin as a
hepatoprotectant.(Saller et al,, 2001; Wellington and Jarvis, 2001) For example,
silymarin at around 400 mg per day has been shown to improve liver function in
patients with various etiologies of liver disease, including those exposed to toxic
levels of industrial phenolics, such as toluene. Silymarin has also been shown to
increase serum glutathione and glutathione peroxidase in patients with liver
disease, and induce glutathione transferase activity in animals. Silymarin glycosides
also support strong antioxidant activities,(Kosina et al., 2002) therefore, silymarin
may act as a bifunctional modulator.

Artichoke

Traditional medicine has long used artichoke extracts as a hepatoprotectant, and
several bioactives in artichoke extract have been identified, including chlorogenic
acid, cynarin, caffeic acid, and luteolin.(Perez-Garcia et al, 2000; Llorach et al., 2002)
Consumption of encapsulated artichoke extract has been shown to result in
absorption of these bioactives in humans, resulting in the production of beneficial
metabolites such as ferulic acid.(Rechner et al 2001) Ferulic acid, chlorogenic acid
and cynarin provide strong antioxidant protection, which may account for some of
their health-promoting activities. Moreover, in cultured liver cells, artichoke extract
not only provided antioxidant protection from a toxic chemically-induced insult, but
also showed diminished loss of cellular glutathione reserves.(Gebhardt, 1997)



Digestion and Excretion Promote Healthy Detoxification

Healthy digestion can have a profound effect on detoxification. Food intake alters
gastric emptying and intestinal transit, pH, and bile secretion.(Singh, 1999) 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. In
addition, adequate intake of water is essential to maintain healthy kidney function
and promote urinary excretion of toxins already in circulation.

A source of fiber and healthy excretion are important to maintain removal of
biotransformed toxins. Fiber can benefit a detoxification program in many ways.
Fiber supports intestinal mucosal cell barriers and colonic health, which decrease
toxic burden on the body and provide a first line of defense to the system. Fiber
promotes removal of the conjugated toxins that are excreted via bile, and may
decrease the absorption of some toxins. Most notably, fibers in rice bran have been
shown to preferentially bind mutagens over wheat, corn, barley, or oat fibers,
thereby removing the toxins before they can even interact with the body and cause
damage at any level.(Harris et al., 1998)

Summary

A recent New York Academy of Sciences report indicates that individual response to
toxin exposure is varied and is a primary factor in susceptibility to toxin-related
conditions.(Bell et al,, 2001) Several recent reviews have also summarized the
current literature on susceptibilities to cancer, and by far the most common enzyme
system to be implicated in protection from carcinogens in the environment is the
detoxification, or biotransformation, system.(Clapper, 2000; Ingelman-Sundberg,
2001) Each of us has our own unique combination of these varied, multiple enzymes
that compose detoxification; however, all of these enzymes require targeted,
phytonutrient support to function optimally. Given the magnitude of exposure we
encounter everyday, support for detoxification is one way to promote health and
manage myriad conditions with toxicity as a central factor.
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