The Role of Detoxification in the
Maintenance of Health
Research Review

TOXINS, TOXICANTS & TOXIC SUBSTANCES

The word “toxin™ itself ¢oes nol describe a specific class of
compounds, bul rather something thal 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 "loxin” as a poisonous compound
made by bacteria, plants, or animals; & defines “toxicant™ as a
poison made by humans or Ihal is put into the environment by
human aclivities.! Each toxic substance has a defined toxic
dose of toxic concenlralion al which it produces its toxic offod,

Environmental poliutants (referred to as exogenous loxicants)
present at variable levels in the air, drinking water, and food
supply. Toxicanis in the environment include a wide range of
compounds, such as heavy melals, organic pesticides, drugs,
and induslrial materials. Exposure 1o environmenlal loxicants
has been associated with many lypes of serious dissases,
Such as cancers and neurodegencralive disorders—as well as
cther health ailmenis characterized by fatigue, muscic
weakness, and cognitive aystunclion, I is important to note
that besides cnvironmental pollutants, the human body
generales toxins (referred 10 a8 endogenous toxins) a3 part of
daily normal lunciion.

To avoid confusion, the word “toxin™ in this review will be used
to indicate either loxing (biclogical sowrcs) or toxicanls
{chemical source). One of the mos! important biochemical
processes allending (o toxin removal in cur bodies i Ihe
beolranslormation process, also called the detoxification
system, which is comprised of Phase |, Phase |I, and Phase 1l

pathways. The detoxilicalion system is highly dependent on
nutrien! support for optimal functioning.

TOXIN EXPOSURE & CHRONIC DISEASE

A growing body of Bleralure suggests an association hetween
toxicant exposure and Ihe elivlogy of a number of chronic
conditions, such as chronic fatigue syndrome (CFS), multiple
chemical sensitivities (MCS), Gbromyalgia (FM), and
atherosclerosis. Symptoms including unremilling and
debilitating fatigue, myalgias, arthralgias, and cognitive
dystunclion are common amongst these syndromes.
Asscciations between environmental toxicant exposure and the
development of many other chronic degenerative diseases
have been reporied as well (Table 1).2™

Exposure to environmental toxicants ¢an occur from air
polution, food supply, and drinking water, in addilion o skin
contact. For example, epidemiological studies have identificd
associations between symploms of Parkinson’s disease ang
prolonged exposure Lo pesticides through faming or drinking
well water; proximity in residence to industrial plants, prinling
plants, or quarries; or chronic occupational exposure to
manganese, copper, Or a combination of lead and iron.™” While
the mechanisms of these toxic exposures are not known, an
individual's abdity 10 cxcrete toxins has been shown Lo be a
major factor in disease susceptibility. '™

Table 1. Clinical Symptoms and Condilions Associated with
Ervironmental Toxicity

Abnormal pregnancy culcomes

Amherosdlerosis

Broad mood swings

Carcer

Chronic taligue syndrome

Chronic immune system depression

Conmact dermalilis

Faligue: |

Ferlilily problems

Fibromyalgia .

Headaches |

History of increasing sensitivity 1o CXDGENOUS BXPOSures,
odors, o medicasions

Joint pain

| Kidngy dysfunction

Leaming disorders

| Momary loss

Mineral imbiadances (parficuiarty zine and calcium)

Multiple chemical sencitivities

Muscie pan and weakness

Nonresponsive or recurrent yoast infscions

Punic attacks

Parkineon's disaase

Tnnitus

Unusual responses lo medications

Waorsening of symploms afler anesthesia or prognancy

— - - L —

COMMON CLASSES OF TOXINS

= Industrial chemicals and combustion pollutants. This is
one of the largest calegorics of loxicants. Virtually evervone
is exposed to halogenated hydrocarbons, such as
polychlorinaled biphenyls (PCBs). at some level during an
average day."’



« Pesticides. Many of the industrial chemicals are developed
lor Iheir toxic effacts on cerlain organisms and then sold as
peslicides, insacticides, and herbicides. Mest pesticides are
in some way loxic to humans. "

« Endocrine disruptors. Common endocrine disruptors
include phthalates lound in plastics, PCBs, bisphenol A
(BPA), some pesticides, synihetic stercids in meal, and
dichlorodiphenyltrichioroethane (DDT)." Biologists have long
noted problems with sterility and mallormation of sex organs
in many animal spacies lhat have been Enked 10 the
presence of these conlaminants in the environment.

= Toxic metals. Leac, mercury, cadmium, arsenic, and other
toxic metals are ubiquitous in the environmeant and ofien
have delayed effecis because they accurnulale in the body.
For cxample, lead can be seguestered in bones, replacing
calcium, where it has a halfife of 62 years.™ Lead toxicity
includes DNA damage, depressed immune system funclion,
anemia, hypericnsion, kidney cssease, and increasad tooth
dccay.‘”'m

« Food additives, preservatives, and drugs. The greatest
toxin exposure by lar is through oral intake of foods, drugs,
and waler conlaining toxic subslances that can be absored
in the gastrointestinal {(GI) tract.

TOXIC LOAD & STORAGE OF TOXINS

ILis becoming apparent lhal toxin exposures cannol be
considered individually, because humans are not exposed 1o
individual toxins exclusively. Moreover, oxins can act in an
additive manner il they exert their toxic offects through the
same pathway(s). Further. the majorily ol loxic substances are
fal-soluble, so they can sequesier in tissues and remain there
for many vears.”* In this way, toxing ¢an continue to accum-
ulale so that body tssues are exposed 1o much higher doses
than environmental concentrations would suggest are present,

REMOVAL OF TOXINS FROM THE BODY

In crder to remove Ihese diverse toxing, the body has a
complex, inlegrated system designed Lo convert fat-solubie
toxins to water-soluble molecules, after which they can be
direclly excreted through renal or biliary routes. This system

i called the detoxification or biotransformation syslem,
meiwding Phase | and Phase [l metabolizing enzymes and
Phase lll transporters. Toxin-metabolizing enzymes are
predominanlly expressad in the liver, Gl tract. lungs, and
kidneys, although most cells have some deloxification capacity.
Biotranslormation reactions occur in concert, working logelher
lo remove toxins.

Phase | Bioactivation. Fal-soluble toxins do nol have a
reactive site thal will sasily attach lo (he water-solubie moisty:
therefore, a reactive site must be made first on the toxin belore
the waler-soluble piece can be attached. This is accomplished
by Ihe Phase | enzymes.® Phase | reactions are catalyzed by
a number of different enzymes, primarily from the cytochrome
P450 (CYP} superfamily of enzymes. Eighteen familics of CYP
enzymes have been idenlified in humans, and cach of these
containg several subfamilies.

Phase | enzymes are localized 10 the cylosol of the cell and ars
regulated by receplor mediated gene transcription. CYPs have
broad specificity and use the reduced form of nicolinamide
adencsine dinucleotide (NADH) a5 a cofactor in converting
Oxygen to a hydroxyl group on the fat-soluble toxin. The resull
of this reaclion is the generation of a reactive site on the
ranstormed toxin. This reaclive hydroxyl site is very much like
that of a reaclive oxygen species (ROS), and can readily bind
to olher molecules, such as DNA and proteins.

On occasion, the product from this part of the detoxification
process becomes soluble = waler after the addition of the
hydroxyl group and can be directly excrated. This is the case
wilh calfeine, which undergoes only Phase | activalion before
axcretion. This direct. one-step excrelion is not common,
however, and mest activaled toxins {reactive nfermediates.
see below) require conjugation with a larger, more walcr-
soluble moiety to efteclively alter their lipid characieristics.

Many dietary ingredients support CYP reaclions (Figure 1),
including niacin. which is required for generation of NADH. In
addition. the activation reaction often generales ROS. Dietary
anlioxidants, therefore, may help protect tissue Irom damage
that may occur by lhis reaction.™*

Phase ll Conjugation. Phase | aclivalion results in the
generation of reactive infermediates that are oflen mora
reactive—and potentially more toxic—than the parent
molecule. This molecule should ba converled 1o a non-taxic,
water-soluble molecule at the sile of production a5 soon as
possibie. Conjugation ¢l 1he reactive intermeadiate 1o a water-
soluble molecule is accomplished by Phase 1l conjugation
enzymes, which consist of many enzyme superfamilies—
including sulfolransferases (SULT), UDP-glucuronosyl-
transferases (UGT), glutathione S-translerases (GST),

and N-acelyliransferases (NAT)



Conjugalion reactions not only require the water-soluble moiety
that will be aitached to the toxin—such as sulfate in the case of
sulfation or glucuronic acid in the case of glucurcnidation — bl
also use a large amount of energy in the form of adenosine
Ifiphosphate (ATP). In addition to energy repielion, Phase Il
reaclions require an abundance of cofactors.™ Multiple
nulrients and phylonulrients may help supporl Phase Ii
reactions (Figure 1).

Phase lll Transport. Phase 1] proteins are Iransmembrane-
spanning prolcins that transport substrate out of the cell.™
Depending on the membrane localization of the transporter,
water-5oluble toxins are exporled from the cell to the cireudation
for eventual elimination by the kidneys or cxported into the bide
and then excreted via the feces.®

Phase | metabolizes 2 toxin and Phase 1l conjugales a water-
soluble group to the toxin, promoling its excretion in Phase I11,
Thesze activities work in conosrt and thus musi be balanced. In
particular, Phase Il activities must keep up with the Phase |
generation of reactive intermeadiales or an imbalance in the
produclion of reactive subslances occurs.

Figure 1. Liver Call Detoxdfication Mechanisms
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Deloxification occurs primarily in the Beer, but also throughout the Gi
fract, Kidneys, jungs, and brain. Nutrient suppor! is vital for cptimal
funclioning of detaxification patfways.

ENERGY PRODUCTION & OXIDATIVE STRESS IN
TOXICITY

As noted earlicr, ATP is vital for adequale biotransformation.
Generalion of adequate ATP requires heakthy, nulrient-
supported mitochondria. Unfortunately, many toxins can inhibil
miochondrial function, which can lead to 2 decreased
bictransformalion capacity of other loxins. > Production of ROS
i also a consequence of energy production, and excass
presence of these damaging molecules—a stale referred to as
cxidative stress—is associated with toxicity, ™

Nutrients that support mitochondrial function include the
essenlial cofactors for energy production: thismin, ribofkavin,
niacin. pantothenic acid, and magnesium. Also, nutrients that
help protect the body from oxidative stress, such as vitiamins C
and E, zine, sclenium, and copper, are beneficial &<

DIGESTION, EXCRETION & DIET IN TOXICITY

Gastric emptying, inleslinal transit, and bie secrelion are part
of healthy digestion and can have a profound effect on
detoxification. Toxing that are conjugated in Ihe inlestinal tract
and during first pass metabolism i the liver are primarily
excreted via bile, which reguires healthy fecal production.
Diclary foer supports heallhy excretion—which s important for
removing biolransformed toxins—and has been shown 1o bing
some toxins directly, Ihereby facilitating their removal before
signilican! absorption occurs.™

Human uninary pH ¢an range from 4.6 (acidic) {0 8.0
(akafing).™ which may affect the elimination of loxins. For
exarnple, urine alkalinizalion increases the wrine eliminalion of
methyichiorophenoxyproprionic acid and 2 4-dichloropheno-
xyacetic acid (herbicides).™ in he event of acute poisoning or
overdose of loxins, alkalinization of urin¢ lopH = 7.5is a
melhod for the enhanced eEmination of toxing under acule
medical settings.®' Clinical studies have shown that alksline
minerals commonly Tound in fruits and vegoelables increase
urinary pH.®* Thus, progressive alkalinization of urine via
distary agents may assist metabolic detoxiticalion by
enhancing urinary excretion of weak acids. > In addition,
adequate intake of water is essential 1o mainlaining healthy
kidney function and promoting urinary excretion of loxins.



NUTRITION & THE DETOXIFICATION SYSTEM

In adction 10 Support 1o excretion, overall nutrition influences
biotransformation in many other ways. Support for ensrgy
production, as well as generation of new enzymes (prolein
preduction), are vital during detoxification. Therefore, adequate
intake of complex carbohydrates, energy-supportive fats, and
high quality protein are essential for provading protective
mechanisms against toxic damage.* Fats can be problematic.
since many people consume too many unhealthy lals.
Moreover, individuals undergeing toxic expesure may not
efficiently absorh nulrients through (he inlestinal leact il Ihey
are also expeniencing altered intestinal permeability. Therefore,
provision of a highly bioavailable source of fats that can be
used direclly 0 support energy produclion is benefical. The
medium-chain triglycendes (MCTs) are fals that fit this profile.™

PHYTONUTRIENT SUPPORT FOR BALANCED
DETOXIFICATION ACTIVITIES

Nutrient suppod for all detoxification activities is essential to
achieving healthy. balanced detoxification. Phytonutrients
support detoxification through muitiple mechanisms.,
Antioxidant activity suppornts Phase | spacifically. Modulation of
enzyme aclvity direclly and induction of gene transcription of
Phase | and |l enzymes and Phase || proteins are additional
mechanisms of phytonulrient regulation of detoxificalion.

Some phytonutrients support Phase | activity. such as indole-3-
carbinol from broceoli, which provides modest support for the
CYP1A enzymes. Overactivation of Phase 1is a concem,
however, and is associaled with high, conlineous levels of
toxing that are known to be particularly effective at inducing
Phase | aclivities. For example, smoked meals (heterocyclic
amines formed on charbroiled beef) and dioxins have all been
shown to overinduce CYP1A enzymes, and even low doses of
these compounds induce CYP1A much more effectively than
the modest support provided by indole-3<carbinol. ¥ ¥

Many phytonutrients also act as antioxidants and bind readive
intermediales and ROS Irom Phase | reactions. Therefore,
nutrient modulators minimize damage caused by reaclive
inlermediates, which may be one reason for the association
between diets high in fruits and vegstables and raduced
susceptibilities to many health conditions. **

Phylonulrienls pariculardy bencficial lor Phase 1| activities
include catechins (from green tea and grapes). ellagic acd
(from pomcegranale and many berries), xanthohumol (from

hops), and glucosinolates (found in crucifers, such as
watercress and broccok).”’

NUTRIENTS THAT SUPPORT DETOXIFICATION

Provision of macronutrients is extremely impertant in 2
deloxification program. Water fasting has many adverse health
effects, nchuding decreased encrgy produclion, calabolism of
lean tissue, upregulation of Phass | activities with a
concomilan! increase in oxidative stress, and decreased levels
of Phase |l cofactors. Detaxdfication is an energy-dependent
process thal puls a melabolic burden on Ihe Dody. Insicad of
decreasing nutrient support, a focused, high impact source of
nutrients is essential. Howaver, this source of nutrients should
have a low aliergensc polential $0 25 10 minamize inRammalion
due to food allergen reactions.

An 8-wesk study in women with fibromyalgia demonstrated that
a diel low in [0od allergens supplemented wilh a phylonuldent-
rich powdered supplement produced increased elimination of
heavy melals and improved fibromyalgia symploms compared
10 2 standard American die! supplemented with rice protein
powder.*® A nuirient base that includes protein, carbohydrale,
fiber, and fat is important to maintaining healthy metabolism
during a detoxification program.

Fiber. Diatary fiber, such as isomalto-oligosaccharides (IMO),
cilruss pectin, and apple fiber, can benelil a deloxificalion
program in many ways. Fiber supports intestinal mucosal csll
barers and improves beneficial colonic microbiota and bowel
maovements, which decrease toxic burden on the body and
provide a first line of defense against loxins, Fiber promoles
removal of the conjugated toxins that are excreted via bile and
may decrease the absorption of some loxins.*** Mosl nolably,
some fibers have been shown to directly bind toxins, thereby
helping 10 remove polentially damaging toxing. ™

Protein. Protein that provides methionine and cysteine in a
highly absorbable form is of benefit to Phase |l conjugation, as
these amino acids can be usad to generate the sulfation and
glulathione colacioes. A high guality protein may also benefit
thoss with toxic mercury burdens, since mercury exposure is
associaled with he depletion of specilic amine acids that are
precursors to neurotransmitters.™ Methionine is also a
component of S-adenosylmelhioning (SAM), and is required for
methylation (s2e page S5).

N-Acetylcysteine (NAC). NAC is a pracursor of L-cysteine,



and L-cysteine is a subslrate and the rale-limiting factor in
ghutathione synthesis. Glutathione is an important antioxidant,
plays a major role in the deloxification of both endogenous and
xenobiolic compounds, and is a chelating agent for heawy
metals.™ In the presence of a toxic lad of metals or oxidative
giress, lhe demand for glutathione increases and Lcysteine
could be depicled. Orally administered glutathione is poorly
absorbed, and direct supplementation of glutathione does not
seem o improve giutathione status ang biomarkers of oxicalive
slress in humans.*” On the other hand, supplementation of
NAC replenishes L-cysicine and has been shown to boost the
endogencus synthesis of ghtathione.

Methionine, Choline, Vitamin B,, & Folate. Methylalion is
ong of the conjugalion reactions of Phase || detoxification. <
The melhyi donor SAM i$ a cofactor required lo form methyl
conjugates. Thus, nulrients that are involved in 1-carbon
metabolism and the production and recycling of SAM are
essential 10 support balanced biolransformation. These
nutrients include, bul are not imited 1o, methionine, choline,
vitamin B, ., and folate. Methionine is essential lor the
synthesis of SAM. Vitamin B, ,. folate, and c¢holine provide
support for homocysteine melabolism, which drives re-
mathylation of SAM.*

Super Oxide Dismutase (SOD). SOD is an endogenous
anlioxidant enzyme present in nearly all colls exposed to
oxygen. It neulralizes the highly reactive radical superoxide
{027 10 oxygen or hydrogen poroxide (which is Turlher
degraded by other endogenous enzymes such as cataiase),
Ihereby protecting cefls from oxidalive siress and superoxide
toxicity. Dilferent forms of SOD exists in humans, including
cytosolic (Cu, Zn-SOD). mitochondrial (Mn-SOD), and
exiracelylar (EC-SOD).*'

SOD can be extracied rom dietary sources. Cantaloupe melon
{Cucumis melo. L}, for example, is rich in multiple lorms of
SOD (Fe-SOD; Cu, Zn-SOD: and Mn-30D). However, SOD via
cral consumption is denalured by gastric acid in the stomach.
Encapsulating SOD using microencapsulalion technology may
enable the cnzyme 1o reach ihe intestinal tract. Interestingly.
oral consumplion of the encapsulaled melon SOD concenlrate
in animal models has been shown to increase endogencus
antioxidant enzymes (SOD, ghddathione peroxidase, and
calalase} in the liver, adipose tissue, and heart tissue ™ This
sugges1s thal this specially formulated SOD may polentially
2oos! the body's encogenous antioxidant capacity.

Eliagic Acid. Ellagic acid, a phenol anlioxidant found in many
plant foods (e.g.. pomegranale), may act direclly against some
metal toxicily (e.g.. nickel) by chelating the metal and
promotling its excretion, thereby providing protection from Ever
damage and oxidative stress. ™

Ellagic acid promotes balanced deloxification via several
mechanisms. it induces expression of glutathione synthesizing
enzymes, GST. and other Phase Il enzymes. ™ ® Raports that
cliagic acid modulales CYP enzymes suggest a role for the
compound in Phase | detoxilicalion pathways as well. Ellagic
acid has demonstrated direct binding to toxins, such as
benzo|ajpyrene-related compounds from air pollution.
rendering them ron-toxic and promoting their excretion.™

Green Tea Catechins. A large body of literature sludying the
heallh benefits of cateching is available. These data suggest
that caleching —a class of flavonoids found in high
concentrations in green tea extracls—are bifunctional
moculators that provide many beneficial activilies, including
induction of Phase | CYP enzymes and Phase |l glucuronida-
tion and ghutathione conjugation enzymes.™ Cell-based assays
demonstrated thal catechins induce receptor-mediated gene
expression of enzymes involved in metabolic detoxification.™
Interestingly, some cateching have been shown to induce
Phase | activities while olhers selectively inhibit Phase |
activitics.™* A cell-based stucy showed that cateching
inhibited the over-induction of Phase | activilics by a toxic
substance, bul were able to moceralely induce Phase | aclivity
themselves when the loxin was not present. ¥ This capacity of
cateching to regulate expression and activity of Phase |
enzymes sugqgesis that this nateral compound is effactive for
supporting a balancod detoxification syslom.

The molecular structure of calechins enables these
compounds 10 act as chelalors, binding to reactive
mnlemmediates produced by Phase | that are not immediately
conjugaled by a Phase |l reaclion, which is anolher mechanism
by which this class of fliavonoids may promote balanced
detoxificalion. ™

A cup of tea contains belween 100 mg 10 200 mg catechins,
which is suggesled lo account for at least 909 of the observed
beneficial effects of green tea. %% Green tea calechins also
have been shown to promote healthy intestinal microbiola and
pH and to support healihy bowel function— qualities that further
support detoxification. ®



Glucosinolates. Glucosinolatas are sulfur-containing
glycosides found in cruciferous vegelables. Intacl plant celis
conlain the enzyme myrosinase that is physically separaled
from glucosinolates.™ When the plant cells are damaged as &
resull of chopping or chewing. myrosinase is released and
interacts with glucosingkales, forming the biologically active
compounds termed isothiccyanates.™ Dillerent lypes of
glucosinolales form different types of isothiocyanates. For
example, watercress (Naslurlium officinae) contains high
levels of gluconasturtiin that is converted into phenethy!
isothiocyanate (PEITC), and broccoli (Brassica oleracea) is rich
in glucoraphanin that is metabelized to sulforaphane. These
isothiocyanates have been shown to be potent inducers of
antioxidant and Phase |l detoxificalion enzymes via the
Keap1/Nr2 pathway.” " Plant myrosinase is inaclivated by
heat (e.g.. cocking) and thus cooked crucilerous vegelables
are devoid of myrosinase activity. However, ressarch has
shown that the human gul conlains myrosinase-producing
bacteria capable of converting some glucosinolales 1o
isothiocyanales. ™

Xanthohumol. Xanlhohumcl is the most abundant prenylated
flavoncid in the flowers of hops. Preclinical sludies have found
lhal xanthohumol exhibits a broad spectrum of biclogical
activities, including suppression of nilric oxide production,
down-regulation of IL-12, and inhibition of Epopolysaccharide-
induced responses.”™ 7 Further. xanthohumol upregulates
antioxidant and Phase |I detoxification enzymes via the
Keap1/Nrf2 pathway.™ Xanthohumol has also been shown 1o
act as a selective kinase response modulator (SKRM) and
inhibit NF-xB signaling pathways.”™*

Silymarin. Silymarin (from milk thistie} has been usaed in
traditional medicing throughoul Ihe worki as a
hepaloproleclanl, and recent studies demonstrate effective
tver-proleclant lunclions of silymarin ®*° Randomized,
controlled clinical trials have demaonsliraled a benelicial effod of
420 mg Silymarin per day on indices of liver function in patients
with various sticlogies of acute hepalilis. Qlher sludies have
found similar benelis for patients with liver disease—including
lhose exposed to toxic levels of industnal phenolics, such as
tolwene. 5% Silymarin has also been shown to increase serum
giutathione and glitathicne peroxidase in pationts with liver
cisease and induce glutathione transferase activity in
animals.=* Silymarin glycosides exhibil polent antioxidant
activity, and lherelore silymarin may act as a bifunctionsl
modulator.®

Artichoke. Traditional medicine has long used artichoke
extract (Cynara scolymus) for liver support, and several
bioactives have been identiied, induding chlorogenic acid,
cynarin, calleic acid, and luteolin.® " Results from cell-basaed
sludies suggest that artichoke has polent anlioxidant activity
and altenuales loxin-induced reduction of glutathiona
reserves. ™" Antichoke keal extract administration for two
weeks protected rats against oxidalive skress-induced
hepatoloxicity.”™ Consumption of encapsulated arlichoke
exiract has been shown to increase the absorplion of these
bioactives in humans, resulling in the production of beneficial
metabolites such as ferulic ackd.™ Ferulic acid. chiorogenic
acid, and cynarin provide strong antioxicant protection, which
may account for some of their health-promoting activities ™™

CLINICAL APPLICATIONS

Optimizing he body's ability to manage and excrete loxins is
essential for optimal health. Several recent reviews have
discussad targeted, nutrient-based deloxificalion intervention
therapies for patients with CFS. FM, MCS, and Parkinson's
disease, as well as in apparently healthy individuals. >

Decreasing exposure to toxins is extremely imporiant in all
programs. However, minimizing toxin exposure is only one parl
of a suceessful siralegy 0 decrease susceptibiity to toxicity-
relaled conditions. Low-allergy-potential, targeted nulrilion that
provides Ihe Tull spectrum of cofactor precursors, support for
excrelion, and bifunctional inducers for balanced Phase | and
Phase Il biotransformation may promole balanced
detoxification and heatth throughout lile,

Table 2. Ciinical Considerations for Programs 0 Support
Biolransiomation

* Decrease exposure to toxins

* Provide nutritional supporl lor biolransformation and
conjugsation reachons

* Provide nulrilional support for energy production during
detoxification programs

* Suppord endogencus antioxidant mechanisms for
biotransformation and heavy melal deloxification

* Provide melhyl donors to promote methylation pathways

« Support healthy digeslion and excrelion
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