
Detoxification

Detoxification

The human body is exposed to thousands of toxins
every single day which need to be processed,
neutralised and eliminated. Substances such as
nutrients, food additives, pesticides, medication, air
pollution, alcohol and hormones are transformed
from being fat-soluble to water-soluble, allowing
them to be more easily excreted from the body via
urine and bile.

Detoxification occurs predominantly (although not
solely) in the liver in two major phases: Phase I
Reactions and Phase II Conjugation, and a less
well-known third phase: Phase III Antiporter
Activity.
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Detoxification

Phase I Reactions

During Phase I, substrates are primed for
conjugation by the addition or exposure of a
binding site via oxidation, reduction or hydrolysis
reactions. A significant side effect of Phase I
detoxification is the production of free radicals as
the toxins are transformed, making them more
reactive and potentially damaging.

Increased Phase I enzyme activity is both good and
bad since it increases the metabolism of
environmental toxins but can also lead to higher
circulating free radicals and can either reduce the
efficacy or increase the potency of certain
prescription medications. For this reason we report
increased Phase I enzyme activity due to genetic
variants as negative.

The CYP450 enzymes
The cytochrome P450 (CYP450) enzymes are a
large superfamily of enzymes, requiring heme and
NADPH as cofactors, responsible for metabolising
thousands of internal and external substances.

Some CYPs metabolise only one or very few
substrates while others are responsible for
metabolising multiple substrates.

Other Phase I enzymes
Other major Phase I enzymes include:

• alcohol dehydrogenase (ADH) and aldehyde
dehydrogenase (ALDH) - responsible for the two-
part break-down of alcohol in the body

• the monoamine oxidases (MAOs) - responsible
for breaking down dopamine, noradrenalin and
serotonin

• paraoxonase 1 (PON1) - breaks down pesticides
and oxidised lipids

Cigarette smoke, charred food, caffeine,
alcohol, cruciferous vegetables and St.
John’s Wort are all potent inducers of
Phase I enzymes.
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Detoxification

Phase II Conjugation

During Phase II, substrates are ‘deactivated’ and made more water-soluble, a process that prepares them for
excretion via the bile to the small intestine or via the kidneys to urine.

Conjugation occurs via one of six reactions:

• Glucuronidation - substrates are conjugated with glucuronic acid via
UDP-glucuronosyltransferase (UGT)

• Sulphonation - substrates are conjugated via sulphotransferase (SULT)
enzymes

• Glutathione conjugation - substrates are conjugated with glutathione
via glutathione transferase (GST) enzymes

• Amino acid conjugation - substrates are conjugated with glycine via
glycine N-acyltransferase (GLYAT) in the mitochondria of liver and
kidney cells. This process affects mitochondrial ATP production

• Acetylation - substrates are conjugated via the addition of an acetyl
group by the N-terminal acetyltransferases (NAT) enzymes

• Methylation - substrates are conjugated by the addition of a methyl
group via methyltransferases (MT) enzymes
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Phase III Antiporter Activity

Phase III involves the transport of substances across
cellular barriers such as in the liver, gastrointestinal
tract, kidneys and blood-brain barrier. In the liver,
Phase III transporters move glutathione, sulphate,
and glucuronide conjugates out of cells into the bile
for elimination. In the kidneys and intestine, they
can remove xenobiotics from the blood for
excretion from the body.

This phase affects the absorption, distribution and
elimination of substances including conjugated
xenobiotics and pharmaceutical drugs.

Phase I, II and III Detoxification

Phase I

Phase II Phase III

Cell Wall

Key:

Phase III transporter

Substrates and Metabolites
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Detoxification

Toxins

Toxins are internal and external substances that are harmful to the body and are capable of causing disease.

Sources of common toxins include:

Internal

The majority of toxins
originate from the digestive
system, the products and by-
products of digestion

Stress

Oxidative stress

Dysbiosis, bacterial, fungal or
viral infection

Hormones and inflammatory
chemicals (e.g. histamine) can
become harmful if allowed to
accumulate

External

Pharmaceutical drugs

Smoking

Alcohol

Diet: high sugar, trans-fats etc.,
food chemicals, herbicides,
pesticides

Air pollution

Household detergents

Cosmetics

Radiation

Water (chlorine and fluorine)

Mould, pollen and certain algae

Heavy metals (aluminium,
lead, mercury etc.)
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Detoxification

Symptoms of Poor Detoxification

The rate at which the liver can eliminate toxins determines an individual's susceptibility to increased toxic
load.

Increased toxic load may lead to:

• Gastro-intestinal tract: halitosis, bitter taste, bloating,
fatty stools, constipation, diarrhoea, intolerance to fatty
foods, swollen liver, gallbladder problems

• Immune system: food allergies, skin issues, asthma,
recurrent infections

• Endocrine system: infertility, PMS, weight grain,
depression, anxiety, mood swings

• Nervous system: recurrent headaches, dementia, poor
memory and concentration, neuralgia

• Musculo-skeletal system: muscle aches and weakness,
arthritis

• Other: sensitivity to chemicals and odours, chronic
fatigue, lethargy, anaemia and premature ageing

The detoxification pathways are greatly influenced (induced or inhibited) by nutrition, age, sex, lifestyle
habits such as drinking coffee or smoking, as well as genetic variability.
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Detoxification

Your Genetic Results Summary

Phase I
Reactions

Phase II
Conjugation

Phase III
Antiporter Activity

External and internal toxins

CYP1A1
CYP1A2
CYP1B1
CYP2A6
CYP2C19
CYP2C9
CYP2D6
CYP2E1
CYP3A4

Alcohol

ADH1B
ADH1C
ALDH2

Neurotransmitters

MAOA
MAOB

Pesticides and lipids

PON1

Glucuronidation

UGT1A1
UGT1A6

Sulphonation

SULT1A1
SULT1E1
SULT2A1

Glutathione conjugation

GSTM1
GSTP1
GSTT1

Acetylation

NAT1
NAT2

Methylation

COMT
TPMT

Antiporter

ABCB1
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Detoxification

Genetic Results - Phase I

ADH1B Alcohol Dehydrogenase 1B (class I), Beta Polypeptide
The protein encoded by this gene is a member of the alcohol dehydrogenase family. Members of this enzyme
family metabolise a wide variety of substrates, including ethanol, retinol, other aliphatic alcohols,
hydroxysteroids, and lipid peroxidation products. It exhibits high activity for ethanol oxidation and plays a
major role in ethanol catabolism. 

The rate of ethanol oxidation to acetaldehyde was reported to be increased by up to 8x in homozygotes for
the rs1229984 variant (TT) compared to wild (CC) genotypes. The frequency of variation is particularly high
in eastern Asian populations but almost absent in sub-Saharan, European, and Native American populations.
The rs2066702 variant (A) is also associated with increased activity.  

High enzyme activity may increase the risk of acetaldehyde toxicity. Acetaldehyde is significantly more
toxic than alcohol and is carcinogenic in humans.

ADH1B Variant Result Description

rs1229984 Arg48His CC Normal enzyme activity and conversion of ethanol to acetaldehyde. Low risk of
acetaldehyde toxicity except where alcohol consumption is excessive. This
pathway can be supported by limiting alcohol intake and increasing co- factors
vitamin B3 and zinc.

rs2066702 Arg370Cys GG Normal enzyme activity and conversion of ethanol to acetaldehyde. Low risk of
acetaldehyde toxicity except where alcohol consumption is excessive. This
pathway can be supported by limiting alcohol intake and increasing co- factors
vitamin B3 and zinc.

ADH1C Alcohol Dehydrogenase 1C (class I), Gamma Polypeptide
The protein encoded by this gene is a member of the alcohol dehydrogenase family. Members of this enzyme
family metabolise a wide variety of substrates, including ethanol, retinol, other aliphatic alcohols,
hydroxysteroids, and lipid peroxidation products. It exhibits high activity for ethanol oxidation and plays a
major role in ethanol catabolism. 

The genotype is determined by examination of rs1693482 and rs698 (i6060959) in combination. The rate of
ethanol conversion to acetaldehyde is reported to be up to 70% higher for the wild allele (the most prevalent
genotype in Caucasian populations) than for the variant allele (more common in Asian populations).  

Low enzyme activity may increase vulnerability to ethanol intoxication, however, high enzyme activity may
increase the risk of acetaldehyde toxicity. Acetaldehyde is significantly more toxic than alcohol and is
carcinogenic in humans.
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Detoxification

Genetic Results - Phase II

COMT Catechol-O-Methyltransferase
COMT breaks down the neurotransmitters: dopamine, adrenaline, and noradrenaline by using a methyl group
from SAMe to methylate the catechol molecule, preparing it for excretion. COMT is also involved in
oestrogen metabolism, converting active oestrogen to less active oestrogen. SAMe and SAH compete for the
binding site on the COMT molecule, therefore a build up of SAH will reduce COMT activity. 

Variants on COMT may reduce its activity and result in excess methyl groups which may cause irritability,
heightened stress response, hyperactivity, heightened pain sensitivity and slower detoxification of oestrogen.

COMT Variant Result Description

TT Reduced COMT activity causing slower breakdown of catecholamines. This is
mostly a negative trait, however, in combination with variants in VDR (low
activity) this can be positive since dopamine synthesis and break down is slow
leading to normal circulating levels. Those with normal (higher) VDR activity will
have higher dopamine levels and low need for and tolerance of methyl donors
and dopamine precursors, and the greatest susceptibility to mood swings. Low
SAMe/ high SAH will further reduce COMT activity.

AA Up to 4x lower COMT enzyme activity resulting in slower breakdown of
catecholamines. This is mostly a negative trait, however, in combination with
variants in VDR (low activity) this can be positive since dopamine synthesis and
break down is slow leading to normal circulating levels. Those with normal
(higher) VDR activity will have higher dopamine levels and low need for and
tolerance of methyl donors and dopamine precursors, and the greatest
susceptibility to mood swings. Low SAMe/ high SAH will further reduce COMT
activity.

GSTM1 Glutathione S-Transferase Mu 1
The Glutathione S-transferases (GSTs) are a family of enzymes that play an important role in detoxification
by catalysing the conjugation of many compounds with reduced glutathione, making them easier to excrete.
GSTM1 is vital for the detoxification of compounds including carcinogens, pharmaceutical drugs,
environmental toxins and products of oxidative stress. 

Variations in GSTM1 can change an individual's susceptibility to carcinogens and toxins as well as affect the
toxicity and efficacy of certain drugs. This gene is known to be highly polymorphic with over 50% of
Caucasians having a null genotype (both copies absent) which is linked to little or no enzyme activity.  

GSTM1 Variant Result Description

DI One copy of the gene is present. Lower GSTM1 glutathione transferase activity
and reduced ability to neutralise 3,4 semi-quinones. Increase antioxidants
including glutathione and address inflammation and oxidative stress which
deplete glutathione levels further.
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Detoxification

Genetic Results - Phase III

ABCB1 ATP-Binding Cassette, Subfamily B, Member 1
ABCB1, also known as Multi Drug Resistance 1 (MDR1) or P-Glycoprotein (P-GP), codes a vital ATP-
dependent Phase III anti-porter protein responsible for actively transporting various xenobiotics, drugs,
lipids, steroids and Phase II conjugates across cellular membranes for excretion. This protein is also an
integral part of the blood-brain barrier and functions as a drug-transport pump transporting a variety of drugs
from the brain back into the blood. 

People who are homozygous for the 3435 A allele of ABCB1 have on average substantially lower intestinal
P-glycoprotein expression (due to the down-regulation effect of the variant) than those homozygous for the G
allele. The wild genotype (GG), which is more common amongst Africans, is associated with lower
bioavailability and plasma levels of certain drugs due to more effective transport (detoxification).

ABCB1 Variant Result Description

AA Low ABCB1 enzyme activity. Less effective transport of substrates across cellular
membranes - slower detoxification of drugs, xenobiotics, lipids and steroids.

Page 20Copyright © 2018 Lifecode Gx Ltd

Sam
ple



Detoxification

Follow Up and Testing

Various detoxification profiles or individual
markers can be tested for including:

• GSH (reduced glutathione) to GSSG (oxidised
glutathione) ratio is a marker for oxidative stress
and cellular toxicity

• Heavy metal toxicity can be assessed using a
comprehensive element profile (urine). This could
also assess nutrient elements

• Urinary d-glucarate can be used to assess
exposure to industrial toxins or xenobiotics and
indicates high CYP450 activity

• Detoxification enzymes - reduced glutathione,
glutathione peroxidase, SOD (superoxide
dismutase) can be measured

• Urinary porphyrins, by-products of damaged
haemoglobin, can be clues to damage done by
chemical or heavy metal toxins

• Urinary organophosphates - specific compounds
such as sulphates, pyroglutamate and orotate can be
measured

• A comprehensive stool analysis can indicate
dysbiosis, and can also detect beta-glucuronidase
which can cause reversal of glucuronidation

Nutrition and Lifestyle

Substances that up-regulate Phase I, such as
alcohol, smoking, caffeine, charred foods and
certain medications can have a deleterious effect
upon the balance of P1 and P2 activity, because the

Phase II pathways may not be able to keep up with
the increased demand.

The result would be an increase in activated
intermediates and free radicals, which can react
with and damage proteins, RNA and DNA, further
promoting a cycle of unbalanced detoxification in
the individual.

In general a healthy detoxification programme
should:

• Exclude foods and drinks that are likely to contain
toxins or food allergens

• Eliminate or reduce toxic household and personal
care products

• Avoid excess exposure to environmental
pollutants such as exhaust fumes

• Use filters and ionisers to reduce dust, mould, and
other indoor air pollutants

• Optimise nutritional needs including adequate
protein, nutritional cofactors and antioxidants

• Encourage organic food choices to avoid
pesticides, herbicides, hormones and antibiotics

• Ensure adequate hydration using filtered water

• Include regular exercise, yoga or massage to
increase circulation and metabolism

• Use steam baths or saunas to induce sweating

• Address gut infections and imbalanced gut
ecology

• Reduce heavy metal exposure (predatory and river
fish, water, lead paint)
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Nutrition
Remove or reduce

Predatory or river fish that may contain mercury

Caffeine including coffee, tea, chocolate and some carbonated drinks

Alcohol

Non organic foods that may contain pesticides and hormones

Processed foods

Fried foods

Charred foods
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Detoxification

Increase

Flavonoids in grapes, berries and citrus fruits

Chlorophyll in dark green leafy vegetables and wheatgrass

Coriander to help remove heavy metals

Cruciferous vegetables (cabbage, broccoli, collards, kale, Brussels
sprouts) to support sulphonation and glutathione conjugation

Curcuminoids (turmeric and curry) which reduce Phase I and encourage
Phase II activity

Dandelion greens help liver detox, improve bile flow and increase urine
flow

Foods that contain limonene (citrus peel, caraway, and dill weed oil) can
boost glucuronidation

Fresh vegetable juices (carrots, celery, coriander, beets, parsley, ginger)

Sulphur- containing foods - eggs, raw garlic, onions, leeks and shallots

Green tea (increases GST enzymes)

Sulphur proteins (eggs, whey protein, garlic and onions)

Fibre in beans, whole grains, vegetables, fruits, nuts and seeds

Rosemary is a potent booster of antioxidant enzymes

Milk Thistle (silymarin) - increases glucuronidation and glutathione
conjugation

Herbal detoxification teas including burdock roots, dandelion root,
ginger root, liquorice root, sarsaparilla root, cardamom seed, cinnamon
bark, and other herbs

Filtered water
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Your Nutrition and Lifestyle Plan
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How to Read Our Reports

DNA Basics
Your DNA code is made up of a series of 4 chemical bases:

Adenine (A), Guanine (G), Cytosine (C) and Thymine (T)

These bases pair up within the DNA double helix to make units. Each base in a unit is called an allele, one is
inherited from each parent. These alleles make up your genotype.

SNP (Single Nucleotide Polymorphisms)
A SNP is a base change in either one or both
alleles within a unit. SNPs are not the same as
genetic mutations, however, a change to one or both
bases can impact the expression or function of that
gene.

Wild Type: the population standard i.e. no variance
in the bases/ alleles of a particular unit

Heterozygous: a change in one of the bases/ alleles
within a unit

Homozygous: a change in both of the bases/ alleles
within a unit

Genotype Colour-coding
Our genotype colour coding may sometimes differ
from other providers due to the fact that we report
on the effect a SNP has on gene function and the
impact this has on biochemical pathways rather
than simply reporting the presence or absence of
SNPs.

Your result is supported by narrative specific to
your genotype to help you better understand the
impact.

A protective or non-detrimental effect. Often
reflects the wild genotype, however, there are
also cases where variants may be protective

Non-detrimental or partially negative effect

A negative or detrimental effect
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Disclaimer
The information provided should not be used for diagnostic or treatment purposes and
is not a substitute for personal medical advice. Use the information provided by
Lifecode Gx solely at your own risk. Lifecode Gx makes no warranties or
representations as to the accuracy of information provided herein. If you have any
concerns about your health, please consult a qualified health professional.
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