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ABSTRACT: The body’s ability to rid itself of toxic substances
is largely dependent upon the liver. Overexposure to environmental toxins in the air and in our diet can put excessive strain
on the liver’s detoxification systems and can rob us of our health.
Detoxification in the liver occurs in two general phases: Phase
I and Phase II. Depending upon the availability of many critical
nutrients, the activity of either phase may be reduced or
enhanced. Adequate nutrition helps to insure proper functioning

of both phases of detoxification. Scientific research has revealed
several compounds present in plant foods that help support the
detoxification of toxic substances and are associated with a
reduced risk of cancer. Compounds present in cruciferous
vegetables, Allium species (garlic, onions), citrus peel, and the
spice, turmeric, are among those identified as having health
promoting benefits.

The body is exposed to a large number of foreign
chemicals everyday. The majority are manmade chemicals
that wind up in our food, air, and water, or are taken in the
form of drugs. Overexposure to toxic substances and an
inability to properly metabolize them can negatively
impact one’s health, producing a wide variety of symptoms
such as headaches, muscle and joint pain, fatigue, and
allergy or flu-like symptoms. This toxic build up can also
contribute to inflammatory and neurological disease.1-5

may also catalyze reactions independent of Phase I activity,
acting directly upon a drug or toxin that does not require
biotransformation.
In some instances, Phase I enzymes can actually transform a non-toxic foreign substance into a harmful, toxic
substance. For example, a relatively harmless component
of cigarette smoke is biotransformed during Phase I into a
carcinogenic compound. A properly functioning Phase II
system should, however, act to detoxify the metabolically
activated carcinogen. To effectively eliminate biotransformed intermediates, Phase II enzyme activity must be in
balance with Phase I, otherwise toxins may accumulate in
the body.

LIVER DETOXIFICATION: PROTECTION
AGAINST ENVIRONMENTAL TOXINS
The liver is the most important organ in the body
involved in detoxification. It is in the liver where toxic
substances, such as drugs, alcohol, and environmental
toxins, undergo a process called biotransformation which
renders them less harmful and helps to facilitate their
removal from the body.6

Another potentially damaging effect of Phase I is the
production of oxygen free radicals that occurs as a result
of cytochrome P450 activity. As a person’s toxin load
increases, so does cytochrome P450 activity, which can
expose the liver to greater oxidative stress. Adequate
intake of antioxidants, such as vitamin C and vitamin E,
and certain naturally occurring phytochemical compounds
help protect the liver against free radical damage.7

Liver detoxification involves a number of enzymatic
systems which are divided into two general phases: Phase
I and Phase II. Phase I involves the activation of a series of
enzymes called the cytochrome P450 mixed-function
oxidases. These enzymes begin the process of biotransformation by oxidizing, reducing, or hydrolyzing toxins,
creating biotransformed intermediates. Phase II enzymes
perform conjugation reactions which help to convert the
biotransformed intermediates from Phase I into less toxic,
water-soluble substances that are easily excreted or
eliminated from the body (Figure 1). Phase II enzymes

ADEQUATE NUTRITION SUPPORTS BALANCED
DETOXIFICATION ENZYME ACTIVITY
Adequate nutrition helps to insure proper functioning
of both Phase I and Phase II detoxification and to reduce
the risk of free radical damage produced during the detoxification process.7,8 Several nutrients such as vitamin C,
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vitamin E, and the B vitamins are required for cytochrome
P450 activity.8 Glutathione and the amino acid cysteine
help to regulate Phase II conjugation reactions. The
activity of each phase may be reduced or enhanced
depending on the availability of critical nutrients.8

both nutrients and nonnutrients developed fewer carcinogeninduced tumors than animals fed the same diet, but refined
and devoid of the nonnutrient components of food.13, 15
Higher levels of Phase II enzyme activity were also reported.15
Phytochemicals may thus offer support for liver detoxification of foreign chemicals and carcinogens.10, 13

VEGETABLE COMPOUNDS
SUPPORT DETOXIFICATION

High on the list of vegetables that support detoxification
are the cruciferous vegetables, such as broccoli,
cauliflower, Brussels sprouts, watercress and cabbage.10, 13
Several compounds present in cruciferous vegetables have
been shown to be inducers of Phase II detoxification
enzymes including glutathione S-transferase and quinone
reductase, which catalyze conjugation reactions. The
Phase II inducers have been identified as the aromatic
isothiocyanates, such as sulforaphane, and indole-3carbinol. In one study, isothiocyanates appeared to help blunt
the carcinogenic effect of cigarette smoke in rats.
According to the researchers, the rats given the carcinogen
NNK (nicotine-derived nitrosaminoketone) and isothicyanates had a 50% reduction in lung cancer compared
with the control rats.16 The same researchers found that
when a group of volunteer smokers chewed 2 ounces of
watercress at each meal for 3 days there was a statistically
significant increase in the detoxification products of NNK
excreted in their urine, compared to baseline measurements.16

Population studies from around the world have
consistently shown that diets rich in fruits and vegetables
are associated with lower risks of cancer.9 These findings
suggest that the antioxidant activity of several
vitamins and minerals present in fruits and vegetables
plays a protective role against cell damage or mutation
caused by free radicals. But what may also be beneficial
are the multitude of nonnutrient compounds (phytochemicals) that are present in plant foods.10-14 Wattenberg
has described several mechanisms of action by which
phytochemicals appear to inhibit carcinogenesis.13 Some
compounds may act as blocking agents: they prevent, or
block, carcinogens from reaching or reacting with critical
target sites in tissue. Others may act as suppressing agents,
compounds which suppress the growth and change of cells
that have been exposed to carcinogens and would
otherwise cause cancer. Mechanisms by which blocking
agents may act: 13

Another component of cruciferous vegetables,
1-cyano-2-hydroxy-3-butene (CHB), has been shown in
laboratory animals to increase glutathione levels in the
liver.17 Glutathione is an important cellular antioxidant and
acts as a conjugator during Phase II detoxification. An
overload of toxins may deplete glutathione through
conjugation activities, decreasing its reducing capacity and
contributing to oxidative stress.

• Inhibit the biotransformation of noncarcinogenic
compounds into carcinogenic compounds.
• Induce detoxification enzyme pathways-including
Phase II enzymes which facilitate the removal of
carcinogens from the body.
• Scavenge free radicals.

The organosulfur compounds present in the Allium
species (onions, garlic, leeks) are also important inducers
of Phase II enzymes.10, 13,18-20 Epidemiological evidence
suggests that regular consumption of garlic is associated
with a reduced risk of certain types of cancer. Gastric
cancer mortality is approximately 10 times lower in areas
of China where garlic consumption is high compared to
regions where garlic intake is low.18 A lower risk of
stomach cancer has also been reported in parts of Italy
where greater quantities of garlic are consumed.18

Table 1 lists some of the phytochemicals that have been
identified as blocking agents.
Table 1. Various phytochemicals identified as blocking agents.
COMPOUND
isothiocyanates
glucosinolates
organosulfur
compounds
curcumin
flavonoids
monoterpenes

SOURCE
cruciferous vegetables (broccoli, cabbage, kale)
cruciferous vegetables
Allium sp. (garlic, onions)
turmeric
numerous plants
citrus peel

Garlic and onions also contain flavonoid compounds,
such as quercetin, which appear to have anticarcinogenic
effects as well. Research suggests that flavonoids may act
as either blocking agents or suppressing agents.11
Quercetin, in particular, has been shown to be a potent
antioxidant and blocking agent and has been associated
with a reduced risk of skin cancer, leukemia, and experimentally induced cancers in rodents. 11

In several studies, laboratory animals fed a crude,
unrefined diet composed of natural constituents containing
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Other compounds that may act as blocking agents and
may support xenobiotic detoxification are the monoterpenses from the oil of citrus peel, and curcumin, a natural
constituent of the spice turmeric.10, 13, 21-24 D-limonene is
a citrus monoterpene that has been associated with a
reduced risk of chemically induced cancer in laboratory
animal models.22, 23 In several animal studies where cancer
incidence was reduced with the addition of curcumin to
the diet, the activity of phase II enzymes, in particular
glutathione S-transferase, was increased.24-26 One study
reported a 32% increase in glutathione-S-transferase
activity as well as a 12% increase in glutathione levels in
mice fed a 5% turmeric diet compared with control
animals. Tumor incidence was decreased by 90% in the
mice fed the turmeric-containing diet.24

Conclusion
Good nutrition, rich in essential nutrients, helps to
ensure a healthy, properly functioning detoxification
system. In addition, recent research suggests that many of
the phytochemicals found in plant foods, in particular
those found in garlic and cruciferous vegetables such as
broccoli, support liver detoxification and are associated
with a reduced risk of cancer. Several of these plant
compounds appear to induce Phase II enzymes which may
inhibit carcinogenesis by detoxification. Induction of
Phase II enzymes, such as quinone reductase and
glutathione S-transferase, appear to have a protective
effect against carcinogenesis in a number of experimental
animal studies. Population studies further support the
health promoting effects of plant foods.

Curcumin also functions as an antioxidant and helps to
protect against free radical damage to cells and DNA.24 Its
antioxidant activity may have also contributed to the
apparent cancer protective actions reported in the studies.24

FIGURE 1
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