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a b s t r a c t

Contaminants (or pollutants) that affect human health have become an important issue,

spawning a myriad of studies on how to prevent harmful contaminant-induced effects.

Recently, a variety of biological functions of natural dietary compounds derived from

consumed foods and plants have been demonstrated in a number of studies. Natural di-

etary compounds exhibited several beneficial effects for the prevention of disease and the

inhibition of chemically-induced carcinogenesis. Contaminant-induced toxicity and

carcinogenesis are mostly attributed to the mutagenic activity of reactive metabolites and

the disruption of normal biological functions. Therefore, the metabolic regulation of haz-

ardous chemicals is key to reducing contaminant-induced adverse health effects. More-

over, promoting contaminant excretion from the body through Phase I and II metabolizing

enzymes is also a useful strategy for reducing contaminant-induced toxicity. This review

focuses on summarizing the natural dietary compounds derived from common dietary

foods and plants and their possible mechanisms of action in the prevention/suppression of

contaminant-induced toxicity.
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1. Introduction

Industrial pollution and food contamination (partially derived

from environmental contaminants) have become increasingly

serious matters as these factors elevate the risk of chemical

contaminant-induced adverse health effects. Foreign chem-

icals, or xenobiotics, are difficult to avoid given their ubiquity

in our global society. For example, several varieties of common

xenobiotics are encountered in daily life, including dioxin,

polycyclic aromatic hydrocarbons (PAHs), nicotine, and afla-

toxins. Long-term exposure to these xenobiotics can gradually

and negatively affect human health through the induction of

disease development via various exposure routes. Indeed,

epidemiological and investigational studies have shown that

daily and/or occupational exposure to PAHs through skin

contact, inhalation, or ingestion can induce inflammation,

metabolic syndrome, cardiovascular disease, and cancers

[1e3]. Additionally, aflatoxins, a type of food contaminant

present in cereal and groundnuts produced by Aspergillus fla-

vus and Aspergillus parasiticus, have been demonstrated to be

strong inducers of hepatocellular carcinogenesis, thereby

causing hepatic fibrosis, cirrhosis, and cancer [4,5].

Xenobiotics that enter the human body undergo four

stages: absorption, distribution, metabolism, and elimination

[6]. The metabolism stage plays a central role in the bio-

activation/detoxification of xenobiotics. These processes are

performed by xenobiotics/drug-metabolizing enzymes

(XMEs), including Phase I (oxidation, reduction, or hydrolysis

reactions) and Phase II (conjugation reaction) enzyme sys-

tems. The terms “Phase I” and “Phase II” enzymes were first

established by Williams [7] in 1959. XMEs are important

enzyme families that are present in the liver and extrahepatic

organs, including the skin, lung, kidney, intestine, and colon/

rectum, that interact with endogenous and exogenous

chemicals and xenobiotics [8]. A typical xenobiotic meta-

bolism involves the continuous biotransformation steps of

oxidation, reduction or hydrolysis of parent substances to

introduce reactive or polar groups, such as -NH2, -COOH, and

-OH groups (Phase I), followed by conjugated with hydrophilic

molecules (Phase II), such as glutathione, glucuronic acid, and

sulfate, to increase the hydrophilicity of the substances,

thereby rendering the substances suitable for renal or intes-

tinal excretion [9]. However, in some instances, xenobiotics

are metabolized by Phase I enzymes, which can form reactive

or mutagenic metabolites that may induce DNAmutation and

carcinogenesis. For example, aflatoxin B1 is metabolized to

mutagenic aflatoxin-8,9-epoxide by CYP3A4 [10].

The majority of Phase I reactions are performed by cyto-

chrome P450 (CYP) enzymes, particularly those in the CYP1,

CYP2, and CYP3 families, which metabolize a vast range of

xenobiotics [11]. It is well known that the CYP enzymes are

regulated by farnesoid X receptor, liver X receptor, peroxi-

some proliferator activated receptor, constitutive androstane

receptor, glucocorticoid receptor, pregnane X receptor, and

aryl hydrocarbon receptor (AhR) [12,13].

Dietary chemoprevention is a potential strategy for pre-

venting disease development and promoting health and is

defined as the use of natural dietary compounds, also called

phytochemicals [14e16]. Natural dietary compounds that are

found in our diet are obtained fromwidespread and commonly

consumed fruits, vegetables, medicinal plants, and derivatives,

such as nobiletin from citrus peel, quercetin from onions,

curcumin from turmeric, and resveratrol from redwine [17,18].

A number of studies have suggested that numerous natural

dietary compounds are able to prevent/reduce xenobiotic-

induced harmful effects on human health modulated through

regulated XMEs and related signaling pathways [19e21].

In this review, we will discuss the regulative effects of

natural dietary compounds on XMEs and provide a literature

overview of natural dietary compounds as chemopreventive

agents for preventing xenobiotic-induced toxicity.

2. Potential strategies for reduced
xenobiotics-induced toxicity effects by natural
dietary compounds (Figure 1)

Xenobiotics enter our body through metabolism and excre-

tion. Nevertheless, the stage of xenobiotic metabolism con-

tributes to the conversion of the parent substances for either

metabolic bioactivation or detoxification [22]. The key en-

zymes for xenobiotic bioactivation are CYPs (Phase I), which

catalyze the xenobiotics to generate reactive metabolites,

such as a molecular ions, quinone, and epoxide. This is a

necessary step and is followed by Phase II conjugation reac-

tion [23]. Therefore, the principal strategy for the repression of

xenobiotic bioactivation by natural dietary compounds is the

modulation of the type and expression level of

CYPsdalthough not complete inhibitiondthrough the sup-

pression of xenobiotic-induced receptor activation and

related signaling transduction pathways, such as the AhR

signaling pathway. Moreover, the use of natural dietary

compounds as CYP inhibitors against CYP enzymatic activity

is also a means of suppressing xenobiotic bioactivation. In

contrast, Phase II enzymes, including glutathione S-trans-

ferases (GSTs), UDP-glucuronosyl-transferase (UGTs), sulfo-

transferases, nicotinamide adenine dinucleotide phosphate

hydrogen (NADPH):quinone acceptor oxidoreductase 1, and

quinone reductase, have been associated with xenobiotic

detoxification and, ultimately, excretion [8]. Phase II enzymes

induced by natural dietary compounds act as a detoxification

strategy through the detoxification of reactive xenobiotic

metabolites and the promotion of xenobiotic excretion.

Furthermore, several studies have suggested the existence

of a link between xenobiotics/reactive metabolites and the

induction of inflammation and tumorigenesis mechanisms,

such as inducing inflammatory cytokines expression, pro-

moting cell proliferation and enhancing metastasis [24,25].

Hence, the ability of natural dietary compounds to suppress

adverse mechanisms correlates with the effectiveness of

these compounds at preventing/inhibiting xenobiotic-

induced toxicity (Figure 2).

3. Natural dietary compounds suppressed
xenobiotics-induced toxicity

Most existing studies of natural dietary compounds that

suppress xenobiotic-induced toxicity have been focused on
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