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Abstract

Human and animal health, safety, and environmental concerns are and will remain to be a top priority. However, there is often a gap
between public perceptions of risk and realities of risk as evaluated by scientific methods. Living organisms are exposed daily to vari-
ous concentrations of chemicals present in the environment that reach sensitive tissues. On the basis of their biologic action these
chemicals can be classified as: irritants, asphyxiants, narcotics, systemic poisons, carcinogens, mutagens, teratogens and sensitizers
and they can have damaging effects on health even when they are below the “safe-level” for individual chemicals. Human exposure
to environmental chemicals is inevitable, but there is evidence that several pollutants, such as polychlorinated biphenyls (PCBs),
accumulating in the fatty tissue of living organisms including humans, are directly involved in the development of chronic diseases,
such as neurodegenerative and metabolic disorders, cardiovascular disease (CVD), type 2 diabetes, obesity, and some types of can-
cer. Knowledge of the effects of environmental toxicants on health is an essential background component for establishing effective
programs to provide adequate protection to the biological community of interacting organisms and their physical environment.
New data now implicate the importance of an individual’s nutritional status and the use of protective bioactive food components to
decrease the overall toxicity of environmental pollutants to biological systems. It has been proven that fresh fish, vegetables, mush-
rooms, medicinal herbs, herbal teas, omega 3 fat acids (n-3 FAs), complex carbohydrates, yogurt, kefir and seaweed, by stimulating
T-cells and other immune cells, are important modulators of inflammatory and antioxidant pathways, especially with regard to envi-
ronmental insults. Interestingly, novel research now shows that bioactive food components that are environmentally friendly can also
be integrated into remediation technologies, which in turn allow for more sustainable, inexpensive, and effective pollutant removal
and detoxification. The aim of the present work was to review the current knowledge in this subject at the interface of nutritional
and environmental sciences. It is to be hoped that implementing bioactive molecules in both biomedical and environmental science

settings, together, will allow for decreased overall body burden and human toxicity of a multitude of pollutants.
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PCBs: Chemistry, Properties and Uses [1]

Exposure to environmental chemicals plays a significant role in the pathophysiology of many human and animal diseases, particular-
ly dietary intake. PCBs are a family of 209 homologue or isomeric chemically related compounds and the individual substances are called
PCB congeners. Th estructure of PCBs consist of two connected benzene rings (biphenyl), in which one or more of the 10 hydrogen atoms
are substituted by chlorine (Figure 1). These compounds were used in an extreme variety of industrial and consumer applications: cool-
ants, pesticide extenders, caulking sealants, carbonless copy paper, wood floor finishes and many other products. Although PCBs were
banned in the United States in the 1970s, and most other industrialized countries since then, they are extremely stable chemicals and

still pose toxicological risks due to their resistence to environmental degradation [2].
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Figure 1: Basic PCB chemical structure. PCBs consist of a biphenyl (two benzene rings with a carbon to carbon
bond between carbon 1 on one ring and carbon 1’ on the second ring) with a varying number of chlorines. The
possible positions of chlorine atoms on the benzene rings are indicated by numbers assigned to the carbon
atoms. By D.328 - Own work, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=1048994.

Once released into the environment, PCBs can be transported via environmental media and migratory species far from the site of
production and use. PCBs are ubiquitous in the environment and are found in biota, air, soil, sediment, and water worldwide, includ-
ing in polar regions and deep oceans. PCB concentrations vary by several orders of magnitude. Furthermore, congener patterns differ
to varying degrees in air, water, sediments and soils as a consequence of transport, and transformation processes such as dechlorina-
tion. In the environment, PCBs volatilize easily, or are ingested by fish and other animals and transferred to the food chain, where their
concentration may increase. The general population is exposed primarily through ingestion of contaminated food [3]. Food can become
contaminated with PCBs by: (i) uptake from the environment by fish, birds, livestock; (ii) contamination of the foodstuffs through usual
practice or industrial processing; and (iii) accidental contamination. In contrast to vegetables and crops, fatty foods typically contain
high concentrations of PCBs. Most foodstuffs will have a shift in the congener profile in favour of less volatile, more highly chlorinated
congeners. Although it has been decades since their extensive use, PCBs are still found at sometimes extremely high concentrations in
animals and humans around the world. PCB circulates and accumulates in the body associated with lipids and lipoproteins. The highest
concentrations of PCB occur in fat-rich tissues like adipose tissue and human milk. At “steady-state” where the rate of uptake and rate of
elimination of PCB are the same, the PCB concentration will approximately be the same in blood, muscle, adipose and milk, if the levels
are reported on lipid basis. Though the levels of PCB in fats are about the same, adipose tissue has much higher fat % (about 80 %) and
can contain 300-fold more PCB than the blood serum/plasma (lipid content about 0.3 %) and in that way regulate and dilute the blood-
PCB. Mature human milk has a fat % of about 3.5 % while colostrum only contains 1-2 % lipids. Since PCBs tend to accumulate in fatty

tissues, they are a common contaminant in human breast milk [4].

Animal studies dating from as far back as the 1970’s have demonstrated that exposure to dioxin and PCBs can result in a variety of
health effects. From controlled studies of rats and non-human primates there is significant evidence that exposure to both mixtures of
PCBs (e.g., Arochlor 1254) as well as single PCB congeners (e.g., PCB 126) results in hepatomegaly, enzyme induction, and elevation in

the levels of serum lipids (cholesterol and triglycerides). PCBs have been shown to induce the liver to make more of the enzymes that
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synthesize lipids, and to cause an increase in plasma triglycerides and a decrease in high density lipoproteins. A major source of human

exposure to PCBs is through dietary intake of contaminated foods and through inhalation of airborne pollutants [5].

There is a number of reports indicating that exposure to persistent, fat-soluble chlorinated organics, such as dioxins, furans, PCBs
and chlorinated pesticides, including dichloro-diphenyl-trichloroethane (DDT) and its metabolite, dichloro-diphenyl-dichloro-ethylene
(DDE), is associated with an elevation of serum lipids. In humans, gastrointestinal absorption of PCBs was estimated to vary from 50%
of the ingested amount to close to 100%, the absorption decreasing as the number of chlorine atoms of the congener increased. Because
most halogenated POPs, including PCBs, are lipid soluble, they easily accumulate in human tissues, leading to a perpetually increasing

disease risk throughout a life span, especially in overweight populations [6].

A hallmark of the pathology of vascular diseases, including atherosclerosis, includes a change in the cellular redox status and a resul-
tant increase in oxidative stress, which favors chronic and low level inflammation [7]. PCBs induce production of reactive oxygen species,
activationof NF-kB transcription factors, and suppression of plasma membrane proteins, constituents of gap, adherens, and tight junc-
tions, all of which may play a significant role in tumour promotion and progression [8]. PCBs can increase cellular oxidative stress and
induce inflammatory parameters such as inflammatory cytokines, chemokines, and adhesion molecules in the vascular endothelium,
which are metabolic events that foster an inflammatory response and atherosclerosis [9]. Through these pro-inflammatory mechanisms,
PCBs and related environmental toxicants have been correlated with increased risk of multiple human chronic disease phenotypes in-

cluding myocardial infarction, diabetes, stroke, and hypertension [10-12].

PCBs and CVD Risk Factors
Hypertension, Type 2 diabetes, Obesity and Dyslipidemia

Hypertension, which affects one billion people worldwide, is the most important and well-known risk factor for CVD, the leading
cause of death in the world. It is estimated that in 2013 hypertension was responsible for > 45% of mortality caused by heart disease,
51% of mortality caused by stroke, and it contributed to 12.8% of deaths worldwide. Hypertension is often considered a lifestyle disease,
and its prevention has been focused entirely on the change in behavioral factors, such as diet, high alcohol consumption, smoking, stress,

and physical inactivity.

CVD is a disease that encompasses a group of disorders of the heart and blood vessels including coronary heart disease, cerebro-
vascular disease, peripheral arterial disease, rheumatic heart disease, congenital heart disease, deep vein thrombosis, and pulmonary
embolism [13]. The World Health Organization estimates that 17.3 million people died from cardiovascular diseases (CVD) in 2008
alone, accounting for 30% of global deaths and serving as the number one cause of death globally [14]. Several risk factors and associ-
ated diseases including type 2 diabetes, hypertension, obesity, sedentary lifestyle, and over nutrition can contribute to the pathology of
CVD. However, these lifestyle changes alone fail to completely justify the current magnitude and disease burden of hypertension in most
countries. Consequently, more attention has been paid to the growing body of evidence linking the risk of CVD and hypertension with
additional exogenous factors, such as PCBs. Considering the significant burden that CVDs have on global mortality, it is imperative to

explore and assess factors that may promote or exacerbate the pathogenesis of these diseases [15].

Many factors are suspected in the global surge in type 2 diabetes, among them exposures to toxic chemicals including PCBs [16].
These studies involve a variety of cohorts and subject ages, suggesting that PCB exposure increases type 2 diabetes risk regardless of
age or cohort. In addition to type 2 diabetes, several studies showed that women with high PCB levels in early pregnancy had a higher
risk for gestational diabetes. Serum concentrations of PCB 138 and PCB 180 were associated with increased 2-hour glucose levels and
PCB 180 with increased immunoreactive insulin levels, suggesting that PCBs contribute to insulin resistance in these mothers [17].

Gestational diabetes, characterized by the development of any degree of glucose intolerance in mothers during pregnancy, occurs during
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approximately 7% of pregnancies, or 200,000 cases annually. Women who develop gestational diabetes are at an increased risk for the

development of type 2 diabetes after pregnancy [18].

While the molecular mechanisms that regulate the development of type 2 diabetes from PCB exposure remain elusive, several
recent studies have shed light on this subject. Some, like the gestational diabetes paper, have proposed the development of insulin
resistance as the mechanism by which PCBs cause type 2 diabetes [19]. One recent study suggests that PCBs exhibit toxic effects by
adversely affecting insulin producing f-cells in the pancreas as opposed to simply decreasing insulin sensitivity [20]. Additional stud-
ies have reported no association with exposure and insulin resistance [21], suggesting a PCBs effect through toxicity -cell rather tan
through decreased insulin sensitivity. Cross-sectional studies among adults have reported a positive association of fasting glucose with
PCB exposure, suggesting a long-term toxic effect on -cells [22]. It has also been suggested that PCBs may modulate adiponectin levels,
leading to increased rates of type 2 diabetes development [23]. Adiponectin is a hormone produced by adipocytes that is significantly
reduced in patients with insulin resistance, and is suggested as a strong predictor of type 2 diabetes. A negative correlation between
levels of adiponectin and PCB 153 concentrations in human plasma, which may explain the role of PCB exposure in the development
of type 2 diabetes, has been described [23]. Additionally, PCB exposure has been associated with a decreased production of insulin
growth factor I, providing another potential link between exposure to environmental pollutants such as PCBs and increased risk for the

development of type 2 diabetes [24].

Overweight and obesity around the world are becoming epidemic and contribute to other madly co-morbidity. Around 3.4 million
adults die each year as a result of being overweight or obese. In USA, based on the report from May 2014 by CDC, 69.0% of adults age 20
years and over are overweight, including obesity, and 18.4% children (12-19 years) are obese, and even higher than Japan and South
Korea (4% each). Population studies revealed that high-caloric diet and lifestyle changes set in motion this towards epidemic. The
behavioral and genetic factors does not suffice enough to make this an epidemic, therefore this genetic susceptibility have to represent
heritable variation upon which environmental factors exert their influences. There is growing evidence that perturbations of central
endocrine regulatory systems by PCBs exposure during early gestation may contribute to the development of obesity in later life. The
field of PCBs was declared a high research priority by the WHO in 2010. The far reaching effects of such PCBs in developing endocrine-
related diseases among children have now been observed worldwide, as well as in the United States.

While atherosclerosis and hypertension are the most common risk factors for the development of cardiovascular disease, obesity
serves as a primary modulator of these diseases and has been implicated heavily in CVD development [25]. Limited information has
implicated PCB exposure in the etiology of obesity development, with primary correlations drawn from laboratory studies [26], as well

as from multiple epidemiological studies that have shown an association that warrants further examination [27].

Epidemiological studies into the association of PCB exposure and the development of obesity primarily have relied upon the com-
parison of serum PCB levels and body mass index (BMI) or birth weight, although studies have yielded mixed results. An interesting
prospective study of 12,313 non-obese participants in the Seguimiento Universidad de Navarra (SUN) cohort showed that after a me-
dian 8.1 years there were 621 new incidences of obesity among these participants, with a direct correlation seen between increased
dietary PCB intake (estimated from an earlier study of dioxin-like PCB concentrations in food) and incidences of obesity. Additional
studies of adolescent and adult patients have reported total PCB56b, [28] and congener-specific [29] obesity modulation, while others
have found no correlation [30] or even an inverse association, [31] indicating the complexity of this question. These discrepancies, and
especially data indicating an inverse relationship between obesity rates and level of PCB exposure, are likely due to bioaccumulation of
highly lipophilic PCBs in human and animal fat tissue [32], leaving low and/or inconsistent levels of PCB remaining in serum samples
for analysis. This suggests that serum PCB concentration measurement may not provide an accurate estimate of a subject’s PCB expo-
sure or body burden that contributes to obesity risk factors. Recent weight loss or gain may also significantly alter the measured con-

centration of PCBs, which would also impact findings. While there are still many questions about the role of PCBs in modulating obesity
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risk factors, growing epidemiological evidence along with in vitro and in vivo findings have implicated PCBs as a part of a much larger
group of environmental pollutants that act as obesogens, or chemicals capable of inappropriately activating molecular pathways that

induce adipocyte differentiation and lead to a predisposition to obesity through dysfunctional weight-control [33].

Dyslipidemia is recognized as a prominent risk factor for CVD. Efforts aimed at primary prevention offer the greatest opportunity
for reducing the onset and burden of CVD. While lowering LDL-C with a statin remains the cornerstone in the management of dyslipid-
emia, this approach may be insufficient in patients with other lipid abnormalities including low HDL-C and elevated triglycerides (TG),
both of which are independently associated with CVD risk [34]. Lifestyle interventions that include reduction in total calories as well as
intake of saturated and trans fats that are coupled to increased physical activity with associated weight loss continue to play an impor-
tant role in controlling mixed dyslipidemia [35]. In addition, a combination lipid-modifying therapy is a potentially useful strategy for

achieving lipid targets in patients with mixed dyslipidemia.

Similar to findings on the association between obesity and PCB exposure, the most compelling and complete evidence comes from
laboratory studies [36]. For instance, ApoE (-/-) mice injected with PCB 77 exhibited increased serum cholesterol and atherosclerosis.
Although the small volume of epidemiological literature directly examining a potential causal relationship between dyslipidemia and
PCB exposure is certainly a limiting factor, serum lipid measurements are widely published within much larger analyses that implicate
environmental stressors more broadly in metabolic dysfunction. Despite these limitations, though, there is epidemiological evidence

suggesting that PCB exposure may contribute to dyslipidemia [37].

Among the contributors to dyslipidemia, elevated TG levels has been most consistently associated with PCB exposure [38]. Increas-
es in both LDL-C [39] and total colesterol [40] have also been reported, although there are findings of no correlation [38]. An inverse
relationship between PCB exposure and HDL-C has also been shown [39] which is significant considering that increasing levels of HDL-

C are associated with a decrease in CVD risk [41].

Nutrition and Industrial Chemical-Induced Toxicity [42]

Harmful diet-related effects to human health resulting from exposure to environmental pollutants

There is a large collection of evidence pointing to the role that a person’s dietary makeup and eating habits can play in the promo-
tion of chronic inflammation, and it is becoming increasingly clear that chronic inflammation is the root cause of many serious illnesses
including heart disease, many cancers, Alzheimer’s disease, metabolic disorders and vascular diseases [43]. There is a growing body
of knowledge that PCBs can initiate inflammatory responses in vivo, and this inflammation can be either exacerbated or ameliorated
by nutrition [44]. Data indicate that diets high in certain dietary lipids such as omega-6 fatty acids can worsen PCB-induced vascular
toxicity while diets enriched with bioactive food components such as polyphenols and n-3 FAs can improve the toxicant-induced inflam-
mation. Multiple research groups have shown negative interactions between unhealthy or refined diets and environmental pollutants

ranging from heavy metals to PCBs.

There is clear evidence that bacteria-dependent metabolism of pollutants modulates the toxicity for the host. Conversely, environ-
mental contaminants from various chemical families have been shown to alter the composition and/or the metabolic activity of the
gastrointestinal bacteria, which may be an important factor contributing to shape an individual’s microbiotype. The physiological con-
sequences of these alterations have not been studied in detail but PBCs-induced alterations of the gut bacteria are likely to contribute to
their toxicity. However, it is unclear how the gastrointestinal tract (GIT) microbiota and environmental chemicals interact and whether
these interactions are relevant for human health. In a recent review, it was suggested that Gl microbes might affect obesity and diabetes

by altering the absorption, disposition, metabolism and excretion of environmental chemicals [45].
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Animal fats such as those found in beef and chicken are significant sources of proinflammatory n-6 FAs as well as PCBs and other
related POPs [46]. Mechanistically, synergism between unhealthy diets (e.g., highfat/high caloric diets) and toxicants makes logical
sense because both factors act upon many of the same receptors and cell signaling pathways. For example, n-6 FAs and PCBs have both
been implicated in inflammatory initiation through AhR, cytochrome P450’s, and toll-like receptors (TLRs) [47]. With the growing rates
of obesity and chronic oxidative and inflammatory stress, it is important to elucidate interactions between proinflammatory diets and
toxicants. Although it does appear that unhealthy nutrition can work in concert with PCBs and related toxicants to create an increasingly
proinflammatory phenotype, a new paradigm has emerged implicating certain bioactive food components in protection against persis-

tent organic pollutant-induced vascular toxicity.

Nutrition and pro-inflammatory PCBs

PCBs induce chronic oxidative stress and disregulated inflammatory responses through immunosuppression and immune stimula-
tion/inflammation. Epidemiological studies show that PCBs are associated with modification of both innate and adaptive immunity, in-
cluding having effects on immune cells and signaling molecules, with implications for both immune response and initiation. Such effects
are manifested as an increased incidence of infections; insufficient antibody response to vaccination; and changes in immune organs,
lymphocyte subsets, and lymphocyte function, as well as in an increase in the incidence of ulcerative colitis (UC) and Crohn’s disease
(CD) [48].

Diet and nutrition have played an important role in maintaining physiological homeostasis. Recent literature emphasizes poten-
tial therapeutic effects of micronutrients found in natural products, indicating positive applications for controlling the pathogenesis of
chronic diseases driven by a chronic inflammatory status [49]. Nutritional compounds which display anti-inflammatory and antioxidant
effects have specific applications in preventing oxidative stress-induced injury which characterizes their pathogenesis. Patient control
over diet and disease has been demonstrated in diabetes mellitus, CVD, rheumatology, carcinogenesis and other diseases [50]. Polyphe-
nolic compounds are ubiquitous dietary components, mainly flavonoids and tannins that have been shown to decrease toxicant-induced
diseases including liver diseases, tumor formation and growth, and endothelial cell activation [51-53]. By using different in vitro and in

vivo models we were able to show that natural extracts can have a potential therapeutic effect [54,55].

n-3 FAs such as docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA) are the main components of fish oil and have been
shown to decrease inflammation, reduce vascular diseases, and protect against dioxin and PCB-mediated toxicity [56]. Unfortunately,
most Western diets lack adequate levels of n-3 FAs, and the ratio of unhealthy n-6 FAs to n-3 FAs is very high [57]. Experimentally, it
was determined that diets predominantly made up of oils rich in linoleic acid (n-6 FA) increased PCB-induced cellular dysfunction, but
this negative effect was blunted as the ratio favored protective omega-3’s [58]. Interestingly, it has been shown that mice fed a DHA-
supplemented diet and subsequently exposed to coplanar PCB exhibited a more profound antioxidant response as observed by higher
expression levels of protective heme-oxygenase 1 (HO-1) and NAD(P) H:quinoneoxidoreductase 1 (NQO1) [59]. This work illustrates
that n-3 FAs may help to protect against PCB-induced vascular toxicity by allowing for a more efficient and intense endogenous protec-

tive response that utilizes multiple physiological cell signaling pathways.

Nutrition, GIT and Environmental Health

The GIT is the site with the highest presence of microorganisms (also referred to as “the microbiota”) that work in a symbiotic fash-
ion with the host and one of the most important interface organs between the environment and interior milieu, contributing to metabo-
lism, immune response, detoxification and intestinal architecture. Gut epithelial cells are thus the first cells to be exposed to nutrients
and the microbiota, with complementary functions between the small intestine aiming at digestion and nutrient absorption and the
large intestine specialized in the fermentation of undigested materials. The gut epithelium is also the first line of defense and protection.
Its action is complementary to that of the associated mucosal immune system whose development and maintenance are induced by the

microbiota [60]. Thus gut epithelial cells-enterocytes and colonocytes-are polarized key players influenced by food components,
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pathogens, environmental toxicants and body metabolism and functions. The gut epithelium has developed over time various mecha-
nisms for sensing not only nutrients but also microbial structural components, metabolites or secreted molecules, and all these mecha-

nisms make the molecular basis of the crosstalk between the host and the gut microbiota at the epithelial level.

An emerging paradigm implicates healthful nutrition as an effective protective modulator of environmental toxicant-induced inflam-
mation and human disease. Several studies have shown the decreased toxicities of environmental pollutants due to bioactive nutrients
such as n-3 FAs. The n-3 FAs EPA and DHA, found in fatty fish and fish oil supplements, suppress the production of proinflammatory
eicosanoids and stimulate the synthesis of anti-inflammatory eicosanoids (lipoxins) from arachadonic acid. n-3 FAs also reduce the gen-
eration of the proinflammatory cytokines TNF-alpha, IL-1 beta, IL-6, and IL-8. In addition, EPA and DHA can be converted to compounds
known as resolvins, which inhibit proinflammatory signaling. Unfortunatelly, many of these studies rely on in vitro assays that lack the
complexity of a whole body organismal approach. Importantly, emerging classes of bioactive food components such as polyphenols also

have been shown to modulate the pro-inflammatory effects of environmental toxicants.

Numerous lines of evidence suggest that dietary polyphenols such as resveratrol, (-)-epigallocatechin-3-gallate (EGCG), curcumin
and quercetin have the capacity to mitigate age-associated celular damage, can decrease toxicant-induced oxidative stress and inflam-

mation in multiple cell types, tissues and animal species [61].

The toxic effects of PCBs have been primarily associated with the activation of the Aryl Hydrocarbon Receptor (AHR) and subsequent
induction of responsive genes, such as cytochrome P450 CYP1A1 [62]. In endothelial cells, EGCG and quercetin reduced PCB-mediated
increase in AhR-DNA binding activity and expression of CYP1A1 [63], whereas in the liver of mice fed with green tea and subsequently
exposed to PCB-126 an upregulation of AhR was observed [64]. In a work using rats treated with the potent AhR agonist PCB-169, feed-
ing caffeic acid derivatives (chlorogenic acid, ferulic acid and rosmarinic acid) increased the level of hepatic glutathione and antioxidant
enzyme activities, and protective effects were observed in reducing CYP1A1 activity and oxidative damage markers [65].The anti-cancer
potential of dietary flaxseed (linseed) [66] has been underlined and secoisolariciresinol, a phytoestrogen flax lignan, was recently re-

ported to suppress morphological abnormalities in zebra fish embryos exposed to PCB-126 [67].

Diet can be a source of nutrients essential or auxiliary to our physiological detoxification processes, but food can simultaneously
be a dangerous vehicle of toxic pollutants. Despite that nutritional or pharmacological therapies may give (some) protection against
toxic chemicals, we cannot fail to point out that prevention through the use of adequate agricultural practices, hygienic practices in food
handling and the definition and implementation of environmental, food and health policies are crucial to minimize the risk of develop-
ing diseases. Preventing and treating the sources of toxicants in food production, water supplies, indoor and ambient air, industrial and
other workplaces, must always be the first line of action in environmental health. However, potentially toxic chemicals will never be com-
pletely avoided and the possibility that nutritional factors modify the toxic outcomes of pollutants should be considered in the complex

interaction of environment (including nutrition) and health (Figure 2).

Current Status and Research Needs

One critically important area in need of further investigation involves the metabolism of protective nutrients, and to our knowledge,
there are no reported clinical trials at the moment on the safety and efficacy of bioactive natural compounds in protection against spe-
cific environmental toxicants. With the advent of more precise and high-resolution analytical techniques, researchers have finally begun
to elucidate truly causative bioactive food components. In a physiological system, both nutrients and xenobiotics interact with similar
cell signaling molecules and pathways. Both nutrients and toxicants are impacted by all aspects of absorption, distribution, metabolism
and excretion, and understanding how bioactive compounds are altered or influenced at each step will allow for more efficient biomodu-
lation. Specifically, the detection and identification of bioactive metabolites is of utmost importance due to the fact that many parent

compounds are altered and modified in vivo.
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Figure 2: Illustration of nutrition as a modulator in the interplay of health risks associated with environmen-
tal exposure and toxicity to PCBs. A possible protective role of diet-derived bioactive compounds through their
antioxidant and anti-inflammatory properties is suggested considering that the use of natural and inherent
traits of plants and associated microbes can also participate in a remediation of environmental contaminant
including their role in PCBs capture and sensing technologies, thus allowing to contain, remove, and/or destroy

contaminants of concern from the environment and finally to protect human health.

In arecent investigation on a population with elevated concentrations of PCBs, fruit and vegetable intake was significantly associated
with a reduced risk of developing type 2 diabetes [68]. In different toxicity intervention trials, dietary supplementation with silibinin
[69] and green tea polyphenol extract [70] returned positive results, as did decaffeinated green tea in smokers [71]. Several studies
demonstrate polyphenols can alleviate acute effects, following short-term toxic exposures, and there is increasing data suggesting a
significant role in modulation of chronic or delayed effects associated to long-term (sub-clinical) exposures or to toxic events at critical

time windows, including trans generational effects [72].

The potential to modify the chronic effects of toxic exposures is strengthened in the case of some cancers, cardiovascular and neu-
rodegenerative complications [73-75] for which environmental chemicals give a contribution and, by other side, a decreased risk is
associated to green food consumption, according to distinct epidemiological studies. Uncertainties still remain whether a single compo-
nent from the diet or a combination of nutrients and dietary habits are more effective for a protective outcome. Although the safety and
tolerability of bioactive compounds present in green foods in humans is generally very good, specific trials that can translate the preclini-

cal data with environmental toxicants into new nutritional and therapeutic interventions are needed.
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