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Abstract

The nutritional profile of an individual can influence the toxicity of persistent environmental
toxicants. Polychlorinated biphenyls (PCBs), prevalent environmental pollutants, are highly lipid
soluble toxic compounds that biomagnify through trophic levels and pose cancer, neuro-cognitive,
and atherosclerotic risk to human populations. 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. 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 omega-3 polyunsaturated fatty acids can improve the
toxicant-induced inflammation. There is evidence that bioactive nutrients protect through multiple
cell signaling pathways, but we have shown that lipid raft caveolae and the antioxidant defense
controller Nrf2 both play a predominant role in nutritional modulation of PCB-induced vascular
toxicity. Interestingly, there appears to be intimate cross-talk between caveolae-related proteins
and cellular Nrf2, and focusing on the use of specific bioactive food components that
simultaneously alter both pathways may produce a more effective and efficient cytoprotective
response to toxicant exposure. The use of nutrition as a protective tool is an economically
beneficial means to address the toxicity of persistent environmental toxicants and may become a
sensible means to protect human populations from PCB-induced vascular inflammation and
associated chronic diseases.
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Introduction

Polychlorinated biphenyls are a diverse class of manmade chemicals that have been
outlawed in the United States since the 1970’s, but still pose toxicological risks due to their
persistence to environmental degradation (Arsenescu et al. 2008). Marketed for their
effective thermal and electrical properties, PCBs became commonplace in capacitors,
caulking, and hydraulic fluids but have become notorious for their correlations to multiple
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human toxicities ranging from endocrine disruption to vascular inflammation (Lundqvist et
al. 2006). Although PCBs are detrimental to multiple target organ systems and tissue types
(Crinnion 2011), the breadth of this review will encompass only vascular related toxicity. Of
the 209 individual congeners that were manufactured, coplanar PCBs, which lack chlorine
substitutions on ortho positions of both phenyl rings, are most toxic to the endothelium and
associated vasculature (Giesy et al. 2000). These non-ortho substituted PCBs such as PCB
77 and PCB 126 are able to, much like dioxin, bind to the aryl-hydrocarbon receptor (AhR)
found within vascular endothelial cells and increase reactive oxygen species (ROS) through
cytochrome P450 1A1 (CYP1AL)-mediated uncoupling (Lim et al. 2008). Deregulation of
cellular redox status can lead to upregulation of nuclear factor kappa B (NFxB) and
subsequently the induction of multiple pro-inflammatory gene products including
chemokines, cytokines, and cellular adhesion molecules (Majkova et al. 2009). Through
these described pro-inflammatory pathways, PCBs have been shown to activate the
endothelium and promote cellular dysfunction and ultimately atherosclerosis (Kuehn 2011;
Toborek et al. 1995).

Polychlorinated biphenyls have been linked via human correlation studies to multiple
vascular inflammatory complications and diseases including myocardial infarction, diabetes,
stroke, and hypertension (Uemura 2012; Carpenter 2011; Goncharov et al. 2008).
Historically, epidemiological studies have been focused on occupational exposures such as
those that occurred with Swedish capacitor workers in the mid 20t century, but it is
becoming more clear that chronic low dose exposure may pose the most risk for the general
public (Schettgen et al. 2012; Gustavsson and Hogstedt 1997). For example, populations
most at risk for chronic exposure are those that ingest high levels of fatty fish due to the fact
that PCBs preferentially bioaccumulate in adipose tissue and thus can be transported
vertically through the food chain (Goncharov et al. 2008; Butler Walker et al. 2003).
Although Inuit populations have been observed to have 3.4-fold higher plasma PCB levels
than Caucasians, low ppb concentrations are common for the general United States
population (Hopf et al. 2009). Importantly, according to National Health and Nutrition
Examination Survey (NHANES) there appears to be an association with plasma levels of
PCBs and cardiovascular disease in women in the United States (Ha et al. 2007). Although
these association studies are far from causative and can only correlate levels of PCBs with
disease outcome, there are human studies that show PCB exposure can alter blood lipid
profiles and increase total blood cholesterol and triglycerides, lending merit to the paradigm
that environmental toxicants can promote or exacerbate vascular pathologies in humans
(Goncharov et al. 2008).

Although exposure duration and congener type play a major role in overall PCB toxicity,
there is increasing evidence that additional factors must be taken into consideration
including individual genetic variability and lifestyle choices. For example, researchers have
shown a higher incidence of PCB-associated breast and lung cancers in individuals with a
single nucleotide polymorphism (SNP) in their CYP1A1 gene (Wang et al. 2011; Moysich
et al. 1999). Although correlations between one’s genome and susceptibility to toxicants can
be distinguished, obvious questions arise regarding the feasibility and cost/benefits of
utilizing personalized medical techniques such as genome-wide arrays and sequencing
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technologies as preventative measures. Mutations in detoxifying-, antioxidant- or excretion-
related genes may result in exacerbated PCB toxicity, but we argue that factors under the
control of the individual, such as poor nutritional status, are more directly related to PCB-
induced vascular toxicity.

Diet can exacerbate PCB-induced vascular toxicity

There is a large collection of evidence pointing to the role that a person’s dietary makeup
and eating habits can play in the promotion of chronic inflammation, metabolic disorders
and vascular diseases (Ganguly and Pierce 2012; Baum et al. 2012; Kuipers et al. 2011).
Additionally, emerging data show that exposure to persistent organic pollutants such as
PCBs may work in concert with unhealthy diets to promote cumulative or synergistic
negative effects (Hennig et al. 1999). Newly coined “obesogen research,” which deals with
the study of toxicants that can promote obesity and related syndromes, is a compound-driven
area of study that is an important addition to the toxicological sciences, but we suggest that
it does not focus enough on the interactions between diet and pollutant (Dirinck et al. 2011).
Our data support the paradigm that a poor nutritional state can exacerbate toxicity associated
with exposure to PCBs and other persistent organic pollutants (POPs), and taking into
account the interactions between diet and toxicants will help to better elucidate the impacts
that PCBs and related compounds have on human health.

Multiple research groups have shown negative interactions between unhealthy or refined
diets and environmental pollutants ranging from heavy metals to PCBs. For example, high
fat diets appear to intensify arsenic-induced inflammation, hepatofibrogenesis, and cancer
initiation (Wu et al. 2008), while diets high in saturated fats exacerbate polycyclic aromatic
hydrocarbon-induced adenomas (Harris et al. 2009). PCBs are prime pollutant candidates to
study the interactions between diet and toxicants because they can sequester in adipose for
long durations, and exposures are due often to ingestion of contaminated foods. Our research
has focused on the interactions of PCBs and proinflammatory omega-6 fatty acids. We have
shown that omega-6 fatty acids, and in particular linoleic acid, can cross-amplify the
detrimental effects of coplanar PCBs and produce increases in oxidative stress, CYP1A1
induction, and endothelial permeability (Hennig et al. 1999). This work was expanded in
vivo as we observed increased proinflammatory cytokine levels and lipid staining in mice
fed oils rich in omega-6 fatty acids and exposed to PCB compared to mice exposed to PCB
alone (Hennig et al. 2005b). Mechanistically, synergism between unhealthy diets (e.g., high-
fat/high caloric diets) and toxicants makes logical sense because both factors act upon many
of the same receptors and cell signaling pathways. For example, omega-6 fatty acids and
PCBs have both been implicated in inflammatory initiation through AhR, cytochrome
P450’s, and toll-like receptors (TLRs) (Fresno et al. 2011; Nebert and Karp 2008; Tompkins
and Wallace 2007). With the growing rates of obesity and chronic oxidative and
inflammatory stress, it is important to more thoroughly 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 that implicates certain bioactive food components
in protection against persistent organic pollutant-induced vascular toxicity.
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Diet can improve PCB-induced vascular toxicity

Utilizing nutrition to bolster physiological health is a sensible and responsible way to protect
against toxicity of environmental pollutants. Diets rich in bioactive food components such as
polyphenols and omega-3 fatty acids have been correlated with decreased inflammation,
metabolic syndrome, and atherosclerosis (Hennig et al. 2005a; Hennig et al. 2007). These
diets, which are rich in antioxidant and anti-inflammatory agents, are well known as a part
of French and Mediterranean diets (Nadtochiy and Redman 2011). It should not be a
surprise then that heart disease and related pathologies are significantly lower in these areas
when compared to similarly industrialized western regions (Urpi-Sarda et al. 2012).
Although it is extremely difficult to determine a unique causative protective agent, bioactive
nutrients such as resveratrol, quercetin, tea catechins, and docosahexaenoic acid (DHA) may
all work independently or synergistically to decrease oxidative stress, inflammation, and
vascular diseases (Choi et al. 2010; Moore et al. 2009; Poudyal et al. 2011). Since the
hallmark of coplanar PCB vascular toxicity is also increased oxidative stress and
inflammation, polyphenols (e.g., flavonoids) and omega-3 polyunsaturated fatty acids are
prime nutritional candidates as biomodulators of PCB-mediated cytotoxicity.

Food phytochemicals have been shown to protect against POP-related toxicity. Polyphenols,
for example, are an abundant and diverse class of bioactive compounds found in many fruits
and vegetables and have been linked to decreased toxicity from dioxin and dioxin-like PCBs
(Terao 2009). These ROS scavenging compounds can also increase PCB excretion rates
(Morita et al. 1997), prevent AhR-induced inflammation (Han et al. 2012), limit body
wasting (Ciftci and Ozdemir 2011) and decrease cellular dysfunction (Zheng et al. 2010).
Resveratrol, a well-studied polyphenol, has been shown to interact with the primary receptor
of coplanar PCBs, AhR, and to limit its activation and subsequent proinflammatory
signaling cascade (Tutel’yan et al. 2003; Wu et al. 2001). A goal of our research is to
determine the efficacy of causative compounds found in everyday healthy diets, such as
Vitamin E, that can bolster protective physiological mechanisms and prevent against PCB-
induced vascular toxicity (Slim et al. 1999). We understand that pharmacological drugs can
be created that mimic the observed protective effects of nutrients, but we argue that due to
costs, compliance issues and possible side-effects, utilizing healthy nutrition centered on
bioactive food components will be most successful. Obviously, most western diets are not
fruit and vegetable focused, so it is important to identify and classify lipid-based bioactive
compounds as well.

Omega-3 polyunsaturated fatty acids (PUFAS) 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 (Watkins et al. 2007; Turkez et al. 2012; Mozaffarian and Wu 2011).
Unfortunately, most western diets lack adequate levels of omega-3 PUFAs, and the ratio of
unhealthy omega-6 fats to omega-3 fats is very high (Watkins et al. 2007; Gomez Candela et
al. 2011). Experimentally, it was determined that diets predominantly made up of linoleic
acid (omega-6) increased PCB-induced cellular dysfunction, but this negative effect was
blunted as the ratio favored protective omega-3’s (Wang et al. 2008). Interestingly, we have
shown that mice fed a DHA-supplemented diet and subsequently exposed to coplanar PCB
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126 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)
(unpublished data). This preliminary work illustrates that omega-3 PUFAs may help to
protect against PCB-induced vascular toxicity by allowing for a more efficient and intense
endogenous protective response that utilizes multiple physiological cell signaling pathways.

Importantly, PCBs have been shown to induce inflammation in cell types other than
endothelial cells. Adipose tissue, and specifically adipocytes, has been shown in multiple
settings as a target for PCB toxicity. For example, mice administered coplanar PCBs exhibit
marked upregulation of proinflammatory adipokines, altered adipocyte differentiation and
dislipidemia (Arsenescu et al. 2008). Although research illustrating the impact of
phytochemicals on PCB-induced adipocyte toxicity is severely lacking, there is a large body
of evidence describing the beneficial effects of bioactive nutrients on adipose inflammation.
Bioactive food components such as curcumin, capsaicin, resveratrol and EGCG have all
been shown to decrease adipose inflammation and adipocyte oxidative stress (Leiherer et al.
2013). Specifically, resveratrol has been shown to attenuate adipogenesis and adipose
inflammation via the alteration of pro-inflammatory mediators, such as TLR4 (Kim et al.
2011). Physiological inflammation is a diverse phenomenon encompassing multiple tissue
types, but, importantly, many cell types prone to inflammation have devised endogenous
protective pathways to decrease oxidative stress and keep inflammation in check. Using
bioactive food components that activate these pathways prior to toxicological insult may
allow the body to more efficiently detoxify, eliminate or deal with environmental pollutants.

Protective cellular signaling pathways

Multiple signaling pathways have been attributed to nutritional modulation of environmental
toxicants, but we have shown that caveolae and the antioxidant master controller nuclear
factor (erythroid-derived 2)-like 2 (Nrf2) play integral protective roles. There is increasing
evidence that lipid raft membrane microdomains, i.e. caveolae, may play an important role
in atherosclerosis, the toxicity of coplanar PCBs, and nutritional protection (Sowa 2012;
Han et al. 2010; Frank et al. 2004). Caveolae are flask shaped membrane invaginations that
are important in cholesterol transport, nutrient and xenobiotic import into cells and cellular
signaling (Pavlides et al. 2012). Due to the lipophilicity of PCBs, they may enter the cell
through lipid raft mediated events or come into contact with caveolae-related signaling
proteins. Caveolae are abundant in vascular endothelial cells and the cardiovascular system
in general, which points to a highly probable role for caveolae in inflammation and
atherosclerosis (Panneerselvam et al. 2012). Our laboratory has previously reported that
coplanar PCBs promote the upregulation of genes related to the activation of endothelial
cells and the initial stages of atherosclerosis and that the loss of functional caveolae
ameliorates these detrimental effects (Majkova et al. 2010). Caveolin-1 (Cav-1), the major
structural protein of caveolae, contains the “Cav-1 binding domain” that is known to bind
multiple proteins including endothelial nitric oxide-synthase (eNOS), v-src sarcoma (SRC),
protein kinase C (PKC), extracellular-signal-regulated kinase(ERK) and protein kinase B
(Akt); many of which are involved in inflammatory pathways (Sowa 2012). For example,
downregulation of Cav-1 can lead to eNOS activation and subsequent increases in diffusible
nitric oxide, which has been shown to play a major role in healthy blood pressure and vessel
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tone (Lim et al. 2007). Many publications from our laboratory and others show
downregulation and elimination of Cav-1 to be anti-atherosclerotic (Lim et al. 2008;
Majkova et al. 2009). Importantly, eliminating Cav-1 prevents PCB-induced cellular
dysfunction (Majkova et al. 2010). Our data point to Cav-1 as a possible anti-atherosclerotic
therapeutic target and we hypothesize that nutritional intervention can downregulate Cav-1
and, in turn, protect against PCB-induced inflammation.

Nrf2 is a transcription factor that can upregulate cytoprotective genes in response to
oxidative stress, xenobiotics, and bioactive food molecules (Singh et al. 2010; Itoh et al.
2010; Kim et al. 2010). Many nutrients, including resveratrol, sulforaphane, and
epigallocatechin gallate (EGCG), have been shown to activate Nrf2 (Miao et al. 2012; Kang
et al. 2012; Nair et al. 2010). There are multiple mechanisms of Nrf2 activation, including
direct phosphorylation of Nrf2 by PKC delta and loss of contact between Nrf2 and
inhibitory kelch-like ECH-associated protein 1 (Keap-1) (Niture et al. 2009). Upon
activation, Nrf2 is able to evade ubiquitination, enter the nucleus, and bind cis-acting
antioxidant response elements (ARE) in target genes such as heme-oxygenase 1 (HO-1) and
NAD(P)H:quinoneoxidoreductase 1(NQOZ1) (Baird and Dinkova-Kostova 2011).
Importantly, Nrf2 activation leads to decreased inflammation which is a hallmark of PCB
toxicity (Kim et al. 2010). Activation of Nrf2 may lead to vascular protection from PCB-
induced toxicity and we hypothesize that a diet rich in bioactive food components can
activate Nrf2 and prevent PCB-induced inflammation. Nrf2 has been shown to cross-talk
with multiple signaling partners, especially with the major player in PCB toxicity, AhR
(Hayes et al. 2009). Although it has been known for decades that dioxin and dioxin-like
compounds activate both AhR- and Nrf2-related genes, it was shown only recently that Nrf2
is required for induction of AhR genes such as CYP1A1 (Yeager et al. 2009). This observed
cross-talk can be explained mechanistically at the genetic level by the fact that the promoter
region for Nrf2 contains AhR binding regions and the gene promoter for AhR contains
multiple Nrf2 binding elements (Hayes et al. 2009). Our laboratory previously determined
that AhR is a binding partner of Cav-1, so it is plausible that cross-talk between caveolae
and Nrf2 signaling pathways also exists (Lim et al. 2008).

Little is known about the cross-talk between Nrf2 and caveolae signaling and how bioactive
compounds such as omega-3 lipids, flavonoids and other polyphenols interact to protect
against environmental insults. We have shown that decreasing cellular Cav-1 levels results
in a more intense antioxidant response. Mechanistically, we attribute this to decreased AhR
activity as well as increased Nrf2 activity (Han et al. 2012). Recently, an intimate example
of cross-talk between Cav-1 and Nrf2 was illustrated (Li et al. 2012), and our published and
unpublished data supports this phenomenon. We have shown that decreasing Cav-1 via
SiRNA technology or utilizing Cav-1 KO mice can result in decreased expression of
inhibitory Keapl, which allows for increased Nrf2 activation. Importantly, we have shown
in vitro that pretreatment with the polyphenol EGCG can cause decreased expression of
Cav-1 and upregulation of the Nrf2 target cytoprotective genes glutathione S-transferase
(GST) and NQOL1 (unpublished data). We believe that an efficient nutritional biomodulator
will work through the observed cross-talk between caveolae and Nrf2 and result in broad
and diverse cellular protection. These data support the paradigm that utilizing bioactive food
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components can be an effective strategy to combat PCB-induced vascular toxicity. Using
bioactive food components such as flavonoids and omega-3 PUFAs may be an economically
and logistically beneficial method to counteract PCB-induced vascular inflammation.
Although it does appear that both caveolae and Nrf2 signaling pathways play an important
role in nutritional modulation of vascular inflammation, other signaling cascades may also
prove to be involved.

Phytochemicals may work through mechanisms that upregulate protective genes,
downregulate pro-inflammatory genes and/or decrease overall oxidative stress (Fig. 1). For
example, the green tea polyphenol EGCG has been shown to protect against inflammation
via many of the previously discussed signaling mechanisms, but interesting new data also
points to a role of the laminin receptor. The laminin receptor is a cell surface receptor that
has been shown to play a role in inflammation and cancer metastasis, and multiple groups
have shown EGCG to directly bind the receptor and subsequently decrease basophil
activation, induce apoptosis in cancer cells, inhibit TLR4 and downregulate pro-
inflammatory cytokines and chemokines (Muller and Pfaffl 2012; Byun et al. 2012).
Studying the interactions between laminin receptor, nutrients and environmental toxicants
may help to elucidate more effective nutritional modulation strategies to prevent vascular
inflammation and disease.

Emerging and unresolved issues

The paradigm of nutritional modulation of environmental toxicants is still new, thus many
issues remain unresolved. One critically important area in need of further investigation
involves the metabolism of protective nutrients. 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 biomodulation. 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. As mentioned previously, resveratrol is an extensively studied
protective polyphenol, and exemplifies the necessity of further investigating the roles that
bioactive metabolites play. For example, a major limitation with resveratrol supplementation
involves poor gut absorption of the parent compound and fast metabolism to sulfate and
glucuronide products (Wang et al. 2004; Urpi-Sarda et al. 2007). However, even with the
short half-life of the parent compound, there is a large body of evidence associating
resveratrol supplementation with protective phenotypes in vivo (Baur and Sinclair 2006).
This has led some research groups to investigate the bioactivity of specific metabolites and
observed protection via the activation of Sirtuin1(SIRT1) and inhibition of cyclooxygenase
(Baur and Sinclair 2006). This is an important finding worthy of further exploration because
bioactive metabolites, such as the glucuronide and sulfate forms of resveratrol, have much
longer half-lives than the parent compound, which may qualify the metabolites as more
appropriate and effective nutritional modulators (Rechner et al. 2002). Also, our laboratory
has shown that oxidized metabolites of the bioactive omega-3 PUFA DHA are more
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protective against such PCB-induced vascular toxicity compared to the parent PUFA
(Majkova et al. 2011). Mechanistically, oxidation of PUFAs can lead to multiple F-type
isoprostanes with active cyclopentenone rings that have been shown to activate Nrf2, inhibit
NFxB and decrease inflammation (Fam et al. 2002; Gao et al. 2007; Musiek et al. 2008).
Also, other metabolically-relevant electrophilic fatty acid modifications, such as nitro-fatty
acids, may play a role in combating inflammation and environmental toxicant-induced
diseases (Khoo and Freeman 2010; Rudolph et al. 2010; Tsujita et al. 2011). Nitro-fatty
acids are a newly discovered class of modified lipids that exhibit anti-inflammatory
properties via multiple mechanisms (Freeman et al. 2008). Unsubstituted fatty acids such as
oleic acid (18:1) and arachidonic acid (20:4) can be nitrated endogenously by multiple
enzymatic and non-enzymatic reactions, resulting in the inhibition of pro-inflammatory
mediators, induction of protective heme oxygenase-1 and the relaxation of blood vessels
(Baker et al. 2009). This class of bioactive lipids can protect via multiple mechanisms
including upregulation of PPAR~y and Nrf2 as well as downregulation of pro-inflammatory
NFxB (Kansanen et al. 2011; Borniquel et al. 2010). More work needs to be accomplished
to elucidate the mechanistic impact of nitro and oxidized PUFAs on vascular inflammation
and toxicant-induced diseases. It appears that both oxidized PUFAs and nitro-fatty acids are
anti-inflammatory, which may implicate the importance of bioactive modified lipids in a
clinical and therapeutic setting. Although research linking bioactive lipids, vascular
inflammation and environmental toxicants is lacking, state of the art high-resolution mass
spectroscopy technologies are beginning to allow researchers to explore the most efficient
and physiologically-relevant bioactive compounds, which will in turn help further the use of
nutrition in a clinical and preventative setting.

Conclusions

PCBs can cause vascular toxicity through ROS initiated inflammation, but the detrimental
effects can be counteracted by nutritional modulation via bioactive food components that
have potent antioxidant and anti-inflammatory properties. Diets high in polyphenols and
omega-3 PUFAs, such as the Mediterranean diet, are fruit, nut, vegetable and fish based.
Conversely, many western diets rely heavily on omega-6 fatty acids, saturated fats and
refined carbohydrates. These comparably unhealthy diets can promote cellular dysfunction,
inflammation and vascular diseases. Importantly, many people who are exposed to
environmental pollutants, such as those surrounding Superfund sites, display poor nutritional
profiles and lack protective bioactive food compounds in their diets (Hennig et al. 2012).
Compromised physiological health, unhealthy diets and exposure to toxicants, such as
PCBs, can cause exacerbated negative effects and increase the impact of environmental
contaminants on populations. Our work aims to utilize nutritionally relevant compounds to
ameliorate toxicant-induced disease phenotypes and to determine the intricate molecular
mechanisms in play. We have shown that caveolae and Nrf2 signaling pathways are integral
to vascular protection from PCBs and that newly discovered crosstalk between the two
pathways may be extremely important physiologically (see Figure 1 for overview). New
tools have arisen such as high-resolution mass spectroscopy that allow investigators to
identify novel and modified bioactive compounds such as polyphenols, omega-3 PUFAs,
and their metabolites. To bolster endogenous cellular defenses and protect against toxicant-
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induced vascular disorders we recommend a diet high in fruits, vegetables and omega-3
PUFAs, and low in refined foods rich in saturated fats and omega-6 fatty acids. Such
positive nutritional lifestyle changes will lead to overall better health and thus reduce the
vulnerability to negative risks associated with exposure to environmental stressors.
Moreover, the use of healthy nutrition as a tool against the toxicity of environmental
pollutants is an economically and socially viable alternative to expensive and logistically
challenging ecological remediation.
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Fig. 1.
Caveolae play a critical role in PCB-induced vascular toxicity. Protective bioactive nutrients

such as omega-3 PUFAs and flavonoids can utilize caveolae Nrf2 cross-talk to decrease
reactive oxygen species, limit inflammatory responses and ultimately prevent PCB-induced
vascular toxicity
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