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Abstract

According to the World Health Organization (WHO), worldwide obesity has nearly doubled since 1980.
In the previous year 42 million children under the age of 5 were overweight or obese. The concern of
governments, the scientific community, and health services is noticed in the causes behind the prevalence of
obesity and its prevention. Taking into consideration the reasons underlying obesity, toxic substances found
in the environment and the food system have been receiving significant attention. Thus, the aim of this paper
was to explore the associations between numerous environmental contaminants (heavy metals, persistent
organic pollutants) and obesity. Our hypothesis was that neuroendocrine system disturbances caused by
these xenobiotics play a crucial role in the obesity epidemic. The neurotoxicity of these compounds could
be connected with the reward center in the brain as well as the endocrine system, and lead to an increase of
food intake and, consequently, obesity.

Taking into consideration global health as well as the best interests of society, studies in this area are

crucial for understanding this problem.
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Introduction
According to the World Health Organization “an
escalating global epidemic of overweight and obesity —
‘globesity’ — is taking over many parts of the world” [1].

*e-mail: a.filipiak-florkiewicz@ur.krakow.pl

Indeed, worldwide obesity is almost twice higher than in
1980 [2], and its prevalence has increased in most countries
[3]. The prevalence of obesity has risen substantially in both
adults and children, and is recognized as a serious public
health problem [4]. However, the escalating trend in the
occurrence of this disease in childhood and adolescence is
of special concern, not only in industrialized countries, but
also in low- and middle-income countries [1].
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From 1990 to 2010 the global prevalence of overweight
and obese children increased, and it is expected to gain
over 9% — which means about 60 million children — by
2020 [5].

Obesity  contributes to several serious health
consequences, including cardiovascular disease, type
2 diabetes, musculoskeletal disorders, and some types
of cancer [2-3]. Many risk factors are involved in the
prevalence of obesity, including a high-calorie diet, a
sedentary lifestyle, and a genetic predisposition [6].

Taking into consideration the reasons underlying
obesity, toxic substances found in the environment
and the food system have been receiving significant
attention [4]. Many pollution-related risks to health
are particularly high in urban areas and low-income
areas, because of higher concentrations of common
environmental pollutants excerting high neurological
effects, such as cadmium (Cd), lead (Pb), mercury (Hg),
arsenic (As), and persistent organic pollutants, i.e.,
polychlorinated biphenyls (PCBs), hexachlorobenzene
(HCB), dichlorodiphenyltrichloroethane (DDT), dichloro
diphenyldichloroethylene (DDE), bisphenol A (BPA), and
others.

Thus, the belief that obesity is simply a thermodynamic
problem of caloric intake and expenditure is being
changed by the scientific evidence linking environmental
contaminants to obesity [7]. The various chemicals known
or presumed to disrupt endocrine systems may also be
regarded as important contributors to this disease [8-9].

Moreover, some contaminants can cross the blood-
brain barrier, thus being a neurotoxic threat [10]. It
was recently proposed to use the term “environmental
obesogens” for those environmental pollutants that disturb
endogenous regulation of hormones involved in weight
homeostasis [11].

This is why we urgently need a better understanding
of which pollutants, if any, can affect the prevalence
of obesity [12]. As [7] stated: “The increasing burden
of environmental toxins, including persistent organic
pollutants and heavy metals, can no longer be ignored as
a key etiologic factor in the epidemic of obesity and other
diseases.”

However, the list of publications concerning this
subject is rather short. For example, searching the
PubMed database in November 2014 using the keywords
“persistent organic pollutants” and “obesity” as well as
“heavy metals” and “obesity” gives 31 and 92 records,
respectively. The concern of researchers is focused on
heavy metals and their neurotoxicity (over 2,500 records).
Less is known about the neurotoxic effects of persistent
organic pollutants (25 records).

The environmental obesogen hypothesis proposes
that some perturbations, resulting from exposure to
environmental chemicals, may exacerbate the effects of
imbalances in diet and exercise, and — as a consequence
— lead to an increase in susceptibility to obesity [13].
However, [13] did not describe the effects of heavy metals
on the neuroendocrine system in the context of body
weight increase. In their review, the authors stated that

although there is abundant evidence that environmental
factors play an important role in the obesity epidemic,
many important questions remain unanswered.

The aim of this paper, therefore, was to explore the
associations between persistent organic pollutants, heavy
metals, and obesity. We hypothesized that neuroendocrine
system disturbances caused by these environmental
contaminants (ECs) play a crucial role in this area.

Results and Discussion

Appetite Control and Eating Behavior
— the Neuroendocrine System

Obesity is associated with abnormal eating behaviors.
Today it is known that the reason could be neuroendocrine
disturbances [14]. The term “neuroendocrine” can be
defined as the communication between the central nervous
system (CNS) and endocrine glands (EG), and refers to
hormone signaling involving the hypothalamus, pituitary
gland, and peripheral body systems [15].

The sensing of neurons in the parabrachial nucleus,
thalamus, lateral hypothalamus, orbitofrontal complex,
basolateral amygdala, and insular cortex affect such
important functions of the brain as the regulation of
food intake and body weight, as well as energy balance
[16]. The hypothalamus plays a crucial role for the
central nervous system regulation of food intake, being
a homeostatic control center for many other systems
(i.e., reproduction and hormonal balances) [17]. Within
the hypothalamus, a rich variety of neurotransmitters
and peptide neuromodulators exist, and many of them
participate in CNS control of appetite and food intake,
food reward, or addiction [14, 18].

Among the feeding-stimulatory  transmitters
(obesogenic action), we should mention catecholamine,
norepinephrine, the amino acid gamma-aminobutyric acid
(GABA), and three classes of neuropeptides — namely
the opioids and the pancreatic polypeptides. The feeding-
inhibitory neurotransmitters (anorexogenic action) in the
brain include the monoamines (in particular dopamine),
serotonin (5-hydroxytryptamine, 5-HT), and a long list of
gut-brain peptides [18].

Gut hormones seem to communicate information from
the gastrointestinal tract to the regulatory appetite centers
within the central nervous system via the so-called “gut-
brain-axis” [14].

Of special concern among neurotransmitters is
dopamine (DA), which seems to regulate food intake by
modulating food reward via the mesolimbic circuitry of
the brain [19]. Brain imaging studies for the most part,
implicate the involvement of DA-modulated reward
circuits in pathological eating behaviors [20]. DA, which
is synthesized from the amino acid tyrosine, exerts
widespread effects both in neuronal (as a neurotransmitter)
and non-neuronal tissues (as an autocrine or paracrine
agent). The dopamine amount reaches 80% of total
catecholamine levels in mammal brains [21]. There
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are many receptor subtypes of D1 and D2 in the central
nervous system; however, both types of dopamine
receptors are involved in behavioral, neurobiological, and
psychotic disorders. The changes in central dopaminergic
transmission affect many aspects of food intake (food
selection, satiety, energy expenditure) [22].

There is evidence that food cues increase striatal
extracellular DA. Thus, dopamine plays the role in the
non-hedonic motivational properties of food [20].

Dopamine is suggested to encode the incentive
properties of food. The basis for this notion is that depletion
of dopamine or a blockade of dopamine receptors do
not diminish pleasurable responses to palatable foods in
animals or humans [reviewed by 23].

It has been reported [19] that obese humans have
reduced striatal dopamine D2 receptor levels, which
is similar to the observations from drug addicts. The
deficiency of dopamine may promote compensatory
pathological eating to activate reward circuits. The
strategies concerned with improving dopamine function
may be beneficial for obese patients.

The interactions of neurotransmitters (serotonin,
enkephalins, and GABA) that regulate dopaminergic
activation of the reward center of the brain — “the brain
reward cascade” — has been characterized by [24-
25]. In the nucleus accumbens, dopamine release is
associated with the reinforcement aspects of food. In
the hypothalamus, dopamine is associated with the
initiation of feeding and the length of feeding. Hormones
such as leptin and insulin help to regulate dopamine
production [26]. There is evidence that increased leptin
signaling specifically in the ventral tegmental area (VTA)
decreases food intake and firing rates of DA neurons,
while treatments that impair leptin signaling in the VTA
increase DA neuronal firing rates, food intake, and the
proclivity to ingest highly palatable foods [for review
27]. In healthy people, neurotransmitters work together
in a pattern of stimulation or inhibition, the effects
spreading downward like a cascade from stimulus input
to complex patterns of response leading to feelings of
well-being [28]. Any variations within this pathway,
whether genetic or environmental (epigenetic), may
result in addictive behaviors or Reward Deficiency
Syndrome (RDS), which was coined to define addictive
behaviors and their genetic components [29-30].
RDS predisposes individuals to high risk for multiple
addictive, impulsive, and compulsive behaviors.
Depending on genes that control different parts of the
reward neurotransmitter pathways, a person may display
anything from mild anxiety, irritability, hyperactivity,
or risk-taking to compulsive shopping, gambling, and
even eating disorders [28]. It is known that serotonergic
activation could also influence the function of the
dopamine D2 receptor [31].

Serotonin plays an important role in the nervous
system, especially regulating appetite, satiety, and mood.
In patients with anorexia nervosa, serotonin concentration
is decreased [reviewed by 27]. 5-HT acts through several
receptors; within the hypothalamus the 5-HT2c receptors

are highly expressed. In humans, pharmacologically
targeting the serotonin system modulates body weight
[33]. However, the mechanism through which 5-HT
control food intake is not fully understood, but it is known
that there is an inverse relationship between serotonin
levels and food intake [34].

The phenomenon of eating without being hungry
is postulated to be caused by the rewarding or hedonic
properties of (palatable) food, which is one of the reasons
for the obesity epidemic [33]. Palatable foods can possibly
activate the mesolimbic dopamine (DA) reward system.
Hunger and satiety signals from adipose tissue, the
pancreas, and the gastrointestinal tract relay the information
about energy status through the neural hormonal gut-brain
axis [18]. Obese humans express blunted striatal responses
to palatable food [23]. A lot of evidence concerning the
relationship between diet, dopamine, and obesity have
been presented by [35]. This emphasizes that obesity
affects not only the present generation but also offspring.
The research of [36] has proven that feeding pregnant
rats with a highly palatable diet leads to the changes in
dopamine and opioid gene expression in reward related to
an offspring’s brain regions.

Leptin is one of the neurohormones engaged in
the regulation of appetite. It is expressed and secreted
primarily by adipocytes, and acts via a family of receptor
(ob-R) isoforms [37-38]. Because of the fact that this
neurohormone is responsible for maintaining body weight
(and thus preventing obesity), the disruption of circulating
leptin concentrations could have adverse effects. It has
been observed that obese individuals have higher leptin
levels. Moreover, obesity causes relative leptin resistance
in the hypothalamus [39]. The decreased leptin sensitivity
in obesity is associated with alterations in varied cellular
and molecular processes that attenuate the leptin signal.
Therefore, approaches that enhance leptin signaling may
be effective in overcoming cellular leptin resistance and
combating obesity [40].

According to [41], leptin concentrations in serum
increased in the maternal circulation over those in the
non-pregnant state, suggesting responsibility not only for
appetite suppression but also other physiological roles
during gestation. There is evidence that leptin could play
a role as a regulator of fetal growth and development
during a normal pregnancy [42]. This is why it is crucial
to better understand the role of leptin — especially in utero
— with respect to metabolic anomalies that are related to
the later prevalence of obesity among children and adults
[41].

Recent human epidemiological studies have linked
the presence of xenobiotic chemicals with increased body
mass in humans [43]. Some of them are listed in Table 1.
Additionally, there is some evidence that environmental
pollutants could modulate the neuroendocrine system.
Thus, in our opinion, Grun’s and Blumberg’s “obesogen
hypothesis,” which proposes the existence of endocrine-
disrupting chemicals with the potential to influence
obesity, should be enlarged to “neuroendocrine-disrupting
chemicals.”
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Environmental Contaminants

Contaminants such as persistent organic pollutants
(POPs) and heavy metals (HMs) could seriously impact
the physiological systems of the organism [12]. The
biological effects of pollutants may vary between species
depending on several factors, including routes of uptake,
rates of accumulation, and sensitivity of the target organs
[44].

Heavy Metals: Neuroendocrine Disruptions
and Obesity

The sources of heavy metals exposure are contaminated
air, food, water, and hazardous occupations. Although the
negative impact of heavy metals on human health has been
known for a long time, exposure to them continues and is
even increasing in some areas [45]. For example, arsenic
is common in wood preservatives and mercury is still used
in gold mining in many parts of Latin America [45]. In
most countries in Africa, mining activities are important
sources of heavy metal input to the environment, for
example mercury in Algeria and arsenic in Namibia and
South Africa [46]. High levels of metal pollution are
detected in the Asian and African countries, especially
in urban environments [47-48]. Large numbers of people
in developing countries depend on all of these activities
for their livelihoods. For many of the most polluting and
dangerous activities, such as e-waste recycling, the most
dependent people are generally the poorest and least-able
to cope with the health impacts of lead, cadmium, and
other toxins. For example, approximately 80,000 people
are employed in lead mining worldwide [49].

At the end of the 20th century, however, emissions of
heavy metals started to decrease in developed countries: in
the UK, emissions of heavy metals fell by more than 50%
between 1990 and 2000 [45]. There has been a significant
and well-documented decrease in blood lead levels (B-Pb)
in the developed world [50], mainly because of the phas-
ing out of leaded petrol, but also because of reductions in
other sources of lead. Nevertheless, it is highly important
to emphasize that whole blood lead levels as low as 1-3
pg/dl are associated with subclinical neurobehavioral tox-
icity in young children [51].

Heavy metals occurrence in the air, water, soil, and, in
turn, in food could lead to serious health problems caused
by short-term (acute effects), but also long-term exposure
(chronic effects connected with their accumulation in tar-
get organs). Heavy metals mainly enter the human body
through two routes — inhalation and ingestion — with in-
gestion being the main one [52]. Among food products,
vegetables could be an abundant source of HMs. It has
been proven that almost 50% of the mean ingestion of
lead, cadmium, and mercury through food is due to plant
origin [52].

In the last decade, particular attention has been
given to the special susceptibility of the fetus and small
children to heavy metals during the “critical windows
of vulnerability.” Because of their special behaviors

and dynamic physiology, they may be predisposed to
higher environmental exposures and, in turn, harmful
effects [53-54]. Epidemiological studies have associated
early exposure to Pb, Hg, As, and Cd with infant health
problems, including neurological, developmental, and
endocrine disorders [55]. Heavy metals are very well-
established neurotoxins, with the potential to interfere
with the cellular systems [12, 56].

Children are vulnerable to the neurotoxic effects
of heavy metal exposure because their brains are still
developing. These vulnerabilities are especially prominent
during the prenatal period, when there is an immature
blood-brain barrier and neuronal growth, migration,
and myelination processes occur on a specific and rapid
schedule. Moreover, toxic substances can pass through the
placental barrier and easily access the developing brain,
interfering with these important processes, likely leading
to adverse consequences [57]. There is evidence that HMs
adversely affect mood. Mercury poisoning is manifested
by irritability, poor concentration, memory deficiencies,
anxiety, and depression [58-59]. Moreover, lead and
manganese have also induced cognitive and behavioral
deficits in different population groups with higher
exposure levels [60-63]. These metals can differ in their
neurological effects, but they both disrupt presynaptic
neurotransmission [64].

Methylmercury is a potent neurotoxic chemical.
Unborn children (i.e., fetuses) are the most susceptible
population group, with exposure being mainly from fish
in the diet of the mother [50]. It is important to note that
mercury is characterized as a developmental neurotoxicant,
indicating its harmful impact on the developing brain in
the fetus and child [65]. Human biomonitoring and diet-
modelling data indicate that tolerable dietary intakes
of methylmercury are exceeded among subpopulations
that consume large amounts of fish, e.g., in Scandinavia,
North America, and France [50]. However, throughout
the developed and developing countries, children face
Hg exposure risks from numerous different sources as
well as multiple different species of mercury. This fact is
particularly evident in developing nations where children
face additional mercury exposure risks via occupational
settings (i.e., mining or scavenging), cultural or religious
practices (i.e., Ayurveda or Santeria) as well as due to a
subsistence diet of fish or marine mammals [65].

Lead poisoning accounts for about 0.6% of the global
burden of disease [51]. It affects many pathways linked to
the genesis of depression [66-69]. Higher levels of lead (and
also cadmium) were found in individuals with depression,
and higher levels of lead in those with schizophrenia [12,
70]. Children are at increased risk of exposure to lead
because they are exposed to lead throughout pregnancy

and eat more food, drink more water, and breathe more air
per unit of body weight [51].

Blood lead levels vary in a wide range from country to
country and region to region. The highest blood Pb con-
centrations and the largest burden of disease from expo-
sure to lead are seen in low-income countries — in particu-
lar in areas where there are industrial uses of lead (such as
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smelters, mines, and refineries). When revised estimates
of the burden of disease were made in 2004, 16% of all
children worldwide were estimated to have levels above
10 pg/dl [71]. Of children with elevated levels, an esti-
mated 90% live in low-income regions [51].

The results reported by [72] have evidenced that lead
exposure may also influence the risk of obesity. Lead levels
in the teeth of children in the United States were positively
associated with their Body Mass Index (BMI). It is worth
remembering that BMI is not a “gold standard,” but only
a proxy indicator with the accuracy varying according to
the degree of body fat. Thus it may not be a proper tool
for assessing weight status at an individual level [73-75].
However, it is, for example, a good indicator of excess
adiposity in relatively fat children [73-74]. Despite some
drawbacks, it is still the most popular tool used in many
studies worldwide.

Physiological differences between children and
adults are not only manifest in immature metabolic
pathways. Because of the fact that important systems are
still differentiating and growing, children have unique
susceptibilities not seen in adults — and critical time
windows for those susceptibilities. The fetus and infant
are especially vulnerable to mercury exposure. The
development of the central nervous system is of special
interest. Damage to this system caused by mercury is
likely to be permanent, and neurotoxic effects can result
from prenatal or early postnatal exposure [76]. According
to [77], high levels of mercury and Pb in umbilical cord
blood due to prenatal exposure impaired visual processing
as shown by visually evoked potential measurement in
exposed children after 11 years. Cadmium neurotoxicity
is induced via several pathways (including, for example,
interference with the blood-brain barrier and induction
of apoptosis) [12], which are also involved in the
pathophysiology of mood disorders [78]. The list of data

describing the effects of Cd on the central neurotransmitter
systems in mammals is rather poor. According to [79],
exposure of male mice to Cd influences various behavioral
activities as well as the levels of enzyme activities in
the brain tissues of the experimental animals. Cadmium
increases DA concentration in the striatum of rats as was
shown by [80]. Simultaneously, the decrease of 5-HT level
in the brain stem was observed. Similar results have been
reported by other researchers [81-84]. Moreover, [41]
reported that leptin mRNA decreased dose-responsively
as the consequence of CdCl, exposure. The authors also
suggested that this heavy metal may lead to a decline in
placental leptin synthesis.

This finding may constitute further evidence of the
endocrine-disrupting effect of cadmium, as a constituent
of tobacco smoke, on reproduction in women. A study
performed by [85] showed that infants born to heavy
smokers (more than 20 cigarettes/day) were not only the
smallest, but also had cord serum leptin concentrations
slightly higher than other studied groups (non-smokers
and mothers who smoked less than 20 cigarettes/day). In
the authors’ opinion, an explanation for these results could
be the enhanced steroidogenesis (secondary to chronic
hypoxia) leading to an increase in leptin synthesis.

The latent early life-associated regulation model
suggests the role of environmental factors in disease
etiology [77]. Epidemiologic and toxicological evidence,
and over 80 studies in humans and almost 20 animal
studies, support a positive association between maternal
smoking (cadmium source) and increased risk of
overweight/obesity in later life periods [cit. from 86].

According to [87], “the dance of hormones is critical for
balancing metabolism.” The influence of environmental
pollutants on hormone activity is described widely in the
book Hormonal Chaos, the Scientific and Social Origins
of the Environmental Endocrine Hypothesis [88].

Table 1. Neurotoxic/Obesogenic effects of selected environmental contaminants.

biphenyls PCBs ( median sum of PCBs: 250 ng/g
lipid)

Reference Pollutants Studied Neurotoxic/obesogenic effects
model
Mxc exposure caused a dose-related decrease in
Adult female | striatal levels of dopamine (16-31%), which were
[89] organochlorine pesticide methoxychlor (Mxc) CD1 accompanied by decreased levels of the dopamine
mice transporter (DAT; 35-48%) and the vesicular
monoamine transporter 2 (VMAT2; 21-44%)
. . . Boys in the highest exposure quintile of the sum of
Serrlilr;l d?;z)'ﬂ;l (tlotal /2(;?1‘;;”;;(: deq::ll lellefgrci}rllg;gQ] 499 boys dioxin and PCB concentrations and total TEQs had
[90] o PE/ED poyy aged 8t0 9 | a significant decrease in mean BMI z scores of 0.67

years for dioxins and TEQs and 1.04 for PCBs, com-
pared with boys in the lowest exposure quintile

polychlorinated biphenyls (PCBs), dichlorodiphe-

Associations between overweight and PCB and

heptachlor epoxide, hexachlorobenzene (HCB),
trans-nonachlor, oxychlordane, and polychlori-
nated biphenyls (PCBs)

lowed until 7
years of age

[91] nyldichloroethylene (DDE), and dichlorodiphen- | 344 children | DDE concentrations were strongest in girls; DDT
yltrichloroethane (DDT) was associated with overweight only in boys
B-hexachlorocyclohexane (B-HCH), Dichloro-
diphenyldichloroethylene (p,p’'DDE), dichlo- 1,915 . . . . .
rodiphenyltrichloroethane (p,p'DDT), dieldrin, | children fol- | 1™ this population with relatively high levels of

exposure to organochlorines, no clear associations
with obesity or BMI emerged
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Table 1. Continued.

. . . . boys 9 years The associations between prenatal exposure to
[93] dlchlorod.lphe.nyltnchl.o rocthane (DDT) and its old (in-utero DDT and DDE and several measures of obesity
metabolite dichlorodiphenylethylene (DDE)
exposure) were observed
Persistent organic pollutants: i.e. polychlorinated . . . )
o4 | biphenyl 138 (PCBI38): polychlorinated biphenyl | - cohort 298 HEEBPIS_%VSES ‘;‘I’ls(;tévg-‘é;sssiifvt:g Xfférfﬁﬁl;s-
153 (PCB153); dichlorodiphenyldichloroethylene adults T s’ociations with BMI
(p,p-DDE); hexachlorocyclohexane (3-HCH)
Significant negative association was found in girls
between prenatal cadmium exposure and weight,
BMI and waist circumference (indicator of abdom-
inal fat) and the sum of four skin folds (indicator of
cadmium,PCBs,dioxins,p,p0-DDE and hexachlo- | 114 children subcutgne.:ous fa0). In ¢ ontrast, a significant positive
[95] ’ ? 7 association (after adjustment for confounders/co-
robenzene (HCB) 7-9 years old variates) was found between prenatal, p, p’-DDE
exposure and waist circumference as well as waist/
height ratio in girls (indicators of abdominal fat).
No significant associations were found for prenatal
PCBs, dioxins, and HCB exposure
2,2'4,4'5,5"-hexachlorobiphenyl (CB-153) and 1,109 St‘idY of Gfleenlzndlc’ lp olish, and Ukrim‘an
[96] 1,1-dichloro-2,2-bis(p-chlorophenyl)ethylene mother-child | POPY ations showed no clear ass0c1atlor’1 ctween
g . pregnancy and postnatal exposure to p,p’-DDE and
(p,p’-DDE) pairs CB-153 and BMI at the age of 5-9 years
For 7-year-old girls who had overweight mothers,
polychlorinated biphenyls (PCBs) and p,p’- 640 children | PCBs were associated with increased BMI; DDE
[97] dichlorodiphenyldichloroethylene at 5Sand 7-y | was associated with increased waist circumference
(DDE) of age (WCQ) only in girls with overweight mothers. For
boys, no associations were observed

D1 and D2 dopamine receptors are involved in
behavioral, neurobiological, and psychotic disorders, and
many of their agonists and antagonists have been used for
treating mental disturbances [98].

Iron is essential for the production of neurotransmitters
(i.e., 5-HT, DA, and GABA), which is why this metal
plays a vital role in the brain [99]. However, excessive
intake may have a neurodegenerative effect [100]. Fe?*
can increase oxidation of monoamines such as serotonin
and dopamine as reported by [101].

Persistent Organic Pollutants (POPs)

POPs are characterized by toxicity, slow degradation,
lipid solubility, and accumulation in the food chain [102].
Human exposure to these xenobiotics occurs mainly
through diet — particularly animal-derived products.

This diverse group of environmental contaminants
includes, inter alia, organochlorine pesticides such
as  dichlorodiphenyltrichloroethane ~ (DDT)  and
hexachlorobenzene (HCB), polychlorinated biphenyls
(PCB), dioxin, perfluorinated compounds such as
perfluorooctanoic acid (PFOA) and perfluorooctane
sulfonic acid (PFOS), and polybrominated diphenyl
ethers (PBDE) [103]. Polychlorinated biphenyls (PCBs)
with many industrial and commercial applications are also
comprised of POPs [94].

Pesticides represent one of the largest groups of POPs
and could have adverse implications for human behavioral

disorders, i.e., depression [104], as well as degenerative
diseases such as Alzheimer’s and Parkinson’s [105].
Among proposal mechanisms regarding pesticide
neurotoxicity, the inhibition of potassium transport as
well as Na'/K* and Ca*/Mg* ATPase are considered.
The others are the closure of sodium channels and
the inhibition of calcium calmodulin binding with
neurotransmitter release, which all serve to make neurons
hyperexcitable [106]. Pesticides get accumulated in the
body and change the gene expression profile in exposed
tissues. These contaminants are thus believed to be one
such xenobiotic that can alter the regulatory framework
and lead to disecase onset and progression through
epigenetic changes. As suggested by [86], epigenetic
mechanisms may serve as the critical biological links
between genetic vulnerability, in utero exposure, and the
development of metabolic syndrome via the regulation

of gene expression (DNA methylation, histone
modifications, and chromatin remodeling).
There is evidence that some environmental

contaminants disrupt endocrine systems, and may play a
role in the obesity epidemic [6, 107-108]. Consistent with
human findings, the animal study also showed that rats
exposed to POPs clearly developed visceral obesity [6].
In the studies of [109] as well as [110], the positive
relationship between the concentration of persistent
organic pollutants in blood and obesity was observed.
This could be due to reason, that adiposity itself slows
down the metabolism of these compounds [6]. Moreover,



Are Environmental Contaminants...

473

the environmental chemicals disturb the metabolism of
glucose and lead to the induction of insulin resistance
[111]. Among other mechanisms of a toxins’ action, we
will mention inflammation as well as impairment of
central appetite regulation [87, 112]. POPs have been
shown to disrupt major weight-controlling hormones
[113] and to alter not only levels, but also sensitivity
to such neurotransmitters as serotonin, dopamine,
and noradrenaline [114]. As [115] observed, maximal
dopamine uptake in C57BL/6 mice treated with
permethrin, and also for heptachlor. Simultaneously,
the authors reported a significant decrease in
calculated maximal rates of serotonin uptake for
12 mg/kg heptachlor-treated mice.

As a result of all the interferences caused by POPs,
several changes related to appetite, food efficiency, and
the ability to exercise could be observed [4].

In the 1970s some authors [116-117] reported the
obesogenic effect of dieldrin or hexachlorobenzene in
experimental animals. Recent studies have also proven
that chronic exposure to the herbicide Atrazine or
mixed persistent organic pollutants were responsible for
visceral obesity, insulin resistance, and dyslipidemia [118-
119].

According to [4], the differences in the values of body
mass index caused by POPs in dependence on gender
remain unclear. As an example, oxychlordane is associated
with BMI increase in males and decrease in females.
Furthermore, DDT led to waist circumference (WC)
decrease in males, and an increase in females. Hormonally
directed differences in fat storage in men (fat stored in the
waist) versus women (fat storage mainly in hips) may be
the basis, and this process might be affected by POPs.

As[120] stated, the results of human studies concerning
the relationship between persistent organic pollutants and
obesity differed significantly by taking into consideration
prenatal exposure. In adults, the different impairment
in dependence on the kind of POPs was observed. For
example, a positive cross-sectional connection between
serum level of DDT with adiposity was observed.

Experimental studies have also shown the obesity-
promoting effects of dichlorodiphenyltrichloroethane
(DDT)/dichlorodiphenyldichloroethylene (DDE). Expo-
sure of adipocytes to DDE increased basal fatty acid
uptake over a 24 h period and significantly increased the
release of leptin, resistin, and adiponectin. These results
may indicate a DDE-induced obesity-promoting adipocyte
dysfunction [121].

PCBs also have had a negative impact on serum leptin
levels [122]. The authors found that serum leptin levels
appear to be more sensitive to short-term exposure to
small amounts of PCBs than serum thyroid hormones.
The accumulation of PCBs in adipocytes could lead to
the interruption of protein synthesis. Toxins may inhibit
satiety effects of leptin, leading to an increase of hunger
[87].

The other chemical that should be of special interest
is bisphenol A (BPA), used in a wide variety of consumer
products (e.g., polycarbonate and other forms of plastics,

resins used to line food and beverage containers, thermal
print papers). There have been several studies, including
epidemiological ones, describing the relationships between
total bisphenol A concentration in urine and many serious
health problems, including not only the reproductive
effects in women and men, but also cardiovascular
disease, type 2 diabetes, obesity and — of particular interest
— neurobehavioral deficits [123-124]. The increased
susceptibility of fetuses and infants to exposure of
chemicals such as BPA (taking into consideration, among
many factors, the age-related changes occurring in the
ability to metabolize BPA) have also been reviewed by
[125].

Several chemicals (i.e., bisphenol A, mono-ethylhexyl
phthalate, butylparaben, and PCB 153) were studied by
[126]. The authors observed the increase of leptin release
and concluded that these findings strengthen the hypothesis
that chemicals can interfere with pathways related to
obesity development. Dioxins are primarily byproducts of
industrial activities. One of the best known, and also the
most potent, is 2,3,7,8-tetrachlorodibenzodioxin (TCDD).
PCBs are endocrine disruptors, because they have the
ability to agonize as well as to antagonize the estrogen
action [ 104]. However, most of the studies concerned with
exposure to these POPs did not prove the association with
the obesity of children, adolescents, or adults. Contrary
results were reported only on the basis of one prospective
study of among Belgian children that observed a positive
correlation between PCBs in umbilical cord levels and
body mass index values [72]. Weight-gain effect was also
observed in rats [127]. According to [7], rats given toxic
chemicals gained weight and increased their fat storage
without increasing caloric intake or decreasing exercise,
and there is evidence that some POPs are associated with
abdominal obesity. As [6] suggested, this could be a reason
for their contribution to the obesity epidemic.

Environmental pollutants could be responsible,
to some extent, for globesity as described above. It is
becoming clear that healthful nutrition intervention
might be a powerful tool to reduce the risk of diseases
associated with ECs [128]. Many studies indicate the
beneficial role of dietary antioxidants such as vitamins C
and E, B-carotene, and selenium, as well as antioxidant-
rich plant extracts (e.g., green tea, blackberry extract)
against heavy metals and other environmental pollutants
[129-132]. In turn, the dietary intake of curcumin and
its use as a nutritional supplement may have a potential
for organism protection, inter alia, from cadmium
intoxication and neurotransmitters dysfunction in the
brain [79]. The n-3 polyunsaturated fatty acids (PUFA)
are also dietary factors that have the potential to facilitate
a reduction in body fat deposition [133]. They can reverse
the dysregulation of the endocannabinoid system, which
is just linked to a decrease in insulin resistance and
body fat [134]. In the authors opinion this explains
observations that certain PCBs can promote obesity as
well as how n-3 PUFA can reduce body fat deposition
and improve obesity-induced metabolic syndrome.
The complex role of PUFA in membrane and signal
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transduction has been related to changes in neurotran-
smitter physiology, such as dopamine and serotonin.
Some animal studies suggest a role of docosahexaenoic
acid (n-3 DHA), and also arachidonic acid (n-6 AA) in
neurotransmitter synthesis or turnover [135]. On the
other hand, concern for environmental contamination
with POPs prompts caution in the recommendation
for consumption of fish and fish oil [136]. The authors
observed significant negative effects of PCBs on oxidative
stress and antioxidant capacity in rats, so further studies in
this area are needed.

It must be emphasized that human studies are
recommended to confirm the protective role of dietary
compounds against environmental contaminants. This is
particularly important because some studies suggest that
the interaction of toxicants and nutrients occurs throughout
the body, and that the consequences of tissue damage by
environmental pollutants can be significant.

Conclusions

Obesity is an important risk factor that influences
global health. This serious disease is regulated by the
CNS. As we described above, persistent organic pollutants
as well as heavy metals could impair the organism, via
mechanisms similar to those in neurodegenerative
diseases, 1i.e., Parkinson’s. Neurotoxicity of these
compounds is connected with Dopamine-based reward
circuitry as well as the endocrine system, and lead to an
increase of food intake and — in consequence — obesity.
The problem is even more serious because some authors
[95, 137-138] stated that exposure to pesticides and other
environmental contaminants during the early stages of life
could increase vulnerability to such substances in later life
periods. According to WHO [139], as evidence grows on
the fetal determinants of adult disease, the importance of
promoting a healthier environment for pregnant women
are recognized as priorities.

Despite our database search not allowing us to find
a direct connection between neurotoxicity of persistent
organic pollutants and heavy metals and obesity prevalence,
we suggest that this association exists. Moreover, it is
knowing that obese individuals inhale more pollutants,
and that there are higher xenobiotic impairment risks
(increased food intake) than normal weighted subjects.
Additionally, the harmful side-effect of weight loss by
patients with obesity could be an elevated concentration of
toxic pollutants in blood [140]. Taking into consideration
global health as well as the best interests of society, studies
in this area are strongly needed.
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