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Abstract The majority of the heavy metals are considered toxic to the human beings
by interfering with the normal functions that are taking place in the human body by
disrupting metabolic processes and their exposure may be due to natural or anthro-
pogenic sources. Heavy metals act as endocrine-disrupting chemicals (EDCs) by
disrupting the mechanism of action of endogenous substances. Heavy metals such as
cadmium and arsenic have a negative impact on some enzymes that are involved in
carbohydrates and lipids metabolism and lead to an abnormal level of glucose and
lipid, cholesterol, and triglycerides. This is responsible for inducing the pathogene-
sis associated with diabetes mellitus and insulin resistance. These metals are also
responsible to induce reactive oxygen species and suppress antioxidant defense
mechanism. The stress-induced by oxidation is highly linked with metabolic syn-
drome. These conditions lead to a risk of diabetes-associated cardiovascular dis-
eases. While on the other side, some of the heavy metals notably zinc which is
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considered as an essential nutrient, play its significant role in metabolic disorders by
suppressing oxidant effect, reducing obesity and lipogenesis. In this chapter, we
have briefly overviewed the role of heavy metals that act as EDCs in metabolic dis-
order via interfering various transcriptional and metabolic pathways while the other
heavy metals which have a beneficial role in the amelioration of metabolic
disorders.

Keywords Heavy metals - Carbohydrate metabolism - Lipid metabolism -
Oxidative stress

Introduction

Endocrine-disrupting chemicals (EDCs) can be defined as exogenous substances or
mixtures of substances that interact in any way with endogenous hormonal signal-
ing, not only affecting the production, secretion, and transportation of hormones but
also has an effect on their cellular metabolism, binding action and elimination [1].
EDCs play a crucial role in obesity, diabetes, and cardiovascular system. In case
when EDCs act as obesogens, they show their effect on adipocyte tissues and also
on the brain for induction of obesity which causes glucose intolerance, insulin resis-
tance, dyslipidemia and enhanced expression susceptibility towards cardiovascular
disorders and type 2 diabetes mellitus. In case when EDCs act as diabetogenic, they
have a direct effect on the islet of Langerhans due to which insulin synthesis and
release may be increased or decreased, as a result, may be hyperglycemia or hypo-
glycemia occur. Due to the impairment of insulin signaling and insulin resistance,
the metabolic syndrome occurs. Some EDCs also have a direct effect on the heart
and cause cardiovascular diseases [1]. EDCs are basically chemical substances
which exhibit agonist and antagonist effect on the endocrine system. Many heavy
metals such as lead, cadmium, mercury, nickel, and arsenic have endocrine-
disrupting activities [2].

Heavy metals are considered as a broad class of metals and metalloids having a
relatively high density and are very toxic in nature even at parts per billion levels.
Examples include lead, arsenic, mercury, cadmium, zinc, silver, copper, iron, chro-
mium, nickel, palladium, and platinum. Both natural and anthropogenic sources
such as mining, automobiles exhaust, and industrial discharge are major sources of
releasing these metals into the environment [3]. Heavy metals in the form of oxides
and sulfides ore naturally occur in the earth's crust and rocks. Heavy metals can be
halted out in the form of minerals from many different types of ores such as sulfides
of cobalt, lead, cadmium, mercury, iron, and arsenic. The leaching of heavy metals
may occur due to naturally occurring mechanisms such as weathering of rocks, min-
ing, and volcanic eruptions processes. Leaching of heavy metals into oceans, rivers,
and lakes can cause pollution and affects its surrounding environment by acidic rain
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[4]. Heavy metals can also cause environmental pollution due to metal corrosion,
deposition of metals in the atmosphere, leaching of heavy metals, soil erosion of
heavy metals and metallic ions, re-suspension of sediments, and evaporation of
metals from water reservoirs to soil and groundwater [5]. These heavy metals can
accumulate in the human body by different processes and cause harmful effects on
them. These heavy metals have the ability to bind with macromolecules and alter
their normal cellular functions. It may lead to many adverse effects on the health of
humans by affecting their central nervous system, lungs, liver, and kidney [6]. In the
proceeding sections, we have briefly summarized the role of most important heav-
ing metals that act as EDCs in metabolic disorders.

Cadmium

Sources and Exposure

Cadmium is a heavy metal that naturally occurs in ores. It generally acts as a sta-
bilizer in many products such as polyvinyl chloride containing products, many
alloys, and color pigments. Phosphate fertilizers are also a major source of cad-
mium exposure [7]. The activities in the environment such as the burning of fossil
fuels, electroplating phenomena, usage and production of pigments and batteries
containing alkaline nickel-cadmium and welding have more contribution to acting
as a source of cadmium as compared to naturally occurring process in the environ-
ment. The naturally occurring processes such as volcanic activity, forest fires, ero-
sion of soil, and weathering of rocks are major sources for releasing cadmium into
the environment [8]. The human being may be exposed to cadmium in several
ways (Fig. 13.1). Mining and smelting of non-ferrous metals and synthesis of
compounds containing cadmium are known as occupational sources of cadmium
exposure. Non-occupational sources of cadmium exposure may include smoking,
diet, and house dust [9].

Role of Cadmium on Carbohydrates Metabolism
Effect of Cadmium Glycolysis

Glycolysis is a process of conversion of a six-carbon compound into three-carbon
compounds. This process occurs in the cytoplasm [10]. Glucose is converted into
glucose-6-phosphate (G-6-P) by the mechanism of phosphorylation with the help of
an enzyme glucokinase [11]. The G-6-P is converted into fructose-6-phosphate
(F-6-P) by an enzyme phosphohexose isomerase. F-6-P is phosphorylated by an
enzyme phosphofructokinase to form fructose 1, 6-bisphosphate. Fructose 1,
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Fig. 13.1 Schematic representation of routes for cadmium exposure to human beings. Cadmium
present in the soil, water, and air. It enters into the human being via vegetables, tobacco plant, and
animals

6-bisphosphate is broken down to glyceraldehyde-3-phosphate (G-3-P) and dihy-
droxyacetone phosphate (DHAP), which is catalyzed by an enzyme aldolase. Then
fructose 1,6-bisphosphate passes by several series of chemical reactions and
conversion of phosphoenolpyruvate into pyruvate by utilizing an enzyme pyruvate
kinase [10].

It has been demonstrated [12] that the glycolysis process can be limited by cad-
mium exposure because it has great potential to decrease the level of phosphofruc-
tokinase that is involved in the glycolysis process as shown in Fig. 13.1. The studies
also show that cadmium exposure alters the chemical composition of muscles and
liver [13]. Cadmium is also responsible to increase the activity of some enzymes
that are responsible for many catabolic processes such as glutamate dehydrogenase,
amino acid oxidase, and xanthine oxidase [14]. Several studies show that cadmium
has an adverse effect on metabolic enzymes [15] and antioxidants [16, 17] and also
on metallothionein expression [18, 19].

Cadmium has great potential to inhibit the hexokinase and phosphofructokinase
by a mechanism in which cadmium has a great affinity towards a pair of free elec-
trons present in the cysteine—SH group. Hexokinase and phosphofructokinase struc-
ture show that it has a great number of cysteine residues [20]. Studies revealed that
by increasing the cadmium concentration, glycolysis can be inhibited as discussed
earlier. The same case is observed for pyruvate kinase enzymes that are involved in
glycolysis [21].
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Fig. 13.2 Schematic representation of the mechanism of cadmium and arsenic interfering with
enzymes that are involved in carbohydrates metabolism. Adopted from [12]. GP glycogen phos-
phorylase, GS glycogen synthetase, UDP uridine diphosphate glucose, PGM phosphoglucomu-
tase, HK hexokinase, G6Pase glucose-6-phosphatase, PFK phosphofructokinase, FBase
fructose-1,6-bisphosphatase, PK pyruvate kinase, PC pyruvate carboxylase, PEPC phosphoenol-
pyruvate carboxykinase, G6PDH glucose-6-phosphate dehydrogenase, NADP nicotinamide ade-
nine dinucleotide phosphate, GSH glutathione

Effect of Cadmium Pentose Phosphate Pathway

Pentose phosphate pathway consists of two steps, the first step is the oxidative pro-
duction of NADPH and the second step is non-oxidative inter-conversion of sugar
[22]. Pentose phosphate pathway is a biochemical process that is parallel to glycoly-
sis and it is a vital source for the production of NADPH [23]. In the process of
glycolysis, glucose-6-phosphate is produced on which glucose-6-phosphate dehy-
drogenase converts it into 6-phosphogluconate. In this process, NADPH is produced
which is used to maintain the level of glutathione in a reduced form whose function
to kill the oxidative metabolites that are dangerous [24]. Cadmium has great poten-
tial to decrease the level of glutathione by inhibiting the activity of glucose-6-
phosphate dehydrogenase (Fig. 13.2). The decreased activity of glucose-6-phosphate
dehydrogenase may cause the induction of diabetes mellitus due to the oxidative
stress-induced by oxidation [25]. The studies also show that the production of
glucose-6-phosphate is decreased due to inhibition of hexokinase, an enzyme
involved in glycolysis, and pentose phosphate pathway suppressed due to reduced
level of glucose-6-phosphate [26].

Effect of Cadmium Glycogenolysis

In the process of glycogenolysis, glycogen is phosphorylated by glycogen phos-
phorylase and as a result, glucose-1-phosphate is produced. Glucose-1-phosphate is
converted into glucose-6-phosphate and this reaction is catalyzed by an enzyme
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phosphoglucomutase [27]. The experimental study reveals that the storage ability of
glycogen in animals is decreased due to the exposure of heavy metals such as cad-
mium [28]. The phenomenon of glycogenolysis occurs due to a higher level of gly-
cogen phosphorylase and its activity. The glycogen level may be reduced due to
decreased activity of glycogen transferase. The decrease in the production of
glucose-6-phosphate which is a very essential substance for glycogen synthesis may
occur due to reducing the glucokinase activity [29].

If cadmium is exposed to placenta, then increased glycogen phosphorylase
activity is observed [30]. Exposure of cadmium may increase the level of cortisol
in plasma which may contribute to the activation of glycogenolysis [31]. Cadmium
has the ability to accumulate in the pancreas and increases oxidative stress [32].
Cadmium is divalent which has the ability to interact with thiol group and zinc-
binding site, which is generally present in proteins [33]. It has been revealed that
chronic exposure of cadmium has a positive effect on the activity of serum amy-
lase [34].

Effect of Cadmium Gluconeogenesis

In gluconeogenesis, pyruvate is formed from amino acids and lactate then trans-
ported into mitochondria from the cytosol. In mitochondria, pyruvate is converted
into oxaloacetate with the help of an enzyme pyruvate carboxylase.
Phosphoenolpyruvate carboxykinase acts on oxaloacetate and converts it into phos-
phoenolpyruvate. Then phosphoenolpyruvate is passed through a series of reactions
and converted into fructose-6-phosphate. Then it is converted into glucose-6-
phosphate by an enzyme phosphohexose isomerase that acts on fructose-6-
phosphate. Finally, glucose-6-phosphate is converted into glucose after releasing the
phosphate group [35].

Only a high dose of cadmium has an effect on enzymes that are involved in glu-
coneogenesis such as glucose-6-phosphatase, phosphoenolpyruvate carboxykinase,
and fructose 1, 6-bisphosphatase [36]. It has been proposed that phosphoenolpyru-
vate carboxykinase is very important to target to treat diabetes mellitus associated
with hyperglycemia [12].

Effect of Cadmium on Lipid Metabolism

The exposure of cadmium has a great potential on acetyl CoA carboxylase and
fatty acid synthase that is involved in the synthesis of fatty acids [37]. Cadmium
induces the lipid peroxidation of polyunsaturated fatty acids [38]. Chronic expo-
sure to cadmium causes impairment in the storage and metabolism of lipids. Higher
mobilization of lipids to mitochondria cause lower lipid content and decrease the
level of triglycerides and ATP [39]. Further exposure to cadmium decreases the
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level of NADPH. Cadmium has a negative impact on digestion, transportation, syn-
thesis of fatty acids, and even on the metabolism of fatty acids [38].

Arsenic

Sources and Exposure

Arsenic is naturally present in the earth’s crust and it is a very toxic element in an
inorganic form that is present in air, land, and water. Exposure of arsenic to human
beings (Fig. 13.3) is mostly through drinking contaminated water, using this con-
taminated water in the preparation of food and processing in the industries [40].
Arsenic contents are also found in the smoke of a cigarette. It is proved that by
smoking a single cigarette, about 0.25 pg inhalation of arsenic occurs. Arsenic can
be exposed to humans by the skin when there is the frequent use of cosmetic prod-
ucts [41].

Effect Arsenic on Carbohydrates Metabolism

Arsenic has the potential to inhibit the activity of hexokinase [42] production of
ATP by substituting the phosphate group of ATP with arsenate, this process is
known as arsenolysis [43]. The ability of arsenic to replace the phosphate group is
due to its structural similarity with the phosphate group [44]. This process may
occur during oxidative phosphorylation and as a result, adenosine diphosphate arse-
nate is produced (Fig. 13.4). Arsenic can react with glucose to form glucose-6-
arsenate. Similarly, when arsenic reacts with gluconate it can produce
6-arsenogluconate [45]. Trivalent arsenicals can inhibit many enzymes that partici-
pate in the metabolism of carbohydrates such as a-ketoglutarate dehydrogenase,
pyruvate dehydrogenase, and succinyl COA synthase. One of these following
enzymes, pyruvate dehydrogenase is highly sensitive to arsenic toxicity. This causes
a reduction in the production of ATP [12].

Arsenic-Induced Diabetes Mellitus

The subjects that are exposed to arsenic show similar symptoms as a patient suffer-
ing from type 2 diabetes mellitus [46].This is due to the same pathophysiology of
T2DM which is induced by arsenic toxicity (Fig. 13.4). The possible pathway
through which arsenic can induce diabetes mellitus has been well determined [47].
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Fig. 13.3 Routes of arsenic exposure to human beings

Arsenic can induce oxidative stress by suppressing the antioxidant enzyme [48].
Arsenic can induce adverse effects on health by increasing the production of reac-
tive oxygen species [49]. The chief house for the production of reactive oxygen
species is mitochondria which may be due to the alteration in electron transfer
through respiratory chain that enhances the production of hydrogen peroxide,
hydroxyl radicals and superoxide anion [50].

Sulfhydryl group present in glucose transporter at the outer surface of the plasma
membrane can form a bond with a polypeptide chain of insulin [51]. This sulthydryl
group has an essential role in the transportation of glucose either insulin-dependent
or insulin-independent [52]. Arsenic has a high affinity for enzyme-containing thi-
ols group and inhibits the binding of a substrate with the active site of an enzyme
(Fig. 13.4). Trivalent arsenate reacts with molecules containing sulthydryl group
such as glutathione and cysteine [53]. Arsenic can induce alteration in the expres-
sion of genes that causes diabetes. Due to arsenic, the expression of mRNA and
secretion of insulin is decreased [54]. The most important gene for a transcription
factor peroxisome proliferative-activated receptor-y control expression of a gene for
the sensitivity of insulin. Arsenic has the ability to alter the expression of this gene
and as a result synthesis of mRNA is inhibited and adipocytes differentiation is
reversed [55].
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Fig. 13.4 Role of arsenic as an endocrine disruptor. Arsenic binds with a disulfide bridge present
in insulin and insulin receptors and makes them non-functional. Arsenic impairs the translocation
of GLUT by decreasing the phosphorylation of Akt. Arsenic competes with Pi and binds with ADP
in order to make ADP-arsenate that is subsequently used in the formation of glucose-6-arsenate.
Arsenic causes the elevation of oxidative stress level through which it increases the expression of
pro-inflammatory cytokines (TNF-a and IL-6) and decreases the expression of PPAR-y and these
two factors play a key role in the development of insulin resistance. Adopted from [12]. As arsenic,
ROS reactive oxygen species, NF-kB nuclear factor kappa B, PPAR-y Peroxisome proliferator-
activated receptor-gamma, 7NF-a tumor necrosis factor-alpha, [L-6 interleukin-6, PIP2
Phosphatidylinositol 4,5-bisphosphate, PIP3 phosphatidylinositol (3,4,5)-trisphosphate, /RS insu-
lin receptor substrate, PI3k phosphoinositide 3-kinase, GLUT glucose transporter, Pi inorganic
phosphorus, ADP adenosine diphosphate, ATP adenosine triphosphate

Lead

Sources and Exposure

Lead is a toxic metal, which is widely used and responsible for contamination in the
environment and many health-related problems. The common sources of lead are
found in the environment and mainly in food and smoking, drinking water, indus-
trial process, and domestic sources [56]. The common route of exposure to lead is
inhalation and ingestion. Inhalation of lead particles may be due to the burning of
lead-containing materials. The lead may produce during the process of smelting,
deterioration of lead-coated paint and by using gasoline loaded with lead. The
ingestion of lead may take place due to lead-contaminated soil, water, and food
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[47]. Another important pathway of lead intake is gastrointestinal absorption and
retention but it depends upon the chemical environment of gastrointestinal lumen
and iron stored in GIT [57].

Lead-Induced Oxidative Stress

Lead induces oxidative stress by interfering with many biochemical processes
(Fig. 13.5). Lead has the ability to mimic or inhibit the calcium action by interacting
with proteins. The biological molecules that are bound with lead, have not the abil-
ity to perform a number of biochemical processes. Lead has the ability to bind with
sulfhydryl group and amide group present in enzymes, as a result, alter the configu-
ration of enzymes and diminish the activity of enzymes. Lead also interferes with
the transport of some cations by exhibiting the competition with other metallic cat-
ions for binding with the active site of enzymes [5]. This oxidative damage of mem-
brane induced by lead is due to a change in fatty acids composition present in the
membrane [59].

The lipid peroxidation induces oxidative stress and the production of reactive
oxygen species in the lipid membrane. These free radicals abstract the electron from
lipids that are present in the membrane and cause oxidative damage to the cell mem-
brane. The free radicals are also responsible for the oxidation of hemoglobin and the
destruction of red blood cells. The oxidation of lipids and hemoglobin results due to
inhibition of &-aminolevulinate dehydratase(ALAD), the substrate level of
d-aminolaevulinic acid (ALA) is increased in the blood and urine. The generation of
superoxide and hydrogen peroxide results due to the elevated level of ALA. These
oxides and peroxides react with oxyhemoglobins and hydroxyl radicals generated
[60]. Lead has the ability to form a covalent bond with sulfhydryl group of antioxi-
dant enzymes such as glutathione (GSH) and causes inactivation of this enzyme.
The level of GSH is decreased which is not compensated by a y-glutamyl cycle that
is also responsible for the synthesis of GSH from cysteine [61]. Lead has the ability
to bind with an enzyme ALAD, glutathione peroxidase (GPx), glutathione reductase,
and glutathione-S-transferase, causes inactivation of these enzymes, as a result,
depresses the level of GSH [62]. Due to exposure of lead, alteration in gene expres-
sion occurs. The mechanism that is involved in alteration of gene expression is
binding of lead with DNA associated protein, protamine, by interaction with zinc-
binding site [63].

Lead has the ability to interact with enzymes that catalyze the synthesis of vita-
min D and involve in the maintenance of the cell membrane. Lead disintegrates the
cell membrane and RBCs with a membrane that has no integrity become fragile and
results in anemia [64]. Lead also affects glucose-6-phosphate dehydrogenase, the
enzyme responsible for catalyzing the initial step in the pentose phosphate pathway.
Lead enhances the level of this enzyme in RBCs in human beings [58].
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Fig. 13.5 Schematic representation of the mechanism of toxic effects of lead. Lead exposure
causes anemia because of interference with heme-synthesis. §-aminolevulinic acid dehydratase
(8-ALAD) enzyme is inhibited resulting in increased §-aminolevulinic acid (5-ALA) levels which
can cause oxidative stress and may result in the production of genotoxic effects. Adopted from [58]

Lead-Induced Inflammatory Responses

Lead exhibits a negative impact on the immune system which is an important key
element for the process of inflammation and plays a defensive role in injury within
a living organism [65]. Lead exposure does not cause complete deficiencies of
immune cells but it has a negative impact on the regulation of the immune system
[66]. COX-2, an enzyme that is responsible for catalyzing the formation of prosta-
glandins H, from arachidonic acid. The resultant prostaglandins H, are involved in
a unique series of enzymatic and non-enzymatic reactions for the formation of pri-
mary prostanoids; PGE2, PGF2a, PGI2, PGD2, and TXAZ2, and also the generation
of reactive oxygen species [67]. Lead has the ability to influence the COX-2 gene by
alteration in a nuclear factor of activated T-cells(NFAT) which is a transcription
factor. Lead causes mutation in the NFAT binding site which is responsible for the
eradication of COX-2 gene transcription [68]. IL-8 which has the ability to exhibit
antioxidant response, is also bound with Nrf2. Lead is responsible for activation of
IL-8 synthesis but their secretion depends upon Nrf2. The blocking of Nrf2, by
small interfering RNA (siRNA), causes the complete blocking of transcription,
translation, and secretion of IL-8 produced by lead [69].
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Zinc

Zinc is a very important element and has an essential role in many events that occur
in the cell. Zinc plays an important role in the functioning of enzymes when acting
as a cofactor and also plays an important role in transcription [70]. Zinc is present
as an integral constituent in a large number of enzymes and proteins and contributes
to a wide range of metabolic processes such as carbohydrates metabolism, lipid
metabolism, protein metabolism, and generation and degradation of nucleic acid
[71]. Zinc has a unique role in metabolic syndrome by participating in cell events
such as the expression of cytokines and suppression of inflammation. Zinc is respon-
sible for activating antioxidant enzymes that reduce the level of reactive oxygen
species which in return decreases stress-induced by oxidation. Zinc is also present
in supplement whose function to improve blood pressure, level of glucose and cho-
lesterol in the body. This suggests that zinc plays an important role in the regression
of metabolic syndrome [72].

Effect of Zinc on Oxidative Stress

Oxidative stress is strongly associated with metabolic syndrome and has a connec-
tion with it through dyslipidemia, hypertension, diabetes, and obesity [73]. Zinc has
the potential to inhibit the production of reactive oxygen species including hydro-
gen peroxide, superoxide anion, and hydroxyl radical [74]. Zinc also inhibits the
reactive nitrogen species such as peroxynitrite [75]. Zinc also has an antioxidant
effect by direct-acting on antioxidant proteins and the production of structurally
modified metallothionein. Zinc performs the antioxidant activity by direct binding
of zinc ion with thiol groups [76].

Effect of Zinc on Lipid Metabolism

In the living organisms, the lipid is accumulated in adipose tissues which lead
towards obesity. Previous studies show that there is a connection between zinc
serum level and metabolism of lipids. Zinc intake causes a decrease in the level of
total cholesterol, triglycerides, and low-density lipoprotein cholesterol, and also
causes an increase in the level of HDL cholesterol [72]. Leptin is a hormone pro-
duced by adipocytes which play an important role in the regulation of energy by
increased energy expenditure and reduce the need for food uptake [77]. Zinc status
is also an essential factor for determining the normal functioning of adipocytes and
for the production of leptin for maintenance of negative feedback which is mediated
by leptin. Zinc intake in obese patients who are resistant to leptin increases the
serum leptin level and helps in the improvement of weight that is associated with
metabolism [78].
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Zinc has a significant role in adipokines. Zinc helps in the oligomerization of
adiponectin which is a high molecular weight molecule by modulation of disulfide
bond formation [79]. There is the existence of a positive relationship between adi-
ponectin and serum leptin level in obese patients [80]. Adipokine, Zinc-a-2-
glycoprotein is reduced in obesity, high fat diet, and inflammatory stimuli.
Zinc-a-2-glycoprotein is responsible for the regulation of lipid metabolism in adi-
pose tissues. Zinc-a-2-glycoprotein decreases the level of fatty acid synthase, acyl-
coenzyme A and acetyl-coenzyme A carboxylase 1. It causes an increase in the
hormone-sensitive lipase activity as a result of lipolysis occur and decreases in lipo-
genesis [72].

Conclusion

Heavy metals are substances which have high density and can cause toxicity to a
human being even at very small concentration. The major source for exposure to
heavy metal is an environment and anthropogenic sources. These metals expose to
human beings may be by ingestion and inhalation. Heavy metals have a major con-
tribution in inducing the various metabolic disorders that lead to cardiovascular
diseases as endocrine-disrupting chemicals. Some heavy metals such as arsenic,
cadmium, and lead show significant harm to health. Cadmium is a major contributor
to disrupting carbohydrates and lipid metabolism and leads to various disease con-
ditions. Arsenic is responsible for inducing diabetes mellitus type 2 by various
different mechanisms such as alter gene expression, glucose transportation, and glu-
cose metabolism. Lead has significant potential to induce oxidative stress and
inflammatory response which causes various metabolic syndromes. Zinc is a neces-
sary element that plays an important role in the prevention of metabolic syndrome
by reducing reactive oxygen species and altering lipid metabolism.
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