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Abstract

Trace elements are central for the accurate physiological functions of the body. However, these are
possible only when they are maintained in a balanced state. Events like trauma, hereditary diseases,
incorrect diets and polluted air or water may produce disruption, leading to their defficiency. This
may trigger untold healthy implications. Hence, it is necessary to regain deficient trace elements
through natural food or supplements, since the body cannot synthesize them. In this work, a
thorough review of trace elements and updated knowledge on their potencial connections with
common clinical disorders were provided. Consumption of trace elements as well as micronutrients
were found to release intracellular substances. In addition, intake of the correct amount of these
elements could provide oxidative protection while their defficiencies or excess amount may
exacerbate oxidative damage in cells. Besides, imbalance of these elements is correlated with
pathophysiology of clinical or degenerative diseases by disrupting the homeostatic status of the
patients.

Keywords: antioxidant; dietary factors; essential metals; oxidative stress; trace elements

1. Introduction

1.1. Trace Elements

The human body is gifted to adequately function in the presence of certain chemical elements
and compounds. These chemical substances aid in the correct performance of many physiological
activities such as metabolism, anti-oxidant action, reproduction, immune health and its boost,
excretion, absorption, growth and homeostasis among others. In broad terms, they are divided into
macromolecules, macroelements and trace elements. The difference between macroelements and
trace elements depends on the amount of their daily requirements in the adult body [>100mg/day for
macroelements and <100mg/day for trace elements]. The trace elements are further subdivided into
potentially toxic, probably essential and essential elements.

Basically, the human body lacks the ability and machinery to endogenously fabricate these
chemical substances when required. Hence, they have to be exogenously supplied, either through the
ingestion of food rich in them or through mineral supplements. In the case of trace elements, their
daily requirement for the body to carry out biological activities like development, adequate growth,
anti-oxidant and physiological activities is minimal (<100mg/day) [1].

The essential trace elements, also called dietary elements, are extremely important for the body
metabolic activities. Such activities include biochemical reactions and activities such as food
digestion, hormone synthesis, immune system maintenance and cell division [2]. The balance of
these chemical substances, especially the macroelements and trace elements, in the body is a key issue
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in the optimum function of the body systems and organs, since abnormal concentrations of them may
lead to a disruption of the biochemical activities and reactions at celular level and hence, may
underlie the onset of some diseases.

Macromolecules  like  carbohydrates [CH20]n, protein [RCH[NH:JCOOH], fat
[CH3[CH:2]JnCOOH] and vitamins constitute the principal components of the staple food we consume.
These macromolecules are formed by the four most common chemical elements designated as CHON
[carbon, hydrogen, oxygen and nitrogen]. The covalent bond of these elements in addition with
phosphorous and sulfur gives rise to the principal biomolecules in the living organisms. These
biomolecules are biologically important in that they participate in the biochemical activities going on
in the body.

The macroelements are non-metalic elements designated as macrominerals. These minerals are
magnesium, chloride, phosphorus, sodium, sulfur, calcium, potassium, etc. They play crucial role in
the day-to-day vital physiological functions of the body such as homeostasis; nerve impulses; muscle
contraction and relaxation; tissue growth, maintenance and repair; biochemical reactions; transport
and immune system health.

The trace elements are mainly minerals that function as enzymatic catalysts among others.
Within this group we can highlight copper, iron, cobalt, iodine, manganese, zinc, etc. Their
physiological functions include oxygen transport; metabolism, reproduction; tissue formation;
regulation of blood sugar; erythropoiesis; maintenance of bone, nervous system health; immune
boost; cell division and growth; tissue repair; catabolic activities of some macromolecules; and
production and regulation of thyroid hormones. Recaping, both macroelements and trace elements
found in the human body can be broadly grouped into two: trace elements and abundant elements
[Table 1].

Table 1. Trace elements and abundant elements.

Major Elements [mg/L] Trace Elements [ug/L]
Cl 19,295 + 135 Mn 5.235+0.046
Na 10,690 + 110 Fe 1.773 +0.012
SO 2701 + 37 Zn 0.785 + 0.002
Ca 416 £ 15 Cu 0.635 + 0.025
K 390 + 10 V (Vanadium) 1.45+0.7
HCOs~ 145 + 12 Ni (Nickel) 0.327 £0.012
Mg 128 +5 Pb 0.045 + 0.025
Br 62+5 Cd (Cadmium) 0.035 +0.008
BO3-3 (Borate) 27 +2 Hg Undetected
Sr (Strontium) 13.2+£0.5 As (Arsenic) Undetected
F- 1.35£0.02

Elements such as Silver [Ag], arsenic [As], cadmium [Cd], chromo [Cr], mercury [Hg], lead [Pb] and tin [Sn]

have no known biological function and they can be toxic even at low concentration.

1.2. Trace elements and Metabolism

Over time, dietary transitions from naturally farmed products to chemically repleted
industrialized food are associated with multiple health impacts in humans. Most of the junk foods
we consume today are not properly enriched with trace elements and other health promoting
nutrients and this could weaken the optimal physiological activities going on in the body.
Consequently, the situation may have been responsable for the appearance of long-lasting diseases
affecting the humans today today for its negative effect on cellular metabolism as well as the
promotion of oxidative damage induction [3]. Some of the essential trace elements in animals with
there biological relationship pinpointed in the literature are iron (Fe), an important component of
hemoglobin; copper (Cu) associated with respiratory pigment; cobalt (Co), the central component of
vitamin B12; manganese (Mn), a coenzyme that aids enzymes involved in carbohydrate and
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cholesterol metaboblism; and zinc associated with enzymes [4]. In humans elements such as Co
[cobalt], Cu [copper], F [fluorine], I [iodine], Fe [iron], Mn [manganese], and Zn [zinc] [5], have been
shown as the principal trace elements In cell metabolism, the role of selenium, zinc, iron and copper
among others is very important. The metabolic process, just like other physiological activities, is
laddened with enzymatic events and many trace elements are involved in these events. Notable in

this function are the following trace elements depicted in figures 1 - 6.
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Figure 1. Glycolysis.
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Figure 4. Lipids.
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Figure 6. DNA Damage.

In the metabolism of glucose, phosphate functional groups are responsible of providing the high
energy in ATP to perform this metabolic activity. Also, magnesium plays active catalytic role in some
of the reactions in this metabolism.

This cycle involves oxidation — reduction reactions that give rise to regeneration and
condensation processes. The trace element, which participates in the mechanism that catalyzes some
of these reactions is magnessium.

Electron transfer in biological oxidation-reduction reactions induces a change of GSH to GSSG.
Selenium is found in the enzyme that catalyzes this reaction.

In lipid metabolism, Mn and Mg are involved in the mechanism that catalyzes some of the
reactions. Here, many biological group-transfer reactions in form of ions participate in the reactions,
for example, the transference of phosphoryl unit [-POs7] from a donor molecule to the recipient
molecule. In the above chemical process, hydrogen peroxide [H20:] gives up a single ion to the
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hydroxylion, thereby neutralizing the ionic charge on the molecular reactant involved in the chemical
process. For instance, in the movement of chemical species like Oz, Fe and Cu are present in proteins
and enzymes facilitating this process.

Zinc is a crucial part of the catalytic enzymes involved in water-assited bond cleavage for
proteins, and for conversion of carbondioxide [COz2] to bicarbonate ion [HCOs] and hydrogen ion
[H] as well as for all the chemical processes in the combination reaction, regeneration and
replication of deoxyribonucleic acid [DNA] and ribonucleic acid [RNA].

1.3. Trace Elements and Environmental Factors

Blatant environmental pollution and contamination have shed many contaminants and
pollutants into the air, land, aliments and water. Among these pollutants and conteminants are heavy
metals, some of which belong to the toxic trace elements. Nowadays, some of the edible stuffs, for
example grains [rice], seafood [fish] that the people consume, contain a large amount of metals like
Pb [lead], Cd [cadmium] As [arsenic], Hb [mercury] and Co [cobalt] [6]. Most of these metals have
deleterious health impacts on all living organisms, notably the humans.

Lead increases the risk of prevalent dyslipidemia. Studies have shown linear association of lead
in antimony pulmonary hypertension, prevalent hypertension and dyslipidemia risk [7]. Likewise,
lead was highly linked with elevated low-density lipoprotein cholesterol [LDL-C] concentration [8].

Prolonged arsenic exposure elevates the probability of bladder, skin, and lung cancers in
humans. Arsenic detoxification route involves catalyzed transformation of inorganic arsenic by
Arsenic [+3 oxidation state] methyltransferase [AS3MT] to mono- and dimethylated arsenic entities.
One of these entities is arsenic trioxide [As203]. Drugs containing this trioxide have demonstrated
their effectivenessin the management of cancer [9], and acute promyelocytic leukaemia [10]. ROS-
induced stress is one of the routes for the propagation of arsenic toxicity. This allows arsenic
penetration into the series of biochemical actions directed to identify, remove and replaced
damaged/altered DNA as well as mitochondria integrity and efficient function. Consequently, this
gives rise to disruption of these mechanisms, which may generate certain adverse health conditions.
Regulation of p53 and the functions of mitogen/oncogenic both altered by ROS ascertain the result of
the changes that affect cyclin-cdk complexes.

Likewise, chronic arsenic exposure affects growth transcription factor as c-myc, c-fos and c-Jun
[11]. Arsenic trioxide in combination with pioglitazone, which is a catalyst of peroxisome proliferator-
activated receptors gamma [PPARY], induces important reaction retardation on the stability of NB4
even at a lower concentration [12]. This is possible because this combination reduces DNAs ability to
duplicate in the synthesis phase of cell cycle.

Other elements with negative effects on the health include uranium [U]. This metal is responsible
for the widespread of type2 diabetes with 30% [P=0.01] higher odds for this disease. Likewise, lead
[Pb], thallium [Tl], arsenic [As], mercury [Hg], tungsten [W], cadmium [Cd], barium [Ba] and
antimony [Sb] were linked with obesity and obesity comorbidities as well as high blood pressure and
type-2 diabetes mellitus [T2DM] [13]. Yao et al.[14] demonstrated that , high exposure to As, Cd, Pb
and Hg was associated to death-related high blood pressure, cardiovascular diseases and chronic
lower respiratory disease. The normal concentrations of electrolyte minerals; Cl, Na, K, Ca, PO43-
and Mg; constantly undergo changes and their imbalances usually have risky of these diseases.
Sanders and cols, suggest that some exposure to combinations of these metals negatively affects renal
parameters, thus, depicting the onset of of hypertension, kidney disease and renal dysfunction [15].
The chronic effects of these metals on brain tissues can cause additive/synergetic effects, because of
their high binding constant with ligand-gated ion channel or N-mythyl-D-aspartate [NMDA]
receptor [lead, Arsenic, methylmercury], Na+/K+-ATPase [Cadnium, methylmercury], biological
Ca+2 [lead, Cadnium, methylmercury and Glu neurotransmitter [lead, methylmercury. This can
bring about disequilibrium between the oxidizing agents [ROS] and the free radical scavengers
[reducing elements]. In this process, ROS dominates the antioxidants factors such as GPx, GS, GSH,
MT-III, Catalase, SOD, BDNF and Cyclic AMP response element-binding protein [CREB], and lastly
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gives rise to cognitive impairment [16]. Chronic lead, arsenic and MeHg exposures are linked with
greater likelihood of developing neurodegenerative diseases. Proteomics, the study of proteomes,
allows us to compare lead, arsenic and MeHg responses. Hence, it provides the key to evaluate
potency differences of hippocampal cells. The response pattern of these heavy metals elucidate
mRNA excision and ligation and on the role of ubiquitin pathway in neurodegeneration.
Consequently, they could be employed as a valuable molecular biomarkers for certain disease states
[17,18]. In fact, d-block and p-block elements are chiefly essential metals for the disease process [19].

1.4. Trace Elements with Pathological Consequences

Essential trace elements are required in only minute quantities. Therefore, their concentration or
availability in the body might be easily disrupted. Both events can give rise to metabolic aberrations
like glucose intolerance and lipid disorder. Likewise, the association of micronutrients with long-
term liver diseases, such as liver fibrotic diseases, autoimmune liver diseases, chronic inflammatory
liver disease and NAFLD [nonalcoholic fatty liver disease] have been reported [20].

Iron is the main component of hemoglobin [Hb]. Therefore, it is a very important trace element.
Hemoglobin is one of the parameters in red blood counts [RBCs], whose principal function is oxygen
transport due to its high affinity with this element. So, iron deficiency may tragger an array of
physiological disorders that give way to disease onset.

It was reported that maternal iron deficiency [ID] and excess body weight during gestation
[BMI>25 kg/m?2] negatively affect the brain development of the children; thus, highlighting the need
for Fe supplementation in pregnant women [21]. Infants serum and urine analysis have revealed that
loss of trace elements and deficient storage of body mineral were strongly marked in the earlier life
stage [at 23.8th day] than later in life [22].

Ions of the trace elements play key roles in some neurological disorders, such as glaucoma. This
disorder is a disparate group of chronic conditions involving progressive neuronal cell death.
Generally, patients with glaucoma suffer the damage of retinal ganglion cells [RGCs] including their
axons. This event brings about axon loss and alteration in the visual field. In one study, it was
reported that glaucoma is associated with anomalies of orgasmic functions in charge of regulating
ionic elements specifically micronutrients crucials for the functioning of the cells [23].

In the disorders of the thyroid, it was found that concentrations of elements, such as Ni, Cu
and Cd, were significantly higher than normal while elements like Cr and Zn were lower [24].
Pathological samples of patients with multinodular goiter [MNG], thyroid adenoma [TA] and thyroid
cancer [TC], showed decreased content of Mn, Co, Ni, Cu, Zn, Se and Pb is decreased [25].

Iron deficiency was associated with impaired antioxidant defense system and oxidative
damage of erythrocytes in the neonatal age [26]. This was demonstrated in anemic neonatal calves.
These animals depicted a more severe oxidative stress than their counterparts without anemia. The
principal regulator of Fe is hepcidin, a peptide hormone. This hormone is extremely essential for the
survival of the cells. The concentration of serum hepcidin increase in certain disease pathogenesis.
This event may be owed to secondary anemia-linked HAMP gene transcription. HAMP gene
transcription is a common event in redox imbalance and in the elevation of inflammatory cytokines.
The role of genetic alterations in tissue iron overload has been demonstrated since these kind of
alterations may lead to lower concentration of serum hepcidin [27]. This situation consequently
causes iron-dependent lipid peroxidation-mediated cell death, which is a new form of apoptosis that
features ROS accumulation [28]. Retinal iron accumulation can be seen in a broad spectrum of
retinopathies. Today, Deferiprone, a 1,2-dimethyl-3,4-hydroxypyridinone, is the principal manage
for hemochromatosis or elevated tisuue iron level [29]. In addition, dysfunction of blood-retinal
barrier may cause retinal iron accumulation and hence, retinal degeneration [30].

Indeed, the impacts of iron deficiency on health are untold. It can weaken the patient and
aggravate any underlying pathological conditions, although anemia is not present. Iron deficiency is
usually accompanied by chronic inflammatory disease [31]. Joint treatment with free-radical
scavenger and supplement of micronutrients positively declined burn stress-induced inflammation
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markers in patients [32]. Intravenous iron therapy showed significant beneficial effects in patients
with iron deficiency [33]. However, excess consumption of Fe is a risk for the development of lower
esophagus cancer [EC]. On the contrary, Se has been found to offer protection against EC [34]. In a
studies conducted by Igbal and Ali [35], it was reported the predisposing factor effect of excessive
heme iron consumption on reast cancer.

Iron therapy have been found to fully restore iron-deficiency anemia [IDA] in infants, however,
this restoration was partial in children with the same condition [36]. One of the events in blood
transfusion is significant iron overload. Blood transfusion is normally accompany by hemolysis. This
event leads to the increased free heme levels and this coupled with the inability of detoxification
systems to sufficiently scavenge heme and iron creates iron overload [37]. Normally, this overload is
deleterous to the arterial wall, because of its affectation of cells involved in atherosclerotic process
[monocytes/macrophages, endothelial cells, vascular smooth muscle cells and platelets] [38].

In this reaction, the labile iron pool constitutes the source of iron for cells. The common event in
this reaction is induction of redox imbalance, because of the liberation of excess of free irons. Living
organisms circumvent surplus unbound irons by strict regulation of iron homeostasis [39].
Erythrocyte breakdown is the principal source deleterious intravascular cytotoxic molecules. These
molecules intensify, modulate and maintain the inflammatory response [40], thus, giving rise to
altered iron imbalance. This problem has been lately associated cancer and neurodegenerative
diseases [41].

In sick people suffering from multiple sclerosis [MS], iron-binding molecules demomstrated to
exacerbated redox imbalance [42]. Furthermore, plasma increase of hepcidin and ferritin is a frequent
event in people with breast cancer; however, in those with non-cancerous breast conditions, this is
not the case. The increase in hepcidin is usually tackled with the administration of estrogen hormone.
This treatment not only reduces the expression of hepcidin in an important manner, but also increases
HIF-1a [hypoxia-inducible factor 1 alpha] [43]. The changes in body iron equilibrium, so far outlined,
could be provoked by negative changes in various iron-related proteins such as ferritin, transferrin,
and hemoglobin. These proteins performs fundamental functions in breast cancer, where they
function like STAT5, BMP6, CD7, TFRC and INHA. Indeed, there is a strong link between iron-related
proteins and tumor tissue type [44].

Different severe diseases, such as leukemias, tumors, brain injuries, lymphomas, neurological
diseases, burns and trauma, alter the dynamic equilibrium maintained by the body to keep trace
element concentrations within specific physiological ranges. In children and adults, Mn and Se
concentrations were 0.97+0.67 ug/L and 13.3+3.5 ug/L respectively [45]. The concentration of Cu and
Zn was found to be elevated in children with epilepsy; however, Se concentration remained normal
[46]. This suggests that high selenoprotein concentrations may be important for normal mental
development. In Table 2, we show a summary of the report of recent studies on the role of
micronutrients in health and disease in the organism.

Table 2. Studies of trace elements in patients.

Symbol Biological effects Ref.
Joint tx involving Zn and micronutrients elevates neutrophil-to-
Zn lymphocyte ratio of T helper cells/CD8-positive T cells, and of CD4[+] [47]
to CD8[+] and CD4[+]CD45RA[+] to CD4[+]CD45RO[+].
Retinol in combination wih Zn decreases Giardiasis. Zn intake elevates
the incidence of Ascaris lumbricoides and lessens Entamoeba [48]

V4
" histolytica-associated diarrhea.
Erythrocytopenia is linked to Iron-depleted state, lower concentration
N . . [49]
Fe do folic acid and retinol deficiency.
Mineral and micronutrients proportions in infant formulas for full- [50]

Se  term infants are generally higher than in human breast milk. However,
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Se levels in these formulas is far from adequate and needs to be
increased in some formulas.
The incidence rate ratio [IRR] of developing a cold [IRR 0.64; 95% CI
0.47 to 0.88] [P = 0.006], school absence [P = 0.0003] and prescription of [51]
antibiotics [P < 0.00001] was lower in people using Zn supplement.

Approximately a quarter of US children less than 12-year old, and 30%

F
¢ of 2-year-olds, use dietary supplements, F- and Fe at least once a week.

[52]

Increeased blood Pb and Hg, and Elevated levels of serum lead and
Se, Zn mercury, and Zn and Se deficiency could infer antioxidant system [53]
alterations in children with recurrent wheezing.

Maternal iron regulatory hormone did not show a statistically
Fe significant change in thee course of infection in the placenta as well as  [54]
in erythropenia.

Zn diminishes the occurrence of diarrhea as well as optimizes recovery

Zn outcomes of this sickness. [53]
Fe. 7n The powder form of these micronutrients promotes high native iron [56]
’ absorption in cereal/legume-based complementary foods.
Prenatal iron/folic acid supplementation has been positively linked
with some features of cognitive capacity, eg., active memory, response [57]

Zn inhibition and fine motor functioning in children living in iron-
deficient areas.

Zn is not affected by human immunodeficiency infection in both
children and adults, rather it is found to be benefitial in these patients  [58]

Zn with diarrhea.
H. pylori infection is linked with increased rate of anemia in school
Fe . . . . . [59]
children independently of socioeconomic variables.
Fe Severe anemia due to inadequate dietary iron intake is associated with [60]

sagittal sinus venous thrombosis in children.

Oral iron therapy, in appropriate doses and for a sufficient duration, is
Fe an effective first-line strategy for most patients. The same happensin  [61]
selected patients for whom intravenous [IV] iron therapy is indicated.

Iron-regulatory hormone (hepcidin) production in humans is regulated
Fe by Interleukin-6 (IL-6). This means that iron deficiency is a causal link  [62]
between IL-6 and anemia of chronic disease.

Zinc supplement exhibits a considerable diminution in the mean BMI.
Zn  However, this promising benefit has not been explore in obese children [63]
and needs to be an object of study.

These micronutrients probably induce changes in the profile of trace

Se, Fe elements in the blood of patients with childhood obesity.

[64]

Environmental inhalation exposure to manganese is negatively

correlated with cognitive capacity in school children. [65]

Se blood level in febrile-seizure pediatric patients was substantially
decreased when compared with nonseizure control group. This
Se suggests a probable link between low serum selenium concentration
and simple febrile seizures.

[66]

Iron administration improved hematologic recovery in children with
malarial anemia. Children 6-60 months of age with blood film-positive
Fe malaria and anemia [hematocrit < 33%] should receive iron [2
mg/kg/day] plus folate [5 mg/day] or folate alone.
A combined vitamin and micronutrients can induce deep alterations in
the thymus as seen in thymus-zinc associated atrophy.

[67]

Zn [68]
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In healthy children and those with non-anemic iron deficient, iron(Il)
fumarate and iron(Il) sulfate are well absorbed and could serve as a

Fe useful fortification compound for complementary foods designed to 1691
prevent iron deficiency.
In children with burns, selenium status is decreased showing that
Se selenium intake for healthy children is likely insufficient for this [70]
population.
In hepatic encephalopathy, Zn administrationconstitutes an effective
Zn . . . . [71]
treatment and improves the quality of life of these patients.
7n In the scalp and blood of children suffering from night blindness, Zn, [72]

Ca, K, and Mg levels were found to be low.

It is recommended that iodine intake of 4-month old infants should be
I ) [73]
increased from the current dose of 40 pg/d to at least 60 pg/d.

The administration of ferrous fumarate with orange juice enhances the

Fe absorption of iron by almost 2-folds in more than six-year old children.

[74]

In the basal ganglia of patients with portal hypertension, magnetic
Mn  resonance imaging (MRI) of the brain depicted high T1 hyperintensity [75]
frequency [64%] correlating positively with blood manganese levels.

Studies of populations exposed to Methyl-Mercury [MeHg] by eating

Se Se-rich ocean fish observed improved child IQs instead of harm.

[76]

Lead level >/= 10 pg/dl strongly correlated with anemia, decreased iron
Fe absorption and affectation of hematological parameters. High serum  [77]
Pb levels were linked with decreased blood iron and ferritin.

Selenium concentrations in Cerebrum Spinal Fluid (CSF) were 32 times
Se lower versus plasma values. There was an association observed [78]
between CSF Se and GPX activity.

Zn [Zinc], Fe [Iron], Se [Selenium], Mn [Manganese], I [lodine].

Combined administration of trace elements and antioxidant is reported to reduce inflammatory
biomarkers associated with burn trauma and decrease increased metabolic activity, as well as shorten
the inpatient stay and improve bacterial elimination [79]. Deficient micronutrients can lead to adverse
mental manifestations, such as depression, anxiety, schizophrenia and autism [80]

In idiopathic pulmonary fibrosis [IPF], an uncommon pulmonary disorder, sputum trace
element concentrations of non-invassive type of this disease are clinically valuable biomarkers for the
disease. The gender relationship of Cd, Cr and Cu in IPF patients phlegm were reported to be higher
in males when compared with females. In severe stages of IPF, Zn level was found to be higher than
normal [81].

Trace elements have a crucial function in the pathogenesis of psoriasis, a common inflammatory
skin disease. A decreased Se and increased Cu serum concentrations were found in patients with this
disease [82]. Findings from a study by Shahidi-Dadras et al. [83], in a group of patients, Fe, Cu,
Transferrin [Trf] and Ceruloplasmin [Cp] serum levels were lower with respect to the controls. In
addition, these authors reported that the action of Cp decreased Molybdenum [Mo] levels. Though
required in small amounts, high dietary concentrations of trace elements can induce adverse health
outcomes [84]. In patients with Alzheimer Disease, serum levels of Cu and Fe are usually high while
Se level is very insignificant [85]. The cytochrome oxidase enzyme contains a substantial amount of
copper. Also, enzymes such as ascorbic acid oxidase and ceruloplasmin contain a good amount of
Cu. This element is extremely fundamental for for normal biologic development. It has a very high
redox potential and this has been associated to human hepatopathies [86]. Despite its great beneficial
effects, Cu could be deleterious to proteins and DNA. In free state, it can stimulate the release of a
large amount of free radicals, which can damage proteins and DNA [87,88]. Synergistic effects have
been reported with Cu and As, which hike up disturbance in the homeostasis of micronutrients
and oxidative stress in the blood [89]. Moreover, combined decrease in the levels of Cu and Zn is
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related with an elevated likelihood of preeclampsia [90]. Indeed, Cu and Zn enhance the immune
system and are beneficial in the treatment of tuberculosis [91]. Specific minerals play an active role in
keeping the structural integrity of skin and mucus membranes. In addition, they aide in immune cell
recruitment and activation, complement cascade activation and in inflammatory cascade [92].

1.5. Trace Element Metabolism and Redox Imbalance

Reactive oxygen species (ROS) imbalance is produced due to a disequilibrium in the internal
oxidation system and antioxidant system. This situation has been linked to many vascular diseases
and their prognosis; hence, it can be used as a biomarker for these diseases [93]. Age-related diseases,
such as aterosclerosis, are associated with metal exposure and decreased PON1 activity. In these
situations, ROS imbalance and inflammation mechanisms are fundamental. The protective effect of
Zn has been reported in plaque buildup in arteries outside of the heart and shows that Zn-
PONlinteractions are potent anti-inflammatory and antioxidant agent [94].

The joint use of bioactive agents with Se and plant compounds such as bioflavonoids or
polyphenols has attracted a great interest for their potential in decreasing the activities of antioxidant
enzymes, for example, GSH peroxidase, superoxide dismutase [SOD] and hydroperoxidase in mice
and rats brain. In addition, selenium-rich nanoparticles in small size [5-15 nm] have been shown to
deplete A formation by decreasing the production of ROS [95].

Zinc [Zn2+] is an important constituent of many enzymes [>2700 in number] among which
hydrolytic enzymes, group transfer enzymes (transferases), synthases, lysases isomerization catalysts
and oxy-reductases can be mentioned. In addition, zinc(II) ion functions as intracellular signaling
molecule as well as provides stability to polypeptides (proteins) during intermolecular interactions.
It acts as a structural element in nucleic acids or other gene-regulating proteins [96]. Likewise, it
functions as a promoter of cell survival in various conditions. On the other hand, the release of zinc
during synaptic transmission enhances neuronal resistance to programmed cell death [97]. In the
context of depressive disorders and neuroplasticity, the interaction of Zn and monoaminergic
system displays mood-stabilizing effects [98]. However, elevated levels of zinc is associated with
disruption of mitochondrial quality control and induction of oxidative stress caused by Ca-induced
mitochondrial depolarization as a result of ephemeral and persistent openings of the mitochondrial
permeability transition pore [mPTP] [99]. Therefore, disruption of tissue Zn levels could function as
a part of the defense mechanism of the host against infectious agents in times of sepsis through
different mechanisms as well as serving as a diagnostic marker [100].

Ariaee et al. [101], demonstrated lower serum zinc and selenium levels in type 2 asthmatic
people than was found in the controls, and a little higher copper level in the same group of patients.
Moreover, blood zinc was found to increase in people suffering from smoke-inhalation-induced acute
lung injury (SI-ALI). Xie et al. [102], found an association between elevated serum Zn level during
perchloroethane/zinc chloride [HC/ZnCl] smoke inhalation with the severity of lung and liver
injuries. In patients suffering from brucellosis, serum zinc showed a decreasing tendency [103]. D.
dendriticum parasitosis caused a decrease of serum levels of zinc and iron in a group infected by this
parasite. This result suggests that erythrocyte destruction in naturally parasite infected sheep may be
associated with oxidative stress [104]. In a controlled study performed in diabetic patients, zinc and
coper levels increased when compared with the healthy controls [105]. This confirms the association
of redox imbalance with diabetes is a metabolic disorder. However, recent studies, involving patients
with non-insulin-dependent diabetes mellitus (NIDDM), showed a decrease in the levels of in new
studies in diabetes type 2, nitric oxide [NO] and magnesium [Mg]. This suggests the influence of
blood glucose levels on the concentrations of micronutrients as was put forward by Mishra S
and Mishra BB [106], on finding inverse relationship between Zn and Mg with fasting blood glucose
(FBG). Certain micronutrients have been linked with the likelihood of the loss of immunological
tolerance to self-antigens, particularly non-insulin-dependent diabetes mellitus (NIDDM) and
disseminated sclerosis, which participate in antibody-mediated immunity and cell-mediated
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immunity. In these disease events, some trace elements functions like coenzymes for ubiquitous
enzymes and antioxidant molecules [107].

Zn and cadmium [Cd] exposures to yeasts provide protection against oxidative stress to these
fungai. These elements are efficient inhibitors of gene expressions related with Cd-triggered redox
imbalance, and in this way, displays a protective role against imbalance in iron and zinc ion levels,
GSH, and partially restoring mitochondrial membrane potential. Zinc suppresses negative changes
in Cd-induced ribosomal proteins, S-containing amino acids, S-rich proteins and the synthesis of
antioxidant enzymes [108].

In conditions of hypoxia and ischemia, a buid-up of Zn and ROS has been demonstrated,
suggesting a novel cross communication between Zn2+and mROS through positive feedback
processes that eventually induce excess free Zn2+ as well as ROS when there is ischemic stress [109].
In order to keep the stability of intracellular micronutrients, as well as Cu, free radical scavenger,
apoptosis inhibitor, metal-binding protein or Metallothionein [MT] has been proposed [110]. Metal-
binding protein or MT is non-membrane-bound protein that has low molecular mass, enriched with
cysteine [110]. Redox imbalance and blood vessel genesis are shown to be fundamental factors in
breast cancer growth. In this process, and vascular endothelial growth factor [VEGF] is used as the
best discriminatory biomarker for the presence of breast cancer [111].

2. Conclusion

Macromolecules, Macroelements and dietary elements are important chemical substances that
guarantee adequacy and efficiency of the various physiological activities going on in the body. Trace
elements, particularly the essential group, when under normal concentrations act as enzymatic body
that catalyze many biological processes, such as transport, regulation, metabolism, organogenesis,
tissue repair, homeostasis and maintenance etc. as function as biomarkers in various disease state.
However, excessive amount of them could trigger deleterious effects, such as disruption of the above
mentioned processes including oxidative stress, apoptosis or set the bases for the onset of
degenerative diseases. We propose that more prospective studies that would evaluate the impact of
abnormal micronutrients and the possible therapeutic value of intervention be conducted. This
would improve and strengthen the international guideline recommendations on trace elements and
their monitoring.
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