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Abstract

Two theories, one based on the metabolism of inorganic substances, the other on metabolism of
organic substances, have played an important role in the explanation of the origin of life. They demon-
strate that the original environment of life on Earth was seawater containing micronutrients with
structural, metabolic and catalytic activity. It is assumed that the first primitive organisms lived around
3.8 billion years ago and it was also then that the first catalytic reaction involving metal ions occurred.

Biological oxidation leading to oxidative stress and cell damage in animals represents one of these types

of reactions which are responsible for many animal diseases. The role of prooxidative and antioxidative

actions of transition metal ions as well as their neuropathological consequences have therefore been the

topic for many research projects. There is hope that metal chelates and antioxidants might prove to be
a modern mode of therapy for i.e. neurogenerative diseases. The aim of this review is to show the
evolution of scientific knowledge on metal ions, their biological oxidation, and an overview of their role

in physiology and in pathological processes.
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Introduction

The historical account of the role of bioelements in
the evolutionary process of life on Earth goes back to
ancient times. Geochemistry deals with movement and
distribution of trace elements in nature taking into ac-
count their movement within space, time and different
systems and so it a science that continues to provide
important information to the understanding of the
phenomena which have occurred in the past and con-
tinue to occur presently. The development of life in our
ecosystem is based on a intricate relationship between
the soil, which provides basic and essential minerals,

and air, water and solar energy. There are presently
two separate general theories that try to explain the
origin of life: the inorganic theory and the organic the-
ory. Cairns introduced the theory of inorganic origin
(Meyer 1996), that states that life originated from basic
forms of minerals found in clay and that the capability
to self-replicate and evolve is important in this develop-
mental process. The second theory describing an or-
ganic origin was presented by Haldane and Oparin
(Pennazio 2009, Tirard 2010). Their belief was that bi-
oorganic compounds such as amino acids, amongst
others, could be found within simple mixtures of con-
glomerates like H,, H,O, CH4 and NH; (Ferry et al.
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2006). Chemical reactions could have then led to the
formation of polypeptides and other compounds. How-
ever, such chemical reactions have not been soundly
documented. It is believed that these processes were
catalyzed by minerals such as and especially transition
metal ions. Two types of organisms, autotrophic and
heterotrophic, have been proposed based on the two
above mentioned metabolic processes (Pennington and
Ellis 1993). Inorganic compounds like water, metallic
ions, and sulfur and oxygen metallic compounds are
found in the environment and play crucial roles in the
development of life (Meyer 1996). This quandary has
however been largely ignored in most studies with the
exception of the idea of clay surface adsorption of or-
ganic compounds, which has to the contrary received
some attention. Also the concentration of minerals in
tissues and body fluids of animals and in the environ-
ment, correlate with the influence of the inorganic en-
vironmental factors (i.e. water, soil, plants, food, fod-
der) (Cairns 1982). Importantly, the elements men-
tioned above were created as a result of a series of
interactions leading to the development of metabolic
processes of animal organisms.

The influence of earthly metallic elements on living
organisms can be divided into three categories: struc-
tural, metabolic and catalytic (OIff et al. 2009). This
influence can be seen through studies of the trophic
chain. Of the more important structural elements, Ca,
Si, Cu and Fe can be found in biomolecules, bones and
cell membranes. The main metabolic elements include
Mg, Ca, Fe and Mn. Catalytic elements including Cu,
Fe, Zn, Mo, Mn, Mg, Ca, Ni and Co are needed for
proper function of many enzymes and the metabolism
in animal organisms. The formation of ions and neutral
molecule complexes with various ligands is characteris-
tic for transition metals. By contrast, complex com-
pounds play an enormous role in the natural environ-
ment. Some examples include vitamin B;, (a cobalt
complex), hemoglobin (a complex of iron (II)), chloro-
phyll (a magnesium complex). Because copper and iron
are amongst transition metal ions with unpaired elec-
trons, they usually participate in free radical reactions
and serve as substrates for the formation of highly reac-
tive hydroxyl radicals. Their number in the body is
limited, but each released metal ion should be bound
to a protein in a non-reactive form. The so-called pre-
ventive antioxidants in animals serve precisely this pur-
pose. They include ceruloplasmin, which binds copper,
transferrin, which is a major iron-transporting protein
in the body and lactoferrin, an iron binding protein
(Takayama and Takezawa 2006). These minerals are
also involved in the formation of antioxidant systems
responsible for counteracting damage to subcellular
structures.

The key mechanisms listed below play an import-

ant protective role against radicals. One of these mech-
anisms is based on suppressive reactions of excited
molecules by compounds such as carotenes and vitamin
E. Non-enzymatic mechanisms involve such substances
as metallothionein, sequestrated metals, transition
metal ions, ceruloplasmin, transferrin, and polyamides.
Enzymatic mechanisms involve superoxide dismutase,
catalase, glutathione peroxidase, glutathione reductase,
glutathione S-transferase and a group of secretory
phospholipases as well as mechanisms involving heat
shock proteins (Wozniak and Czyz 2008).
A prooxidative-antioxidative balance necessary for
good health and high production state of animals is
maintained particularly thanks to metal-dependent
antioxidants. This review presents the evolution of
knowledge on metal ions in the organic world with an
emphasis on their role in oxidative stress, prooxidative
and antioxidative activity and their neuropathological
effects.

History of the origin of metal ions
in the organic world

At the time the earth was formed, about 4.7 billion
years ago, it was made up solely of inorganic com-
pounds. There was probably no oxygen in the early
atmosphere and it was therefore a reducing rather than
oxidizing environment when compared to the present
time. At that time the environment mainly consisted of
compounds such as nitrogen, methane, carbon dioxide,
carbon monoxide and water vapor. Only about 2.4 one
billion years ago, as a result of the great oxidation
event, more oxygen was found in the environment.
However, the general lack of oxygen contributed to the
fact that many of the metals historically occurring ear-
lier were found in the non-oxygenated form. Molecules
vital for life were synthesized during this period of
chemical evolution, starting with inorganic and small
organic molecules via a series of reactions that led to
the formation of nucleic acids and protein elements.
Polyphosphates were one of the molecules synthesized
during the extraordinary evolution of inorganic and or-
ganic molecules. Free energy was needed for the next
step of evolution and with radiation from the sun the
next steps occurred — polymerization and organization
of molecules. It is possible that what followed were
photoreactions and heterotrophic photoassimilation re-
actions. A fascinating question is when did first cells
evolve? It is assumed that the first cells evolved about
3.8 billion years ago, the time when the first catalytic
reactions with participation of metal ions probably took
place. It is also believed that the first primitive organ-
isms lived from 3.6 to 3.8 billion years ago. Finally,
catalytic actions of metal ions and complex reactions
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Table 1. Mineral concentrations in sea water and extra — and intracellular body fluids of mammalians (Osterberg 1995, Ka-

bata-Pendias and Pendias 1999).

Extracellular body Intracellular body

Mineral Sea water fluids (serum) fluids Ratio Ratio
(A) (B) (C) (A:B) (A:C)
Selected macronutrients
Ca (mmol/dm?) 10.0 3.0 0.01 333 1000.0
Mg (mmol/dm?) 54.0 1.0 20.0 54.0 2.7
P (mmol/dm?) 0.001 1.0 100.0 0.001 0.00001
Na (mmol/dm?) 470.0 138.0 10.0 341 47.0
K (mmol/dm?) 10.0 4.0 110.0 2.50 0.091
S (mmol/dm?) 28.0 1.0 5.0 28.0 5.6
Selected micronutrients
Cu (umol/dm®) 1.0 10.0 100.0 0.1 0.01
Zn (umol/dm®) 0.1 18.0 1000.0 0.006 0.0001
Co (umol/dm®) 0.0006 2.0 100.0 0.0003 0.000006
Fe (umol/dm?) 10.0 20.0 10 000.0 0.5 0.001

Table 2. Concentration of Mg, Ca, and P in the serum of cows (mmol/dm®) (Rutkowiak 1987, Underwood and Suttle 1999, Barszcz

et al. 2009, Sobiech et al. 2010).

Mineral levels before and after

Physiological hypocalcemia

Cows with paresis

No Indices the transition period after delivery puerperalis
1 Mg 0.74-1.23 0.62-1.23 0.41-1.85
2 Ca 2.12-2.99 1.75-2.12 0.62-1.75

P 1.61-2.26 0.97-1.61 0.32-1.45

with protein molecules came to play a role in the evol-
utionary process (Osterberg 1995, Ingber 2000).

Archanobacteria were the first single celled organ-
isms living in a hot environment (120°C). During the
early period of evolution the temperature of sea water
was also very high. We can tell that sea water was in-
volved in early life processes when comparing concen-
trations of selected metal ions between sea water and
extra- and intracellular body fluids (Table 1).

Table 1 shows that the ratio of macronutrient con-
centrations (except P) in sea water compared to ex-
tracellular body fluid was much higher than the mi-
cronutrients. However, the ratio of the majority of both
macro — and micronutrient concentrations in sea water
and intracellular body fluid, with the exception of Ca
and Na, were significantly lower. This clearly demon-
strates that the mineral concentration in sea water had
a significant effect on the formation of metabolic pro-
cesses in the organic world. Moreover, metal ions play
an important role in many life processes yet knowledge
of their position in biological systems has to date not
been completely elucidated. Additionally, the role of

some metal ions are almost completely unclear (Ka-
bata-Pendias and Pendias 1999). These include Al, Ba,
Bi, Ge, Li, Pb, Rb and Ti, all ions that are present in
living organisms because they can be obtained through
physical or chemical processes upon contact with the
environment.

The important role in early life processes of mag-
nesium can be confirmed by its very high concentra-
tions (54 mmol/dm ) in ocean water, being higher than
any other metal ion with the exception of sodium.
There are similar concentrations of magnesium and
other macroelements in the serum of cattle and in the
environment (Table 2).

Two types of metal ions are recognized. The first is
found in metalloproteins — metal ions are integral el-
ements of protein molecules. The second is a group of
labile metal ions found as protein complexes. These
metal ions have led us to believe in the existence of
a redox potential, which is a biological system that evol-
ved as a result of random mutations. Selected muta-
tions might have caused the formation of metal ion
binding sites. Of these, the Cu (II) binding site allows
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for the most stable binding with amino acids. Zn(II)
and many other metal ions can also have binding sites
on specific proteins. Sodium and potassium ions play
very important roles firstly in maintaining membrane
potentials, as well as maintaining electric neutrality
around macromolecules, proper ionic strength and os-
motic pressure. In more advanced life forms calcium
ions take part in early regulation of CO; in the envi-
ronment and, in intracellular functions, in bone for-
mation and nerve transmission, as well as hormonal
signaling, blood coagulation, and muscle contraction.
There is a different distribution of metal ions in tis-
sues and body fluids of living organism, with Ca(II)
dominating in the extracellular fluids (i.e. serum) and
Mg(II) found mostly in intracellular fluids. This dif-
ference can provide a gradient between Ca(II) con-
centrations across cell membranes, which (gradient)
in turn can change during early life periods in an envi-
ronment of high CO, pressure and intensive bi-
omineralization period.

The most important trace-elements in early redox
reactions include iron and manganese. Iron is one of
the most abundant elements found on Earth. Many of
the first metalloproteins consisted of iron-sulphur
complexes formed during photosynthesis that acted as
a strong reducing factors (ferredoxin). There are two
known structural properties of the old iron-sulphur
proteins, the first is an inorganic part of the protein
and the second is an amino acid composition.

Trace elements compete with each other for a rel-
evant place within biological systems. Their move-
ment across cell membranes, especially into and out
of water, will be dependent on the rate of water exit-
ing the environment in which they are found. Inherent
metal properties responsible for the biological effects
of ions comprise an area of great interest called metal
speciation. Combined techniques of speciation analy-
sis are continually developing, allowing for direct de-
termination of speciation forms. Usually, there are
two or more independent techniques used as a part of
a system analysis and most often these include selec-
tive separation and determination. One system, for
example, is based on the separation of marked forms
via as gas chromatography or high performance liquid
chromatography, or with capillary electrophoresis.
These and other methods are commonly used to de-
termine the total content of elements; other methods
include the technique of spectrometry, atomic absorp-
tion spectrophotometry or emission spectrometry,
atomic fluorescence, plasma excitation via induction
or microwave as well as plasma emission detection or
mass spectrometry (Niedzielski 2005, Szpunar 2005,
Taraska et al. 2009, Valachova and Soltés 2010). In
recent years a newly and intensively developing
science has emerged — metalloproteomics and meta-

logica. It is the newest area of bioinorganic chemistry
(metallomics) that includes a widespread analysis of
the chemical forms of a particular metal or metalloid
in a cell or tissue. Metalloproteomics is the study of
protein ligands and the use of hetero-elements found
in proteins or introduced by the process of derivatiz-
ation for the purpose of detecting and determining of
certain proteins (heteroatom-tagged proteomics). Most
recent studies also include methods that look into me-
talloprotein expression and their changes over time
and biological space. Experimental methods include
the genomics, which provides insight into the struc-
ture of metal binding sites in metalloproteins, and
allows for the determination of ligand names as well
as any disruptions in the area of metal ligation within
the protein sequence. This information is then used to
form signatures that can be used as templates for
searches in a sequence homology database (Szpunar
2005).

Oxidative stress

Technological advances can be seen in research on
biological oxidation processes in the last part of the
XXth century. Oxidative stress, a result of biological
oxidation, causes cell damage and leads to many path-
ological processes. This, in turn, can cause a de-
creased profitability in farm animals and discourages
the practice of animal husbandry (Fig. 1). Pathologi-
cal conditions in animals can lead to free radical pro-
cesses (Kankofer 2002, Szpringer and Lutnicki 2003,
Lutnicki et al. 2006, Kankofer and Albera 2007).
Metal ions are often responsible for the damage and
protection of biological systems (Dovinova et al.
1999). Fenton and the Fenton-like reactions can play
a central role the oxidative stress and can be catalyzed
by transition metal ions and their complexes (Naora et
al. 1987, Kleczkowski et al. 2002, Ayensu and Tchoun-
wou 2006, Hud 2008, Mounicou et al. 2009, Miiller
2010).

Every third protein is believed to require a metal
cofactor, usually a transition metal ion such as copper,
iron, zinc or molybdenum. These proteins include me-
tallothioneins, crucial in maintaining the body’s equi-
librium and detoxification processes. They directly
protect metal ions within the cell, as well as the ex-
tracellular proteins, albumin and transferrin, which
are essential for metal transport in blood. Metal ions
are also responsible for controlling the expression of
these proteins in cells (Naora et al. 1987, Ayensu and
Tchounwou 2006, Mounicou et al. 2009, Miiller 2010).

When considering the role of metal ions with re-
spect to the prooxidative-antioxidative reactions, the
character and oxidative stress must be considered. We
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Fig. 1. The influence of mineral deficient feeding of cows on the motivation for further breeding (Kleczkowski and Klucinski

2011).

understand oxidative stress to be the state of imbal-
ance between reactive oxygen and the biological abil-
ity for fast neutralization of reactive intermediates or
the capability to repair damage to subcellular struc-
tures (Jedlinska-Krakowska 2006). Enzymes having
reducing properties as well as a constant supply of
energy maintain a reductive environment in cells, and
any disturbances in the proper reduction potential can
lead to surplus of free radicals causing damage to

many cell components, especially lipids, proteins and
DNA (Darley-Usmar 1996, Brown et al. 2008).

From a chemical perspective, oxidative stress is
characterised by a large increase in cellular reduction
potential (reduction potential becomes less negative)
as does a large decrease in the ability of reducing the
redox cell links, such as occurs with glutathione. The
effects of oxidative stress depend on the relative
strength of the stress. On the one hand larger cells can
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cope with local small perturbations and regain their
original state, on the other, greater oxidative stress
can cause cell death. Apoptosis can be triggered by
even moderate oxidation, while necrosis can be a re-
sult of a stronger stress. Reactive oxygen species, in-
cluding free radicals and peroxides, are especially de-
structive products of oxidative stress. Transition meta-
Is, or other regulators, can reduce some of these reac-
tive oxygen species to a more reactive radical that can
cause extensive cell damage (Zweier and Villamena
2003). Most of these oxygen species are produced in
small amounts during normal aerobic metabolism,
and the damage they cause are continually repaired.
However, in a high oxidative stress cells are prevented
from entering a controlled apoptotic path, causing in-
stead cell necrosis (Fujii et al. 2003). Oxidative stress
in cattle plays an important role in diseases such as
ketosis, fatty liver syndrome, paresis puerperalis, mas-
titis, and reproduction disorders (Barszcz et al. 2009).

The role of metal ions in physiology
and pathology

The role of metal ions in the peroxidation of cell
membranes and their prooxidative role as well as the
accumulation of BA4 amyloid in neurons, neural
plexus and synaptic plates is particularly interesting.
For example, deficiency of dietary copper was noted
in the course of several of depressive disorders. Later
research revealed that copper is essential for the acti-
vation of dopamine beta-hydroxylase and that copper
deficiency leads to changes in the fetal brain as well as
reduced activity of norepinephrine, dopamine
beta-monooxidase, cytochrome C oxidase and pep-
tidylglycine alpha-amide monooxidase (Zambrzycka
et al. 2003).

Iron is yet another mineral that has an influence
on the development of the nervous system, as its defi-
ciency in children under 2 years results in inadequate
psychomotoric development, delayed speech and poor
abstract thinking ability in later life. Moreover, there
is a decrease in the amplitude of all sleep waves in the
electroencephalogram (EEG) in humans with iron de-
ficiency, which may be related to serotonin reduction
in the brain (Brigham and Beard 1996, Unger et al.
2008). In addition, dietary iron deficiency can lead to
a decline of serotonin levels in brain tissue and an
increase of noradrenaline concentration in blood,
urine and other tissues, as well as an increase of blood
dopamine levels with a coexisting decrease in TRH
and TSH levels. A delay of vagus nerve myelinisation
and reduced number of D2 receptors causing further
neurological disorders can also be seen in the iron
deficiency. A higher stimulatory effect of Fe** and

Fe’* on the peroxidation of linoleic acid was noted
when compared to other prooxidants. An excess of
ascorbic acid can reduce Fe’* to Fe**, causing more
severe peroxidation. This is evident when looking at
peroxidation of linoleic acid induced by the Fenton
reaction, as this is a weaker reaction than that induced
by iron ions, which is further increased by the addition
of ascorbic acid to the system to maintain the regener-
ation of Fe?* and the production of hydroxyl radicals
(Gow-Chin et al. 1999, Yedjou et al. 2008).

Zinc deficiency can also lead to depression as it is
an essential modulating factor of NMDA
(N-methyl-D-aspartate) glutaminianergic receptor ac-
tivity. Its deficiency impairs the function of the
gamma-amino butyric acid (GABA) neural pathway.
Zinc is an important modulator in the central nervous
system of mammals. In the central nervous system
(CNS), the largest concentrations of Zn was found in
presynaptic boutons of the hippocampal neuron and
cortex and its main function is related to opiate recep-
tors (Johnson 2000). In vitro addition of zinc acceler-
ated neurite outgrowth from the hippocampus. Stress
causes a reduction in serum Zn concentrations, which
may lead to a decrease of this trace element in the
structures of the brain. Dietary supplementation of
Zn in adults improves association and psychomotor
skills as well as the function of taste (Erikson et al.
1997, Nelson et al. 1997, Yedjou et al. 2008, Patlolla
et al. 2009). Also an experimentally induced defi-
ciency of zinc in animals causes reduced of brain size,
underdevelopment of the cerebral cortex and slowed
growth of dendrites. An increased binding of heavy
metals by metallothioneins within the brain, especially
cadmium and lead, is seen in Zn deficiency. The im-
pact of excessive binding of these metals in the central
nervous system with respect to an increase in aggres-
sive behavior has become the topic of a great many
research projects throughout the world.

Studies have also been performed on the anti-
oxidative and prooxidative potential of other trace
metal ions, including aluminum (Al), manganese
(Mn), and selenium (Se) (Markiewicz et al. 2007). It
was shown that the effect of Al and Mn was anion
independent and that the prooxidative potential of Al
was stronger than its antioxidative potential, which
may be a result of its inert redox nature (Koivula and
Eeva 2010). Another finding was related to the eti-
ology of aluminum toxicity, which may result in part
from an increase in lipid peroxidation rates in pla-
cental syncytiotrophoblast membranes. Yet another
finding was the antioxidative potential of selenium
only in whole-cell homogenates, which appears to be
mediated by glutathione peroxidase (Se is a cofactor
of glutathione peroxidase). Another trace element of
importance is manganese, which decreases production
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Table 3. Mineral requirements in microorganisms and rumi-
nants (ppm) (Grys 1988, Underwood and Suttle 1999).

Minerals Microorganisms Ruminants
Iron* 2.0-5.0 35.0
Copper™ 0.1 5.0-10.0
Nickel* 0.1 1.0

Zinc* 3.0-10.0 25.0-40.0

Cobalt! 1.0-3.0 0.05-1.0
Jodum! 20.0 0.2
Manganese? 5.0-30.0 20.0

Selenium? 0.1 0.08-0.15

* Mineral requirements lower in microorganisms are than in
ruminants.

! Mineral requirements higher in microorganisms than in ru-
minants.

2 Mineral requirements equal in microorganisms and in ru-
minants.

of thiobarbituric acid- reactive substances. This is
most likely a result of manganese’s ability to reduce
superoxide anion and hydroxyl radicals as well as its
chain-breaking capacity (Ravinderjit and Kanwar
2001). Possible explanations for these differences be-
tween Mg?* and other metal ions, such as cobalt
(Co®*) and nickel (Ni**), in the activation of cal-
cineurin are also discussed (Martin et al. 2000).

There are possible benefits from reactive oxygen
species. The immune system can take advantage of their
presence to attack and kill pathogens during respiratory
bursts. Redox signaling, a type of cell signaling, also
takes advantage of reactive oxygen species. Fundamen-
tal beneficial processes of reactive oxygen species in-
clude signaling, gene expression, and catalysis.

A working hypothesis regarding the antioxidative ac-
tion of catechins stated that their role as such was mostly
a result of free radical scavenging and not via metal
chelation. If this were true, all catechins should have the
same preventative efficiency against metal-induced lipid
peroxidation regardless of the metal ion species. This is
not the case though, as each catechin shows a different
degree of efficiency in preventing lipid peroxidation de-
pending on the type of metal ion (Sugihara et al. 2001).

It is generally believed that the use of antioxidants in
the prevention of metal-dependent diseases is favorable,
however this mode of therapy is sometimes quite con-
troversial because the administration of high doses of
copper, zinc and beta-carotene in animals in high-
-risk groups is not always successful. Treatment with
Cu, Zn, Se and vitamin E appears to reduce the risk of
degenerative  diseases and mammary  glands
inflammation in lower-risk animals. There are mixed re-
sults on the beneficial use of vitamin E supplementation

in other diseases. It may be that this difference in the
reaction to treatment is a result of a multi-step metab-
olism as well as indirect effects of the supplementation
before a beneficial clinical effect is attained. For
example the protozoal metabolism in ruminants is not
insignificant and much differs from metabolism of mac-
roorganism resulting in very different requirements for
micronutrients (Table 3) (Murata 2005).

The information contained in Table 3 allows a bet-
ter understanding of the clinical successes and failures
during mineral supplementation of animals (Curis et al.
2009).

Neuropathological effects of metals

The specific neuropathological effects of metals
have been intensely investigated by scientist from many
fields of study in the late twentieth and early twenty-first
century. The favorable impact of metal ions such as Cu,
Mn, Pb, Hg, Sn, and others as well as their neurotoxic
effects have been fairly well documented. Several neur-
opathological conditions in humans and animals, specifi-
cally neurodegenerative phenomena associated with ab-
normal homeostasis or abnormal accumulation of metal
ions in the brain have been the subject of research. Sev-
eral fields have received extensive attention including
Parkinson’s disease, Alzheimer’s disease, Wilson’s dis-
ease, bovine spongiform encephalopathy, and dialysis
encephalopathy syndrome, as well as the aging process
and the mitohormesis mechanism (Agarwal and
Prabakaran 2005).

The neurodegenerative diseases described above
were associated with an abnormal metal ion metab-
olism and oxidative stress, which were reportedly a re-
sult of abnormal metal ion interactions. This shows
that homeostasis of metal ions in cells must be rigor-
ously regulated by biomolecules, i.e. metal-
lochaperones and metallothioneins. Copper chaper-
ones are necessary to protect and guide copper ions
and activate superoxide dismutase (SOD) via specific
protein-protein interactions during which SOD is ac-
tivated by incorporating a Cu* ion. Superoxide dis-
mutase molecules are important antioxidants that
contribute to a state of decreased oxidative stress
within cells (Miiller 2010). Moreover, copper is essen-
tial for dopamine beta-hydroxylase (DBH) activation
and its deficiency has been noted in many depressive
disorders. Changes in fetal rat brains can be caused by
dietary copper deficiency in the mothers, including
reduced levels of noradrenaline, SOD, DBM
(dopamine beta monooxidase), CCO (chrome
C oxidase), and PAM (peptidylglycine alpha-amidat-
ing monooxygenase), as well as a delayed reaction to
auditory stimuli — changes at the locus coeruleus and
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noradrenergic neurons. Research showed that after
4 months of proper nutrition cuproenzyme (SOD,
DBM and PAM) activity returned to normal in these
neonatal rats.

The role of metallothioneins in physiology is not
fully understood. Metallothioneins are expressed in
three isoforms: MT-I, MT-II and MT-III. The ex-
pression of the MT-III form seems to be restricted to
neurons, especially neurons containing zinc (hip-
pocampus). It is generally believed that metal-
lothioneins play a role in copper and zinc homeostasis
and in the protection against biophysical and chemical
cytotoxicity that can be caused by metal ions, reactive
oxygen species, mutagens and radiation (Rochet
2007).

Conclusions

Various studies on the origin of life have shown
that a variety of important metal ions and oxygen
played important roles in the evolutionary process.
During the early life period there was an increase in
transition metal ions in the ionic radius, which could
have let to tremendous evolutionary changes in the
biological systems. Trace elements continue to play an
important biological role mainly in the form of en-
zymes responsible for redox processes. These enzymes
take part in putting trace elements into the protein
metabolism as well as the cellular transport processes.
These processes, in turn, are regulated by genetic fac-
tors. Biominerals also play important roles in the
regulation and modulation processes of metabolism.
They act as potential nutraceuticals and functional
factors, reducing the risk for disease in animals. Cata-
lytic mineral anitoxidants can be used as an aid in the
treatment improving therapeutic efficiency and the
use of metal chelation and antioxidants may poten-
tially be used as a treatment method for neur-
odegenerative diseases. Novel therapeutic strategies
for treatment of neurodegenerative disorders can be
the subject of the next paper.
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