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Abstract: Knowing the chemistry and biochemistry of metals allows their visualization in biochemical and
biological setting. Some Metals are absorbed by human body and plants in many ways by organs and tissues.
The blood is a rich source of sodium ions and chloride ions, the cytosol is filled with potassium ions, bone is
structured around calcium and phosphorous, red blood cells are rich in iron, and the nucleus is filled with zincbound proteins. This shows a complexity of relationship of metals especially metal ions in living system. Then
the only answer to what determines order, specificity or function of these metals is the biochemical form. It is
form that determines function because no two dissimilar metals or metal ions can exist in the same biochemical
form. In this mini review an attempt was made to concisely overview the role of these metals in biochemical
system.
Keywords: Metals, Inorganic, Biochemical, Biological, Health.
INTRODUCTION
In life processes, it is recognized that metals are
involved in cellular and subcellular functions. The
advancement in the study of biological and chemical
systems revealed the role of inorganic salts in living
system [1]. Role of metals in biology is best and more
comprehensively understood by the study of
interface of biology and inorganic chemistryBioinorganic chemistry [2]. A cursory look at the
application of metal complexes in the areas of
pharmacy, microbiology and cosmetology has been
expatiated to provide an insight of the contribution of
inorganic chemistry towards drugs and cosmetic
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delivery [3]. Analysis of the available kinetic data for
the reactions of a variety of transition metal ions with
free radicals indicated that transition metal ions
behave similarly to iron. Since Fe, Zn and Mo are
essential to all living organisms, and there seems to
be no apparent difference in chemical reactivity
among transition metal ions towards free radicals, it
was suggested that these metal ions probably
protected the biomolecules from degradation
induced by free-radical reactions in the later stages
of chemical evolution [4]. In this mini review the role
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of metals in biochemical system was concisely
overviewed.
Biochemical role of metals in Animals and
humans: Specific elements play critical roles in the
enzymes tyrosinase, cytochrome c oxidase, ascorbic
acid oxidase, amine oxidases and the antioxidant
enzyme copper zinc superoxide dismutase. A copper
deficiency can result in anemia from reduced
ferroxidase function. Excess copper levels cause
liver malfunction and are associated with genetic
disorder Wilson's disease. Manganese (Mn) is a
major component of the mitochondrial antioxidant
enzyme manganese superoxide dismutase. A
manganese deficiency can lead to improper bone
formation and reproductive disorders. An excess of
manganese can lead to poor iron absorption. A recent
research [5] focused to measure the concentrations of
iron and manganese in human blood and increased
awareness among the people, working with no
precautions in an unhealthy environment.
Iodine (I) is required for production of thyroxine
which plays an important role in metabolic rate.
Deficient or excessive iodine intake can cause goiter
(an enlarged thyroid gland).
Zinc (Zn) is important for reproductive function due
to its use in FSH (follicle stimulating hormone) and
LH (leutinizing hormone) required for DNA binding
of zinc finger proteins which regulate a variety of
activities. A component of the enzymes alcohol
dehydrogenase, lactic dehydrogenase carbonic
anhydrase, ribonuclease, DNA Polymerase and the
antioxidant copper zinc superoxide dismutase. An
excess of zinc may cause anemia or reduced bone
formation.
Selenium (Se) is contained in the antioxidant enzyme
glutathione
peroxidase
and
heme
oxidase.
Deficiency results in oxidative membrane damage
with different effects in different species. Human
deficiency causes cardiomyopathy (heart damage)
and is known as Keshan's disease.
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Fluorine (Fl) is a constituent of bones and teeth,
important for tooth development and prevention of
dental caries. Derives from water, tea, and fish, is
cobolt (Co) contained in vitamin B12 . An excess may
cause cardiac failure.
Molybdenum (Mo) is
contained in the enzyme xanthine oxidase required
for the excretion of nitrogen in uric acid in birds. An
excess can cause diarrhea and growth reduction.
Chromium (Cr) a cofactor in the regulation of sugar
levels.
Chromium
deficiency
may
cause
hyperglycemia (elevated blood sugar) and glucosuria
(glucose in the urine). A study showed that the
exposure of chromium caused significant elevations
in the activities of blood serum GOT and GPT levels.
Chromium
altered
the
entire
biochemical
metabolism in C. carpio by changing the levels of
total glucose, total protein and total cholesterol and
GOT and GPT in serum. Such changes in
biochemical levels under the effect of chromium
toxicity might results in impairment of energy
requiring vital processes, and hence give an idea
about the health status of the fish population [6] Rats
have been shown to have improved growth on diets
which contain other micro nutrients. These include:
Lead (Pb), Nickel (Ni), Silicon (Si) and Vanadium
(Vn). These elements are all toxic at high levels.
At elevated levels, heavy metals can cause health
problems. Some metals, such as iron, chromium and
copper, are needed in small quantities to keep people
and animals healthy. Problems can occur with these
metals if the body receives too much of them. Heavy
metals such as lead and mercury are never desirable
in any amount. Once inside our bodies different
metals can build up in different body parts, including
the kidney, liver and spleen.
The metal particles (ion or molecule) are normally
found in human body. Metals are entering to the
human body through food (vegetable, Spinach iron); air (inhalation of ultrafine particles) and water
(ground water contains dissolved metal salts and
minerals from earth strata). Few of the metals
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entered, are essential for life; whereas, others are
useless and even may be life threatening. However
through
following
mechanism
they
remain
accumulated in the various parts like kidney, liver,
brain, blood of human body [7] With regards to lead
laboratory diagnosis at biochemical level such as
PBG
screening,
ALA
quantitationis,
PBG
quantitation, Urine and fecal and whole blood,
plasma analysis for total porphyrin,
Porphyrin
fractionationare are recommended [8]. Some heavy
metals have bio-importance as trace elements but, the
biotoxic effects of many of them in human
biochemistry are of great concern. Hence, there is the
need for proper understanding of the conditions, such
as the concentrations and oxidation states, which
make them harmful, and how biotoxicity occurs. It is
also important to know their sources, leaching
processes, chemical conversions and their modes of
deposition to pollute the environment, which
essentially supports lives.
Literature sources point to the fact that these metals
are released into the environment by both natural and
anthropogenic sources, especially mining and
industrial activities, and automobile exhausts (for
lead). They leach into underground waters, moving
along water pathways and eventually depositing in
the aquifer, or are washed away by run-off into
surface waters thereby resulting in water and
subsequently soil pollution. Poisoning and toxicity in
animals occur frequently through exchange and coordination mechanisms. When ingested, they
combine with the body’s biomolecules, like proteins
and enzymes to form stable biotoxic compounds,
thereby mutilating their structures and hindering
them from the bioreactions of their functions. Certain
heavy metals and their biotoxic effects on man and
the mechanisms of their biochemical activities was
reviewed [9].
Effect of environmental metal uptake by plants:
Focus on plant uptake of the toxic elements arsenic,
cadmium, chromium, mercury and lead and their
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possible transfer to the food chain has recently been
reported. These elements were selected because they
are well established as being toxic for living systems
and their effects in humans have been widely
documented. Arsenic is known to promote cancer of
the bladder, lung, and skin and can be acquired, for
example, through the consumption of Ascontaminated rice. Cadmium can attack kidney,
liver, bone, and it also affects the female
reproduction system. Cadmium also can be found in
rice. Chromium can produce cancer, and humans can
be exposed through smoking and eating Cr-laden
vegetables. Lead and mercury are well known
neurotoxins that can be consumed via seafood,
vegetables and rice [10]. Technologies with the use
of new transgenic plants have also improved the
capacity of biochemical processes such as metal
uptake, transport, accumulation and detoxification
of metal pollutants [11].
Role of Transition metals in health: Cu being a
transition metal is ubiquitously engaged in biological
systems to derive electrons through its participation
in several enzymatic reactions. Upon bestowing the
significance of Cu in biological systems, an elaborate
mechanism is set forth by nature for maintaining Cu
homeostasis. As a consequence, a wide variety of
proteins viz., family of Cu bearing proteins,
cuproenzymes, Cu transporters and Cu chaperone
proteins have been manifested for enabling Cu to
show its relevance in biological health.
In addition, understanding the role of Cu in hepatic
and neuronal functions and also in angiogenesis
keeps progressing with the advent of novel molecular
tools. Studies on genetic defects in Cu metabolism
causing abnormalities providing insights leading to
the possible prognostic cues to alleviate the
sufferings were reported [12]. All life forms exploit
naturally available Cu for myriad physiological
functions. Bacteria, plants, blue blooded organisms
and vertebrates have developed the molecular
mechanisms to upkeep the Cu homeostasis. The
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bioavailability of Cu, by complexing with proteins or
amino acids or organic acids constituting
organometallic complex, facilitates its ease in uptake
and distribution in ecosystem. Literature review
reveals that the Cu imbalance could be causal in
Menkes disease, Wilson’s disease, Kuru, CreutzfeldJakob disease, mad cow disease as well as induce
tumor development and progression. By its unique
attribute of being a catalytic cofactor, Cu occupies an
important niche in biological systems. Cu
transporters, chaperone proteins and carrier proteins
make Cu available to the intricate network of
biochemical systems. Developments in the field of
plant genetic engineering have been pivotal in
defining means to combat copper deficiency.
In the clinical field, management of disorders caused
by impaired copper homeostasis are being combated
either using metal chelators or by supplementing the
metal in a complex state with various carriers [12].
In marine organisms, Copper (Cu) is essential to
various physiological processes However, at high
concentrations this redox-active transition metal may
enhance the formation of reactive oxygen species
(ROS) and subsequently initiate oxidative damage.
High concentrations of Cu may increase oxidative
damage to lipids, proteins and DNA. Bathymodiolus
azoricus is a Mytilid bivalve very common in
hydrothermal environments near the Azores Triple
Junction continuously exposed to high metal
concentrations, including Cu, emanating from the
vent fluids. The knowledge of antioxidant defence
system and other stress related biomarkers in these
organisms is still scarce. The aim of this work was to
study the effect of Cu (25 μg l−1; 24 days exposure;
6 days depuration) on the antioxidant stress
biomarkers in the gills and mantle of B. azoricus. The
expression of stress related biomarkers was tissuedependent and results suggest that other factors than
metal exposure may influence stress biomarkers,
since little variation in antioxidant enzymes
activities, MT concentrations, LPO and total
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oxyradical scavenging capacity (TOSC) occurred in
both control and Cu-exposed mussels. Moreover,
there is a general tendency for these parameters to
increase with time, in both control and Cu-exposed
mussels, suggesting that reactive oxygen species
(ROS) formation is not metal dependent, and may be
related with poor physiological conditions of the
animals after long periods in adverse conditions
compared to those in hydrothermal environments
[13]. Affinity of Cu ion for amino group also
indicated additional interaction with amino groups to
influence the character of some amino acid
complexes in biological systems. A comparative
investigation of interaction between metal ions with
L-methionene and related compounds such as
alanine, leucine, valine and glycine in aqueous
solution was reported [14].
The acidity and stability constants of M-L (M: M2+;
L: Met, L-methionine) complexes was determined by
potentiometric pH titrations to make a comparative
investigation. The stability constants of the 1:1
complexes formed between M2+ and L–, were
determined by potentiometric pH titration in aqueous
solution (I = 0.1 M, NaNO3, 25°C). The order of the
stability constants was reported. It is shown that
regarding to M ion – binding properties, vital
differences on complex biding were considered.
RNA and Biochemical Role of Metal Ions:
Approximately two-thirds of the elements in the
periodic table can be categorized as metals. Besides
luster, malleability, and conductivity, one of the
fundamental characteristics of metals is their low
ionization potential. As a result, the ionic forms of
these elements predominate in the biosphere.
Considering the diverse properties of these ions, it is
not surprising that through the process of evolution,
metal ions have been co-opted into numerous roles in
biology. Metal ions are required for so many
biochemical reactions that it is likely that they also
had an important role in the RNA world. To
understand both modern and prebiotic RNA
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biochemistry, it is therefore essential to have a basic
understanding
of these
inorganic
elements.
Spectroscopic studies such as NMR has great
potential for the localization of metal-binding sites in
relatively small RNAs. Depending on the metal ion
involved, the binding event can be observed by
changes in the chemical shift or through the line
broadening of RNA resonances. This methodology
unfortunately requires the assignment of resonances.
Currently, only relatively few RNAs have been
studied at this level of detail, so limited data on metal
binding are available [15].
Homeostatic Role: Metals are critical factors on
various aspects of biological activity in both
prokaryotic and eukaryotic organisms. Some metals
including iron, manganese, copper, zinc, nickel, and
cobalt are essential at the appropriate concentrations,
but may become toxic beyond these levels. Sodium
potassium and calcium are abundantly available in
the environment and can be found at relatively high
concentrations in biological systems. In some
environments, however, the reduced availability of
metals that function as trace elements, such as zinc,
iron, manganese, cobalt, and copper, has led to the
selection of efficient uptake mechanisms by
organisms that must compete for them in their
particular niche. Nevertheless, both categories of
metals are essential to the basic environment for
multiple biochemical processes and homeostatic
balance as explained in literature [16].
The role of metals in carcinogenesis: The
oxyanions of vanadium, chromium, molybdenum,
arsenic, and selenium are stable forms of these
elements in high oxidation states which cross cell
membranes using the normal phosphate and/or
sulfate transport systems of the cell. Once inside the
cell, these oxyanions may sulfuryl transfer reactions.
Often the oxyanions serve as alternate enzyme
substrates but form ester products which are
hydrolytically unstable compared with the sulfate
and phosphate esters and, therefore, decompose
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readily in aqueous solution. Arsenite and selenite are
capable of reacting with sulfhydryl groups in
proteins. Some cells are able to metabolize redox
active oxyanions to forms of the elements in other
stable oxidation states. Specific enzymes may be
involved in the metabolic processes. The metabolites
of these elements as reported [17] may form
complexes with small molecules, proteins and
nucleic acids which inhibit their ability to function
properly. The divalent ions of beryllium, manganese,
cobalt, nickel, cadmium, mercury, and lead are stable
forms of these elements which may mimic essential
divalent ions such as magnesium, calcium, iron,
copper, or zinc. These ions may complex small
molecules, enzymes, and nucleic acids in such a way
that the normal activity of these species is altered.
Free radicals may be produced in the presence of
these metal ions which damage critical cellular
molecules.
Antibacterial activity and Medicinal importance
of Metal atom: The effect on DNA and the
antibacterial activity of a series of high nuclearity
nickel compounds with three, four and five metal
atoms which proved positive was examined [18].
Recently, the antifungal activities of free ligands and
their corresponding complexes have been evaluated
by the disk diffusion test. The. Study reveals that all
the complexes show higher activities than pure
ligands suggesting that complexes are more powerful
agents.
The antibacterial activity of some amide group
containing ligands and their complexes with Gd(III)
ions were also tested against two bacterial strains:
Escherichia coli, Staphylococcus aureus. All of the
complexes possess inhibitory action against the
tested strains. The activity of the studies compounds
depends on their concentration was reported [19].
The complexes of aminothiazole derivatives were
found to have more antibacterial activities than
aminopyridines derivatives [20]. The in vitro
antimicrobial activities of the Ag(I), Co(II) and
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Cu(II) complexes of pyrimethamine
[5-(4chlorophenyl)-6-ethyl
pyrimidinediamine]
complexes against some bacteria were determined
using the macro dilution method. The Ag (I)
complexes showed enhanced activity and their
minimum inhibitory concentration and minimum
bacteria concentration were determined [21].
A study has shown the feasibility and a justification
for the synthesis of mixed antibiotics metal
complexes. The complexes possessed better physical
properties and are much more effective as
chemotherapy agents than their parent antibiotics.
Even though, two of the complexes may be toxic at
the dose level used to the liver and kidney but
reportedly can be consider as potential antibiotics
drugs after reduction in the level of metal ion which
is responsible for the toxicity. However, Ni (II)
complex, which was found to be non-toxic, could
successfully be regarded to as possible potential
metal-antibiotic [22]. With development of new
anticancer compounds, photochemical activation is
one of the most important concepts as it uses prodrugs whose activity can be triggered by light. This
strategy offers the possibility to control the location,
timing, and dosage of the therapeutic metal complex.
Recent developments in the photoactivation of
potential metallopharmaceuticals are discussed.
Immobilization of those drugs on solid matrices,
such as films, particles, gels, and fibers, is an
emerging field and recent findings [23].
CONCLUSION
When we view a metal in its biological or
biochemical setting it becomes apparent that metals
are present in a multitude of biochemical forms.
Some few metals exist as free ions in solution. One
reason is free ions have limited biochemical
capabilities. However A large group is bound to
proteins and most of these metals function as enzyme
cofactors. Certain metals proved to have
antimicrobial effect.
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