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This review was aimed to examine the role of nickel in biological system. Nickel plays
awell defined role in biological system. Low nickel offers reduce growth this is
particularly true of intra-uterine development. Nickel deficiency is also accompanied
by histological and biochemical changes and reduced iron resorption and leads to
anaemia. When nickel enters the body it is distributed to all organs, but mostly in the
kidney, bone, and lungs. Toxicity of nickel arises from elemental nickel and inhaled
nickel carbonyl, a carcinogenic gas that results from the reaction of nickel with heated
carbon monoxide, from cigarette smoke, car exhaust, and some industrial wastes.Nickel
based enzyme system is well known and plays an important role not only in life process
but also in the global biological carbon, nitrogen, and oxygen cycles. Nickel is
necessary for the biosynthesis of the hydrogenase, carbon monoxide dehydrogenase
and found in a number of genera of bacteria. A nickel-tetrapyrrole coenzyme, Cofactor
F430, is present in the methyl coenzyme M reductase, which powers methanogenic
archaea. One of the carbon monoxide dehydrogenase enzymes CODH consists of an
Fe-Ni-S cluster which helps to remove and oxidize 108 tons of CO from earth’s lower
atmosphere every year, helping to maintain low CO levels. The plant enzyme urease :
an enzyme that assists in the hydrolysis of urea contain nickel. Urease is key to the
global nitrogen cycle because it catalyzes hydrolysis of urea, which is a major globally
used soil fertilizer.

Introduction

Nickel (Ni) is a naturally occurring metal
existing in various mineral forms and it is
present in all compartments of the
environment and ubiquitous in the biosphere
as nickel compounds and complexes. It is a
silvery-white lustrous metal with a slight
golden tinge. Nickel belongs to 3d group
transition metals and is hard and ductile.
Nickel is one of the five ferromagnetic
elements.
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It is also a naturally magnetostrictive
material, i.e. in the presence of a magnetic
field, the material undergoes a small change
in length (Hathaway and Clark, 1993).
Nickel is used in a wide variety of
metallurgical processes such as
electroplating and alloy production as well
as in nickel cadmium batteries. Besides it
plays a well defined role in the biological
system and plants (Sigel et al., 2008; Sydor
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and Zamble, 2013; Dixit et al., 2015) Nickel
IS necessary for the biosynthesis of the
hydrogenase, carbon monoxide
dehydrogenase (Can et al., 2014) and found
in a number of genera of bacteria. A nickel-
tetrapyrrole coenzyme, Cofactor F430, is
present in the methyl coenzyme M
reductase, which powers methanogenic
archaea (Stephen, 2014). One of the carbon
monoxide dehydrogenase enzymes consists
of an Fe-Ni-S cluster (Wang et al., 2014)
.Urease from jack beans and several species
of plants is also a nickel protein . The plant
enzyme urease : an enzyme that assists in
the hydrolysis of urea contains nickel. These
plant enzyme systems can affect animals via
the microbiological digestion of food in the
rumen. Low nickel offers reduce growth,
this is particularly true of intra-uterine

development.  Nickel  deficiency s
accompanied by histological and
biochemical changes and reduced iron
resorption and leads to anaemia. It's

deficiency also results in lower activities of
different dehydrogenases and transaminases
and, affects carbohydrate metabolism.
Nickel can have an impact on human health
through infectious diseases arising from
nickel dependent bacteria (Zambelli et al.,
2013).

Metabolism and Absorption of Nickel

When nickel enters the body it is distributed
to all organs, but mostly in the kidney, bone,
and lungs (Samal and Mishra, 2011). If
nickel enters the body with nickel
contaminated air it is retained in the lungs.
Nickel, which enters the blood stream is
excreted in the urine, and if it is entered by
the food it is excreted in the feces (Patriarca,
1997; Sunderman, 1989). Urinary excretion
is the major route for the elimination of
absorbed nickel. Fecal excretion primarily
reflects the nickel that is unabsorbed from
the diet and passes through the gut (\Von,
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1997). Nickel is poorly absorbed by the
body. Less than 10% is absorbed in the
gastrointestinal tract. In short and long-term
studies of animal administered various
soluble nickel salts orally, nickel was found
primarily in the kidneys. The relative tissue
concentrations were kidneys > lungs > liver
> heart > testes (Ambrose et al., 1976 ;
Dieter et al., 1983). The normal ranges of
nickel concentrations in body fluids or
tissues (serum, blood, lung, kidney) are not
significantly influenced by age, sex, or
pregnancy. Oral administration of Ni2+
found to accumulate higher in the spinal
cord than in the cerebellum or frontal cortex
(Brog, 1989). The chemical form and its
deposition site as determined by size, shape,
density, and electrical charge of the nickel
particles will affect the extent of absorption
in the lungs (ATSDR, 1988). Although
nickel is poorly absorbed from the
gastrointestinal tract but dietary exposure
and exposure via drinking water provide
most of the intake of nickel and nickel
compounds (Goyer, 1991; Coogan, 1989).

Biochemical and Physiological Functions
of Nickel

The biological function of nickel is still
somewhat unclear. Nickel is found in the
body in highest concentrations in the nucleic
acids, particularly RNA, and is thought to be
somehow involved in protein structure or
function (Peter, 2015). It may activate
certain enzymes related to the breakdown or
utilization of glucose. Nickel may aid in
prolactin production, and thus be involved in
human breast milk production. Nickel aids
in iron absorption, as well as adrenaline and
glucose metabolism, hormones, lipid, cell
membrane, improves bone strength and may
also play a role in production of red blood
cells (Wilfred, 2012). Nickel is present in
RNA and DNA of our body where it
functions in association with nucleic acids.
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It probably has a role in stabilizing RNA
structure (Petzold, and Al-Hashimi, 2011).

Absorbtion of Iron and Role of Nickel

Nickel is believed to play a role in
physiological processes as a co-factor in the
absorption of iron from the intestine
(Schnegg, 1976). The interaction between
nickel and iron occurs only under certain
conditions. Nickel increased the absorption
of iron from the diet in iron deficient rats
(female), but only when dietary iron was in
the unavailable ferric form, whereas a
mixture of ferrous and ferric sulphates (60%
ferric to 40% ferrous) as a supplement to the
diet did not elicit any effect (Nielsen, 1980).

Deficiency and Dietary Allowance of
Nickel

Since it is trace element, deficiency of it is
rare. But it is found that due to low amount
of nickel in the bodies of some individual
certain liver and kidney diseases arise in
them (Wilfred, 2012). It is definitely a
problem in chicks and other small animals,
where low nickel can lead to decreased
growth, dermatitis, pigment changes,
decreased reproduction capacities, and
compromised liver function (Elson, 2016).
In humans, increased sweating, such as from
exercise, can cause nickel losses, and extra
dietary nickel may be required to maintain
its still mysterious function.

Generally nickel sulfate and nickel chloride
are used as supplements. Recommended
dietary allowance (RDA) for nickel for
diffrent age group people have been reported
by Acu-Cell Technology in 2016 (RDI,
2016): RDA for children up to 1-10 years
both male and female is 100-300 pg/day for
11-18 years male children and adolescent is
400-600 pg/day for female 300- 500 pg/day
whereas, for 19+ years male 500-700 pg/day
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and for female 400-600 pg/day.
Toxicity of Nickel

Toxicity is the main concern here-not from
elemental nickel or the nickel found in foods
but from inhaled nickel carbonyl, a
carcinogenic gas that results from the
reaction of nickel with heated carbon
monoxide, from cigarette smoke, car
exhaust, and some industrial wastes. The
lung and the skin are the principal target
organs upon  occupational  exposure.
inhalation exposure is a primary route for
nickel-induced toxicity in the workplace.
The most important adverse health effects
due to occupational exposure to nickel and
its compounds are skin allergies, lung
fibrosis, and lung cancer (Zhao et al., 2009).
The exact mechanisms of nickel-induced
carcinogenesis are not clear.

Nickel carbonyl is toxic and can cause
symptoms such as frontal headaches,
nausea, vomiting, or vertigo with acute
exposure. Nickel sulfide fume and dust are
believed to be carcinogenic and various
other nickel compounds may be as well.
(Kasprzak, 2003) Inhaled nickel
accumulates in the lungs and has been
associated with increased rates of lung,
nasal, and laryngeal cancers. The nickel in
jewelry, dental materials, or prosthetic joints
or heart valves may also be allergenic
sources. Almost all cases of acute nickel
toxicity result from exposure to nickel
carbonyl. The initial effects involve
irritation of the respiratory tract and
nonspecific symptoms. Patients with severe
poisoning develop intense pulmonary and
gastrointestinal toxicity. Diffuse interstitial
pneumonitis and cerebral edema are the
main cause of death (Barceloux, 2000).
Nickel and nickel compounds are well-
recognized carcinogens. Angina, skin rash,
hypoglycemia, decreased estrogen, shortness
of breath, asthma, nausea, lowered pulse,
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vomiting, diarrhea, headache, stomach
irritation,  increased protein in urine,
increased red blood cells, heart failure are
also reported as nickel toxicity syndrome
(DRI, 2016).

Nickel in Tobacco and Cigarettes

Cigarette smoke
consisting of a vapour
particulate phase: some experimental
evidence suggests that Ni may be
approximately equally distributed between
the two phases (Smith et al., 1997). A mean
Ni concentration of 0.03 pg/g was reported
in smoke condensate collected from
different US brands of cigarettes, whereas,
in most of the tobacco Ni was found to be
present in the ash (Torjussen et al., 2003).

is a complex aerosol
phase and a

Ni can migrate from soil into tobacco plants
and accumulate in the leaves. Its average
concentrations in cigarette, pipe, and cigar
tobacco from various geographical areas
were found to vary from < 1 up to 5.5 pg/g;
however, Ni content in tobacco is
characterised by a remarkable variability (<
2-400 pg Ni/g) reflecting the agronomic
practices and environmental conditions of
growing tobacco plants (Chiba and
Masironi, 1992, Stojanovi et al., 2004).
According to Health Canada Ni levels in
sidestream smoke can also be as high as
0.53 pg/cigarette.

On the assumption that a cigarette can
contain Ni at an average 1-3 pg level, and
that 10-20 % of Ni is released from the
cigarette into the mainstream smoke, it was
estimated that 2-12 pg of Ni could be
inhaled for each pack of cigarettes smoked.
Nickel alone from the cigarette is under the
tolerable limit but, more importantly nickel
carbonyl, a carcinogenic gas that results
from the reaction of nickel with heated
carbon monoxide is very-very harmful and a
carcinogenic gas.
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Nickel Based Enzyme System

To date eight nickel enzymes are known.
These involve the use and/or production of
gases (CO, CO2, methane, H2, ammonia,
and O2) that play important roles in the
global biological carbon, nitrogen, and
oxygen cycles (Ragsdale, 2007). CODH
interconverts CO and CO2; ACS utilizes

CO; the nickel ARD produces CO;
hydrogenase generates/utilizes hydrogen
gas; MCR generates methane; urease

produces ammonia; and SOD generates O2.
These enzymes are discussed in the
following paragraphs:

Glyoxalase I (Gly I)

The principal physiological function of
glyoxalase 1 is the detoxification of
methylglyoxal, which is a reactive 2-
oxoaldehyde that is cytotoxic at millimolar
concentrations. Methylglyoxal is a by-
product of normal biological process and
can chemically damage several components
of the cell, such as proteins and nucleic
acids. Glyoxalase | requires bound metal
ions for catalysis. Divalent nickel is used
(Ragsdale, 2007). In the presence of Gly |
enzyme methylglycol is break up in to
lactate and water following the reaction :

Methylglyoxal Syexalasel®izy — |actate + H20

Acireductone Dioxygenase (ARD)

ARD performs the penultimate step in the
methionine salvage pathway following the
reaction:

1,2-Dihydroxy-3-oxo-5-(methylthio)pent-1-ene + O;
ARDMiz  HCOOH + methylthiopropionate + CO

ARD belongs to the cupin superfamily, and
the structure reveals an octahedral high spin
Ni(Il) center, hexacoordinated by three
histidines, one aspartic acid, and two waters
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(Goldsmith et al., 2006). Nickel acts as a
Lewis acid, promoting attack by the peroxo
intermediate on the nickel-ligated carbonyl
group to generate a cyclic intermediate (D)
that decomposes to CO, formic acid, and a
carboxylic acid.

Nickel Superoxide Dismutase

Nickel superoxide dismutase (Ni-SOD) is a
metalloenzyme  that, like the other
superoxide dismutases, protects cells from
oxidative damage by catalyzing the
disproportionation  of  the  cytotoxic
superoxide radical (O2-) to hydrogen
peroxide and molecular oxygen
(Jason,2014). Superoxide is a reactive
oxygen species that is produced in large
amounts during photosynthesis and aerobic
cellular respiration.The equation for the
disproportionation of superoxide is shown
below:

202- + 2H+ Ni Superoxide Dimutase (Ni 2+)

H,02 + 0,

Ni-SOD emerged with the rise in O2 levels
around 2 billion years ago (Zelko, 2002) as
part of a cellular defense system against
reactive oxygen species generated by
various reactions associated with oxygen
metabolism.

Ni -Urease

Ureases are  the nickel-containing
metalloenzymes of high molecular weight
(Krajewska, 2012). They functionally,
belong to the superfamily of
amidohydrolases and phosphotriesterases
(Holm, 1997) It is an enzyme that catalyzes
the hydrolysis of urea into carbon dioxide
and ammonia. The reaction occurs is given
below:

(NH,)2CO + H,0 CO, + 2NH;
Urease activity tends to increase the pH of

Ni-Urease
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the system as it produces ammonia, a basic
molecule. Ureases are found in numerous
bacteria, fungi, algae, plants and some
invertebrates, as well as in soils, as a soil
enzyme. Urease is key to the global nitrogen
cycle because it catalyzes hydrolysis of urea,
which is a major globally used soil fertilizer
(Ciurli, 2007). Urease is also a virulence
factor for pathogens in the animal gut and
urinary tract,promoting host colonization by
neutralizing the low pH in the stomach
(Ciurli, 2007).

Ni-Fe-Hydrogenase

Ni-Fe-Hydrogenase is a type of
hydrogenase, which is an oxidative enzyme
that reversibly activates molecular hydrogen
(Lubitz, 2007). The catalytic site on the
enzyme provides hydrogen-metabolizing
microorganisms a redox mechanism by
which to store and utilize energy via the
reaction :

2H++2e Ni-Fe-Hydrogenase Hz (AEO - 414 mV)
This is particularly essential for the

anaerobic, sulfate-reducing bacteria of the
genus Desulfovibrio. (Volbeda, 1996). The
practical application of this enzyme is a
renewable, more environmentally friendly
energy source.

Methyl-CoM Reductase (MCR )

All biologically generated methane on earth
derives from the catalytic activity of MCR
in methanogenic microbes. An MCR
isozyme also appears to catalyze anaerobic
methane oxidation. MCR catalyzes the
conversion of methyl-CoM (methyl-SCoM)
(Janu 2007) and N7-
mercaptoheptanoylthreonine phosphate
(CoBSH) to methane following the reaction:

CH3-CoM + CoBSH  XME) CHA + Col-55-CoB
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Based on crystal structures of the inactive
Ni(ll) enzyme, MCR consist of a nickel
hydrocorphin called coenzyme F430, in the
subunit .F430 is the prosthetic group of the
enzyme methyl coenzyme M reductase
(Stephen, 2014 ). This enzyme catalyzes the
release of methane in the final step of
methanogenesis:

CO Dehydrogenase (CODH)

In  enzymology, carbon  monoxide
dehydrogenase is an enzyme that catalyzes
the chemical reaction

Ni-[3Fe-45] CODH

CO+H,O+A CO; + AH,

The 3 substrates of this enzyme are CO,
H20, and A, whereas its two products are
CO2 and AH2. CODH catalyzes the
reversible oxidation of CO to CO2.
Remarkably, at low Ph values, CO2
reduction can exceed the rate of CO
oxidation (Parkin 2007). Microbes remove
and oxidize 108 tons of CO from earth’s
lower atmosphere every year, helping to
maintain low ambient CO levels. Ni-[3Fe-
4S] CODH enzymes have been purified
from anaerobic bacteria.(Jeoung et al. 2007;
Dobbek, 2001) . CODH exists in both
monofuctional and bifunctional forms. In the
latter case, CODH forms a bifunctional
cluster  with acetyl-CoA  synthase
(ACS),With CO as the first substrate, ACS
apparently initiates catalysis from the
“closed” state as CO moves through the
channel and binds to nickel.
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