
ABSTRACT:
Copper (Cu), is an essential trace element. Along with lead, arsenic, mercury, cadmium etc. it is classified as a member
of heavy metal group. Deficiency of copper is involved in the etiology and promotion of many disease processes related
to gastrointestinal and neurological   systems as well as affect functions of heart, blood vessel, pancreas etc. Deficiency
of copper in early part of gestation can produce major organ malformations in the developing fetus and this in turn if
persistently present can lead to neurological as well as immunological abnormalities in the newborn. Conversely presence
of enormous concentrations of copper is also a great danger for the human health. Acute copper toxicity predisposes to
various pathological conditions and can cause death in severe cases. Chronic exposure to copper produces anemia, liver
toxicity and severe neurological defects.
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INTRODUCTION:
Heavy metals like lead, arsenic, mercury, cadmium, copper
etc. are environmental pollutants and are vastly used in
industries. These metals have become a major cause of
diseases in human beings1. The word Copper (Cu) has been
derived from roman word “cyprium” probably because of
the presence of a large number of copper mines in Cyprus.
Copper is a red colored natural metal dispersed in the whole
environment surrounding us. The crust around the earth has
nearly fifty parts of copper per million parts of soil (ppm).
It is an important and necessary metal for all living beings
inclusive of plants, animals and mankind but only if consumed
at lower levels. Toxic effects are liable to occur at high
levels. Copper sulfate is the most commonly used form of
copper compound. Copper is usually utilized as a metal but
it`s alloys are also available for example brass and bronze
etc. It is used in the manufacture of wires, metal sheets,
pipes and other products of metals. In agriculture copper
compounds are used to treat various plant diseases. They
are also used for water treatment and as preservatives for
wood, leather, fabrics etc2.
Copper belongs to Group I-B of the periodic table. There
are 04 different forms of copper , Cu (O), Cu (I), Cu (II),
and Cu (III). Prolong exposure to copper can produce allergic
rhinitis, lacrimation, photophobia and excessive salivation.
Various central nervous system, gastrointestinal and renal
problems can arise due to copper. Production of copper in
industries produces fumes, dust particles and mists and can
promote nasal mucosal atrophy. Prolong exposure to copper
in high doses may cause Wilson‘s disease characterized by
development of Kayser-fleischer ring due to corneal accumu-
lation of copper.3

The environment around us that is water, air, soil and even
food may have heavy metal contaminants including that of
copper. It is the contact of these agents with the human
beings that is important4. Environmental pollutants enter
human body through respiratory tract, skin contact and
ingestion via mouth etc5. Humans are exposed to copper
mainly by consumption of contaminated food and drinking
water. Copper pipes can be an important source of water
contamination. Agriculture lands near the industries and
highways, foods rich in copper like seafood, mushroom,
seeds, nuts, pulses, dried fruit, goat cheese, fermented soy
foods are other sources of exposures6.
METHODOLOGY:
Literature search was done utilizing search engines of Google
and Google Scholar. Filter used are literature search duration
1997-2018, human studies, review article, original articles,
guidelines. Key words and phrases used are copper trace
element, heavy metal copper, pharmacokinetics of copper,
pharmacodynamics of copper, biological effect of copper
deficiency, health hazards of copper, analytical techniques
for copper evaluation in humans. A total of 56 articles are
selected for write up of this review.
LITERATURE REVIEW:
Copper (Cu), is an essential trace element. Along with lead
arsenic, mercury, cadmium etc. it is classified as a member
of heavy metal group. Deficiency of copper and conversely
presence of excessive amounts in the body both situations
are detrimental for human health. Acute toxicity of copper
predisposes to various pathological conditions and can cause
death in severe cases. Chronic exposure to copper produces
hepatotoxicity and neurological problems. Most of the copper
compounds vividly bind to dust particles or they may be
embedded in mineral component of rocks and soil. Copper
gains entrance into the human body through drinking water
or through respiratory tract upon inhaling dust particles that
contains copper. Copper can also affect human beings in an
indirect manner by dissolving in water. This soluble form
of copper in water may be used in cultivation of plants or
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for rearing cattle and other animals and is really threatening
our health. Upon release into lakes and rivers soluble copper
compounds becomes attached to particles in water,
approximately in one day and remain suspended for prolonged
periods of time. The concentration of copper in air ranges
from a few nanograms in a cubic meter of air (ng/m³) to
about 200 ng/m³. This concentration may reach upto 5,000
ng/m³ in the vicinity of copper smelter industries. People
residing or working near mines of copper or industries that
use copper metal are exposed to increased amounts of copper
in the form of copper dust. The average concentration of
copper in tap water ranges from 20 to 75 ppb. However,
many households have copper concentrations of over 1,000
ppb. When water sits in the pipes overnight the copper
present in pipes dissolves in water and thus makes this
drinking water polluted for use. We can reduce the
concentration of copper by letting water flow for about
fifteen to thirty seconds from the tap before using it for any
purpose. Copper concentration in lake water and river water
varies from 0.5 to 1,000. Copper present in gardening
products for treating diseases in plants is still another source
of predisposition for humans. They may come in contact
with skin and may be swallowed accidentally. Soil generally
contains 2 to 250 ppm copper however up to 17,000 ppm
have been found near copper and brass industries. Copper
dust and waste from copper smelters, grinding, welding and
mining industries as well as sludge from sewage treatment
plants accounts for high concentrations of copper in the soil
around the industrial areas thereby affecting people living
in the locality. Workers in these industries are exposed to
copper by either inhaling dust contaminated with copper or
by absorption of copper from epidermal layer of skin.  Air
borne exposure to copper at workplace must be regulated
to reduce harmful effects to humans7.
Pharmacokinetics of Copper
Absorption of copper occurs from stomach and upper
intestine. It varies from 15–97% and  depends upon the
component of copper present in the consumed dietary
amount8. Zinc and cadmium inhibit absorption of copper
presumably by competitively affecting the transport  of
copper  or  by increasing the level of  metallothionein in the
intestines. Conversely bioavailability of copper is reduced
by fructose and other carbohydrates, dietary cellulose fiber
and phytates9. Copper binds to albumin, glutathione, and
amino acids in the portal blood after being released from
intestinal cells into the serosal capillaries. In the liver, copper
is either incorporated into copper dependent proteins or is
excreted into the bile10. Liver   regulates copper release and
maintains homeostatic control on the extrahepatic distribution
of copper11,12. More than 95% of the copper found in plasma
is present in a serum ferroxidase called as Ceruloplasmin.
This sialoglycosylated oxidase protein contains 07 atoms
of copper. Ceruloplasmin activates mobilizable stores of
iron present in the specific cells and bring about the release

of iron13. Copper is mainly eliminated through bile and is
responsible for most of the  component of copper present
in the feces. The remaining component is obtained from
copper which is either not absorbed or is obtained from the
desquamation of mucosal lining cells. Copper transportation
through hepatobiliary tract follows a saturable kinetics
pattern. This is evident from the fact that copper elimination
in the bile does not increments proportionately with the dose
following intravenous administration14.
Pharmacodynamics of Copper
Copper play an important role in many oxidative processes
in the human body such as produced by oxidases, cytochrome
oxidase, metalloenzymes etc. In case of copper deficiency
the function of these enzymes becomes erratic and thus may
cause various diseases specially anemia15,16. Copper may
also produce glucose -6-phosphate deficiency and hence a
high risk of hematologic diseases17.  Copper forms
metalloprotein that is metallothionein and cytosolic copper
chaperons. It activates copper-binding proteins in small
peptides like albumin, ceruloplasmin, glutathione18. Copper
undergoes entero-hepatic circulation and is excreted primarily
in bile. It acts as catalyst in metabolic reactions and
predisposes to mutations19,20,21. The copper/ zinc superoxide
dismutase enzyme found in the brain, blood,, liver, lung,
and thyroid is responsible for provision of protection against
oxygen toxicity22,23.
Copper toxicity is dependent on the ability of copper ions
present in free form to catalyze the formation of reactive
oxygen species such as superoxide and hydroxyl ions.
Functioning of hepatic cytochrome P450 enzyme system is
affected by copper ions. These ions bind and oxidize the
cysteinyl containing residues of monooxygenase enzymes
which are components of CYP450 system24. Increase in the
levels of copper causes oxidative damage and alterations in
the function of cell membranes, peroxidation of lipids,
inhibition of receptors, abnormalities in  liver functions,
decline in fluidity, changes in the enzymes function and
ionic permeation25. The dietary allowance of copper varies
according to age, pregnancy, lactation, and for adults26,27.
In born errors of Copper metabolism
(1) Menkes Disease: John Menkes a physician in 1962
described this disorder for the first time. It is an X-linked
syndrome that has a frequency of about 1/200,000 live births.
Boys are affected primarily by this disease but few girls
have also been documented to be affected28. There is severe
deficiency of copper which causes death in early years of
childhood. Development and growth of brain requires certain
enzymes which need copper for proper functioning and
deficiency of copper is hence accompanied by severe
neurological abnormalities. There is hypo-pigmentation of
hairs due to lack of melanin being caused by deficiency of
enzyme tyrosinase. Deficiency of cuproenzyme is also
present so cross-linking of keratin does not occurs and the
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hair appear steely, brittle and kinky therefore also named as
“kinky hair disease.” The activity of cytochrome c oxidase
enzyme is suppressed which causes severe neurological
defects including mental retardation. Death commonly occurs
in children before they reach the age of ten years. Diagnosis
at an initial stage and prompt management of these individuals
usually fails to defer or delay death. Absorption of copper
does occurs from small intestine but there is fault in pumping
out of absorbed copper into the vascular tree, liver and to
other parts and organs29,30.
(2) Wilson Disease: It is also named as hepatolenticular
degeneration. It is an autosomal recessive inherited disorder
of copper transport that involves chromosome 1331,32. It is
characterized by poor copper inclusion into ceruloplasmin
and impaired elimination of copper in the bile. There are
mutations in the enzyme Wilson copper ATPase which in
turn produces alteration in the function of this enzyme. The
resultant accumulation of large amounts of copper in the
liver and brain causes dysfunction of these organs. Other
organs like kidneys, eyes etc. are compromised to a lesser
extent. The estimated incidence of Wilson disease is
1/30,00033. The age on onset is 3 to 50 year. Patients with
Wilson disease may present commonly with features related
to hepatic, neurologic, or psychiatric problems. Hepatic
features may be similar to acute hepatitis. They may be self
limiting or can progress rapidly to fulminant hepatitis.
Conversely picture may be of chronic active hepatitis or
cirrhosis with hepatic insufficiency. Deepening jaundice,
encephalopathy, clotting abnormalities, intravascular
coagulation, hemolytic anemia and renal insufficiency may
also be present. Death occurs in untreated cases. Copper
accumulates in the liver cells, which undergo lysis if capacity
is exceeded thereby releasing the metal into the circulation
and promoting accumulation in the tissues other than liver.
Damage is mainly produced in the region of lenticular
nucleus comprising of putamen and globus pallidus and is
exhibited as neurological features. This is characterized by
tremors particularly in arms and hands, dyskinesias and
behavioral alterations. Copper deposition at the outer rim
of the iris produces characteristic rusty brown rings in the
eyes called as the Kayser-Fleischer rings.  Ninety percent
of patients with Wilson disease develop such rings34.
(3)  Other Copper-Related Hereditary Syndromes: Indian
childhood cirrhosis (ICC) and idiopathic copper toxicosis
(ICT), or non-Indian childhood cirrhosis are the other copper
related hereditary syndromes35. Both syndromes have genetic
predisposition and increased copper levels. In cases of ICC
excessive copper ingestion is caused by heating or storing
milk in copper or brass containers. In ICT excessive  amount
of copper is present in the drinking water supplies and is
the causative agent that in turn produces elevated copper
levels in the patients36.
Biological effects of copper
It is reported that ingestion of copper salts 20–70 gm intent-

ionally or accidentally produces  features as headache,
dizziness, abdominal pain, nausea, vomiting, diarrhea,
increased heart rate, difficulties in respiratory process,
hemolytic type of anemia, presence of blood in urine,
moderate to severe  GIT bleeding, hepatic and renal failure
and death. Acute Exposure can occur after single or repeated
intake of drinking water containing copper usually above
3–6 mg/L. It produces predominantly features of acute
gastrointestinal upset such as nausea, vomiting stomach
irritation. Allergic features may develop in sensitive individ-
uals upon dermal exposure. High  copper level in air produces
elevated serum copper levels and hepatomegaly in workers
of mining and smelting industries. Copper -T and multiload
are used as intrauterine devices to prevent conception. It act
by producing metal toxicity to sperm and inhibits implantation
of blastocyst in the uterine endometrium as well as by
inhibiting embryonic development. It has been documented
that chances of spontaneous abortions are quite high in
untreated females having Wilson disease.37Chronic deficiency
of copper in infants and children produces features related
to low RBC and WBC count. It also produces abnormalities
of bone-marrow which subsides with supplements of copper.
Copper is essentially involved in the synthesis and maturation
of bone tissue, blood cells and also takes part in the
neurological development. It also plays a vital role in the
functions of cardiovascular and immune systems besides
being involved in the process of lipid metabolism. Copper
deficiency is commonly seen in babies and infants having
low weight at birth and in children administered nutrition
through parenteral route. Hypochromic, normocytic or
macrocytic anemia with low copper plasma levels is
produced. It is refractory to iron therapy and is readily
reversed by copper supplements. There is defect in iron
mobilization caused by decreased ceruloplasmin - ferroxidase
I activity. Bone abnormalities are produced in low-birth-
weight infants and young children that are similar to scurvy.
Alterations in clotting factors, bone metabolism markers,38

oxidant status, enhanced chances of infections, hypo-
pigmentation of hair,  osteoporosis, fractures of  bone, abno-
rmal bone growth  etc. may also be produced. Besides
genetically sensitive populations infants with low weight at
birth and  on cow’s milk feed, pregnant  and nursing women,
patients on nutritional therapy through parenteral route,
patients having malabsorption problems and chronic diseases,
diabetics,  alcoholics, elderly, athletes39,40. vegetarians and
persons with eating disorders are also susceptible to develop
copper deficiency41.
Analytical technique
Deficiency as well as elevated level of copper both increases
risk to human health42. Copper is present in blood, urine,
feces, hair, and nails. Copper level can be measured in these
samples by specific tests which are not available usually at
the commercial laboratories as they require special equipment.
Research related to human health requires monitoring of
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metals in all biological matrices43. Samples are dissolved
and pretreated for both organic and inorganic matrices prior
to instrumental analysis. Spectrophotometry for determination
of metals is one of the most important tools in chemical
analysis of metals in biological samples44. Determination of
metal levels by atomic absorption spectrometry (AAS) as
mentioned above similarly requires a preliminary sample
treatment45,46. In AAS sample preparation involve digestion,
extraction and calibration by Certified Reference Material
(CRMs) of analytes. Conventional sample preparation of
organic materials for atomic absorption spectrometric analysis
involves solubulization and or decomposition of the matrix
typically achieved by wet digestion or dry ashing techniques
using oxidative acids47. To estimate human exposure to
contaminants and their concentrations, blood is generally
used as a biomarker48,49,50,51.
Thus copper is essential to human health. Along with amino
acids, fatty acids and vitamins it is also needed for normal
reactions of metabolism taking place in our body. Copper
is not synthesized by humans therefore dietary sources must
supply this element. Adult body contains 1.4 - 2.1mg of
copper/ kg body weight. In the body copper activates enzymes
that act as catalysts. Apart from biochemical reactions copper
also provides help in the transformation of, development of
and elastin tissues cross-linkages, maintenance and repairing
of connective tissues52.
Copper is also documented to be important for cardiovascular
system and its deficiency predisposes to increased risk of
developing coronary heart disease. Excess amount of copper
in the body can be removed by utilizing specific chelating
agents. Conversely using zinc in large amounts is also said
to be beneficial. Brazilian nuts and cashew nuts, poppy and
sunflower seeds, chickpeas, liver oysters, cereals, beef ,
mutton, fish etc are potential dietary sources of copper.
Copper is also said to have anti-inflammatory, anti-ulcer
and anticonvulsive properties. Diet must provide adequate
amount of copper needed for the physiological processes of
the body. Overall trend of changes in the human dietary
patterns may result in inadequate copper intakes. Copper is
also required for normal and healthy growth of plants and
animals and this in turn can be beneficial to the humans
through the food chains53. Toxic effect of copper is produced
by its ability to incorporate and release electrons. This causes
production of reactive radical ions like. Copper is said to
be toxic when it is un-sequestered and un-mediated. This
ultimately produces oxidative stress that plays an important
role in various disease processes such as  in which copper
and zinc binds to. Excess level of copper are also associated
with the effects of aging process54, 55.
Copper is present in human body and this provides the proof
that it is essential for human beings. Diet devoid of copper
produces adverse effects that are reversible by administration
of copper supplements. Copper content in adults is 50–120
mg. Highest concentrations of copper are found in liver and

brain. Copper in liver is the main storage form however
copper content in the basal ganglia of the brain takes part
in the neurotransmitter metabolism. Intravenous nutrition
therapy without addition of copper produces copper
deficiency state that is exhibited as features of anemia,
neutropenia etc within few weeks of copper deprivation in
the patients56.
CONCLUSION:
Copper (Cu), is an essential trace element. Both deficiency
and elevated level of copper are detrimental for human
health. Acute copper toxicity can predispose to a number of
pathological conditions and even death in severe cases.
Chronic exposure to copper produces anemia, liver toxicity
and severe neurological defects.
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