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Both, zinc and copper play important roles in human metabolic processes. In humans, zinc (Zn) is required directly for the
chemical catalysis and/or maintaining the structure of nearly 10%  of total body proteins. It plays a significant role not only in
immune defence but also takes part in DNA and protein synthesis, growth and development throughout the life span as well
as in tissue repair. On the other hand, copper (Cu) is crucial to strengthen the skin, epithelial tissue, connective tissue and
blood vessels. Cu helps to increase the level of haemoglobin, melanin and myelin in our body. Both of these trace metals
possess antioxidant like properties. However, it is necessary to balance the optimal concentration of Zn or Cu in blood se-
rum to avoid the associated organ damage. Excess zinc intake increases the incidence of chronic kidney disease (CKD) which
is harmful to normal renal function and thus elevated the risk of prostate cancer. Similarly, the one and only reason for heart,
kidney and liver failure including Wilson disease is the excess amount of copper. Both of these trace metals are responsible
to deal with brain diseases. Thus, there are many “faces” of Zn and Cu in the maintenance of cellular network including
immunomodulatory regulation and infection prevention. Zinc appears to inhibit the enzymatic processes of viral protease and
polymerase, as well as different physical processes for instance virus attachment, inflammation, and viral uncoating. Ideally,
the clinicians should monitor zinc status of the individuals and advice for the supplements when necessary, otherwise defi-
ciency of these micronutrients could lead to the onset of severe secondary diseases.
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Introduction
It has been estimated that nearly two to four grams of

zinc (Zn) is distributed throughout the human body1. Even
though copper (Cu) is considered as the third most abun-
dant trace metal [next to iron and zinc], its total amount in
the human body ranges only between 75–100 mg2. Zinc and
copper ions are involved with numerous aspects of cellular
metabolism via electrochemical oxidation and reduction re-
actions. The proportion of copper to zinc is clinically more
significant than the concentration of both of these trace met-
als3. Like oxidation and reduction reactions in electrochemi-
cal cell, copper and zinc metal ions play similar role in pres-
ence of human cell plasma, where the electron movement
occurred in Zn and Cu through an electrically conducting

pathway as an electromagnetic wave – leading to a better
model for the cellular neurotransmission process.

Zn has versatile functions in physical improvement, en-
zymatic catalysis and signal transduction of biological sys-
tem. Under certain circumstances the attachment of zinc to
membrane is followed by binding with redox-active metals
(like iron and copper), not only but also zinc acts as an es-
sential component of both intracellular and extracellular Cu/
Zn superoxide dismutase (Cu/Zn-SOD). The behaviour of
zinc like an antioxidant is controlled by means of various
regulators such as NF-B, p53, AP-1, and some other enzy-
matic actions during cellular signal transduction at multiple
cell levels. Several studies have shown that Zn supplement
is helpful to improve the pathological conditions4.
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Zn is a crucial metal indispensable for proper assembly
and progress for functioning of nearly about 2800 macro-
molecules and more than 300 enzymes. Around 83% of zinc
proteins carry out enzymatic catalysis in prokaryotic organ-
isms5. Eukaryotic organisms also use Zn for various biologi-
cal purposes such as the regulation of zinc-related proteins
in catalytic reactions (47%), DNA transcription (44%), pro-
tein transport (5%), and signalling pathways (3%). Zn is es-
sential in stabilization of the membrane construction mecha-
nism, and it supports to maintain membrane integrity against
damages due to changes in osmotic potential, platelet ag-
gregation, and other progressions6. Subsequently, the ex-
tensive shortage of Zn is associated with several health con-
sequences for example weaknesses, growth and develop-
ment retardation while it is required for proper immune, re-
productive, and neurosensory systems4,5.

Importance of zinc in human biochemical reactions:
Zinc does not contribute to redox active reaction under

physiological conditions in contrast to other transition met-
als. It is designated as the second most abundant trace metal,
found in eukaryotes second only to iron. It operates as a
Lewis acid to receive a pair of electrons. Zinc remains as a
stable ion in an organic medium and it is reported to be a
perfect metal cofactor for reactions like proteolysis and the
hydration of carbon dioxide with the necessity of redox-stable
ion. The crystallization of insulin with zinc was the first proof
of Zn-proteins/peptides combination7, while the zinc finger
motif was first identified within the transcription factor TFIIIA
of Xenopus. Human genome encodes almost 10% of the
zinc proteins, which remarkably points out the physiological
importance of zinc in cellular biology. After the initial recogni-
tion of zinc from erythrocyte carbonic anhydrase, it has been
reported to appear within all six classes of enzymes defined
in the enzyme commission (EC). The functioning of several
enzymes, transcriptional factors, and other proteins shows
an essentiality towards zinc; there exists a possible interac-
tion between these proteins and Zn through  definite regions
like zinc-finger, LIM, RING finger domains etc. In the interior
part of protein structure, zinc is coordinated by nitrogen, oxy-
gen, and sulfur atoms with distinct coordination numbers8. It
is suggested from zinc proteome analysis that nearby 9% of
proteins in eukaryotes are zinc proteins with the number sig-
nificantly enhanced in higher organisms. The number of zinc-
binding motifs in zinc proteomes is governed by the intramo-

lecular zinc binding sites although it is a difficult task to rec-
ognize them9.

Physiological role of  zinc in immune homeostasis:
The essentiality of zinc was first predicted in the year of

1869 while studying the growth of Aspergillus niger. At length
of time, consistent growth of plants, rats and birds was found
to be regulated by an indispensable role of Zn. Subsequently,
different hazardous problems like immune deficiency, diar-
rhoea, alopecia, brain dysfunctions, uncoordinated healing
process of wound, loss of appetite, liver disease, chronic
inflammation, certain neuropsychological abnormalities such
as emotional instability, irritability, and depression etc. are
triggered by zinc deficiency, although up to 1961, zinc was
not considered as a vital micronutrient for human body. Maxi-
mum zinc deficit cases are identified from the elderly, vegans/
vegetarians people or the individual with chronic diseases
like lymphopenia, liver cirrhosis or inflammatory bowel dis-
ease, defective lymphocyte responses from the developing
countries like Africa and Asia while its global approximation
varies from 17% to 20%. Mainly, zinc tends to be accumu-
lated in the skeletal muscles and bones10. So, for the main-
tenance of proper Zn-balance in our body, zinc intake is nec-
essary in our diet on a daily basis keeping it in mind that
excess may be harmful. Different health related aspects like
eye lesion and wound in skin, disorder in taste, alopecia,
impaired immune function, deceleration in growth may arise
from zinc deficiency while the excessive Zn-intake shows
toxicity such as nausea, vomiting, fever, headaches and
chronic kidney disease (CKD). Zinc supplementation is po-
tential enough to reduce the occurrence of pneumonia in
children from developing countries, diarrhoea, infections and
to improve immunity11. It is also useful in boosting the growth
of children and in reducing impaired vision as well as the
muscle atrophy12. Zn also successfully reduced the time scale
of symptoms caused by rhinovirus. Herpes simplex virus
(HSV) infection can be effectively treated with zinc sulfate13.
Infection caused by rhinovirus can be successfully inhibited
by binding of zinc to virion. Reproductive cycle of HIV-1 vi-
rus14, vaccinia virus15, and polioviruses can also be hindered
with in vitro zinc treatment. It was evidenced that zinc at its
lowest concentration (10 M), showed 800-fold reduction in
RSV virus when studied in vitro. Zn transporters function as
intracellular signal transducers and Zn also acts like a
neuromodulator in synaptic transmission. Zn homeostasis is
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maintained by a number of Zn transporters which signifies
proper cellular functioning.

Zinc homeostasis in human body:
There are two different types of intracellular zinc pools (i)

protein-bound zinc and (ii) loosely bound Zn2+ i.e. “free” zinc.
Very small amount of zinc exists as free-zinc ions due to
toxicity of zinc within cells and majority of zinc belongs to the
first type. Mature human body possesses nearly 2–3 g zinc.
Skeletal muscle cells can store upto 60% zinc, nearly 30%
zinc is accumulated in case of bone cells, 5% in the cells of
liver and skin while the rest 2–3% in other tissues. Less than
1% of the total body zinc is derived from blood serum. The
albumin protein combines loosely with nearly 80% of serum
zinc and the other 20% is tightly combined with 2-macro-
globulin protein16,17. Human body can adjust with a ten-fold
increased Zn, consumed on a daily basis for the maintenance
of homeostasis. Almost, nearly 0.1% of the whole Zn is added
in regular diet (breast milk for children). The strict regulation
of Zn absorption from food mainly occurs in the duodenum
and jejunum; the absorption rises up to 90% when there is
inadequate accessibility of dietary Zn. In case of excess Zn
intake, it is released from the gastrointestinal tract and is
also discarded through shedding off mucosal epithelial cells18

and renal excretion19. Generally, in mammals, over 30 pro-
teins, together with ZnT and ZIP transporters, function prop-
erly to maintain systemic zinc homeostasis; however, hu-
moral mediators have not been recognized in case of zinc
mediated metabolism (Fig. 1).

Distribution of zinc within cell:
Nearly 50% zinc is distributed within cell cytoplasm, 30–

40% in nucleus and 10% in membrane20. Total cellular zinc
concentration varies between 10–100 m range while the
cytosolic concentration fluctuates between picomolar and low
nanomolar range. In case of intracellular organelles, mito-
chondrial free zinc concentration have been quantified as
0.14 pM21, 0.2 pM concentration have been reported from
mitochondrial matrix22, 0.9 pM from ER, and approximately
0.2 pM from the Golgi23, although elevated level of zinc (~300
pM and 5 nM) concentrations have been reported from mito-
chondria and the ER24. So, the zinc balance is maintained
through a complex sequence of uptake, distribution, stor-
age, and efflux along with a central role of ZnT and ZIP trans-
porters at cellular and subcellular level. Both of these trans-
porters cause movement of zinc between vesicles and or-
ganelles of cell cytosol, leads to buffer disorder, a condition
which is termed as “buffering” and “muffling”25.

Distribution of zinc within cellular vesicles/granules:
Excess amount of labile zinc is considered as chelating

agent due to its accumulation within cells and tissues. Re-
lease of zinc from synaptic vesicles is predicted within the
range of approximately 100 to 300 M. Beside, soft tissues
(200 nmol/g wt on average), zinc tends to be aggregated
within the tissues of prostate gland at a 3- to 15-fold higher
range than the range reported from other26. However, a
massive reduction of higher zinc level found in prostate can-
cer and carcinoma is an indication of its significance in meta-
bolic activity of prostate gland. Accumulation of higher con-
centration of zinc within the -cells of pancreas is manda-
tory for crystallization of insulin molecule. Correspondingly,
higher zinc content is also reported from GH containing
dense-core secretory granules of anterior pituitary cell line,
epithelial and myoepithelial cells of submandibular salivary
gland, sperm cells, exocrine cells of pancreas, pigment epi-
thelial cells of retina, paneth cells of intestine and mast cells.
Various processes occur within subcellular compartments due
to zinc accumulation. At the time of meiotic maturation from
prophase I to metaphase, higher amount of zinc is introduced
and concentrated within the cortical granules of oocytes,
necessary for growth detention following meiosis I. During
egg activation, accumulated zinc is discarded from the oo-
cyte to reduce zinc bioavailability immediately after intracel-
lular calcium oscillations, termed as “zinc spark”27. Zinc also
tends to be aggregated within subcellular compartments
during specific pathological situations.

Fig. 1. Schematic representation of immuno-physiological effect of
Zn homeostasis in cell.
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Metallothionein and MTF-1 – storing house of zinc within
cytosol:

61–68 amino acids together with 20–21 cysteines form
MTs, which can combine up to 7 equivalents of zinc as well
as another metal cations with a valence of two. 5–15% of
zinc is tied up by MTs located in the cytosol. Approximately
12 MTs from humans and 4 MTs from mice are reported. In
case of mammals, the MT molecule is divided into two zinc
binding domains:  and  domains. MTs also serve as zinc
acceptors and donors. In the promoter region of MTs excess
zinc can tie up metal-response element-binding transcrip-
tion factor-1 (MTF-1) and metal response element (MRE, 5’-
TGCRCnCGGCCC-3’)28 leading to a significant increase in
MT-I and MT-II expression in mice. In vertebrates MT genes
are induced in response to zinc by metal-responsive tran-
scription factor-1 (MTF-1) comprising 6 C2H2 zinc finger motifs
which show a significant contribution towards zinc sensing
and metal responsive transcriptional activation. Zinc finger
motif also acts as DNA-binding domains with increased level
of cellular zinc. MTF-1 maintains zinc homeostasis to increase
the transcription of host genes – MTs, ZnT1, and ZnT228–30,
which are related with the reduction of zinc induced toxicity
as well as additional suppression of a set of genes such as
zinc transporter ZIP10. But in later situation, Pol II move-
ment is physically spoiled. MTF-1 is indispensable for liver
development of embryo.

Antiviral effect of zinc:
Several in vitro studies have suggested the antiviral na-

ture of zinc where concentrations are necessary for the mea-
surement of antiviral activity. Antiviral zinc concentrations can
extend upto mM concentrations whereas human plasma zinc
concentration ranges between 10–18 M. The antiviral po-
tency of zinc depends on its availability although it is defi-
nitely virus-specific (Fig. 2). The details of antiviral effects of
zinc are given below:

Herpesviridae: Restriction of the protein ubiquitination
pathway can inhibit the herpes simplex virus reproduction
and a reduction in NF-B activity accompanied by zinc iono-
phore pyrithione. Remarkably a decreased repetition as well
as extent of disease outbreak was revealed from the perfor-
mance of several relevant zinc application studies in hu-
mans31,32. The effectiveness of recent implementation, along
with in vitro studies indicates the coating of entire HSV virus
particle by unbound zinc to prevent infection. Mechanisti-

cally, zinc ions retard Human alphaherpesvirus 3, usually
referred to as the varicella-zoster virus by their in vitro inac-
tivation. Both HSV and Varicella-Zoster virus, the members
of Alphaherpesvirinae subfamily, are genetically related, and
possess identical inhibition strategy.

Picornaviridae: Before 1980, it was revealed that zinc can
inhibit picornavirus, encephalomyocarditis virus (EMCV),
poliomyelitis causing virus – poliovirus, foot and mouth dis-
ease virus (FMDV). In case of coxsackievirus B3 which be-
longs to picornaviridae family, zinc hinders the autocatalysis
to encode 3C protease from its precursor 3CD protease to
inhibit viral polyprotein processing33. Zinc seems to bind and
alter the viral polyprotein tertiary structure of EMCV33.

Flaviviridae: Flaviviruses are mainly transmitted by in-
sects. Mosquito-borne diseases caused by dengue virus and
West Nile virus, as well as the hepatotropic virus such a hepa-
titis C virus are grouped under flaviviridae family. In vitro stud-
ies confirmed the diminished level of HCV replication (mainly
inhibition of HCV RdRp) (approximately 50% by 100 M
ZnSO4) by zinc salts; however, in case of E. coli, the IC50
value is near about 60 M34.

Togaviridae: Togaviruses mainly involve the viruses which
are transmitted by arthropod vectors like mosquitoes in
the Semliki forest, Western equine encephalomyelitis caus-
ing agent, and Chikungunya virus. Receptor-mediated en-
docytosis, with the subsequent virus and endosomal mem-
brane fusion, as well as the release of new virion particle
into the cytoplasm are the steps involved in viral replication.

Fig. 2. Schematic representation of the mechanistic approach of Zn
as antiviral agent.
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Zinc has been revealed as an efficient inhibitor of Semliki
forest virus and sindbis virus’s membrane fusion using lipo-
somal vesicle35, RBCs36, and BHK Strain 21. To inhibit mem-
brane fusion step of viral replication process, at low
endosomal pH, zinc ions form a complex with one (i.e. enve-
lope glycoprotein 1) of the two enveloped glycoproteins of
virus through specific histidine residue37.

Retroviridae: Viruses belonging to retroviridae family are
identified on the basis of their capability for the transcription
of RNA into DNA utilizing reverse transcriptase (RT) and there-
fore permitting incorporation of new DNA into the host cell
genome. The integrated genome of virus called provirus within
host cell DNA thus becomes the major barrier to virus heal-
ing pathway specifically for HIV-1, with the production of spe-
cific infection within host deprived of any symptom i.e. re-
mains dormant. It is well established that there is a correla-
tion between the cellular concentration of Zn ion and CD4+ T
cells count in HIV infection37. The inhibition of the HIV-1 pro-
tease38, and viral transcription was reported to be inhibited
by zinc. However, stimulation of zinc influx into monocytes
by HIV remains inconsistent.

Papillomaviridae: HPVs, the oncogenic viruses, can stimu-
late proliferation in basal epithelial cells, give rise to swell-
ing. Although cutaneous swelling is limited as well as non-
dangerous, genetic variants of HPV (HPV-16 and -18) are
the main source of cancer that occurs in the cells of
the cervix39. E6 and E7 genes of HPV encode oncoproteins
and both of them are important components for cell prolif-
eration and apoptosis by reviving the degeneration of tumour
suppressor’s p53 and pRB, respectively40. Although nuclear
zinc appears to boost up HPV replication, treatment with
exogenic zinc (CIZAR, zinc chloride and citric acid anhydrous)
can successfully prevents construction of E6 and E7 genes
and regain the role of tumour suppressor’s p53 and pRB
causing cell death of cervical malignant cells. Although down
regulating mechanism of E6 as well as E7 expression by
zinc is unknown, but zinc induction may lead up to a barrier
in different part of viral life cycle.

Zn-Cu homeostasis in health:
It has been reported that a competition between copper

and zinc absorption occurs in small intestine41. After binding
with protein metallothionein, both of these elements are ab-
sorbed by the cells facing the small intestine. Over expres-
sion of metallothionein production in the enterocytes is due

to Excessive zinc ingestion. After tie up of zinc or copper
with metallothionein, its movement through the enterocyte
gets blocked. Zinc absorption is regulated by stimulating the
synthesis of this protein. Copper possesses a higher affinity
for metallothionein than zinc42 and so it displaces zinc from
metallothionein and thus undergoes a preferential binding to
the metallothionein, with leftover in the enterocytes; when
the intestinal cells are discarded, they lost in faces. Thus,
due to mucosal blockage zinc gives rise to a negative cop-
per balance. Failure to mobilize adsorbed Cu from the intes-
tinal cells forms the basis of Menkes syndrome. High doses
of zinc given for a longer period in patients, causes an ab-
normality with Wilson disease which is decreased by the in-
corporation of Cu into ceruloplasmin by the reduction in bil-
iary excretion of Cu43. Myeloid hyperplasia has been shown
in the bone marrow due to zinc-induced copper deficiency.
Oral zinc ingestion causes suspiciously high toxicity com-
parative to copper – a process to influence copper deficiency.
In case of humans, multiple antagonistic side effects involve
a reduction in copper-dependent enzymes for instance su-
peroxide dismutase, ceruloplasmin, and cytochrome c oxi-
dase; fluctuations in immunological constraints, cholesterol,
and its lipoprotein distribution.

Zinc and copper are the most important element which
act as ion cofactor in receptors, proteins, different enzymatic
reactions and hormones44. This Zn-Cu duo can reduce the
oxidative stress by stimulation of metallothionein synthesis
to form structural ions of SOD45–47. This duo has the essen-
tial role in redox potential mechanism and their imbalanced
ratio may be the main cause for an improved susceptibility to
oxidative damage48–50, although acute Zn depletion causes
a decrease in innate and adaptive immunity, chronic insuffi-
ciency with increased inflammation51. Contrarily, excess Cu
may be related with an inflammatory response, though it is
not clear whether copper has pro-oxidant or antioxidant like
effects. Deactivation of unbound radical as well as preven-
tion of associated damage promoted by the antioxidant prop-
erties of copper. In opposition to that, unbound radical in-
duced cellular damage may be triggered by the pro-oxidant
like behaviour of copper. This is because ceruloplasmin, as
the key copper-containing protein, has been exposed to act
both as an antioxidant and pro-oxidant in different situations52.

Maintenance of the dietary ratio of copper-zinc is very
important as higher intake of Zn can affect Cu absorption
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and the raised levels have been reported to introduce a nega-
tive impact on health status. Zinc acts as a signalling mol-
ecule to promote different types of cellular proliferation and
growth. If the Zn level decreases with the increased level of
Cu, intracellular and extracellular anti-oxidant defence mecha-
nism will be highly affected. According to a research, meta-
bolic and endocrine alterations with enhanced aging might
be an indication of “survival” reactions to genotoxic stress
that could stimulate tumorigenesis53.

Physiochemical effect of Zn on COVID-19:
Since December 2019, there was a rapid outbreak of a

virus named as severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), causing coronavirus disease-
19 (COVID-19) to almost every country of the world. But until
now there is no inhibition strategy to keep control of SARS-
CoV-2 infection due to lack of approved vaccines or pharma-
ceutical therapies. Due to the role of zinc as immune modu-
lator in infection as well as its nature like antiviral agents, it is
regarded as one of the optional treatments for COVID-19.
Inhibition of proteolytic processing of replicase polyproteins
by Zn was reported previously. In fact, it was shown that zinc
can inhibit the RNA dependent RNA polymerase (RdRp) ac-
tivity of Hepatitis E virus. Moreover, it was also shown that
zinc ionophores blocked coronavirus RdRp activity as well
as coronavirus replication54. Chloroquine (CQ) and
hydroxychloroquine (HCQ), which are generally prescribed
for the treatment of malaria and associated inflammatory
conditions, might be an alternative tactic because both of
these drugs behave like weak bases with an elevated pH
level and tend to accumulate within endosomes, lysosomes,
or golgi vesicles55. In case of SARS-CoV-2, during the repli-
cation procedure within host cell, specifically the increased
pH of lysosomes, could restrict the pH-dependent phases
like membrane fusion and viral uncoating. This elevated pH
within intracellular compartments seems to inhibit SARS-CoV-
2 replication, because it requires acidification of endosomes
for appropriate functioning. Therefore, it is assumed that an
inhibiting effect of CQ and HCQ might be important for the
treatment of SARS-CoV-2 infected patients. Earlier findings
revealed that chloroquine as a zinc ionophore, increases Zn2+

flux into the cell56. Treatment with zinc supplementation with-
out chloroquine shows some positive effects in treatment57.
Theoretically, such effectiveness of Zn with substantial lower
toxicity may also be detected by means of additional zinc

ionophore activity of quercetin and epigallocatechin-gallate58.
Targeting Zn ions in viral protein structure is another approach
for modulation of COVID-19. Zn helps in protein destabiliza-
tion of MERS-CoV and SARS-CoV59. Zn-ejecting agents (e.g.
antialcoholism drug disulfiram) may be used as potential
antiviral agents for SARS-CoV-2 treatment by ejecting
Zn2+ from the predicted target site to inhibit viral replication.
SARS-CoV-2 utilizes angiotensin-converting enzyme 2
(ACE2) for entry into host cells. So, modification of ACE2
receptor was also thought as the potential therapeutic strat-
egy in COVID-19. It is also reported the susceptibility of 100
M zinc to reduce the activity of recombinant human ACE-2
in rat lungs. The consequence of zinc on SARS-CoV-2 and
ACE2 interaction appeared to be only imaginary even though
this concentration is close to the physiological values of total
zinc60. Impaired mucociliary clearance caused by HCoV
229E, induced ciliary dyskinesia although neither HCoV 229E
nor HCoV-OC43 infection triggered a substantial reduction
in ciliary beat frequency. Improvement of length of cilia from
bronchial epithelium of Zn-deficient rats61, as well as in-
creased ciliary beat frequency was boosted by Zn supple-
mentation. We therefore postulate that zinc supplement will
enhance nCoV-2019 induced dysfunction via mucociliary
clearance.

Conclusion
There is a well-organized system within human body for

proper management and regulation of vital trace metals. But
once this system fails to operate accurately, anomalous lev-
els of trace metals can be a significant threat to human health.
Zinc as a vital trace element, performs many fundamental
activities of cellular metabolism, significant to all forms of
life. Generally, over 300 enzymes possess the essentiality
of zinc for their proper functioning. This trace metal is also
assisted with improved immune mechanism, faster wound
curing, synthesis of DNA or protein and cell division. The
antioxidant like properties of zinc may defend against faster
aging. On the other hand, copper permits many critical en-
zymes to function properly and thus achieves an important
place in metabolism. It basically maintains the firmness of
skin, blood vessels, epithelial and connective tissue all over
the body. It also takes part in the production of hemoglobin,
myelin, melanin and collagen. Copper behaves both as an
antioxidant and a pro-oxidant. Zinc acts like an intracellular
signalling molecule with an important role in cell-mediated
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immune response and oxidative stress. At the same time,
zinc deficiency is the cause of many long-term illnesses which
is needed to be altered to evade complications. Different types
of diseases can be prevented with supplements, and at the
same time certain types of medications cause disturbed Cu
and Zn concentrations which may results in onset of other
diseases. Therefore, it is very much necessary to keep a
well-maintained balance between Zn and Cu than their indi-
vidual concentration in blood serum.
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