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Zinc, as an essential metal, is necessary for the correct function of an organism. It is involved in biochemical processes
that affect the immune response of an organism, and it acts as a neuromodulator in the excitatory synapses of the brain.
Zinc is also applied in response to stressful stimuli. Zinc is an essential factor of gene expression and is important, at the
cellular level, in maintaining the integrity of the cell walls. It influences organism ageing. Zinc is relatively abundant in
nature, and it exists in a mineral form and rarely as a pure element. Zinc is used widely in industry and agriculture. In
industry, it is utilized mainly in the processing of other metals as protection against corrosion. In agriculture, it is used in
fertilizers and chemicals to produce pesticides. In certain areas affected by human activities, its concentrations increase,
and large quantities of this metal can get into the food supply. In this paper, we focus on zinc metabolism and homeostasis,
with an emphasis placed on the biological function of zinc. This study also deals with zinc deficiency and its effect on

health. We also touch on the excessive intake of zinc and its toxicity.
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INTRODUCTION

Zinc (Zn) is one of the most important nutrients for
animal health. Numerous proteins, crucial enzymes, and
transcription factors bind to Zn and are thought to be
dependent on Zn for their functions. Zn is involved in
many biochemical processes that support life. The most
important of these are cellular respiration, cellular use
of oxygen, DNA and RNA expression, maintenance of
cell membrane integrity, sequestration of free radicals,
and protection against lipid peroxidation. Zn is a trace
element that is a central component of metalloenzymes,
lactate dehydrogenase, carboxypeptidase, and DNA
and RNA polymerases. The human body contains
1.5-2.5 g of Zn, with 60% found in muscle and 30%
in bones (Fig. 1). The recommended dose of zinc is
11 mg/day for adult men and 8 mg/day for adult women
(Cousins, 1998; Brown et al., 2001; Erdman
et al., 2012 — see Table 1).
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Zn is an essential metal involved in many bio-
chemical processes, and it is associated with a wide
range of physiological defects, including disorders
of the skin, anorexia, weight loss, growth retarda-
tion, and impaired neurologic and immune systems.
Zn deficiency in children depresses growth, appetite,
skeletal maturation, and gonad development, which
can be reversed with Zn treatment. Zn deficiency also
causes alterations in the activities of some enzymes
such as ALP, copper/Zn superoxide dismutase (Cu-Zn
SOD), carboxypeptidases, DNA and RNA polymerases,
and lactate dehydrogenase (Cuajungco, Lees,
1997; Brody 1998; Frederickson et al. 2005;
Sun etal., 2011).

Zn is involved in the maintenance of gut structure
and function, and plays a vital role in gut immune
function. Zn deficiency causes villi of the jejunum to
become shrivelled and flattened. This change in mor-
phology decreases surface area absorption, and there
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was a substantial decrease in the number of villi per
unit area. Zn supplementation leads to an accelerated
regeneration of the mucosa and to increased levels of
brush border enzymes (Sun et al., 2011).
Nutritional Zn deficiency is a worldwide problem
(Fig. 2). The risk of inadequate Zn intake through
diet is greatest in Africa, the Middle East, and South
America. Insufficient intake of Zn is associated with
protein-energy malnutrition (Wessells, Brown,
2012). Zn deficiency is associated with metabolic
disturbances in a wide range of hormones, cytokines,
and enzymes involved in growth and bone devel-
opment (e.g. insulin-like growing factor-I (IGF-1),
growth hormone, thyroid hormone, insulin, prolactin,
alkaline phosphatase (ALP), and prostaglandins).
Inadequate Zn intake in both humans and animals has
been shown to cause growth retardation and delayed
skeletal maturation. ALP, a Zn-metalloenzyme found
on the surface of osteoblasts, is essential for normal
bone formation and/or mineralization. Bone-specific
ALP contains two Zn molecules per enzyme mono-
mer, and this enzyme-bound Zn is required for ALP
activity. Moreover, removal of Zn by chelation results
in an irreversible loss of bone-specific ALP activity.
Previous animal studies indicated that bone-specific
ALP activity decreased in the bones of Zn-deficient
rats. In addition, there is a dose-dependent relation-
ship between dietary Zn and skeletal ALP in the tibia
of adult female mice. Carbonic anhydrase 11 (CAII),
a Zn-containing enzyme that catalyzes the reversible
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Fig 1. The distribution of zinc in various tissues (Kambe et al., 2015)

hydration of carbon dioxide, is an initial regulator of
osteoblast differentiation, and is essential in optimal
bone resorption (Kukacka et al., 2008; Sun et
al., 2011).

Proteins for Zn transport, zinc finger proteins, and
metallothioneins (MTs) are all non-enzymatic zinc pro-
teins. Two protein families have been implicated in Zn
transport: ZnT proteins and Zip proteins. Dysregulation
in Zn transport via specific protein transporters has
been linked to specific diseases. MTs, a superfamily of
non-enzymatic peptides with low molecular mass and
a unique sequence of amino acids, play a significant
biological role in immunoregulation, neuroprotection,
metalloregulation, and detoxification (Ladomery,
Dellaire, 2002; Kukacka etal., 2008).

An overdose of Zn is not possible through a nor-
mal diet. In the cases where nutritional supplements
enriched by Zn are taken in high doses, the metabo-
lism of other metals may be disturbed; dietary Zn has
anantagonistic effect on Cu absorption. Animals given
low amounts of Zn retained more Cu than did animals
fed high levels of Zn (Fisher et al., 1981). When
Zn is taken in extremely high doses, it is absorbed
in the intestines at the expense of other metal ions,
and the amount of Cu, Fe, Co or Cr decreases. If this
continues unchanged, symptoms of anaemia can arise.
This means we must ensure a balanced intake of all
biogenic metals in order to prevent any distortion
of stability during penetration of the intestinal wall
(Ferguson etal., 1995; Brody, 1998; Brown
et al., 2001).

Zinc contamination of agroecosystems

Zinc, like other trace elements (Cu, Mn, Co, Ni),
enters an agroecosystem in two ways. The first way
is during the weathering of parent material that con-
tains high concentrations of minerals containing Zn.
The three main minerals that contain Zn are smith-
sonite (ZnCO,), sphalerite (ZnS), and hemimorphite
(Zn,Si,0,(0OH),*H,0). Basalts, for example, are igne-
ous rocks with high levels of Zn. Sedimentary rocks
with high levels of Zn are known as slates (Zhenli et
al., 2005). These minerals may rapidly weather under
the influence of specific environmental conditions.
Trace elements in them are oxidized and thus become
mobile (Shuman, 1991; Zhenli et al., 2005).

The second method of entry is through anthro-
pogenic activity. Anthropogenic processes include
the application of fertilizers, fungicides, herbicides,
pesticides, and pond sediments on agricultural land,
which contains levels of various trace elements includ-
ing Zn. For example, the application of agricultural
chemicals in orchards may increase Zn content by
5-9 kg/ha of land per year (Shuman, 1991; Zhenli
etal., 2005). Zn also enters agro-ecosystems via animal
excreta. Zn is an inorganic antimicrobial compound,
and in order to prevent excessive Zn in agricultural

14 SCIENTIA AGRICULTURAE BOHEMICA, 48, 2017 (1): 13-21



Table 1. The recommended daily intake of zinc by age and sex (Erdman et al., 2012)

Al (mg/day) EAR (mg/day) RDA (mg/day) UL (mg/day)
Life stage Age
Male Female Male Female Male Female Male Female
0-6 months 2.0 2.0 4.0 4.0
Infants
7-12 months 2.5 2.5 3.0 3.0 5.0 5.0
1-3 years 2.5 2.5 3.0 3.0 7.0 7.0
4-8 years 4.0 4.0 5.0 5.0 12.0 12.0
Children
9-13 years 7.0 7.0 8.0 8.0 23.0 23.0
14-18 years 8.5 7.3 11.0 9.0 34.0 34.0
Adults > 19 years 9.4 6.8 11.0 8.0 40.0 40.0
14-18 years 10.0 12.0 34.0
Pregnancy
19-50 years 9.5 11.0 40.0
14-18 years 10.9 13.0 34.0
Lactation
19-50 years 10.4 12.0 40.0

Al, adequate intake; EAR, estimated average requirement; RDA, recommended dietary allowance; UL, tolerable upper intake level.

land, EU legislation has limited Zn content in complete
feed mixtures to 250 mg/kg or 80 mg/kg in chelated
Zn (Comission Regulation (EC) No. 2316/98). Only
small portions of trace elements in soil are bioavailable.
Trace element mobility and accessibility are affected
by many chemicals and biochemical processes such
as dissolving in rainwater, adsorption—desorption,
complexation reactions, dissociation, and oxidation-
reduction reactions. Zn mobility is affected by soil
pH as well as various biological processes (Zhenli
et al., 2005).

Heavy metal pollution is a consequence of human
activity that affects all components of an ecosystem,
mainly the soil. Many authors have analyzed how
plants respond to this pollution and plant ability to
accumulate metal in different tissues (Berchova-

Bimova etal.,2014; Bfendova etal., 2015;
Szakova etal.,2016; Tlustos§ etal., 2016).

Zinc metabolism

Food is the main source of Zn. Relatively high
concentrations of this element are found in meat (es-
pecially beef and pork, but also turkey and chicken),
seafood (oysters are considered a great Zn source),
cereals, and legumes. Generally, animal-based foods
are a more preferable source of Zn than plant-based
foods. Animal-based foods contain hardly any com-
pounds that inhibit Zn absorption. Especially zero
phytate content is the important thing. Phytic acid
reduces bioavailability of Zn by forming insoluble
complexes together. The presence of certain amino

Fig. 2. Estimate of inadequate intake
of zinc from food in individual coun-
tries (Wessels, Brown, 2012)

<20%

20-30%

30-40%

SCIENTIA AGRICULTURAE BOHEMICA, 48, 2017 (1): 13-21

>40%

15



acids improves absorption of Zn, cysteine, and histi-
dine (Brown et al., 2001).

Zinc absorption

The main site of Zn absorption in animals is the
small intestine, where the distal duodenum and proxi-
mal jejunum play a key role. Zn absorption takes place
by two means: active and passive transport. Active
transport is carried out by specific transporters, and
its effectiveness increases with increasing dietary
Zn intake. Passive transport operates on a diffusion
mechanism, and its effectiveness is proportional to the
concentration of Zn in the intestinal lumen (Cousins,
1998; Krebs, 2000).

Zn absorption at the cellular level is a process of
entry into the enterocyte and Zn through the basolateral
membrane transports into the portal circulation. This
process is carried out using several proteins known
as zinc transporters (Cousins, 1998; Krebs, 2000).

Zinc distribution

Absorbed Zn is transported in the plasma bound
mostly to albumin (60-80%), less on a-2-macroglobulin
and transferrin, but also bound to free amino acids,
especially histidine and cysteine. Zn bound to plasma
proteins is the most freely available and easily avail-
able supply of Zn in the body, although it represents
only about 0.1% of the total amount of Zn in the body.
Blood contains five times more Zn than plasma. In
erythrocytes, 80% of Zn is contained in carbonic
anhydrase and Zn-superoxide dismutase (Cousins
et al., 20006).

Zn transported to the liver is later released into the
body. In hepatocytes, enterocytes, and other cells, Zn
is kept in custody on metalloproteins. Metalloproteins
include metalloenzymes, gene regulation molecules,
storage proteins, and zinc transporters. Zn in hepato-
cytes is primarily bound to MTs (Cousins et al.,
2000).

Zinc transporters

Zinc transporters are divided into two groups: ZnT
and ZIP. Forwarders group ZnT exports Zn out of the
cytoplasm. ZnTs are found mainly on the cytoplasmic
membrane, Golgi, endosome, and the endoplasmic
reticulum. This group includes ZnT-1, which is located
on the plasma membrane. This protein transports Zn
from the cell into the extracellular space in almost
all tissues. Furthermore, ZnT-2 also transports Zn out
of the cell, but it also has the ability to transport Zn
into storage vesicles in the cell (under conditions of
high concentrations of Zn in the cell). This function is
carried out mainly in the acinar cells of the pancreas.
Furthermore, it is located in the intestine, kidneys,
and testes. The ZnT-3 activity is associated with the

transfer of Zn to vesicles, and its expression is restricted
to the brain. This demonstrates the important role of
Zn in the central nervous system. ZnT-4 is located in
the mammalian glands and brain. ZnT-5 is localized
on the vesicles secretory cells of the pancreas and the
apical membrane of the enterocytes (apical part of the
plasma membrane is for absorption; this area is called
brush border). ZnT-10 is localized on the cytoplasmic
membrane (Robinson etal.,2001;Coyle etal.,
2002; Huang etal., 2005; Cousins etal., 20006;
Kukacka etal., 2008).

The ZIP group of carriers can be divided into four
subgroups: Zip 1, Zip 11, gufA, and LZT. Most proteins
of ZIP group (Zip 4-8, Zip 10, and Zip 12—14) belong
to subgroup LZT. Zip 1-3 belong to subgroup ZIP II,
Zip 9 belongs to subgroup ZIP I, and protein Zip 11
is a member of subgroup gufA. The zinc transporter
Zip 6 of LZT subgroup was subsequently included
in a separate subgroup labelled LIV-1 (Robinson
et al., 2001; Coyle et al., 2002; Cousins et al.,
2006; Kukacka etal., 2008).

It was found that ZIP zinc is transferred into the
cells cytoplasm from the extracellular space or in-
tracellular vesicles. Most of them are located on the
cytoplasmic membrane. However, Zip 7 is located in
the Golgi. ZIP 14 is mobilized to the membrane in the
hepatocytes in the case of acute inflammation, thereby
increasing Zn absorption (Robinson etal., 2001;
Coyle etal.,2002; Kukacka etal., 2008).

Metallothionein

Metallothioneins (MTs) are a group of intracellular
proteins with low molecular weight. MT can bind to
divalent metal cations, including Zn. MT is composed
of 60—68 amino acids, twenty of which are cysteines.
The human genome contains at least 16 genes for
MT. These genes encode proteins with closely related
sequences, and are expressed in different tissue types
—mainly in the liver, kidneys, intestine, pancreas, and
brain(Robinson etal.,2001;Coyle ectal., 2002).
All MTs are characterized not only by a high content
of cysteine, but also by the binding of metal ions by
thiolates and the creation of cysteinyl—thiolate clusters
with a characteristic spatial arrangement (Alberts
etal., 1998; Miles etal.,2000; Adam etal., 2008).

MT performs many functions in the body, the most
important being the transport of essential metal ions
and detoxification of toxic levels of metal ions. Most
of MTs bind zinc. MTs act also as a reservoir of excess
metal ions. They can be mobilized during conditions
of insufficient metal ion intake (Robinson et al.,
2001; Coyle etal., 2002).

The mammalian MT contains 61 to 68 amino acid
residues, in which 18 to 23 cysteine residues are present.
None is an aromatic amino acid or histidine. The chain
of amino acids is as follows: Cys-Cys, Cys-X-Cys,
and Cys-X-X-Cys (X represents an amino acid differ-
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ent from cysteine). This is characteristic of MT. The
tertiary structure of MTs is composed of two domains
(a: stable domain containing the C-terminal end, and
B: reactive domain containing the N-terminal end). They
coordinate 7 divalent or 12 monovalent metal ions.
In organisms, MT occurs in several isoforms: MT-1,
MT-2, MT-3, and MT-4 (Quaife etal., 1994;Miles
et al., 2000; Vasak, Hasler, 2000; Mejare,
Btilow,2001;Coyle etal., 2002).

Regulation of the MT expression is associated with
the presence of metal ions. Transcription is initiated
after the establishment of metal-regulatory transcrip-
tion factor-1 (MTF-1) to the metal responsive element
(MRE), which lies on the MT gene promoter. Normally,
the MTF-1 are bound to MTI, an inhibitor that prevents
binding MTF-1 MRE. After entering the metal ion
into the intracellular compartment cell creates links
between the ion and MTI. Thus the MTF-1 is released
and induces the expression of MT (M asters etal.,
1994; Adam et al., 2008).

Zinc excretion

Following oral exposure, Zn is primarily excreted
via the gastrointestinal tract and eliminated in the
faeces; approximately 70-80% of an ingested dose
is excreted (Davies, Nightingale, 1975).
Pancreatic zinc secretion at homeostasis is 2-4 times
the size of the dietary contribution into the duodenum
(Oberleas, 1996); most of this secreted zinc is later
reabsorbed. It depends primarily on the Zn content in
the diet. The amount of Zn found in compound feed
for livestock is around 100 mg/kg. Stools contain
unabsorbed Zn from food, Zn contained in released
intestinal epithelial cells, and endogenous Zn secreted
into the intestine from the pancreas and gallbladder
(Koyama etal., 1993; Krebs, 2000).

Endogenous intestinal losses can range from 0.5
to 3 mg/day, depending on Zn intake. In normal
healthy subjects approximately 0.7 mg Zn per
day is lost through urine. Starvation and muscle
catabolism increase Zn losses in urine and faeces.
The loss of Zn in perspiration and desquamated
epidermal cells has been estimated at 0.5 mg/day
in adult men; however, this depends on Zn intake
(Krebs, 2000).

In humans, approximately 14% of eliminated
Zn is excreted in urine; when Zn intake increases,
urinary excretion accounts for 25% of eliminated
Zn (Wastney et al., 1986). Other minor routes of
elimination include sweat (Prasad et al., 1963),
saliva secretion (Greger, Sickles, 1979), and
incorporation into hair (Rivlin, 1983).

The rate, at which Zn is excreted, is dependent
on both current and past Zn intake (Johnson et
al., 1988). Age also affects the rate at which Zn is
excreted. He et al. (1991) reported that following an
intraperitoneal dose of Zn, adult mice had higher levels
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of Zn in faecal excretions than weanling, adolescent,
or young adult mice.

Zinc supplementation in farm animal diets

The reproductive well-being and performance
of farm animals is largely dependent on their nutri-
tional status. Micronutrients are especially involved
in functions such as intracellular detoxification of
free radicals, synthesis of reproductive steroids and
other hormones, carbohydrate, protein, and nucleic
acid metabolism. Their deficiency and/or excess may
impair spermatogenesis and libido in male, fertility,
embryonic development and survival, postpartum
recovery activities, milk production, and offspring
development and survival (Smith, Akinbamijo,
2000). In animals, Zn deficiency can also be manifested
through changes in taste perception (accompanied by
the tongue epithelium damage), a disorder of keratin
synthesis, limited limb bone growth, and sight disor-
ders (Hosnedlova etal., 2007). The mechanism
of growth retardation in the case of Zn deficiency can
be seen in loss of appetite, imperfect use of nutrients
from feedstuffs, and in disorders of the protein and
energy metabolism (I11ek etal., 2000). One specific
disorder resulting from Zn deficiency is parakeratosis
— a disorder of the epidermal layer of the skin that
occurs in calves, sheep, goats, and piglets. In calves,
it is manifested by a characteristic coat shedding that
occurs on the head, neck, limbs, and around the eyes
(‘glasses’) (Suchy etal., 1998). Similar findings were
observed in free living ruminants by Abdou (2005).
Ali et al. (1998) compared two groups of mature
ewes that were fed either a control diet containing
23-25 ppm Zn or a test diet supplemented with addition-
al 100 ppm in form of zinc sulphate. Supplementation
began one month before mating and continued until
lambing period. The above mentioned authors reported
that ewes given Zn supplements consumed by about
15% more feed than the controls, had a higher fertility
rate, were more prolific (89 vs 40%), and produced
heavier lambs at birth (4.0 vs 2.9 kg) and at weaning
(17.7 vs14.2 kg).

It has been known for some time that feeding high
concentrations of Zn, Fe and/or Ca to animals re-
duces the rate of absorption of Cd from various food
sources. When Zn was marginal in the diet, the delay
of Cd excretion was more pronounced (Reeves,
Chaney, 2004). The rates of dietary Cd absorption
and whole-body retention increased 7-10 fold when
experimental animals were fed diets containing mar-
ginal concentrations of Zn, Fe and/or Ca (Reeves,
Chaney, 2001, 2002).

Excess Zn intake is a relatively rare occurrence
in farm animals. It transpires, for example, in piglets
treated with medications high in Zn. Excess Zn reduces
the digestibility of phosphorus, and causes anaemia
and digestive disorders. Poisoning is conditioned
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primarily by the antagonistic relationship of Zn to Fe
and Cu(Suchy etal., 1998). Noakes ctal. (2001)
note that excess intake of Zn additives may lead to
a disorder of essential fatty acid metabolism, which
influences prostaglandin synthesis.

Matrix metalloproteinase

Matrix metalloproteinases (MMPs) are a large
group of Zn-dependent proteins that are responsible for
cleavage and the adjustment of individual components
of connective tissue such as collagen, elastin, gelatin,
and casein. Degradation of connective tissue with
intensive participation of MMP is a process that takes
place during ontogenetic changes in the organism such
as growth, morphogenesis, as well as wound healing
and tissue damage. It also includes MMP activity in
diseases and pathological processes closely related
with tissues, e.g. inflammation, tumours, and skin
diseases. Most of these enzymes (excluding membrane
MMPs) are secreted from the cells in the form of a
proenzyme which is activated as needed by Zn ions
for actual cleavage rate. Among other things, in the
MMP molecule there are Ca ions with structural func-
tion. MMPs are homologous proteins, which can be
divided into six categories: collagenase, stromelysin,
matrilysin, gelatinase, membrane metalloproteinase,
and other MMPs. MMPs are Zn- and Ca-dependent
endopeptidases, and they are synthesized as inactive
preproenzymes (zymogens). This inactive form prevents
MMPs from cleaving to the essential components of
the cell. MMPs are mostly secreted from cells as inac-
tive proenzymes, except the membrane-bound MMPs
(Vanwart, Birkedalhansen, 1990;Masters
etal, 1994; Aimes, Quigley, 1995).

Extracellular enzyme activation involves two steps:
the first is the initial cleavage of the propeptides of
MMP by the protease and destabilization of the pro-
peptide binding interactions. The second is cleavage
of the propeptides by other MMPs (Nagase et al.,
1991; Aimes, Quigley, 1995; Anand-Apte et
al., 1996; Ogata et al., 2001).

Transcriptional function of zinc

There are more than 2000 transcription factors
or DNA binding proteins that are dependent on zinc.
They are involved in the gene expression of various
proteins. These are regulatory proteins that bind to the
promoter region in the DNA and allow the initiation of
transcription (i.e. the transcription of DNA into RNA).
Transcriptional factors binding to DNA have specific
structural motifs (the amino acid sequences) to enable
this relationship. One of the most important structural
motifs is the so-called ‘zinc finger’(Ladomery,
Dellaire, 2002; Sun et al., 2006).

‘Zinc fingers’ are protein domains that occur in
many different transcription factors, and they allow

a (transcription) factor to bind to a specific DNA
sequence. The name is inspired by their shape, which
consists of a sequence of roughly 30 amino acids
strongly bound to the Zn atom. This amino acid se-
quence contains, among other things, two histidine
and two cysteine residues. They are coordinated to
one Zn atom. Therefore, ‘zinc fingers’ usually refer to
Cys2His2. The Zn atom is required to bind protein to
DNA. Perhaps the most well-known member of this
group is the commonly occurring factor Spl, whose
DNA binding domain is composed of three zinc fingers
(Ladomery, Dellaire,2002; Sun etal., 2000).
Proteins that comprise zinc fingers are important
in transcription, translation, cytoskeleton organiza-
tion, developing epithelial cell adhesion, chromatin
remodelling proteins, and the arrangement of tertiary
structures (Cousins, 1998; Sun et al., 20006).
Another group in which Zn plays an important role
in DNA binding are the steroid hormone receptors.
These receptors are located in the cytoplasm or nucleus.

Synthesis of insulin

Zinc is indispensable for the synthesis and ef-
fectivity of the insulin hormone. Insulin is stored in
b-cells of pancreatic islets (in secretory vesicles of
Langerhans islets). Into the bloodstream it is carried
continuously and its level increases with increasing
levels of blood glucose (Prasad, 1998).

Insulin hormones are arranged in a regular crystal-
line structure comprising Zn ions in secretory vesicles.
Each insulin molecule is linked with 2—4 Zn atoms.
A zinc/insulin complex is formed for the purpose of
slow release of insulin into the bloodstream (Prasad,
1998).

CONCLUSION

Zinc is indispensable for correct growth and devel-
opment of an organism. It is involved in DNA replica-
tion and RNA transcription. In addition to its role in
the transcription and translation of genetic material,
Zn has an important function in the primary endocrine
system, which is involved in growth hormone metabo-
lism of somatotropin. Zinc is associated with reduced
concentrations of circulating growth factor, which is
similar to insulin-like growth factor 1 (IGF-1), and it
is necessary for the correct function of somatotropin.
Experiments on animals have shown that Zn deficiency
leads to a decrease in food intake, in comparison with
control animals administered the correct amount of
Zn in feed. In a population that experienced growth
retardation, growth was renewed and body weight
increased following Zn supplementation

Zinc is extremely important for the immune sys-
tem. When Zn is deficient, thymic atrophy occurs
and thymulin activity is reduced. Thymulin is a hor-
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mone that requires Zn in order to become active.
Thymulin hormone is responsible for the maturation
of T-lymphocytes, cytotoxicity, and cytokine produc-
tion. Moreover, the development of B-lymphocytes and
production of antibodies (especially immunoglobulin
G (IgQG)) are disturbed. The role of Zn in these im-
munological processes derives from its involvement
in basic cellular functions such as DNA replication,
RNA transcription, cell division, and cell activation.

Zinc is also an important antioxidant factor. It
is involved in protecting biological structures from
free radical damage by maintaining sufficient levels
of MT. Zn is an essential component of the enzyme
superoxide dismutase (SOD), protects thiol groups
(-SH) from oxidation, prevents interaction between
the thiol groups, helps prevent lipid peroxidation in
mitochondria and microsomal membranes, stabilizes
the structure of cell membranes, and prevents damage
to the osmotic membranes of erythrocytes. The p53
tumour suppressor gene (the most frequently mutated
gene in human cancer patients) is a transcription fac-
tor that contains Zn, and its expression is dependent
on this element. This has shown to be an extremely
significant finding.

Programmed cell death, or apoptosis, is a regulated
biological mechanism that is vital for the health of
the immune system. It has been found that Zn plays
an important role in the regulation of apoptosis. Zn
has the ability to block apoptosis that is induced by
external factors.
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