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The biomedical role of zinc in the functioning of the human organism

Abstract

Zinc is one of the most important microelements that can be found in the human organism. It is a component or an activator
of various enzymes and takes part in more than 300 enzymatic reactions. It is present in all types of human tissue. About 90%
of the general amount of zinc can be found in bones and muscles, 11% in liver and skin. Zn*" ions are stable ions in biological
environment and they do not participate in redox reactions that occur inside an organism. Assimilability of this element by
living organisms is varied. It depends largely on the sort of food and interactions occurring between zinc and other elements.
Zinc is an essential element for normal development and maintenance of human health.

The data presented in this article result from an overview of studies presented in literature published in the last five years
concerning zinc transport mechanisms, the role of zinc in functioning of the human body, and also pathophysiological states

caused by too low or excessive concentration of zinc in an organism.
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INTRODUCTION

Human organism consists of about sixty elements occur-
ring in organic as well as inorganic forms. These elements
occur in the form of various chemical compounds, and their
role is essential in the normal development of an organism
and maintaining health [1,2].

Zinc is a component of over 300 enzymes and even bigger
number of proteins, which particularly emphasizes its indis-
pensable role in human health. What is more, the processes
such as: balanced metabolism of nucleic acids and proteins,
growth, division and functionality of cells — require a defi-
nite amount of zinc in the organism [3,4].

Human body contains 2-4 g of zinc, 90% of which oc-
curs in muscles and bones. Other organs that contain trace
amounts of this element are prostate, liver, digestive tract,
kidneys, skin, lungs, brain, heart, and pancreas. The daily de-
mand for this element is changeable and first of all depends
on a person's age. For infants the demand is 3-5 mg, 10 mg
for children and 10-15 mg for adults. On the cellular level,
40% of zinc is present in the nucleus, 50% in the cytoplasm,
and the rest in the cell membrane.

The main source of zinc in organism is food that we
provide, both, of animal and plant origin. Zinc, above all,
is absorbed in duodenum, and excreted by digestive tract
and kidneys [3,5].

Zinc ions are ingredients or activators of many enzymes,
which take part in many, mainly metabolic, processes.

Activity of this bio element can be observed among others
in such processes as mineralisation of bones, healing of inju-
ries, correct secretion of insulin by pancreas, or maintaining
the right level of vitamin A and cholesterol. The significant
role of zinc was also observed in immunological processes.
Moreover, zinc regulates blood pressure and pulse, contri-
butes to the raised production of sperm, has a healing effect
on the stomach-intestinal system, varicose veins, rheuma-
tism and skin diseases [6]. Zinc deficiency, observed within
human population in developing countries, triggers many
disorders in functioning of the whole systems, as well as in-
dividual human organs [7]. Zinc is relatively little toxic for
health, but its excess causes health disorders, such as vomit-
ing, weakness, anaemia [5].

Information presented in the article results from the re-
view of studies presented in the literature in the last five
years, concerning transport mechanisms of zinc, the role
of zinc in body's metabolism, and also pathophysiological
states caused by too low or excessive concentration of zinc
in an organism.

TRANSPORT MECHANISMS OF ZINC

On the grounds of pleiotropic activity of zinc, shortage or
excessive concentration of this element in cells can disturb
functioning of almost every system within a human organ-
ism. Therefore, to maintain the correct concentration of zinc
in the system, the human body has to create an active cell
gradient of zinc. These gradients are generated by the mech-
anism of a circulating pump using ATP energy (hydrolysis).
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However, the activity of the mechanism has not been suf-
ficiently examined in humans [8].

The studies already conducted suggest a possibility that
zinc can be stored and released from intracellular vesicular
compartments [9,10].

Zinc homeostasis is precisely regulated by the digestive
tract, which requires many coordinated transmitters. All zinc
carriers belong to a big family of soluble carrier proteins,
called SLC (Solute Carrier Family). This family is organized
into 51 groups, counting in total over 300 carriers [11]. Two
of the groups belonging to the SLC family, are responsible
for transport of zinc in an organism, and they are the fol-
lowing: SLC30 (ZnT) and SLC39 (ZIP). ZnT carriers belong
to the group SLC30, and they are responsible for the zinc
leakage to cells, whereas SLC39 group contains ZIP car-
riers, which enable taking up zinc [12]. Up till now nine
ZnT transporters and fifteen ZIP carriers have been identi-
fied in humans. ZnT and ZIP transporters have opposing
roles in zinc homeostasis. ZnT carriers reduce intracellu-
lar zinc concentration by enabling zinc leakage from cells
and zinc movement in intracellular vesicles. In turn, ZIP
transporters increase intracellular zinc concentration by ena-
bling zinc influx to cells and intracellular vesicular release
of this element. Functions of many of these genes still need
to be examined [13].

The loss of zinc takes place mainly in the intestine
and may vary from 27 to 90 pmol per day (24 hours). The
loss of zinc through urine is comparably lower, and kidneys
absorb filtrated zinc with an estimated loss of only 8-11 umol
per day. The loss of zinc occurs also through exfoliating of
epithelium cells, through sweat, sperm, loss of hair, and also
during women's menses [13].

ZINC INTERACTIONS WITH OTHER ELEMENTS

Trace elements are an essential element for many meta-
bolic changes occurring in a human organism. Both macro-
and microelements should appear in an organism in precisely
defined concentrations. Both a shortage as well as excess of
one of the elements can influence the concentration of the
other elements. Bio elements can affect each other, there-
by exerting an influence on their absorption, metabolism
and utilization. The correlations existing among 13 ele-
ments, which include cobalt, copper, zinc, selenium, rubid-
ium, rhodium, lead, cadmium, tungsten, mercury, titanium,
palladium and platinum, were found in human blood. The
elements can affect each other both in a synergic way, as well
as in an antagonistic way [14,15].

The research carried out has shown that high concentra-
tion of calcium and magnesium in the space surrounding the
cells is a certain obstacle in detecting the increase of the zinc
level by the organism [16].

Zinc together with copper and selenium take part in many
biochemical processes conditioning life. The most impor-
tant is cellular respiration, cellular usage of oxygen, DNA
and RNA replication, maintaining the integrity of the cell
membrane, and also intercepting free radicals [17].

A research was also carried out [18], to evaluate the role
of zinc in reducing biochemical changes triggered by alu-
minium taking place in a liver. The tests were carried out
on rats, and the results confirmed the effectiveness of zinc
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therapy in relieving liver damages, caused by toxicity of alu-
minium. Nevertheless, similar tests have not been carried out
on humans.

SOURCES OF ZINC DEFICIENCY

The causes of zinc deficiency in a human body can be
various and may concern both the environment and the or-
ganism. In case of the environment, the deficiency can be
caused by impoverished soil or by the type of the soil. Defi-
nitely more often the deficiencies result from improper nour-
ishment, diet poor in mineral elements, and particularly low
protein diet.

A vital role in making zinc deficiency is played by the
reduction of its bioavailability, which can be caused by vari-
ous factors, but first of all by digestive tract diseases, such
as: coeliac disease, chronic enteritis, states after resection of
stomach and intestines, Crohn syndrome, pancreas insuffi-
ciency, immaturity of the gastrointestinal tract. A diet rich
in phytates, taking some medicines, and also stress favour
reducing the bioavailability of this element [19].

EFFECTS OF ZINC DEFICIENCY

Effects of zinc deficiency can take a form of minor,
short-lived symptoms, such as e.g. appetite disorders, smell
and taste disorders, but they can also take a form of serious,
incurable diseases such as diabetes, stroke, atherosclerosis
or immunity disorders [4].

Disorders caused by zinc deficiency are manifested al-
ready before birth. Because of the fact that zinc is essential
for normal development of brain, its deficiency can lead to
developmental defects of the brain. Zinc deficiency during
pregnancy can increase in a newborn baby the risk of de-
veloping behavioural and nervous disorders in future [20].
It has been also demonstrated that infections, especially
pneumonia, that are a serious problem in developing coun-
tries, can develop more often in children with zinc deficiency
[21].

The group of 60 obese Iranian children was also examined
to check the influence of supplementing zinc preparations on
metabolism and BMI (Body Mass Index) [22]. After com-
pleting the tests, in a group supplemented with zinc, a lower
level of cholesterol, leptin, insulin resistance rates, reduction
of body weight and lower BMI were found. It was also found
that taking zinc can improve health and nutritional condition
of children, and in this way contribute to the reduction of
problems connected with insulin resistance [23].

The recent research suggests that supplementing zinc can
significantly decrease the progress and intensity of diarrhoea
episodes in children [24].

Zinc deficiency also strongly influences the organism of
an adult human. In Pakistan, a group of women diagnosed
with breast or ovarian cancer has been examined [25].
The results have shown a considerably lower level of zinc
in women with diagnosed cancer.

Zinc deficiency can also cause neuropsychological and
cognitive disorders [26]. Also the relation of zinc with Alz-
heimer’s disease and other neurodegenerative diseases has
been confirmed. It has been found out that zinc metabolism
in a patient with Alzheimer’s disease changes. [4,27]. Zinc
deficiency can also cause the changes in behaviour, decrease
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efficiency of the learning process, deterioration of mental
functions and susceptibility to convulsion attacks [4,28].

Numerous clinical tests also suggest that zinc ion concen-
tration in serum can be a marker of depression disorders [29].

The research shows that taking zinc has a positive effect
on glycaemia control and positively influences lipid param-
eters, and moreover, lowers systolic and diastolic blood pres-
sure [30].

Zinc deficiency also causes fertility disorders, manifest-
ing as oligospermia, lower concentration of testosterone and
testicular and ovary atrophy [31]. The effectiveness of zinc
treatment therapy of many skin diseases, including sebor-
rheic dermatitis, dandruff, psoriasis, androgenic alopecia
or also chronic ulcerations and viral verruca has been con-
firmed [17].

Other pathological effects of zinc deficiency in organ-
ism are mainly the reduction of non-fat body mass, taste and
smell impairment, inflammatory skin conditions (erythema),
hair loss, reduction of cytokine production, antibodies and
immunosuppression. Significant zinc deficiency causes also
growth inhibition, liver and spleen enlargement (hepatosple-
nomegaly) and anorexia [19], as well as taste and appetite
disorders [32]. The research shows that zinc deficiency caus-
es inhibition of wound healing, reduction of thrombolytic
aggregation, reduction of erythrocyte osmocity and greater
bleeding tendency [1,33].

ZINC INFLUENCE ON THE IMMUNITY OF ORGA
NISMS

Zinc influences many aspects of the immunological sys-
tem. Zinc deficiency causes thymic atrophy, disorders in thy-
mus hormones, lymphopenia, the increase in the number of
thymus hormones and their duration, dysfunction of immu-
nological system cells and the impairment of its functioning
[34].

Zinc is essential for normal development and function-
ing of cells responsible for inborn immunity, neutrophilia
(neutrophilic granulocytes) and NK cells (Natural Killer).
Zinc deficiency also influences the activity of macrophages,
phagocytosis and production of cytokines. Zinc deficien-
cy also influences negatively the growth and functioning
of T and B lymphocytes [35].

Moreover, zinc deficiency may also result in a higher risk
of infection with Type 1 Human Immunodeficiency Virus
(HIV 1) as well as in higher mortality among the sick [36].

FINAL REMARKS

Zinc is an essential element for normal functioning of
every human organism. Even small exceptions from the
norm can cause disorders in the work of the whole system.
It is necessary to eat reasonably and take the daily-recom-
mended doses of zinc, most preferably along with food. In
the times of widespread health problems, it is necessary
to support health, but the most important is prevention.
Thus, new studies, which help to demonstrate the role of
trace elements in keeping good health, are still carried out.
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