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ABSTRACT

Trace elements are essential for the maintenance of the homeostasis of the body, and condition the proper functioning of the human organism.
Micronutrients influence a number of metabolic processes in the dermis and epidermis. An excess or deficiency of trace elements may represent a potential
threat to human health with implications for skin condition. This study reviews the literature on the effects of copper, zinc and selenium on skin condition.
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INTRODUCTION

Copper (Cu), Zinc (Zn) and Selenium (Se) are
micronutrients that are vital for the body’s metabolic
processes. They are present in the human body in trace
amounts with the demand being disproportionately lower
compared to the macronutrients. Deficiency symptoms of
these elements typically develop slowly along with the
utilisation of the body's resources. Micronutrients play an
important role in skin physiology and in maintaining skin
in a healthy condition [1].

The skin is the body’s main protective barrier.
States of deficiency or excess of specific trace elements
disrupt the physiological balance of the skin and can lead
to a number of dermatological conditions[2,3]. During the
ageing process, the body experiences a decrease in
immunity and a dynamic modulation of the redox state,
which significantly worsens the condition of the skin
[4,5,6]. The significant role of micronutrients in skin
regeneration has been documented [7,8].

METHODS

The aim of this study was to review the
literature from PubMed, Google Scholar and Scopus
databases on the effects of Copper, Zinc and Selenium on
physiological processes and skin condition and to
highlight the effects of deficiency and excess of these
elements. Analysis of the data obtained may allow the
development of a prevention plan for a number of
dermatological conditions and the identification of
principles for micronutrient supplementation.

CoPPER (CU)

Copper is a heavy metal and at the same time
a micronutrient essential for the body’s metabolism. The
body of an adult contains approximately 100-150 mg of
this element. The greatest amount of Cu is found in the
liver, which is due to the storage functions of this organ
and the fact that the liver is the only site for the synthesis
and release of ceruloplasmin, the protein with the highest
Cu content. The organ with the second highest copper
content is the brain. In the blood, Cu occurs in a labile
form, bound to amino acids and albumin, and in a stable
form, bound to ceruloplasmin [9,10]. Due to its ability to
receive and release electrons, this element is
incorporated into the active centre of many enzymes
involved in basic metabolic reactions [11,12]. Cu ions are
part of approximately 30 enzymatic and non-enzymatic
proteins. These proteins are referred to as
metalloproteins and among them are: proteins with
enzymatic activity such as ceruloplasmin, superoxide
dismutase (SOD), an endogenous antioxidant enzyme,
cytochrome c oxidase and amine oxidase, tyrosinase,
n-dopamine hydroxylase. A metalloprotein that does not
exhibit enzymatic properties is metallothionein
[13,14,15]. Cu plays an important role in lipid and
carbohydrate metabolism [16]. Deficiency of this element
decreases copper-dependent enzymes, resulting in skin
depigmentation, anaemia, neurological disorders, ataxia,
and muscle weakness. Low Cu levels are a feature in prion
diseases and Parkinson's disease [17,18,19]. Excess Cu is
toxic to cells. One of the main consequences of disruption
of Cu homeostasis in the body is the formation of reactive
oxygen species, which trigger the development of

oxidative stress [20,21]. In cells, this process can lead to
damage to proteins and lipids and thus damage to cell
structures and genetic material [15]. Cu conditions the
normal functioning of the nervous system. It plays a role
in bone formation, iron metabolism and heme synthesis.
It participates in the maintenance of keratin structure and
in melanin synthesis. In the skin, Cu is involved in the
formation of the extracellular matrix, synthesis and
stabilisation of skin proteins and angiogenesis. Clinical
studies have shown that this element helps improve skin
elasticity, wound healing and reduces fine lines and
wrinkles [22]. With Cu deficiency, the activity of lysyl
oxidases, enzymes necessary for the formation of cross-
links in collagen and elastin that initiate their cross-
linking, decreases [23].

The main source of Cu for an adult is food. Food
products of animal origin are a better source of this
element compared to plant products owing to differences
in bioavailability. Large amounts of Cu are found in
oysters, baker’s yeast, sesame seeds and cocoa. Also rich
in copper are squid, lobster, chocolate, sunflower seeds,
sun-dried tomatoes, pumpkin and soya beans, flaxseed,
wheat bran, dried plums and peppers [9,24].

The requirement for Cu is approximately 1-2 mg
per day. This element is absorbed from food in the small
intestine (approximately 15%), particularly in its initial
section, from where it enters the bloodstream, the
remainder being removed in the faeces [25].
Abnormalities in copper metabolism, especially those
leading to an excess of copper in the body, result in
disturbances in the metabolism of other trace elements. It
has been shown that excess Cu in the body leads to zinc
deficiency [26].

ZINCK (ZN)

It is found in all human tissues and body fluids.
Tissues such as muscle, skin, bones, liver, pancreas,
spleen, kidneys, and brain contain particularly high
amounts of Zn. It is estimated that 60% of this element is
found in bones, 30% in muscles. The skin contains about
6% Zn, which is found primarily in the epidermis, in its
stratum spinosum. In the dermis, the highest levels are
found in the upper parts of the skin [27,28].

Zn is an essential element for the proliferation
and differentiation of epidermal Kkeratinocytes, as
demonstrated, inter alia, by Bauer et al. in a study of
increased dietary zinc-rich amino acids [29,30]. Excess Zn
can be detrimental to the human body, and a deficiency of
this micronutrient can result in a decrease in immunity
and inflammation of the skin and the entire body [28].

The daily requirement for Zn depends on
a number of factors, including gender and age. The
average daily zinc requirement for an adult is around 15
mg. The main sources of this element are animal products
such as meat, eggs, fish and oysters. Slightly less Zn is
provided by products of plant origin, including sunflower
seeds, pumpkin seeds, wheat germ, wheat bran, garlic and
onions [24].

Zn in the human body has catalytic, regulatory
and structural functions. It is an essential substrate for
the division and differentiation of new cells. It plays an
important role in apoptosis and skin ageing. In addition,
this element influences the structure and proper
functioning of mucous membranes [31]. Zn stabilises skin
cell membranes and participates in the division of basal
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Zn reduces the risk of skin cancer, through its
ultraviolet-protective properties. When used in cosmetic
preparations, it helps to improve skin condition [33,34].
Zn plays an antioxidant role, protecting sulfhydryl groups
from oxidation and preventing the production of
superoxide and hydroxyl free radicals by prooxidant
metals, including Cu and Fe. Zn deficiency can exacerbate
oxidative stress-induced tissue damage. The antioxidant
properties of this element help to scavenge the resulting
free radicals. This effect of Zn results from its chemical
properties, such as its lack of free radical-forming
capacity due to its lack of oxidation-reduction activity, its
ability to replace the harmful metal ions of copper and
zinc, which cause the formation of free radicals in the
oxidation-reduction = process, the presence as
a component of metallothionein and superoxide
dismutase, which exhibit strong antioxidant activity
[34,35]. Zinc oxide is an ingredient in radiation-protective
preparations. An alternative to zinc oxide is the zinc-
glycine complex, which has the ability to induce MT
(metallothionein), thus enhancing resistance to UV-
induced oxidative stress and reducing the risk of
hyperpigmentation [34].

Zn exhibits anti-inflammatory effects. The action
of Zn ions is to reduce the production of reactive oxygen
species (ROS) by nicotinamide adenine dinucleotide
phosphate (NADPH) [32]. Zn inhibits the formation of
inflammatory mediators. Zinc oxide and zinc carbonate
have soothing properties and are therefore used in the
treatment of dermatological conditions with pruritic skin
conditions. Zinc intake reduces the levels of pro-
inflammatory cytokines and biomarkers of oxidative
stress, C-reactive protein [32,36]. Zn compounds are used
in the topical treatment of a number of inflammatory
dermatological conditions such as acne, rosacea,
seborrhoeic  dermatitis, eczema, erosive pustular
dermatosis, wounds of various aetiologies [32]. Zn
deficiency leads to impaired wound healing. When used in
monotherapy as well as in combination therapy, it
exhibits anti-inflammatory and bacteriostatic activity. It
inhibits the proliferation of Propionibacterium acnes and
inhibits the amount of lipases and free fatty acids secreted
by this microorganism, which exacerbate inflammation.
Moreover, due to its anti-androgenic effect, Zn reduces
the secretion of sebum [37].

Of the known zinc compounds, the zinc-glycine
complex possesses the greatest antipigmentation
potential due to its antioxidant and UV-protective
properties. It is a metallothionein inducer, thus activating
c-glutamylcysteine synthetase (c-GCS). It demonstrates
the ability to reduce oxidative stress by inhibiting the
formation of free radicals inside the cell. This affects the
condition of the skin and slows down the ageing process.
Zinc oxide is used in the manufacture of preparations for
the sun protection of the skin [36]. Zn compounds
significantly reduce the severity of inflammation.
Additionally, they inhibit excessive sebum secretion. In
the treatment of inflammatory dermatological conditions,
these compounds can be used externally and in oral
preparations [38]. The most commonly used compound in
cosmetic preparations is zinc oxide and zinc
2-pyrrolidone 5-carboxylate (Zn PCA - Zinc Pyrrolidine
Carboxylate). Zn acts on the hair matrix cells, activates
enzymes responsible for protein metabolism and
participates in the formation of keratins. Zn deficiency has
been associated with abnormal and delayed healing of
skin wounds [39]. A rare inborn metabolic error that

leads to severe Zn deficiency is acrodermatitis
enteropathica [40,41]. Zinc sulphate and zinc gluconate
supplementation is used in acne therapies. It has been
shown that patients receiving Zn supplementation have
decreased inflammatory cytokines in the body and
increased antioxidant capacity [42]. Zn is also
a component of botulinum toxin, used in cosmetic
procedures to remove facial wrinkles [43].

Excess Zn resulting from excessive chronic
supplementation of this element can lead to impaired
absorption of copper and molybdenum, leading to
symptoms of deficiency of these elements [44].

SELENIUM (SE)

Selenium is another mineral that is important
for proper skin condition. Se is present in the human body
in amounts of approximately 10-30 mg. It is a cofactor for
many enzymes, including oxidoreducing enzymes,
glutathione peroxidase and cytochrome. It influences the
proper functioning of the immune system and the
synthesis of nucleic acids. In synergy with vitamin E, it
delays the skin ageing process and accelerates cell
regeneration by, inter alia, protecting against damage to
nucleic acids, neutralising the negative effect of sunlight
on the skin, and protecting cells against the destructive
effect of free radicals. [45,46].

Sn has been shown to play an important role in
the prevention of skin cancer. It protects the skin from
damage caused by excessive UV radiation [47,48].
Selenium's potential anticancer properties stem from its
pro-oxidant properties [49]. Se has a soothing effect on
the skin, showing anti-allergic properties. Due to its
regulation of sebum secretion, it is often used in people
with acne and dandruff, especially in combination with
vitamin E and zinc. Se deficiency enhances skin ageing,
causes deterioration of skin appendages, and may be
responsible for the development of dandruff. Lack of Se in
the diet impairs the UV-B-induced antioxidant capacity of
the skin, making it more sensitive to UV-induced oxidative
stress [50]. Se-enriched proteins are essential for
keratinocyte development and function [51]. Se is
a component of about 20 enzymes. In the body, it is
mostly found in amino acids such as selenomethionine
and selenocysteine [52].

Selenium supplementation may reduce the
incidence of acute and/or chronic skin diseases [53]. The
body's supply of this element may affect skin condition
and skin type, defined as dry, oily, combination skin.
A diet deficient in selenium is likely to be one of the main
factors in the pathogenesis and course of psoriasis [54].
Se inhibits melanoma proliferation [49]. Se together with
vitamin E delays the ageing process, and accelerates cell
regeneration [55]. It reduces the toxic effects of other
elements, such as mercury, lead, cadmium or arsenic, and
can prevent skin diseases caused by these elements. The
greatest quantities of Se are found in nuts, mainly Brazil
nuts, fish (mainly tuna and salmon), poultry meat, wheat,
mushrooms and chicken eggs. Selenium is an element that
is fairly well absorbed by the body, and protein and
vitamins A, E and C further facilitate its absorption [56].

Both excess and deficiency of Se is harmful to
the human body. Poisoning can occur by consuming
excess amounts of supplements containing this element
[57,58,59,60]. Excess Se in the diet can induce oxidative
stress and lead to selenosis, a disease that manifests itself
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by loss of nails, hair, sometimes heart muscle disease and
even blindness [61]. Se deficiency can lead to Keshan
disease and Kashin-Beck disease, which are well known in
Se-deficient areas of China [62].

CONCLUSION

Analysis of the literature review from selected

articles showed that there is a correlation between
deficiency and excess of Cu, Zn and Se and skin health.
The antioxidant properties of the above trace elements,
which reduce free radicals, are highly valued. Due to their
anti-inflammatory effects, they have found applications in
dermatology, cosmetology, dietetics and in the treatment
of certain inflammatory diseases. Both deficiency and
excess of Cu, Zn and Se are dangerous to health, thus it is
important to monitor their levels in the body and
establish indications and a plan for supplementation of
these elements.

A number of issues concerning the metabolism

of micronutrients in the human body and their effects on
the state and condition of the skin and the integumentary
system still remain unexplained, confirming the need for
further research.
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