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COPPER AS AN ANSWER ON THE IMPACT OF OXYDESS
STRESS ON THE EYES

Summary

The eyes are exposed to many factors, that contribute to the deterioration
of their condition. These include environmental conditions and the influ-
ence of reactive oxygen species ROS and oxidative stress. Research shows,
that one of the most important tasks of created in such way state of emer-
gency is maintenance of relative balance between oxidants (contributing to
the formation of ROS) and antioxidants (restraining their effect). Some
chemical elements, especially copper, play a key role in blocking ROS and
are a key response to the detrimental effect of oxidative stress. The paper
presents an overview of information on the impact of oxidative stress on
the eyes and the defense mechanisms with the participation of copper.
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INTRODUCTION

The eyes are exposed to many harmful factors from the environment, i.e. di-
rectly from outside of the body (external factors), but also to the so called internal
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factors. Environmental conditions, which include pollution of the environment
with heavy metals, accelerates the formation of certain eye diseases (cataract,
AMD macular degeneration, diabetic retinopathy, glaucoma). The interaction of
reactive oxygen species ROS, both directly and indirectly (e.g atherosclerosis,
cancer, immune disorders) in many physiological situations can contribute to the
formation of highly dangerous to organism reactive oxygen species, that are di-
rect cause for the formation of oxidative stress. The effect of this stress are nu-
merous pathophysiological changes in internal organs [Asbell et al. 2005; Thia-
garajan and Manikandan 2013]. However, there are chemical compounds that
neutralize this adverse effect of ROS and oxidative stress. They are antioxidants.
It is extremely important to maintain in the biological systems a balance between
oxidants (compounds that contribute to the formation of ROS and oxidative
stress), and antioxidants. The imbalance of this balance may cause many unfa-
vourable changes, including in the eyes [Asbell et al., 2005; Iwaszkiewicz-
Bilikiewicz 2008; Bartosz 2013; Thiagarajan and Manikandan 2013].

CHEMICAL ELEMENTS AND OXIDATIVE STRESS IN THE EYES

Chemical elements are characterized by both oxidative and antioxidant effect.
It has been shown that Fe, Cu, Zn, Mn, Co have the features of antioxidants.
However, heavy metals (Cd, Pb, As, Be, Hg) are very strong oxidants. Between
the elements there are simultaneously constant and often increasing significant
interactions, both synergisms and antagonisms. These are very often the main
factors in the formation and development of pathophysiological changes, and in
their consequence - diseases, including eyes [Kabata-Pendias and Pendias 2001,
Kabata-Pendias and Szteke 2004; Kabata-Pendias and Mukherjee 2007].

REACTIVE OXYGEN SPECIES

Oxygen, essential for proper life cycle of cell, may in some circumstances be
toxic. Full reduction of its molecule, is the basis of aerobic respiration and one of
the basic metabolic reactions of each cell. It becomes dangerous during an in-
complete reduction when RFT is created. Reactive oxygen species are radicals
that behave as single molecules during the reaction. They exhibit paramagnetic
properties and high reactivity. ROS are formed primarily during various oxygen
reduction reactions. The then formed radicals showing greater reactivity than ox-
ygen in the basic triplet state [Bartosz 2013]. The main danger associated with
RFT is non specific reactions with individual components of cells, the final effect
of which is damage. There are many types of ROS, and some of them are shown
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in Table 1. The most reactive and at the same time dangerous radical is the hy-
droxyl radical [Bartosz 2013; Thiagarajan and Manikandan 2013; Bhatia, Son-
takke, and Abhang 2017].

Table. 1. Selected reactive oxygen species and related forms [Bartosz 2013 modified]

Polish name

English name

tlen singletowy

singlet oxygene

0ozon

0zone

rodnik wodoronadtlenkowy

hydroperoxyl radical

anionorodnik ponadtlenkowy

superoxide radical anion

tlenek azotu

nitric oxide

kwas podchlorawy

hypochlorous acid

rodnik acyloksylowy

acyloxyl radical

COPPER ANTIOXIDANT EFFECT

There are some defense mechanisms in the organism that are directed against
ROS. These are pro antioxidative reactions that use antioxidants (antioxidants).
Their task is to block ROS. At the same time, they inhibit the formation of oxi-
dative stress. The cells have specialized themselves in using metals to control
oxygen metabolism to prevent the formation of ROS [Haddad 2012; Bartosz
2013; Thiagarajan and Manikandan 2013]. Copper is one of such metals. Its con-
centration in the human body should be 12.6-25.2 umol * L-1. However, there
are often some changes in the body that require increased copper demand. These
include: biliary obstruction, arthritis, cirrhosis of the liver, some cancers
[Gomotka and Szaynok 1997; Heisermann 1997; Kokot Hyla-Klekot and Kokot
2015].

Copper is one of the basic building blocks of the antioxidant enzyme - super-
oxide dismutase SOD, which is one of the best antioxidants found in animal or-
ganisms. The purpose of SOD is to bind ROS. Most often, it catalyzes the de-
composition reactions, i.e. disproportionation of superoxide anion radicals to
H202 hydrogen peroxide and molecular oxygen - according to the reaction
[Shukla, Moitra, and Trivedi 1996; Behndig et al. 2001; Wills et al. 2008; Bartosz
2013]:

SOD
0; + 0; +2H* — H,0, + 0,

The neutralization of the superoxide anion radical with SOD is possible due to
the presence of copper at two levels of oxidation, i.e. Cu+ and Cu2+. The occur-
ring reactions are: oxidation of copper from the first stage and divalent copper is
reduced [Bartosz 2013].



26 K. Kempka, P. Kaminski, G. Malukiewicz, M. Bogdzinska

SOD — Cu* + 05 + 2H* - SOD — Cu®* + H,0,

SOD — Cu** + 0; - SOD — Cu* + 0,

It should be remembered that free copper ions are toxic. Due to the fact that
the above reactions are alternating, copper ions are in continuous circulation and
do not pose a threat to the organism [Bartosz 2013]. At the same time, two re-
search teams led by Behding (2001) and Willis (2009) indicate that superoxide
dismutase located in the cytosol, which in its structure has Cu and Zn ions, shows
high antioxidant activity in the eye lens. It has been proven that in addition to
ROS blocking, copper ions stimulate their own protective cells in their eyes. The
purpose of these cells is to stabilize proteins and at the same time reduction of the
tendency to oxidation [Behndig et al. 2001; Wills et al. 2008].

Copper may also contribute to the formation of ROS when it occurs in the free
ion state in the body. The ionic concentration of this element in the eye lens was
examined [Lin 1997]. It turned out that in people with some pathophysiological
changes in the eyes, Cu concentration is higher than in healthy people. An excess
of copper ions leads to unfavourable activation of the Fenton reaction, during
which the superoxide anion radical is formed. This reaction is possible because
copper ions readily undergo redox reactions [Lin 1997; Bartosz 2013].

SUMMARY AND CONCLUSIONS

Copper ions have a fundamental influence on the functioning of the organism,
especially the eyes. They play a very important role in antioxidative processes,
when they block ROS and eliminate the effect of oxidative stress. Unfortunately,
in addition to positive effects, they may have a toxic effect, because their excess
leads to an increase in Fenton's reaction, which has the consequence of the for-
mation of ROS. However, by determining the concentration of copper ions in the
organism it can be observed that they play an essential role in cell protection.
Based on the literature review, it can be concluded that in the future the determi-
nation of copper concentration in the body will be used as one of the parameters
during the diagnosis of eye diseases, among others AMD, cataracts, diabetic ret-
inopathy, or glaucoma. These diseases are more and more common, so it is im-
portant to look for new treatments and new methods of diagnosis. Determination
of copper concentration could improve the diagnosis in ophthalmology.
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