Available online at www.worldscientificnews.com

WSN 145 (2020) 115-127

EISSN 2392-2192

Mechanisms of interaction of selected
environmental factors on the formation
of pathophysiological changes in cataracts
Katarzyna Kempka1,*, Piotr Kamiński1,2, Małgorzata Lorek2,
Grażyna Malukiewicz3, Maria Bogdzińska4
1University

of Zielona Gora, Faculty of Biological Sciences, Department of Biotechnology,
1 prof. Szafran Str., PL 65-516 Zielona Gora, Poland

2Nicolaus

Copernicus University in Torun, Collegium Medicum in Bydgoszcz, Faculty of Medicine,
Department of Medical Biology and Biochemistry, Department of Ecology and Environmental
Protection, 9 M. Sklodowska-Curie Str., PL 85-094 Bydgoszcz, Poland

3Nicolaus

Copernicus University in Torun, Collegium Medicum in Bydgoszcz, Faculty of Medicine,
University Hospital No. 1, Department of Eye Diseases,
9 M. Sklodowska-Curie Str., PL 85-092 Bydgoszcz, Poland

4University

of Technology and Life Sciences, Faculty of Animal Breeding and Biology,
Department of Genetics and Animal Breeding, 28 Mazowiecka Str., PL 85-084 Bydgoszcz, Poland
5University

of Zielona Gora, Faculty of Biological Sciences, Department of Zoology,
1 prof. Szafran Str., PL 65-516 Zielona Gora, Poland

*E-mail address: katarzyna.kempka@o2.pl

ABSTRACT
Biotechnology is a relatively young interdisciplinary discipline of science. Thanks to her
techniques, we can currently do a lot of research. Biotechnologists in cooperation with other scientists
are trying to develop new standards that would become the future of treatment for many diseases,
including cataracts. Today, cataracts are increasingly recognized as a civilization disease of the eyes.
Unfortunately, if left untreated, it can lead to complete blindness. The etiology of this disease is complex
and not fully understood. At present, its foundations are being sought to be able to diagnose her faster
and to introduce appropriate treatment early. Literature data currently indicate that it can arise as a result
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of: age- related changes, genetic (congenital) conditions, inflammation, metabolic disorders, the effects
of certain drugs, and complications of eye diseases. From the latest reports we learn that antioxidation
can have positive effects when dissolving the protein directly affecting the formation of cataracts.
Biotechnology has amazing opportunities to conduct research that can help bring closer the etiology of
cataracts and start to treat the disease faster by which so many people in the world lose sight.
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1. INTRODUCTION
Eyes are one of the basic organs through which we can admire the world around us. The
organ of vision consists of two basic parts, namely the eyeball and optic nerve. The eye is
exposed to many dangerous factors, both internal and external, which can lead to the formation
of pathophysiological changes and worsen its condition. There are currently many eye diseases.
The incidence problem is very large and widespread, which is why the etiology of these diseases
is constantly being sought in order to be able to diagnose them faster and to introduce
appropriate treatment. These diseases include cataracts, diabetic retinopathy, glaucoma and
macular degeneration (1-3).
Cataract is a disease affecting the lens of the eye that is responsible for breaking the light
rays that reach it. Another name for this disease entity is the cataract, because inflammation
was once thought to "flow" from the brain to the eye like a waterfall. The opacity arising within
the lens affects visual acuity (4, 5).

Fig. 1. Developmental cataracts. A. Congenital opacity involves embryonic nucleus of lens,
which is delimited by “Y” sutures. B. Anterior pyramidal cataract. Cone of collagenous
connective tissue projects from anterior surface of lens. Anterior pyramidal cataract is
a development variant of ASC; source: (1)

The lens is located in the front of the eye, between the iris and the vitreous. Its task is to
break the sun rays that hit the eye. Participates in the accommodation of the eye, which consists
in the correct positioning of the eye depending on the distance from the object. As one of the
few parts of the eye, it does not have blood vessels, thanks to which there is no inflammation
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of the lens. Unfortunately, her pathophysiology or loss of transparency can lead to blindness
(6.5.4.2).

Fig. 2. The shape of the lens changes depending on the distance of the object. A - objects far
away, B - objects close; source (8)

The clouding of the lens itself is often due to several (so far confirmed) reasons: agerelated changes, congenital changes, complications of eyeball or body diseases, injuries,
inflammations, metabolic disorders, nutritional errors, effect of corticosteroids (6, 7).
Nowadays, a lot of attention is paid to the importance of environmental conditions during
the formation of lens opacities. There are many indications that environmental pollution, among
others heavy metals accelerate the incidence of this disease. Essential oxygen can also be
dangerous, because it contributes to the formation of free radicals. Reactive oxygen species
(RFT) that directly affect the formation of oxidative stress (7-9).
The first signs that can be seen are blurring of the image and general visual disturbances.
The resulting changes depend primarily on the severity of the cataract and its location. The
location varies, ranging from subcapsular, cortical or nuclear, to the anterior or posterior. The
cataract develops at different rates, the lens may cloud up slowly and very quickly. So far,
despite many studies in this direction, scientists have not been able to demonstrate specific and
unequivocal causes of these pathophysiological changes. Additional changes that are
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determined during cataracts include a change in the color of the lens itself to yellow or amber
(6.7).

Fig. 3. Pseudophakia. A. Optic of posterior chamber IOL is seen within lens capsular bag in
posterior chamber; source (2)

Nowadays, a lot of attention is paid to the importance of environmental conditions during
the formation of lens opacities. There are many indications that environmental pollution, among
others heavy metals accelerate the incidence of this disease. Essential oxygen can also be
dangerous, because it contributes to the formation of free radicals. Reactive oxygen species
(RFT) that directly affect the formation of oxidative stress (7-9).
The first signs that can be seen are blurring of the image and general visual disturbances.
The resulting changes depend primarily on the severity of the cataract and its location. The
location varies, ranging from subcapsular, cortical or nuclear, to the anterior or posterior. The
cataract develops at different rates, the lens may cloud up slowly and very quickly. So far,
despite many studies in this direction, scientists have not been able to demonstrate specific and
unequivocal causes of these pathophysiological changes. Additional changes that are
determined during cataracts include a change in the color of the lens itself to yellow or amber
(6, 7).

2. REACTIVE OXYGEN SPECIES
Reactive oxygen species (RFT), which are one of the main causes of oxidative stress,
negatively affect eye cells, contributing to their damage. This undesirable effect is eliminated
by the use of various antioxidants (8-10). RFTs are alone because they have one or more
unpaired electrons in valence orbit. In addition, free radicals are formed as a result of many
chemical reactions, and some are even catalyzed by enzymes found in cells. According to
WHO, air contains dangerous compounds, among others: carbon monoxide (CO), sulfur
dioxide (SO2) and nitrogen dioxide (NO2), which, in addition to their own harmfulness, also
contribute to the formation of oxidative stress and oxide radicals . It has been proved that there
is a relationship that indicates that the appearance of one reactive oxygen species leads to the
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appearance of others. One such reaction is the formation of a hydroxyl radical from another
ROS, which is hydrogen peroxide. Reactive oxygen species undergo non-specific reactions
with selected components of all body cells, including ocular ones, leading to their modification
and, ultimately, to their damage (8, 11-14).

Fig. 4. The activation states of oxygen

The uncontrolled increase in the concentration of reactive oxygen species seriously
affects the economy in biological systems and can have serious effects on human health. The
action of pro-antioxidant reactions is primarily aimed at inhibiting the effects of ROS and
oxidative stress, which directly destroys cells, leading to their degeneration. An imbalance
between antioxidants (antioxidants) and oxidants (oxidants) can lead to many diseases,
including cataracts. It has been confirmed that antioxidants can reverse some of the changes
caused by the effects of ROS and oxidative stress (8, 15-17).

3. IMPACT OF ELEMENTS
It turns out that the chemical elements have an impact on the formation of
pathophysiological changes in the human body, also by contributing to the formation of
oxidative stress. However, the chemical elements have both oxidative and antioxidant
character. It has been proved, among others, that Fe, Cu, Zn or Mn exhibit antioxidant
properties, while Cd, Pb have oxidative effects. Scientists confirm that Cd, Fe, Hg and Pb
negatively affect the eyes, by increasing the concentration of free oxygen radicals (directly or
indirectly). In turn, microelements such as Zn and Se, which are the building blocks of
antioxidant enzymes, protect against oxidative stress. (18, 19). It should be noted that there are
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significant correlations, synergisms and antagonisms between the elements, which are very
often one of the main factors in the formation of diseases such as cataracts (20-22).
Environmental pollution and heavy metal contamination directly affect changes in the
body. Interactions to inhibit the formation of dangerous damage are also important (3, 20, 22).
Here it is used, among others biotechnology, which thanks to its research methods can
contribute to learning about the impact of elements on developing cataracts.

Fig. 5. Comparison of metal ion levels in the human lens. A pie chart showing the relative
proportion of 14 metal ions quantified in people without known (obvious) cataract. The
average value (μg * g-1 dry tissue) is shown next to the symbol of the element concerned;
source: (25)

Studies conducted so far indicate concentration, among others heavy metals including
lead, which accumulates in the retinal epithelium and in the choroid (16, 23, 24).
One of the methods indicating the concentration of elements in plasma is ICP-MS, i.e.
mass spectrometry with inductively coupled plasma excitation. This method allows quantitative
analysis of chemical elements contained in plasma. The basic parameters for determining
elements by this method is agron as a carrier gas. In addition, 45Sc, 89Y, 159Tb are used as internal
standards for the determination of each sample (3, 26, 41).
Many elements affect the lens. Some are positive and have oxidative properties, while
others are toxic, damaging and contributing to lens damage. One of the main representatives of
this second group are heavy metals, which also include cadmium and lead. They are toxic and
have the ability to accumulate in the human body. Their excess in the body contributes to
metabolic changes, which at a later stage can cause cataracts (21, 23, 29).
It has been shown that lead can accumulate directly in the lens of the eye, where it acts as
a protoplasmic poison. In addition, the presence of lead in the body causes many symptoms that
are often confused with other diseases, making it difficult to diagnose its presence sometimes.
Lead effectively competes for the binding site of pro-antioxidant ions that could block its
harmful effects (24, 25, 30).
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Fig. 6. Schematic diagram of a commercial inductively coupled plasma mass spectrom
eter; source: (27)

To date, preliminary studies have been conducted into the effects of cadmium on the
eyeball. Cadmium, like lead, has been shown to be toxic and causes oxidative stress, which is
an indirect cause of cataract. It is thought that Cd2+ divalent cadmium ions can accumulate in
mitochondria, which is dangerous by indirectly influencing the formation of reactive oxygen
species. These ions additionally contribute to damage in organelles that "produce" lens cells.
Unfortunately, they are then more susceptible to damage and not resistant to photo-oxidation.
Other studies indicate the possibility of cadmium accumulation in ocular tissues. Excess
cadmium is mainly located in the neural retina, retinal epithelial pigments and choroid (18, 24,
31).

4. ABOUT OXIDATIVE STRESS AND CATARACT
The high risk posed by oxidative stress by affecting changes in eye cells causes the body
to defend itself against its undesirable effects, using a lot of antioxidants. Eye protection is
based on the use of antioxidant reactions (9, 17, 28). It has been confirmed so far that
antioxidants inhibit the progression of antioxidant stress, and it may even happen that they
reverse the changes caused by its action (17, 29).
In First things first tests are designed to demonstrate what dependencies prevail between
oxidants and antioxidants. Biotechnology helps in such research using, among others,
spectrophotometric methods (e.g. determination of superoxide dismutase, catalase),
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thiobarbituric methods (for malonic aldehyde) or purely enzymatic methods (ceruloplasmin
activity). The obtained results can then be thoroughly analyzed using various statistical methods
(31-33).

Fig. 7. Effects of oxidative stress on signal transduction inthe cell (30)

Antioxidant activity is divided into further mechanisms that are used. The first field of
activity is inactivation of free radicals by destroying them. The second mechanism is a direct
reaction with ROS or other oxidants that contribute to the formation of oxidative stress. There
are also so-called chelation or "transfer" of a metal with catalysing properties as proantioxidants. There is also activation of certain enzymes with antioxidant properties (34).
Different enzymes are released in the human body depending on the activation of individual
defense mechanisms. The best known antioxidant enzymes that are activated first are catalase,
superoxide dismutase and glutathione peroxidase (3, 5, 8, 34).
One of the first and highly active antioxidant enzymes operating on the first line is
superoxide dismutase. Its main task is to capture and bind RFT, and the most common reaction
is disproportionation of the superoxide anion radical. The reaction results in the formation of
hydrogen peroxide H2O2 and molecular oxygen O2 (8, 36-38).
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SOD is active because in its structure it has copper on two oxidation levels Cu2+ and Cu+.
These forms undergo oxidation and reduction reactions, according to the reaction (Bartosz
2013): Currently, a lot of research is conducted to find out the SOD activity in people with
cataracts and to determine the effect it has during lens pathophysiology. One such method is
the study of the activity of superoxide Pona dtlenkowej that formed, for example. Using a
standardized set of Superoxide Dismutase Assay Kit (Cayman Chemical Co.). Analyzes are
performed on a 96-well titration plate.
Principle of the method: This method uses the tetrazoline salt, which after binding with
superoxide radicals gives a red dye - formazan.
Procedure: The samples and standards with a unit volume of 10 .mu.l is added to 200 μl of the
detector of free radicals, that is, the solution of the salt with the tetrazolium. Then 20 ml of
xanthine oxidase are added to start the reaction. P by 20 min. incubation on a shaker at room
temperature the abs orbance is read at 450 (39).

Fig. 8. Titration plate after testing SOD plasma activity; own photo

To date, it has been indicated that superoxide dismutase, found in the cytosol, has high
antioxidant activity directly in the lens of the eye. In addition to inhibiting negative RFT
activity, SOD has also been shown to stimulate protective cells located in the eyes to act. These
cells stabilize proteins and minimize predisposition to oxidation (37-40).
During our research, we obtained the following results regarding the average
concentration of superoxide dismutase in a group of 72 patients with cataracts and 59 healthy
volunteers. The differences testify to the activation of defense mechanisms (SOD) in patients
in the presence of oxidative stress, which is associated with the accumulation of chemical
elements and ROS. Oxidative stress arising as a result of various factors, mainly due to the
excess of reactive oxygen species, is one of the causes of lens opacification, which is the main
pathophysiological change in cataracts.
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Scientists confirm, however, that antioxidants inhibit the negative effects of oxidative
stress, and in some cases can even undo the effects already caused by its action (17).
60

Average concentration

50

56,688
n= 72
patients group

40

control group
30
20
10
0

0,398
n=59
SOD

Fig. 9. Average superoxide dismutase concentration in plasma of patients with cataracts and
healthy volunteers; own research

5. CONCLUSIONS
Oxidative stress and ROS have a very harmful effect on living organisms, including the
eyes. Keeping the balance between oxidants and antioxidants has a major impact on the proper
functioning of the body. Various antioxidants reduce the effects of oxidative stress and at the
same time may contribute to the reversal of some of the changes already caused. Thanks to
various biotechnological methods, it is now possible to determine the concentration of metal
ions and chemically active groups, as well as the activity of antioxidant enzymes (SOD, CAT,
GPx , GR), which can serve as an appropriate auxiliary diagnostic indicator in environmental
diseases, including cataract.
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