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ABSTRACT

Background: Oxidative stress is the main cause of mortality in chemical burn-induced esophageal
injury. Melanin, a natural antioxidant compound from yeast-like fungus Nadsoniella nigra strain X-
1, has been shown to decrease the content of lipid peroxidation products after burn. The aim of
this study was to investigate the protective effect of melanin in the treatment of esophageal injury
aftera chemical burn. Methods: A alkali burn model was used to induce injury to the esophagus in
immature rats. Changes in the levels of malondialdehyde, secondary products of lipid peroxidation
(thiobarbituric acid reactive substances), superoxidase dismutase, and catalase in the blood, as well
as changes in the esophagus tissue, were examined. Results: Melanin decreased the content of
lipid peroxidation products following burn injury. Melanin increased the activity of superoxidase
dismutase and reduced the activity of catalase, as well as reduced esophagus oxidative injury in
our chemical burn model. Conclusion: Melanin treatment may protect against chemical burn-
induced esophageal injury, possibly by inhibiting burn-induced oxidative stress.
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INTRODUCTION

Esophageal alkaline chemical burns appear to be a se-
rious health problem that lack effective treatment op-
tions'. The majority of these events occur due to ac-
cidental swallowing of alkaline chemicals because of
their wide household use. The basic histo-pathologic
reaction of a tissue subjected to alkaline burn is colla-
gen synthesis, deposition, and remodeling. In the case
of esophageal wall full thickness injuries, the normal
esophageal tissues are replaced by dense connective
one’.

According to statistics, the rate of these burns in
Ukraine is 21.3 per 10 000 of the population, which
corresponds to more than 30% of all burns received
by children under the age of 5 years. In addition, such
burns occupy the third place among all types of child-
hood injuries. Esophagus chemical burn treatment
represents one of the most complex specific problems
of pediatric medicine, despite all the achievements in
this field. Tissue structure immaturity in children, as
well as imperfections of vital organ function, are the
main cause of prolonged whole organism pathological
disorders”.

The grave degree of different organ pathological reac-
tions, and varying disease outcomes, are usually de-
pendent on burn injury severity, age of child, and
proper therapy selection®. Moreover, excessive lipid

peroxidation activation is also a factor”. As a result of
the increased activity of free radical processes and a
weakening antioxidant defense (AOD) system, toxic
products can accumulate, causing severe metabolic
disturbances with general oxidative stress formation®.
It is already known that activation of lipid peroxide
(LP) oxidation (LPO) causes cell membrane oxida-
tive damage, enzyme catalytic activity inhibition, as
well as other harmful effects which compromise vari-
ous vital cell functions’. Under the conditions of en-
hanced LPO processes, the cell’s antioxidant system
play an important role because their enzymatic com-
ponents are involved in the regulation of free radical
formation as well as degradation of LP product®°.
Burn conditions violate the homeostatic balance be-
tween active oxygen synthesis and antioxidant system
functions’. The antioxidant activity of phenolic com-
pounds occurs through various action mechanisms:
inhibition of the active form of oxygen formation, sin-
glet oxygen molecule neutralization, metal ion bind-
ing (as the reaction catalysts for the active oxygen
forms), and interruption of the free radical reaction
cascade during the LP processes "%

Analysis of modern literature has suggested possi-
ble promising means of lipid peroxidation normal-
ization during first and second degree esophageal
burns, in the case of natural origin substances, based
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on polyphenolic structure. These substances in-
clude melanin, a product of the yeast-like fungus

Nadsoniella nigra strain X-1'°. It is known that

14-16

this drug exhibits antioxidant ™", immunomodu-

718 anti-carcinogenic '’ and stress-relieving *’

latory
properties, allowing it to be widely used in medicine.
Therefore, the purpose of this work was to evaluate the
peroxidation product content and activity changes in
antioxidant system enzymes, e.g. superoxide dismu-
tase (SOD) and catalase, in rat blood serum and tis-
sues throughout different stages after an experimen-
tal burn infliction, with or without melanin treatment

following burn injury.

METHODS

Burn model of animals

I our experiments, white wild rats (1 month old, 90-
110 g in weight) were used in full compliance with
provisions for the use of animals in biomedical exper-
iments, as approved by the First Ukrainian National
Congress on Bioethics (September 2001), as well as
other international agreements and national legisla-
tion in the area. Chemical burns in animals were
experimentally inflicted in the following way: alka-
line esophageal burn (AEB) was induced using 20%
sodium hydroxide (NaOH). For this, the probe was
injected into both an esophagus soldered at the end
and a hole at a distance of 2 mm from it. The probe
of 0.2 mL solution of 20% NaOH was slowly injected
for a depth of 4 cm from the rat’s upper incision. This

burn model corresponded to a 2™¢

degree burn in-
jury. Control rats were administered with the respec-
tive amount of water, injected orally once?. All ani-

mals in the study received a standard diet.

Experimental groups

The experimental scheme was as follows:

Group 1 — control, healthy rats (intact control);
Group 2 — rats bearing 2% degree AEB, adminis-
tered with appropriate dose and timing of saline (burn
control);

Group 3 — rats bearing 2"¢ degree AEB, adminis-
tered with melanin starting from the 2"¢ day of the
experiment at a dose of 1 mg/kg for 14 days.

Treatment with melanin

Producers of melanin used in our studies were the
yeast like fungi Nadsoniella nigra strain X1 taken
from the vertical rock samples from Antarctica island
Galindez ™.
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Sample collection

Samples from the rats were collected at the 7", 15"
and 21° day of the experiment, according to the stage
of burn disease . The method of sacrificing animals
was cervical dislocation. The parameters that were
evaluated were measured from serum, which was iso-
lated by centrifugation of blood at 2000 g x 40 min,
and from esophageal tissue.

Determination of oxidative stress levels
and antioxidant enzyme activities

The TBK-active product content of was determined
by Haryshvyly & Stalnaya (1977)*, while diene con-
jugate (DK) amount — by Gavrilov (1988)*. The en-
zyme activities were determined as follows: superox-
ide dismutase (SOD.KF 1.15.1.1) by the method de-
scribed previously25 ; catalase (CAT, KF 1.11.1.9) by
the method described previously®. The tissue pro-
tein content was estimated by the Lowry method ”’.

Statistical analysis

The experimental data were statistically analysed us-
ing Student’s t-test; the significance level was set as p
<0.05.

RESULTS

The body’s antioxidant protection system controls and
inhibits all phases of free radical reactions, from their
initiation to the formation of hydroperoxides and
TBK-active products. Therefore, in the first stage of
our study, we determined the LPO intensity, mea-
suring the level of TBK-active products and malon-
dialdehyde (MDA) in rat blood serum and esophagus
homogenate samples.

In our 2"? degree AEB model, throughout the study,
the concentration of TBK-active products in rat blood
serum significantly increased by 30%, 54% and 40%
after 7, 15 and 21 days, respectively, in comparison
with the control values. Similar results were obtained
in the esophageal tissues, where the TBK-active prod-
uct concentration after 2¢ degree AEB increased by
204%, 131% and 25% after 7, 15 and 21 days of our
experiment, respectively, if compared to the control.
When the drug melanin was administered, there was
a tendency of the TBK-active product amount to de-
crease in rat blood serum by 31% at the 7*" day, by
32% at the 15°" day, and by 18% at the 21°* day. In
the esophagus tissues, this decrease was decreased by
61% at the 7" day, by 42% at the 15" day and by
20% at the 21°* day of the experiments, respectively,
when compared with animals bearing 2" degree AEB
(Figure 1).
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Figure 1: Concentration of TBK-active products in the esophagus tissues (A) and in the blood serum (B) of
rats with induced second degree alkaline esophageal burns (AEB 2), with or without melanin treatment at
a dose of 1 mg/kg (M + m, n=8). *- compared to the controls # - compared to the ond degree AEB (AEB 2)

A similar difference was also found in the esopha-
gus tissues and rat blood serum when studying the
process of lipid peroxidation and formation of the
main end product, malondialdehyde (MDA), which
is formed during primary and secondary lipid per-
oxidation product degradation. Indeed, for 2"¢ de-
gree AEB animals, the concentration of MDA in rat
blood serum throughout the experiment was signifi-
cantly increased by 246%, 387% and 556% at the 7th,
15*" and 21°* day of experiment, respectively, in com-
parison with the controls. The results obtained in the
esophagus tissues were somewhat similar, as the MDA
concentration for AEB 2 increased by 357%, 473%
and 589% at the 7", 15" and 21°¢ day of the ex-
periment, respectively, when compared to the con-
trol. When the drug melanin was administered, it
provoked the MDA content to decrease in both rat
blood serum and esophagus tissue, especially after 15
and 21 days. In the serum, the MDA concentration
was reduced by 43% and 62% at the 15" and 21°
day, when compared to the values for 2" degree AEB.
In the esophagus tissues, the MDA amount was di-
minished by 57% at the 15" day and by 82% at the
21°¢ day, in comparison to the 2"¢ degree AEB values
(Figure 2).

From analysis of the SOD activity in rat blood serum
from animals with 27% degree AEB, it was observed
that the enzyme activity of SOD decreased by 40% at
the 7" day, by 47% at the 15"" day and by 20% at
the 21°¢ day of the experiment, in comparison with
the control. In the study of the esophagus tissues,
an increase in SOD activity by 11% was observed at
the 7*" day, which may be attributed to the body’s
compensatory response to burns, while at the 15"
day and 21°* day, SOD activity decreased by 33% and

50%, respectively, when compared to the control val-
ues. When the drug melanin was administered, there
was an observed increase in the blood serum SOD ac-
tivity by 33% at the 7" day, by 63% at the 15" day,
and by 17% after the 21°' day, in comparison to the
data obtained from rats with 2% degree AEB. In the
esophageal tissues, under the action of melanin, this
activity was increased by 33% at the 21°* day, when

compared to the data obtained from the 2™¢

degree
AEB animals (Figure 3).

We showed that under the conditions of 2" degree
AEB, the catalase activity in rat blood serum increased
throughout the experiment - by 106% at the 7*" day,
by 153% at the 15" day, and by 130% at the 21°* day,
when compared to the control values. In the esoph-
agus tissues, the activity of this enzyme was higher
by 502%, 373% and 136% after 7, 15 and 21 days,
respectively, in comparison with the controls. Since
hydrogen peroxide easily penetrates plasma mem-
branes, catalase activation is more likely to increase
in response to normal hydrogen peroxide levels in the
esophageal tissues. With the introduction of the drug
melanin, the catalase activity decreased in the esoph-
agus by 52% at the 7" day, by 37% at the 15" day
and by 19% at the 21° day, when compared to the val-
ues from animals with 2% degree AEB. The growth of
catalase activity may indicate that this enzyme has an
active organism LPO resistance in the organism in the
processes after chemical burn infliction (Figure 4).
Therefore, with 2™? degree esophagus burns on the
background of increased LOP activity, we demon-
strated the significant inhibition of antioxidant de-
fense mechanisms. Under the conditions of burn dis-
ease, a disturbance of the balance between the pro-
oxidant factor activity and the antioxidant system ac-
tivity may be present due to the intensification of the
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Figure 2: The malondialdehyde (MA) content in the tissues of the esophagus (A) and in the blood serum (B)
of rats with induced second degree alkaline esophageal burns (AEB 2), with or without melanin treatmentat
a dose of 1 mg/kg (M + m, n=8). *- compared to the controls # - compared to the ond degree AEB (AEB 2)
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Figure 3: The SOD activity in the tissues of the esophagus (A) and in the blood serum (B) of rats with induced
second degree alkaline esophageal burns (AEB 2), with or without melanin treatment at a dose of 1 mg/kg
(M + m, n=8). *- compared to the controls # - compared to the ond degree AEB (AEB 2)
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Figure 4: The catalase activity in the tissues of the esophagus (A) and in the blood serum (B) of rats with
induced second degree alkaline esophageal burns(AEB 2), with or without melanin treatment at a dose of
1 mg/kg (M £ m, n = 8). *- compared to the controls # - compared to the 2% degree AEB (AEB 2)
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free radical conversion process. It was established that
the evaluated system activity changes, in the case of
AEB, depend on the stage of burn disease. The highest
amount of TBK-active products was observed at tox-
emia (7 day) and septicotoxemia (15 day) stages. The
greatest increase in the MDA level was evident in the
blood and esophagus tissues at the 15" and 21°¢ days.
There was also a decrease in SOD activity and increase
in catalase activity. Finally, it was shown that the use
of melanin significantly contributes to the reduction
of peroxide oxidation product content (MDA, TBK-
active products), as well as contributing to SOD ac-
tivity increase and catalase activity decrease.

DISCUSSION

In this study, the antioxidant property of melanin was
studied in an alkaline esophageal burn model. Our re-
sults suggest that melanin is an inhibitor of lipid per-
oxide oxidation.

Active forms of oxygen (AFO) hyper-production, be-
ing one of the main pathological factors, induces the
literal “avalanche” of uncontrolled AFO synthesis —
the process of a huge potential danger for any cell and
tissue. One of the decisive factors in damaged ep-
ithelium regeneration is the oxidant-antioxidant bal-
ance restoration speed. This process can be aided
effectively using various antioxidants. The radicals
of hydroxyl and superoxide anion are two types of
the most important free radicals in whole organisms.
The production of hydroxyl radicals plays a significant
role in the initiation of lipid peroxidation®®. Mem-
brane lipids are particularly susceptible to oxidation
due to the high concentration of polyunsaturated fatty
acids and their association with enzymatic and non-
enzymatic systems in the cell membrane is capable of
generating free molecules of radicals®.

The oxidative modification of cellular structures and
enzymes appears to be one of their destruction mech-
anisms leading to the subsequent molecular compo-
nent upgrade. The process of radical oxidation is asso-
ciated with protein lipid, nucleic acids, prostaglandin
and other substance turnover in cells. Antioxidant
system exhaustion usually become a major factor of
pathogenesis for a considerable number of diseases.
Normally free radical processes play an important role
in biological system functioning by participating in
complex reaction sets aimed for regulation of cellu-
lar metabolism. In addition, free radical reactions
are considered to be the universal mechanism of cell
damage inflicted by various factors ™. Thus, their ex-
cessive activation plays a key role in cell damage, being
able to stimulate both cell defense mechanisms and

proliferation. The excessive accumulation of LP prod-
ucts in an organism occurs mainly in a form of highly
toxic superoxide anion-radicals, which can lead to
significant organism disorders and severe endotoxi-
cosis.

Tissue and serum content of MDA and TBK-active
products (the final product of lipid breakdown caused
by oxidative stress) are considered to be good indica-
tors for radical-induced lipid peroxidation®"**, After
burning, the content of lipid peroxide oxidation in-
creased. In the application of melanin, there was a de-
crease in the content of the studied parameters, which
may indicate the inhibition of lipid peroxidation by
melanin.

Burn disease intensifies active oxygen form synthe-
sis which can lead to prominent tissue damage. In
this case, an unbalance between the intensity of the
free radical formation process and the antioxidant
system activity levels may be issued, resulting in bio-
molecule oxidation speed increases. Disturbances in
the normal course of oxidative processes underlying
cell metabolism and determining organism overall
adaptive capacity leads to the oxidative stress forma-
tion™. Tt is a major metabolic syndrome that pro-
motes the development of numerous organism mor-
phofunctional disorders**.

An excessive amount of ROS can react with many
bio-molecules, such as DNA*°, lipids % or proteins 37,
Our body has several enzymes that play an important
role in removing excess ROS in the cell. Enzymes such
as SOD and CAT are most important in the cellular
antioxidant system***°.

Superoxide dismutase (SOD) and catalase are the ma-
jor enzymes of antioxidant cell defense. The activity
of these enzymes determines cell resistance to oxida-
tive stress consequences. Changes in the activity of
SOD and catalase appear to be an indicator of formed
primary product amounts in reactions of superoxide
ion-radical oxidation as well as a number of its fur-
ther transformation products. Therefore, in order to
evaluate free radical processes activity in the tissues of
both the esophagus and the rat blood serum, we stud-
ied the activity of the following enzyme components
of the antioxidant system - catalase and SOD.
Superoxide dismutase is an enzyme belonging to a
group of antioxidant enzymes protecting an organ-
SOD cat-
alyzes superoxide dismutation into oxygen and hy-

ism from highly toxic oxygen radicals.

drogen peroxide and is present in all cells able to ab-
sorb oxygen. Superoxide dismutase activity suppres-
sion usually leads to superoxide anion-radical accu-

mulation, initiating chains of free radical reactions in
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cells. Therefore, the established SOD activity dynam-
ics, as well as the LP final product concentration, may
indicate free radical oxidation process activation *’.
In systemic metabolic disorder development inflicted
by burns of mild and moderate severity, free rad-
ical lipid oxidation plays an important role in the
case of both enzymatic and non-enzymatic antiox-
idant system activity and their insufficient levels in
blood”. The increase of free radical synthesis activity
in such pathological conditions leads to prooxidant-
antioxidant balance disturbance and, as an effect, ox-
idative stress development.

Catalase (hydrogen peroxide: hydrogen peroxide ox-
idoreductase, 1.11.1.6.) is an enzyme of the oxidore-
ductase class found in almost all eukaryotic organ-
ism tissues. It carries out the reaction of reducing hy-
drogen peroxide to water and oxygen using various
proton donors. SOD and catalase act as synergistic
enzymes. Thus, in the process of the SOD reaction,
hydrogen peroxide is formed, for which the destruc-
tion of a catalase is required. If catalase activity is
diminished, hydrogen peroxide can act as a SOD in-
hibitor*'. Therefore, correct and sufficient mutual ac-
tivities of these two enzymes are very important for
maintaining the cell oxidant-antioxidant balance.

As it is known, the increased number of active forms
of oxygen can be caused by the activation of neu-
trophils, which in turn can be activated by inter-
leukins. Peroxisol proliferation activation receptors
(PPARSs) are considered one of such molecular links
between pro-inflammatory cytokines and transcrip-
tion factors. The earlier studies indicate that the effect
of melanin may be mediated by interaction or partial
interaction with receptors **.

Therefore, it was interesting to investigate the activity
of these enzymes under conditions of chemical burn
and also under conditions of application of melanina
as treatment. At the burn, the activity of SOD is sig-
nificantly decreased and catalase activity is increased
in blood and esophageal tissues. elanin increased the
enzymatic activity of SOD and decreased the activity
of catalase (Figures 3 and 4). This may be respon-
sible for increased resistance to oxidative stress. As
shown in Figure 4C, the activity of catalase in the
blood serum and tissues of the esophagus was signifi-
cantly increased after burns, these data may be due to
an instinctive protective effect in response of oxidative
stress.

CONCLUSIONS

To our knowledge, this is the first study to demon-
strate the antioxidant property of melanin in an alka-
line burn model of the esophagus. The study herein
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showed that melanin reduced the content of lipid per-
oxide oxidation products and normalized antioxidant
enzyme activity after induction of alkaline esophageal
burn. The data obtained in the study indicate that
there is a possible prospect for the use of melanin in
the future for treating chemical burns of the esopha-
gus.
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ABBREVIATIONS

AEB: alkaline esophageal burn

AFO: active forms of oxygen

AOD: antioxidant defense

CAT: catalase

DK: diene conjugate

LP: lipid peroxide

LPO: lipid peroxide oxidation

MDA: malondialdehyde

PPARSs: peroxisol proliferation activation receptors
SOD: superoxide dismutase
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