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Abstract

Background: According to modern concepts of burn disease development, one of the
main burn complications is inflammation occurrence. Despite the large number of drugs
used to treat the effects of chemical burns of the esophagus, we find conflicting
information in the literature about their effectiveness. Moreover the problem of burn
wound healing process quickening, as well as the prevention measures against possible
post burn complications are really relevant if we aim to subjective portability of
rehabilitation period facilitation. Methods: Study the immune system cytokine levels in
immature rat blood serum under the simulation of 1 and 2 degree esophageal chemical
burns in case of melanin administration as a drug. Was estimated ELISA using sets of
reagents and instructions from Biotrack ELISA System company «Healthcare». Results:
The significant increase of pro-inflammatory cytokines (PC) was shown mostly on day 7 of
the experiment, which reflects the activity and severity of the disease process. In terms
of further research the level of pro-inflammatory PC can be multidirectional. The
significant decrease of anti-inflammatory cytokines amount was found under conditions
of AEB at 15th and 21st days. At 1st and 2nd degree ABE the observed changes were
multidirectional. Melanin administration resulted in the fast decrease of blood levels of
all cytokines in our experiment to the values close to normal in conditions of esophagus
chemical burn progress. Conclusion: Therefore, it was shown that some factors have the
ability of changing the levels of pro inflammatory and anti-inflammatory cytokines in the
models 1st and 2nd degree ABE and AEB in immature rats. The obtained data showed,
that 1st degree ABE progressed without septic complications. In the models of 2nd
degree ABE and AEB, the risk of poly organic failure remains. Melanin administration
resulted in the fast decrease of blood levels of all cytokines in our experiment to the
values close to normal in conditions of esophagus chemical burn progress.
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Introduction

According to modern concepts of burn disease development, one of the main
burn complications is occurrence of inflammation. The main factor responsible
for development of inflammation is weakening of the immune system weakening
as well as compromise of skin barrier function. The significant role of the
inflammatory response development is executed by immune system humoral
factors of the specific and non-specific immunity, and by local actions of immune
cells close to the source of antigenic information. These cells locally produce
cytokines, as well as distinguish and kill other cells of the surrounding tissues
(Kazakov VN; Paunel-Gorgult et al., 2012). The important function in the
development of inflammation is performed by the pro-inflammatory cytokines,
including interleukin (IL)-1B, IL-12, interferon (IFN)-gamma, IL-6, and tumor
necrosis factor (TNF)-alpha) (Zmushko El, 2001). These cytokines are involved in
the implementation of both specific and non-specific immunity (Paunel-Gorgli
et al., 2012; Polikarpov A.V., 2011). The next processes (of burn wound healing)
include subsiding inflammatory responses and increasing collagen synthesis.

Anti-inflammatory interleukins, such as IL-10 and IL-4, can reduce inflammatory
manifestations (Polikarpov A.V.,, 2011; Ward PA., 1999, Zhou et al,
2012). Despite the large number of drugs used to treat the effects of chemical
burns of the esophagus, we find conflicting information in the literature about
their effectiveness. Indeed, accelerating the burn wound healing process and
preventing possible post-burn complications are necessary for facilitating an
effective rehabilitation (Fistal E.Y 2004; Hetyuhaylo, 2007; Klimenko M.O, 2009).
Thus, search of agents for chemical burn treatment is one of the main focuses of
theoretical and practical medicine.

The use of non-toxic natural antioxidants as cyto-protectants are relevant (Seniuk
O. F, 2014). The protective effect of antioxidants has been widely studied (as
well as any associated adverse factors) in various metabolic disorders. Analysis of
recent data suggests that substances of natural origin based on polyphenolic
compounds can be used as possible perspective treatment agents in
normalization of biochemical parameters of 1st and 2"¢ degree EB. These
substances include melanin, the eccrisis product of yeast-like fungi strain called
Nadsoniella nigra strain X-1 (Chyzhanska et al., 2007). These substances also
have antioxidant (Brenner and Hearing, 2008; Keypour et al., 2008;
Romanovskaia et al., 2010) immune-modulating (Chornenka N.M., 2016; Racca
et al., 2005) , anti-carcinogenic (Golyshkin et al., 2015; Seniuk et al., 2009), and
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stress-protective (Chyzhanska et al., 2007; Golyshkin et al., 2015) properties,
which are beneficial for use in medicine.

In the study herein, the aim of the work was to evaluate immune system cytokine
levels in immature rat blood serum under the simulation of 1%t and 2"¥ degree
EBs and using melanin as a protective drug.

Materials-Methods

Animal burn model

All experiments were performed following the general ethical principles of
animal experiments approved by the first National Congress on Bioethics in
Ukraine (and other national and international agreements/legislations of the
area). We used nonlinear immature white female rats (~1 month of age)
weighing 90-110 g (corresponding to 1-4 years of age in children) (Gelashvili,
2008; Raetska Ya.B., 2013). The animals were subjected to experimental AIEB
simulation by administration with 10% (grade 1) and 20% (grade 2) sodium
hydroxide (NaOH) solution. Some animals were subjected to AcEB (grade 2)
using 30% trichloroacetic acid (TCA; CCI3COOH solution) (Raetska Ya.B., 2013).

Experimental groups

The first part of our study was to separate the animals into the following groups:
(1) intact rats (n=8), (2) rats bearing 1%t degree AIEB (n=28), (3) rats bearing 2"
degree AIEB (n=28), and (4) rats bearing 2"? degree AcEB (n=28).

In the second part of our study, animals are separated into 6 groups; Groups 1, 2
and 3 consisted of rats bearing 1t degree AcEB which were injected with
melanin (starting from day 2 of the experiment) at a dose of 0.1 mg/kg, 0.5 mg/
kg, or 1 mg/kg, respectively, for 14 days (n=28 per group). Additionally, Groups
4, 5 and 6 consisted of rats bearing 2" degree AcEB which were injected with
melanin (starting from day 2 of the experiment) at a dose of 0.1 mg/kg, 0.5 mg/
kg, or 1 mg/kg, respectively, for 14 days (n=28 per group).

Source of Melanin

For our experiments we used melanin produced by the yeast-like fungi
Nadsoniella nigra strain X1 from cliffs of Galindez Island (Chyzhanska et al.,
2007).

Serum preparation

Rats were evaluated on days 7, 15 and 21, according to the stage of burn
disease (Fistal E.Y 2004). The method of sacrificing the animals was cervical
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dislocation. Biochemical parameters were measured in serum of blood, following
centrifugation of blood at 2000 g for 40 min.

Determination of cytokine level

Blood serum cytokine levels (IL-1beta, IL-12, IF-gamma, IL-6, TNF-alpha, IL-4
and IL-10) were evaluated by ELISA using reagents and instructions from the
Biotrak ELISA System (GE Healthcare Life Sciences, Pittsburgh, PA).
Determination of cytokine concentration was carried out on days 7, 15 and 21
days after chemical burn infliction. Immunoassay analysis was performed in
accordance to standard protocols with certain modifications (Chornenka NM,
2016). The 100 pl samples of blood serum were incubated in wells of 96-well
plates overnight at 4°C. To block non-specific binding sites after washing, the
plates were subsequently incubated (at 37°C) with 5% skimmed milk for 1 hour.
After that, probes were washed with 0.05 M Tris-HCl| buffer solution containing
0.1% Tween-20 and again with 0.05 M Tris-HCI buffer solution. After that, the
highly specific primary antibodies were added and samples were incubated for 1
hour at 37°C. Next, samples were incubated with appropriate secondary
antibodies. Between all these steps, the probes were washed twice with 0.05 M
Tris-HCI buffer solution with 0.1% Tween-20. The substrate for the peroxidase
reaction was o-phenylenediamine/hydrogen peroxide (Sigma-Aldrich, St. Louis,
MO). The spectral measurements were set at 492 nm.

Statistical analysis

Statistical analysis of the results was performed using variation statistics with the
aid of ANOVA. To determine the reliability of differences between two given
samples we used the student t-test (t). Differences were considered significant if
p < 0.05.

Results

We have evaluated the levels of pro-inflammatory cytokines, including IL-1beta,
IL-12, IF-gamma, IL-6, and TNF-alpha (Table 1). The significant increase of pro-
inflammatory cytokines was seen around day 7 of the experiment, which reflects
the rapid severity of the burn and the associated inflammatory activity.

From our models, the level of IL-1B after 15t and 2" degree AIEB and 2"® degree
AcEB increased on days 7, 15 and 21- by 18.2%, 17% and 25% and 13.6%
respectively, when compared to the control. The most significant change was
observed after 2"¥ degree AcEB and 2" degree AIEB on days 7 and 15. After 1st
degree AcEB the most prominent increase occurred at days 7 and 15 by 25%
and 12.5%, respectively. However, at day 21 the IL-1B level approached the
reference value.
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Regarding IL-12, after 15t degree AIEB induction the IL-12 concentration
increased by 11% and 22% at days 7 and 21, respectively, when compared to
the control. However, after 2" degree AcEB and 2"¥ degree AIEB, the level of
IL-12 on days 7 and 21 increased by 24.4%, and 35.6%, and 15.6% and 27.8%,
respectively. At day 15 following 2" degree AcEB the level of IL-12 decreased
by 11% in comparison to the control.

Table 1. The level of pro-inflammatory cytokines in blood serum of rats with
the acid burn of esophagus (ABE) and first and second degree alkali
esophageal burn (AEB 1, 2) under melanin administration in doses of 0,1; 0,5
and1 mg/kg (M xm,n=28)

Control 7th day 15th day 21st day

AEB 1 0,088+0,001 0,11£0,01*  0,099+0,008* 0,088+0,004

IL-16 AEB?2 0,088+0,001 0,104+0,007* 0,110,009+ 0,091+0,0067*
ABE 0,088+0,001 0,103+0,015* 0,1+0,0098* 0,092+0,0056*

AEB 1 0,09+0,001 0,1+0,001* 0,091+0,002 0,11=0,001*

IL-12 AEB2 0,090,001 0,112+0,001*  0,08+0,0025* 0,104+0,007*
ABE 0,090,001  0,122+0,0013* 0,11+0,001* 0,115+0,002*

AEB 1 0,077+0,004  0,088+0,003* 0,0920,01* 0,078+0,009

gaL':;ma AEB 2 0,077£0,004  0,091%0,004*  0,088+0,007* 0,081+0,002*
ABE 0,077+0,004  0,091+0,007* 0,085+0,01* 0,085+0,009*

AEB 1 0,063=0,003 0,062+0,002  0,055+0,003* 0,058+0,002*

IL-6 AEB2 0,063£0,003  0,074%0,003*  0,055%0,001* 0,061=0,003
ABE 0,063+0,003  0,073x0,004*  0,075%0,004* 0,084+0,003*

AEB 1 0,067=0,002 0,064+0,001  0,058+0,002* 0,063+0,001*

;,'gfj; AEB 2 0,067+0,002 0,07+0,002 0,063+0,004 0,064%0,001
ABE 0,067£0,002  0,079+0,004*  0,074%0,002* 0,075+0,003*

* p <0.05 relative to the control

From the models of 15t and 2"¥ degree AcEB and 2"? degree AIEB, there was
significant increase of IFN-gamma on day 7. The highest values were observed
in the models of 2"d degree AcEB and AIEB on the 7t day; the level increased
by 18% and 18.2%, respectively, in comparison to the control. For 1%t degree
AcEB the most prominent IFN-gamma increase (17%) occurred at the 15™ day of
the experiment.
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The levels of TNF-alpha in the 24 degree AIEB model were 18%, 10.5% and
12% higher on days 7, 15 and 21, respectively, in comparison to the control
values. In the case of 15t and 2"¢ degree AcEB, the decrease of TNF-« level was
clearly evident.

As for the levels of IL-6 in our burn models, we found that after 2"d degree AcEB
and AIEB induction there was an increase of IL-6 levels on days 7, 15 and 21.
The most significant increase of occurred in the 2"¥ degree AIEB model on days
7,15 and 21- by 16%, 19% and 33%, respectively, when compared to the control
values.

Furthermore, we investigated the levels of anti-inflammatory cytokines, including
IL-4 and IL-10. These cytokines regulate specific immune responses and limit the
development of inflammatory processes (Table 2). The significant decrease of
levels of these cytokines were found after AIEB induction at days 15 and 21.

Regarding IL-4, after 1st degree AcEB induction the IL-4 concentration
decreased by 7% at day 7, compared to the control values. After 2nd degree
AcEB, the level of IL-4 decreased by 11.2% on day 7. On the 15" and 21t days,
IL-4 increased by 4% and 18%, respectively. Additionally, after 2" degree AIEB
induction, the level of IL-4 decreased by 13.5% and 10% on days 15 and 21,
respectively.

Table 2. The level of anti-inflammatory cytokines in blood serum of rats
under acid burn of the esophagus (ABE) and first and second degree alkali
esophageal burn (AEB 1, 2) under melanin administration in doses of 0,1;
0,5:1mg/kg(M=m,n=38)

Control 7th day 15th day 21st day
AEB 1 0,089+0,001 0,083+0,003* 0,088+0,003 0,083+0,005*
IL-4 AEB2 0,089+0,001 0,079+0,001* 0,092+0,001* 0,105+0,005*
ABE 0,089+0,001 0,087+0,006 0,077+0,002* 0,08+0,003*
AEB 1 0,078+0,006 0,083+0,0025 0,083+0,003 0,076+0,002
IL-10 AEB 2 0,078+0,006 0,073+0,0028 0,074+0,002 0,084+0,003
ABE 0,078+0,006 0,097+0,0015* 0,069+0,0079 0,07+0,002

* p <0.05 relative to the control

The level of IL-10 in the blood serum of immature rats also showed significant
changes, but only in the 2" degree AIEB model. It increased by 24.4% on the
7t day, but demonstrated diminished values on the 15™ and 21t day, with a
decrease of 11.5% and 10.3%, respectively, in comparison to the control values.
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The second stage of our work was to estimate the cytokine profile in blood

serum of rats in the model of esophagus chemical burns under the influence of
an anti-oxidant drug (melanin) administered at different doses (Figs. 1, 2).
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Figure 1. The level of inflammatory
cytokines A) IL-6; B) TNF- a; C) IL1-B; D)
IF-gamma; E) IL-12 in blood serum of rats
with esophagus burn under various
melanin dosage (M £ m, n = 8).
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It has already been established that melanin is able to decrease levels of pro-
inflammatory cytokines in treated animals, when compared to those that did not
receive the drug. This decrease is observed mainly on the 7™ day of the
experiment, and all values still remain above that of the control. As for the pro-
inflammatory cytokines, their level changes were diverse.

For instance, under conditions of melanin administration the level of IL-1beta in
the model of 15t and 2"¥ degree AcEB was lower than that of the group of the
animals not receiving the drug but still remained above the control values. The
significant changes of IL-1beta levels were observed after melanin administration
at a dose of 1 mg/kg after 15t and 2" degree AcEB induction. IL-1beta decrease
was most evident on days 7 and 15- by 12.7% and 5%, and 12.5% and 14.6%,
respectively, compared to animals with 15t and 2nd degree burns which did not
receive melanin.

B)

Figure 2. The level of antiinflammatory cytokines A) IL-4; B) IL-10 in blood
serum of rats in the model of esophagus burn under various doses of
melanin (M £ m, n = 8).

Evaluation of IFN-gamma levels after melanin administration showed lower
values of IFN-gamma, compared to the group of animals that did not receive the
drug on days 7 and 15 of the experiment. However, the level still remained
above the control values (for those animals with 1st and 2nd degree AcEB that
did not receive melanin).
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The level of TNF-alpha after the melanin administration varied. In the case of
1t degree AcEB, the TNF-alpha concentration was reduced by 7.5% on the
15% day (using a melanin dose of 0.5 mg/kg) and by 10.5% (using a dose of 1
mg/kg), compared to the control. As for 2"¢ degree AcEB, from administration of
0.5 mg/kg melanin, TNF-alpha level increased by 9% on day 7 and by 12% on
day 15, compared to intact (control) rats. The comparison of animals with 1t and
2" degree burns showed no significant change of TNF-alpha.

Moreover, the level of IL-6 after melanin administration also varied. After
15t degree AcEB, and administration of melanin at a dose of 0.5 mg/kg, IL-6 was
significantly reduced at days 7 and 15 by 6.5% and 8.1%, respectively. At a
melanin dose of 1 mg/kg, IL-6 was reduced by 8.1%, 6 and 5%, respectively, in
comparison to animals with 15t degree ACEB but without melanin administration.
The level of IL-6 in the 2"¢ degree AcEB model in the presence of 0.5 mg/kg
melanin was seen to decrease on day 7 by 7%; in the presence of 1 mg/kg
melanin, it decreased on day 7 by 9.5%, in comparison to the animals with
2nd degree burns.

The IL-4 levels after administration of melanin were also varied. In the 1%t degree
AcEB model the level of IL-5 at day 7 was significantly increased in animals
receiving melanin at doses of 0.5 mg/kg and 1 mg/kg; the increase was 20% and
21.7% higher, respectively, in comparison to the animals with 15t degree ACEB
(but without melanin administration). As for the 2"4 degree ACEB model the
level of IL-4 was found to significantly increase at day 7 and 21- by 9% and
15.2%, respectively, at the 0.5 mg/kg melanin dose. At the 1 mg/kg melanin
dose, at day 7 and 21 the levels increased by 9% and 10.1%, respectively, in
comparison to the animals with 2"¢ degree ACEB (but without melanin
administration).

Melanin administration also had an ambiguous effect on the level of IL-10. After
15t degree AcEB induction, IL-10 significantly increased by 5.2% and 10.3%, on
7t and 15™ days, respectively, following melanin administration at a dose of 0.5
mg’/kg, compared to intact animals. No significant changes in the 15 degree
AcEB animals were observed. For the 2" degree ACEB rats, the level of IL-10
was increased by 12.3% on day 7 in the presence of melanin at administration).

Discussion

It has already been shown that under burn conditions, organism are capable of
eliciting non-specific inflammatory reactions, leading to cytokine synthesis (Fistal
E.Y 2004; Paunel-Gorgulu et al., 2012; Zhou et al., 2012). The severity of these
reactions depends on the area and depth of tissue damage, as well as the
characteristic of the infectious agent and resulting immune responses activity.
For the periods of early and late toxemic reactions, a decrease in oxygen
transport activity occurs which can lead to other issues. The process of
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prolonged tissue hypoxia stimulates endothelial cells to release various
inflammatory mediators and mitogens. These mediators of inflammation
mediators are produced during neutrophil/granulocyte adhesion, and initiate
non-specific proliferation of smooth muscle cells. During adhesion, leukocytes
are activated which can lead to the release of free radicals and proteases (which
are able to impair important biological molecules). Active proliferation of smooth
cells can induce their phenotypic changes with subsequent loss of the
physiological contractile ability. In addition, venous stasis causes cerebral
ischemia and cytotoxic swelling with resulting metabolic acidosis (Fistal E.Y
2004; Zmushko El, 2001).

Cytokines exert their effects on almost all cells and play key roles in progression
of inflammation by modulating granulocytes, macrophages, fibroblasts,
endothelial cells, epithelial cells, T-lymphocytes, and B- lymphocytes (Belardelli,
1995). Their role in progression of inflammatory trauma both at the local and
systemic levels is nearly impossible to overestimate. In strong inflammatory
conditions cytokines can enter bloodstream, eliciting acute responses from
various tissue organs. The most important role in the inflammation process
belongs to pro-inflammatory cytokines.

These days, the treatment of chemically-induced inflammation for esophageal
conditions presents some difficulties. Immune deficiency lessens the effect of
therapeutic approaches, leading to conditional activation of pathogenic
microflora; as a consequence, this impedes regeneration and promotes severe
complications to patients. Thus, the recovery of functional immunity is a very
important step in complex therapy of chemical-induced esophageal burns. The
possibility of regulation of immunocompetent cell interactions, as well as
correction of early cytokine level shifts, are the main priorities for EB therapeutic
approaches (Kovalenko et al., 2014).

The use of non-toxic natural antioxidants as cytoprotectors is relevant these days
(Seniuk O. F., 2014). The protective effect of antioxidants is widely studied, as
are the influence of adverse factors, in several metabolic disorders. Analysis of
recent data from the literature suggests that substances of natural origins based
on polyphenolic compounds are possible as remedy for the normalization of
biochemical parameters after 15t and 2"¢ degree esophageal burns. In this
regard, there is huge interest in exploring the possible use of the drug melanin.
This substance appears to be one of the most powerful antioxidants; it prevents
collagen degradation and promotes microcirculation (Beregova T.V. , 2014,
Falalyeyeva T.M. , 2009). As well, melanin can be regarded as a gastro-protector
and a powerful anti-stress agent (Holyshkin D.V 2014).

Our main interest of our work was to evaluate pro-inflammatory cytokines (such
as IL-1beta, IL-12, IFN-gamma, IL-6, TNF-alpha) which enhance the proliferation
of T- and B- lymphocytes, antibody synthesis, production of adhesion molecules,
and synthesis of acute phase proteins. Additionally, they are involved in
processes of specific and non-specific immunity.
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IL-1beta is one of the crucial cytokines for wound defense and regulation. The
data obtained for IL-1beta levels in blood serum show that IL-1beta increases
compared to intact animals (Table 1). Our data are consistent with the literature,
which also show increases in IL-1beta concentration in rats with inflammatory
wounds [4]. It is also known that IL-1beta plays a critical obligatory role in
connective tissue metabolism; namely, it stimulates fibroblast proliferation and
prostaglandin production as well as increases the activity of growth factors and
synthesis of cytokines. IL-1beta in the connective tissue cells also stimulates
collagen production and synthesis of some enzymes. However, wound healing
can result in hypertrophic or keloid scars with granulated tissue appearance
(Matevosyan J. R., 2013; Reva |V, 2013). Our experiments with melanin
administration at various doses showed that there was a decrease of IL-1beta in
animals with inflammatory wounds. This can be promising in regards to
diminishing the amount of scar tissue formation during wound healing.

IFN-gamma and TNF-alpha are known to express immunomodulatory effects;
they are considered as cell immunity inductors which are functionally connected
to other crucial pro-inflammatory cytokines. Herein, we showed that in
inflammatory conditions the amount of IFN-gamma increases on the 7t day of
experiments. Use of melanin did not elicit any significant decrease IFN-gamma,
when compared to the group of animals not receiving the drug. At the same
time, the comparison to the control group showed that there was an increase of
IFN-gamma. It is possible that one of the mechanisms of IFN-gamma increase in
blood serum may be due to the restoration of a number of functionally active T-
lymphocytes, including CD4+ cells, which are involved in various cytokine
productions. However, the role of other factors also cannot be excluded, such as
the level of endogenic intoxication changes, endotheliocyte functional activity
and so forth (Reva I.V., 2013).

In the progress of inflammation a critical role is played by TNF-alpha. This
cytokine stimulates T- and B- lymphocyte proliferation, antibody production,
adhesion molecule synthesis, and acute phase protein activation. It is also
involved in specific and non-specific immunity (Gorbach O., 2013; Zmushko El,
2001). Our study showed that in conditions of AIEB, TNF-alpha concentration
was increased at all time points. This also occurred in conditions of 1t and 2"
degree AcEB. The administration of melanin led to various (multidirectional)
changes to TNF-alpha levels.

The basic producers of IL-12 are monocytes, macrophages, neutrophils and
active lymphocytes. Microbial components and products are the main inductors
of IL-12 synthesis. It has already been shown, that this cytokine is crucial for
immune response amplification as well as initiation of protective mechanisms
against infections. The basic target cells for IL-12 are natural killers and T-
lymphocytes. This cytokine activates T-lymphocyte differentiation and increases
their cytotoxic activity (Zhou et al., 2012). The increase of IL-12 levels in our
models of AIEB and AcEB was evident. The decrease of IL-12 level seen on
day15 in the 2" degree AcEB model can be a sign of poly-organic insufficiency
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(Koller et al., 1997; Wick et al., 2000). The addition of melanin at a dose of 1 mg/
kg, in the 1%t and 2" degree inflammation conditions, led to IL-12 decrease on
day 21 of the experiments.

Some researchers have focused their attention on increased IL-6 levels during
sepsis (Pileri et al., 2008; Zhou et al., 2012). In our study, we showed that there
was an increase of IL-6 under ALEB and ACEB conditions. After melanin
administration, we observed a decrease of this cytokine level, as compared to
control animals not receiving melanin. This demonstrates the role of melanin as a
possible guard against sepsis complications (Chornenka N.M., 2016). It was
established that one of the factors promoting the IL-6 increase in the
inflammation trauma may very well be the increase of IL-4 (negative correlation).
Therefore, changes in IL-4 levels can be regarded as a prognostic factor for
complications.

Moreover, the aim of our work was to evaluate the levels of anti-inflammatory
interleukins (such as IL-4 and IL-10). These cytokines are produced by TH2 and
TH3 cells, and are antagonistic to pro-inflammatory cytokines. Thus, these
molecules are able to inhibit pro-inflammatory cytokine activity, suppress T-
lymphocyte proliferation, and participate in immune responses to various
antigens. They also down-regulate IL-1, TNF-alpha, nitric oxide and
prostaglandins, which can lead to inflammatory manifestations.

From our study, it was shown that on day 7 in the 2" degree AcEB model the
level of IL-4 decreased, compared to the control values. The level of this
cytokine on days 15 and 21 in the 2" degree AIEB model continued to
decrease. Some research studies have shown that there is an increase of IL-4
during sepsis (Messingham et al., 2001; Polikarpov A.V., 2011). In the case of
melanin administration, we observed an increase of IL-4 concentration which
occurred mainly on day 7. Therefore, it can be assumed that melanin
administration, in fact, can increase the risk of septic complications.

The levels of certain cytokines in rat blood under inflammatory or traumatic
conditions can be regarded as a pathophysiological step of damage
accompanied by polyorganic insufficiency of sepsis (Agay, 2008). A group of
researchers from China have already demonstrated the prognostic role of IL-10
levels in toxemia (Zhou et al., 2012). High levels of IL-10 can be related to high
risk of septic complications provoked by inflammation (Lyons et al., 1997;
Napolitano and Campbell, 1994; Raetska, 2016). Studies of IL-10 levels in
immature rat blood serum showed an increase of this cytokine mostly on day 7
in the 2" degree AIEB model, in comparison to intact rats. In the models of 1¢t
and 2" degree AcEB, this level had no significant changes at any time point;
melanin administration also elicited no changes to this.
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Conclusion

Overall, it was shown that some factors have the ability to modulate the levels of
pro-inflammatory and anti-inflammatory cytokines in our models of 1t and 2@
degree AcEB and AIEB in immature rats. Our data show that 15t degree AcEB
progressed without septic complications. In the models of 2"¢ degree ACEB and
ALEB, the risk of polyorganic failure remains. Melanin administration resulted in
a rapid decrease of chemical-mediated esophageal burns.

Abbreviations

ABE: acid burns the esophagus
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IF: interferon

IL: interleukins

TNF: tumor necrosis factor
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