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Abstract— Exogenous poisoning with alkalis takes the leading position among causes of acute poisoning. Esophageal

burns as a result of accidental swallowing of caustic material are seen frequently in children ages 1 to 8 years. A burn

wound is perhaps the most intense stress that a human body can suffer. In the place of chemical trauma localization the

processes of synthesis and degradation of proteins increase. As a result the structure and functions of vital organs and

immune system suffer. The inflammation process after burn injury is determines the changes in protein expression. In

our research we have shown that chemical burn of the esophagus is characterized by decreased level of total proteolyt-

ic activity, total protein and development of endogenous intoxication of the body as indicated by elevated MMM level.

Obtained results suggest that the development of chemical burns of the esophagus grade 2 is characterized by more

substantial changes in the protein composition of blood compared with grade 1. An in-depth study of this disease has a

crucial scientific and practical importance for development of pathogenically oriented methods of wound process

healing after the chemical esophageal burns depending on the stage and extent of the burn process.
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INTRODUCTION

According to the World Health Organization noted a
steady increase in number of chemical burns of the
esophagus, which is directly connected with a large
number of relatively available technical and house-
hold aggressive liquids synthesized in a result of sci-
entific and technological progress of mankind
(Weigert and Black, 2005). According to the American
Association of Poison Control Centers, only in 2010
there were more than 1.6 million of occurrences when
children used potentially hazardous chemicals, among
which 18-46% of cases was using of household sub-
stances of alkaline nature (Reinberg, 2013). There are
many pathologies and complications following an ac-
id esophageal burns: swelling of the larynx, toxic

shock syndrome (Dakshesh H. Parikh, 2009; Deng et
al., 2008; Moerman et al., 2000), necrosis of esophageal
and stomach tissue, dysmotility (Tiryaki et al., 2005),
scar stricture, esophageal deformations, corrosive
esophagitis, gastroesophageal reflux (Mutaf et al.,
1996; Ramasamy and Gumaste, 2003), candidiasis
(Zwischenberger et al., 2002), malignization in a re-
mote period (Marzaro et al., 2006) and others.

One of the major symptoms of chemical burns is in-
toxication that comes from the first minutes after the
injury and lasts during all phases of the burn disease
(Koziniec G.P, 2005). Burn injury is always accompa-
nied by the development of intoxication, which is
caused by many non-specific toxic metabolites and
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biological agents (Li et al., 2011). Higher concentra-
tions of these compounds provoke a number of nega-
tive effects: violation of the structure and function of
plasma- and intracellular membranes, inhibiting the
activity of many seroenzymes, protein tissues modifi-
cation (Navarro-Yepes et al., 2014; Yavorskaya V.A.,
2000).

Literature data indicate multidirectional pathogenic
changes after the formation of the damage area in a
result of the burn (Zahs et al., 2012). Burn disease
causes dysfunction of all tissues and organs (Jeschke,
2013). Despite the large amount of researches of this
problem, the issues of fluctuations of protein fractions
at various development stages of chemical burns of
the esophagus and proteolysis processes in the body
are studied insufficiently.

MATERIAL AND METHODS

In our experiments we used nonlinear immature white
rats (1 month) weighing 90-110g, which were kept on
a standard vivarium diet. The animals were experi-
mentally simulated with the alkali esophageal burn
with 10% (grade 1) and 20% (grade 2) solvent of
NaOH (Raetska Ya.B., 2013). Serum and plasma of
blood for research were collected at 1st, 7th, 15, and
21t day. Level of low and medium mass molecules
were measured by method Gabrielyan with modifica-
tions (Gabrielyan N.I.,, 1985). To the centrifuge tubes
added 1 ml serum and 0.5 ml of trichloroacetic acid
(100 g/L), stirred and centrifuged for 30 min. at 3000
rev./min. The supernatant was collected and trans-
ferred to a test tube with 4.5 ml of distilled water. The
content of the tube was stirred and measured at A 254
nm. Number of oligopeptides was estimated by the
level of protein in the supernatant using the method of
Bradford.
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Separation of protein fractions serum rats were deter-
mined by method Lemmli with modifications with
sodium dodecyl sulfate (SDS) (Laemmli, 1970). Poly-
acrylamide gels (PAGE) were 10%. After the electro-
phoresis gels were kept in solution of Coumassie R.

For estimate the results of electrophoresis used the
program Totallab 2.01. Total protein was measured by
the method of Bradford (Bradford, 1976). The total
proteolytic activity analyzed by method of caseinolytic
activity (Hummel, 1959).

IgG fraction was isolated by affinity chromatography
on Sepharose A from blood serum experimental rats.

The statistical analysis of the obtained results was per-
formed using the methods of variation statistics and
correlation analysis using the computer program Ex-
cel. To determine the reliability of the differences be-
tween the two samples we used the Student test (t).
Whereby differences P < 0.05 were deemed reliable.

RESULTS

As of today, the majority of authors consider middle-
mass molecules (MMM) and oligopeptides as a uni-
versal ~marker of endogenous intoxication
(Chmielewski et al., 2014; Karyakin, 2004; Krotenko
N.M., 2012; Nikolskaya V. A., 2013; Sukhomlyn T.A.,
2011). The toxic effect of MMM is caused by their abil-
ity to alter the permeability of membranes and mem-
brane transport, disrupt processes of DNA synthesis,
tissue respiration and phosphorylation. MMM have
cardio-, vazo- and immunosuppressive properties
(Laemmli, 1970). We have determined the oligopep-
tides and MMM levels in serum of rats after experi-
mental alkali burns of the esophagus (ABE) grade 1

Table 1. Level of MMM, oligopeptides and total protein in blood serum after simulation ABE grade 1* (M £ m, n = 8)

Index Control 1** day

7" day 15" day 21% day

MMM, 0.24£0.01 0.2910.02%

(standard unit)

Oligopeptides, (mg/ml)  0.23%£0,02  0.28£0.02*

Total protein, (mg/ml)  1.80%0.01 1.4010.04*

0.27+0.01* 0.20£0.01* 0.20£0.02%

0.27%+0.01* 0.10£0.02% 0.13£0.03*

1.301+0.07* 1.31+0.03* 1.361+0.01*

*p<0.05 compared with control value
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Table 2. Level of MMM, oligopeptides and total protein in blood serum after simulation ABE grade 2" (M + m, n = 8)

Index Control 1*t day 7* day 15 day 21° day
MMM, 0.24+0.01 0.32+0.01% 0.27+0.01%  0.22+0.04*  0.19+0.02%
(standard unit)
Oligopeptides, 0.23£0,02 0.19 £0.01%* 0.31£0.05%  0.11+0.01*%  0.47+0.05%
(mg/ml)
Total protein, (mg/ml)  1.80+0.01 1.4010.09% 1.5740.18%  1.6010.09%  1.6010.05%

*p<0.05 compared with control value

(Table 1). The study on the first day of experimental
burn grade 1 revealed elevated level of markers of en-
dogenous intoxication (oligopeptides and MMM) in
serum of rats by 20% compared with control values.
On the 15" and 21t day was observed reduction in
MMM and oligopeptides levels, which coincides with
the data of individual researchers (Fistal E.Y., 2005).
The study on the first day of experimental burn grade
2 revealed elevated level of markers of endogenous
intoxication (MMM) in serum of rats by 33% com-
pared with control values. On the 1%t and 21¢ day oli-
gopeptides level increased by 34% and 104% respec-
tively (Table 2).

We also determined the total protein level in serum of
rats after experimental ABE grade 1. Thus, on the first
day, total protein level decreased by 28% compared
with control values. Shown a significant reduction in
total protein level by 32% on the 21t day of the exper-
iment. The total protein level in serum of rats after

experimental ABE grade 2 a significant reduction in all
days of the experiment.

Electrophoretic analysis of serum protein composition
of experimental animals showed in all studied sam-
ples, both in control and in conditions of chemical
burns of the esophagus grade 1 and 2, presence of pro-
tein fractions with molecular masses from 15 to 168
kDa (Table 3 and 4).

Conducted researches did not show qualitative
changes of protein levels in serum, but it is possible to
determine their quantitative changes. Thus, we have
shown a growth of protein levels in fractions with
m.m. 167 kDa and 150 kDa on the 7t, 15 and 21st day
of experimental alkali burns grade I and 2 compared
with control values. These protein stripes correspond
to IgG fraction, and in view of obtained data on fluc-
tuations of their levels, of some interest are analysis of
their levels and a more detailed study. Obtained data

Table 3. Relative content of proteins fraction in blood serum after simulation ABE grade 1* (ug /mg protein) Mtm, n=3

Proteins fraction m.m. (kDa) Control 1* day 7 day 15® day 21* day
168 (y- globulin fraction) 86134 70.0%£2.1%* 136.016.5% 291.0+10.5% 219.3+3.7*
150(y- globulin fraction) 156.1+5.2 30.2+2.1% 160.7+1.2% 244.0t13.4%  301.0%112.7*
130 449.218.6 368.313.4% 931.1£21.5% 417.5+3.9% 62,913 1%
113 (B- globulin fraction) 60.212.1 67.5£2.01% 207.318.4% 62.1£1.9 60.512.8
103 185.713.8 41.712.1% 189.516.2 127.0%4,3% 190.0%7,8%
89 126.1£5,1 96.0%3.7% 54.8+0.9% 18.7%0.3%* 14.0%0.7%*
Albumin fraction ~ 67 54.7%1.6 50.5%£2.3 48 91+1.8* 41.5+1.4% 32.1+0.7*
Postalbumin fraction ~ 55 350.0%+18.2 215.019.3* 305.4112.2% 231.5%8.4% 184.5%6.8%
Postalbumin fraction ~ 40 18.7%1.1 14.211.2% 27.9%0.5% 8.0£0.2% 7.8%0.1%
Postalbumin fraction ~25 79.5%+1.1 32.5£0.8% 22.1£0.76* 24.5+0.57* 25.5%0.3%
Postalbumin fraction ~15 74.7+1.2 159.5+1.7% 112.0%3 4% 73.91+2.3 26.511.8%

*p<0.05 compared with control value
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Table 4. Relative content of proteins fraction in blood serum after simulation ABE grade 2™ (ug /mg protein) Mtm, n=3

Biomed Res Ther 2015, 2(4): 241-249

Proteins fraction m.m. Control 1* day 7* day 15* day 21* day
(kDa)
168 (Y- globulin fraction) 86.81+2.5 100.1£0.8% 147.3%0.09% 190.210,2%* 183.8%5.2%
150 (Y- globulin fraction) 156.7+3.7 252.7%5.2% 219.9%11.4% 275.0£10.2%  320.7%£19.6%
130 449.2+28.9 207.9t14.6% 326.419.2% 231.618.12% 73.217.4%
113 (B- globulin fraction) 60.812.8 66.013.4 9.510.8* 62.412.8 30.611.4%
103 185.2%11.7 90.2%5.1% 21.8%2.6% 33.711.7* 13.610.07*
89 126.019.14 98.2+1.4% 6.210.2% 9.810.4* 5.02%0.1%
Albumin fraction ~ 67 325.3%16.7 216.4113.6% 149.31£2.9% 173.0%£16.9% 234.0%9.9%
Postalbumin fraction ~ 55 221.019.7 73.013.9% 57.4%1.8% 136.116.8% 128.2%4.2%
Postalbumin fraction ~ 40 145.0%0.9 40.4%1.8% 40.010.6% 139.0+3.2% 40.0+0.8%
Postalbumin fraction ~25 79.813.1 40.4%1.7% 77.012.6 48.010.8% 18.010.05*
Postalbumin fraction ~15 74.5+1.9 27.1%£1.0% 68.2911.0% 20.2+0.1* 69.8110.9%

*p<0.05 compared with control value

Table 5. Level of IgG (mg/ml) in blood serum after simulation ABE (Mtm, n=5)

Grade of burn Control 1* day 7" day 15" day 21* day
™ 1.011+0.01 1.21+0.01* 1.5410.01% 1.1810.02% 1.10+0.01*
2nd 1.011+0.01 1.71+0.02% 1.16+0.01%* 1.4610.01* 1.2740.01*

*p<0.05 compared with control value

coincide with our results of determination of the anti-
bodies level in serum of experimental rats. We have
isolated IgG fractions by method of affinity chroma-
tography from serum of rats, by which was experi-
mentally simulated ABE (Table 5). After simulation of
alkali burns grade 1, IgG levels increased on the 1, 7th
and 15 day. Obtained data coincide with our results
of the analysis of electrophoretograms, the level the
antibodies increase in all days of the experiment after
simulation of chemical burns grade 1.

Analysis of electrophoretograms showed elevated lev-
els of protein fraction m.m. 130 kDa on the 7t day by
107% after simulation of chemical burns grade 1. We
have shown increased levels of the fraction m.m. 113
kDa on the 7 day 1 by 244%. This fraction can corre-
spond C-reactive protein, which is a central compo-
nent of markers of the acute phase of inflammation.
Elevated levels of the shown fraction on the 7% day
indicate addition of bacterial infection or inflamma-
tion caused by non-infectious parts of necrotic tissues.

Shown reduction in level of albumin fraction (67 kDa)
after simulation of chemical burns grade 1 and 2 in all
days of the experiment. We have determined reduc-
tion of fraction 55 kDa after simulation of alkali burns

grade 1 and 2, which corresponds prealbumin.

The results of investigations showed that in experi-
mental animals after simulation of ABE grade 1, the
level of postalbumin fraction ~ 40 kDa is reduced on
the 15t day of the experiment by 31%. On the 7t, 15
and 21+ day level of this fraction increased by 49%,
133% and 139% respectively compared with control
values. Level of postalbumin fraction ~ 25 kDa was
significantly decreased on the 1st, 7th, 15% and 21 day
by 144%, 259%, 224% and 211% respectively after sim-
ulation of alkali burns grade 1. We have determined
elevated level of postalbumin fraction ~ 15 kDa on the
1st and 7t day by 115% and 51% respectively and re-
duction of this fraction by 179% on the 21st day after
simulation of ABE grade 1.

Analysis of electrophoretograms showed significantly
decreased postalbumin fraction ~ 40 kDa throughout
the experiment by 258% after simulation ABE of grade
2. Level of postalbumin ~ 25 kDa fraction was signifi-
cantly decreased on the 1%, 15% and 21t day by 97%,
65%, and 343% respectively. We have determined ele-
vated level of postalbumin fraction ~ 15 kDa on the 1st
and 15% day by 174% and 263% respectively day after
simulation of alkali burns grade 2.
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Figure 1. The total proteolytic activity in plasma (caseinolytic units/mg protein) after experimental modeling of ABE; (Mtm, n=8)

(*p<0,05 compared with control value).

Research of the total proteolytic activity in plasma of
rats with chemical burns of the esophagus showed its
reduction during the whole period of the experiment
compared with control values (Fig. 1). On the first day
after simulation of alkaline chemical burns of the
esophagus grade 1, overall proteolytic activity de-
creased by 3.9 times compared with control values.
Experimental burn of the esophagus caused decrease
of proteolytic activity in plasma on the 7t, 15t and 21+
day by 2.7; 2.65 and 3.09 times respectively. We have
shown reduction in level of proteolytic activity de-
crease at all day of experiment after simulation of ABE
grade 2.

DISCUSSION

Middle-mass molecules are a convenient clinical indi-
cant characterizing the pathologic processes develop-
ment dynamics. It is known that the end-stage of dys-
crasia irrespective of ethiology and pathogenesis of
the primary disease is accompanied by endogenous
intoxication progression. The core of the abovemen-
tioned state is determined by congestion of excessive
amount of biologically active components in blood.
When the metabolism shifts to retrograde reactions a
great amount of metabolic-waste products and metab-
olites appears in blood in unusually high concentra-
tions of different biologically active substances, organs

and tissues destruction products, bacterial toxins, pro-
tein and lipid hydroperoxides, etc. Generally this pool
of substances in blood is distributed between the
plasma and erythrocytes, and characterizes the notion
of intoxication from the point of biochemistry
(Tupikova and Osipovich, 1990; Val'dman et al., 1991).
For the past years sufficient data was collected prov-
ing that accumulation of these substances in the
wound leads to lysis of tissues and increase of toxic
products in blood (urea, uric acid, creatinine). MMM
pool is considered to be the basic biochemical marker
reflecting the level of pathological protein metabolism.

MMM is a type of combinations with the molecular
mass up to 5,000D. MMM is divided into two big
groups — average molecular mass substances and oli-
gopeptides. Retrograde MMM pool — non-protein de-
rivatives of different nature: urea, creatinine, uric acid,
glucose, lactic and other organic acids, amino acids,
aliphatic acids, cholesterol, phospholipids, lipid pe-
roxidation products, intermediary metabolites of nu-
cleoproteid exchange etc., accumulating in the body
and exceeding the normal concentrations
(Chmielewski et al., 2014; Nikolskaya V. A., 2013). The
other part of MMM - oligopeptides — is represented
by substances of peptide nature fulfilling different
functions, in particular — regulatory ones. At that, the
maximum peak of intoxication occurs due to the mol-
ecules with molecular mass of 1,000-1,200 Daltons.
Their accumulation is associated to insufficient activi-
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ty of exopeptidase performing degradation of these
peptides normally (Val'dman et al., 1991).

A number of authors note that progression of substan-
tial disturbances of tissue respiration revealed at the
early stages of burn disease show the existence of gen-
eral mechanisms of energy metabolism disorder and
do not rule out the fact that average molecular com-
ponents of peptide nature play an important role in
determining of the course of many biochemical pro-
cesses in the bodies of burnt patients and in forming
of toxemic disorders specific of burn disease
(Karyakin, 2004; Krotenko N.M., 2012).

Notwithstanding that in the cases of esophageal burns
there takes place an increase of MMM level as prod-
ucts of blood protein catabolism, the MMM synthesis
for homeostasis stabilisation should not be excluded
(Krotenko N.M., 2012; Sukhomlyn T.A., 2011). Conse-
quently probable use detoxification therapy in acuity
burn disease will be reduced risk of developing com-
plications after burn disease.

Electrophoretic separation of protein fractions had
shown a significant reduction of albumin fraction and
a gradual increase of globulin fraction after simulation
of chemical burns grade 1 and 2. The burning injury
regeneration increases the protein, carbohydrates and
nucleic acids metabolism level locally as well as in the
whole body. Serum albumin is the most plentiful
plasma protein. In humans, albumin is the most
abundant plasma protein, accounting for 55-60% of
the measured serum protein. Unlike other plasma pro-
teins which tend to have single, specific functions, al-
bumin has been assigned numerous physiological
roles. It is the principal agent responsible for the os-
motic pressure of blood, for transport of fatty acids,
and for the sequestration and transportation of biliru-
bin (Norbury et al.,, 2008). Other less well-defined
functions included transport of tryptophan, cysteine,
and various hormones and it is a source of amino ac-
ids for peripheral tissues (Lu et al., 2007). It is synthe-
sized almost exclusively by the liver. The normal half-
life of circulating albumin is 19 days. This corresponds
to daily degradation of about 10 per cent of the total
protein synthesized by the liver (Nicholson et al.,
2000). Rothschild et al. had shown the loss of albumin
In severely burned patients, due to increased capillary
permeability and overall reduction in protein synthe-
sis in the liver (Akbal et al., 2012). Quantitative chang-
es in postalbumin factions may be associated with in-
crease of degradation processes of tissue proteins due
to increase of activity of proteolytic enzymes of differ-
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ent specificity or traumatic effect of chemical factors.
So, after simulation of chemical burns of the esopha-
gus one may talk of hypoproteinemia, which occurs
mainly due to reduction in the amount of albumins.

In terms of tissue destruction and due to effect of alka-
line substances, own proteins may undergo certain
structural modifications, which in turn can be an im-
pulse for the formation of a certain number of autoan-
tibodies to these "defective" protein molecules

Obtained data of level decreased total protein, albu-
min and prealbumin may indicate suppression of pro-
tein-synthetic function of the liver due to
burn injuries.

In the place of chemical trauma localization the pro-
cesses of synthesis and degradation of proteins in-
crease. As a result the structure and functions of vital
organs such as skeletal muscles, skin, and immune
system suffer. The inflammation process after burn
injury is determined by the changes in protein expres-
sion. It is known that the reparation process of the in-
jured tissue proceeds in several stages. The first stage
is the inflammation reaction the aim of which consists
in activation of endoproteases and freeing of the in-
jured area from the necrotized tissues, infection
agents. If for some reason that wouldn’t happen, the
damage won't be able to heal spontaneously and the
process will acquire a chronic form. The inflammation
reaction is accompanied by deep changes in cellular as
well as humoral link of immune system, which is a
favourable factor in development of different compli-
cations of mostly infectious origin (Jeschke et al., 2008;
Messingham et al., 2000). The superfamily of immu-
noglobulins plays an important role in embryogenesis,
in healing of wounds and immune response. The
functions of immunoglobulin family consist in tying of
fluid-phase ligands and surface ligands of cells. The
immunoglobulin molecules also play an important
role in the processes of activation and differentiation
of cells, greatly contributing to fulfilment of the cellu-
lar interaction (Bariar et al., 1996, Rapaport and
Bachvaroff, 1976). The increase of immunoglobulin
level after esophageal burns accords with a number of
researchers who claim that the amount of B-
lymphocytes in the blood of burn patients increases
significantly (Bariar et al., 1996; Lehnhardt et al., 2005).
These changes were revealed with 79% of the exam-
ined patients at that the growth of B-cells population
was accompanied by growth of concentration of the
corresponding antibodies. The burn patients have an
increase of immunoglobulin levels during the first
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weeks after the burn (Fayazov et al., 2009). Therefore,
the burn trauma is characterized by disorders in im-
mune system activity as a result of damaging of skin
and mucous coat barrier functions, powerful stress
influence, increased antigen load determined by the
denatured tissue proteins. It should be mentioned that
the electrophoresis is available and rapid method for
assessing gross appearance of protein serum after
chemical burns of the esophagus.

The progress of the wound process after chemical
burns is characterized by cooperation of different
metabolic systems of the body as well as contacting
tissue, and is controlled by different types of biochem-
ical homeostasis support. A very important role in the
wound process belongs to the proteolytic enzymes
catalysing protein molecules breakdown. Thus the
enzymes through a non-specific proteolysis take part
in elimination of necrotized tissues of damaged pro-
teins from the wound. The essential role in physiolog-
ical balancing of synthesis and proteolysis belongs to
the protease inhibitors. These specific proteins prevent
abnormal destruction of protein compounds allowing
to timely slow down or stop any biological process
(Neely et al, 1997). A disorder in protease-
antiprotease system may be a reason as well as a con-
sequence of a pathologic condition. But an abnormal
activation of proteolysis leads to damaging of native
(“undamaged”) tissue proteins, favours to the in-
flammation processes, the progress if which is con-
nected to an intensive destruction of extracellular ma-
trix and migration processes in cells. On the other
hand, the insufficient activity of proteinases accompa-
nied by a prolonged and abnormal build-up of matrix
components leads to slowing down of healing of the
wound and nascence of a coarse tissue of the scar due
to abnormal build-up of collagen (Doucet and Overall,
2008; Ulrich et al., 2010). We hypothesized that reduc-
tion of total proteolytic activity during the whole peri-
od of the experiment can be associated with the im-
balance between activity of proteolytic enzymes and
level of their inhibitors. So the further decrease of pro-
teolytic enzymes activity may result in pathological
healing of the wound process. Research the balance of
proteolytic enzymes and antiproteases is the im-
portant for the study of the pathogenic mechanisms of
post-burn process and also for possibility of using the
proteolytic enzymes and their inhibitors in the com-
plex therapy after esophageal burns injury.

The abovementioned data shows that the progress of
the after-burn wounds healing process is characterized

Biomed Res Ther 2015, 2(4): 241-249

by interrelated processes, the most significant of
which are as follows: proteolysis, endogenous intoxi-
cation, immunological reactivity of the organism.
Therefore it's important to study the cooperation of
these basic systems of burn process at its early and
late stages on the basis of studying of biochemical,
pathological and immunological values. The solution
of these problems has a crucial scientific and practical
importance for development of pathogenically orient-
ed methods of wound process healing after the chemi-
cal esophageal burns depending on the stage and ex-
tent of the burn process.

CONCLUSION

In summary, chemical burn of the esophagus is char-
acterized by decreased level of total proteolytic activi-
ty and development of endogenous intoxication of the
body as indicated by elevated MMM level. Obtained
results suggest that the development of chemical
burns of the esophagus grade 2 is characterized by
more substantial changes in the protein composition
of blood compared with ABE grade 1. Further re-
searches of features of blood protein changes will con-
tribute to a better understanding of the body’s re-
sponse mechanism against the damaging effects of
alkaline substances in chemical burns of the esopha-
gus and can be used as markers of the burn injury.
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