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INDICATORS OF HUMORAL IMMUNITY UNDER CHEMICAL
BURNS OF ESOPHAGUS IN RATS
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1t is well known that the immune system has been actively involved in the regeneration and healing
processes of post burn wounds. However, unanswered questions remain concerning the role of humoral im-
munity in the healing mechanisms and development of burn wound complications. We have developed an
experimental model of chemical esophageal burn (CEB) which corresponds to esophageal burn in 1-8 years
old children. We studied the features of humoral immunity upon CEB in rats. A decrease in IgG levels and
an increase in levels of medium- and low- molecular circulating immune complexes (CIC) on the first day of
esophageal burns were observed. On the 2I°' day of burn, we observed an increase in the IgG concentration
and a tendency to accumulation of medium- and low-molecular CIC. The studied indicators can be used to
differentiate CEB development and create a timeline of burn wounds.

Key words: chemical esophageal burn in rats, IgG level, level of circulating immune complexes (CIC).

ccording to the World Health Organization
A reports, a steady increase in the number of

chemical burns of the upper gastrointesti-
nal tract is observed. It is associated with the increa-
sing production of new chemicals, the continuing
production of the concentrated acetic acid and a
careless storage of chemicals in daily (domestic) life.
According to statistics, the largest number of chemi-
cal poisoning (from 77.2 to 85.0%) occurs in children
from 1 to 3 years old [1, 2].

The researches mainly focus on the pathogene-
sis of the development and treatment of esophageal
burns [3, 4]. However, role of humoral immunity in
the development of burn injury is little reported in
literature and the published data are often contra-
dictory. Thus, it was shown that the level of all im-
munoglobulin classes increased within two weeks
after the chemical burn [5]. However, it was indi-
cated in the work [6] that the level of M, G, A im-
munoglobulins decreased throughout the post-burn
period. It should also be noted that the vast majority
of researches of the immune system response to burn
injury is dedicated to adults, while children immune
system response has not been sufficiently studied
[7]. Thus, the studies of peculiarity of children im-
mune system response upon CEB of various natures
and degrees are required.
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The aim of this work was to analyze the distinct
features of the immune response and their potential
effect on the platelets functioning.

Materials and Methods

White wild rats (I-month, 90-110 g body
weight) were used in experiments in compliance
with provisions for the use of animals in biomedi-
cal experiments approved by the First Ukrainian
National Congress on Bioethics (September 2001)
and other international agreements and national
legislation in this area [8]. Studied animals received
a standard diet. Chemical burns in animals were ex-
perimentally modeled in the following way: alkaline
esophageal burn was caused by 10% NaOH (1* de-
gree burns) and 20% NaOH (2" degree burns), acid
esophageal burn was caused by 30% CCL,COOH (2
degree burns) [9].

The antibodies level in the blood of studied
animals was determined by immunoenzymatic as-
say in 96-well microplates (Dynatech, Sweden) [9].
Contents of circulating immune complexes (CIC) in
the serum were determined by precipitation: macro-
molecular CIC with 3% polyethylene glycol (PEG),
medium molecular CIC with 4.5% PEG, low molecu-
lar CIC with 6% PEG (PEG 6000) [11]. The optical
absorbance was read at A =450 nm by Titertek Mul-
tiskan spectrophotometer (Finland).
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To obtain IgG fraction from the blood serum,
1 ml of serum was layered on a column with protein-
A Sepharose (total column volume 5 ml). Nonspe-
cifically bound proteins were washed with 0.05 M
Tris-HCI buffer, pH 7.4 in a volume of tenfold of to-
tal column volume (50 ml). Elution was carried out
using a glycine buffer (0.1 M glycine-HCI, pH 2.2).
Samples containing protein were precipitated by am-
monium sulfate solution (final concentration 50%)
and were left at 4 °C overnight. The precipitate was
centrifuged at 3000 rpm/min for 30 min. The super-
natant was withdrawn and the precipitate was dis-
solved in 1 ml of 0.05 M Na-phosphate buffer, pH 7.4
[12]. To remove ammonium residues, the solution of
antibodies was applied to column G 25 equilibra-
ted with 0.05 M Na-phosphate buffer, pH 7.4 (total
column volume 50 ml). Samples containing protein
were concentrated, then absorbance was measured
and the antibody concentration was calculated. The
obtained samples were stored at - 20 °C. The IgG
fractions from serum were isolated on the 15" day
of the experiment.

The release of platelet protein in the studied
animals was analyzed by disc-electrophoresis with
Laemmli system [13], followed by Western blotting
[14]. Platelets were incubated with the IgG fractions
(final concentration 1 mg/ml) for 30 min at 37 °C
and the cells were precipitated by centrifugation at
300 rpm, 10 min. Platelet incubation medium was
used as a sample for analysis. Quantitative analysis
of electrophoreses and immunoblots were performed
using the software TotalLab 2.01.

Statistical data analysis was performed using
the software OriginLab 8.0. and TotalLab 2.01. The
values were considered significant at P < 0.05; value
alterations at P> 0.05 were considered as a tendency.

Results and Discussion

The degree of pathological reactions of vari-
ous organs depends on the severity of burn injuries,
timely and sufficient treatment or the age of the pa-
tient [15, 16]. In our experiment we used a model
that sufficiently imitates the chemical burn of the
esophagus in children 1-8 years old [9] and allow
finding factors that characterize different degree
of injury as well as peculiarities of mechanism of
child’s immune system response in case of CEB.
Mortality from burns depends on the degree, severi-
ty and stage of injury [17].

The obtained data indicate that CEB alters
the functioning of parts of humoral immunity that
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agreed to the published data [7]. A significant de-
crease in IgG (the most specific humoral effector)
level in serum on the 1st day of CEB was observed
(Table 1).

It was found that the level of antibodies de-
creased more in the animals with 2™ degree alka-
line esophageal burn and 2" degree acid esophageal
burn than in the animals with 1% degree acid esopha-
geal burn (Table 1) by 12, 84 and 48% respectively
in comparison with control. These alterations indi-
cate the probable correlation between the degree of
chemical burn and the level of serum antibodies.

CIC level in blood is one of the indicators of
the immune system status. The size of immune
complexes plays an important role in the immune
complex formation, owing to small and middle sized
immune complexes being the most pathogenic and
capable of activating the complement system. Im-
mune complexes level is an indicative feature in case
of burn although problems associated with appropri-
ateness of identification of CIC upon CEB have not
been resolved yet.

It was shown that CEB caused alterations of
CIC level on the 1% day of the burn injury (Table 2).

We observed the tendency to elevation of the
level of high-molecular CIC in animals with CEB
in comparison with control. The obtained values ex-
ceeded control by 10% in animals with the 1% degree
alkaline esophageal burn, by 20% in animals with
2" degree alkaline esophageal burn, and by 30% in
animals with 2™ degree acid esophageal burn.

The level of medium-molecular CIC in animals
with the 2™ degree alkaline esophageal burn was the
highest and exceeded that in control group by 35%
that indicated that inflammatory processes devel-

Table 1 IgG level in rats blood serum on the first
day post experimental chemical esophageal burn
(M£m,n=10)

Animal group (Iagr(; 11316'[1)

Control 0.46 + 0.02
Alkaline esophageal burn,

I*t degree 0.41 £0.01*
Alkaline esophageal burn,

2" degree 0.25 +0.01*
Acid esophageal burn,

2" degree 0.31 +0.03*

Here and in Table 2—4 * P < 0,05 with respect to control.
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Table 2. Level of circulating immune complexes (CIC) in rat blood serum on I day post experimental

chemical esophageal burns (M £m, n = 10)

Animal group

High-molecular

Medium-molecular Low-molecular

CIC (arb.unit) CIC (arb.unit) CIC (arb.unit)
Control 0.10 = 0.001 0.14 £ 0.001 0.12 £ 0.001
Alkaline esophageal burn, 1% degree 0.11 +£0.025 0.17 £ 0.004* 0.15 + 0.016*
Alkaline esophageal burn, 2™ degree 0.12 £ 0.017* 0.19 +£ 0.015* 0.18+ 0.043*
Acid esophageal burn, 2 degree 0.13 £0.015% 0.18 £ 0.02* 0.17 £ 0.014*

oped. We found that CIC level in animals with the
I*tdegree alkaline esophageal burn and with 2™ de-
gree acid esophageal burn increased by 21 and 28%,
respectively.

It was observed that the level of low-molecular
CIC also tended to increase in animals with CEB:
in animals with 1 degree alkaline esophageal burn
exceeded control by 25%, in animals with 2" degree
alkaline esophageal burn by 50% and in animals
with 2" degree acid esophageal burn by 41%.

An increase in CIC level on the 1% day of burn
injury in all animal groups with CEB draws atten-
tion. CIC level in rats with the 2" degree alkaline
esophageal burn and 2" degree acid esophageal burn
was higher than that in animals with 1** degree alka-
line esophageal burn.

Thus, it was noticed that a decrease in IgG level
on the 1st day of the CEB development was accom-
panied with significant changes in the molecular
composition of immune complexes. It was primarily
evident from the increased concentration of the most
toxigenic medium- and low-molecular CIC.

As it can be seen in Table 3, a significant in-
crease in IgG level in blood serum occurred on the

Table 3. IgG level in serum of rats with experi-
mental CEB on the 21" day post burn injury (M +m,
n=10)

Animal group (Iagrg llfr\ftl)

Control 0.46 = 0.02
Alkaline esophageal burn,

1*t degree 0.51 £0.03
Alkaline esophageal burn,

2" degree 0.61 £ 0.02*
Acid esophageal burn,

214 degree 0.66 = 0.03*
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21 day post burn injury in rats with experimental
CEB.

Assessing IgG levels in the experimental ani-
mals we found that antibody levels in animals with
the 2" degree alkaline esophageal burn and 2" de-
gree acid esophageal burn exceeded that in the con-
trol group by 32 and 43%, respectively.

Investigating the level of low-molecular CIC in
rats with CEB on the 21% day post burn injury, we
observed a tendency to a slight increase in CIC level
in comparison with the control.

The level of medium- and low-molecular CIC
was the highest in animals with induced the 2™ de-
gree alkaline esophageal burn and increased by 28
and 25%. The level of medium and low-molecular
CIC tended to increase in animals with induced the
It degree alkaline esophageal burn and 2™ degree
acid esophageal burn. It was shown that the level of
these CIC depended on the nature of chemical burns
and was the highest for the 2" degree alkaline es-
ophageal burn and 2™ degree acid esophageal burn.
Thus, the prolonged accumulation of CIC may be the
main factor of tissue damage and may be associated
with the development of immune complex pathologi-
cal processes, particularly on the 21% day post burn
injury [18].

The peculiarity of the immune system condi-
tion of animals with CEB on the 21* day is deter-
mined by activation of the majority factors func-
tioning. Analysis of the clinical data [17] allowed
us to suggest that the activation of immunological
functions could not be regarded as evidence of nor-
malization or recovery. This activation might be a
manifestation of the high lability of the majority of
the studied features and might be caused by the im-
maturity of organism’s physiological systems.

Platelets play an important role in the develop-
ment of the immune response in patients with burns.
They release inflammatory mediators, express proin-
flammatory molecules, interact with leukocytes and
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Table 4. Circulating immune complexes (CIC) levels in serum of rats with experimental chemical esopha-
geal burns on the 2I* day post burn injury (M £ m, n = 10)

Animal group

High-molecular
CIC (arb. unit)

Low-molecular
CIC (arb. unit)

Medium-molecular
CIC (arb. unit)

Control 0.10 = 0.001 0.14 £ 0.001 0.12 £+ 0.001
Alkaline esophageal burn 1% degree 0.11 £ 0.025 0.17 £ 0.004 0.14 £ 0.016
Alkaline esophageal burn 2" degree 0.10 £ 0.017* 0.18 £ 0.015* 0.15 £ 0.043*
Acid esophageal burn 2" degree 0.11 £0.015* 0.16 = 0.02* 0.15 £ 0.014*

endothelial cells, participating, this way, in the in-
duction of both acute and chronic processes [19]. IgG
and immune complexes are capable of activating the
cells involved in the regulation of homeostasis (in-
cluding platelets) [20]. The platelets are a source of
plasminogen activator inhibitor type 1 (PAI-1). The
concentration of PAI-1 in platelets exceeds plasma
pool fourfold. It has been shown that approximately
70% of platelet PAI-1 is contained in the a-granules
in active form which is biologically functional and
capable of interacting with tissue plasminogen acti-
vator (tPA) [21]. Inhibitor is an important component
of the fibrinolysis system, since it is the main regula-
tor of the activity of tPA and urokinase [22]. Besides,
PAI-1 is a marker of various pathological conditions.
Thus, inhibitor concentration in plasma in case of
sepsis increases approximately 100 times [20, 23]. It
is believed that inhibition of PAI-1 may be a useful
therapeutic strategy for reducing both inflammatory
and prothrombotic processes [24].

It was shown that antibodies of control rats
induced the release of 11 protein components from
platelets at that the component with a molecular
mass around 250 kDa was secreted in the largest
amount (Fig. 1).

Antibodies of rats with CEB induced the re-
lease of protein from platelets, which exceeded that
in the control sample by about 60%. It was shown
that the content of components with molecular mass
around 400, 350 and 250 kDa increased most sig-
nificantly, by 121, 300, and 53% respectively. The
release of component with molecular mass around
50 kDa also significantly increased, by 471%.

IgG in rats with alkaline esophageal burn in-
duced increased release of the protein with molecu-
lar mass around 70 kD and low molecular compo-
nents compared to those of control rats and IgG of
rats with the 2" degree acid esophageal burn. Pro-
tein with molecular mass 70 kDa was secreted 174%
more, while the component with molecular mass
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20 kDa was secreted by 405% more. The highest
level of secretion of component with molecular mass
70 kDa was observed under the influence of anti-
bodies of rats with the 2" degree alkaline esopha-
geal burn. This component considering its molecular
mass can correspond to a heat shock protein (hsp 70)
[25].

The effect of IgG of experimental animals
on the secretion of plasminogen activator inhibitor
type 1 (PAI-1) was studied using Western blot analy-
sis.

Seven forms of the inhibitor were revealed on
immunoblot in a control sample (Fig. 2). Antibo-
dies produced in the body due to a burn injury led

kDa
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Fig. 1. Electrophoreses of media of incubation of rat
platelets with IgG: I — markers;, 2 — control rats;
3 —rats with the I* degree alkaline esophageal burn
(caused by 10% NaOH); 4 — rats with 2" degree al-
kaline esophageal burn (caused by 20% NaOH); 5 —
rats with 2" degree acid esophageal burn (caused
by 30% CClL,COOH)
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Fig. 2. Immunoblot of media of incubation of rat
platelets with IgG: 1 — markers;, 2 — control rats;
3 —rats with the I* degree alkaline esophageal burn
(caused by 10% NaOH); 4 — rats with 2" degree al-
kaline esophageal burn caused by 20% NaOH; 5 —
rats with 2" degree acid esophageal burn (caused

by 30% CCL,COOH)

to increased secretion of PAI-1 by almost 289%
compared to control. Inhibitor complexes with mo-
lecular masses around 400, 350, 250 and 140 kDa
were released more intensively. The presence of an
additional band (50 kDa), which may correspond to
the free form of PAI-1, was also observed. The band
around 100 kDa was detected in each sample. This
band may correspond to a complex of PAI-1 with
urokinase.

Antibodies of rats with CEB also induced an
increase in fragmentation of this inhibitor. Thus, the
intensive formation of the fragment (20 kDa) was
observed under the influence of IgG produced during
experimental 2™ degree acid esophageal burn. The
antibodies produced as a result of the effect of both
agents led to increased formation of PAI-1 fragment
(40 kDa).

The most intensive alterations in the profile of
platelet secretion were observed in the area of mac-
romolecular complexes of PAI-1 and component
70 kDa which was only discovered by the electro-
phoresis.

Thus, CEB was accompanied by significant
changes in humoral immunity. On the 1** day of the
CEB development in rats we observed a decrease in
IgG level and significant alterations in the molecular
composition of immune complexes that was primari-
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ly evident from increased concentrations of the most
toxigenic medium- and low-molecular CIC.

On the 21* day post burn injury a significant
increase in the level of IgG occurred in serum of
rats with experimental CEB. In animals with the 1*
degree alkaline esophageal burn or 2™ degree acid
esophageal burn the level of medium and low-mo-
lecular CIC tended to increase. It was shown that the
CIC level depended on the nature of chemical burns
and was the highest in case of 2" degree alkaline
esophageal burn.

IgG in rats with CEB increased the release of
platelet proteins by 60% relative to control. IgG pro-
duced during 2™ degree alkaline esophageal burn
caused higher secretion of the protein 70 kDa and
low molecular components in comparison with IgG
formed during the development of acid esophageal
burn. IgG in both animal groups increased almost
fourfold the release of PAI-1 compared to control.

MOKA3HUKHU I'YMOPAJILHOI IAHKH
IMYHITETY 3A XIMIYHOI'O ONIKY
CTPABOXO/1Y B LIIYPIB

T B. yyxk, H. K. Kpasuenxo, A. b. Pacyvka,
JI I. Ocmanuenxo

HHII «IactutyT 6iomorii» KnuiBckoro HarioHaaTsHOTO
yHiBepcuteTy imMeHi Tapaca [lleBuenka, YkpaiHa;
e-mail: tanuka-05@ukr.net

3arajibHOBIZIOMO, 1110 IMyHHa cucTema Oepe
aKTHBHY YydYacThb Yy TIpolecax pereHepamii Ta
3aro€HHS MICISONIKOBUX paH. [Ipore 3anumaroThes
BIJKPUTHUMH ITUTAHHS CTOCOBHO POJIi TYMOPAJIBbHOT
JAaHKW IMYHITETY B MEXaHi3MaX 3aro€HHS Ta po3-
BUTKY IICIISIONMIKOBUX YCKIJIaJHEHb. B ekcriepuMeHTi
Ha M[ypax BIATBOpEHA MOJENIb XIMIYHUX OIIKiB
ctpaBoxony (XOC), mo BiAMNOBITaE OmikaMm cTpa-
BOXOJy B jiTed BikoM 1-8 pokiB. JlociimKkeHHIMHU
MOKa3HUKIB TYMOPaJIBHOI'O IMYHITETYy B YMOBax
mojentoBaHHss XOC MMoKa3aHO 3HUIKCHHS BMICTY
IgG Ta migBUIICHHS KOHLEHTpAIl CepeiHbO- Ta
HU3bKOMOJICKYJISIDHUX ~ [IHPKYJIIOIOYUX IMyHHHX
xomruiekciB (LIIK). Ha 21-my no0y xoHueHTparis
IgG 306inbmuace i crocrepiranach TCHICHIIS 0
HAKOMMYEHHSI CEpPEeIHbO- Ta HHU3BKOMOJICKYIISIP-
Hux L{IK. Ounmena ¢pakuis [gG cupoBaTku KpoBi
mrypiB 3 XOC cripuurHIOBaia MOCUJICHHS CeKpPeril
npoTeiHiB TpoMOOUMTIiB. JlOCHiKeHI MOKa3HUKHU
MOXYTb OyTH 3aCTOCOBaH1 JuIs Audepeniianii po3-
BuTKy XOC Ta XpoHizallii OIiKoBOi TpaBMH.
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KnrmoduoBi caoBa: XiMiYHHI OMIK CTpaBo-
xony, piBeHb IgG, piBeHb HUPKYITIOIOUYUX IMYHHUX
KOMILJIEKCIB.

HOKA3ATEJIU I'YMOPAJIBHOI'O
3BEHA UMMYHMUTETA IIPN
MOAEJNPOBAHUU XUMHNYECKOI'O
OKOT'A ITMIIEBOJA Y KPbIC

T B. Mwyx, H. K. Kpaguenxo, A. b. Paeykas,
JI. 1. Ocmanuenxo

HHII «MacTuTyT 6nonorum» Kuesckoro
HAI[MOHAJIBHOI'O YHUBEPCUTETA UMEHU
Tapaca llleBuenko, YkpauHa;
e-mail: tanuka-05@ukr.net

OO011en3BecTHO, YTO UMMYHHAsI CUCTEMa MIPH-
HUMAaeT aKTHBHOE y4acTHe B IpoLEccax pereHepa-
LW U 32KUBJICHUS TIOCJICOXKOTOBBIX paH. OnHakKo
OCTAIOTCS! OTKPBITHIMH BOIIPOCHI O POJIU TYMOpPaJIb-
HOT'O 3B€HAa MMMYHMTETa B MEXaHU3MaX 3a’KHBJIe-
HUS U Pa3BUTHS MOCICOKOTOBBIX OCIOXHEHUH. B
IKCIIEPUMEHTE Ha KPbICax BOCIPOU3BEACHA MOJIEIIb
XAMHYECKUX okoroB mumeBoma (XOII), amexBat-
Hasi o)kory nuuieBoga y aereir 1-8 ner. Hccneno-
BaHUSMH ITOKa3aTesel 'yMOpajJbHOrO UMMYHHUTETA
B ycnoBusax moaenupoBanus XOII nmokazaHo cHu-
xeHue ypoBHS IgG M NoBBIIEHHE KOHLEHTPalUH
CpeaHe- U HU3KOMOJICKYJISPHBIX LUPKYINPYOLINX
nMMmyHHBIX KomIuiekcoB (LIMK). Ha 21-e cyrtkm
IIPOUCXOANT MNOBbIeHUE ypoBHs IgG n HaOmrona-
eTCsl TCHACHILUSI HAKOIUICHUS CpeaHe- U HU3KOMO-
nexymsipabx LIUK. Ounmennas ¢paxus [gG coi-
BOpOTKH KpoBHU Kpbic ¢ XOII BbI3bIBANA yCUICHUE
CeKpeunuu TpoMOOLMTapHBIX HpoTenHoB. Hccie-
JIOBAaHHBIE NTOKA3aTEJIX MOTYT OBITh HCIOJIb30BAHBI
s nuddepenmmanum passutus XOII u xpoHuza-
LUU 0KOTOBOM TPaBMBI.

KnrmoueBble CHOBa: XUMHUYECKUH OKOT
MUIIEeBOAa, YpoBeHb IgG, ypoBeHb HUPKYIHPYIO-
LIUX UMMYHHBIX KOMIIJIEKCOB.
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