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Oxidative modification of proteins in the
process of experimental periodontitis
development
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Abstract: The article reveals patterns of changes in the parameters of oxidative modification of proteins for different periods of the inflammatory
process in periodontal tissues during periodontitis. Biochemical researches of phenylhydrazones, aldehyde-, and ketone derivatives of neutral and
basic proteins were determined in the blood of white rats on the 7th, 14th, and 30th days of the experimental periodontitis development, as well as in
intact animals. The method for determination of the oxidative modification of proteins was based on the interaction of oxidized amino acid residues
with 2,4-dinitrophenylhydrazine to form 2,4-dinitrophenylhydrazones. At the early stage of experimental periodontitis development, i.e., on the
7th day, an increase in the products of oxidative modification of proteins of basic and neutral nature was observed in the blood serum, but later, on
the 14th day, this index changed in opposite direction, i.e., it began to decrease; however, it was higher relative to the intact group of animals. The
obtained factual data evidence that under the conditions of experimental periodontitis formation, there is an intensive increase in the level of oxidative

modification of proteins especially in the early period of the inflammatory process development.
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Background

The development of inflammatory-destructive changes in
periodontal tissues is associated with impaired microcir-
culation and transcapillary exchange in the presence of
pronounced hypoxia. Among all the consequences and
complications of hypoxia, the most serious is the intensi-
fication of free radical oxidation and the suppression of
antioxidant protection of biological tissues [1]. The acti-
vation of lipid peroxidation (LPO) occurs in mechanisms
of inflammatory process development in the periodontal
complex and is one of the trigger mechanisms of stress
damage with a disruption in the metabolism of cells,
which are primarily associated with the damage of cellular
and subcellular membranes [2-5]. The activation of LPO
and a decrease in antioxidant activity occurred due to the
accumulation of free modificated cholesterol, esterified
cholesterol, lysophosphatides, cardiolipin, phosphatidyl-
choline, a decrease in non-esterified fatty acids, etc. [6, 7].

The elucidation of the mechanisms of their arise at the
level of metabolic processes disorder that lead to struc-
tural damage in the periodontal tissues and lead to
different degree heavy of an inflammatory process [8].
It is known fact about the role of oxidative stress in the
pathogenesis of periodontitis that allow us to consider the
activity of LPO in saliva and its antioxidant potential as
potential predictors of the inflammatory periodontal
lesion progression [9, 10]. The aim of this investigation
is to elucidate the pathogenetic role of aldehyde-
and ketone derivatives of neutral and basic character
in the dynamics of experimental periodontitis (EP)
development.

Materials and Methods

The experimental studies were performed with the use of
clinically healthy white rats weighing 150-200 g in the
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Table I I The content of OMP3,¢ and OMPy3 in the rats serum for different periods of experimental periodontitis formation (M + m)

Control, intact

The form of experiment animals

Experiment duration (days) - 7

Number of animals 10 8

OMP3;q, mol/L 0.48 +£0.02 0.86+0.01
p1<0.01

OMP,30, mol/L 0.61 +0.01 1.07 £0.01
p1<0.01

Animals with periodontitis

14 30
8 8
0.65+0.01 0.79+0.03
71 <0.01, p,<0.01 71 <0.01, p,<0.01, p3<0.01
0.86 +0.01 0.89+0.03

1 <0.01, p,<0.01 71 <0.01, p,<0.01, p3>0.05

1 — significance of differences in relation to intact animals

P> — significance of differences in relation to the animals with periodontitis on the 7th day of the experiment
ps — significance of differences in relation to the animals with periodontitis on the 14th day of the experiment

conditions of vivarium, kept under a standard diet
balanced for the basic elements. The investigation was
conducted in conformity with the general rules and
regulations of the “European Convention for the Protec-
tion of Vertebrate Animals Used for Experimental and
Other Scientific Purposes” (Strasbourg, 1986) and the
“General Ethical Principles of Animal Experimentation”
(Kyiv, 2001).

The animals were divided into four groups: I — intact
animal, controls (#=10); II - animals with EP
on the 7th day of the experiment (7= 8); III — animals
with EP on the 14th day of the experiment (n=38);
IV — animals with EP on the 30th day of the experiment
(n=8). EP was produced in the experimental animals
by introducing complex mixtures of microorganisms
diluted in egg protein into periodontal tissues [11].
Simultaneously with the injections of the pathogen, a
complete Freund’s adjuvant was injected in the rat’s paw
to enhance the immune response. When conducting
studies with animals of group IV, on the 14th day,
repeated entry of pathogenic and injection of adjuvant
was carried out. On the 7th and 14th day of the
experiment, animals were killed by bleeding using thio-
pental anesthesia. For further testing, serum was
selected. In serum was determined the level of oxidative
modificated proteins (OMP) by neutral and basic
characters. The method for determining the oxidative
modification of proteins was based on the interaction of
oxidized amino acid residues with 2,4-dinitrophenylhy-
drazine (2,4-DNPH) to form 2,4-dinitrophenylhydra-
zones. The optical density of the experimental sample of
aldehyde- and ketone derivatives of a neutral character
was recorded at 370 nm (OMP37¢), and the main sample
at 430 nm (OMP,3) relative to the control sample on a
SE-46 spectrophotometer [12]. The results were statis-
tically analyzed using non-parametric indexes in the
Excel software (Microsoft, USA) and STATISTICA
10.0 (StatSoft, USA). The reliability of the differences
in values between independent quantitative values was
determined with a normal distribution according to the
Mann-Whitney U criterion [13].
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Results

Introduction of complex mixtures of microorganisms
diluted in egg protein into periodontal tissues had caused

*

180 0
160 *#
140
120
100
80 B Control
o © OMP (370 nm)
40
20
0
Periodontitis 7th Periodontitis 14th Periodontitis 30th
day day day
Fig. 1. Changes in the indices of OMP370 in the rats serum in the
dynamics of experimental periodontitis (% of control).
* — Significance of differences in relation to intact animals
(p<0.01); # —significance of differences in relation to the
animals with periodontitis on the 7th day of the experi-
ment (p<0.01); ® —significance of differences in relation
to the animals with periodontitis on the 7th day of the
experiment (p> 0.05); © — significance of differences in
relation to the animals with periodontitis on the 14th day
of the experiment (p<0.01)
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Fig. 2. Changes in the indices of OMP430 in the rats serum in the
dynamics of experimental periodontitis (% of control).
* — Significance of differences in relation to intact animals
(p<0.01); # — significance of differences in relation to the
animals with periodontitis on the 7th day of the experiment
(p<0.01); ° — significance of differences in relation to the
animals with periodontitis on the 14th day of the experi-
ment (p> 0.05)
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Table II || Correlation of OMPj370/OMP43 in the serum of the rats for different periods of experimental periodontitis (M + m)

Control, intact
The form of experiment

animals
Experiment duration (days) - 7
Number of animals 10 8
OMP370/OMP,3 0.79 +0.03 0.80+0.01
p1>0.05

Animals with periodontitis

14 30
8 8
0.76 £0.01 0.89+0.01

p1>0.05, p, <0.05 p1>0.05, p,>0.05, p3<0.05

1 — significance of differences in relation to intact animals

P> — significance of differences in relation to the animals with periodontitis on the 7th day of the experiment
p3 — significance of differences in relation to the animals with periodontitis on the 14th day of the experiment

hyperergic inflammatory process with expressed changes in
the soft tissue of the lower jaw, accompanied by edema and
hyperemia of the mucous membrane and the character-
istics of the symptoms were the same as the changes in
humans [11, 14]. Significant quantitative changes were
found in prooxidant—antioxidant system [15].

These results of LPO activity changes showed that
irrespective of the conditions of their study in the process
of periodontitis development proceed the formation and
accumulation of intermediate toxic products of lipoper-
oxidation in serum that occur at different stages of its
chain branching.

An important index of free radical processes is the
oxidative modification of proteins, in a result of which the
proteolysis in proteosomes is activated and alterative
changes in the inflammatory area are intensified. Oxida-
tion of amino acids in proteins causes structural changes
in them, which are manifested by aggregation, fragmen-
tation, and also increased sensitivity to proteolysis. OMP
products in comparison with lipid peroxides are stable and
have the ability to be quickly metabolized by low molec-
ular antioxidants and peroxidases [15].

The results of these experiments are presented in
Table 1.

One can see from the date of the table, the concen-
tration products of oxidative modification of proteins
neutral characters (OMP37) increased by 7.79 times
(p<0.01) on the 7th day of the experiment, and by
1.35 times on the 14th day (p<0.01) as compared with
the intact group. It should be noted that on the 14th day
OMP3,¢ products decreased in serum as compared with
7th day by 1.32 times (p< 0.01) (Fig. 1).

In comparison of the above meant, aldehyde- and
ketone derivatives quantity to the 30th day of the devel-
opment of EP was established an increase in these para-
meters as compared with the 14th day (by 1.22 times,
$<0.01), but were less as compared with 7th day of the
experiment, but these changes proved to be insignificant.
However, this index was also significantly higher relative
to the control group of animals (by 1.65 times, p < 0.01).

At the early stage of EP development, that is, on the
7th day, an increase in the products of oxidative modifi-
cation of proteins of the basic character (OMPy430) in
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blood serum (by 1.75 times, p<0.01), but later, on
14th day, this index changed in the opposite direction,
that is, it began to decrease (by 1.24 times, p<0.01) as
compared with the animals on the 7th day of the experi-
ment; however, its level was higher relative to the intact
group of animals (by 1.46 times, p<0.01) (Fig. 2).

Then, on the 30th day of EP development, the con-
centration of aldehyde- and ketone derivatives of the
basic character was increased insignificantly in compari-
son with the 14th day, but these changes were insignifi-
cant (p>0.05). As compared with the 7th day of the
experiment this index was decreased (by 1.20 times,
p<0.01). However, its level was higher relative to the
control group of animals (by 1.46 times, p<0.01).

By calculating the ratio of the neutral and basic
aldehyde- and ketone derivatives (Table II) in serum
(OMP370/0OMPy30), it was recorded an increase in the
rats on the 7th and 30th days after modeling of EP, and a
decrease on the 14th day as compared with the control;
however, these changes were also insignificant (p > 0.05).
Nevertheless, comparing this ratio, on the 7th and 14th
days of the experiment, in a later period, the index
decreased (by 1.05 times, p<0.05). At the same time
on the 30th day, it was increased as compared with the
14th day (by 1.17 times, p<0.05).

The results of these experiments are presented in
Table 11.

In the correlation of contents OMP370/OMP;30 in
blood of the second and fourth experimental animals,
group changes were insignificant (p> 0.05).

Conclusions

1. The accumulation of aldehyde and ketone derivatives
of a neutral and basic character in serum blood is
observed in EP of bacterial-immune genesis.

2. The indices of oxidative modification of neutral and
basic proteins in the dynamics of EP in the acute
inflammatory reaction especially due to intensification
of LPO.
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