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Resume. The article presents the results of the study of the intensity of free radical processes (FRP) and the activity of anti-
oxidant systems (AOS) in the blood serum of people who were infected with the Sars-Cov-2 virus. The study of the initial level
of TBC-active products and the increase in their concentration in the oral fluid of the research group, it showed that their value
was significantly higher compared to the indicators of the representatives of the control group, which indicates an increase in
lipid peroxidation. It was established that the catalase index and SOD activity of the salivary glands are significantly lower in the
infected persons compared to similar indicators of the control group, which are due to long-term stress exposure, high emo-
tional stress and depressive states of the patients and indicates the exhaustion of the antioxidant system. At the same time,
there is an increase in such enzymes as glutathione peroxidase and glutathione reductase. It was found that the intensity of
free radical processes and the imbalance of antioxidant systems increases with the deepening of immunodeficiency and with
the progression of periodontal pathology.
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Introduction

An important problem of modern dentistry remains
the disease of periodontal tissues, in particular generali-
zed periodontitis, which, according to the results of epi-
demiological studies, affects from 92 to 98 % over the
age of 40 of the population of different regions of Ukrai-
ne [1, 9, 12]. Unfortunately, the risk factors for the
occurrence of inflammatory diseases increase every year,
not only in the elderly, but also in young people [3, 4, 6].
The activation of lipid peroxidation processes is a uni-
versal mechanism of tissue stress damage. Although oxi-
dative stress appears to have a local oral origin, it is not
currently understood whether it is caused by an excess
of reactive oxygen species due to inflammation in the
oral cavity or by insufficient antioxidants and depletion
of AOS. In a number of works, a connection was found
between the increased level of TBA-AP and the deterio-
ration of the periodontal condition in the saliva of
adults. Tt is noted that generalized periodontitis occurs
much more often in people who have problems with the
gastrointestinal tract or have been ill with viral infecti-
ons [2, 13, 15, 16].

The outbreak of coronavirus disease 2019 (COVID-19)
was first fixed in mid-december 2019 in China. Today, the
coronavirus that causes severe acute respiratory syndro-
me (SARS-CoV-2) has affected the population of the
whole world. According to Johns Hopkins University
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(Baltimore, USA), from January 2020 to January 2022,
3,885,416 cases of coronavirus were fixed in Ukraine, and
107,831,598 confirmed cases were detected in Europe
(figures updated: on January 10, 2022, 12:43 GMT +2)
[14]. In many cases, infection with the coronavirus is cha-
racterized by damage to the bronchial architectonics of
the lungs, the appearance of specific infiltrates and des-
truction, microcirculation disorders in the area of inflam-
mation, and lung fibrosis. As a result, conditions are crea-
ted in the patient's body for the development and growth
of a hypoxic state, which contributes to the activation of
lipid peroxidation [7]. In addition, in the case of viral
damage in such patients is observed an increase in the
number of opportunistic and anaerobic periodontopatho-
genic agents, which leads to a violation of the microbio-
cenosis of the gingival grooves and periodontal pockets
[8, 10]. At the same time, the prerequisites for the emer-
gence and development of inflammatory and dystrophic
changes of the periodontium are created by unsatisfacto-
ry hygiene, which leads to an increase in the amount of
dental deposits [11]. As a result of the decrease in local
resistance and hypoxia, inflammatory processes deepen in
the periodontium with the deterioration of oral hygiene.
Oxidative stress also plays an important role in the
pathogenesis of the 2019 coronavirus disease, which,
by increasing the effects of cytokine shifts and strengthe-
ning blood coagulation and hypoxia, it causes tissue
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damage and organ failure. The model of pathogenesis
goes with the primary lung injury, late tissue hypoxemia
and mitochondrial dysfunction, and profound changes in
the antioxidant defense system [7]. Numerous studies
indicate that an increase in the production of free radi-
cals is registered against the background of a decrease in
the antioxidant activity of the protective mechanisms of
cells in patients with a severe course of the coronavirus
disease. This is confirmed, in particular, by research data
in Shanghai (China) during the 2019 pandemic. In par-
ticular, scientists have registered a significant increase in
the activity of glutathione reductase in 40% of 198 exa-
mined patients with COVID-19, which was considered
as a manifestation of an imbalance in the antioxidant
defense system [17]. Thrombocytopenia was registered
in 24 % of cases of COVID-19 and anemia in 59 %, res-
pectively [18] . In connection with the high prevalence
of infection with the Sars-Cov-2 virus among the popu-
lation in Ukraine and in the world, there was a need to
assess the antioxidant status of such patients, with the
aim of developing a new complex to eliminate inflamma-
tory and destructive changes in periodontal tissues. As
saliva is an interesting alternative diagnostic fluid of the
body, which has a number of advantages over blood: non-
invasive and simple collection and the related possibility
of repeated sampling, oral fluid was used for the study.
The aim of our study was to identify the intensity of free
radical processes (FRP) and the activity of antioxidant
systems (AOS) in the oral fluid of patients with chronic
generalized periodontitis (CGP) who were infected with
the Sars-Cov-2 virus in the post-epidemic period.

Material and methods
of research

200 patients with CGP were examined, who were
treated for coronavirus infection in hospital conditions,
of which 150 were diagnosed with post-acute pulmonary
fibrosis and another 50 people with CGP, without aggra-
vating concomitant pathology, who did not suffer from
coronavirus infection. Clinical examination of patients
was carried out on the basis of Ivano-Frankivsk Regional
Clinical Hospital and Clinical Municipal Hospital 1.
The diagnosis of the main disease was made by the inpa-
tient physician in accordance with the clinical diagnos-
tic criteria. Confirmation of Sars-Cov-2 virus infection
was carried out by the PCR test method. The dental
diagnosis was made according to clinical and laboratory
criteria. The control group consisted of 40 practically
healthy individuals with intact periodontium and pre-
served dentition. The age of the patients ranged from 45
to 60 years.

The state of the pro-oxidant system of the oral cavi-
ty was determined by the level of TBA-AP. To study the
state of the antioxidant defense system, the enzymatic
activity of superoxide dismutase (SOD) [5], catalase,
glutathione peroxidase (GP) and glutathione reductase
(GR) was determined. Standardized methods were used.
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We carried out statistical processing of the data that
we received with the help of the STATISTICA 7.0 pro-
gram (StatSoft, USA), which are presented in the form
of averages (M) with the error of representativeness
(m). The Student's test (t) was used to determine the
reliability of the difference between comparison groups.
If the probability of error is p < 0.05, the difference was
considered as probable .

Results and discussion

The analysis of the results of the dental examination
of patients with GP in the Post-Covid period and those
who were represented with Post-Covid pulmonary fib-
rosis allow to reveal certain features of the state of the
periodontal tissues. It was established that patients with
chronic generalized periodontitis had moderate inflam-
mation of the gums; it was detected the pronounced
recession of the gums and significant resorption of the
bone tissue of the alveolar outgrowth. This testified that
destructive processes are prevailing over the inflamma-
tory phenomena.

It was found that with the progression of pathologi-
cal changes in the periodontal tissues, the intensity of
free radical processes increases, which is evidenced by
the increase in the concentration of TBA-AP. At the
same time, the level of TBA-AP changes significantly
with the progression of periodontal pathology. The
results that we obtained are presented in the table. 1.

As can be seen from Table 1, the lowest content of
TBA-AP in the oral fluid was observed in the 2nd group
of patients who did not suffer from a corona virus infec-
tion, which exceeded by 1.2 times (p < 0.05) this indica-
tor in the group of healthy individuals.

Regarding to patients who were treated from coro-
navirus infection in hospital conditions, this indicator
was slightly higher: in the 3rd group, a significant
increase in the level of TBA-AP was observed by 1.3
times (p < 0.05), in patients of the 4A and 4B subgroups —
1.32 times (p < 0.05), and 4C subgroups — 1.33 times
(p <0.05) relative to the group of healthy individuals.
The data we received confirm the increase in oxidative
stress in patients who have recovered from corona virus
infection.

At the same time, a significant decrease in SOD
activity was observed by the 2nd group by 1.2 times
(p <0.05), in the 3rd group by 1.29 times (p < 0.05), in
the 4B subgroup — 1.44 times (p < 0.05) and 1.48 times
(p <0.05) in 4B and 4A subgroups (Table 2). A decrease
in the activity of SOD leads to the growth of such secon-
dary radicals as hydrogen peroxide and hydroxyl radical,
which are neutralized by catalase and glutathione pero-
xidase. Accordingly, the activity of these enzymes was
also determined by us.

As shown by our observations (Table 3), the activity
of catalase is also significantly reduced in the oral fluid of
patients in all studied groups in comparison with the
group of healthy people. In particular, in patients with
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GP of the 2nd group, catalase activity significantly dec-
reases in 1.19 times (p < 0.05), in the 3rd group — by 1.16
times (p < 0.05).

The lowest values of catalase activity were found
in the 4th group, lower than in the 2nd and 3rd gro-
ups. Thus, the activity of this enzyme decreases by
1.38 times (p < 0.05) in the 4A subgroup, by 1.44
times (p < 0.05) in the 4B subgroup, and by 1.46 times
(p < 0.05). In the 4C subgroup, compared to the 1st
group, which is obviously related to the progression of
pathological changes in the periodontal tissues. Such
results are consistent with the fact that we found a dec-

rease in the enzymatic activity of SOD, which indicates
the depletion of the antioxidant protection system.
Table 4 presents the results of determination of GP
in oral fluid. It can be seen that there is a significant
increase in the activity of the enzyme in the groups of
studied patients, in comparison with the group of heal-
thy individuals. In the patients of the 2nd group, an
increase in GP was found only by 1.16 times (p < 0.05)
compared to the group of healthy individuals (p < 0.05), in
the 4A subgroup — by 1.38 times (p < 0.05), in the 4B sub-
group — by 1.21 times (p < 0.05) and in the 4C subgroup —
as much as 1.5 times (p < 0.05) compared to the 1st group.

Table 1
The assessment of TBA-AP indicators
in the oral fluid of patients with generalized periodontitis
- 4th group (n=150)
Research (hse ﬁ:ﬁug 2nd group, 3rd group,
indicators n= 40y ’ n=50 n=50 4A subgroup, 4B subgroup, 4C subgroup,
n=30 n=30 n=30
TBA-AD 3.46£0,07 4,1620,05 4,48+0,06 4,57+0,02 4,55+0,04 4,59+0,04
nmol/ml
P12 < 0,05 Po_3 < 0,05 P1-3 < 0,05 P1-4A < 0,05 P1-4B < 0,05 Pi-4c < 0,05
P1-3 < 0,05 Po_4A < 0,05 Po_3 < 0,05 Po_4A <0,05 Po_4B < 0,05 Po_4c < 0,05
P142 < 0,05 Py 48 < 0,05
P14 < 0,05 Pa_4c < 0,05
Pi4c < 0,05

Note: py_, — the level of differences between the 1st and 2nd groups; p;_; — the level of differences between the 1st and 3rd groups;

Pi_sa — the level of differences between the 1st group and the 4A subgroup; p;_;g — the level of differences between the 1st group and the 4B subgroup;
Pi_4c — the level of differences between the 1st group and the 4C subgroup; p,_; — the level of differences between the 2nd and 3rd groups;

Py_sa — the level of differences between the 2nd group and the 4A subgroup; p,_,5 — the level of differences between the 2nd group and the 4B subgroup;
Py_sc — the level of differences between the 2nd group and the 4C subgroup;

Table 2
The assessment of the state of SOD indicators (%)
in the oral fluid of patients with generalized periodontitis
- 4th group (n=150)
Research (l'fe agl:l(:u;) 2nd group, 3rd group,
indicators n= 40y ’ n=50 n=50 4A subgroup, 4B subgroup, 4C subgroup,
n=50 n=50 n=50
SOD, % 48,95+0,07 40,62+0,18 37,74%0,32 34,07+0,35 32,82+0,49 33,14+0,47
P19 <005 Py 3<0,05 Py 3<0,05 Py 4a < 0,05 Py 4p < 0,05 P14c < 0,05
P13 <0,05 Po_sa < 0,05 Py_3<0,05 Po_sa < 0,05 Py_4p < 0,05 Po_sc < 0,05
Py 4a < 0,05 Py 45 < 0,05
P14p < 0,05 Py4c < 0,05
P14c <00

Note: p1-2 — the level of differences between the 1st and 2nd groups; p1-3 — the level of differences between the 1st and 3rd groups;

18

p1—4A — the level of differences between the 1st group and the 4A subgroup; p1-4B — the level of differences between the 1st group and the 4B subgroup;
p1-4C — the level of differences between the 1st group and the 4C subgroup; p2-3 — the level of differences between the 2nd and 3rd groups;

p2—4A — the level of differences between the 2nd group and the 4A subgroup; p2—4B — the level of differences between the 2nd group and the 4B subgroup;
p2-4C — the level of differences between the 2nd group and the 4C subgroup;
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Table 3
The assessment of catalase activity indicators (mcat/kg)
in the oral fluid of patients with generalized periodontitis
. 4th group (n=150)
Research (lf;agl:l(')lu? 2nd group, 3rd group,
indicators N n=50 n=50 4A subgroup, 4B subgroup, 4C subgroup,
n=40
n=50 n=50 n=50
Catalase, 6,64+0,01 5,56+0,02 5,74+0,02 4,81+0,02 4,61+0,02 4,54+0,02
mkat/kg
Py 5 <0,05 Py 3 < 0,05 Py 3<0,05 Py 44 < 0,05 Py 4p < 0,05 Py 4c <005
Py 3<0,05 Py 45 < 0,05 Py 3<0,05 Py 45 < 0,05 Py 4p < 0,05 Py 4¢ < 0,05
Py 44 < 0,05 Py 45 < 0,05
Py 4p < 0,05 Py 4¢ < 0,05
P 4c <005

Note: py_y — the level of differences between the 1st and 2nd groups; p;_3 — the level of differences between the 1st and 3rd groups;

Pi_4a — the level of differences between the 1st group and the 4A subgroup; p;_4p — the level of differences between the 1st group and the 4B subgroup;

Pi_4c — the level of differences between the 1st group and the 4C subgroup; p,_5 — the level of differences between the 2nd and 3rd groups;

Py_4a — the level of differences between the 2nd group and the 4A subgroup; p, ;i — the level of differences between the 2nd group and the 4B subgroup;

Py_4c — the level of differences between the 2nd group and the 4C subgroup;

Table 4
The assessment of glutathione peroxidase activity indicators (umol/(min x mg)
in the oral fluid of patients with generalized periodontitis
4th group (n=150)
Research (1lf§agl:l(iu§) 2nd group, 3rd group,
indicators _ Wk n=50 n=50 4A subgroup, 4B subgroup, 4C subgroup,
n=40
n=50 n=50 n=50
Glutathione
peroxidase, 0,18+0,01 0,21£0,01 0,24%0,01 0,25%0,02 0,27+0,01 0,27+0,01
umol/(min x mg)

P12 < 0,05 Po-3 < 0,05 Pi-3 < 0,05 P1-4A < 0,05 P1-4B < 0,05 P1-4C < 0,05

P1-3 < 0,05 Po—4A < 0,05 Po-3 < 0,05 Po—4A < 0,05 P2o-4B < 0,05 Po_4C < 0,05

p174A < 0,05 p274B < 0,05

P1-4p < 0,05 P2-4c < 0,05

p174c < 0,05

Note: py_, — the level of differences between the 1st and 2nd groups; p;_3 — the level of differences between the 1st and 3rd groups;

Pi_4a — the level of differences between the 1st group and the 4A subgroup; p,_sz — the level of differences between the 1st group and the 4B subgroup;
Pi_sc — the level of differences between the 1st group and the 4C subgroup; p,_5 — the level of differences between the 2nd and 3rd groups;

Py_sa — the level of differences between the 2nd group and the 4A subgroup; p,_s5 — the level of differences between the 2nd group and the 4B subgroup;
Py_sc — the level of differences between the 2nd group and the 4C subgroup;

The next stage was the determination of GR activity in
the oral fluid, the obtained results are presented in Table 5.

As can be seen from Table 5, the activity of GR increa-
sed and significantly differed from the group of practically
healthy persons by 1.3 times (p < 0.05) in the 2nd group,
by 1.4 times (p < 0.05) in the 3rd subgroup, by 1.66 times
(p <0.05) in the 4A subgroup, 1.63 times (p < 0.05) in the
4B subgroup and 1.7 times (p < 0.05 ) — in subgroup 4C.
However, the indicator of GR activity was unreliable in
the 4th A subgroup, compared to the indicator in the 2nd
group (p > 0.05).
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The specified changes in these indicators indicate
the development of destructive changes in the perio-
dontal tissues, as GP and GR are the main enzymes
that were involved in ensuring intracellular homeo-
stasis.

Thus, after analyzing the results of the study of the
indicated biochemical indicators of the oral fluid reli-
able changes of the studied parameters were establis-
hed in accordance with the detected pathology of the
periodontal tissues, with the progression of destructi-
ve changes of the periodontal tissues.

19



NAPOAOHTONOTIA

Table 5
The assessment of glutathione reductase activity indicators (umol/(min x mg)
in the oral fluid of patients with generalized periodontitis
4th group (n=150)
Research S (D 2nd group, 3rd group,
g (healthy), bl 2
indicators n=40 n=50 n=50 4A subgroup, 4B subgroup, 4C subgroup,
n=30 n=30 (n=350)
Glutathione 027+0,01 0,35:0,01 0.38+0,01 0,45+0,01 0,44+0,01 0,46+0,01
reductase
P1_p <005 Py3<0,05 P13 <0,05 P1_4a <0,05 P14 < 0,05 Pi_sc < 0,05
P13 <0,05 Po_sa > 0,05 Py_3<0,05 Py_sa > 0,05 Py_4p < 0,05 Po_sc < 0,05
Py 4a <005 Py 4p < 0,05
Py 45 < 0,05 Py4c < 0,05
Pisc < 0,05

Note: py_, — the level of differences between the 1st and 2nd groups; p;_3 — the level of differences between the 1st and 3rd groups;

Pi_4a — the level of differences between the 1st group and the 4A subgroup; p;_,g — the level of differences between the 1st group and the 4B subgroup;
Pi_4c — the level of differences between the 1st group and the 4C subgroup; p,_5 — the level of differences between the 2nd and 3rd groups;

Py_sa — the level of differences between the 2nd group and the 4A subgroup; p,_,5 — the level of differences between the 2nd group and the 4B subgroup;
Py_sc — the level of differences between the 2nd group and the 4C subgroup;
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tium from the negative effects of AFoO. It has been  ducting research and personally to the Head of the
shown that changes in the general state of the body, in ~ Department of Biochemistry, Professor Erstenyuk G.M.
particular post-acute pulmonary fibrosis, is caused by

activation of lipid peroxidation, depletion of AOS and Financial support
worsen the condition of periodontal tissues. Personal funds of the authors.
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O1iHKa cTaHy NPOOKCHAAHTHO-aHTHOKCU/IAHTHOI CUCTEMH XBOPUX Ha XPOHIYHUI reHepaii30BaHHIA
MapPOJIOHTHUT Y MOCTKOBITHOMY Mepiofi

T.1. Mameiiixie, M.M. Poocko, I'.B.Toxapui

Pesiome. Y crarTi HaBefeHi pe3ynbTatu JOCMIIKEHHS IHTEHCUBHOCTI BiNlbHOpaauKanbHux mpovecis (BPM) i aktuBHOCTi aHTMOKCMaaHTHUX cuctem (AOC) y
cupoBarLi kpoBi 0ci6, ski 6ynu iHdikosaHi Bipycom Sars-Cov-2. BueyeHHs no4atkoBoro pieHsi TEK-akTBHMX NPOLYKTIB Ta MPUPOCTY iX KOHLEHTpALLi y POTOBil
PiavHi 0Ci6 AOCTIAHOT rPynK Mokasano JOCTOBIPHO BULLE X 3HAYEHHSI MOPIBHSHO i3 NOKA3HWKaMV NPELCTABHUKIB FPYMN KOHTPOIIO, L0 BKa3ye HA MOCHIEHHS
TEPOKCUAHOTO OKMCNEHHS NiMiaiB. BCTaHOBNEHO, L0 KaTanasHuii NokasHuK Ta akTueHICTb COLL CMHHIX 321103 Y iHIKOBaHMX 0CI6 OCTOBIPHO HIXYi MOPIBHSIHO
3 @HaNIONYHUMI NOKA3HUKAMU KOHTPOJIBHOI FPynK, WO 06yMOBIIEHE TPMBAINM CTPECOPHUM Br/IMBOM, BUCOKUM EMOLIHUM HANPYXEHHIM Ta AEnpeCUBHUMM
CTaHamy MALLIEHTIB | BKA3YE HA BUCHAXEHHS aHTUOKWAAHTHOI cucTemu. Iopsz, 3 TM COCTepiraeTbes 3pOCTaHHs Takux GpEpPMEHTIB 9K FyTaTioHNepoKcuaasm
Ta ryTaTioHpeayKTasu. BuseneHo, 110 iHTEHCUBHICTb BiflbHO PafyKanbHUX NPOLECIB Ta ANCOANAHC aHTMOKCUAHTHUX CUCTEM HAPOCTAe 3 NOMMBNEHHSM iMy-
HoZediumTy Ta 3 NPOrpecyBaHHIM MapofoOHTONATONOTI.

Kntoyogi cnoea: Bipyc Sars-Cov-2, reHepaniaoBaHuii NapofoOHTUT, MEPEKUCHE OKUCIIEHHS, kaTasnasa, CynepokCUaaMCMyTasa, ryTaTioHnepokcuaasa, ryta-
TIOHpeLyKTa3a.

OI.ICHKa COCTOAHUA l'[pOOKCI/IIlaHTHO-aHTI/IOKCPIZ[aHTHOﬁ CHUCTEMBI y 00JIbHBIX XPOHUYECCKUM
reiepajau3oBaHHbIM NIAPOJAOHTUTOM B IOCTKOBUTHBII nepuon

T.U. Mamsuuixus, M.M. Poscko, I'.B. Toxapux

Pesiome. B cratbe MpeacTaBeHbl pe3ynbTathl UCCNELO0BAHNS MHTEHCUBHOCTY CBOBOAHOPaMKabHbIX MpoLeccoB (CPIN) 1 akTMBHOCTM aHTUOKCHMAAHTHBIX
cuctem (AOC) B CbIBOPOTKE KPOBY JHOLEIA, MHOULMPOBAHHBIX BUPYCOM Sars-Cov-2. M3yyeHne HavanbHoro ypoBHs TBC-akTUBHLIX MPOAYKTOB 1 MOBbLILLEHUE X
KOHLIEHTPALWK B POTOBOM XWAKOCTY MCCNEAYEMON Tpymbl MOKa3aso, YTo MX 3HaYEHE Obio JOCTOBEPHO BLILLE MO CPABHEHMIO C NOKA3aTeNsiMU NPeLCTaBUTENen
KOHTPOJIBHOW TPYMMbl, YTO CBULETENLCTBYET 06 YBENMHEHUN MEPEKUCHOMO OKVCEHWS IMMUEOB. YCTAHOBNIEHO, YTO KaTasna3Hbiil MHAEKC M akTUBHOCTb CO/L CrioH-
HbIX X€/1e3 JOCTOBEPHO HIDKE Y MHPULIMPOBAHHBIX JIUL, IO CPABHEHUIO C aHAIOTMYHBIMM MOKA3aTeNsIMU KOHTPOJIBHOIA FPYNMbl, KOTOPbIE 0BYCNOBNEHbI JIUTENBHBIM
CTPECCOBbIM BO3ENCTBUEM, BHICOKVM 3MOLIWOHANBHBIM CTPECCOBLIM 1 IENPECCHBHBIM COCTOSIHUEM BOJIbHBIX 1 CBUAETENBCTBYET 00 UCTOLLEHUM aHTUOKCUAHT-
HOIA cucTeMbl. B T0 e BpeMmsi, HabNIOJAETCS MOBbILLIEHME Takux GEPMEHTOB, Kak FyTaTMOHNEPOKCUAA3a U MYTAaTUOHPELyKTa3a. YCTAHOBNEHO, YTO MHTEHCUB-
HOCTb CBOBOAHOPAAMKAIbHBIX MPOLECCOB 1 ANCOANaHC aHTMOKCUAAHTHBIX CUCTEM HApacTaeT npu yriybneHun UMMyHoaeduuMTa U Npu NporpeccupoBaHnm
naTonor1 NapoAoHTa.

KnioueBble cnosa: Bupyc Sars-Cov-2, reHepanu3oBaHHbIii TAPOAOHTUT, NepoKcuaaums, katanasa, CynepokCUaANCMyTasa, ryTaTMoHnepokcuaasa, ryra-
TUOHPEAYKTa3bl.
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