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Perfecting the known and elaboration of new
methods of periodontitis treatment is one of the impor-
tant tasks and requires extraordinary approaches to
their solutions. The purpose of the study was to deter-
mine effectiveness of water-soluble liposomal form of
quercetin in correction of the glutathione system disor-
ders in the experimental periodontitis development.
The article presents the results of glutathione system
researches in antioxidant defense, in particullarity,
glutathione peroxidase, glutathione reductase activity
and content of reduced glutathione in the rat’s blood
serum on 14" days of the experimental periodontitis
development, and after correction with flavonol
quercetin, that was injected in doze 100 mg / kg for
7 days (from the 7™ to the 14" day). The results were
statistically processed using parametric and nonpara-
metric statistical methods. The reliability of the differ-
ences in values between independent quantitative
values was determined with a normal distribution ac-
cording to the Mann-Whitney U criterion. The article
shows a decrease enzymic activity of the glutathione
system (glutathione peroxidase and reductase) ob-
served at early stage of the inflammatory process with
following preservation of their activity at reduced level.
At the same time, content of reduced glutathione was
decreased. The introduction of quercetin resulted in
the increase of enzymes in the serum, and reduced
glutathione and enzymes activity in the blood serum of
experimental animal with periodontitis as compared to
the indices of animals that were not administered this
medicine. In addition, quercetin also contributed to the
preservation of a pool of reduced glutathione in the
animal blood. The development of the inflammatory
process of the periodontal complex due to the com-
bined effect of bacterial and immune factors is accom-
panied by dynamic changes in the activity of the glu-
tathione system. Quercetin effectively stabilizes the
prooxidant-antioxidant system during the course of
experimental periodontitis, which is manifested by the
increased activity of glutathione peroxidase and glu-
tathione reductase and the increase in the content of
reduced glutathione.
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Research relation to the plans, programs and
department research themes. This work is an inte-
gral part of the complex inter-departmental research
work "Systemic and organic disturbances due to the
actions of extraordinary factors on the body, mecha-
nisms of their development and pathogenetic correc-
tion" (registration number 0116 U003390) and re-
search work of the department of Prosthetic Dentistry:
"Pathogenetic approaches to treatment the main den-
tal diseases on the basis of studying the mechanisms
of damage of the oral cavity tissues against the back-
ground of accompanying somatic pathology"(state
registration number 0116 U005076).

Introduction. Investigation of development of
inflammatory processes in periodontal tissues remains
an urgent task at present. It is first of all connected to
a relatively high spreading and unfavorable prognosis
of them, as well as prevention [10] and treatment im-
perfection [12, 17].

Unusual approaches are required to solutions of
improving the existing and developing new pathoge-
netically grounded methods of periodontitis treatment.

It is known, that active forms of Oxygen/Nitrogen,
which are primarily generated by phagocytes, create
unfavorable conditions for infectious agents. There-
fore, these active forms of Oxygen/Nitrogen have a
very important role in the development of inflamma-
tory processes.

However, their surplus production leads to ex-
haustion of the antioxidant system and the inability to
neutralize toxic peroxidation products, and misbal-
ancing protective mechanisms. As a result, this leads
to oxidative stress and damage of DNA molecules, as
well as damage to proteins, carbohydrates and lipids
[8]. At the same time, active forms of oxygen are able
to be included in the regulatory processes of cellular
homeostasis and act as signaling factors of transduc-
tion, genetic expression and activation of receptors.
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Active forms of oxygen, peroxides, and nitrogen mon-
oxide in case of ischemia / hypoxia, are also formed
during the process of cellular respiration [14].

It was noted that some polyphenols and flavon-
oids of plant origin are capable to display potent anti-
oxidant properties in many inflammatory and degen-
erative diseases [6, 18], that let us focus on the pros-
pect of their studies in the experimental periodontitis.
Great attention is paid to the properties of flavanol
guercetin. It is a classical antioxidant that has anti-
ischemic, membrane stabilizing and immunomodulat-
ing effects, all at the same time. This has a strong
influence to energetic metabolism in the myocardium,
reduces its oxygen starvation, exhibits anti-arrhythmic
and anabolic effects, and has a significant reduction
potential [20]. The antioxidant activity of the substance
is related to its ability to suppress lipid peroxidation, to
reduce the concentration of free radicals and toxic
peroxidation products. It exhibits anti-inflammatory,
anabolic and anti-apoptotic properties [2].

The purpose of the study was to determine ef-
fectiveness of water-soluble liposomal form of
quercetin in correction of the glutathione system disor-
ders in the experimental periodontitis development.

Material and methods. The research was per-
formed with use of 26 white clinically healthy unline
rats, each weighing 150-200 g, that were in condi-
tions of vivarium in accordance to the sanitary stan-
dards and GLP. The investigations were performed
according to the general rules and regulations of the
“European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific
Purposes” (Strasbourg, 1986) and the “General Ethi-
cal Principles of Animal Experimentation” (Kyiv, 2001).

The animals were random and divided into
groups: | — intact animals, control (n = 10); Il — animals
with experimental periodontitis on the 14" day of the
research (n = 8); Ill — animals with experimental perio-
dontitis on the 14™ day of the research, having been
administered quercetin (corvitin) (n = 8). Experimental
periodontitis was produced in the experimental ani-
mals by introducing complex mixtures of microorgan-
isms diluted in egg protein into periodontal tissue [1].
Simultaneously, together with injecting the pathogen,
a complete Freund's adjuvant was injected in the rat’s
paw to enhance the immune response. Rats of the
third group were injected with quercetin in doze of
100 mg / kg for 7 days (from the 7™ to the 14™ day).
On the 14™ day experimental animals were exsan-
guinated under thiopental anesthesia. Blood serum
was then taken for further testing, which showed re-
duced levels of glutathione, glutathione reductase,
and glutathione peroxidase activity.

The principle of the method for determining of the
reduced glutathione concentration [19] is in the inter-
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action of 5.5-dithiobis (2-nitrobenzoic acid) (Elman
reagent) with the SH groups of the substrate for study.
In this case, a thiontrophenyl anion is formed, the
amount of which is directly proportional to the content
of the SH groups. Up to 0.2 ml of blood serum (1: 4),
1.6 ml of 3% H,O, and 0.2 ml of 25 % sulfosalicylic
acid were added and centrifuged. Then 2.5 ml of
0.2 mol / | Tris buffer (pH = 8.4) and 0.05 ml of a 0.04%
solution of the Elman reagent were added to 0.5 ml of
the centrifuged solution. Instead of the test material,
0.2 ml of water was added to the control tube. After
10 minutes, the photometric test samples were run on
a SF-46 spectrophotometer at 412 nm against the con-
trol. The concentration of the reduced glutathione was
calculated from the molar extinction coefficient for the
thionotrophenyl anion of 11400 mol / I = cm™,
expressed in millimoles per liter (mmol / I). The glu-
tathione reductase activity in the control and test sam-
ples was calculated by subtracting the amount of
spectrophotometrically centrifuged NADPH, from the
amount of NADPH,, consumed in the enzymatic re-
duction of oxidized glutathione (SF-46, 340 nm), and
was expressed in mmol / min “ | [13]. Glutathione per-
oxidase activity was calculated by the difference be-
tween the amount of reduced glutathione in the con-
trol (without H,O,) and test samples [13], expressed in
mmol / min " 1.

The results were statistically processed using pa-
rametric and nonparametric statistical methods using
programs Excel (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 [4].

Results and discussion. Introducing protein in-
fused pathogen with a complete Freund’s adjuvant to
the periodontal tissue caused a development of hy-
perenergetic inflammatory process, accompanied by
edema and hyperemia — characteristics of the human-
like symptoms [7]. The key link of antioxidant defense
especially the one of reduced glutathione, which pro-
vides the function of other elements of antioxidant
status [3], may take great part in the mechanisms of
inflammatory process development.

In base analysis of changes indices of antioxidant
system (Table 1), it was established that on the 14"
day of the experimental periodontitis content of re-
duced glutathione in blood serum was significantly
lower than intact animals by 23.30% (p<0.01).

The intramuscular introduction of antioxidant
quercetin for 7 days (from the 7" to the 14" day) at a
dose of 100 mg / kg resulted an increase of reduced
glutathione content in the blood serum by 22.82%
(p<0.01), as compared with the indices, which
occurred in the group of animals with experimental

YKpaiHCbKUM XXypHan meguuuHun, 6ionorii Ta cnopty — Tom 3, Ne 4 (13) 21



MenowuyHi Haykun

Table 1 — Glutathione system activity in the rat’s blood serum for dynamics of experi-
mental periodontitis development and the use of quercetin (M + m)

It should be noted that the
indices of enzymatic activ-

The form Experiment| Number Reduced Glutathione Glutathione  jty of glutathione peroxi-
of the duration of the glutathione, reductase, peroxidase, dase did not reach the
experiment (days) animals mmol /| mmol / minxl | mmol / minx| level of the control group
Conurol, Intact | _ 10 | 4.120+0.002 | 0.490 +0.005 | 0.594 +0.003 (lower by 2.02%, p < 0.05).
. A similar character of
Expenme_n_tal 14 8 3.160 = 0.004 | 0.384 £ 0.005 | 0.535 +0.006 changes was observed in
periodontitis p1<0.01 p1<0.01 p1<0.01 relation to glutathione re-
Experimental 3.881+0.002 | 0.445+0.003 | 0.582+0.004 4 ~tase activity for intro-
periodontitis + 14 8 p1<0.01; p1<0.01; p1< 0.05; duction of th y rcetin. B
quercetin p2<0.01 p2.<0.01 p2<0.01 uction of the quercetn. By

Notes: p; — significant of differences in relation to intact animals; p, — significant of differ-
ences in relation to animals with experimental periodontitis on the 14™ day of the study

without correction.

periodontitis, but did not receive this substance (on
the 14" day of the research). These indicates evi-
dence that flavonoid is able to effectively influence on
indices of oxidative stress for acute period of the
pathological process (Table 1). However, complete
reduction of reduced glutathione did not occur and its
level remained by 5.80% (p < 0.01) lower than in the
control group.

At the same time, glutathione peroxidase activity
in animals with periodontal complex inflammation had
wavy character and was statistically significantly lower
on the 14™ day of the experiment as compared to the
control values (Table 1).

Thus, in the animals group that were examined on
the 14™ day of experimental periodontitis development
decrease of glutathione peroxidase activity by 9.93%
(p < 0.01) was observed in comparison with the
control.

Glutathione reductase activity was observed de-
creased by 21.63% (p < 0.01) on the 14™ day of the
research, as compared with the control.

Thus, the obtained data evidence to disturbance
of reducing processes in the glutathione system for
investigated periods of development experimental
periodontitis.

The introduction of the flavonoid antioxidant
guercetin significantly stabilized activity of glutathione
link of antioxidant defense in the animal’s blood serum
with experimental periodontitis. Quercetin effectively
suspended the inflammatory process in the periodon-
tal complex due to increase of glutathione peroxidase
and glutathione reductase activity in the blood serum
(by 8.79%; p < 0.01 and 15.89%; p < 0.01), as com-
pared to animals with experimental periodontitis on
the 14" day without correction (Table 1).

comparison with the intact

group animals, the activity

of this enzyme remained

lower by 9.18% (p < 0.01).
So, the values obtained in our investigation evi-

dence that quercetin as a flavonoid antioxidant con-

tributes to the stabilization of glutathione system activ-
ity in the experimental periodontitis.

Quercetin affects to enzymes that control various
cellular functions, including the secretions of hista-
mine from mast cells [11], extends to phospholipases
which catalyses the release of arachidonic acid from
phospholipids stored in cell membranes. Arachidonic
acid serves as a key substrate for substances such as
thromboxane, inflammatory prostaglandins and leu-
kotrienes, also inhibits the enzymes cyclooxygenase
and 5-lipooxygenase which catalyses the conversion
of arachidonic acid to its metabolites [5, 9]. It has also
been shown to limit the function of adhesion mole-
cules on endothelial cells [16]. Quercetin also chelates
ions of transition metals such as iron which can initiate
the formation of oxygen free radicals [15].

Conclusion
1. The inflammatory process in the periodontal com-

plex tissues is produced combined action of bacte-
rial and immune factors. It is accompanied by dy-
namic changes of glutathione system activity, which
is displayed by inhibition of glutathione peroxidase
and glutathione reductase activity and decrease of
reduced glutathione content at the stage of early
periods (14 days).

2. Quercetin effectively stabilizes prooxidant-
antioxidant system for the experimental periodonti-
tis, which is manifested by an increase of glu-
tathione peroxidase and glutathione reductase ac-
tivity and an increase of reduced glutathione con-
tent in the blood serum of experimental animals.
The prospect for further scientific research in

this direction is to study immune changes in animals

with experimental bacterial-immune periodontitis and
their corrections by quercetin.
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BMJINB KBEPLUETUHY HA TTMYTATIOHOBY CUCTEMY

NMPU PO3BUTKY BAKTEPIAJNIbHO-IMYHHOI'O NAPOOOHTUTY

Hdemkoeu4 A. €., bBoHdapeHko IO. I., CmaxaHcbka O. O.

Pesrome. Y cTaTTi HaBegeHoO pesynbTatv OOCMIIKEHb NMOKA3HWKIB CTaHYy rMyTaTiOHOBOI CUCTEMM aHTUOKCU-

OaHTHOro 3axucTy, LIO BM3HAyanu 3a akTWBHICTIO rnyTaTtionepokcuaasu, rmytatioHpeaykrtasu Ta BMICTOM Bia-
HOBNEHOrO rNyTaTioHy Ha 14-Ty OOy PO3BUTKY EKCNEPUMEHTaNbHOIO NAPOAOHTUTY Ta MICNsA KOPEKLil KBepLeTn-
HoM (Ha 14-1y goby). Mpu ubOMy 3BEPTaAETLCH YBara Ha XxapakTepHy AMHAMIKy 3MiH MOKa3HUKIB CUCTEMW aHTUOK-
CMOAHTHOrO 3aXMCTy B NPOLECi PO3BUTKY eKCNepUMeHTanbHOro NapoaoHTUTY. MNokasaHo 3HUXKEHHS akTUBHOCTI
hepMeHTIB cuctemu rnyTaTioHy (rnyTaTioHNepokcmaasu, ryTaTioHpeaykTasu), Wo BigbyBanock B paHHi TepMi-
HW 3ananbHOi peakuii. Pa3oM 3 TUM 3a AaHMX YMOB €KCNEPUMEHTY 3HMKYBaBCS BMICT BiZHOBMEHOIO rMyTaTioHY.
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3acTocyBaHHs KBEPLIETVHY 3@ YMOBU €KCMEePUMEHTANbHOrO NapoOAOHTUTY NPUBOAWIO A0 NiABULLEHHS aKTUBHOC-
Ti pepMeHTIB y CMpOBaTLi KPOBI BiAHOCHO MOKa3HWKIB TBAPWH, SKMM HEe BBOAUNW AaHWI npenapar, NpoTe akTuB-
HICTb X He Aocsrana BenuyuMH KOHTPOSbHOI rpynu. Mpu LbOMY KBEpPLETWUH CNpUSB TakoX 30epexeHHo nyny
BiJHOBMEHOrO rMyTaTiOHy Y CMPOBAaTLi KPOBi TBAPWH.

Knio4yoBi cnoBa: napogoHTUT, aHTMOKCMAAHTHWA 3axucCT, rmyTaTioHpedykTasa, rnyTaTioHnepokcmaasa,
BiQHOBMNEHWN rNyTaTioOH.
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BIIMAHUE KBEPLIETUHA HA TMYTATUOHOBYIO CUCTEMY

NPU PA3BUTUN BAKTEPUANTBHO-UMMYHHOI'O MAPOOOHTUTA

Hemkoeu4 A. E., BoHdapeHko F0. U., CmaxaHckas A. A.

Pe3tome. B ctatbe npvBeaeHsbl pe3ynbTathl UCCneaoBaHWn nokasaTenen COCTOSIHUS rIyTaTMOHOBOW CUCTe-
Mbl @HTMOKCMOAHTHOW 3aLWTbl, KOTOPbIE ONPEAENSANN NO aKkTUBHOCTM FMyTaTMoNepokcnaasbl, ryTaTMOHPeayK-
Tasbl U COAEPKaHWNIO BOCCTAHOBIIEHHOTO rNyTaTuoHa Ha 14-e CyTKU pa3BUTUS SKCNEPUMEHTarbHOIO Napo4OHTH-
Ta 1 Nocrne Koppekuun kBepueTuHom (Ha 14-e cyTku). Mpu aTom obpallaeTcs BHUMAHME Ha XapakTepHyo AUHa-
MWKy M3MEHEHWUI MokasaTenew CUCTEMbl aHTUOKCUAAHTHOM 3almThbl B MPOLecce pa3BUTUS KCMEPUMEHTArbHO-
ro napogoHTuTa. llokasaHoO CHWXeHue akTMBHOCTU (DEPMEHTOB CUCTEMbI rryTaTnoHa (rnyTaTMoHNepoKcuaassl,
rmyTaTuoHpeayKTasbl), YTO NPOMCXOAUIO B paHHUE CPOKM BocMmanuTenbHOW peakuun. BmecTte ¢ Tem npu gaH-
HbIX YCINOBKSIX 3KCNEPUMEHTA CHIKANOCh CoAepXKaHne BOCCTAHOBIEHHOrO rnyTaTnoHa. lNMpumeHeHne KksepueTtu-
Ha nNpy 3KCNepuMMeHTarbHOM MapoAOHTUTE MPUBOAMIO K MOBLIWEHWIO aKTMBHOCTM (PEPMEHTOB B CbIBOPOTKE
KPOBM OTHOCUTESbHO MOKasaTenew >XMBOTHbIX, KOTOPbIM He BBOAUNW 3TOT npenapart, OAHAKO aKTUBHOCTb WX
JocTturana BenuM4uMH KOHTPOMbHOW rpynnbl. [pu 3TOM kBepUeTH CnocobCTBOBaN Takke COXpaHeHWIo nyna Boc-
CTaHOBMNEHHOIO MMyTaTUOHA B CbIBOPOTKE KPOBM KUBOTHbIX.

KniouyeBble cnoBa: NapodoHTUT, aHTUOKCUAAHTHAS 3aluuTa, rmyTaTMoOHPeAyKTasa, ryTaTMoHNepoKkcMaasa,
BOCCTAHOBINEHHbIW FMyTaTUOH.
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