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SYNERGISTIC EFFECT OF QUERCETIN AND EPIGALLOCATECHIN-3-GALLATE
AS AGENTS TO PREVENT CONNECTIVE TISSUE DISINTEGRATION IN THE
PERIODONTIUM OF RATS UNDER SYSTEMIC AND LOCAL ADMINISTRATION
OF LIPOPOLISACCHARIDE OF SALMONELLA TYPHI*
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MeToto Lboro AoC/iMKEHHS 6Y710 AOCIHKEHHS MOEAHAHOI Aif BOAOPO3YMHHOI (hopMu KBEPLIETUHY Ta Erlirasi/loKaTexiH-3-
rannary (EGCG) Ha 6ioximMidHi MapKepy AeroniMepu3aLlii opraHivHoro MaTpuKcy napoAoHTY Mpu CUCTEMHOMY Ta Micue-
BoMy BBeAeHHI ninonosnicaxapugy S. typhi (JINC). JocnimkeHHs npoBoanm Ha 30 6inmx wypax niHii Bictap macoro 180-
220 r, po3riogineHux Ha 5 rpyn: 1-wa BKmoYana iHTaKTHUX TBapuH, 2-ra - TBapuH ic/is KOMOIHOBaHOro CUCTEMHOIO |
micyesoro BeeaeHHs JI[IC, 3-a Ta 4-a rpynm -LyypiB, SSKMM BBOAWIN BIAMNOBIAHO iH'EKLIT BOAOPO3YMHHOI hopmm KBepLie-
TuHy (10 mr/kr) 1@ EGCG (21,1 Mr/kr) 3 pasu Ha TWKAEHb, no4YuHaroymn 3 30-ro AHs cucteMHoro BeegeHHs JINC, y 5-iv
rpyni TBapuHU 3a3HaBasM MOEAHAHE BBEAEHHS BOAHOPO3YMHHOI popmu kBepLeTuHy i EGCG. by/10 BUSIBIEHO, LYO Crlifib-
Ha pisi keepyetuHy 1a EGCG ripu cucremHomy i micyeBoMy BeeaerHHI JITNC CyripOBOMIKYETbCA SHYDKEHHAM KOHLEHTPaLii N-
auetwiHevipamiHoBoi kucsioty (NANA) Ha 31,8 i 32,8% BiAnoBigHO B M'SKuX TKaHUHAX NAPOLOHTY MOPIBHAHO 3i 3HAYEH-
HSMU TBapuH 3 OKPEMUM BBEAEHHSM KBepLUETUHY | EGCG 3a yMOB ekcriepumeHTy. [IpoTe He 6y/10 BUSB/IEHO XOAHNX BiA-
MIHHOCTEV MDK rpyrnamu, Lo MiAAaBaMCs MOEAHAHIV 360 OKPEMIV Aii Lix areHTis rnpy OLiHLI BMICTY Bi/IbHOIO rifpOKCHI-
posiiHy (FHP) 1a rnikosamiqorsikaris (GAGS) y M'SKkux TKaHuHax rapodoHTa. Y Tou Xe 4ac KOMOIHOBaHe 3acToCyBaHHS
kBepuetuHy | EGCG 3a yMOB eKCrEPUMEHTY MPU3BOANIIO [0 3HWKEHHS BMICTY FHP B anbBeonspHivi kictyi Ha 24,5 i
20,2% BiAnoBigHO MOPIBHIHO 3i 3HAYEHHSIMU TBapwH, SIKi 3a3HaBasn oKpemy Jito keBepuyetuHy 1a EGCG. KoHueHTpayis
NANA 6yna 3Hmxena Ha 35.0 i 41,3% BianoBigHo. TakuM YUHOM, CriJIbHE BBEAEHHS BOAOPO3YNHHOI (hopMyu KBEPLIETUHY
i EGCG nipn cucremHomy i micyesomy BaeaeHHi JITIC S. typhi Bussunocs 6inbll eekTuBHUM 3aco60M 4715 3anobiraHHs i
KOPeKUIT Ae3iHTerpaLii Crio/lyYHOI TKaHMHY NapoAoHTa, HiXK Lie BiaGYyBaETbCS pu OKPEMOMY BBEAEHHI KOXHOIO 3 rosige-
HOJIIB.

KnrouoBi cnoBa: kBepueTuH, enirannokaTtexiH-3-ranat, ninononicaxapma, AesiHTerpauis CnonyyYHoi TKAHWHWU, NapOAOHT.

The aim of the present study was to investigate the co-effect produced by water-soluble form of quercetin and epigallo-
catechin-3-gallate (EGCG) on biochemical markers of periodontal organic matrix depolimerization under systemic admini-
stration and local application of S. typhi lipopolisaccharide (LPS). The studies were conducted on 30 white rats of the
Wistar line weighing 180-220 g, divided into 5 groups: the 1 included intact animals, the 2™ was made up of animals
after the combined systemic and local LPS administration, the 3° and 4" groups included animals, which were being
given injections with water-soluble form of quercetin (10 mg / kg) and EGCG (21.1 mg / kg) respectively 3 times a week,
starting on the 30" day of the systemic LPS administration, and the 5 group involved rats, which were injected with co-
administered water-soluble form of quercetin and EGCG. It has been found out that the co-effect produced by quercetin
and EGCG under systemic and local LPS administration is accompanied with reduced concentration of N-acetylneuraminic
acid (NANA) by 31.8 and 32.8% respectively in the soft periodontal tissues compared with values for the animals re-
ceived separate quercetin and EGCG during the experiment. However, no differences have been detected between the
groups exposed to combined or separate action of the above mentioned agents in the experiment when assessing free
hydroxyproline (FHP) and glycosaminoglycans (GAGS) content in the soft tissues of periodontium. At the same time
combined use of quercetin and EGCG under experimental conditions led to the decrease in the FHP content in the alveo-
lar bone by 24.5 and 20.2% respectively compared with values for the animals received separate quercetin and EGCG.
NANA concentration was reduced by 35.0 and 41.3% respectively. Thus, the co-administration of water-soluble form of
quercetin and epigallocatechin-3-gallate under systemic and local introducing of S. typhi lipopolysaccharide has been
proven to be more effective means for preventing and correcting periodontal connective tissue disruption than this oc-
curs at separate administration of each of the polyphenols.
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sponse element (ARE) [10, 13]. In our previous reports

we have demonstrated that the administration of EGCG
under modeled systemic inflammatory response (SIR) is

Introduction
Epigallocatechin-3-gallate (EGCG) is a polyphenol

found in green tea (Camellia sinensis), that promotes the
activation of Nrf2 transcription factor (Nuclear Factor
Erythroid 2-Related Factor 2) due to proteolysis of an in-
hibitory protein Keap1 [4]. This pathway enhances anti-
oxidant activity of a number of enzymes through cis-
acting enhancer sequence, known as antioxidant re-

an effective means of preventing and correcting the dis-
ruption of periodontium connective tissue in rats: it re-
duces collagenolysis and depolymerization of proteogly-
cans and glycoproteins [17]. A particular role of ARE is
determined by the fact that transcriptional nuclear factors
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kB (NF-kB) and activator protein 1 (AP-1) activation de-
pends on its activity [13]. Nowadays, the ability of
quercetin to influence on the activity of enzymes involved
in the degradation of phospholipids (phospholipase, li-
poxygenase, cyclooxygenase), and to block oxidative
stress-dependent connective tissue disruption has al-
ready been proven [5]. There is evidence suggesting
quercetin ability to activate the Nrf2-dependent HO-1
pathway and suppress ubiquitin-dependent proteolysis of
NF-kB with an inhibitory protein IkB, which impairs the
degradation of the latter under the proteasome action [3].
This creates the prerequisites for eliminating the possibil-
ity of NF-kB-dependent expression of numerous genes, a
significant number of which encodes hystolitic matrix
metalloproteinases (MMP), proinflammatory cytokines,
inducible NO-synthase, etc [6] Recently, it has been re-
ported that an administration of NF-kB inhibitors is ac-
companied by an increase in periodontal collagen-
protective activity of L-arginine [8] However, the com-
bined use of EGCG and quercetin for prevention and cor-
rection of connective tissue disintegration in periodontium
of rats under systemic and local pathogens action is still
remaining unclear.

The aim of the present study was to investigate the
co-effect produced by quercetin and EGCG on biochemi-
cal markers of periodontal organic matrix depolimeriza-
tion under systemic and local administration of S. typhi
lipopolisaccharide (LPS).

Materials and methods

The studies were conducted on 30 white rats of the
Wistar line weighing 180-220 g, divided into 5 groups: the
1% included intact animals, the 2" was made up of ani-
mals after the combined systemic and local LPS admini-
stration, the 3 and 4™ groups included animals, which
were given injections with water-soluble form of quercetin
and EGCG respectively, and the 5" group involved rats,
which were injected with co-administered water-soluble
form of quercetin and EGCG. For systemic administra-
tion, S. typhi LPS (pyrogenalum, “Medgamal”, Russia)
was injected intraperitoneally in a dose that stimulated
rise in temperature by 1.5 °C according to the scheme

[19]: during the first week, 4 minimum pyrogenic doses
(MPD) of 0.4 ug / kg of body weight were given 3 times a
week. During the following 7 weeks of the experiment,
rats were given 4 MPD / kg of body weight once a week.
For local administration, S. typhi LPS was introduced
once in as dose of 1 ug / kg, equally divided into four in-
jections into the gum at the level of the second molars 7
days prior to the decapitation (acute gingivitis model).
Water-soluble form of quercetin (corvitin, “Borshcha-
hivskiy CPP”, Ukraine) was administered intraperitoneally
in a daily dose of 10 mg / kg recalculated for quercetin
[5], and EGCG (Sigma-Aldrich, Inc., USA) was adminis-
tered in a dose of 21.1 mg / kg [17] 3 times a week, start-
ing on the 30" day of the systemic LPS administration.

The research was guided by the principles of bio-
medical ethics. The animals were decapitated under
ethereal anesthesia. The level of collagenolysis was as-
sessed by the content of free hydroxyproline (FHP) [12].
The process of depolymerization of proteoglycans and
sialoglycoproteins was evaluated by determining their
monomers — glycosaminoglycans (GAGs) [11] and N-
acetylneuraminic acid (NANA) [9] respectively.

The findings obtained were statistically processed. To
verify the normality distribution, the calculation of the
Shapiro-Wilk criterion was applied. If they corresponded
to the normal distribution, then the Student’s t-test was
used to compare independent samples. When the results
ranges were not subject to normal distribution, statistical
processing was performed using a nonparametric
method, the Mann-Whitney test. Statistical calculations
were performed using the "StatisticSoft 6.0" program.

Results and discussion

Systemic and local LPS co-administration led to sig-
nificant changes in the biochemical markers of periodon-
tal organic matrix destruction (Table 1). Thus, the FHP
and GAGs content went up by 2.25 times, NANA - by
2.28 times in the soft periodontal tissues. Concentration
of these compounds in the calcified components of pe-
riodontium (alveolar bone) increased as well: FHP - by
2.45 times, GAGs - by 2.25 times, NANA - by 3.55 times.

Table 1

Co-effect produced by water-soluble form of quercetin and epigallocatechin-3-gallate on indices of periodontal connective tissue
disruption under systemic and local administration of S. typhi lipopolysaccharide (M+m, n=35)

Soft components Calcified components
Groups of the animals I:|(-|g|i3ngiva and periodontal ligament) e (alvecz;e:(;):ne)
umol/g GAGs, ymol/g | NANA, pmol/g umol/g umol/g NANA, pmol/g
Control group | (intact animals) 4.08 193 4.56 3.06 1.70 2:00
+0.48 +0.34 +0.17 +0.28 +0.30 +0.35
Control group Il (combined sys- 9.20 4.36 10.4 7.51 3.84 7.10
temic and local LPS introduction) +0.23 * +0.17 * +0.81* +0.24 * +0.21* +0.24 *
+ water-soluble form of quercetin 531 2:59 6.22 3.92 222 3.23
+0.42 ** +0.40 ** +0.19 */** +0.12 */** +0.18 ** +0.42 **
+EGCG 5.16 2.27 6.31 3.71 1.99 3.58
+0.44 ** +0.30 ** +0.26 */** +0.24 ** +0.13 ** +0.40 */**
4.24 2.96 2.10
+ water-soluble form of quercetin 4.04 1.93 +0.29 +0.13 1.70 +0.19
+ EGCG +0.42 ** +0.27 ** T [rxx] T [rxx] +0.28 ** T [rxx]

Note: * p<0.05 compared with values in the control group I (intact rats);
** with control group II; *** with animals received quercetin only under experiment;

*kkk

Resent studies have demonstrated the activation of
NF-kB and AP-1 enhances MMP-13 (collagenase-3)

p<0.05 with rats received EGCG only under experiment.

gene expression [2]. Introduction of an inhibitor of the nu-
clear translocation of NF-kB 4-methyl-N-(3—phenylpropyl)
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benzene-1,2-diamine in systemic inflammatory response
under experimental metabolic syndrome reduces the
amount of FHP and GAGs in periodontal tissues [7].

It has been found that the separate administration of
both quercetin and EGCG reduces the concentration of
FHP by 42.3 and 43.9%, the content of GAGs by 40.6
and 47.9%, and NANA content by 40.2 and 39.3% re-
spectively in the soft periodontal tissues compared with
the relevant findings in the 2™ group of the test animals.
In this experimental model, the concentration of these
compounds in the calcified components of periodontium
(alveolar bone) lowered as well: FHP - by 47.8 and
50.6%, GAGs - by 42.2 and 48.2%, NANA - by 54.5 and
49.6% respectively compared with the relevant findings in
the 2™ group of the animals.

Co-effect produced by quercetin and EGCG under
systemic and local LPS administration demonstrates the
reduced NANA concentration by 31.8 and 32.8% respec-
tively in the soft periodontal tissues compared with values
for the animals received separate quercetin and EGCG
during the experiment. However, no differences were
found out between the groups exposed to either com-
bined or separate action of the above mentioned agents
in the experiment when assessing FHP and GAGs con-
tent in the soft tissues of periodontium.

At the same time the combined use of quercetin and
EGCG under experimental condition led to decrease in
the FHP content in the alveolar bone by 24.5 and 20.2%
respectively compared with values for the animals re-
ceived separate quercetin and EGCG. NANA concentra-
tion was reduced by 35.0 and 41.3% respectively. No dif-
ferences were found between the groups exposed to ei-
ther combined or separate action of the agents in the ex-
periment when assessing GAGs content in the calcified
components of periodontium.

The results obtained have demonstrated the synergic
effect produced by water-soluble form of quercetin and
EGCG on the correction of connective tissue disruption in
the periodontal tissues.

Resent studies have shown the potential of Keap1 /
Nrf2 / ARE system to control other redox-sensitive ele-
ments, including NF-kB i AP-1 [14]. We have also found
out the activation of NF-kB and AP-1 is an important
component in the mechanism of free radical injury and
extracellular matrix destruction in the periodontal tissues
during systemic inflammatory response [1, 7, 15, 16].

Co-administration of water-soluble form of quercetin
and EGCG enables to limit NF-kB and AP-1-dependent
mechanisms of periodontal disintegration more effectively
as well as to enhance periodontium resistance associ-
ated with ARE-dependent gene expression.

Thus, the co-administration of water-soluble form of
quercetin and epigallocatechin-3-gallate under systemic
and local introduction of S. typhi lipopolysaccharide has
been proven to be more effective means for preventing
and correcting periodontal connective tissue disintegra-
tion than this occurs at separate administration of each of
the polyphenols.
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