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The purpose of the study was to establish the teffiethe flavonoid quercetin on the oral cavitysties in rats in the
presence of genotoxicant fluorouracil with insu#itt intake of plant polyphenols. The experimenswarried out on 21 white
rats of the Wistar line. Intact animals were kaptcstandard vivarium diet. The control group reegia 5% fluorouracil solution
per oslglnst th(1bTkgrCund [f Oflivh(1d dTt; frishlC rCITrld 7.5% [Ttt0stlCh gl wis (TTTd t0thCE O mulTs0CE thd
rats. Group 3 rats were additionally treated daiith a gel containing quercetin at a dose of 0.2Bken. The experiment lasted
70 days. The gums turned out to be more sensiiae the buccal mucosa to long-term exposure tgehetoxicant fluorouracil
in the case of nutritional deficiency of plant paifenols. Quercetin in the accepted experimentaliions showed a significant

anti-inflammatory effect in the buccal mucosa.
Key words: fluorouracil, nutritional deficiency of plant poliggnols, quercetin, gums, buccal mucosa, proteeffeet,

rats.

The study is a fragment of the research projectéHifect of hypoxia on the processes of collagem&tion and
mineralization in models of dental pathology andrection of these disorders”, state registration.Nad18U006963.

The occurrence of dental morbidity has recentlydased due to the increased content of toxicants
in the external environment. The consumption of iciadl xenobiotics has also increased significantly

Fluorouracil is an antitumor agent used in mongpalychemotherapy, is a structural analogue of
pyrimidine, in terms of chemical structure — 2,4di-5-fluoropyrimidine. It is known that pyrimidine
bases: cytosine, uracil, thymine are a part ofgiad@cids. In the organism, fluorouracil can emmén a
competitive relationship with uracil, being its amétabolite, and thus turns out to be a biochemical
substrate for enzymes responsible for the metahotig uracil. Along with inhibition of DNA bases
synthesis, the drug can be included in both DNA RN, and thus lead to inhibition of DNA synthesis
and all RNA fractions, because the functioning 8fAas a DNA matrix is disrupted [12]. Considerinp a
of the above, fluorouracil is a genotoxicant. ltciassified as a highly toxic substance. When using
fluorouracil, there may be pronounced changes iripperal blood, inhibition of bone marrow
hematopoiesis, hemorrhagic phenomena of varioualifation, stomatitis, ulceration of the mucous
membrane of the oral cavity and digestive tract.

Recent studies have shown the diverse effectsait dolyphenols (including flavonoids) on a
living organism: antioxidant, anti-inflammatory,toprotective, antimicrobial, antiviral, etc.

Currently, the antioxidant activity of flavonoids paid great attention as a possible mechanism
through which the biological effects of this groap compounds are realized [10]. For a long time,
flavonoids have been considered as the most impatdioxidants [15]. Their defining chemical proye
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is the tendency to easily give up protons. Wheuliagd, due to the conjugation of redox reactioheyt
promote the reduction of other biologically actisabstances or prevent their oxidation [11]. The
antioxidant activity of flavonoids allows to norrzd the processes of free radical oxidation of niga
molecules and the level of peroxide radicals acdatimg in the cells of the organism, which is imiamit

for the construction and renewal of structuraldgof cell membranes, for the production of a nunabe
hormones.

The main functional groups that determine the chahaictivity, biochemical and pharmacological
action are phenolic hydroxyls. The more hydroxgigps a flavonoid has, the stronger it is as amzaitkint
[13]. In nature, the most common are flavonoid$wior 5, less often 1,2 or 6-OH groups in the mulle
The strongest antioxidant effect was found in geéng(3,5,7,3', 4'-OH and the presence oFC), thus
it contains 5 OH groups and has a wide spectrubabdgical activity.

Particular attention is drawn to its antioxidanttiadical, anti-inflammatory properties. The
ability of quercetin to give up a hydrogen atonmotee of the hydroxy groups and form a free phenoxy
radical stabilized by an unpaired electron leadsht termination of the free radical oxidative chai
reaction. Quercetin is localized near the surfdcthe lipid bilayer of membranes, and therefore has
stronger antioxidant effect [14].

Recently, a significant number of facts have acdated indicating the essential role of alimentary
plant components in maintaining the resistancéefaral cavity tissues to the damaging effect ofdis
of various nature. Despite the diverse propertiegiercetin, its application in dentistry is stiéiry limited.

The purposeof the study was to establish the effect of quaraen the oral cavity tissues of rats
under the action of genotoxicant fluorouracil undee conditions of nutritional deficiency of plant
polyphenols.

Materials and methods. The study was carried out on 21 white Wistar biregdats. Intact
animals (7 animal units) were kept on a standardritim diet. In the second, control group, 7 ratghe
background of a polyphenolic diet received pes &t Buorouracil solution (pyrimidine uracil
antimetabolite, manufactured by the pharmaceuticaipany PC “Darnitsa”, Ukraine) at a dose of 12.5
mg/kg of body weight of rats. Diet without flavondsi[5] contained: wheat flour — 30%, whole milk e
— 30%, starch — 20%, sugar — 15%, sodium chloritiéo—Alfalfa flour, which contains plant flavonoids
was excluded from the diet. Application of the gehtaining freshly prepared 7.5% potato starch was
carried out using a dispenser on the mucous meratohthe rats' oral cavity. Rats of the 3rd group (
animals) were kept on a low-polyphenol diet aneéiemdper osa solution of fluorouracil, as well as a gel
to control the effect of the carrier of the studigdg. As part of the gel, the rats of the 3rd growere daily
applied quercetin (granules produced by PJSC Si@sthahivskiy CPP”, Ukraine) at a dose of 0.25
mg/kg. The experiment lasted 70 days.

At the end of the experiment, the rats were saexfiby total exsanguination from the vessels of
the heart under anesthesia with thiopental (40 g)gi#aving previously separated the gums and buccal
mucosa, the upper and lower jaws were dissectedralisubjected to morphometric examination [7]. The
objects of biochemical studies were blood serunpesuatant of rat liver, gum and buccal mucosa
homogenates. The supernatant of the homogenatesbigiaed by centrifugation in an OS-6 centrifuge
at 3000 rpm for 15 minutes.

The lipid peroxidation level (LPL) process was assel by the content of malondialdehyde
(MDA). The state of the physiological antioxidaryiseem was assessed by the activity of antioxidant
enzymes: catalase [1], superoxide dismutase (SOQDYlutathione peroxidase [2]. The activity of dci
phosphatase was assessed by the method [6], elastgsthe method [4].

Experimental results were processed by statistiedhods with the determination of t-criteria for
the reliability of differences according to Studertitest.

Results of the study and their discussiorDaily oral administration of the toxicant fluor@uil
to rats was carried out by keeping them on a logsenol diet, which the animals tolerated well.ig¥e
gain was the same as in the intact group. There werdifferences in the behavior of the rats amd th
appearance.

Consider how the studied biochemical parameteifseitlood serum, liver and oral mucosa of rats
changed after 70-day experimental exposure.

The use of fluorouracil in low-polyphenolic insufiéncy did not significantly affect the MDA
content in the studied tissues (table 1). At threesime, with the specified pathogenic effect, dogvity
of antioxidant enzymes significantly decreased.s[tibe activity of catalase in the liver decreabgd
13.4% (p>0.05). More significantly, by 7.1 times(p001), the SOD activity decreased in this regearc
object (table 1).
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Table 1
MDA content and activity of antioxidant enzymes inrat tissues (Mtm; p;p1)
Groups of animals
Studied indices Intact | Control (C) | C+quercetin

Liver
Content of MDA (umol/g) 59.9+4.10 40.3+0.98 51.6+5.60
Activity:
catalase (mkat/g) 920+4.70 797+18.1 904+550001
SOD (RU) 0.64+0.017 0.090+0.024 p<0.001 0.073+x0120.001

gum
Content of MDA (umol/g) 89.9+7.02 68.2+18.7 90.0+17.7
Activity: SOD (RU) 0.55+0.090 0.33+0.069 p=0.06 0.20+0.033
Glutathione peroxidase (mkat/g) 222+24.9 93.5+1BMP006 138+22.20.11

buccal mucosa

MDA content (Lmol/g) 120+14.0 101+15.6 101+17.5
Activity: SOD (RU) 0.30+0.060 0.44+0.084 0.32+0.057
Glutathione peroxidase (mkat/g) 142+11.1 75.0+%402.001 88.91£5.45

Note: In tables 1 and 2, the reliability index pswealculated in comparison with the intact group; compared with the control.

In the gums, fluorouracil against the backgrouné dédw-polyphenolic diet caused a significant
inactivation of antioxidant proteins-enzymes. THe®D activity decreased by 60 % (p=0.06); glutathio
peroxidase activity — by 42 % (p=0.006; table 2).tthe buccal mucosa, the combination of orally
administered fluorouracil against the backgroundh afiet without polyphenols reduced the activity of
glutathione peroxidase by 1.9 times (p = 0.001)diddot significantly change the SOD activity ().

An increase in inflammatory phenomena in the @ganisms was evidenced by an increase in
the acid phosphatase activity in the blood serurth.Bytimes (p = 0.06) compared with the intact grou
(Table 2). Another enzyme that accumulates in theud of inflammation and has a pronounced
destructive effect was granulocyte elastase. Thiwiycof blood serum elastase under the action of
fluorouracil in a low-polyphenolic diet increaseg 8.9 times (p <0.001): 10.0+0.91 nkat/ml versus
2.04+£0.76 nkat/ml (table 2).

Table 2
Effect of quercetin on the activity of acid phosphtase and elastase in the blood serum
and oral mucosa of rats (Mtm; p; p)
Groups of animals - Activity
acid phosphatase (nkat/ml; nkat/g) | elastase (nkatkat/g)
blood serum
Intact 78.8£15.7 2.04+0.76
Control (C) 120+12.2 p=0.06 10.0+0.91 p<0.001
C+quercetin 90.5+10.7:90.09 2.07+0.16:1<0.001
gum
Intact 1.30+0.27 1.78+0.13
Control (C) 0.54+0.10 2.81+0.42 p=0.04
C+quercetin 1.15+0.32 2.43+0.57
buccal mucosa
Intact 1.27+0.28 2.22+0.28
Control (C) 0.73+0.14 1.83+0.41
C+quercetin 0.28+0.05 p=0.006940.011 1.93+0.37

The protective effects of quercetin have been studn the context of oral administration of
fluorouracil and reproductive nutritional deficignof flavonoids. Quercetin has shown periodontal
protection properties. It reduced bone resorptibrthe alveolar bone of rats on the lower jaw by
9% (p=0.03): 32.2+1.1% vs. 35.5+0.7%, and by 11 %Qp03) in the upper jaw: 20.8+0.8 vs. 23.5+0.8%
(100% in the control group).

Under the influence of quercetin, administered rgtathe background of fluorouracil and the
maintenance of rats on a low-polyphenolic dietfdidays, the MDA level practically correspondethtt
in intact animals in the studied liver tissues gndhs (table 1).

Quercetin in the liver normalized the activity Gftalase, as well as the activity of SOD in the
buccal mucosa of rats in comparison with the datatact groups (table 1). The activity of glutathe
peroxidase under the action of quercetin in thegand buccal mucosa tended to increase (by 48% and
19%, respectively) compared to the data of therobgtoups (table 1).
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Quercetin under accepted experimental conditiodsiaed acid phosphatase activity by 75%
(trend; p = 0.09) in rats' blood serum. At the same time, dhbtivity of elastase decreased by 4.8 times
(p2<0.001; table 2), which indicates the anti-inflantomg properties of this drug. The activity of acid
phosphatase in the gums under the influence otgtierpractically corresponded to the data of thaadt
group (table 2). At the same time, the activitelafstase in the gums did not change significarelylé 2).

In the buccal mucosa, a decrease in acid phosghatéisity was found by 2.6 times;(# 0.011) compared
with the control group and by 4.5 times (p = 0.08@&npared with intact (table 2). The activity cdsthse
under the action of quercetin did not significardhange in the gums and buccal mucosa (table 2).

Studies have shown that the gum, in comparison thighbuccal mucosa, turned out to be more
sensitive to prolonged experimental exposure,rifisénce of the genotoxicant fluorouracil in coinmlits
of nutritional deficiency of plant polyphenols. Arcrease in inflammation was found in the gums.réhe
was also a significant drop in the level of pratezproteins-enzymes.

Quercetin, under the accepted experimental comditiliad a significant anti-inflammatory,
antioxidant effect in the oral mucosa of rats, whiesulted in a decrease in the level of bone ptisor
processes in the bone tissue of the alveolar psoces

We have previously carried out experimental studiethe protective effect of plant polyphenols,
which include quercetin, under conditions of reprattbn of periodontal pathology in rats using aeoth
genotoxicant —  dichlorodiphenyldichloroethylene — DB (the main metabolite of
dichlorodiphenyltrichloroethane — DDT) [3]. The pezation of polyphenols (flavonoids and flavone
glycosides) is a combination of concentrates oéakeseedlings and the aerial part of yarrow (Aehill
millefolium) with the code name PF4. The systenuomalizing effect of the drug on transaminase agtiv
LPL processes, and the activity of antioxidant eney — catalase and glutathione exchange enzymes in
rats' blood serum was demonstrated [8]. With acalpeffect on the oral cavity tissues of rats, Bt
preparation partially reduced inflammation in tmalenucosa, bone resorption of the alveolar bonati
and normalized the mineralization processes idaively short period of the experiment (35 days).

The regenerative properties of the PF preparatiere wtudied under conditions of experimental
trauma and the administration of genotoxicant DD&.[For this, rats under anesthesia (calypsoldatsa
of 20 mg/kg, i.p.) underwent a dosed injury to givegival margin of the incisor. The healing process
monitored for clinical signs of inflammation. Theemage area of the wound surface in the study group
which received the drug, already on the 2nd dagxa@mination was significantly lower than in other
groups. The average area of the wound due to épithation under the influence of plant polyphesoh
the 7th day of examination decreased by 4.7 tinoespared with the group “Trauma+DDE”. The final
recovery in the group of rats receiving the PF4{aration occurred on the 10th day. In the groupats
with gum trauma and the administration of the taricDDE, it was only on the 13th day. On the 1Gth d
of the experiment, only 50% of recovered animalsafeund in the group of rats that received thectanxt
against the background of trauma [5]. Thus, theotgdicant DDE aggravated the course of the wound
process of the mucous membrane of the rats' guwasi@ of its dosed traumatic injuries, and the petjoa
of plant polyphenols under these conditions habagunced protective effect on the course of thendo
process and the rate of healing of the mucous memebof the rats' gums.

Experiment demonstrated the osteotropic propedfeguercetin and substantiated its use as a
therapeutic and prophylactic agent (quercetin gemnat a dose of 100 mg/kg of body weight in ratsjer
conditions of reproduction of experimental periotitisin rats, caused by their maintenance forghre
months on a "soft" diet with the maximum reduceddi@n the periodontium. Under the conditions of
modeling periodontitis, the processes of LPL ingumwntal tissues were significantly activated, dlogvity
of elastase in the gum increased, and the resarpfithe alveolar process bone significantly insesh
Oral administration of quercetin significantly rega the resorptive processes in the periodonta¢ bon
tissue, the activity of elastase and acid phosgkatathe gums, which indicated a high therapearit
prophylactic efficacy of quercetin.

Thus, bioflavonoid quercetin, which has a varidtbiological effects, can be recommended as an
effective therapeutic and prophylactic agent fartdediseases: gingivitis, periodontitis, etc.

1. Genotoxicant fluorouracil in combination withdéet without plant polyphenols caused an
increase in inflammation in the gums of rats arglgaificant drop in the level of protective enzymes
proteins — SOD and glutathione peroxidase.

2. The flavonoid quercetin has a protective andiafitammatory effect. It normalized the activity
of the pro-inflammatory enzyme of acid phosphataghe gums and significantly reduced its activity
the buccal mucosa of rats.

3. Quercetin showed osteotropic action. It redubedevel of resorption processes in the alveolar
bone in rats.
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3AXHCHMH BILIUB ®JABOHOIIY
KBEPOETHUHY HA CTAH TKAHUH
POTOBOI MOPOXKHUHU IYPIB
B YMOBAX JIIi TEHOTOKCIKAHTA
I AIMEHTAPHOI HEJTOCTATHOCTI
MOJII®EHOJIIB
Boponau B.A., llnaiinep C.A., Cyciosa O.B.,
CaseaneBa H.H., AnicimoBa JI.B., Tkauenko €.K.

Meroto  pocnmipkeHHST OyJlO0 BUBUCHHS  BIUIMBY
(b1aBOHOIY KBEPLETHHY HAa TKaHWHH POTOBOI MMOPOKHUHH
mypiB  Opu  Aii  TeHOTOKCiKaHTa Qropypauuiy Ipu
HEeOCTaTHbOMY HAJIXO/DKEHHI POCIMHHUX mnomideHomiB. Y
nociipkeHass Oyno B3sto 21 Oimoro miypa minii Bicrap.
[HTaKTHI TBapUHHN yTPUMYBAJIHCS Ha CTaHAAPTHOMY paIlioHi
BiBapito. KoHtpompHa rpynma Ha Tii Oec¢naBoHOITHOTO
pauioHy oTpuMyBasla per 0S 5%po3unH ¢ropypaumIty, Ha
CJIM30BY 00OJIOHKY MOPOXKHHHH POTA Iy PiB HAHOCUIIH TeJlb —
cBiKompuroroBanuit  7,5%uit  KapTOINISIHUIT  KpPOXMab.
Illypam 3-01 rpynu A0AaTKOBO MIOAHS HAHOCHIH T€Jb, 10
CKJIaLy fKOrO0 BXoAWB KeepuetwH B m03i 0,25 mr/kr.
Tpuaicts nocmimkenns ckiaana 70 nHiB. [lecHa BUSBUITHCS
OiIbLI YyTAMBUMHU, HDK CIH30Ba OOOJOHKA IIOKU JIO
TPUBAJIOrO BIUIMBY T'CHOTOKCHKAaHTa (ropypauniy mpu
aMiMEHTapHI HEOOCTaTHOCTI POCIMHHUX MOJi(EHOTIB.
KBepueTuH B TNPUIHATHX CKCIICPHUMEHTAIBHUX YMOBaX
NIPOSIBUB 3HAYHY NPOTH3ANAIBHY JiI0 B CIM30BiH 0007OHII
LIOKH.

KawuoBi  ciaoBa:  ¢ropyparnmi, — amiMeHTapHa
HEIOCTAaTHICTh POCIMHHUX MONI(ESHONIB, KBEpPLETHH, SCHA,
CJIM30Ba 0OOJIOHKA IIIOKH, 3aXHCHA JIisl, LIy PH.

Cratta Hagiiinuia 25.09.201%.

3AIIUTHOE BJIUSIHUE ®JIABOHONIA
KBEPIIETUHA HA COCTOSTHUE TKAHEM
POTOBOM MMOJOCTHU KPEIC B YCJTOBHUAX
JNEWCTBUSA TEHOTOKCUKAHTA
N ATUMEHTAPHOM HEJOCTATOYHOCTH
MNOJIUPEHOJIOB
Boponau B.A., lInaiigep C.A., Cyciaosa O.B., CapesnbeBa
H.H., Auucumona JI.B., Tkauenko E K.

Llenpio wcciienoBaHMS SBWIOCH W3YUYEHHE BIIMSHHS
(raBOHOMJa KBEPLIETUHA HAa TKAaHU POTOBOM IOJIOCTH KPBIC IPH
JEWCTBUM F€HOTOKCHKAHTa (TOpyparLiia Py HEJTOCTATOYHOM
HOCTYIUICHHH PACTUTENIbHBIX HoMu(peHonoB. B ombiT Obuia
B3siTa 21 Genas kpbica muHUKM Bucrap. MHTaKTHBIE )KMBOTHBIC
COZlCp)KAJIMCh ~ Ha  CTaHAAPTHOM  pAalMOHE  BHUBapHs.
KontponbHas rpynma Ha ¢oHe GecpIaBOHOMIHOTO paIOHA
noxydana per 0s5% pacrBop ¢ropypanmia, Ha CIU3UCTYIO
000JIOUKY  TOJIOCTM pTa KpbIC HAHOCWIM Telb —
CBEXKETIPUTOTOBICHHBIN 7,5%#BIil KapTO(QeNbHBII Kpaxmall.
Kpbicam 3-eif rpynmsl JOMOJHATEIBHO €KEIHEBHO HAHOCHIN
refib, B COCTaB KOTOPOTO BXOJMI KBepLEeTHH B 03¢ 0,25Mr/kr.
JnurensHOCTh ombiTa coctaBuiaa 70 gHeit. JlecHa okasaiach
Oosiee 4yBCTBUTENBHOM, 4YeM CIM3UCTasg 00O0JOYKAa ILNEKH K
JUIUTEJIEHOMY BO3ZCHCTBUIO TI'€HOTOKCHKaHTa (TOpyparuia
NpY  aJMMEHTapHOW  HEIOCTATOYHOCTH  PACTUTEIbHBIX
nonugenonoB. KsepueTnn B NPHUHATHIX SKCIIEPUMEHTAIBHBIX
YCIOBHSX NPOSBHI 3HAYUTENIBHOE IPOTHBOBOCHAIUTEIHHOE
JEUCTBUE B CIIM3UCTON 000JIOUKE MICKH.

KmioueBble cioBa:  dropypamwi, — anuMeHTapHas
HE/IOCTATOYHOCTh PACTUTENBHBIX IMOJMM(EHOIOB, KBEPLETHH,
JIeCHa, CIM3KCTast 000JI0YKa IIEKH, 3aIUTHOE NeiiCTBHE, KPBICHI.

Penensent €pormenko I'.A.
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