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3ACTOCYBAHHSI MATEMATHYHUX NIIXOAIB
Y MEJUIIUHI HA TPUKJIAZII BUBYEHHSI
CEKPETOPHOI JISAJIbHOCTI
OOJIIKYJISIPHUX TUPOLIUTIB
Pagyxa O. L.
3axyueHHs iHQOPMALIIHUX TEXHOJIOTIH X0 aHami3y
JaHWX, OTPUMAHHX IiJ Yac MEIWYHHUX JOCIi/KCHb,
JI03BOJISIE BUSIBUTH Ta MOSICHATH 3aKOHOMIPHOCTI isUTBHOCTI
OKpeMuX opraiB abo cHcTeM, IX B3a€MO3B’S3KH Ta
B33a€EMOJIiI0, 3’SICYBaTH OCHOBHI Ta MPOMDKHI eramu
¢byHkiionyBaHHs Oyab-sikoro Gionmorignoro 06’exra. Came
MaTeMaTH4YHe JIOCIIPKCHHS, K€ € SKICHO BHIUUM €TaroM
Mi3HAHHSI, 103BOJISIE YiTKO HPOCTEKUTHU 3aICKHICTh OJHUX
SBUIL[ BiJ IHIIMX, 0 B MOJAJIBIIOMY [a€ MOXJIUBICTH

(opMyIIOBaTH  TIMOTE3W MO0  B3a€EMO3YMOBICHOCTI
(YHKIIOHYBaHHS PI3HUX CHCTEM IIUTICHOTO YKHUBOTO
opraniaMy. Y  pobori mpencraBieHi — pe3yibTaTH

BUKOPHCTAHHS MAaTEMAaTHYHMX IIAXOMAIB 1O JOCIIJDKEHHS
CeKPEeTOpPHOI  AISUIBHOCTI ~ THpPOIMUTAa  —  OCHOBHOL
MOphodYHKI[IOHATEHOT OMUHHUII LIMTONOAIOHOT 3a03u.
CTBOpeHHS Ta aHAII3 KOPEISLIHHUX IOPTPETIB MPOdiIro
CEKPETOPHUX MOMKIMBOCTEH (DOMIKYISIPHUX THPOIMTIB
JIO3BOJIMJIO, Y3arajbHMBIIM OTPUMaHi [aHi, BCTaHOBUTU
3aKOHOMIPHOCTI ¥ OCOGJIMBOCTI CEKpPETOPHOI MisUNTBHOCTL
THpPOITAa B PI3HUX CTaHaX — HOPMHU, MiABUIIEHOI Ta
HOHIKEHOT PyHKI[IOHAIBEHOT aKTHBHOCTI.

KiawuoBi  cioBa: ¢domixynspHuit
nurodizionoris, KOpeJSIiHHWN  aHai3,
HOPTPETH, EKCIIEPTHI CUCTEMHU.
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NPUMEHEHUE MATEMATHUYECKHUX ITOAXO10B
B MEJUIIUHE HA NIPUMEPE U3YUYEHUSA
CEKPETOPHO¥ JESTEJIbHOCTH
OOJVIMKYJISAPHBIX THPOLIUTOB
Psigyxa O. W.

INpuBneuenre MHGOPMAIMOHHBIX TEXHOJOTHMH K aHAIM3Y
JIAHHBIX, IOIYYCHHBIX BO BpeMs MEIUIMHCKUX HCCICIOBaHUIA,
T03BOJISIET BBIABUTH M OOBSCHUTH 3aKOHOMEPHOCTH JESTENBHOCTH
OTHCNBbHBIX OpraHOB WM CHCTEM, KX B3aUMOCBSI3HM U
B3alMO/ICHCTBHUE, BBIICHUTH OCHOBHBIC M IIPOMEXKYTOUHBIE 3Tallbl
(GyHKUIMOHUPOBaHUs JIF0O0ro Guosorndeckoro oobekra. ViMeHHO
MaTeMaTHYeCKOE UCCIEJOBAHUE, KOTOPOE SBIAECTCS KaueCTBEHHO
BBICHIMM OJTallOM IO3HAHUs, II03BOSIET YETKO IPOCIEIUTh
3aBUCUMOCTb OJJHUX SIBJIEHUH OT JIPYTHX, UTO B JalbHEHIIEM HAaéT
BO3MOXXHOCTE  (DOPMYJIIPOBATh  THIOTE3Bl  OTHOCHTEIHHO
B3aNMOOOYCIIOBIICHHOCTH (DyHKIIMOHUPOBAHNUSI PA3JIIHBIX CHCTEM
IIEJIOCTHOTO  )KMBOTO  OpraHusmMa. B pabore mpencTaBieHbl
pe3y/ibTaThl  UCHOJIb30BaHUS ~MAareMaTHYeCKUX IIOAXOAOB K
HCCJICIOBAHUIO CEKPETOPHOU EATENBHOCTU TUPOLUTAa — OCHOBHOM
MOpPODYHKIMOHATIGHON —~ ©AMHHLBI  LIMTOBHIHOW  JKEJe3bl.
Co3manve W aHAIM3 KOPPEBIIMOHHBIX IOPTPETOB Hpodust
CEKPETOPHBIX ~ BO3MOXKHOCTCH  (DOJUIMKYJSIPHBIX  THPOLIUTOB
MO3BOJMIM, OOOOLIMB  TONYYEHHBIE JIAHHBIE, YCTaHOBHTbH
3aKOHOMEPHOCTH M OCOOEHHOCTH CEKPETOPHOH JIeSTeIHHOCTH
THUPOLUTA B PA3JIMUHBIX COCTOSHUSX — HOPMBI, NOBBILICHHOW U
MOHIKEHHOHN (DYHKIIMOHATIEHON aKTHBHOCTH.

KioueBble  ciioBa: (ONMMKYISIPHEI ~ THPOLUT,
IUTO(GU3UONOTHSI, KOPPEISIIHOHHBIA aHaIN3, KOPPEIAIHOHHbIE
MOPTPETHI, €KCIIEPTHBIE CUCTEMBI.
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PATHOGENETIC MECHANISMS OF EXPERIMENTAL GINGIVITIS PROGRESSION
UNDER THE INFLUENCE OF LIPOPOLYSACCHARIDE

E-mail: sdent_irina@ukr.net

" The pépef présénté the results of ,pat/og/enétic/ rationale for the use of gél with lip0p61YSaéchéride for giﬁgiﬂ/itis rhodeliing.

It shows, that lipopolysaccharide applications lead to significant increase in activity of elastase by 26.8%, malonic dialdehyde by
32.8%, urease by 78.9%, degree of dysbiosis by 32.6%, decrease in activity of lysozyme by 57.6% and antioxidant-prooxidant
index by 29.7%. Thus, lipopolysaccharide application leads to the progression of inflammation processes in gums of experimental
animals, dysbiosis and oxidative stress, that is pathogenetic links of gingivitis progression in humans as well.

Key words: gingivitis, periodontal disease, experimental model, experimental animals, lipopolysaccharide

The paper is a fragment of the research projects: "Improvement and development of new individualized diagnosis
methods and treatment of dental diseases in children and adults" (state registrationNo. 0112U002382) and “The development of
comprehensive prevention and dental diseases treatment for individuals with digestive system disorder by using hepatoprotectors”
(state registration No. 0109U000506)

Periodontal diseases continue to occupy a special place among all dental pathology. This is due to
a number of reasons, among which the main are the diversity of nosological forms, etiological factors and
pathogenetic mechanisms, the lack of highly effective means for their prevention and treatment. Those
periodontal diseases that arise in the setting of the pathology of various organs and systems, particularly
the digestive system, occupy a special place [4, 7, 9].

A significant role in the progression of dental pathology in general and periodontal diseases, in
particular, belongs to the liver — a human internal organ, which functioning is associated with the
performance of such vital functions as antitoxic, regulatory, metabolic [2, 10, 11].
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In the last decade, attention of researchers is attracted to such aspects of the pathogenesis of
inflammatory and inflammatory-dystrophic periodontal diseases as free-radical lipid oxidation, changes in
the immune status, the state of protective periodontal enzyme systems [3,8].

It is the modeling of the pathological process in periodontal tissues that contributes to the in-depth
study of gum diseases pathogenesis, the development and confirmation of the effectiveness of drugs use and
non-drug treatment methods of this pathology. Thus, when modelling hepatitis in rats by introducing per os
an oily solution of carbon tetrachloride (CCl4), the progression of degenerative changes in the epithelial layer
of the oral mucosa and gums with a decrease in RNA content in epithelial cells was shown. The proposed
method also led to a significant increase in total proteolytic activity, in the activity of alkaline phosphatase,
and an increase in the concentration of the lipid peroxidation marker - malonic dialdehyde. [8].

Modeling hepatocholecystitis in rats by introducing per os tuberculostatics (isoniazid + rifampicin
+ pyrazinamide) during 2 weeks led to periodontal tissues atrophy, increased gum inflammation markers
level (malonic dialdehyde, total proteolytic activity, acidic phosphatase), and significantly reduced an
antioxidant protection level (decrease in catalase activity) [1].

One of the toxic factors of hepatogenic origin is lipopolysaccharide (LPS), which forms during cell
walls hydrolysis of pathogenic and conditionally pathogenic gram-negative bacteria species. Inducing
immune defense factors stimulation, LPS triggers a range of pro-inflammatory and immunochemical
reactions [12, 14]. In a healthy body liver neutralizes almost all LPS coming from the intestine. However,
with liver function abnormality LPS enters the systemic circulation and exerts its pathogenic effect on
many organs and tissues [12]. Part of LPS can also form in the oral cavity tissues due to oral gram-negative
bacteria [13].

In view of the foregoing, it is relevant to assess the role of LPS as one of the factors of hepatogenic
origin in the periodontal diseases progression.

The purpose the study was pathogenetic rationale for the model of chronic gingivitis with use of
LPS.

Materials and methods. For an experimental study of the LPS effect 14 male WAG rats were
used with an average weight of 380 + 14 g. Half of the experimental animals (species) served as a control,
and the remaining 7 males (main group) were once applied 0.5 ml of LPS gel containing 50 mg / ml (in
terms of 1 kg of body weight) on the gums. The gel was applied 30 minutes before meals. On the second
day, the animals were removed from the experiment, the gums were dissected out and standard biochemical
parameters of inflammation (elastase and MDA), dysbiosis and antioxidant protection in the homogenate
were determined. The inflammatory response was evaluated by the activity of such markers as malonic
dialdehyde (MDA), elasta and catalase. The antioxidant prooxidant index API was calculated by the
catalase activity ratio and MDA concentration. The dysbiosis degree was judged by the ratio of microbial
contamination level (urease) and lysozyme activity [5, 6].

All the manipulations with experimental animals were carried out in accordance with the provisions
of the European Convention for the Protection of Vertebrate Animals, which are used for research and
other scientific purposes (Strasbourg, 1986), the Law of Ukraine “On the protection of animals from cruel
behavior” (2006).

Table 1
The effect of gel with LPS applications on the biochemical parameters of the gums of rats
Indicators Control group, n=7 Main group, n=7
Elastase, mkkat/kg 4142 5242 p=0.0000
MDA, mmol/kg 13.7+0.9 18.2+1.0 p=0.0000
Urease, mkkat/kg 1.28+0.14 2.29+0.28 p=0.0000
Lysozyme, u/kg 393+70 167+13 p=0.0000
Catalase, mkat/kg 5.84+0.17 5.46+0.16 p=0.0010
API, units. 4.25+0.35 2.9940.27 p=0.0000
Dysbiosis degree, units. 1.00+0.10 4.26+0.50 p=0.0000

Note: p - significance level of differences with the control group (t-test for independent samples)

The statistical processing of the results was performed using the program Statistica 6.0 (Statsoft
Inc., USA). The arithmetic mean (M) and the average error of the arithmetic mean value (m) were
calculated. The estimation of the probability of the average values (p) difference was executed using
Student's t-test. The nature of the relationship between the ranking structures was determined using the
Spearman correlation coefficient (ps).

Results and their discussion. Conducted biochemical studies of gums homogenates of
experimental animals showed that, compared with control animals, the elastase level significantly increased
by 26.8% (p = 0.0000), MDA by 32.8% (p = 0.0000), urease by 78.9% (p = 0.0000), degree of dysbiosis
by 326% (p = 0.0000), reduction of lysozyme content by 57.6% (p = 0.0000) and API by 29.7% (p =
0.0000) (table 1). In addition, catalase reducing trend by 6.5% (p = 0.0010) was marked.
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The findings indicate progression of inflammation in the gums of animals, dysbiosis, and anti-
/prooxidant balance disorder.
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the influence of LPS application in the pathological process. 0.0 5)

Thus, LPS causes inflammation in the gums of experimental animals. The greatest pathogenetic
significance in periodontal diseases progression when using a gel with LPS belongs to dysbiosis, the least
— to anti-prooxidant system state.

Modeling of the pathological process in periodontal tissues using oral LPS gel leads to a sharp
activation of inflammatory markers, a decrease in the antioxidant protection level, which is consistent with
the data obtained by Bykov E.M. et al., Sirak S.V. [3, 8]. At the same time, the suggested method of the
gingivitis experimental reproduction permits, unlike other models [1], to reduce the degree of local
destructive influence on the gum epithelium and to perform a profound study of the inflammatory process
pathogenetic links in the periodontium, based on the dysbiosis.

RN, ___

The results obtained substantiate pathogenetically the use of oral LPS gel as an experimental model
of gingivitis. The proposed option allows to quickly and with minimal cost reproduce the inflammatory
process in the gums of rats, the most appropriate for the clinical manifestation of gingivitis in humans.
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MNATOI'EHETUYHI MEXAHI3MU PO3BUTKY
EKCIHEPUMEHTAJIBHOI'O I'HT'IBITY
11 BINIMBOM JIITIOMNOJICAXAPUAY

CoxoJioBa LI., Ckunan K.B., Ckmnan MLL.,
Jlepunbkuii A.Il., Ciuabko FO.O.

Hageneno pe3yabTaTH MMaTOr€HETHYHOI'O
0OTpYHTYBaHHSI 3aCTOCYBaHHS TEIIO 3 JIMOMONiCaXapUuaoM
JUIE MOJENIOBaHHS TiHTiBiTY. [loka3aHo, M0 arutikarii
Jinonomicaxapuay — HOPHU3BOAATH A0  JOCTOBIPHOTO
I IBMILEHHS aKTUBHOCTI enacTasu Ha 26,8%, MalOHOBOIO
nianeaeriny Ha 32,8%, ypeaszn Ha 78,9%, crymnento qucbiosy
Ha 32,6%, CHIDKCHHIO aKTHBHOCTI Ji3ouuMy Ha 57,6% Ta
AHTHOKCHJAHTHO-TIPOOKCUIAHTHOTO iHAECKCY Ha 29,7%.
OTxe, aIUTKallis JIIONOJNICaxXapuay MPHU3BOJAUTH JO
PO3BHTKY B SICHaX €KCIICpUMEHTAIbHUX TBAPHUH 3alajICHHS,
muchiody U OKCHIATUBHOTO CTpECy, IO BiJIIOBigae
MATOT€HETUYHUM JIaHKAM PO3BHUTKY T1HTIBITY U Y JIFOMHHU.

KurouoBi ciioBa: riHriBit, 3aXBOpIOBaHHS MapoJIOHTa,
CKCIICPHMEHTAIbHA MOJICNb, €KCIICPUMCHTAIbHI TBapPHHH,
Jnonoicaxapus.
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INATOI'EHETHYECKUE MEXAHUMU3MBbI PABBUTUS
SKCIHEPUMEHTAJIBHOI'O T'TMHI'UBUTA IO
BJIUSAHUEM JIMIIOIIOJMUCAXAPUIA
Coxosioa U.U., Ckupan K.B., Ckugan M.H.,
Jlepunknii A.IL., Cauabko FO.A.

B crartbe mpencraBieHBl pe3yNbTaThl MAaTOI€HETUYECKOTO
000CHOBaHWSI TIPHMEHECHUS TN C JIMIOMOJIHCAXaPUAOM JUIS
MOJEIUPOBaHMUsS T'MHruBUTa. IlokazaHO, YTO aNIUIMKALUU
JIUIOTIONUCAXapuia MPHUBOAAT K JOCTOBEPHOMY  ITOBBIICHHIO
AKTUBHOCTH 3J1acTa3bl Ha 26,8%, MallOHOBOI'O NHMANbACTHIA Ha
32,8%, ypeassr Ha 78,9%, cremenm nucoOmosza Ha 32,6%,
CHIDKEHHUIO aKTUBHOCTH JIM301KMMa Ha 57,6% M aHTHOKCHIAHTHO-
MPOOKCUAAHTHOTO wWHAekca Ha 29,7%. Takum o0pazom,
alUIMKaLKs JUIOIoJMcaxapyua MpUBOJUT K Pa3BUTHUIO B JIECHE
9KCIIEPUMEHTAIBHBIX ~ JKMBOTHBIX  IIPOLECCOB  BOCIAJICHHS,
mucOMo3a W OKCHAATHBHOTO CTPECcca, 4YTO COOTBETCTBYET
[aTOT€HETUYECKUM 3BEHbSIM Pa3BUTHsI TMHTUBUTA U Y YEJIOBEKa.

KnioueBble ci10Ba: TUHTUBHUT, 3a00JIeBaHMS MAPOJIOHTA,
SKCIIEPUMEHTANIbHAS MOJIeNb, HKCIEPUMEHTAIbHBIE KUBOTHBIC,
JIMTIOTIOJINCaXapH/I.
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MOP®O®YHKIIOHAJBHAN CTAH TEMOMIKPOIIUPKYJIA TOPHOT'O PYCJIA
CITKIBKH HICJIAA OOJHOPA3OBOT'O BBEJEHHS KPIOKOHCEPBOBAHOI IVIAIIEHTH
HA TJII TOCTPOT'O EKCHEPUMEHTAJIBHOI'O ACEIITUYHOT'O PETUHITY V¥ LIIYPIB

E-mail: Stetsuk78@gmail.com

KopwuryBansHa poJib 0THOpa30BOTO MiAMIKIPHOTO BBEACHHS KPIOKOHCEPBOBAHOI IUTAIEHTH Ha TJIi 3MOJIEIILOBAHOTO TOCTPOTO
PETHHITY IoJIAraja B TOMY, IO 32 PaXyHOK O10JIOTIYHMX PEYOBHH, SIKi 3HAXOIITHCS B IUTAIGHTAPHOI TKAaHWHH, 3MEHITYBaJIHCS
NIPOSIBU 3alajJeHHs HAa CTadisfX anbTepamii Ta eKCyZIallii, IPUCKOPIOBAIINCS perapaTHBHI NPOLECH B CITKIBHI OKka IIypa. B
MIKPOLUPKYJIATOPHOMY PYCJi CITKIBKH BHSIBISUINCS 3MIHM B PE3MCTUBHUX Ta EMHICHHX JIaHKaX, sKi TpuUMaiucs 1o S5-1 nodu
eKCIIeprMeHTy. B cTanii excyarnii BUsSBISIBCS HapoCTalO4Unil HAOPSIK CHOTYYHOT TKAaHUHY, SIKUH OyB IIepeBaXKHO MO3AKIITHHHUI.

KonrodoBi cioBa: xpiokoHCepBOBaHa IUTALIEHTA, A-KapariHaH, CITKIBKA, ACENITHYHUH PETHHIT.

Po6oma e ¢ppaemenmom HIP « Excnepumenmansno-mopghonoziute gugients Oii mpancnianmamis KpiokoHCep8o8anol
naayenmu Ha Mop@opynkyionaneHuti cman psoy eHympiunix opeaniey, Ne oepacasnoi peccmpayii 0113U006185.

Ha nouaTtky muHynoro ctomitts npodecop B.A.DinaToB oO0rpyHTYBaB METOA TKAHWHHOI Tepartii
[1,2,5], 3aBaskM IIbOMY BHHAXOAy TKaHMHHA Tepamis OTpUMajia IIUPOKHH PO3BUTOK 1 KIiHIYHE
3aCTOCYBaHHS B O()TaIBMOJIOTII.
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