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3ACTOCYBAHHSI MATEMATUYHUX NIAXOAIB

Y MEJJMIIUHI HA TPUKJIAAI BUBYUEHHS

CEKPETOPHOI JISAJIbHOCTI
OOJIIKYJISIPHUX TUPOLIUTIB
Padyxa O. L.

3axydeHHs iHQOPMALIIHUX TEXHOJIOTIH MO aHANI3y
JaHUX, OTPUMAaHMX IiJ 4Yac MEAWYHHX JOCIIKCHB,
JI03BOJISIE BUSIBUTH Ta IMOSCHUTH 3aKOHOMIPHOCTI AiSUIBHOCTI
OKpEMHX OpraniB abo CHCTEM, IX B3a€MO3B SI3KH Ta
B3a€EMOJIiI0, 3'ACyBaTH OCHOBHI Ta MPOMDKHI eTamu
¢byHKuionyBaHHs Oyab-sKoro Gionorignoro o6’ exra. Came
MaTeMaTHYHEe JOCTI/PKCHHS, K€ € SKICHO BHIIUM €TaloM
Mi3HAHHSA, J03BOJISIE YIiTKO IMPOCTEKHUTH 3aTEKHICTh OIXHHUX
SBUII BiA I1HIIMX, IIO B MOJANBLUIOMY [a€ MOXKJIHMBICTb
(opMyTIOBATH  TINOTE3W MIOJO  B3a€EMO3YMOBICHOCTI
(YHKIIOHYBaHHS PI3HUX CHCTEM IIUTICHOTO >KHBOTO
opraniaMy. VY  poOoTi  mpencraBiieHi — pe3yNbTaTH
BHUKOPUCTaHHS MaTEeMaTHYHHUX MiIXOMIB JO MOCITIIKCHHS
CEKpPEeTOpPHOI  AiSUIBHOCTI  THUpOLHTA OCHOBHOI
MophodyHKIIOHAIBPHOT OJUHULI LIUTONOAIOHOT 3aJ103u.
CTBOpeHHS Ta aHAII3 KOPEISLIHHUX IOPTPETIB MPOdisIro
CEKPETOPHUX MOJMJIUBOCTEH (OMIKYISIPHUX THPOIMTIB
JIO3BOJIMJIO, Y3araJbHUBLIM OTPMMAaHi JaHi, BCTaHOBUTU
3aKOHOMIPHOCTI ¥ OCOOJIMBOCTI CEKpPETOPHOI MisNIBHOCTI
THpPOIMTa B PI3HUX CTAaHaX — HOPMH, MiBUIIECHOI Ta
MOHIKEHOT PyHKI[IOHANBEHOT AKTHBHOCTI.

Kiawouosi  cioBa: GbomikynspHuit
nUTO(I3I0NOTisI, KOpEISAMiHHUNA  aHai3,
MOPTPETH, EKCIEPTHI CHCTEMHU.
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THUPOIIHUT,
KOpeJALiiHI

NPUMEHEHUE MATEMATHYECKHUX IIOAXO10B
B MEJUIIUHE HA NIPUMEPE U3YUYEHUSA
CEKPETOPHO¥ JESTEJIbHOCTH
OOJVIMKYJISAPHBIX THPOLIUTOB
Psigyxa O. 1.

INpuBneuenre MHOOPMAIMOHHBIX TEXHOJOTHMH K aHAIM3Y
JIAHHBIX, IOJIYYCHHBIX BO BpeMs MEIUIMHCKUX HCCICIOBaHUI,
T03BOJISIET BBIABHTH M OOBSCHUTH 3aKOHOMEPHOCTH JESTENBHOCTH
OTHCNBHBIX OpPraHOB WM CHCTEM, KX B3aUMOCBSI3HM U
B3aUMOJICHCTBHE, BBIICHUTH OCHOBHBIC U IIPOMEKYTOUYHBIE JTAIlbL
(byHKIMOHUPOBaHUs JIF0O0ro Guosorndeckoro oobekra. ViMeHHO
MaTeMaTHYECKOE UCCICJOBAHUE, KOTOPOE SBIAECTCS KaueCTBEHHO
BBICHIMM OJTallOM [O3HAHUs, I03BOSIET YETKO IPOCIEIUTh
3aBUCUMOCTb OJJHUX SIBJIEHUH OT JIPYTHX, UTO B JaJbHEHIIEM NAET
BO3MOXKHOCT  (DOPMYJIIPOBATh  THIOTE3Bl  OTHOCHTENIHHO
B3aUMOOOYCIIOBIICHHOCTH (DyHKIIMOHUPOBAHNUSI PA3JIIHBIX CHCTEM
IIEIOCTHOTO  )KMBOTO  OpraHusma. B pabore mpencTaBieHbl
pe3ynbTaTbl  UCHOJIb30BaHUS ~MAaTeMaTHYeCKUX IIOAXOAOB K
HCCJICIOBAHUIO CEKPETOPHOU EATENBHOCTU TUPOLUTa — OCHOBHOM
MOp(QOGYHKIMOHATIGHON ~ ©AMHHLGI  LIMTOBHIHOW  JKENe3bl.
Co3manve W aHAIM3 KOPPEIBIIMOHHBIX IOPTPETOB HpOdust
CEKPETOPHBIX ~ BO3MOXKHOCTCH  (DOJUIMKYISAPHBIX — THPOIUTOB
MO3BOJMIM, OOOOLIMB  TONYYEHHBIE JIAHHBIE, YCTaHOBHTbH
3aKOHOMEPHOCTH M OCOOEHHOCTH CEKPETOPHOH JIeSTeIHHOCTH
THPOLUTA B PA3JIMUHBIX COCTOSHUSX — HOPMBI, INOBBIILICHHOW U
MOHIKEHHOHN (DYHKIIMOHATILHON aKTHBHOCTH.

KiawueBble  ciaoBa: GONMHMKYISIPHEI ~ THPOLUT,
IUTO(GU3UONOTHS, KOPPEISIIHOHHBIA aHaIN3, KOPPEAIHOHHbIE
MOPTPETHI, EKCTIEPTHBIE CUCTEMBI.
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PATHOGENETIC MECHANISMS OF EXPERIMENTAL GINGIVITIS PROGRESSION
UNDER THE INFLUENCE OF LIPOPOLYSACCHARIDE
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The paper presents the results of patogeneticedtidor the use of gel with lipopolysaccharidedomivitis modelling.
It shows, that lipopolysaccharide applications leadignificant increase in activity of elastase2®y8%, malonic dialdehyde by
32.8%, urease by 78.9%, degree of dysbhiosis by¥@2d&crease in activity of lysozyme by 57.6% antioaidant-prooxidant
index by 29.7%. Thus, lipopolysaccharide applicat&ads to the progression of inflammation processgums of experimental
animals, dysbiosis and oxidative stress, thattlsqggenetic links of gingivitis progression in huraas well.
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methods and treatment of dental diseases in childral adults” (state registrationNo. 0112U00238829 4The development of
comprehensive prevention and dental diseases tegdtior individuals with digestive system disordgubing hepatoprotectors”
(state registration No. 0109U000506)

Periodontal diseases continue to occupy a spdeied mmong all dental pathology. This is due to
a number of reasons, among which the main areitieesity of nosological forms, etiological factasd
pathogenetic mechanisms, the lack of highly effiectneans for their prevention and treatment. Those
periodontal diseases that arise in the setting@fpathology of various organs and systems, péatigu
the digestive system, occupy a special place [9].7,

A significant role in the progression of dentallpbgy in general and periodontal diseases, in
particular, belongs to the liver — a human interaedan, which functioning is associated with the
performance of such vital functions as antitoxégulatory, metabolic [2, 10, 11].
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In the last decade, attention of researchers ractédd to such aspects of the pathogenesis of
inflammatory and inflammatory-dystrophic perioddritseases as free-radical lipid oxidation, changes
the immune status, the state of protective perittd@mzyme systems [3,8].

It is the modeling of the pathological process éniqgrontal tissues that contributes to the in-depth
study of gum diseases pathogenesis, the develo@ndrdonfirmation of the effectiveness of drugsarse
non-drug treatment methods of this pathology. Ttumen modelling hepatitis in rats by introducing ps
an oily solution of carbon tetrachloride (CCl4)} throgression of degenerative changes in the épltlager
of the oral mucosa and gums with a decrease in Bdi®ent in epithelial cells was shown. The proposed
method also led to a significant increase in tptateolytic activity, in the activity of alkalinehpsphatase,
and an increase in the concentration of the lipidyidation marker - malonic dialdehyde. [8].

Modeling hepatocholecystitis in rats by introducpeg os tuberculostatics (isoniazid + rifampicin
+ pyrazinamide) during 2 weeks led to periodontsues atrophy, increased gum inflammation markers
level (malonic dialdehyde, total proteolytic adyyiacidic phosphatase), and significantly reduaad
antioxidant protection level (decrease in catatadmyity) [1].

One of the toxic factors of hepatogenic origiripspolysaccharide (LPS), which forms during cell
walls hydrolysis of pathogenic and conditionallytimagenic gram-negative bacteria species. Inducing
immune defense factors stimulation, LPS triggenarage of pro-inflammatory and immunochemical
reactions [12, 14]. In a healthy body liver neuned almost all LPS coming from the intestine. Hogre
with liver function abnormality LPS enters the gysic circulation and exerts its pathogenic effatt o
many organs and tissues [12]. Part of LPS canfatsoin the oral cavity tissues due to oral grargateve
bacteria [13].

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

The purposethe study wagpathogenetic rationale for the model of chroniggiitis with use of

LPS.

Materials and methods.For an experimental study of the LPS effect 14 nvaleG rats were
used with an average weight of 380 + 14 g. Hathefexperimental animals (species) served as aotont
and the remaining 7 males (main group) were onpéeap0.5 ml of LPS gel containing 50 mg / ml (in
terms of 1 kg of body weight) on the gums. Thewga$ applied 30 minutes before meals. On the second
day, the animals were removed from the experintkatgums were dissected out and standard biochkemica
parameters of inflammation (elastase and MDA), ty@b and antioxidant protection in the homogenate
were determined. The inflammatory response wasuated by the activity of such markers as malonic
dialdehyde (MDA), elasta and catalase. The antantidorooxidant index API was calculated by the
catalase activity ratio and MDA concentration. Hysbiosis degree was judged by the ratio of miealobi
contamination level (urease) and lysozyme actipgtyb].

All the manipulations with experimental animals @earried out in accordance with the provisions
of the European Convention for the Protection oftdarate Animals, which are used for research and
other scientific purposes (Strasbourg, 1986), e bf Ukraine “On the protection of animals fronueir
behavior” (2006).

Table 1
The effect of gel with LPS applications on the bideemical parameters of the gums of rats
Indicators Control group, n=7 Main group, n=7
Elastase, mkkat/kg 4142 52+2p=0.0000
MDA, mmol/kg 13.7+0.9 18.2+1.%=0.0000
Urease, mkkat/kg 1.2840.14 2.29+0.28=0.0000
Lysozyme, u/kg 393+70 167+13%=0.0000
Catalase, mkat/kg 5.84+0.17 5.46+0.16=0.0010
API, units. 4.25+0.35 2.99+0.2=0.0000
Dysbiosis degree, units. 1.0040.10 4.26+(350.0000

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

The statistical processing of the results was peréd using the program Statistica 6.0 (Statsoft
Inc., USA). The arithmetic mean (M) and the averager of the arithmetic mean value (m) were
calculated. The estimation of the probability of thverage values (p) difference was executed using
Student's t-test. The nature of the relationshigvéen the ranking structures was determined usiag t
Spearman correlation coefficiemisy.

Results and their discussion.Conducted biochemical studies of gums homogenafes
experimental animals showed that, compared wittrobanimals, the elastase level significantly eased
by 26.8% (p = 0.0000), MDA by 32.8% (p = 0.0000kase by 78.9% (p = 0.0000), degree of dysbiosis
by 326% (p = 0.0000), reduction of lysozyme conteynt57.6% (p = 0.0000) and API by 29.7% (p =
0.0000) (table 1). In addition, catalase reduciegd by 6.5% (p = 0.0010) was marked.
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The findings indicate progression of inflammationthe gums of animals, dysbiosis, and anti-
/prooxidant balance disorder.

t2 g Determining the degree
u ] deviance from the standard values
10 [ of the studied parameters found
- that a decrease in the activity of
. lysozyme possessed the most
pronounced deviance (t = 118K
> 0.001) (fig.1). The second rank
belongs to a moderate increase in
357 the degree of dysbiosis. (t = 5.92;
] 30 294 < 0.001). The following are

2,6 1t>2,18;p<0,05

N T indicators with minor deviances

T from the standard. In order of rank

l T T T l W significance they are: increased
lysoyme  Dysbiosis  Elstase MDA Urease APl Catalase elastase (t = 3.57 < 0.01 — the
degree third rank), MDA (t = 3.0p < 0.05

J/ - decrease. — the fourth rank), urease (t = 2.94,

p < 0.05 - the fifth rank) and

Fig.1. Degree of deviance from the standard vatddsochemical parameters in thereduction of AP|(t = 2.6;p < 0.05
gums of rats under the influence of LPS application —the sixth rank). The last rank

position belongs to the tendency to reduce thd leveatalase (t = 1.48; < 0.05) (fig.1).
It should be noted that the direction of listedabdeviances of the values of all indicators has a
pathogenetic significance.
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/]\ - increase;

- As for the degree ¢
) individual links of pathogenesis

. involvement in the pathological
& process (fig. 2), dysbiosis
manifestation is most marked (t =
1 7.0, p < 0.001). The second

3,57

important role belongs to the
inflammation phenomena (= 3.57;
p <0.01), and the last rank is
occupied by oxidative stress, that
is, the degree of oxidative and

| antioxidant mechanisms
? Dysbiosis __Inflammation Oxidativestress | imbalance in the processes of free
Fig. 2. Degree of involvement of separate pathogjerii@ks in the gums of rats underrgdical oxidation 1( = 224;p <
the influence of LPS application in the pathologjmacess. 0.05)

Thus, LPS causes inflammation in the gums of erparntal animals. The greatest pathogenetic
significance in periodontal diseases progressioenaising a gel with LPS belongs to dysbiosis, ¢astl
— to anti-prooxidant system state.

Modeling of the pathological process in periodotigdues using oral LPS gel leads to a sharp
activation of inflammatory markers, a decreasé@antioxidant protection level, which is consisteith
the data obtained by Bykov E.M. et al., Sirak §3/.8]. At the same time, the suggested methodhef t
gingivitis experimental reproduction permits, uelilbther models [1], to reduce the degree of local
destructive influence on the gum epithelium andddiorm a profound study of the inflammatory preces
pathogenetic links in the periodontium, based endysbiosis.

The results obtained substantiate pathogenetitalyse of oral LPS gel as an experimental model
of gingivitis. The proposed option allows to quicklnd with minimal cost reproduce the inflammatory
process in the gums of rats, the most appropratthé clinical manifestation of gingivitis in huma
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IXEDIH

INATOTEHETUYHI MEXAHI3MMU PO3BUTKY
EKCIHEPUMEHTAJIBHOI'O I'lHI'IBITY
11 BIINTIMUBOM JIIIOIIOJIICAXAPUY

CoxkodioBa 1.0., Cknaan K.B., Ckugan M1,
JleBuubknii A Il1., Cimasko 10.0.

Haseneno pe3ynbTaTi [aTOr€HETHYHOTIO
0OTpyHTYBaHHS 3aCTOCYBAaHHS TEIIO 3 JIMOMONiCaXapUaoM
JUIS MOJIeTIOBaHHS TiHTiBiTY. [loka3aHo, M0 arutikarii
Jinononicaxapuay =~ OpU3BOIATH [0  JOCTOBIPHOTO
[MABUIIEHHS aKTUBHOCTI eiactasyu Ha 26,8%),MaIoHOBOIO
nmiansaeriny Ha 32,8%,ypeasu Ha 78,9% cTyneHto nuc6iosy
Ha 32,6%, CHIDKCHHIO aKTHBHOCTI Ji3onumMy Ha 57,6%Ta

aHTHOKCHJIAHTHO-IIPOOKCUAAHTHOTO iHAekcy Ha 29,7%.

Omxe, amikamis JINONOJiCaxapuay HPU3BOAUTH N0
PO3BUTKY B ICHaX CKCIIEPHUMEHTAJILHUX TBAPHH 3aIaJICHHS,
muchio3y ¥ OKCHAATHBHOTO CTpecy, IO  BiJIIOBITA€e
[AaTOrCHETUYHUM JIAHKaM PO3BUTKY TIHTIBITY 1 Y JIFOIMHH.

KurouoBi ciioBa: riHriBit, 3aXBOpIOBaHHS MapoJIOHTa,
eKCIIepUMEHTaJIbHAa MOJIeNb, €KCIIEPUMEHTANIbHI TBapUHU,
JTIONoTicaXapuiI.

i,

HNATOI'EHETHYECKUE MEXAHU3MbI PABBUTUS
SKCIHHEPUMEHTAJIBHOI'O THHI'UBUTA IO
BJIUSAHUEM JIMIIONMOJIMCAXAPUJIA
CoxkosioBa U.A., Ckupan K.B., Ckunan M.,
JleBuuknii A I1., Ciimabko FO.A.

B cratbe mpencraBieHBl pe3yNbTaThl MAaTOI€HETUYECKOTO
000CHOBaHUsI TPHUMEHECHUS TN C JIMIOMOJIHCAXapUIOM JUIst
MOJICTUPOBAHNSI THHTUBUTA. [lOoKa3aHO, dYTO AaNIUIMKAIHA
JIUIOTIONNCAaXapuia MPHUBOAAT K JOCTOBEPHOMY  IIOBBILICHHIO
AKTUBHOCTH 3J1acTassl Ha 26,8%, MaloHOBOrO AHMANbIECTHAA HA
32,8%, ypeassr Ha 78,9%, cremenn mucbmosza Ha 32,6%,
CHUYKEHHUIO aKTUBHOCTH JI301uMa Ha 57,6%1 aHTHOKCUIaHTHO-
MpOOKCHAaHTHOTrO wHAekca Ha 29,7%. Takum oOpasom,
aNIUIMKALKUS JTHIOOICcaXapy/a IPUBOINUT K PA3BUTHIO B JICCHE
9KCIIEPUMEHTAIBHBIX  JXHBOTHBIX  IPOLECCOB  BOCHAJICHHMS,
mucOMo3a W OKCHAATHBHOTO CTPEcca, 4YTO COOTBETCTBYET
MATOT€HETUYCCKUM 3BEHBSIM Pa3BHUTHUS THHTHBHTA U Y YEIIOBEKA.

KnioueBble ci10Ba: THHTHBHUT, 3a00JIeBaHMS IAPOJOHTA,
IKCIIEPUMEHTAIBHAS MOJENb, 3KCIICPUMCHTAIBHBIC KUBOTHEIC,
JIUIIOTIONHCaXapHUI.
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POM AT OOV VI AR ANENIS
CITKIBKH ITICJISI OMHOPA30OBOI'O BBEJJEHHS KPIOKOHCEPBOBAHOI INTAIIEHTH
HA TJII TOCTPOT'O EKCIEPUMEHTAJIBHOI'O ACEITUYHOI'O PETUHITY Y IIIYPIB
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KopuryBasbHa poJib 0ITHOPa30BOro MiAIKIPHOTO BBE/ICHHS KPIOKOHCEPBOBAHOT IUIALICHTH HA TJIi 3MOEIbOBAHOIO FOCTPOTO
PETHHITY IOJIsiraja B TOMY, 110 338 PaXyHOK OiOJIOTiYHHX PEYOBHH, SIKi 3HAXOAATHCS B IUIALCHTAPHOI TKAHWHH, 3MCHILIYBAJIHUCS
MIPOSIBA 3alajJleHHsl HA CTaisfX anbTepalii Ta eKcymarii, NMPHUCKOPIOBAIINCS perapaTHBHI NPOLECH B CITKIBHI oka Irypa. B
MIKPOLIPKYJISITOPHOMY PYCHi CITKIBKH BHSIBISUINCS 3MIiHH B PE3MCTUBHUX Ta EMHICHHX JIaHKaX, sKi TpuMaiaucs a0 5- mobu
eKCIIeprMeHTy. B cranii ekcynarii BUSBISIBCS HApPOCTAIOUNIT HAOPSIK CIOJIyYHOI TKAHUHHY, SIKHI OYB ITepeBaXKHO MO3aKIIITHHHUH.

KurouoBi ciioBa: kpiokoHCepBOBaHa IUIALlEHTA, A-KapariHaH, CITKiBKa, aCeITUYHHUN PETHHIT.

Po6oma e ¢ppaemenmom HIIP «ExcnepumenmansHo-mopgonoziute gugiernts Oii mpancnianmamis KpiokOHCep8o8anol
naayenmu Ha Mop@opynryionaneHuti cman psoy eHympiwnix opeanie», Ne oepacasnoi peecmpayii 0113U006185.

Ha nouaTtky MuHynoro ctomitts npodecop B.A.DinaToB oOTpyHTYBaB METO TKAHWHHOI Teparii
[1,2,5], 3aBasku 1bOMY BHHAaxXOAy TKaHWHHA Tepamis OTpHMaja INIUPOKHHA PO3BUTOK 1 KIIHIYHE
3aCTOCYBaHHA B 0()TaIbMOJIOT].
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