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CYUYACHI ACMNEKTU POJI MNMIKO3AMIHOINIKAHIB
EKCTPALENTIONIAPHOIO MATPUKCY Y PO3BUTKY
FrEHEPAJII3OBAHOIO NAPOAOHTUTY TA NEPEBIIY
NMPOLECIB PEMAPAL|IT

Onecsa NogoBaHa

JIbBIBCbKUK HaLiOHa/IbHUI MEANYHNI YHIBEPCUTET iMeHi [JaHnna annubkoro,
JlbBiB, YKpaiHa, ohodovana@gmail.com

3a OCTaHHIi AeCATUITTS MOLWMPEHICTb 3aXBOPIOBaHb TKaHWH NapooHTa, 30KpeMa reHepasiizoBa-
HOro napoAaoHTuTy, 36inbLmnnace 40 98,5%. PO3KpUTTS NpUYNHHO-HAC/1iAKOBUX 3B S93KiB pO3BUT-
Ky 3anasibHuXx i ANCTpo@iyHO-3anasibHUX 3aXBOPOBaHb NapogoHTa € aKTyaslbHOK rMpobsiemMor Cy-
YacHoi ctomaTosiorii. 3’9coBaHo, WO CTPYKTYpy TKaHWH NapoAoHTa rnigTpUMyOTb Cy/ibhaToBaHi 1a
Hecy/ibgaTtoBaHi riikosamiHorsaikaHn (FAl). Y KiCTKOBI TKaHWHI abBEOISIPHMNX BiAPOCTKIB rpyna
cysnibhaToBaHux rsiko3amiHornikaHiB (clAl’) npeacrtaBieHa XOHAPOITUHCYbaramm, gepMaTaH-
Cy/ibbaToM, KepaTaHCyIbaToM i renapaHcyib@aToM. Y HEBEUKIN KiZIbKOCTI € riasypoHoOBa Kuc-
J710Ta, Ka Ha/lexuTb A0 HeCYJ/ib(hbaToBaHUX /1iko3aMiHOr/likaHiB. AKTUBHY poJsib clAlC Bigirparotb
y npoLecax 3aro€HHsI NapogoHTa: 1) rnpurHideHHs cuHTe3y ainigis; 2) npurHiYeHHsT aKkTMBHOCTI
MpOTEONITUYHNX PEPMEHTIB,; 3) MPUrHIYEHHS CUHEPTIYHOI Ail hepMEHTIB i KNCHEBUX paauKaiis;
4) 3HMXKXEHHSI 6ioOCMHTE3Yy MefiaTopiB 3arnaseHHs 3a paxyHOK MacKyBaHHSI BTOPUHHUX aHTUIEHHUX
AETEPMIHAHT | MPUrHiYeHHS XeMoTaKkcucy,; 5) npurHidveHHs arnonto3y; 6) nobyaoBa Ko/areHoBux
BOJIOKOH; 7) perynasayis nponigpepauii KnitnH; 8) perynsuis 6i0CMHTE3Yy KOMIMOHEHTIB MiXKK/IITUH-
HOro matpukcy; 9) noninweHHs npoueciB mikpounpkyasyii; 10) nepebyaoBa y CTpyKTypax rnpo-
TeornikaHiB; 11) perynsuiss XoHApO— i OCTEOreHesy.

Y cyyacHii napoaoHTO/I0ri HariNnepCrneKTUBHILLMMW BBaXXaroTb MigxXoAun 3 3aCTOCYyBaHHSIM rpnposa-
HUX perynsiTopiB i3io0riyHmx i naTtos0ridyHmux rnpouecis, sKi no3basieHi 6y4b-siK0i TOKCUYHOI Aii
Ha KJITUHW Ta TKaHuHW. Came TakuM nepCcrieKTUBHUM areHTOM € rpernapatv Ha OCHOBI CyJsibgha-
TOBaHux i HecynbgaToBaHux Al Y nitepatypi nogaHo y3ara/ibHeHe GOpMyIlOBaHHS OCHOBHUX
MexaHi3MiB Ail rniko3aMiHOrJ/liKkaHiB napoAoHTaslbHUX CTPYKTYp, WO € akTyalslbHUM Ta roTpebye
MpoOAOBXKEHHS AOC/AXKEHHS.

Knro4uoBi cnnoBa: TKaHWHU apoAoHTa, KOMIMIOHEHTU MIXKKJTITUHHOI PEYOBUHM, 3arOEHHS.
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GENERALIZED PERIODONTITIS AND THE COURSE OF REPAIR
PROCESSES
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The prevalence of periodontal disease, in particular of generalized periodontitis, has increased up
to 98.5% over the past decades. The topical issue of modern dentistry is to find the cause-effect
relations of the development of inflammatory and dystrophic inflammatory periodontal diseases. It has
been established that sulfated and non-sulfated glycosaminoglycans (GAGs) support the structure of
periodontal tissues. The group of sulfated glycosaminoglycans (sGAGS) is represented in the bone tissue
of the alveolar ridges by chondroitin sulfates, dermatan sulfate, keratan sulfate and heparan sulfate.
Hyaluronic acid, which belongs to non-sulfated glycosaminoglycans, is present in a small amount.

The role of biofilm proteinase is important in the pathogenesis of gingivitis and periodontitis,
when the activity of acidic and faintly acid proteinases of dental deposits and gum tissues
increases 4-5 times. This process is accompanied by degradation of glycoproteins and other
proteins of periodontal tissues. The enzymes of beta-glucuronidase, hyaluronidase, beta-N-
Acetylhexosaminidase and chondroitin sulfatase are actively involved in the cleavage of acid
glycosaminoglycans and glycoproteins of the intercellular substance, periodontal cell membranes,
and thus the destruction of circular ligament and periodontal tissues in general.

Healing, as a complex dynamic process, is implemented with the inclusion of soluble mediators,
blood cells, components of the extracellular matrix and resistant cells involved in recovery and tissue
integration. Therefore, the role of GAGs in the processes of periodontal healing is active: 1. Inhibition
of synthesis of lipids; 2. Inhibition of activity of proteolytic enzymes; 3. Inhibition of synergistic effect
of enzymes and oxygen radicals; 4. Reduction of biosynthesis of inflammation mediators due to
masking of secondary antigenic determinants and inhibition of chemotaxis; 5. Inhibition of apoptosis;
6. Construction of collagen fibers; 7. Regulation of cell proliferation; 8. Regulation of biosynthesis of the
intercellular matrix components; 9. Improvement of microcirculation processes; 10. Rearrangement
in structures of proteoglycans; 11. Regulation of chondro- and osteogenesis. The references present a
generalized formulation of the main mechanisms of effect of periodontal structures glycosaminoglycans,
which is relevant and requires further studying.

Key words: periodontal tissue, components of intercellular substance, healing.

Cepepn 3axBOptOBaHb TKaHWH NapoAoHTa NpoBia- Generalized periodontitis (GP) occupies the
Hi No3uLii 3aliMa€ reHepanisoBaHUi NAPOAOHTUT leading positions among the periodontal dis-
(I, saknii € akTyanbHOO NPO6/1EMOKO Cy4YaCHOI eases, which is the relevant issue of modern
CTOMATONOrIi 3 OrfISAy Ha MOro BMCOKY MOLUK- dentistry given its high prevalence, complexi-
pPEHICTb, CKNAAHICTb naToreHesy i HeTpusany ty of pathogenesis and the short-term efficacy
eeKTUBHICTb BiNbLIOCTI NiKyBanbHMX 3axoais of most medical interventions (Beloklitskaia

(Beloklitskaia and Pavlenko, 2013; Danylevskyi and Pavlenko, 2013; Danylevskyi et al. 2008;
et al., 2008; Malyi and Antonenko, 2013; Ma- Malyi and Antonenko, 2013; Mazur, 2012;
zur, 2012; Chumakova, 2010; Zabolotnyi et al., Chumakova, 2010; Zabolotnyi et al., 2011)
2011) [2, 8, 25, 28, 6, 46]. 3a AaHMMK pi3HUX [2, 8, 25, 28, 6, 46]. According to various

AOCNiIAXeHb, MOLUMPEHICTb 3aXBOPIOBaHb Napo- studies, the prevalence of periodontal disease
AOHTa cboroaHi csarae 90-98,5% (Genco and today amounts to 90-98.5% (Genco and Wil-
Williams, 2010; Kinane and Mombelli, 2012) [9, liams, 2010; Kinane and Mombelli, 2012) [9,
22]. MNMoHaa 50% HaceneHHsA MakoTb CMMMOTOMMU 22]. More than 50% of the population have

napogoHTuty I-II cTyneHs BaxxkocTi, a 6inblie symptoms of I-II severity degree periodonti-

35



Mpaui HTL
MeanuHi Hayku 2017, 2 (L)

Proc. Shevchenko Sci. Soc.
Medical sciences 2017, 2 (L)

Oornsg

sk 10% ocib cTtpa)xxaatoTb Ha III cTyniHb reHepa-
nisoBaHoro napogoHTuTy (Malyi and Antonenko,
2013) [26]. Pe3ynbTaTh CTaTUCTUYHO AOCTOBIp-
HMX AOCNiAXeHb CBig4aTb Npo Te, WO MowWun-
PEHICTb 3axBOplOBaHb TKAHWMH MapoAOHTa ce-
pea Aopocnoro HaceneHHst YKpaiHu CTaHOBUTb
85-96%, a HamBULWMI piBEHb 3aXBOPHOBAHOCTI
npunagae Ha Bik 35-44 poku Ta 15-19 pokis
(Beloklitskaia and Pavlenko, 2013; Khomenko
et al., 2006; Chumakova, 2007) [ 2, 21, 7].

3a ocTaHHi gecatuniTrta 36inbwunacbk Kinb-
KiCTb (pyHAAMeHTanbHMX Npaub BiTYU3HAHUX i
3aKOpPAOHHUX aBTOPIB, SKi MPUCBSAYEHi 3'Acy-
BaHHIO MPUYMHHO-HACNIAKOBUX 3B'SI3KIB pO3-
BWUTKY 3ananbHuUX i ANCTpOdiYHO-3ananbHUX
3axBOpOBaHb TKAHWH MNapofoHTa 3a Yy4yacTho
iHpeKUiMHMX, IMYHHUX, CNagKOBWUX, TpaBMa-
TUYHUX Ta IHWMX areHTiB Ha T/ii aHaTOMO-TO-
norpadiyHoi cneundikn TKaHUH MOPOXKHUHU
pota (Biloklytska et al., 2004; Danylevskyi et
al.,, 2008; Persson, 2008, Hodovana, 2009,
Zabolotnyi et al., 2011) [3, 8, 31, 15, 46].
MpoTe y BiTYUM3HSAHIN niTepaTypi HEAOCTaTHLO
yBaru npuainieHo BUBYEHHKO PpOJSli OKpeMuX
KOMMOHEHTIB MIKKNITUHHOIMO MaTPUKCY KiCT-
KOBOI TKAHWUHW MapoAoHTa y HOPMi, y naTono-
riYHOMY CTaHi Ta Ha eTanax 3aro€HHs. Heunc-
NIeHHi pgocnigXeHHs 3apyb6iXXHUX aBTOpiB, SIKi
NnpoBeAeHO Y HanpsiMi BUBYEHHS nepebiry me-
TaboniyHMX NpoueciBs B OpraHiyHOMy MaTpuK-
Ci KiCTKOBOI TKaHMHM, 30KpeMa OAHOro 3 Moro
KOMMOHEHTIB — MpoTeornikaHis, wWwo 3abe3ne-
YylOTb KOHCOMIfaLi0 KONlareHOBUX BOJIOKOH Ta
iXHi 3B'A30K i3 Kpuctanamm MiHepanis (Bar-
told, 1990; Chen et al., 2004; Grzesik et al.,
2002; Iozzo, 1998; Jones et al., 2000; Pins et
al., 1997) [1, 5, 14, 18, 20, 32].

CTpykTypa eKCTpauentofIaspHoro MaTpuKkcy
TKaHMHW NapofoHTa, AK CKJaZHa Mepexa Yy
BUINAAI HaniBpigKoOro B'SI3KOr0 resio, ckna-
[AETbCA FONOBHO 3 KonareHoBux 6inkiB, npo-
TeornikaHis i rnikonpoTeiHiB. B yTBOpEHHI
LbOro MaTpukcy 6epyTb ydacTtb dibpobnactu,
xoHgpobnactn, octeobnactn, omoHTO6NacTy,
ueMeHTobnacTn Ta iH. 3apa3oM MaTpUKC Mi-
CTUTb MOJIEKYNN, SIKi BOJOAIIOTb 34ATHICTIO
yTBOpIOBATM KOMMNJieKcK. BiaTak cneuianizosa-
HOI (POPMOID MO3aKMITUHHOIO MATPUKCY TKa-
HWUH y HOpMi € b6a3anbHa MeMbpaHa, sika yT-
BOPIOE AUCKPETHY CTPYKTYpPY, WO BiAMEXOBYE
OAHY KNiTMHHY BepcTBY Big iHWoOi (Graber et
al., 1999; Hodovana, 2009; Kordiiak, 2011)
[12, 15, 24].
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tis, and more than 10% of people suffer from
III degree generalized periodontitis (Malyi and
Antonenko, 2013) [26]. The results of statis-
tically reliable studies indicate that the preva-
lence of periodontal diseases among the adult
population of Ukraine constitutes 85-96%,
and the highest incidence accounts for the age
of 35-44 years and 15-19 years (Beloklitskaia
and Pavlenko, 2013; Khomenko et al., 2006;
Chumakova, 2007) [2, 21, 7].

The number of fundamental works of domes-
tic and foreign authors has increased over
the past decades. They deal with establish-
ing cause-effect relations of inflammatory and
dystrophic inflammatory diseases of periodon-
tal tissues with the participation of infectious,
immune, hereditary, traumatic and other
agents, against the background of anatomi-
cal and topographical specificity of oral tissues
(Biloklytska et al., 2004; Danylevskyi et al.,
2008; Persson 2008; Hodovana, 2009; Zabo-
lotnyi et al., 2011) [3, 8, 31, 15, 46]. However,
not enough attention is paid in the domestic
literature to the study of the role of individual
components of the intercellular matrix of peri-
odontal bone tissue under normal conditions,
under pathological conditions and at the stag-
es of healing. A few studies of foreign authors
are conducted in the direction of studying the
course of metabolic processes in the organic
matrix of bone tissue, in particular of one of
its components - proteoglycans, which ensure
consolidation of collagen fibers and their con-
nection with mineral crystals (Bartold, 1990;
Chen et al., 2004; Grzesik et al., 2002; Iozzo,
1998; Jones et al., 2000; Pins et al., 1997) [1,
5, 14, 18, 20, 32].

The structure of extracellular matrix of
periodontal tissue, as a complex network
in the form of a semi-liquid cohesive gel,
consists mainly of collagen proteins, pro-
teoglycans and glycoproteins. Fibroblasts,
chondroblasts, osteoblasts, odontoblasts,
cementoblasts, etc. are involved in the for-
mation of this matrix. At the same time, the
matrix contains molecules that can form
complexes. Thus, a specialized form of the
extracellular matrix of tissues is a base-
ment membrane under normal conditions,
which forms a discrete structure that sepa-
rates one cell layer from another (Graber et
al., 1999; Hodovana, 2009; Kordiiak, 2011)
[12, 15, 24].
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OcHOBY eKcTpaLuentoasspHOro MaTpukcy cra-
HOBUTb CiM’'ss KonareHoBux 6inKiB, ska Ha-
NeXnTb A0 MiKOMNPOTEIHIB i MICTUTb 3anuLl-
KW TRiuMHY, NpONiHYy Ta rigpOKCUNPOSIIHY.
Byab - gKi MOpYyLEeHHSA Yy CUHTE3i KoslareHo-
BMX 6iNKiB y TKaHMHaxX napoAoHTa KiHIYHO
NPOSBAAIOTLCA Y BUMNS4i TaKMX O3HaK 3ana-
JIeHHS — HabpsaK i KPpOBOTOUYMBICTb SICEH, L0
CYyNnpoBOAXKYIOTb (POPMYyBaHHSA MapoAOHTalb-
HUX KULWEHb, NOSABY FHOETeYi i y NiACYMKY —
BMHWKHEHHS pyXoMoOCTi 3y6iB Ta BuMagiHHA.
Cepen NpuYnH, AKi 3yMOBJ/IIOIOTH MOSBY Ta-
HWX 3MiH, € pi3Hi ayTOIMYHHi CTaHU, reHeTn4-
Hi pedekTn, aediumt ackopbiHOBOI KMCIOTH,
ioHiB Cu?* Ta 6araTo iHwwKux (Giannobile et al.,
1993; Graber et al., 1999; Hodovana, 2009;
Kinane and Mombelli, 2012; Persson, 2008)
[10, 12, 15, 22, 31].

Mopsg i3 konareHoBUMK BiflkaMn y MiXKKITITUH-
HOMY MaTpUKCi HasiBHi i HekonareHosi — ena-
CTWUH, TNiKOMPOTEIHW, MPOTEOrniKaHn Ta iH.
FnikonpoTteiHn - ue cknaaHi 6inkn, oo cknaay
SIKMX BXOAMTb BYI1€BOAHUMA KOMMOHEHT. binok
Yy UMX CroslyKax € CBOEPiIAHOK OCHOBOO, A0 SKOI
Ay>Xe MiLHO NpUEAHaHi ByrnesoaHi (rnikaHosi)
naHutoru. BignosigHo Ao ocobnmBocTeln XiMiy-
HOi 6yA0BKM TNiKOMPOTEIHN MOXHa MOAINUTU Ha
iCTUHHI (NpaBAmMBi) rNiKONpoTeiHM | npoTeo-
rnikaHu (rnikosamiHonpoTeornikaHu). FonosHa
pi3HMLUSA MK HUMU MONSAra€ y ToMy, WO Byrie-
BOAHI YrpynoBaHHSA iCTUHHUX TNiKOMPOTEIHIB
MaloTb 3a3Bmyal 15-20 MOHOCaxapuaHUX KOM-
MOHEHTIB, SKi He YTBOPKITb MOBTOPHOBAHUX
oslirocaxapmaHunx pparMeHTiB, ToAi K y npoTe-
ornikaHiB Ui yrpynoBaHHS nobyaoBaHi 3 ayxe
BEJINKOI KisIbKOCTi OAMHMULb, LLLO MOBTOPIOOTHLCS
i 30e6inblWworo MaTb CBOEPIAHMA AMcCaxapui-
HUN xapakTep. HaluacTiwe Takuii aucaxapua
MiCTUTb FNOKO3aMiH abo ranakTosaMiH y Cynb-
daTtoBaHOMyY uM HecysbdhaToOBaHOMY BUMNAAI 1
YPOHOBY KWCNOTY (rIIOKYPOHOBY YW iAypoOHO-
By) (Jackson et al., 1991; Rees et al.,, 2002;
Sugahara and Kitagawa, 2000) [19, 34, 41].

Cepen uncneHHux dyHKLUIM rNikonpoTeiHiB BU-
AinawThb:

1. dyHKuUito BMBIpKOBOI B3aemogii, BWCOKO-
cneumdivyHOro BnisHaBaHHSA, Hanpwuknag, KiiTu-
Ha-KNiTUHA; BIpyC-KniTMHA; 6GakTepia-KNiTMHA;
ropMoHasnbeHi peuentopu. 1o cknagy noBepxHe-
BMX MeMbpaH pasoM 3 iHLWMMKM KOMIMOHEHTaMM
BXOAATb MNiKONPOTEIHN, SKi 6epyTb y4acTb y Ayxe
TOHKMX npouecax 6ioforiyHOro BnisHaBaHHSA Ta
MDKKNITUHHOIT B3a€EMO/I, BUKOHYIOOUYN posSib pe-
LenTOPHUX CUCTEM AN NEBHUX CMOMYK i KMITUH;
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The basis of the extracellular matrix makes the
family of collagen proteins belonging to glyco-
proteins and containing the residues of glycine,
proline and hydroxyproline. Any disturbanc-
es in the synthesis of collagen proteins in the
periodontal tissues are clinically manifested, in
the first place, in the form of signs of inflamma-
tion, such as edema and bleeding gum, which
is accompanied by the formation of periodontal
pockets, the appearance of purulent discharge
and, as a consequence, the emergence of tooth
loosening and their loss. Among the reasons
that trigger the appearance of these changes are
various autoimmune conditions, genetic deficits,
deficiency of ascorbic acid, Cu?* ions, and many
others (Giannobile et al.,, 1993; Graber et al.,
1999; Hodovana, 2009; Kinane and Mombelli,
2012; Persson, 2008) [10, 12, 15, 22, 31].

Along with collagen proteins the intercellular
matrix also contains non- collagen ones - elas-
tin, glycoproteins, proteoglycans, and others.
Glycoproteins are complex proteins, which
include the carbohydrate component. The pro-
tein in these compounds is a peculiar basis,
to which the hydrocarbon (glycan) chains are
very firmly attached. In accordance with the
peculiarities of the chemical structure, glyco-
proteins can be divided into genuine (true)
glycoproteins and proteoglycans (glycosami-
noproteoglycans). The main difference be-
tween them is that the carbohydrate group-
ings of true glycoproteins typically have 15-20
monosaccharide components that do not form
repeated oligosaccharide fragments, while in
proteoglycans these groupings are made of a
very large number of repeated units, which,
basically, have a peculiar disaccharide na-
ture. Most typically this disaccharide contains
glucosamine or galactosamine in sulfated or
non-sulfated form and uronic acid (glucuronic
or iduronic acid) (Jackson et al., 1991; Rees
et al., 2002; Sugahara and Kitagawa, 2000)
[19, 34, 41].

Among the numerous functions of glycoproteins
there are:

1. function of selective interaction, high-
ly specific recognition, for example: cell-cell;
virus-cell; bacteria-cell; hormonal receptors.
The outer membranes, along with other com-
ponents, include glycoproteins that take part
in the very fine processes of biological recog-
nition and cell-to-cell cooperation, acting as
the receptor systems for certain compounds
and cells;
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2. TpaHCNOPTHY (YHKLUiO (YMMano rnikonpo-
TEIHIB, SKi LMPKYNIOIOTb Y KPOB'AHOMY pyCi Nioaun-
HW | € TPAHCMOPTHMMKU BiNkaMn; BOHW TpaHCMop-
TYHOTb rigpodOo6HI pe4yoBMHM Ta iOHW MeTanis);

3. KaTtanitTmuHy dyHKuUito (BYrneBoaHUN
KOMMNOHEHT 6yNn0 3HaMAEHO Yy CKNaai AesKux
depMeHTiB, Hanpuknag, eHTepokiHasu, ne-
pokcuaasun, rnikosupasu, rigponasn, xosiHe-
cTepasn CMpoBaTKK);

4. CTpYKTYpHO-MeXaHiuHy yHKUilo (Ha-
AAHHSA TKAHWHaM enacTUYHOCTI);

5. rigpoocMOTUYHY 11 iOHOperyntoBasabHy
dyHKuUito (iOHOOBMiHHA@ aKTUBHICTb 3YMOBIIIOE
TXHIO 30ATHICTb Y PO3MOAINI psaay KaTioHiB y Ccrno-
JYYHIN TKaHWHI; Hanpukiag, HaKonuyYeHHs Kanb-
Lito B ocepeakax ocudikauii nos’a3aHe 3 ogHO-
YAaCHMM HaKOMWYEHHAM XOHAPOITUH-CYyNbdaTis,
AKi aKTUBHO (iKCYIOTb KaTioHM KanbLito. Taka
dyHKUIA 3B'A3yBaHHA eKCTpauentonspHoi Boau
Ta perynsuia npouecis Andy3ii TakoX, 3HaYHOK
MipOIO, 3aNeXuTb Bif IXHIX BNaCTUBOCTEN).

Cepep, rnikonpoTeiHiB KiCTKOBOI TKAHWUHW nNapo-
AOHTa BaXk/iMBa posfib BigBeAeHa OCTEOHEKTU-
HY, OCTEOMOHTUHY, KICTKOBOMY Cia/llonpoTeiHy,
KiCTKOBOMY KWC/IOMY rfikonpoTeiHy-75, Gla-
6inkaMm: ocTeokanbUMHy Ta MaTpukcHomy Gla-
6inky. binku MiHepanizoBaHMX TKaHWMH MNapo-
[OHTa CTaHOBNATb OCHOBY AJ1S1 MPUKPINJIEHHS
MiHepaniB i BM3Ha4yalTb Mpolecn MiHepasnisa-
uii. OcobnueicTio Taknx 6iNKiB € HasABHICTb 3a-
nnuwkis gocdocepuHy, rnytamMaty M acnapra-
Ty, WO 34aTHi 3B’a3yBatn Ca?* i 6patn yyacTb B
YTBOPEHHI KpUCTaniB anatuTy Ha No4aTKoBOMY
eTani. IHwa ocobnmBicTb Nonsirae y HassBHOCTI
BYr/eBoAiB i MocnigoBHOCTI aMiHOKUCNOTHUX
3a/MWKIB apr-rai-acn y nMepBUHHIN CTPYyK-
Typi 6inkKiB, Wo 3abe3neyye iXHE 3B’A3yBaHHSA 3
KNiTMHaMn Ta 6inkamu, aKki GopMyoTb eKkcTpa-
LeoNApHUA MaTpuKC. OCTEOHEKTUH — KO-
NpoTeiH, KNI Y BENUKIN KiNbKOCTI HasBHUN Y
MiHepani3oBaHin 4YacCTUHI TKAHWH MNapOAOHTA.
Binok cmMHTEe3yeTbcsa ocTeobnacramu, dibpobna-
cTamMn, ogoHTobnacTtamu, y HeBenuKil KinbKoCTi
XOHAPOUUTAMM Ta eHAOTENINHUMU KITUHAMM.
B N-kiHUEBIlA NaHLi OCTEOHEKTUHY pO3TalloBa-
Ha 3Ha4yHa KifbKiCTb HEraTMBHO 3apsAXeHUX
aMiHOKMC/IOT, @ TaKOX MPOCTEeXYETbCA A0 12
AinsHok 3B’A3yBaHHA Ca?*, kM BXOAUTb A0
cKfagy riapokcmanaTtuTy. Yepes ByrsieBOAHUMN
KOMMOHEHT OCTEOHEKTUH 3B'A3YETbCS 3 Konare-
HOM I TMNY. 3apa3oM OCTEOHEKTMH He TiNbKK 3a-
6e3neyye B3aEMOAIi0 KOMMOHEHTIB MaTPUKCY, a
M peryntoe nponidepadito kKNiTMH, 6epe y4yactb
Y YMCNEHHMX MpoLecax Ha eTani po3BUTKY Ta
[03piBaHHSA MiHepanizoBaHUX TKaHWH. OcTeo-
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2. transporting function (many glycopro-
teins circulating in the human bloodstream
are transport proteins; they transport hy-
drophobic substances and metal ions);

3. catalytic function (the carbohydrate
component was found in some enzymes, for
example, enterokinase, peroxidase, glycosi-
dase, hydrolase, cholinesterase serum);

4. structural and mechanical function
(providing elasticity to tissues);

5. hydroosmotic and ion-regulating func-
tion (ion-exchange activity determines their
ability to distribute a number of cations in the
connective tissue, for example, accumulation
of calcium in the foci of ossification is due to
the simultaneous accumulation of chondroi-
tin-sulfates that actively capture calcium cat-
ions. This function of extracellular water bind-
ing and regulation of diffusion processes also
depends, to a large extent, on their proper-
ties).

Osteonectin, osteopontin, bone sialoprotein,
bone acid glycoprotein-75, Gla proteins:
osteocalcin and matrix Gla protein play an
important role among glycoproteins of peri-
odontal bone tissue. Proteins of mineral-
ized periodontal tissues form the basis for
attachment of minerals and determine the
processes of mineralization. The peculiarity
of these proteins is the presence of residues
of phosphoserine, glutamate and aspartate
that can bind Ca?* and thus participate in
the formation of apatite crystals at the ini-
tial stage. Another feature is the presence
of carbohydrates and the sequence of amino
acid residues Arg-Gly-Asp in the primary
structure of proteins, which ensures their
binding to the cells and proteins that form
the extracellular matrix. Osteonectin is a
glycoprotein, which is present in large quan-
tities in the mineralized part of periodontal
tissues. The protein is synthesized by osteo-
blasts, fibroblasts, odontoblasts, in a small
amount by chondrocytes and endothelial
cells. In the N-terminal chain of osteonectin
there is a significant amount of negative-
ly charged amino acids, and up to 12 sites
of Ca?* binding can also be traced, which
is a part of the hydroxyapatite. Osteonec-
tin binds to type I collagen via the carbohy-
drate component. At the same time, osteo-
nectin not only provides for the interaction
of matrix components, but also regulates
cell proliferation, participates in numerous
processes at the stage of development and
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MOHTUH — GINOK, KM MICTUTb AeKinbka mno-
BTOpiB, 36aravyeHnx acnapriHoBOK KWUCOTOO,
SIKi HapaloTb MOMY 34aTHOCTI 3B'A3yBaTvCsa 3
Kpuctanamu rigpokcmanatuty. CepefHs Yactum-
Ha MONeKy/N MICTUTb MNOCNIJOBHICTE apr-rii-
acn, Wo BignoBigae 3a NpuKPInNAeHHS KAITUH.
Llen 6inok Bigirpae nposigHy ponb y nobynosi
MiHEepanizoBaHOro MaTpuKCy, B3aEMOAIi KiTUH
i MATpUKCY, Y TpaHCNOpPTi HeOpraHiYHMX iOHIB.
KictkoBuMi cianonporteiH - crneundiyHui
6inoK MiHepanizoBaHMUX TKaHWH, SKMA CKNa-
[AETbCA 3 BYIMNEBOAIB | 3a3Ha€ YUCNIEHHUX
mMoamdikauir y peakuisx cynbdaTyBaHHS TU-
pO3uHY. Y cKknagi KiCTKOBOro ciasonpoTeiHy
BM3HadaeTbcs A0 30% dochopunnboBaHux
3aMLWKIB CepUHY Ta NOBTOPHOBAHOI NOCNiIA0B-
HOCTI rMyTaMiHOBOI KMCNOTH, Wo 6epyTb y4yacTb
y 3B’a3yBaHHi Ca?*. KicTtkoBuii cianonpoTeiH
BUSIB/IEHUI B YCiX MiHEepasi3oBaHNUX KOMMNOHEH-
TaXx napoaoHTa (KiCTKOBa TKaHMHA, AEHTWH,
LLeMeHT KOpeHs), 30KpeMa B rinepTpodoBaHmx
XOHApoUUTax i ocTeoknactax Ta Bignosifae 3a
MPUKPINJIEHHSA KNITUH | MiHEpani3auito MaTpuk-
cy. KictkoBuiti KuUcnuii rnikonporeiH-75
- 6inok, skuin iHribye npouecu pesopbuii y Mi-
Hepani3oBaHMX TKaHWUHaX, TaKOX BUSIBJIEHUN Y
KiCTKOBI TKaHWHI anbBEONSAPHOrO BiApPOCTKa,
OEHTUHI 3yba Ta XpsiweBin poCTKOBIN NIacTUH-
ui. OcreokanbuUMH (KiCTKOBMA TNyTaMiHOBUMA
6inok) 3B’A3ye ioHn Ca?*, aki HagxoAsTb ANK
YTBOPEHHS KpUCTanie rigpokcnanaTuTy.

Y npouecax peMoaentoBaHHS KiCTKOBOI TKaHUHMU
afbBEOJIAPHOro BiApPOCTKA akTUBHA y4acTb Ha-
NexxuTb ocTteonpoTerepuHy — rNikonpoTeiHy,
SIKUA HanexuTb 40 PoAMHWM peuenTopiB dakTo-
pa HEKPO3Y NMyX/IMHWU Ta NMpUrHiyye mobinisaduito,
nponidepadito i akTMBauito octeoknacTis (Riggz
and Melton, 2000; Varki, 2009) [35, 45].

LLle o4AHMM KOMMOHEHTOM eKCTpaLentonNsipHOro
MaTPUKCY TKaAHWH MNapoAOHTa € HeKosareHoBi
6inkn nporeornikaHu. Llei knac cknagHux
6inkiB NobyaoBaHWM i3 pi3HMX CTepXXHeEBUX (KO-
poBuX) 6inkiB, A0 Aknx yepes N- i O-rniko3naHi
3B'A3KM MPUEAHYIOTbCA onirocaxapuan, 3'ea-
HaHi 3 naHulramu rnikosamiHornikaHis (FAIN).
Pi3Hi npoTeornikaHu BiApi3HAIOTLCA pO3MipamMu
MONEKY, BiAHOCHUM BMiCTOM 6inka i Habopom
FAl. MpoTeornikaHM BUKOHYOTb GYHKUIT pe-
uenTopiB y nobyaoBi eKkCTpauentonsapHoro ma-
TPUKCY, NONErwyTb KIITUHHE MPUKPINJIEHHS |
perynoTb NPoUEeCcH poCcTy KiTUH. BoHn 34aT-
Hi yTBOpIOBATM KOMMJIEKCU 3 AesKUMK Binkamu,
Hanpuknag, dakrtopamMm pocTty. B yTBOpeHuX
KoMmnnekcax 6inku 3axulleHi Big NpoTeoniTuy-
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maturation of mineralized tissues. Osteo-
pontin is a protein containing several rep-
etitions enriched with aspartic acid, which
give it the ability to bind to hydroxyapatite
crystals. The middle part of the molecule
contains the Arg-Gly-Asp sequence, which
is responsible for attachment of cells. This
protein plays a leading role in the construc-
tion of the mineralized matrix, cell-matrix
interactions, in the transportation of inor-
ganic ions. Bone sialoprotein is a specific
protein of mineralized tissues, which con-
sists of carbohydrates and undergoes nu-
merous modifications in tyrosine sulfation
reactions. Up to 30% of the phosphorylated
serine residues and the repeated sequence
of glutamic acid involved in Ca2* binding
are determined within bone sialoprotein.
Bone sialoprotein is found in all mineralized
components of periodontium (bone tissue,
dentin, root cement), in particular in hyper-
trophied chondrocytes and osteoclasts, and
is responsible for attachment of cells and
mineralization of matrix. Bone acid glyco-
protein-75 - a protein that inhibits the pro-
cesses of resorption in mineralized tissues,
is also found in the bone tissue of the alve-
olar ridge, dentin of the tooth and cartilage
growth plate. Osteocalcin (a bone glutamic
protein) binds Ca?* ions that come to form
hydroxyapatite crystals.

Osteoprotegerin actively participates in the
processes of the alveolar ridge bone remod-
eling. This is a glycoprotein, which belongs to
the family of receptors of the tumor necrosis
factor and suppresses the mobilization, pro-
liferation and activation of osteoclasts (Riggz
and Melton, 2000; Varki, 2009) [35, 45].

Another component of the extracellular ma-
trix of periodontal tissues is non-collagen pro-
teins - proteoglycans. This class of complex
proteins is constructed from different core
proteins. Oligosaccharides, linked to glycos-
aminoglycan chains (GAGs), joint to them via
N- and O-glycosidic bonds. Different proteo-
glycans vary in sizes of molecules, relative
protein content and a set of GAGs. Proteo-
glycans act as receptors for the construction
of extracellular matrix, facilitate cell adhesion
and regulate cell growth processes. They are
able to form complexes with some proteins,
for example, growth factors. The proteins in
the formed complexes are protected from pro-
teolytic enzymes. These complexes serve as
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HMX depMeHTiB. Taki KOMMNEeKCU BUKOHYIOTb
dYHKUIT pe3epByapiB, i TibKK y pa3si noTpebu,
3a HeCNMpuUATAMBUX YMOB, (PaKTOp pOCTY BMBISb-
HIOETbCSA | HabyBa€ 34aTHOCTI BMSABASATU CBOKO
6ionoriyHy akTUBHICTb. 3arasioM 36epexeHHs
b6iomexaHiuHMX i disionoriyHmMx ocobnmsocTel
CMOSIYYHOI TKaHWHWM NapoOAOHTasIbHOrO KOM-
niaekcy 34e6inbWworo BU3Ha4YaeTbCs NiaATPUMaH-
HaM 6anaHcy MiX npouecaMm 6iocnHTE3y i ae-
rpajauii konareHis Ta npoTeornikaHis. Po3nag
i CMHTE3 NpPOTEOorfikaHiB peryntoTb Taki rop-
MOHW: COMATOTPOMiH, TUPOKCUH, iHCYNiH, a Ta-
KOX LIMTOKiIHM (iHTepnenkiH-1 Ta iH.), BiTaMiHuK
rpynu A i C, mikpoenemeHTn Ta akTopu pocTy
(Gotte, 2003; Pins et al., 1997) [11, 32].

Y TKaHWHaX NapoAoHTa K haKTopw poCTy BUCTY-
natTb 3a3BMYail HEBENWKI NoninenTuan, Wwo CTun-
MYJIHOI0Th UM iHTIBYIOTb Nponidepauito oKpeMmx
TUNIB KNiTUH (TpaHcdopMyBanbuii hakTop pocTy
Tuny 6eta, MopdoreHeTUUHMI BINOK KiCTKK, dak-
TOp pOCTY eHAoTenito, iHcyniHonoaibHnin dakTop
pocTy, dakTop pocTy dibpobnacTiB, hakTop poc-
Ty TpoMbouuTiB Ta iH). TpaHcchopMyBanbHUI
cdhakTop pocty TMNy 6eTta — poanHa rikonpo-
TeIHIB, WO aKTUBYE CUHTE3 binKiB ekcTpauesnto-
NSIPHOro MaTpuKCy, Hanpwknag, konareny I Tuny
i MeTanonpoTeiHa3, a TakoX JAi€ K (akTop xe-
MOTaKCuCy Ans MoHouwmTiB i ibpobnacrie. Ta-
KOX BiH MpuUrHivye nposnidepauito i dyHKLito T- i
B-nimdouunTie, enpotenianbHmMx kiTMH. Cepen
CK1a4HOI Mepexi LUMTOKIHIB, sKi BNAMBAKOTb Ha
dyHKUito ogoHTO6NacTiB Yy npoueci penapadii,
came TpaHchopMyBasibHUA (aKTop POCTy TUNy
6eTta MYHKLIOHYE SIK MOTY>XHWUIM iIMyHOAENpecaHT,
iHOYKTOp CUHTe3y 6inkiB i NigTpMMye romeocrtas
B eHAonapoAoHTaNlbHOMY BOTHULWI Yy pasi 3ana-
NeHHs. MopdoreHeTUYHUA 6GINOK KiCTkM -
Kncnuii rnikodocdonpoTeiH 3 BENUKUM BMICTOM
rMiUMHY Ta CEePUHY MICTUTb TpWU AncynbdigHMX
3B'A3kK. BigHOBNEHHA ancynbdigHUX 3B'A3KIB
3YMOB/OE iHaKTUBaLito MopdoreHeTuyHoro 6in-
Ka KiCTKu. Y nynbni 3yba BiH CEKPETYETbCS OA0H-
Tobnacrtamu y BiANOBiAb Ha 30BHILLIHI NoApa3HK-
KW ANs YTBOPEHHS 3aMiCHOrO AEHTUMHY, @ TaKoX
BiZirpa€ aoy»xe BaXIMBY PoJib Y KiCTKOBI TKaHWN-
Hi MapoAoHTa, 3yMOBOOUN AndepeHLitoBaHHS
CTOBOYpPOBMX KNIiTMH B OCTEOreHHi. daKTop poc-
Ty eHAOoTesio — riKOoNpoTeiH, AKNI 3B'A3YETbCS
nuwe 3 KAiTMHaMW eHJoTenito CyauH i CTUMYITHOE
ixXHO nponidepadito. ®akTop pPoCTy eHaoTenito
Ma€ 34aTHICTb aKTMBYBaTK crieumdivyHmin 6inok,
SIKWMIA OXOMJIKOE KiHa3HWI Komnnekc. docdopu-
NboBaHi 6isikK, AKi yTBOPHOKOTLCA Ha NiACTaBi Libo-
ro npouecy, CroHyKalwTb MepeMillleHHs KiTUH,
TOMY MpU YLWKOAXEHHI KOMMOHEHTIB MapoAoH-
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reservoirs, and only if necessary, under ad-
verse conditions, the growth factor is released
and acquires the ability to detect its biological
activity. In general, the preservation of biome-
chanical and physiological peculiarities of the
connective tissue of periodontal complex is
mainly determined by keeping a balance be-
tween the processes of biosynthesis and deg-
radation of collagens and proteoglycans. Deg-
radation and synthesis of proteoglycans are
regulated by such hormones as somatotropin,
thyroxin, insulin, as well as cytokines (inter-
leukin-1, etc.), vitamins A and C, trace ele-
ments and growth factors (Gotte, 2003; Pins
et al.,, 1997) [11, 32].

Small polypeptides usually play the role of
growth factors in periodontal tissues. They
stimulate or inhibit proliferation of some types
of cells (transforming growth factor beta, bone
morphogenetic protein, endothelial growth
factor, insulin-like growth factor, fibroblast
growth factor, platelet growth factor, etc.)
Transforming growth factor beta is a fami-
ly of glycoproteins that activates the synthesis
of extracellular matrix proteins, for example,
type I collagen and metalloproteinases, and
acts as a chemotactic factor for monocytes
and fibroblasts. In addition to that, it inhibits
proliferation and T and B lymphocytes func-
tion, endothelial cells. Among the complex
net of cytokines that influence the function
of odontoblasts in the process of repair, the
transforming growth factor beta functions as
a powerful immunosuppressant, an inductor
of protein synthesis and supports homeosta-
sis in the endoperiodontal focus during inflam-
mation. Bone morphogenetic protein - is
an acid glycophosphoprotein with high levels
of glycine and serine, contains three disulfide
bonds. Restoration of disulfide bonds causes
inactivation of bone morphogenetic protein. It
is secreted by odontoblasts in the tooth pulp in
response to external stimuli for the formation
of replacing dentine, and also plays a very ac-
tive role in the periodontal bone tissue, caus-
ing differentiation of stem cells into osteogenic
ones. Endothelial growth factor is a glyco-
protein that binds only to vascular endothe-
lium cells and stimulates their proliferation.
The endothelial growth factor has the ability
to activate a specific protein that includes a
kinase complex. Phosphorylated proteins,
formed as a result of this process, stimulate
the migration of cells. Therefore, when the
components of the periodontal complex are
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TaslbHOrO KoMmnaekcy (KiCTKOBOI TKaHMHW anbBe-
011, CNNM30BOi 060MOHKN SICEH, NepioAoHTaNbHOI
3B'A3kM, Nynbnu 3yba) nig snveBoMm dakTopy
poOCTy eHAoTenito BiabyBaeTbCs WBUAKE NepeMi-
LeHHS, 36inbleHHa Ta audepeHuiauis KIiTuH 3
aKTUBaUI€ NyXHoi docdaTtasn. dakTop pocTy
€HAO0TeNit0 TaKoX BUKIIMKAE PO3LIMPEHHS KpO-
BOHOCHWUX CYAWH, WO € BaXX/IMBOK YMOBOW /15
NiATPMMaHHSA KPOBOTOKY Y TKaHWHaX Yy pasi 3a-
naneHHs. BiH 36inblye cuHTE3 iHTepnerkiny-1,
hakTop HEKpPO3y MyX/IMHW, SKi CYTTEBO BMIMBa-
I0Tb Ha PO3LWMPEHHS CyAUMH MpWU NATONOrYHMUX
npoLecax, sIKke CyrnpoBOAXYETbCSA 36ifbLUEHHSAM
OCMOTUYHOIO TUCKY, 6oneM i He3BOPOTHMMMU
3MiHaMK y TkaHuHax. IHcyniHonoRi6bHui dak-
TOP POCTY BOJIOAI€ aYTOKPUHHOK Ta NapakpuH-
HOO Ai€to. MNpunycTrMa Noro yyacTb Y LWBUAKOMY
POCTi KNiTUH, IXHbOMY AN EpEeHLiItOBaHHI Ta MiHe-
panisauii TKaHuH. @akTop pocTy ¢i6pobnacTis
- Le poAaMHa CTPYKTYPHO 3B'A3aHMX Mnofinentu-
AiB, IKa NpeACcTaBNsie AeB'aTb HiNKiB i3 NposiBamMu
crnopiaHeHocTi Ao renapuHy. Llein dakTop pocty
3YMOB/IIOE PO3LUMPEHHSA cyanH, bepe y4yacTb y
andepeHuitoBaHHi $ibpobnacTis Npn yTBOPEHHI
hibp0o3HOI KancynM HaBKOMIO BOrHULLA 3ananeH-
Ha. daKTOp pOCTy TPOM6OLMTIB — BM/IMBAE
Ha YMCNEHHI KNITUHK, IHAYKYOUYN CUHTES JTYXKHOI
docaTasm Ta NpoTeorfikaHiB B 040HTOb1acTNY-
HUX KITMHAX Nynbnu 3yba Ta KiCTKOBOI TKaHUHMU
napoaoHTta (Jones et al., 2000; Taylor and Gallo,
2006; Varki, 2009) [20, 44, 45].

MpoTeornikaHu, 30KpeMa BepcikaH, 6irnikaH,
OEKOPUH | CUHAEKaH, Yy BeNUKilA KiIbKOCTI
npeacTaB/ieHi Y TKaAHMHaxX NapoAoHTa (LeMeH-
Ti KOpeHs, AeHTUHI Ta nynbni 3yba, nepiogoH-
TanbHiN 3B’A3Ui, KOMMAKTHIA 4acCTuHi anbBe-
onn, cnu3oBin sceH) (Gotte, 2003) [11]. Y
3B’A3yBaHHi NpoTeornikaHiB 3i cneuudiyHnMmn
6inkaMn rosioBHa posib HaNEXWUTb MOJieKynam
rniko3amiHorikaHis. MikozamiHornikaHm
(FAl), saki HanexaTb A0 rertepononicaxapu-
AiB, NpeacTaBneHi y BUrnagi NiHinHMX CTpyKTyp
Ta nobyaoBaHi 3 AMcaxapuaHUX OAMHULb, SIKi
MOBTOPKOKOTLCA. Monekyna gucaxapuay ckia-
JAETbCS 3 YPOHOBOI KWUC/OTM 1 aMiHocaxapy,
aMmiHOorpyna sKOro 3a3Bu4yail aueTuboBaHa.
HasBHiCTb cynbdaTHMX i KapbOKCUNbHMUX rpyn
y FAl HaZiNs€ iX BEMKUM HEraTUBHUM 3apsa0M
Ta 34aTHICTIO 3B'A3yBaTh BoAY. 3aBASIKM BUCO-
Kil LWiNbHOCTI HEraTMBHOrO 3apsay Ha iXHin
NMOBEpPXHi, BOHW 3B’A3yl0Tb KaTioHn Ca?*, Na*,
K* i 6epyTb y4acTb y MiHepasbHOMY OOMiHi.
CTyKTypy TKaHMH nNapofoHTa MiATPUMYIOTb Taki
cynbdatoBaHi [Al:  XOHAPOITMH-4-cynbdarT,
XOHAPOITUH-6-CcynbdaT, AepMaTaHcynbdar,
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damaged (bone tissue of the alveolus, gingi-
val mucosa, periodontal ligament, tooth pulp)
under the influence of the endothelial growth
factor, there is a rapid movement, an increase
and differentiation of cells with activation of
alkaline phosphatase. The endothelial growth
factor also causes the expansion of the blood
vessels, which is an important condition for
maintaining blood flow in the tissues in case of
inflammation. It increases the synthesis of in-
terleukin-1, tumor necrosis factor, which have
a significant effect on vasodilatation in patho-
logical processes, which is accompanied by an
increase in osmotic pressure, pain and irre-
versible changes in tissues. The insulin-like
growth factor has an autocrine and paracrine
effect. Its participation in the rapid growth of
cells, their differentiation and mineralization of
tissues is permissible. The fibroblast growth
factor is a family of structurally bound poly-
peptides, represented by nine proteins with
manifestations of heparin affinity. This growth
factor causes vasodilatation, participates in
the differentiation of fibroblasts in the forma-
tion of a fibrous capsule around the focus of in-
flammation. The platelet growth factor in-
fluences numerous cells inducing the synthesis
of alkaline phosphatase and proteoglycans in
odontoblastic cells of the tooth pulp and peri-
odontal bone tissue (Jones et al., 2000; Taylor
and Gallo, 2006; Varki, 2009) [20, 44, 45].

Proteoglycans, in particular versican, bigly-
can, decorin, and syndecan, are represented
in large quantities in periodontal tissues (root
cement, dentin and tooth pulp, periodontal
ligament, compact part of alveolus, gingi-
val mucosa) (Gotte, 2003) [11]. The main
role in binding of proteoglycans with specific
proteins belongs to molecules of glycosami-
noglycans. Glycosaminoglycans (GAGs)
belonging to heteropolysaccharides are pre-
sented in the form of linear structures and
are constructed from repeated disaccharide
units. The disaccharide molecule consists of
uronic acid and amino sugar, the amino group
of which is usually acetylated. The presence
of sulfated and carboxyl groups in GAGs give
them a large negative charge and the abili-
ty to bind water. Due to the high density of
negative charge on their surface, they bind
Ca?*, Na*, K* cations, and thus participate
in mineral metabolism. The following sulfat-
ed GAGs support the structure of periodon-
tal tissues: chondroitin 4-sulfate, chondroitin
6-sulfate, dermatan sulfate, keratan sulfate,
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KepaTaHcynbdaT, renapaHcynbdaT i rianypo-
HOBa KWCNOTa, WO HaneXuTb A0 HecynbdaTo-
BaHMX rnikosamiHornikaHie (Giannobile et al.,
1993; Moseley et al.,, 2002; Sukmanskyi and
Horokhivskyi, 2009) [10, 30, 42].

Y nikyBaHHiI 3axBOoptoBaHb TKaHWH MapoAoOH-
Ta yBary [OCNigHWKIB NpuBepTaloTb npenapa-
TW Ha OCHOBI XOHAPOITUHY CynbdaTy, KO-
3aMiHy rigpoxsopuay Ta rianypoHOBOI KUCOTH.
3aBasikn CBOIM  i3MKO-XiMiYHMM BNacTMBO-
CTSIM, 30KpeMa 34aTHOCTI yTBOplOBaTU rnpoTte-
ornikaHoBi arperatu, ui F'Al 3gaTtHi 3abe3ne-
YyBaTU UYMCNEHHI PYHKLUiT Cnoy4YHOI TKaHUHMK:
1) TpodiyHy — aKTMBHUIA OBMIH pPEYOBUH MiX
KpOB'l0 | TKaHnHaMn; 2) 6ap’epHy — 3axuUCT Big
30BHILLHIX NogpasHuKiB (MoAytoBaHHA (YHK-
LioHaNbHOro craHy garounTiB Ta iIMyHOKOMMe-
TEHTHUX KNiITUH); 3) NAacTM4Hy - penapadis
Ta 3aMilleHHs aedekTiB (B3aEMOAis 3 peLenTo-
paMn KNITUHHOI NOBEPXHi, CTUMYNAUISA Mirpauii
dibpobnacTis i kniTMHHOI Nponidepadii) (Jones
et al., 2000; Iozzo and San Antonio, 2001; Ra-
benstein, 2002) [20, 17, 33].

BuByatoum BnAMB rnpenapaTiB Ha ocHoBi Al
Ha AMCTpPOdiYyHO-3ananbHNIA NpoLuec y TKaHu-
Hax NapoAoHTa, 3'9COBaHO, WO FIIOKO3aMiHy
rigpoxsiopmp € cneundidyHMM cybcTpaToM,
30aTHUM MNPUTrHiYyBaTWU YTBOPEHHS Cynepok-
CUMAHMX paaukanis Ta gepMeHTIB, SKi 3yMOB-
JNIIOTb YLWKOAXEHHS TKaHWH (KonareHasu Ta
docdoninasm). [NokKo3aMiHy rigpoxsopua
3anobirae pywnHiBHIN Aii FNIOKOKOPTUKOIAIB
Ha XOHAPOUMUTWM Ta NopylleHH cuHTesy [Al,
6epe akTMBHY y4yacTb Y NobyaoBi KoslareHoBmX
BOJIOKOH i MDKK/TITUHHOIO MaTpuUKCy B LiIOMY,
CTUMYNIOE nNponidepauito XOHAPOUUTIB Ta iH-
WKUX KAITUH CMOSy4YHOI TKaHWHW, NiABULLYE
iXHIO OGIOCMHTETMYHY aKTMBHICTb, NOMIMNWYE
CYAMHHY MIiKpOUMPKYNAUito. 3apa3oMm, roKo-
3aMiHy rigpoxsopua nNposiBiS€E aHTUOKCUAAHT-
HY A0 3aBASIKWN XiMIYHIl CTPYKTYpi MoneKynu,
SKiN NpuTaMaHHi BUCOKa peakLlinHa 34aTHICTb
i NpeBantoBaHHA BiAHOBHUX BACTUBOCTEN Hag
okucnoBanbHUMK. MNpenapaTt Ha OCHOBI XOH-
APOITUHY cynbdaTy 3HMXYIOTb aKTUBHICTb
depMeHTiB, SKi pYMHYIOTb CNOAYYHY TKaHUHY,
BiATaK CTUMYJIOIOTb Npouecu penapauii, 3HU-
XKYHOUM aKTUBHICTb 3anasibHOro npouecy Ha
PaHHIX MOro Cragisx i CnpusitoTb 3MEHLUEHHIO
6onboBoi peakuii (Klishov et al., 1990; Manton
et al., 2007; Rees et al., 2002; Sugahara and
Kitagawa, 2000; Taylor and Gallo, 2006) [23,
27, 34, 41, 44]. 3’acoBaHO, WO XOHAPOITUHY
cynbdat 36inbwye ekcrnipecito OPG B 0cTeo0b-
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heparan sulfate and hyaluronic acid, which
belongs to non-sulfated glycosaminogly-
cans (Giannobile et al., 1993; Moseley et al.,
2002; Sukmanskyi and Horokhivskyi, 2009)
[10, 30, 42].

Medications based on chondroitin sulfate,
glucosamine hydrochloride and hyaluronic
acid attract the attention of the researchers
in treatment of periodontal diseases. Due
to their physical and chemical properties, in
particular the ability to form proteoglycan
aggregates, these GAGs can provide numer-
ous functions of connective tissue: 1. tro-
phic - an active metabolism between blood
and tissues; 2. barrier - protection from ex-
ternal stimuli (simulation of the functional
state of phagocytes and immunocompetent
cells); 3. plastic - repair and replacement of
defects (interaction with cell surface recep-
tors, stimulation of fibroblast migration and
cell proliferation) (Jones et al., 2000; Iozzo
and San Antonio, 2001; Rabenstein, 2002)
[20, 17, 33].

In the study of the influence of GAG-based
medications on the dystrophic-inflammatory
process in periodontal tissues, it has been es-
tablished that glucosamine hydrochloride
is a specific substrate capable of suppressing
the formation of superoxide radicals and en-
zymes that cause tissue damage (collagenases
and phospholipases). Glucosamine hydrochlo-
ride prevents the destructive effect of gluco-
corticoids on chondrocytes and disruption of
the GAG synthesis, actively participates in the
construction of collagen fibers and the inter-
cellular matrix in general, stimulates the pro-
liferation of chondrocytes and other connec-
tive tissue cells, increases their biosynthetic
activity and improves vascular microcircula-
tion. Moreover, glucosamine hydrochloride
has antioxidant effect due to the molecule’s
chemical structure, which has a high reactivi-
ty and predominance of reparative properties
over the oxidizing ones. Medications based on
chondroitin sulfate, in turn, weaken the ac-
tivity of enzymes that destroy the connective
tissue, thus stimulate the repair processes,
reducing the activity of inflammatory process
at its early stages, and contribute to the re-
duction of pain response (Klishov et al., 1990;
Manton et al., 2007 Rees et al., 2002; Suga-
hara and Kitagawa, 2000; Taylor and Gallo,
2006) [23, 27, 34, 41, 44]. Chondroitin sul-
fate has been shown to increase the OPG ex-
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nactax cybxoHApasibHOi KiCTKOBOI TKaHMWHMU,
WO BUKIWKAE NigBULEHHSA CMiBBIAHOLWEHHS
OPG/RANKL i y niaCyMKy 3HMWXYE KiCTKOBY
pe3opbuito (Smith et al.,, 1997; Varki et al.,
2009) [38, 45].

Y TKaHWHax napoAoHTa HecynbdatoBaHuii Al
riannypoHoBa KMCJIOTa YTBOPIOE KOMIMJIEKCH 3
6inkamn Ta cnyrye 6ionoriyHMM LEMeHTOM, 3a-
MOBHIOKYM MPOCTIp MiXK KNiTMHaMKU. BBaXkatoTb,
WO ronoBHa (yHKLUIA rianypoHOBOi KUCNOTU Y
CMOJIYYHI TKaHWHI NONSra€ y 3B'a3yBaHHi BOAMW.
BHacnigok Takoro CrnonyyYeHHs MDKKAITUHHA
pedyoBnHa HabyBa€e xapakTepy >xenenogibHoro
MaTPUKCY, 34aTHOrO «nigTpUMyBaTU» KNITUHW.
BaxnuBy ponb Bigirpae rianypoHoBa KUcaoTa i
y perynsauii npoHWUKHOCTI TKaHuH. CiTka rianypo-
HOBOI KWUCOTU Yy BUMNAAI renito € CBOEPIAHUM
dinbTpoM, SiKa 3aTpUMYE MiKpO6HI 1 iHWIi BenuKi
MOJIEKYJIN, WO NMOTPan/IsioTb 4O OpraHiamy. Po3-
pUB MMiKO3NAHMX 3B’A3KIB Y SlaHutorax rianypo-
HOBOI KWUCNOTW BUKIUKAE Ti Aenonimepusadito.
BHacnigok uboro inbTpyBanbHa cucrtemMa no-
PYLYETBCHA, MOMDK KJITUHU NOTPAnIsiioTb Pi3Hi
MONIEeKYN, Y TiM UMCAi N BENKI, HAKOMUYYETbCS
MDKK/ITUHHA BOAa, sIKa YTPUMYETbCS He3pyin-
HOBaHMM nosliMepoM (pO3BMBAETbLCS HabpsK).
Y KNiTMHaX oOpraHiaMy cneuianbHU (epMeHT
rianypoHigasa BUAINAETbCA Y  MiDKKIITUHHUINA
MpoCTip Ta MOXe nNiaBULLYBaTU MIKKIITUHHY
MPOHMKHICTb. TOMY rianypoHigasy HasuBatoTb
akTopoM NpoHUKHOCTI. Jesaki 6akTepii MiCTaTb
depMeHT TMny rianypoHigasu, Wwo Aa€ iMm 3Mory
NMPOHNKATWN 3 KPOB'AHOIO pycsia Yy MiDKKIITUHHWIA
npoctip (Giannobile et al., 1993; Jackson et
al., 1991; Jones et al., 2000; McCulloch, 1994;
Moseley et .al., 2002) [10, 19, 20, 29, 30].

Y naTtoreHesi riHriBiTy Ta NapoAOHTUTY Bax-
NIMBOIO € npoTeiHa3 6ionniBKka, KON aKTUB-
HiCTb KMcnux i cnabokucnux npoTeiHa3 Ha-
3y6HMX BiaKMageHb i TKAHUMH SICEH 3pOCTaE€
y 4-5 pasiB. Takuil npouec CynpoBOAXY-
E€TbCA Aerpajauieto rnikonpoTeiHiB Ta iHWKuX
6inkiB TkaHmH napogoHTa (Kordiiak, 2011)
[24]. ®depmeHTM 6eTa-rnokypoHigasa, ria-
NnypoHinasa, 6eta-N-auetunrekcosaMiHifasa
Ta XOHAPOiTUHcyNnbdaTasza 6epyTb aKTuUB-
HY y4dacTb Yy po3wenfeHHi kmcnux FAl i rni-
KOMPOTEIHIB MiXKNITUHHOI peyoBUHN, MeMbB-
paH KNiTWUH NapoAoHTa, a BiATaK CMNOHYKalTb
PYWHYBaHHS UMPKYNAPHOI 3B'A3KM i TKaHWUH
napofoHTa B uinomy (McCulloch, 1994; Shy-
robokov et al., 2003) [29, 37]. Oerpagauis
KOMMOHEHTIB eKCTpauentonsapHoro MaTpukcy
Ta AeCTpyKUis TKaHWH MapodoHTa Crpuyn-
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pression in osteoblasts of subchondral bone
tissue, which causes an increase of the OPG/
RANKL ratio and, as a result, reduces bone
resorption (Smith et al., 1997; Varki et al.,
2009) [38, 45].

In periodontal tissues, the non-sulfated
GAG - hyaluronic acid forms complexes
with proteins and serves as biological ce-
ment, filling the space between cells. The
main function of hyaluronic acid in the con-
nective tissue is believed to be water binding.
As a result of this binding, the intercellular
substance becomes like a gelatinous matrix
capable of “supporting” the cells. Hyaluronic
acid’s role in the regulation of tissue per-
meability is also important. Hyaluronic acid’s
grid in the form of a gel is a kind of filter
that holds up microbial and other large mol-
ecules that get into the body. The rupture of
glycoside bonds in the chains of hyaluronic
acid causes its depolymerization. As a re-
sult, the filtering system is violated, various
molecules get in between the cells, including
large ones, intercellular water is accumulat-
ed, which is kept by whole polymer (edema
develops). A special enzyme of hyaluroni-
dase secretes into the intercellular space in
the cells of the body, and can increase inter-
cellular permeability. Therefore, hyaluroni-
dase is called the permeability factor. Some
bacteria contain hyaluronidase-like enzyme,
which allows them to penetrate into the in-
tercellular space from the bloodstream (Gi-
annobile et al., 1993; Jackson et al., 1991;
Jones et al., 2000; McCulloch, 1994; Mose-
ley et al., 2002) [10, 19, 20, 29, 30].

In the pathogenesis of gingivitis and peri-
odontitis, the role of the biofilm proteinases
is important, when the activity of acid and
faintly acid proteinases of dental deposits
and gum tissues increases 4-5 times. The
degradation of glycoproteins and other pro-
teins of periodontal tissues accompany this
process (Kordiiak, 2011) [24]. The enzymes
of beta-glucuronidase, hyaluronidase, be-
ta-N-acetylhexosaminidase and chondroitin
sulfatase are actively involved in the cleavage
of acid GAGs and glycoproteins of the intercel-
lular substance, periodontal cell membranes,
and thus cause the destruction of circular lig-
ament and periodontal tissues in general (Mc-
Culloch, 1994; Shyrobokov et al. 2003) [29,
37]. The degradation of the components of
extracellular matrix and the destruction of the
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HIOETbCH TaKOX | aKTUBHICTIO MaTPUKCHUX
meTtanonporteiHa3z (MMMN), ski ctaHoOBNATH
BEJINKY Ipyny CTPYKTYPHO cnopigHeHux dep-
MEHTIB, sKi po3wenntoTb b6inbwicte 6inkiB
NO3aKNiTUHHOIrO MaTpuUKcCy i 6azanbHoOi MeMb-
paHu. MNpu arpecmBHoMy nepebiry napoaoH-
TUTY AOECTPYKTMBHI npouecu yrnponoBX Ae-
KiNTbKOX MicsaUiB NMPpU3BOAsTb A0 HE3BOPOTHOI
BTpaTW TKaAHWH NapoAoHTa Ha YCiX piBHAX.
Pasom 3 TM, MMI BiaBeaeHa BaxueBa posib
Yy PO3BUTKY OCTEONOpPOTMYHOro npouecy Ki-
CTKOBOT TKaHuHM (Sorsa et al., 2004; Grinin
et al.,, 2011) [39, 13]. Ua rpyna depmMeHTIB
aKTUBHO 3a4isiHa y npouecax agerpagauii naH-
utorie B3aemogii hakTopiB pocTy, UMTOKIHIB,
PEYOBMH, SKi 6epyTb y4acTb B anonTo3i i KJli-
TUHHIN aaresii. Pa3oM 3 iHWMMK NO3aKAiTUH-
HUMKW npoTeiHazamMu MMII 3agiaHi y 3ananb-
HOMY npoueci, peanisauii iIMyHHOI BignoBiai,
Koarynsauii, ¢isionorivyHin i noctpaHesin ne-
pebynosi TkaHuH. OgHak B yMOBax MaTos0-
rivHoro npouecy MMI1 BUKNMKAKOTb MOLWIKO-
O)XKEHHS TKaHWH Ha ycix piBHAX (Suomalainen
et al., 1991) [43]. MNMpuuynHoO NiABULLEHHS
akTMBHOCTI MMI1 3a TakuMx yMOB BBaxakTb
ancbanaHc Mixk MMM Ta iXHIMKM NokanbHO Ai-
YMMK [HTiBITOpaMM — TKAaHUHHUMMW iHTiIBITO-
paMu MaTPUKCHMX MeTanonpoTteiHas (TIMM)
(Ingman et al., 1996) [16].

Y niTepaTypHUX gxxepenax TpanistoTbCa MOBi-
JOMJIEHHSI CTOCOBHO BMBYEHHS piBHA Al y Kpo-
Bi ANSA Pi3HMX MaTONOryHMX CTaHIB, WO Cyrnpo-
BOOXKYOTbCS 3ananbHuM npouecom (Klishov et
al., 1990) [23]. 3okpeMa npeacraBsieHi gaHi, SKi
3acBigyvytoTb iIHPOPMATUBHICTb MOKA3HMKIB MeTa-
60oni3My UMX CNonyK Npu pereHepauii KicTKOBOI
TkaHuHKM (Riggz et al., 2000) [35]. Munbwe po3y-
MiHHS poni paKTopiB pOCTYy, LMTOKIHIB i mo3aksii-
TUHHUX MaTPUYHMX MOJIeKys Yy npolecax 3aro-
€HHS onucaHo y npaui DeCarlo A.A. Ta Whitelock
J.M. [4], ne aBTOpM BMBYaANWN renapaH-cyabdar
NMO3aKiTUHHY MOJIEKYSY, fKa OTpuMana HasBy
nepnekaH. BmBuanmn Takox ii BaXXMBY poOsb Yy
noTeHuiani penapaTMBHUX MPOLECIB KiCTKOBOI
TKaAHWHW aNbBeONISPHOro BiapOCTKa, a caMe CTu-
Myt0BasIbHUIN BMJIMB Ha KAITUHHY aaresito, npo-
nidepadito, andepeHuiaudito Ta aHrioreHes (Ioz-
zo and San Antonio, 2001) [17].

OTKe, 3rigHO 3 aHani3oM niTepaTtypHUX AaHUX
AKTMBHOK € pofib Cy/bdaToBaHUX i HeCysb-
daTtoBaHmx [Al y npouecax penapaTMBHOIO
OCTeoreHesy TKaHWH MNapoAoHTa. 3aroeHHS K
KOMMJIEKCHUA AMHAMIYHMIA npouec peanisyeTb-
CS i3 BKJ/IIOYEHHAM PO3UYMHHUX MeaiaTopiB, Ki-

a4

periodontal tissue is also caused by the activ-
ity of matrix metalloproteinases (MMPs),
which represent a large group of structurally
related enzymes breaking down most of the
proteins of extracellular matrix and basement
membrane. Destructive processes in the ag-
gressive course of periodontitis, which last
for several months, lead to irreversible loss
of periodontal tissues at all levels. However,
MMPs have an important role in the develop-
ment of osteoporotic processes in bone tis-
sue (Sorsa et al.,, 2004; Grinin et al., 2011)
[39, 13]. This group of enzymes is actively
involved in the processes of degradation of
the interaction chains of growth factors, cyto-
kines, substances that participate in apopto-
sis and cellular adhesion. Together with other
extracellular proteinases, MMPs are involved
in the inflammatory process, implementation
of the immune response, coagulation, physio-
logical and post- traumatic tissue reconstruc-
tion. However, in the presence of pathologi-
cal process MMPs cause tissue damage at all
levels (Suomalainen et al., 1991) [43]. The
reason for the increase in the MMPs activity
under such conditions is the imbalance be-
tween MMPs and their locally active inhibitors
- tissue inhibitors of matrix metalloproteinas-
es (TIMPs) (Ingman et al., 1996) [16].

There are reports in literary sources about
studying the GAG level in the blood at various
pathological conditions accompanied by the in-
flammatory process (Klishov et al., 1990) [23].
In particular, there is data indicating the infor-
mative value of the metabolic indexes of these
compounds in the regeneration of bone tissue
(Riggz et al., 2000) [35]. DeCarlo A.A. and
Whitelock J.M. [4] demonstrated a deeper un-
derstanding of the role of growth factors, cyto-
kines and extracellular matrix molecules in the
healing processes in their work, where the au-
thors studied heparan-sulfate extracellular mol-
ecule, which was named perlecan. Its import-
ant role in the potential of reparative processes
of the alveolar ridge bone tissue was studied
as well, namely, the stimulating effect on cell
adhesion, proliferation, differentiation and an-
giogenesis (Iozzo and San Antonio, 2001) [17].

Thus, according to the analysis of literary
data, the role of sulfated and non-sulfat-
ed GAGs in the processes of reparative os-
teogenesis of periodontal tissues is active.
Healing, as a complex dynamic process, is
implemented with the inclusion of soluble
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TUH KPOBi, KOMMOHEHTIB eKCTpaLentonsapHoro
MaTPUKCY i PEe3UCTEHTHUX KNITUH, Wo 6epyTb
y4yacTb Y BiAHOBNEHHI Ta TKaAHWHHINM iHTerpaduii
(Gotte, 2003) [11]. ®a3a 3ananeHHs BKJKOYAE
HabpsK TKaHMHW, eKCTpaBas3aLito K/iTUH KPOBI i
Yy NiacyMKy — hOpMyBaHHS KPOB'SHOIO 3rycrka.
Came y uelri MOMEHT MepBUHHOIO YLIKOAXEH-
HS TKaHWHW B EKCTpaLEesioNsapHOMY MaTPUKCi
Yy BiNbHOMY BUIIS4i NOYMHAKOTb BU3HAYaTMCA
clAl, dibpoHeKkTUH, nonepeyvyHo-3WnTi hopmMu
dibpuHYy, BITPOHEKTUH, TPOMOOCMOHAUH i Me-
Aiatopu 3ananeHHs (Selent and Kaleta, 2007;
Sugahara and Kitagawa, 2002) [36, 40]. Y no-
€OHaHHI 3 HabpsikoM TkaHWHK (Al 3B'a3yt0Tb
6arato Boau), Ui akTopn CNpuUsOTb JoKasli-
3auii 3amaneHHs, NepeLlKkoaXatTb MOro ne-
pexoAy Ha HaBKOJWLWHI TKaHUHKW, OpMYIOTb
CBOEPigHMI Bap’ep Ha WASXY MNOLMPEHHS iH-
dekuinHoro npouecy (Taylor and Gallo, 2006)
[44]. BinbHi c[Al’, aki 3B’93yt0TbCs 3 peuenTo-
pamu TpoOMBOUMUTIB, Y NOEAHAHHI 3 LUMTOKIHAMM
Ha ¢OHi BMCOKOI aKTMBHOCTI MPOTEONITUYHUX
depMeHTiB, CNpUsIOTb aKTMBaLii Takmx dakTo-
piB pocTy: dakTop pocty dibpobnacTiB, dak-
TOp pPOCTYy eHAoTenito, eniaepManbHuUn hakTop
poCTy Ta TpaHchopMmyBanbuit pakTop (Sugaha-
ra and Kitagawa, 2000) [41].

OTOX, Yy niTepaTypi npeacraBfieHO Yy3aranb-
HeHe dOpMYJIIOBaHHS OCHOBHMX MexaHi3MiB
Aii cynbdaTtoBaHux i HecynbdatoBaHux Al
NapoAoHTaNbHUX CTPYKTYp: 1) MpUrHiYeHHs
CUHTE3Y ninigiB; 2) NpUrHiYeHHs aKTUBHOCTI
NpOTEONITUYHUX (epMeHTIB; 3) MNpPUrHiYeHHS
CUHeprivyHoi Aii hepMeHTIB | KNCHEBMX paanKa-
niB; 4) 3HMXXeHHs b6iocnHTe3y MegiaTopiB 3a-
naneHHs 3a paxyHOK MacKyBaHHS BTOPUHHUX
AHTUIFEHHUX AETEepMiHaHT | MPUrHiYeHHs Xe-
MOTaKCUCy; 5) NpuUrHiyeHHs anonTto3y; 6) no-
6ynoBa KonlareHOBMX BOJIOKOH; 7) perynsuis
nponicdepauii kniTnH; 8) perynsuis 6iocnMHTesy
KOMTMOHEHTIB MiXKK/ITUHHOINO MaTtpukcy; 9) no-
ninweHHs npouecis Mikpoumpkynauii; 10) ne-
pebynoBa y CTpyKTypax npoTeornikaHis; 11)
perynsuis XoHapo- i ocTteoreHesy. Buuwesu-
KfageHe Aa€ 3MOory 3po3yMiTh K AOCNIOXKEHHS
B ranysi MosiekynspHoi Ta KniTUMHHOI 6ionorii
BM/IMHY/IN Ha PO3yMiHHS nepebiry natonoriy-
HUX MNpOLIECIB Yy KICTKOBiMW TKaHWHI, nepebiry
npoLeciB pernapaTMBHOIo OCTEOreHe3y Ta MOX-
JIMBOCTI iXHbOI Mogynsauii. Y cy4yacHin napo-
AOHTONOrIi HaMnepcneKTUBHILUMMK BBaXatoTb
niaxoAn 3i 3aCTOCYBaHHAM NPUPOAHUX peryns-
TopiB i3ioNoriyHMX i NaTONOriYHMX MPOLECIB,
sIKi No36aBneHi 6yab-sKOi TOKCUYHOI Aii Ha Kni-
TUHU Ta TKaHWUHU. CaMe TaknM NepcneKkTUBHUM
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mediators, blood cells, components of the ex-
tracellular matrix and resistant cells involved
in recovery and tissue integration (Gotte,
2003) [11]. The inflammation phase includes
swelling of the tissue, extravasation of blood
cells and, as a consequence, formation of a
blood clot. It is at this instant of the prima-
ry damage to the tissue in the extracellular
matrix that sGAGs, fibronectin, cross-linked
forms of fibrin, vitronectin, thrombospondin
and inflammatory mediators begin to be de-
termined in a free form (Selent and Kaleta,
2007; Sugahara and Kitagawa, 2002) [36,
40]. Combined with tissue swelling (sGAGs
bind much water), these factors contribute
to the localization of inflammation, impede
its transition to surrounding tissues, and
form a peculiar barrier on the way of the in-
fectious process extension (Taylor and Gallo,
2006) [44]. Free sGAGs that bind to plate-
let receptors, in combination with cytokines
against the background of high activity of
proteolytic enzymes, contribute to activation
of such growth factors as fibroblast growth
factor, endothelial growth factor, epidermal
growth factor and transforming factor (Suga-
hara and Kitagawa, 2000) [41].

Thus, a generalized formulation of the main
mechanisms of action of sulfated and non-sul-
fated GAGs of periodontal structures is pre-
sented in the literature: 1. Inhibition of syn-
thesis of lipids; 2. Inhibition of activity of
proteolytic enzymes; 3. Inhibition of synergis-
tic effect of enzymes and oxygen radicals; 4.
Reduction of biosynthesis of inflammation me-
diators due to masking of secondary antigen-
ic determinants and inhibition of chemotaxis;
5. Inhibition of apoptosis; 6. Construction of
collagen fibers; 7. Regulation of cell prolif-
eration; 8. Regulation of biosynthesis of the
intercellular matrix components; 9. Improve-
ment of microcirculation processes; 10. Rear-
rangement in structures of proteoglycans; 11.
Regulation of chondro- and osteogenesis. The
foregoing makes it possible to understand to
what extent research in the field of molecu-
lar and cellular biology has influenced the un-
derstanding of the course of pathological pro-
cesses in bone tissue, the course of reparative
osteogenesis processes and the possibility of
their modulation. The most promising in mod-
ern periodontology are considered to be the
approaches with the use of natural regulators
of physiological and pathological processes,
which are deprived of any toxic effects on cells
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areHToM € cynbdartoBaHi i HecynbdaToBaHi
AN, o6bnacTb 3aCTOCyBaHHS SIKMX Y MapoOAOH-
TONOriYHIM NpaKTULI € akTyanbHOW 1 NnoTpebye
NPOAOBXEHHS A0CNIOKEHHS.

and tissues. Sulfated and non-sulfated GAGs
are those promising agents, which application
in periodontal practice is relevant and requires
further study

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

24,

JIITEPATYPA/REFERENCES

Bartold PM. A biochemical and immunohistochemical study of the proteoglycans of alveolar bone. Jour-
nal of dental research. 1990 Jan;69(1):7-19.

Beloklitskaia GF, Pavlenko EM. Parodontologicheskii status liudei pozhylogo i starcheskogo vozrasta
[Periodontal status of people of elderly and old age]. Sovremennaia Stomatologia. 2013(2):117-20.
Biloklytska GF, Tiluhuzova NA, Perova HI. Znachennia lokalnykh ta systemnykh porushen antyoksydant-
noho homeostazu v rozvytku dystrofichno-zapalnykh zakhvoriuvan parodonta [Significance of local and
systemic disorders of antioxidant homeostasis in the development of periodontitis and inflammatory di-
seases of periodontal disease]. Materialy II (IX) Zizdu Asotsiatsii Stomatolohiv Ukrainy. Kyiv. 2004:195-6.
DeCarlo AA, Whitelock JM. The role of heparan sulfate and perlecan in bone-regenerative procedures.
Journal of dental research. 2006 Feb;85(2):122-32.

CHEN XD, FISHER LW, ROBEY PG, YOUNG MF. The small leucine-rich proteoglycan biglycan modulates
BMP-4-induced osteoblast differentiation. The FASEB Journal. 2004 Jun 1;18(9):948-58.

Chumakova YuH. Rol mistsevykh chynnykiv porozhnyny rota v rezorbtsii alveoliarnoi kistky u khvorykh
na parodontyt [The role of local factors in the oral cavity in alveolar bone resorption in patients with
periodontitis]. Implantolohia. Parodontolohia. Osteolohia. 2010(4):79-84.

Chumakova Yu.H. Yunatskyi parodontyt: poshyrenist, osoblyvosti diagnostyky, rezultaty likuvannia
[Juvenile periodontitis: prevalence, peculiarities of diagnosis, results of treatment]. Implantolohia.
Parodontolohia. Osteolohia. 2007;(1):85-92.

Danylevskyi MF, Borysenko AV, Politun AM. Terapevtychna stomatolohia. T.3. Zakhvoriuvannia parodonta
[Therapeutic stomatology. T.3. Periodontal disease]. Meditsina, Kyiv. 2008:164-70.

Genco RJ, Williams RC. Periodontal disease and overall health: a clinician’s guide. Yardley, Pennsylvania,
USA: Professional Audience Communications Inc. 2010.

Giannobile WV, Riviere GR, Gorski JP, Tira DE, Cobb CM. Glycosaminoglycans and periodontal disease:
analysis of GCF by safranin O. Journal of periodontology. 1993 Mar;64(3):186-90.

Gotte M. Syndecans in inflammation. The FASEB Journal. 2003 Apr 1;17(6):575-91.

Graber HG, Conrads G, Wilharm ], Lampert F. Role of interactions between integrins and extracellular
matrix components in healthy epithelial tissue and establishment of a long junctional epithelium during
periodontal wound healing: a review. Journal of periodontology. 1999 Dec 1;70(12):1511-22.

Grinin VM, Baiar U, Karaoglanova TB. Matriksnye metalloptoteinazy pri parodontite [Matrix metallopro-
teinases in periodontitis]. Stomatologia. 2011;(3):80-84.

Grzesik W], Frazier CR, Shapiro JR, Sponseller PD, Robey PG, Fedarko NS. Age-related changes in hu-
man bone proteoglycan structure Impact of osteogenesis imperfecta. Journal of Biological Chemistry.
2002 Nov 15;277(46):43638-47.

Hodovana OI. Zakhvoriuvannia parodontu (hinhivit, parodontyt, parodontoz) [Periodontal diseases (gin-
givitis, periodontitis, parodontosis)]., Lviv-Ternopil: Dzhura(in Ukrainian). 2009.

Ingman T, Tervahartiala T, Ding Y, Tschesche H, Haerian A, Kinane DF, Konttinen YT, Sorsa T. Matrix
metalloproteinases and their inhibitors in gingival crevicular fluid and saliva of periodontitis patients.
Journal of clinical periodontology. 1996 Dec 1;23(12):1127-32.

Iozzo RV, San Antonio JD. Heparan sulfate proteoglycans: heavy hitters in the angiogenesis arena. Jour-
nal of Clinical Investigation. 2001 Aug 1;108(3):349.

Iozzo RV. Matrix proteoglycans: from molecular design to cellular function. 1998.

Jackson RL, Busch SJ, Cardin AD. Glycosaminoglucans: molecular properties, protein interactions, and
role in physiological processes. Physiological reviews. 1991;71(2):481-539.

Jones M, Tussey L, Athanasou N, Jackson DG. Heparan sulfate proteoglycan isoforms of the CD44 hyal-
uronan receptor induced in human inflammatory macrophages can function as paracrine regulators of
fibroblast growth factor action. Journal of Biological Chemistry. 2000 Mar 17;275(11):7964-74.
Khomenko LA, Bidenko NV, Ostapko EI. Zabolevania parodonta u lits molodogo vozrasta: problema riska i diag-
nostiki [Periodontal diseases in young people: the problem of risk and diagnosis]. Stomatolog. 2006(1-2):54.
Kinane DF, Mombelli A. Periodontal Disease. Front Oral Biol. Basel, Karger. 2012;15:41-55.

Klishov AA, Grafova GYa., Khilova YuK, Gololobov VG. Kletochno-diferonnaia organizatsia tkanei i prob-
lema zazhivlenia ran [Cellular-differons tissue organization and the problem of healing wounds]. Arkhiv
Anatomii, Gistologii i Embriologii (in Russian). 1990;98(4):5-23.

Kordiiak AYu. Rol hlikoproteiniv bazalnoi membrany v formuvanni i vidnovlenni zuboepitelialnoho zied-
nannia [The role of glycoproteins of the basement membrane in the formation and restoration of the

46



Mpaui HTL Proc. Shevchenko Sci. Soc.
Megunyni Haykmn 2017, 2 (L) Medical sciences 2017, 2 (L)

Oornsg Review

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

39.

40.
41.

42.

43.

44,

45.

46.

tooth-epithelial joint]. Visn. Problem Biolohii i Medytsyny. 2011;(1):10-12.

Kulygina VN, Mohammad AM, Kozlova LL. Rezultaty issledovania rasprostranionnosti i struktury za-
bolevanii parodonta u lits molodogo vozrasta [Results of the study of the proliferation and structure of
periodontal diseases in young people]. Ukr. Stom. Alm.(in Russian). 2013(5):29-31.

Malyi DYu, Antonenko MYu. Epidemiolohia zakhvoriuvan parodonta: vikovyi aspekt [Epidemiology of peri-
odontal diseases: age-old aspect]. Ukrainskyi Naukovo-Medychnyi Molodizhnyi Zhurnal, (in Ukrainian).
2013(4):41-3.

Manton KJ, Leong DF, Cool SM, Nurcombe V. Disruption of Heparan and Chondroitin Sulfate Signaling
Enhances Mesenchymal Stem Cell-Derived Osteogenic Differentiation via Bone Morphogenetic Protein
Signaling Pathways. Stem cells. 2007 Nov 1;25(11):2845-54.

Mazur IP. Porushennia kistkovoho metabolizmu u khvorykh na heneralizovanyi parodontyt (kliniko-ek-
sperymentalne doslidzhennia) Chastyna 3 [Disorders of bone metabolism in patients with general-
ized periodontitis (clinical and experimental study) Part 3]. Implantolohia. Parodontolohia. Osteolohia.
2012;(2):70-74.

McCulloch CA. Collagenolytic enzymes in gingival crevicular fluid as diagnostic indicators of periodonti-
tis. Annals of the New York Academy of Sciences. 1994 Sep 1;732(1):152-64.

Moseley R, Waddington RJ, Embery G. Hyaluronan and its potential role in periodontal healing. Dental
Update. 2002 Apr 2;29(3):144-8.

Persson GR. Perspectives on periodontal risk factors. Journal of the International Academy of
Periodontology. 2008 Jul;10(3):71-80.

Pins GD, Christiansen DL, Patel R, Silver FH. Self-assembly of collagen fibers. Influence of fibrillar
alignment and decorin on mechanical properties. Biophysical journal. 1997 Oct 1;73(4):2164-72.
Rabenstein DL. Heparin and heparan sulfate: structure and function. Natural product reports.
2002;19(3):312-31.

Rees SG, Wassell DT, Embery G. Interaction of glucuronic acid and iduronic acid-rich glycosaminoglycans
and their modified forms with hydroxyapatite. Biomaterials. 2002 Jan 31;23(2):481-9.

Riggz BL, Melton III LDzh. Osteoporoz [Osteoporosis]: Per s angl. SPb.: BINOM (in Russian). 2000.
Selent J, Kaleta ], Li Z, Lalmanach G, Bromme D. Selective inhibition of the collagenase activity of
cathepsin K. Journal of Biological Chemistry. 2007 Jun 1;282(22):16492-501.

Shyrobokov VP, Borisenko AV, Hivonenko LI. Bakteriologicheskii spektr soderzhimogo parodontalnukh
karmanov u bolnykh generalizovannum parodontitom [Bacteriological spectrum of the content of pe-
riodontal pockets in patients with generalized periodontitis]. Sovremennaia Stomatologia (in Russian).
2003(2):29-32.

Smith AJ, Singhrao SK, Newman GR, Waddington RJ], Embery G. A biochemical and immuno-electron
microscopical analysis of chondroitin sulphate-rich proteoglycans in human alveolar bone. The
Histochemical journal. 1997 Jan 1;29(1):1-9.

Sorsa T, Tjaderhane L, Salo T. Matrix metalloproteinases (MMPs) in oral diseases. Oral diseases. 2004
Nov 1;10(6):311-8.

Sugahara K, Kitagawa H. Heparin and heparan sulfate biosynthesis. IUBMB life. 2002 Oct 1;54(4):163-75.
Sugahara K, Kitagawa H. Recent advances in the study of the biosynthesis and functions of sulfated
glycosaminoglycans. Current opinion in structural biology. 2000 Oct 1;10(5):518-27.

Sukmanskyi OI, Horokhivskyi VN. Glikozaminoglikany (GAG) i kistkova tkanyna [Glycosaminoglycans
(GAG) and bone tissue]. Visnyk Stomatolohii. 2009;(3):113-118.

Suomalainen K, Sorsa T, Saxén L, Vauhkonen M, Uitto V1. Collagenase activity in gingival crevicular fluid
of patients with juvenile periodontitis. Molecular Oral Microbiology. 1991 Feb 1;6(1):24-9.

Taylor KR, Gallo RL. Glycosaminoglycans and their proteoglycans: host-associated molecular patterns
for initiation and modulation of inflammation. The FASEB Journal. 2006 Jan 1;20(1):9-22.

Varki A, Cummings RD, Esko D, Freeze HH, Stanley P, Marth JD, Bertozzi CR, Hart GW, Etzler ME. Sym-
bol nomenclature for glycan representation. Proteomics. 2009 Dec 1;9(24):5398-9.

Zabolotnyi TD. Heneralizovanyi parodontyt [Generalized periodontitis] L.: HalDent (in Ukrainian).2009.

CraTtta Hagivwna 20.10.17

Micnga ponpautBaHHAa 17.11.17
MianucaHa ao apyky 20.12.17

47



