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PE3IOME

AKTyanbHicTb. 3axBOPIOBaHHA POTOBOI MOPOXHWHW Ta YPaKeHHs i CrnsoBoi
060MnoHKM HanexaTb A0 HalbinbLl akTyanbHUX MeandHux npobnem. OcTaHHIM Yacom
CMoCTepiraeTbCA 3Ha4YHe 3POCTaHHS PiBHS CTOMATONOrYHOI 3aXBOPKOBAHOCTI cepen
popocrux i pgiten. bnnsbko 93% HaceneHHs YkpaiHM notpebye CToMaTonorivyHoi
Aornomoru. YpaxeHHs TBEpAUX TKaHWH 3y6iB, TKaHNH NapoAoHTa Ta CnrM30BOi 060MOHKM
MOPOXHUHW pOTa € BAXIMBOI MEAMYHOI i colianbHO-eKOHOMIYHOK npobnemoto.
Haipo3noBCIOMKEHILUMMIW  CTOMATONONMYHMMUN  3aXBOPIOBAHHAMY Cepef  HacerneHHs
CBITY BM3HaHi Kapiec, NapoAoHTUT, IHDEKLiNHI Ta OHKOMOriYHI 3aXBOPIOBAHHSA, @ TAKOX
TpaBMaTWYHi Ta YPOMPKEHi NaToONOrivyHi 3MiHM B MOPOXHWHI poTa. Ha AymKy ekcrepris,
KapiosHi Ta 3ananbHi 3axXBOPKBAHHA MOPOXHWHM pOTa € OCHOBHUMMW MPUYMHAMMU
BMNagaHHsa 3ybiB. Y rmobanbHux macwrtabax npnbnusto y 30% nrogen noxunoro Biky
MOBHICTIO BiACYTHI NpMpoaHi 3you.

MeTta po60TK — NpoBeCTN aHani3 HayKoBMX [Keper, Lo CTOCYITLCA Pori 3ananeHHs
TBEpPAUX TKaHWH 3y6iB, 3aXBOPIOBaHb MapOAOHTY Ta CNMU30BOI OBGOMOHKM MOPOXHUHMU
poTa B pO3BUTKY CTOMATONOr4YHOI NaTonorii.

MaTtepianu Ta metoau. [Ina BMKOHaHHA poboTU 3acTocoByBaBCs GibniocemMaHTUYHMI
METOA, SKMM BKIOYAB BUBYEHHSI Ta aHani3 pesynbraTiB HayKoBUX [OOCHIOXKEHb,
onybnikoBaHuX y niTepaTypHUX [mKepenax Ta enekTpoHHUX pecypcax. OuiHioBanu
porb 3ananbHUX MPOLIECIB y CTOMATONOriYHI NaTomnorii Ha OCHOBI AaHWUX BIiTYU3HSAHMX
Ta iHO3eMHMX Nybnikauin.

Pe3synbrati Ta ix 06roBopeHHsA. 3ananeHHs € NpUPOAHOI0 3aXUCHOK BiAMOBIAAH0
OpraHiaMy Ha YyLKOAXEHHS. BOHO MoXe maTu rocTpuii, KOpOTKOTpMBanui xapaktep
abo nepeviTm B XPOHiYHY OpMY, LIO CYNPOBOMKYETbCA TpuBanum nepebirom
i PO3BMTKOM MaTonoriyHux 3miH. Hanbinbl gocnimkeHo MyHKUIE KMiTUH BpoaxXe-
HOrO IMYHITETY B MeXax 3anaribHOro Mpouecy € 34aTHICTb BUSBNSATY Ta po3ni3HaBaTu
NOTEHUINHO HebGe3neyvHi abo 4yXopigHi areHTW, Lo 3anyCcKkae 3axMCHIi MexXaHi3mu.
OpHak MeHLU BiAOMUM, X04a HE MEHLL BaXKIIMBMM, € BHECOK LMX KNIiTVH y 3aBepLuasbHi
CTapii 3ananeHHsi, 30KpeMa y 3aroeHHs paH, pereHepawilo 7 BiAHOBMEHHS MOLUKOA-
XeHuX TkaHuH. Lli npouecu HUWHI po3rNspaldTbCs AK  AKTUBHO  KOHTPONbOBaHi
" BUCOKOOPraHi3oBaHi, a He Sk MacvBHa peakuisi opraHiamy.

Makpodaru, K KniTMHW MIEMOIAHOrO NOXOMXKEHHS, BiAirpatoTh KIOYOBY posib y perynsuii
3ananeHHs Bi CTPUMYBaHHS YLIKOMXKEHb Y M'SKMX TKaHUMHAaX [0 NOCUIIEHHS 3ananbHoi
peakuji. IxHi OCHOBHI 3aBOAHHA BKIIOYAIOTb 3HMLLEHHS NaTOTEHHNUX MIKPOOPraHiamis,
3aNyYeHHs HLWKWX IMYHHUX KMiITUH OO0 30HW iHEKUil, OYMLLEHHs AiNsHKM Big Hag-
FIMLLKOBMX HeNTpodiniB, NPOAYKYBaHHSA CUrHarNbHMX MOMEKYN LWTOKIHIB i XEMOKIHIB,
a TaKoX aKTUBaLjilo aganTUBHOI iIMyHHOI BiANoBIAi, 3okpema nimdouuTis. Pesynsratom
LUMX npoueciB Moxe ByTn MOBHE OdyXaHHS 3 BiAHOBIEHHAM TKaHWH, KOHTPONbOBaHa
iHpekuia 3 noganbwmmM ibpo3om i pybutoBaHHAM abo X XpPOHiYHE 3ananeHHs y pasi
He3[aTHOCTI opraHiamy nogonaTu iHekLiito.

PisHomaHiTHI mMepiaTopy 3ananeHHs, WO BMPODOMATLCS Nig Yac NynbmriTy, rmMMboko
3MiHIOIOTE naTtodisionorito 3ananeHHs. barato 3 umMx megiaTopiB TakoX BUPOBNSAOTLCA
B 3[JOPOBill TKAHWHI Nynbnu, Ae BOHU NOB’A3aHi 3 disionoriyHnMm yHKUISMN i cnpus-
I0Tb NIATPMMLI romeocTasy Uiei TKaHuHW. BusiBneHHa mepiaTopiB MOXe [03BONUTU
Ham 3pobuTU BMCHOBOK MPO CTaH 3ananeHHd. OgHak mepiatopu 3ananeHHs MOXyTb
BidirpaBaTV AK NMO3WTUBHY, TaK i HEraTMBHY poOfb; AesKi 3 HWUX iHAYKYITb 3aro€HHS
i cnpusitoTb audepeHuitoBaHHI0 ofoHTObNacTiB. lNepexin OO 3aroeHHA Moxe OyTu
iHOYKOBAHUMA MPWUrHIYEHHAM HaAMIPHOT NpoAyKUii, a He MOBHUM MPUrHIYEHHSM.
OntumanbHa perynsuis CUHTE3y MediaTopiB BiAKpMBAE LUMAX [0 3arOEHHS 3ana-
NEeHHSA NyNbnu Ta BiAHOBMNEHHS LiNiCHOCTI MynbnapHOi TKaHWHW.
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AAS LUTYBAHHS:

BucHoBku. 3ananbHi npouecu B POTOBIN MOPOXHWHI BidirpaloTb KMAKYOBY pPoOrib
Yy PO3BUTKY CTOMAaTOMOrYHUX 3axXBOPKOBaHb, 30KpPeMa ypaxeHb TBEPAUX TKaHWH
3y6iB, NapoAoHTY Ta Crnv30BOi OBGOMOHKM MOPOXHWUHM poTa. 3ananeHHst Moxe matu
SIK TOCTPY, TaK i XPOHi4Hy ¢hopMy, WO BNAMBae Ha nepebir 3axBopitoBaHb, Takux
SIK MAPOAOHTUT, MHFIBIT Ta NynbMiT.

OcobnuBy yBary 3acnyroBye ponb Makpodaris y Moaynsidii 3ananeHHs 4Yepes
BUPOBMNEHHS LMTOKIHIB, SIKi MOXYTb iHAYKYBaTW MirpaLito  akTuBaLilo iHLIMX iMYyHHUX
KMITWH, CNPWUATU 3aroEHHI0 MOLUKOMAXEHUX TKaHWH abo Mnpu3BoAWTY [0 XPOHIYHOro
3ananeHHs 3a HeBignoBiAHOI iMyHHOI Bignosiai. LiuTokiHn, Taki sk IL-1, IL-6, TNF-a,
a TaKoX XEeMOKiHW € OCHOBHVWMM Megiatopamu 3ananeHHs, siki, BNvBaloun Ha TKa-
HWHW MapOAOHTY Ta Mynbnu 3y6iB, MOXYTb NPU3BOAUTU 4O MOCTYMNOBOMO PyWHYBaHHS
LIMX CTPYKTYP.

3MiHM B XEMOKIHOBOMY Ta UMTOKIHOBOMY Mpodpini npv nynbniTi W NapogoHTUTI
BKa3yloTb Ha MOXIMBICTb BM3HA4YEeHHS MEeBHUX Monekyr, 3okpema IL-6, IL-8 i MMIT,
sik GiomapkepiB Ans AiarHOCTWKW Pi3HUX CTafili 3ananbHuX npoleciB. XpoHiyHe 3ana-
NEHHs1 NPU3BOAUTL [0 CEPUWO3HMX YPaKeHb TKaHWH, L0 MOXe BMMaraty KOMMmekc-
HOro NiKyBaHHS Ta iHTepBeHLi Ans 3anobiraHHs BTpaTi 3y6iB.

OTxXe, BUBYEHHS MeXaHi3MiB iMyHHOI BiAnNoBiAi Ta 3anarnbHWUX NpoueciB y cToMaTonorii
€ KPUTUYHO BaXNUBUM Ansi po3pobku HOBUX nigxodiB A0 NpodinakTuky Ta NiKyBaHHS
CTOMATOMOrYHMX 3aXBOPIOBaHb. TifbKy 3@ YMOB MMGOKOr0 PO3yMiHHSI MOMEKYNSIPHUX
MeXaHi3MiB, WO CMPUYMHSIIOTL 3ananeHHsl, MoXHa eqeKTMBHO po3pobutv MeToau
niKyBaHHS, WO A03BONATb MiHIMI3yBaTM HaCnigKu CTOMAaTOMNOrMYHUX 3axBOpHOBaHb
Ta NOKPAaLLUMTN SKICTb XUTTS NaUieHTIB.

LeeyeHko O.M., lesuyeHko B.O. Ponb 3ananeHHs y po3BUTKY CTOMAaTOMOrYHWMX 3axBOpOBaHb. XapkiecbKull
cmomamonoeiyHull xypHan. 2025. T. 2, Ne 1(3). C. 78-91. DOI: https://doi.org/10.26565/3083-5607-2025-3-08
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ABSTRACT

Background. Oral diseases and lesions of the oral mucosa are among the most
pressing medical issues. In recent years, there has been a significant increase in
the incidence of dental diseases among both adults and children. Approximately 93%
of Ukraine’s population requires dental care. Lesions of the hard dental tissues,
periodontal tissues, and oral mucosa represent a major medical and socio-economic
problem. The most common dental diseases worldwide include caries, periodontitis,
infectious and oncological diseases, as well as traumatic and congenital pathologies
of the oral cavity. According to experts, carious and inflammatory diseases of the oral
cavity are the leading causes of tooth loss. Globally, around 30% of elderly individuals
have no natural teeth.

Purpose — to analyze scientific sources concerning the role of inflammation of
hard dental tissues, periodontal diseases and oral mucosa in the development of
dental pathology.

Materials and Methods. The study employed a bibliosemantic method, involving
the review and analysis of scientific studies published in print and electronic sources.
The role of inflammatory processes in dental pathology was assessed based on
domestic and international publications.

Results. Inflammation is a natural protective response of the body to injury. It may be
acute and short-term or become chronic, leading to prolonged progression and
pathological changes. The most studied function of innate immune cells in the inflam-
matory process is their ability to detect and recognize potentially harmful or foreign
agents, initiating defensive mechanisms. However, less known but equally important
is the contribution of these cells to the resolution of inflammation, including wound
healing, regeneration, and restoration of damaged tissues. These processes are
now considered actively regulated and highly organized rather than a passive
reaction of the body.

Macrophages, derived from myeloid lineage, play a key role in inflammation regulation,
ranging from limiting damage in soft tissues to enhancing inflammatory responses.
Their primary functions include destruction of pathogenic microorganisms, recruitment
of other immune cells to the site of infection, clearance of excessive neutrophils,
production of cytokine and chemokine signaling molecules, and activation of the
adaptive immune response, particularly lymphocytes. These processes may result
in complete recovery with tissue repair, infection containment followed by fibrosis
and scarring, or chronic inflammation if the infection persists.

Various inflammatory mediators produced during pulpitis significantly alter the patho-
physiology of inflammation. Many of these mediators are also produced in healthy
pulp tissue, where they are involved in physiological functions and help maintain
tissue homeostasis. The detection of specific inflammatory mediators may provide
insight into the state of inflammation. However, these mediators can have both
positive and negative effects; some promote healing and support odontoblast diffe-
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rentiation. Transition to healing may be induced by suppressing excessive produc-
tion rather than total inhibition. Optimal regulation of mediator synthesis paves the
way for pulp inflammation resolution and restoration of pulp tissue integrity.
Conclusions. Inflammatory processes in the oral cavity play a central role in the
development of dental diseases, particularly those affecting hard dental tissues,
periodontium, and oral mucosa. Inflammation may be acute or chronic, influencing
the course of diseases such as periodontitis, gingivitis, and pulpitis.

Particularly noteworthy is the role of macrophages in modulating inflammation through
cytokine production, which can either induce the migration and activation of other
immune cells, and promote tissue healing, or lead to chronic inflammation in the case
of a dysregulated immune response. Cytokines such as IL-1, IL-6, TNF-a, and chemo-
kines are the main inflammatory mediators that, by acting on periodontal and pulp
tissues, can lead to gradual destruction of these structures.

Changes in chemokine and cytokine profiles during pulpitis and periodontitis suggest
that certain molecules, particularly IL-6, IL-8, and MMPs, may serve as biomarkers
for diagnosing different stages of inflammation. Chronic inflammation leads to signi-
ficant tissue damage and may require comprehensive treatment and interventions
to prevent tooth loss.

Therefore, studying immune response mechanisms and inflammatory processes in
dentistry is critically important for developing new preventive and therapeutic appro-
aches. Only with a deep understanding of the molecular mechanisms underlying
inflammation can we develop effective treatments to minimize the impact of dental
diseases and improve patients’ quality of life.
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BCTYN

3axBOplOBaHHSA POTOBOI MOPOXHWHU Ta YpaXeHHs
il cnnsoBoi 00ONOHKM Hanexatb 00 HanbinbL akTyanb-
HUX MeguyHMx npobnem [1]. OcTaHHIM YacoMm crnocTtepi-
raeTbCs 3Ha4yHE 3pOCTaHHA pPiBHA CTOMATOMOriYyHOI
3axXBOpPIOBAHOCTI cepen gopocnux i giten. bnnsbko 93%
HaceneHHs YkpaiHn notpebye cTomartonoriYHoi Aono-
MOTU. YpaXeHHs TBEPAMX TKaHWH 3y6iB, TKaHWH NapOaoH-
Ta Ta cnu3oBoi 06OMOHKU MOPOXHUHW POTa € BaXKITUBO
MeAMYHOLO0 i coLiarnbHO-eKOHOMIYHOM Npobremoto [2].

Hanpo3noBCIOOKEHILLMMM CTOMATOMNOTNYHUMKN 3aXBO-
plOBaHHSIMM Cepefl HacerieHHsi CBiTY BU3HaHi Kapiec,
NapodoHTUT, iHPEKLINHI Ta OHKOMOriYHI 3aXBOPIOBaAHHS,
a TaKoX TpaBMaTWM4HI Ta BPOMPKEHI MaTOMOriYHi 3MiHM
B MOPOXHWHI poTa. 3a crnoBamMu €eKcnepTiB, Kapio3Hi
Ta 3ananbHi 3axBOPIOBaHHA MOPOXHWMHW pOTa € OCHOB-
HAMM NpuYMHaMKM BunagdaHHs 3y6iB. Y rnobanbHux
macwrtabax npubnusHo y 30% niogert NOXmnoro BiKy
NOBHICTIO BiACYTHI NpupoaHi 3yowm [1].

PotoBa MOpOXHMHA € OOHUM i3 HaNCKNagHiWmMxX
€KOmnoriYHnx MiKpoCepenoBMLL,  JIOACHLKOTO  OpraHiamy,
4e B3aemMopis MiX MikpobioTOl Ta iMyHHOK CUCTEMOHD
BW3HA4Ya€e sk CTaH 340POB’A, Tak i PO3BUTOK MaTOSOriN.
3ybn € yHikanbHMMK TBEpPAMMU CTPYKTypamu, siki npo-
HW3YIOTb Kinbka LlapiB TKaHWH (KICTKOBY, eniTenianbHy,
CrMOMyY4Hy), KOHTaKTYH4N 3 POTOBOIO MOPOXHUHOIO, LLIO 3a-
6e3nedye ixHIO yHKUiOHANbHY B3aEMOi0 i3 30BHiLU-
HiMM dbakTopamu. [XHA MNOBEPXHA BKPUTA  LUIMbHOW
GionniBkoto, WO MICTUTb OOHY 3 HaMPi3HOMaHITHILLIMX
MiKPOGHMX CNINbHOT B OpraHiami noguHK, NOCTynakynch
nuwe Mikpodnopi TOBCTOro KuliedHuka. Taka Mopdo-
dyHKUiOHanbHa opraHisauis CTBOPIOE AeKinbka iHTerpo-
BaHWX aHATOMO-(i3iONOrYHNX 30H, $SKi B3aEMOAIOTb
nig 4ac iHiuiauii Ta poO3BUTKY 3ananbHOro npouecy
B NMOPOXHWHI poTa.

Perynsuis iMyHo3ananbHUX NpoLEciB y LUMX yMoOBax
YacTKOBO 3yMOBIEHa iHOUBIAyanbHOK  CrPUAHATIN-

INTRODUCTION

Oral diseases and lesions of the oral mucosa
are among the most pressing medical concerns [1].
Recently, there has been a marked increase in the
incidence of dental pathologies among both adults and
children. Approximately 93% of the Ukrainian population
requires dental care. Lesions of the hard dental tissues,
periodontal tissues, and oral mucosa represent signifi-
cant medical and socio-economic challenges [2].

Globally, the most common dental diseases are
caries, periodontitis, infectious and oncological condi-
tions, as well as traumatic and congenital pathologies of
the oral cavity. According to experts, carious and inflam-
matory diseases of the oral cavity are the primary causes
of tooth loss. On a global scale, approximately 30% of
the elderly population are completely edentulous [1].

The oral cavity is one of the most complex ecological
microenvironments in the human body, where interac-
tions between the microbiota and the immune system
determine both health and disease states. Teeth are
unique hard structures that penetrate several tissue
layers (bone, epithelial, connective), maintaining direct
contact with the oral cavity and external factors. Their sur-
faces are coated with a dense biofilm that harbors
one of the most diverse microbial communities in the
human body, second only to the gut microbiota. This mor-
phofunctional organization creates several integrated
anatomical and physiological zones that interact
during the initiation and progression of inflammation in
the oral cavity.

The regulation of immunoinflammatory processes
in this environment is partially determined by individual
susceptibility and external environmental factors. Macro-
phages, as key cells of the innate immune system,
play a central role in orchestrating effective immune
responses in the oral cavity. Due to their functional
plasticity, they coordinate a broad range of processes —
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BIiCTIO MauieHTa Ta BMAMBOM 30BHILWHIX daKTopiB
cepenoBua. Makpodaru, gk Krno4oBi KNiTUHU BPOaXKe-
HOro IMyHITEeTY, BigirpaloTb LieHTpanbHy pornb Yy 3abes-
neyeHHi edekTMBHOI iMyHHOI BigNOBiAi B POTOBIN
NOPOXHWHI. 3aBOsKM CBOIM 30aTHOCTI A0 (PYHKLiOHanbHOT
NNacTUYHOCTI, BOHW KOOPOUHYKOTb LUMPOKUIA  CNEKTP
npoueciB Big iHiuiauii 3ananeHHs OO WMoro pesontouii,
a Takox 6epyTb y4acTb y NpoLecax 3aroeHHs Ta TKaHUH-
HOT pereHepau,ii [3].

3ananeHHs sicEH — Lie OCHOBHa NepefyMoBa PO3BUT-
Ky NapoOdOHTUTY, WO € OfHIE 3 HaWbINbLL MOLIMPEHNX
naTororin cepea HaceneHHs iHOYCTpianbHO PO3BUHYTUX
KpaiH. Llen ctaH € Kno4oBMM acnekToM MepBUHHOI
Ta BTOPVHHOI NpOMinakTukn napoaoHTuTy [4, 5].

BaranbHOBIOOMO, WO nynbna i AeHTUH YTBOPIOKOTb
€AVHY (hyHKUIOHaNbHY OAMHWLIO, sika 34aTHa pearysaTtu
Ha 30BHILLHI NogpasHuKkW, i Le pobuTb OEHTUHO-NYIb-
NoBWIA KOMMIEKC BaxnuBum Gap’epoM, 3gaTHUM 3axu-
watm 3you Big pi3HOMaHITHUX YLIKOAXEHb. TakuMm YMHOM,
0OoHTOBNacTV € KMiTUHaMK, siKi BUKOHYOTb (yHOaMeH-
TanbHy porb B iHiUiauil Ta NOCUNeHHi peakLii BpoaXeHoro
IMYHITETY, LLO CNpUSItOTb 3axMUCTy Mynbny Bi NaTOreHHUX
areHTiB. Kpim Toro, HegudepeHLUiioBaHi KMITUHU Nynbnn
Ta nonepeaHWKM O4OHTOONACTIB TakoX 34aTHI pearysaTty
Ha TpaBMUW, MOLYIIOKOYM iIMYHHY Bianosiapb [6].

AHania HaykoBoi niTepaTypu, NpucBsHYeHoi ocobnu-
BOCTSIM 3anasibHOro mnpoLecy 3a CTOMaTonoriyHoi nato-
norii, cnpuATMe YAOCKOHANEeHHI METOAIB AiarHOCTUKM
Ta NiKyBaHHA, 3HWXKEHHIO pPIiBHA  3axBOPHOBaHOCTI
M NOKpAaLLEHHIO NMOKa3HWKIB 300POB’A HAaCENEHHS.

MeTa po60TK — NpOBECTU aHarni3 HayKOBUX [Keper,
O CTOCYlOTbCA PpOMi 3ananeHHs TBepauMX TKaHWH
3y6iB, 3axBOptOBaHb MAPOAOHTY Ta CNM30BOI OBGOMOHKM
NMOPOXHWHU POTa B PO3BUTKY CTOMATONOrYHOI NaTonorii.

MATEPIAAU TA METOAU AOCAIAXEHHSA

[ns BUKOHaHHS poboTu 3acTtocoByBaBcsi Gibrioce-
MaHTUYHUA METOA, AKUA BKMOYaB BUBYEHHS Ta aHanis
pe3ynsTaTiB  HayKoBUX  [OCHILKEHb, OMy6nikoBaHUX
y niTepaTypHuUX [pKepenax Ta €ENeKkTPOHHMX pecypcax.
OuiHioBanu ponb 3ananbHuUX MpoueciB y cTomarorno-
riYHin natonorii Ha OCHOBI JaHUX  BITYM3HAHUX
Ta iHO3eMHUX ny6nikauii.

PE3YABTATU TA IX OBTOBOPEHHS

3ananeHHs € npupPOOHOK 3axXMCHOK BiANOBIAAK
opraHiamMy Ha YyLWKomXXeHHs. BOHO Moxe maTtu roctpum,
KOpPOTKOTpMBanun xapaktep abo nepenTtv B XPOHIYHY
dopmy, WO CynpOBOMKYETLCA TpuBanmum nepebirom
i pO3BMTKOM naTonoriyHux 3miH. Hanbinbw apocnimke-
HO (DYHKLIEID KNITUH BPOMKEHOrO iMYHITETY B Mexax
3ananbHOro Npouecy € 3AaTHICTb BUSBMAATW Ta po3nis-
HaBaTW MOTEHLINHO HebesneyHi abo uYyxOopigHi areHTw,
LLIO 3anycKae 3axMcHi MexaHiamy. OgHaK MeHLU BigOMUM,
X04a He MEHLU BaXINMBUM, € BHECOK LMX KNiTUH Y 3aBep-
LWanbHi cTagii 3ananeHHs, 30KpemMa y 3aroeHHs! paH, pere-
HepaLilo 1 BiQHOBIMEHHSI MOLUKOAKEHUX TkaHuH. Lli npo-
LeCu HUWHI po3rnagalTbCs AK aKTUBHO KOHTPOMbOBaHi
1 BUCOKOOPraHi3oBaHi, a He ik nacMBHa peakLis opraHiamy.

Makpodaru BigirpaloTe LeHTpanbHy pofb Ha BCiX
eTanax 3ananbHOro npouecy, BUCTynaw4m gk eeKTopHi
KniTMHK, Wwo 6e3nocepegHbO BrnMBalTb Ha nepebir

from the initiation of inflammation to its resolution —
and contribute to healing and tissue regeneration [3].

Gingival inflammation is the main precursor to the
development of periodontitis, one of the most prevalent
conditions in industrialized countries. This condition is
a key target for primary and secondary prevention of
periodontal disease [4, 5].

It is well established that the pulp and dentin form
a single functional unit capable of responding to external
stimuli, making the dentin-pulp complex a critical barrier
protecting the tooth from various insults. Odontoblasts
play a fundamental role in initiating and amplifying
innate immune responses, thereby defending the pulp
against pathogens. In addition, undifferentiated pulp
cells and odontoblast precursors are capable of respon-
ding to injury by modulating the immune response [6].

The analysis of scientific literature on the peculiarities
of the inflammatory process in dental pathology will
contribute to the improvement of diagnostic and thera-
peutic approaches, the reduction of disease incidence,
and the enhancement of public health indicators.

Objective — to analyze scientific sources concerning
the role of inflammation of hard dental tissues, perio-
dontal diseases and oral mucosa in the development
of dental pathology.

MATERIALS AND METHODS

The study employed a bibliosemantic method,
involving the review and analysis of scientific studies
published in print and electronic sources. The role of in-
flammatory processes in dental pathology was asse-
ssed based on domestic and international publications.

RESULTS AND DISCUSSION

Inflammation is a natural protective response of the
body to injury. It can be acute and short-term or transi-
tion into a chronic state characterized by prolonged
progression and pathological tissue changes. The most
studied function of innate immune cells in the inflamma-
tory process is their ability to detect and recognize
potentially harmful or foreign agents, triggering protective
mechanisms. However, less known but equally important
is the contribution of these cells to the resolution of
inflammation, including wound healing, regeneration,
and restoration of damaged tissues. These processes
are now considered actively regulated and highly orga-
nized rather than a passive reaction of the body.

Macrophages play a central role at all stages of
inflammation, acting both as effector cells that directly
influence the course of inflammation and as regulators
that coordinate the immune response. Their capacity for
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3anarneHHs, Tak i ik perynstopu, siki KOOpAUHYHOTb IMYHHY
Bignosiab. OcobnuBMI iHTEpec BUKNWKaE iX 3AaTHICTb
00 dyHKUioHanbHOI cneuianisauii Ta apganTauii go
MiKpoOTO4YeHHS. Makpodharu, aki 3HaxogAaTbCA B TKaHMW-
Hax, BiQPi3HAIOTLCS Bid LIMPKYIIOUYUX Y KPOBi MOHOLUTIB
He nuwe micuem nokanisauii, a  HabopoM yHKLUIN,
LLIO BU3HAYaETLCSl yMOBaMM fiokarnbHoro cepegosuiia [3].

ICHYIOTb [IBa OCHOBHI 3aXBOpPHOBaAHHS, LLO BpaalTb
TKAHWHW POTOBOI MOPOXHWMHW Ta MOPYLIYOTb CTaH
CTPYKTYP, siKi NiaTpUMytoTb 3y6u. MNpw riHriBiTi 3ananeHHs
3adinae nuwe M’ski TKAHMHKU eniTenito Ta CnonyyHy Tka-
HUHY. HaTomicTb 3a napogoHTUTY 3ananbHuii npouec
MOLLUMPIOETLCS MUbLLE, BpaXkarun OMOPHi EnemMeHTH,
30Kpema arnbBeonsipHy kictky. O6uasa Ui CTaHu cnpu-
YMHEHi HakonmuyeHHAM OGakTepi Ha 3yOHili noBepxHi,
Lo 3anyckae iMyHHy BignOBiAb opraHiamy 3 copmMyBaH-
HAM KMiTUHHOrO 3ananeHHs. Ockinbkn M'siKi Ta TBepAai
TKaHWHW POTOBOI MOPOXHUHWU (PYHKUIOHYIOTb K €aunHe
uine, nogin iMyHHOI BigNOBiIAI Ha OKPEMi KOMMOHEHTU
€ YMOBHMM i He BpaxoBye CKnagHoi B3aemopii Mix 6ak-
TepisMu, KNiTMHaMmM Ta NO3aKmiTUHHUM MaTPUKCOM.

Makpodparn, SK KNiTUHU MIENOIGHOIO MOXOMKEHHS,
BigirpaloTb  KMNWOYOBY ponb Yy perynsauii  3ananeHHs
Bil CTPMMYBaHHS! YLLKOZXKEHb Y M’SIKUX TKaHWHaX 40 Nocu-
NEeHHs1 3ananbHoi peakuii. IXHi OCHOBHI 3aBOaHHS BKMHO-
YaroTb 3HULLEHHSI NATOFreHHMX MIKPOOPraHi3miB, 3any4eH-
HA HWKWX iIMYHHUX KIITUH OO 30HWU iHAeKUii, oYnLLEeHHS
OiNsHKM Bi4 HaAnULIKOBUX HeWTpodinie, NpoayKyBaHHA
CUrHanNbHUX MOMNEKYyNn UWUTOKIHIB i XeMOKiHIB, a TakoX
aKkTMBaLilo aganTMBHOI IMyHHOI BignoBidi, 3okpema nim-
douuTiB. Pesynsratom Uux npoueciB Moxe OyTn noBHe
oOyXaHHSI 3 BIQHOBMEHHSAM TKaHWH, KOHTPOSbOBaHa
iHcpekuis 3 noganbwmm  ¢iGpo3om i pybuUtOBaHHAM
abo X XpOHiYHe 3anarneHHs y pasi He3gaTHOCTI opra-
Hi3My nogonaTwu iHdekuito [3].

Konu 3ananbHui npouec HabyBae XpPOHIYHOro xa-
pakTepy, Ue Npu3BOAMTbL [0 MOCTYMNOBOrO PyWHYBaHHS
K M’SIKMX, TaK i TBEpPAUX TKaHWH, BKMOYHO 3 anbBeo-
NAPHOK KiCTKOK. Taka OeCTpyKuis € pesynsrtatoMm 3a-
NanbHOro MpoLEecy, L0 OMNOCEePEenKOBYE YLUKOMKEHHS
TKaHuH. Makpodaru pasom i3 HenTpodinamu BigirpatoTb
KMOYOBY pOrib Y 3HULLIEHHI MIKPOOpraHiamiB Ta iHLUMX
YYXOPIOHMX areHTiB wnaxom darountosy. Llein npouec
peanizyeTbCsl 4epe3 peuenTtopu Ha IiXHin NOBEpXHi,
SKi 30aTHi po3nidHaBaTu cneuudivHi Monekynu naro-
reHis, 3okpema ninononicaxapugu (J1rNC).

MpogykTn cekpedii Makpodarie, 30kpema LMTOKIHM,
MOXYTb BNNMBaTWM He NULLE Ha iIMYHHI KNiTUHW, a N Ha
KNITUHM iIHWKWX CUCTEM, Hanpuknag, HepBOBOi. Taka B3a-
€EMOAIS1 4aCTKOBO MOSACHIOETbCS 3OaTHICTIO LMUTOKIHIB
ceHcubinisyBaTn peLenTopu, Cepen siKMX pelenTopu,
aktuBoBaHi npoTeasoto (PARs). Ocobnusy yBary npuvai-
naTe PAR-2, akun, sik nokasaHo, Bigirpae 3HayHy porb
Npu XpOHIYHMX 3ananeHHsix. BusiBneHHs Henponentua-
HUX peuenTopiB Ha IMyHHWX KMNiTMHaX NiATBEpPOXYE Tic-
HUIA (PYHKUiOHANBbHUIA 3B’1I30K MK iIMYHHOIO Ta HEPBOBOIO
cMcTeMaMu, L0 MOXe perynioBaTv 3ananbHy BianoBiab
yepes peuenTopu, 3B’A3aHi 3 G-b6inkamu, a Takox TRPV1
(BaHinoigHun peuentop 1-ro TWUMy), aKTUBHICTb SKOro
3pOCTa€e MPW XPOHIYHMX 3ananbHUX 3aXBOPHBAHHSIX.
TakoXX BCTAHOBMEHO, WO LUWUTOKIHW 34aTHi MoaynoBaTh
ekcnpecito cybctanuii P i Bignosigb Ha JTTC. Llel Helipo-
nentug, y CBOK 4epry, 3MmeHwye cekpeuito TGF-f
Makpodaramm Ta CTUMYNoe yTBopeHHs IL-6. Y nabo-
patopHux ymoBax (in vitro) gooBegeHo, WO Makpodaru

functional specialization and adaptation to the micro-
environment is of particular interest. Tissue-resident
macrophages differ from circulating blood monocytes
not only in location but also in functional profiles deter-
mined by the local tissue environment [3].

Two main diseases affect the tissues of the oral
cavity and compromise the structures supporting the
teeth. In gingivitis, inflammation affects only the soft
tissues — epithelium and connective tissue. In contrast,
periodontitis involves a deeper inflammatory process
that affects supporting structures, including the alveolar
bone. Both conditions are triggered by bacterial accu-
mulation on the tooth surface, which activates the host
immune response and leads to cellular inflammation.
Since soft and hard oral tissues function as a unified
system, separating immune responses into isolated
components is conditional and fails to account for the
complex interactions among bacteria, host cells, and
the extracellular matrix.

Macrophages, as cells of myeloid origin, play a key
role in the regulation of inflammation — from limiting
damage in soft tissues to amplifying the inflamma-
tory response. Their primary functions include pathogen
elimination, recruitment of additional immune cells to
the infection site, removal of excess neutrophils, pro-
duction of cytokine and chemokine signaling molecules,
and activation of the adaptive immune response, parti-
cularly lymphocytes. These processes can lead to
complete recovery with tissue restoration, infection con-
tainment with subsequent fibrosis and scarring, or chro-
nic inflammation if the infection cannot be resolved [3].

When inflammation becomes chronic, it leads to
progressive destruction of both soft and hard tissues,
including the alveolar bone. This destruction results
from inflammatory processes that mediate tissue
damage. Macrophages, together with neutrophils, are
main players in eliminating microorganisms and foreign
agents through phagocytosis. This process is mediated
by surface receptors recognizing specific pathogen-
associated molecules, such as lipopolysaccharides (LPS).

Macrophage secretion products, particularly cytokines,
can affect not only immune cells but also cells of other
systems, including the nervous system. This interaction
is partly explained by the ability of cytokines to sensitize
receptors, such as protease-activated receptors (PARs).
Particular attention is given to PAR-2, which has been
shown to play a significant role in chronic inflammation.
The discovery of neuropeptide receptors on immune
cells confirms the tight functional relationship between
the immune and nervous systems, which may regulate
the inflammatory response through G-protein-coupled
receptors and TRPV1 (transient receptor potential
vanilloid 1), which is upregulated in chronic inflammatory
diseases. It has also been established that cytokines
can modulate the expression of substance P and the
response to LPS. This neuropeptide, in turn, reduces
macrophage secretion of TGF-f and stimulates IL-6 pro-
duction. In vitro, macrophages have been shown to inde-
pendently synthesize substance P in response to LPS.

Macrophages are also efficient antigen-presenting
cells, expressing major histocompatibility complex class Il
(MHC 1l) molecules and activating T cells via co-stimu-
latory signals. Their functional state depends on cues
from the microenvironment, which can induce macro-
phage polarization. Classically activated macropha-
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MOXYTb CaMOCTIIHO CUHTE3yBaTu cyOcTaHuiio P y Bia-
nosigb Ha JINC.

Makpodparu Takox 3aaTHi edpeKTMBHO npe3eHTyBaTu
aHTWUIeHW, BpaXkakyM MOIEKYNM FONOBHOMO KOMMIEKCY
rictocymicHocTi (MHC 1) i aktuBytoum T-kniTHM 3aBASKK
KO-CTUMYIIIOIOUMM CUrHanam. Ix cyHKUiOHanbHW cTaH
3anexuTb Big BMNNUBY MIKPDOOTOYEHHS, L0 MOXE 3yMO-
BUTU nonspusadito mMakpodaris. KnacuMyHo akTuBOBaHi
makpodarn (M1) iHgykytoTbea nig  BnnuvBom IFN-y
Ta JIMNC i matoTb BMpaxeHy npo3anarnbHy akTUBHICTb.
AnbTepHaTUBHO akTMBOBaHi Makpodarn (M2) dopmy-
10TbCs Y Bignosigb Ha IL-4 abo IL-13 i GepyTb y4yacTb
Yy BMpILIEHHI 3ananeHHsi, Malyn oBMexXeHy 3aaTHICTb
00 NpoayKyBaHHSA npo3ananbHuX UMTOKIHIB. Cekpeuiqa
LIMTOKIHIB | XEMOKiHIB Makpodaramu € Knio4oBUM YUHHU-
KOM iHiUiauii i po3BuTKy iMyHHOI Bignosiai. Lii monekynu
B3aEMOZIt0Tb MiX coboto, nigcuniooTb abo, HaBnaku, Npu-
rHiYYIOTb aKTMBHICTb OAHa OAHOI, BNNMBaOUYN Ha PYHKLUIT
KNITUH-MILLEHEN, a TaKoX iX peuenTopHy YyTnMBICTb.
Kpim Toro, BignoBiab 3anexuTb He nuule Big NpucyT-
HOCTi KOHKPETHOrO LIMTOKIHY, a i Big MOro KOoHUeHTpaLii.
OcHOBHMM bakTOpoM perynauii  npoaykuii  UUTOKIHIB
BUCTYNae TpaHckpunuiiiun daktop NF-kB, sikun aktu-
BYETbCS B iApaXxX iMyHHUX KITITUH.

LinTokiHn MOXyTb NPOAYKYBaTUCS HEe TifbKM Makpo-
cdaramu, ane N iHWKMMW KNiTMHaMW — enitenianbHUMn
kniTnHamu, cibpobnactamm Ta Hentpodpinamm, npucyT-
HiIMW B TKaHWMHaX napogoHTa. [lepwmmn megiatopamu,
WO BCTynawTb Yy A0 Npu MIKpOGHOMY pO3ni3HaBaHHi,
€ UUTOKIHM BpoaxeHoi iMyHHoI Bignosiai — TNF-a, 1L-1
Ta IL-6. IL-1B Ta IL-6 aKTMBHO CUHTE3yIOTbCA Makpoda-
ramu, Cnpusitoum Mmirpadii KniTUH i CTUMynoKYN OoCTeo-
knactoreHe3. TNF-o BUKOHY€E LUMPOKMIA CNEKTP PYHKLiN —
Bid aKkTMBauii MirpauiiHMx npoueciB 0o Aerpagaudii
TKaHVH. BiH peryntoe ekcnpecito Mmonekyn aaresii, iHayKkye
XeMOKiHM i cnpusie mobinisauii kniTMH 0o ypaxeHux Aai-
naHok. TNF-a Takox KOopAWHYE CUHTES iHLLMX LIUTOKIHIB,
Takux sk IL-1B i IL-6, i 6epe yyacTb y Aerpagauii nosa-
KNITMHHOTO MaTpuKcy Ta pe3opbuii KiCTkM Yepe3 cTUMy-
nsauito ekcnpecii metanonpoteitas (MMP) i RANKL [3].

Micna npoHWKHEHHs1 GakTepianbHUX NoApasHUKIB
Y TKaHVHY Nynbnu, ik NpaBuo, Yepes KapiosHe ypaxkeH-
HA abo TpaBMaTM4HO OrONEHWA AEHTUH, MOYUMHAETLCS
nokanisoBaHe 3anarneHHs nynbnu B AiNsHUi HaBKOMO
Micus NepPBUHHOIO BUKIUKY B KOPOHKOBIV Mynbni. [oTim
3ananeHHsl Mynbnu NOLIMPIOETLCS HA TKAHWHU KOpeHe-
BOI Nynbnu. KniHiyHo nynbniT knacudikyetbes sik 060poT-
HWUIA NyNbniT abo HE3BOPOTHUIA MyNbMIT, NPUYOMY OCTaH-
Hi NOAINAETBCA HA CUMMNTOMAaTUYHUIA | BE3CUMNTOMHUI
HE3BOPOTHWI NynbniT [7].

3BOpOTHWUI NyNbNIT 3a3Bu4yan nporpecye OO He3BO-
pOTHOrO NynbMiTy, ane roctpa MaicpecTtauis He3BOPOT-
HOro NynbniTy 3anexuTb Big 6anaHcy Mk cTyneHem
GakTepianbHOi iHBa3ii Ta aKTUBHICTIO 3aXMCHUX CUCTEM,
NPUCYTHIX Y TKaHWHaxX nynbnu [8].

Xoua kniHiYHa knacudikauis nynbnity He moxe GyTn
CTPOro npue’si3aHa [o ricTonaTosnoridHoi Knacudikauii,
XapakTtep 3ananbHoi peakuii, Wo BWHWKAE npwu 3ana-
NeHHi nNynbnu, No CyTi, HiYMM He BiOpI3HAETLCA Big 3a-
naneHHs B iHWWX YacTuHax Tina. OpgHak, OCKiNbKu
nynbna po3TalloBaHa B HECNPUATIIMBOMY CEPELOBMULLI,
OTOYEHOMY MiHepanisaoBaHUMW TKaHWHaMM, BHYTPILLHbO-
nynbnapHWM TUCK 3poCcTae 3 NporpecyBaHHAM ekcyaallii,
IO CNPUYMHSIE CTUCHEHHSI KPOBOHOCHWX CYAMH, nepe-

ges (M1) are induced by IFN-y and LPS and are highly
pro-inflammatory. Alternatively activated macropha-
ges (M2) arise in response to IL-4 or IL-13 and are
involved in inflammation resolution, exhibiting limited
production of pro-inflammatory cytokines. The secretion
of cytokines and chemokines by macrophages is a key
factor in initiating and developing the immune response.
These molecules interact, either enhancing or inhibi-
ting each other’s activity, affecting the functions of target
cells and their receptor sensitivity. Moreover, the immune
response depends not only on the presence of specific
cytokines but also on their concentrations. The main
regulator of cytokine production is the transcription factor
NF-kB, which is activated in the nuclei of immune cells.

Cytokines are produced not only by macrophages but
also by other cells, such as epithelial cells, fibroblasts,
and neutrophils present in periodontal tissues. The first
mediators involved in microbial recognition are innate
immune cytokines — TNF-qa,, IL-1, and IL-6. IL-1p and IL-6
are actively synthesized by macrophages and pro-
mote cell migration and stimulate osteoclastogenesis.
TNF-a has a wide range of effects — from activating
cell migration to tissue degradation. It regulates adhe-
sion molecule expression, induces chemokines, and
facilitates cell mobilization to affected sites. TNF-a also
coordinates the synthesis of other cytokines, such as
IL-1B and IL-6, and contributes to extracellular matrix
degradation and bone resorption by inducing matrix
metalloproteinases (MMPs) and RANKL expression [3].

When bacterial irritants penetrate the dental pulp,
typically through carious lesions or traumatically exposed
dentin, localized pulp inflammation begins in the area
surrounding the initial trigger in the coronal pulp. The in-
flammation then spreads to the root pulp tissues.
Clinically, pulpitis is classified as reversible or irreversible,
with the latter further divided into symptomatic and
asymptomatic irreversible pulpitis [7].

Reversible pulpitis often progresses to irreversible
pulpitis, but the acute manifestation of the latter depends
on the balance between bacterial invasion and the host
defense mechanisms, present in the pulp tissues [8].

Although the clinical classification of pulpitis cannot
be strictly tied to histopathological classification, the
nature of the inflammatory response in pulp inflammation
is essentially no different from inflammation in other
parts of the body. However, since the pulp is located in
an unfavorable environment surrounded by mineralized
tissues, intrapulpal pressure increases with the progre-
ssion of exudation, causing compression of blood
vessels and impairing pulpal blood circulation. Impaired
blood flow and associated hypoxia significantly alter
the pulp inflammation [9, 10].

To counteract exogenous harmful stimuli, the pulp
tissue has a self-defense capacity against bacterial
invasion from dentinal tubules through the formation
of reparative dentin, while resident and recruited immune
cells eliminate bacterial products that reach the pulp [7].
The dense sensory innervation of the pulp suggests
that, beyond generating pain as a warning signal, neuro-
genic inflammation plays a major role in its pathophy-
siological responses. Neurogenic inflammation involves
vasodilation and increased vascular permeability due
to the release of neuropeptides, such as substance P,
from sensory nerve fiber endings [11].
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LUKOMXakouM KpoBoobiry B nynbni. MopyLleHHs KpoBo-
06iry Ta cynyTHSl TriNOKCisi CNPUYMHSIIOTL rMMOOKI Moau-
dikauii 3ananeHHs nynonu [9, 10].

LLlo6 BnopaTucs 3 ek30reHHUMU LIKIANMBUMMK Noapas-
HUKaMW, TKaHWHA NynbnyM Mae 34aTHICTb 40 CaMO3aXUCTy
Big GakTepianbHOI iHBa3ii 3 AEHTUHHMX KaHamnbLUiB LUNs-
XOM hOpPMYBaHHSI penapaTtuBHOroO AEHTUHY, a PE3NAEHTHI
Ta pekpyToBaHi IMYHHi KMiTUHU YyCyBalTb NPOAYKTM
XKUTTeRisANbHOCTI BakTepin, ki noTpanunu B nyneny [7].
LinbHa ceHcopHa iHHepBauis nynbnu BKasye Ha Te,
WO, KpiM BUKNMKaHHA OOM sk nonepenKyBarnbHOro
curHany, HemporeHHe 3ananeHHs mMoxe OyTu rnmnboko
3agisHe B NaTtodidionoriyHMx peakuisx Uiei TKaHWHW.
HelnporeHHe 3ananeHHss BKNoYae Basogunartadito,
a CyQuHHa MPOHMKHICTb 30inbLUyeTbCA 4Yepe3 BUBIMb-
HEHHs1 HelponenTuai, Takux sk cybcTaHuis P, i3 3akiH-
YeHb CEHCOPHUX HEPBOBMX BOSOKOH [11].

OpHak, skwo 6akTepianbHa iHdekUuis 3 poToBOi
NMOPOXHUHM He 3HMKAaeE, NynbMiT MOLMPIETLCA Bif KO-
POHKOBOI 4YaCTMHU A0 BepxiBKW. 3peLuToro nynbna crae
HEKPOTM30BaHOK, @ 3aXMCHi MexaHi3aMu nynbnoBoi TKa-
HWHK GinblUe He CnpaLboBYOTb, LLIO BPELUTI-peLUT Npu3Bo-
OWTb 0o BTpaTtu 3yba.

PisHomaHITHI MegiaTopy 3ananeHHsl, Wo BUpobnsi-
I0TbCA Nig Yac nynbniTy, rMuBoKo 3MiHIKTL naTtodisio-
norito  3ananeHHsa. barato 3 uux MegiatopiB Takox
BMPOONSOTECA B 300POBIM TKAHUHI Nynbnu, A€ BOHU
noe’sisaHi 3 disionoriyHMMN  PYHKUIAMKU | CNpUsIOTb
NiATPUMUI romeocTasy L€l TKaHUHW.

IMyHOKOMNETEHTHI KNiTUHK, Taki 9Kk Makpodparu, ycy-
BaloTb GakTepii Ta NPOAYKTU XUTTEQIANBHOCTI GakTepin,
AKi NPOHWKalTb B NynbMny Yepe3 OEHTUHHI KaHanblj,
a aKkTMBOBaHi Makpodary BMPobnsaTb Pi3Hi BMAM NpO-
3ananbHux megiatopis [7].

TunoBi npo3ananbHi UWTOKIHW, Taki sk iHTepnewnkiH
(IL)-1, IL-6, IL-12, IL-18, iHTepdepoH (IFN)-y Ta dakTop
Hekpody nyxnuH (TNF)-a, cuHTe3yloTbCa nepeBaxHO
M1-makpodbaramn npu 3ananeHHi nynbnu. Cepen umx
LMTOKIHIB nmiaBuLeHi piBHi IL-6 Bynu BusiBNeHi B pi3HUX
TMNax 3paskiB, BKMKOYaOYM TKaHWHY nynbnu [12], nynb-
napHy kpoB [13] i AeHTUHHY piauHy [14], oTpumaHy i3 3a-
nanexHux nynen. Lle ceigumtb npo Te, wo IJ1-6 € noteH-
UiiHUM OiomapkepoM, SKUA MOXe PO3Pi3HATM CTaH
Nynbnu MiXX 30OPOBOI0 Ta HE3BOPOTHLO 3ananeHoto [15].

KniHiyHO nynbRiT YacTo po3rnsaaeTbCs SK XPOHiYHEe
3ananbHe YpaXeHHs, sike MOXe roctpo TpaHcdopmyBa-
TUCS, KOMWU 3aXWCHi MOXIMBOCTI OpraHiamy MnopyLuytTb-
cq [16]. Yepes xpoHidyHy npupoay nynbniTy B 3ananeHin
nynbni HAaKOMUYYETLCA BenuKa KinbKicTb T-nimdoumTis,
a UMTOKiHM, Wo BupobnsawTbea T-niMdountTamm, Takox
6epyTb yyactb y natoreHesi nynbnity [17]. OcHOBHWUM
Th1 edektopHum uuTokiHOM € IFN-y, akuii akTuBye
Makpodparn. [o noxigHmx Th17 uMUTOKIHIB Hanexartb
IL-17A, IL-17F, IL-21 T1a IL-22, a TakoXx nosigomMnsino-
€S Npo HasBHiCTb IL-17 y 3ananeHin TkaHuHi nynbnu [18].

No «kntoyoBux Th2-uutokiHiB Hanexatb IL-4, IL-5,
IL-10 Ta IL-13. 3okpema, IL-10 mae noTyxHi NpoTu3a-
nanbHi BMNAcTUBOCTI i Bigirpae LeHTparnbHy ponb B 0bme-
XEeHHi iMyHHOI BignoBiai opraHiamy Ha natoreHu [19].
IJ1-10 Takox BMpoOnsieTbcs Makpodaramu Tuny M2,
Aki B nepwy 4Yepry OepyTb yyacTb Yy 3aroeHHi paH
i BIAHOBMEHHI TKaHWH i KnacudikytloTbCA Ha Kinbka nig-
Tunis (M2a-d) [20].

OunHamika umx KniTUH Npyv NynbniTi WwWe He MOBHICTIO
3'sacoBaHa. PiBeHb IL-10 y nynbnapHin KpoBi 3Ha4YHO BU-

However, when bacterial infection persists in the oral
cavity, pulpitis spreads from the coronal part to the apex.
Eventually, the pulp becomes necrotic, and its defense
mechanisms fail, ultimately resulting in tooth loss.

Various inflammatory mediators produced during
pulpitis significantly alter the pathophysiology of inflam-
mation. Many of these mediators are also produced
in healthy pulp tissue, where they are associated with
physiological functions and contribute to maintaining
tissue homeostasis.

Immunocompetent cells like macrophages eliminate
bacteria and their metabolic byproducts that enter the
pulp via dentinal tubules, while activated macrophages
produce various pro-inflammatory mediators [7].

Typical pro-inflammatory cytokines, such as inter-
leukin (IL)-1, IL-6, IL-12, IL-18, interferon (IFN)-y, and
tumor necrosis factor (TNF)-o are predominantly syn-
thesized by M1 macrophages during pulp inflammation.
Among them, elevated IL-6 levels have been identified
in different sample types, including pulp tissue [12],
pulpal blood [13], and dentinal fluid [14] obtained from
inflamed pulps. This suggests that IL-6 may serve as
a potential biomarker for distinguishing between healthy
and irreversibly inflamed pulp [15].

Clinically, pulpitis is often considered a chronic
inflammatory condition that can acutely worsen if the
host’'s defense systems are compromised [16]. Due to
its chronic nature, inflamed pulp accumulates a large
number of T-lymphocytes, and cytokines produced
by these T-lymphocytes also contribute to pulpitis
pathogenesis [17]. IFN-y is the primary effector cyto-
kine of Th1 cells, responsible for macrophage activation.
Th17-derived cytokines include IL-17A, IL-17F, IL-21,
and IL-22. The presence of IL-17 has been also reported
in inflamed pulp tissue [18].

Key Th2 cytokines include IL-4, IL-5, IL-10, and IL-13.
Notably, IL-10 has strong anti-inflammatory properties
and plays a crucial role in limiting immune responses
to pathogens [19]. IL-10 is also produced by M2 macro-
phages, which are primarily involved in wound hea-
ling and tissue repair and are classified into several
subtypes (M2 a—d) [20].

The dynamics of these cells in pulpitis are still not
fully understood. IL-10 levels in pulpal blood are signi-
ficantly higher in samples with exposed caries and
irreversibly inflamed pulps compared to healthy pulps.
These elevated levels suggest that IL-10 helps suppress
excessive inflammatory response before irreversible
pulp damage develops.

Cytokines that induce the migration of inflammatory
or immunocompetent cells are specifically referred to as
chemokines. Chemokines are classified into four sub-
groups (CCL, CXCL, CX3CL, and XCL). They bind to
G-protein-coupled chemokine receptors and stimulate
target cell migration [21]. Chemokines also play crucial
roles in activating and polarizing macrophages toward
different functional phenotypes (M1, M2a, M2b, M2c).

Elevated expression of IL-8, classified as a CXCL
chemokine and a potent neutrophil chemoattractant,
has been observed in irreversibly inflamed human dental
pulp [13, 22—-24]. This suggests that IL-8 may serve as
a biomarker for diagnosing irreversible pulpitis [15].
In experimentally induced pulpitis in rats, the kinetics
of mRNA expression of CXCL1 (GRO-a), CXCL2
(GRO-B), and CCL2 (MCP1) correlate with neutrophil
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WM Yy 3paskax 3 OroflIeHNM KapieCoM Ta HE3BOPOTHLO
3ananeHux nyrnbn NOPIBHSAHO 3i 3pa3kamMu 3 HOPMarnbHUX
nynen. Li BuwWi piBHi MOXYTb BKasyBaTtu Ha Te, wpo IJ1-10
gie, wob npurnywmTn Oyab-sKy HagMipHy 3anarnbHy
peakLito 40 TOro, Ik BCTAHOBUTLCS CTaTyC HE3BOPOTHOIO
3ananeHHs nynbnu.

LntokiHn, wWo malTb BRAcTUBICTb iHOYKYBaTU Mi-
rpauito  3ananbHUX/iIMyHOKOMMETEHTHUX KNiTUH, cneLi-
anbHO Ha3MBalTbCH XEeMOKiHamMW. XeMOKiHW noains-
I0Tbcs Ha YoTupw nigknacu (CCL, CXCL, CX3CL ta XCL),
BOHW 3B’AI3YIOTbCS 3 XEMOKIHOBUMY peLenTopamu, MoB’si-
3aHUMKU 3 G-NpoTeiHOM, Ta iHAYKYIOTb Mirpauito KniTWH-
MileHen [21]. XeMOKiHM TakoX MatoTb KIOYOBi BnacTtu-
BOCTi aKTMBauii Ta nonspu3auii Makpodparis 40 Pi3HMX
dyHKuUioHanbHux deHotunis (M1, M2a, M2b, M2c).

MigBuweHa ekcnpecia IL-8, sakui knacudikyeTbcs
aK xeMokiH CXCL i € nOTyXXHUM XemoaTpakTaHTOM
HenTpoinie, BMABNAETLCA B HE3BOPOTHBLO 3ananeHux
nynbnax 3y6is nognHu [13, 22-24], wo Bka3ye Ha Te,
wo IL-8 moxe Oyt BuUKOpUCTaHWA sk Giomapkep
Ons giarHocTukM He3BopoTHOro nynbnity [15]. Mpu ekcne-
PUMEHTanNbHO BUKNWKAHOMY MNyNbNiTi Y LWYpiB KiHETUKA
ekcnpecii MPHK CXCL1 (GRO-a), CXCL2 (GRO-B)
i CCL2 (MCP1) kopentoe 3 iHinbTpaLieto HenTpodinis,
a ekcnpecia MPHK CCL5 (RANTES) kopentoe 3 iH-
dinbTpadieto makpodaris.

Okeup asoty (NO), HeBenukum BinNbHWUN pagukan,
Ta akTuBHI opmu kucHio (ADK), Bknrovaroum cynepokeus
i nepekuc BoOAHI, € edpekTopamm iMyHHOI BignoBigj
M BigirpaloTb BaXKNUBY CUrHanbHy ponb y disionorii Ta
natodisionorii  [25]. Ekcnpecia HiKoTUHaMig-ageHiH-
AuHykneotna-cocdart-giacdpopasn (NADPH-d), iHauka-
TOpa CUMHTE3y OKCuAy a3oTy, 3Ha4yHO BULLA B 3ananeHux
TKaHWUHaX Nynbnu, HiXX y HOpManbHUX 340POBUX TKAHUHAX
nynbnu. [ocTpe 3ananeHHs nynenu B 3ybax nNOAWMHU
nigsuwiye piseHs MPHK i Ginka iHOyumnbenbHoi cuHTasn
okcmay asoty (iINOS), ska gie gk Kno4oBUN HepMeHT
y npouecax 3ananeHHs Ta iMyHHOI akTuBauii yepes
BupobneHHs NO 3 L-apriHiHy [26]. APK — ue Monekynu
abo ioHW, WO YTBOPHOKOTLCA BHACMIAOK HEMOBHOMO OfHO-
€MNeKTPOHHOTO BiHOBMNEHHSI KUCHIO, i € KIMHYOBUMMW CUT-
HanbHUMKW MoOMeKynamm B pPO3BUTKY 3ananeHHsa [27].
3okpema, cynepokcug 6epe yvacTb y perynsuii aytodarii.

MakpocdparanbHi  npoTteasn BKMNOYalTb  Nigknacu
MaTpuKCcHUX MeTanonpoteiHad (MMP), gesiHTerpuHis
i metanonpoteiHaz (ADAM) Ta cepmeHTiB, WO nepe-
tBoptotoTe TNF-a (TACE, ADAM17). MMP € unHko3a-
NEXHUMMW NpoTea3amMu i CEKPETYIOTLCSA Pi3HUMU TUNamu
KNiTWH, BKMovatoum ¢pibpobnacTtu, octeobnactu, eHao-
TenianbHi KNITUHKW, KNITUHW Magkux M’a3iB CyauH, Makpo-
darn, HenTpodinu, nimdountTn i umToTpodobracTu.
MMP e kniovyoBumu cbepMeHTaMmn B gerpagauii MaTpuk-
cy, a (yHkuioHanebHui 6anaHc mixxk MMP i TKaHUHHUMU
iHriGiTopamn MeTanonpoTeiHas perynioe Aerpagadito
TKaHuH [28].

Cnocrtepiraetbca  nigsuieHHs  piBHiB  MMP-1,
MMP-8 i MMP-13 npu XpOHiYHOMY 3ananeHHi nynbnu.
MMI1-9, noxigHa HeWTpodpiniB, NPONOHYETLCH AK MicLe-
BUIA GioMapkep, KOPUCHUIA ONst po3pPisHEHHST 060POTHOrO
i HeobOPOTHOro NynbMiTy, OCKiNbKWM BinNbl BUCOKi PiBHi
MMT1-9/3aransHoro  Ginka B nynbhapHii pignHi Gynu
[JOCTOBIpHO MOB’Ai3aHi 3 HeBAa4qerd MpsIMOro 3anedvarty-
BaHHA nynbnu [29].

Mig yac 3ananeHHs BUPOONSOTLCS Pi3Hi NpoTeasw.
Konu BMHMKae roctpe 3anarneHHsi, HenTpodinnu NpoHu-
KaloTb Ha nepegoBy nNiHilO iHdekuii i BignosigaloTb

infiltration, while CCL5 (RANTES) mRNA expression
correlates with macrophage infiltration.

Nitric oxide (NO), a small free radical, and reactive
oxygen species (ROS), including superoxide and hydro-
gen peroxide, act as immune response effectors and
play critical signaling roles in both physiology and
pathophysiology [25]. The expression of NADPH-diapho-
rase (NADPH-d), a marker of nitric oxide synthase
activity, is significantly higher in inflamed pulp tissues
than in healthy ones. Acute pulp inflammation in humans
upregulates mRNA and protein levels of inducible nitric
oxide synthase (iNOS), which acts as a key enzyme
responsible for generating NO from L-arginine during
inflammation and immune activation [26]. ROS are
molecules or ions formed during incomplete one-electron
reduction of oxygen and are key signaling molecules
in the development of inflammation [27]. Specifically,
superoxide is involved in regulating autophagy.

Macrophage-derived proteases include several
subclasses such as matrix metalloproteinases (MMPs),
ADAMs (a disintegrin and metalloproteinase family),
and TNF-a-converting enzymes (TACE, ADAM17).
MMPs are zinc-dependent proteases secreted by va-
rious cell types, including fibroblasts, osteoblasts,
endothelial cells, vascular smooth muscle cells, macro-
phages, neutrophils, lymphocytes, and cytotrophoblasts.
MMPs are key enzymes in matrix degradation, and
the functional balance between MMPs and their tissue
inhibitors regulates tissue breakdown [28].

In chronic pulp inflammation, increased levels of
MMP-1, MMP-8, and MMP-13 have been observed.
Neutrophil-derived MMP-9 has been proposed as a local
biomarker useful for distinguishing between reversible
and irreversible pulpitis, as elevated MMP-9/total protein
ratios in pulpal fluid were significantly associated with
failure of direct pulp capping [29].

During inflammation, various proteases are produced.
In the early stages of acute inflammation, neutrophils
migrate to the infection site and are responsible for
removing exogenous irritants. Neutrophil proteases
include neutrophil serine proteases (NSPs) such as
neutrophil elastase (NE) and proteinase 3 (PR-3).
While neutrophil proteases primarily function in intra-
cellular pathogen destruction, their extracellular release
upon neutrophil activation can contribute to tissue
damage at inflammation sites.

Neutrophils are equipped with antimicrobial mecha-
nisms such as neutrophil extracellular traps (NETSs).
NETs consist of networks of chromatin fibers embedded
with antimicrobial peptides and enzymes like neutrophil
elastase, cathepsin G, and myeloperoxidase. NETs have
been detected in inflamed pulp tissue and may promote
disease progression [30].

The dental pulp is richly innervated by sensory nerves.
Neuropeptides released from peripheral nerve endings
include calcitonin gene-related peptide (CGRP), sub-
stance P (SP), neurokinin A (NKA), vasoactive intestinal
peptide (VIP), and neuropeptide Y (NPY). Increased
expression of CGRP, SP, NKA, and NPY has been repor-
ted in inflamed human pulp compared to healthy pulp.
Additionally, SP mRNA and its receptor neurokinin-1
receptor have been identified in pulp fibroblasts. Local
release of these vasoactive peptides is believed to
initiate neurogenic inflammation [31].

The eicosanoid family consists of 20-carbon meta-
bolites of polyunsaturated fatty acids. Classical eico-
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3a BWOANEHHS €K30reHHWX nogpasHukie. Hentpodinb-
Hi MpoTeasn BKNHOYaTb HENTPOMINbHI CEPUHOBI Mpo-
Teasn (NSP), HenTtpocpineHy enactasy (NE) ta nporei-
Ha3y-3 (PR-3). HewTtpodinbHi npoteasn B OCHOBHOMY
BiQMNOBIAaOTb 3a BHYTPILIHLOKMITUHHE 3HULLEHHS naTto-
reHie, ane ix No3akniTMHHE BUBINbHEHHA MpW akTuBauii
HelTpoginie 6Gepe y4yacTb Yy MOLUKOOXKEHHI TKaHUH
B OcepefKax 3anarneHHsi.

HeliTpodinu ocHalleHi 6akTepuunaHMMm NpUcTposiMm
y BUrNagi HenTpodpinbHUX nosaknitTuHHMX nactok (NET).
NETs cknapaloTbCsi 3 CiTKM XPOMAaTMHOBMX BOIOKOH,
WO CKnagalTbCs 3 aHTUMIKpobHMX nentuaiB Ta dep-
MEHTIB, TakuMx sk HeUTpoduinbHa enacrasa, katencuH G
Ta Mienonepokcugasa. NET 6ynu BusiBneHi B 3anane-
HIM nNynbni i MOXYTb CNPWUSTU MPOrpecyBaHHIO 3axBO-
ptoBaHHs [30].

UyTnuei HEepBM LUMPOKO PO3MNOBCIOAXKEHI B TKaHWHI
nynbnu 3y6a. HerponenTtunau, LWo BUBINbHATLCS 3 Nepu-
dhepuyHNX HepBOBMX TepMiHaniB, BKMYalOTb nNentug,
noe’si3aHnMn 3 reHom kanbuuToHiHy (CGRP), cy6cTan-
uito P (SP), HenpokiHiH A (NKA), Ba3oakTUBHUI KULLKO-
sun nentug (VIP) i Henponentug Y (NPY). MigsuweHa
ekcnpecia CGRP, SP, NKA i NPY BusiBnsieTbcs B 3ana-
neHi nynbni NIOAVHW MOPIBHSIHO 3 EKCrpecielo B 300-
posii nynbni. Kpim Toro, ekcnpecis MPHK SP Tta iioro
peuenTopa, peuenTopa HEWPOKiHiHY-1, BUABMSETLCA
y ibpobnactax nynbnu. BBaxaeTbcs, WO nokanbHe
BMBINIbHEHHS LMX Ba30aKTUBHUX MENTUAIB BUKMUKaE
HenporeHHe 3ananeHHs [31].

PoovHa enkosaHoigiB cknapaetbca 3 20-Byrne-
ueBUx MeTaboniTiB MNOMiHEHACUYEHUX XMPHUX KUCMOT.
KnacuuHi  enkosaHoign, BKMOYaw4M npocTtarnaHgu-
Hu (MT), TpombGokcaHu, newnkoTpieHn (NT), a Takox
rigpoKcu-, TigponepoKcu-, ernoKkcu- Ta OKCOEenKo3aHoiaun,
BigirpaloTb BaxnUBY porb y perynsuii 3ananeHHs [32].
MigBuwernn cuHtes PGE2, 6-keTo-PGF1a (cTabinbHuii
meTabonit PGI2) Ta LTB4 BuABNEHO npu ekcriepumeH-
TanbHO iHOYKOBaHOMY 3ananeHHi nynenu 3y6iB LypiB.
MigBuweHHs pisHa PGE2 6yno BusiBNeHo B nynbnmi
noguHK 3 giarHo3om 06OpPOTHOro nynbniTy. BBaXkaeTb-
CA, WO eNko3aHoiaM CYTTEBO MOCWUMIOKTL 3ananeHHs,
a UMKITOOKCUTEHa3HWI LWMsX, 3afisHUA Yy BUPOOGMEHHI
€1K03aHOoIgiB, € OCHOBHOI MILLEHHIO NS HECTEPOIQHNX
npotm3ananeHux npenapatiB. OcTaHHIM 4acomM MNoTeH-
Uian uMx emnkosaHoifiB LoAo iHAYKUil 3aroEHHS Nyrb-
niTy, BKMOYalouM iHAOYKLUilO TBEpAMX TKaHWH, nepebyBae
y UeHTpi yBarn gocnigHukis. PGE2 cam no cobi € unto-
TOKCUYHUM, ane NOoro BKIKYEHHA B Mikpocdepu iHay-
KyEe €eKCMpecito MapkepiB TBEpAUX TKaHUH Y KMiTUHaX
nynenn [33]. TIME2 iHgykye npoaykuito UAM®, ska
B OCHOBHOMY oOnocepeakoByeTbcs peuentopom EP2.
Kpim Toro, aroHictn EP2/EP4 cnpusitoTb YTBOPEHHIO
dinonodin eHaoTenianbHUX KNiTUH | NiABULLEHHIO pery-
nAuii rexie, noe’a3aHnx 3 AMdepeHLitoBaHHAM OLOHTO-
6nactis [34]. PGI2 iHoykye BupobneHHss MMP-9, skuni,
SIK OMiKyeTbCs1, 6epe y4acTb y 3aroeHHi TKaHWH nynbnu [35].
BkntoueHHs LTB4 B mikpocdepy iHOyKye OudepeHuia-
uito i MiHepanisauito ogoHToGnactie [36]. Kpim Toro,
pesoneiH E1, meTabonit -3 noniHeHacn4YeHUx XMPHUX
KMCIoT, a He MeTaboniT apaxigoHOBOT KUCNOTU, NPUTHIYYeE
npoaykuilo MefdiatopiB 3ananeHHs Ta iHOYKYE ekcnpe-
cito MapkepiB TBepaMX TKaHWH y CTOBOYPOBUX KNiTUHAX
3y6Hoi nynbnu (DPSCs) nioanHn [37].

Mpu 3ananeHHi nynbnM Makpodparm B OCHOBHOMY
BioNoBigaTb 3a BUPOONEHHs npo3anasnbHWUX i NpoTu-
3ananbHUX UUTOKIHIB. Makpodparn knacudikytoTecs

sanoids, including prostaglandins (PGs), thromboxanes,
leukotrienes (LTs), and hydroxy-, hydroperoxy-, epoxy-,
and oxo-eicosanoids, play a significant role in inflam-
mation regulation [32]. In experimentally induced pul-
pitis in rats, elevated levels of PGE2, 6-keto-PGF1a
(a stable PGI2 metabolite), and LTB4 were observed.
Increased PGE2 levels were also reported in human
pulp diagnosed with reversible pulpitis. Eicosanoids are
believed to significantly enhance inflammation, and the
cyclooxygenase pathway, which generates eicosanoids,
is a major target of nonsteroidal anti-inflammatory drugs.
Recently, the potential of certain eicosanoids to promote
pulp healing, including hard tissue induction, has gained
research interest. While PGE2 itself is cytotoxic, its
incorporation into microspheres induces expression
of hard tissue markers in pulp cells [33]. PGE2 also
promotes cAMP production, mainly through the EP2
receptor. Moreover, EP2/EP4 agonists enhance endo-
thelial filopodia formation and upregulate genes asso-
ciated with odontoblast differentiation [34]. PGI2 stimu-
lates MMP-9 production, which is expected to participate
in pulp tissue healing [35]. Incorporation of LTB4 into
microspheres promotes odontoblast differentiation and
mineralization [36]. In addition, resolvin E1, a metabolite
of -3 polyunsaturated fatty acids (not arachidonic acid),
inhibits inflammatory mediator production and induces
expression of hard tissue markers in human dental pulp
stem cells (DPSCs) [37].

During pulp inflammation, macrophages are primarily
responsible for the production of both pro-inflammatory
and anti-inflammatory cytokines. Macrophages are
classified into M1 and M2 phenotypes, with M2 macro-
phages drawing particular attention for their roles in tissue
healing and resolution of inflammation [38]. Conditioned
medium from M2 macrophages have been shown to
induce expression of odontoblast markers in DPSCs
and promote the expression of hard tissue markers in
dental pulp cells, primarily through TGF-f signaling [39].
It has also been reported that M2 polarization can be
induced by conditioned medium from human DPSCs [40],
GSK-3B inhibitors [41], and injectable decellularized
matrix hydrogels derived from dental pulp [42].

MicroRNAs (miRNAs), a highly conserved group of
small non-coding RNAs, regulate gene expression
mainly by gene silencing and play essential roles in
the physiology and development of cells and tissues [43].
MicroRNAs miR-21 and miR-146b are highly expressed
in experimentally induced pulpitis in rats and in human
pulp cells stimulated with LPS (lipopolysaccharide),
and both miRNAs exhibit anti-inflammatory effects
by downregulating the NF-kB signaling pathway, the
primary cascade responsible for synthesizing pro-inflam-
matory mediators [44, 45].

The detection of specific inflammatory mediators
can provide insight into the state of inflammation [46].
MMP-9 levels in filtrate collected from the pulp surface
have been reported as a promising biomarker of pulp
tissue inflammation [29]. However, the relationship
between MMP-9 levels and the pathological progression
of pulp tissue remains unclear.

Suppressing the production of pro-inflammatory
mediators, alongside the elimination of bacterial infection,
appears to promote the healing of pulp inflammation.
In experimentally induced pulpitis in rats, the use of
a specific INOS inhibitor was shown to reduce macro-
phage infiltration in the pulp tissue and decrease mRNA
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ak M1 i M2, npudyomy makpodarn M2 npusepTatoTb
yBary CBO€I0 (PYHKLEI0 Yy 3aro€HHI Ta NPUNUHEHHI 3ana-
nexHs [38]. KonguuinoBaHe cepegoBue 3 Makpoda-
ris. M2 iHgykye ekcnpecito MapkepiB ofoHTOGnacTiB
y DPSCs, a Takox ekcnpecito MapkepiB TBepanX TKaHWH
y KniTMHax nynbnu 3y6a, ronoBHMM 4YMHOM, 4epes
TGF-B [39]. MNosigomnseTbes, Wwo nonspusadia M2 iHay-
KyeTbCS KoHAMLUiOHOBaHMM cepegosuwem 3 DPSCs nio-
aviHu [40], manumu monekynamu iHribitopa GSK-3p [41]
Ta iH'eKuiiHMM OeuentonapusoBaHnM MaTpPUYHKUM Tigpo-
renem, oTpumaHum i3 3yGHoi nynsnu [42].

MikpoPHK (miRNA), siki cknagatoTb BUCOKOKOHCEpP-
BaTMBHY rpyny HeBenukux Hekogytoumx monekyn PHK,
perynioTb eKCMNpecito reHiB, rONOBHUM YMHOM LLFISIXOM
CalmneHcuHry, i BigirpaloTb BaxnuBy pornb Yy disionorii
Ta pO3BUTKY KMiTMH i TkaHuH [43]. MikpoPHK miR-21
i miR-146b BUCOKO ekcnpecyoTbCs B eKCrepuMeHTanbHO
iHOyKOBaHOMY NynbniTi WypiB i CTUMYNbOBaHMX ninononi-
caxapvgamu KnituHax nynbnu 3yGiB noguHu, i obuagi
MikpoPHK matoTe npoTusananbHy Aito Yyepes 3HUXKEHHSA
perynsuii curHanbHoro wnsaxy NF-kB, ocHoBHoro kackagy
CUHTe3y nposananbHux megiatopis [44, 45].

BusiBneHHs meaiaTtopiB MoOXe 403BONUTU HaM 3pobu-
TV BUCHOBOK NPO CTaH 3ananeHHs [46]. MNosigomnsieTbes,
wo kinekicte MMP-9 y cinsTpati 3 noBepxHi nynbnu
€ NepcnekTMBHUM GioMapkepoM, SKUA MOXe BKasyBaTu
Ha 3ananbHWiA CTaH TKaHuHKU nynbnu [29]. OgHak B3ae-
MO3B’130K MixX piBHem MMP-9 i natonoriyHummn 3miHamm
B Nynbni BCe e 3anunaeTbCsl He3'SICoBaHUM.

MpurHiveHHa npoaykuii npo3ananbHUX MegiaTopis,
LLIO CYNPOBOMKYETLCS YCYHEHHAM GakTepianbHoi iHdek-
Lii, 9K BUOAETLCS, IHAYKYE 3aro€HHs 3ananeHHs nynbnu.
Mpu ekcnepMMeHTanbHO BMKIMKAHOMY MNynbNiTi y LWypiB
3acTocyBaHHS creyndidHoro iHriGitopa iINOS moxe
3MEHLNTKN iHDINbTpaUito Makpodaris y TKaHUHY Nynbnu
Ta 3HM3UTU ekcnpecito MPHK nposananbHuMX UWUTOKIHIB
i uMKnookcureHasmn-2 [47]. OgHak megiatopu 3ananeHHs
MOXYTb BigirpaBatn $K MNO3UTUBHY, TaK i HeraTuBHY
ponb; AeskKi 3 HUX iHOYKYIOTb 3aro€HHs i cnpusoTb ande-
peHuitoBaHHO ogoHTobnacTie [48]. MNepexig Ao 3aroeHHs
MoXe OyTn iHOYKOBaHWA MNPUTHIYEHHAM  HaaMipHOT
npoaykuii, a He MNOBHWM MpUrHidYeHHAM. OnTuManbHa
perynsuis cuHTe3y mefiaTtopiB BigkpvBae LINAX OO 3a-
FOEHHA 3ananeHHs MynbnyM Ta BiAHOBMEHHS UiNiCHOCTI
NynbnapHOi TKaHUHW.

BUCHOBKHU

3ananbHi npouecn B pPOTOBIA MNOPOXHWHI  MalOTb
BaXNMBE 3HAYEHHS [Ans PO3BUTKY CTOMATOMOrMYHUX
3aXBOPIOBaHb, 30KpEMA YypaXKeHb TBEPAMX TKaHWH 3y6iB,
NapofoHTy Ta CNn3oBOi OOOMOHKM MOPOXHWHM poTa.
BignosigHoO Ao npoBeaeHoro aHanisy nireparypu, 3HauHy
ponb y pO3BUTKY LMX MaToOnoOrin BigirpatoTb Makpodaru
Ta iHWIi KNITUHU BPOOXEHOrO IMYHITETY, SIKi KOOPANHYIOTb
3anarnbHi peakuii, 3abesnedvyoum GanaHc MixX 3axMCTOM
Bify NATOreHiB i pereHepauieto TKaHWH. 3ananeHHsa mMoxe
MaTW K FOCTPY, TaK i XPOHiYHY copMy, LIO BMMMBae
Ha nepebir 3axBoptoBaHb, TakKUX $SIK MAPOAOHTUT, TiH-
riBiT Ta NynbniT.

Ocob6nuBy yBary 3acnyroBye ponb Makpodaris
y mogynsuii 3ananeHHs yYepe3 BUMPOONEHHS LIMTOKIHIB,
AKi MOXYTb iHOYKYBaTWU Mirpauito M akTuMBauito iHLIMX
IMYHHUX KMiTWH, CMPUSITU 3arOEHHI0 MOLLKOKEHMX TKa-
HUH abo NpW3BOAUTM OO XPOHIYHOrO 3ananeHHs 3a He-

expression of pro-inflammatory cytokines and cyclo-
oxygenase-2 [47]. Nonetheless, inflammatory mediators
can play both positive and negative roles: some promote
healing and facilitate odontoblast differentiation [48].
The transition to healing may be induced by controlling
excessive production of mediators, rather than comple-
tely inhibiting them. Therefore, optimal regulation of
mediator synthesis offers a pathway to resolving pulp
inflammation and restoring the integrity of pulpal tissue.

CONCLUSIONS

Inflammatory processes in the oral cavity are of cri-
tical importance in the development of dental diseases,
including lesions of hard dental tissues, periodontium,
and oral mucosa. Based on the literature review, macro-
phages and other cells of the innate immune system
play a pivotal role in the progression of these conditions
by coordinating inflammatory responses and main-
taining a balance between pathogen defense and tissue
regeneration. Inflammation may be either acute or
chronic, influencing the course of diseases such as
periodontitis, gingivitis, and pulpitis.

Particularly noteworthy is the role of macrophages
in modulating inflammation through the production of
cytokines, which can either induce the migration and
activation of other immune cells, and promote the healing
of damaged tissues, or lead to chronic inflammation
due to an inappropriate immune response. Cytokines
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BignoBigHoOi iMyHHOI Bignosigi. LutokiHn, Taki sk IL-1,
IL-6, TNF-o,, @ TakoX XeMOKiHW, € OCHOBHUMW MefiaTo-
paMu 3ananeHHsl, BMMMBalOYM Ha TKAHWHU MapOLOHTY
Ta nynenu 3y6iB, IO MOXe NPU3BOAMTM O NMOCTYNOBOrO
PYVHYBaHHS LIUX CTPYKTYP.

3MiHM B XeMOKIHOBOMY Ta LMTOKIHOBOMY npodini
npy NynbnitTi 1 NapoOOOHTUTI BKa3ylTb Ha MOXIMBICTb
BMKOPWUCTAHHA MEeBHUX Morekyn, 3okpema IL-6, IL-8
i MMI, sk GiomapkepiB Ans AiarHOCTUKM Pi3HUX cTagin
3ananbHUX npoueciB. XpoHiyHe 3ananeHHs NpuM3BoauTb
[0 CEepio3HMX YypaxeHb TKaHWH, L0 MOXe BuMaraTtu
KOMIMIEKCHOIO iKyBaHHsi Ta iHTEpBeHUin ans 3anobi-
raHHs BTparti 3y06iB.

OTXe, BMBYEHHS MeXaHi3MmiB iMyHHOI Bignosigi
Ta 3ananbHUX NPOLECiB y CTOMAaTOMNOrii € KPUTUYHO BaX-
nMBUM OnNs po3pobKM HOBUX MiaxodiB A0 NpoddinakTukm
Ta nNiKyBaHHA CTOMAaTOMOrYHUX 3aXBOPKOBaHb. TifbKu
3a YMOB MMNOOKOro PO3yMiHHSA MOMNEKYNSPHUX MEXaHi3-
MiB, SIKi CNPUYMHAIOTL 3ananeHHsl, MOXHa edeKTUBHO
po3pobuT MeToam niKyBaHHS, WO [A03BOMSOTb MiHi-
Mi3yBaTM Hacnigku CTOMATOMOriYHUX  3aXBOPHOBaHb
Ta NOKPALLUTK SKICTb XUTTSA NALEHTIB.
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such as IL-1, IL-6, TNF-a, and chemokines are prin-
cipal inflammatory mediators that affect the periodontal
and pulp tissues and may lead to the gradual degrada-
tion of these structures.

Alterations in chemokine and cytokine profiles during
pulpitis and periodontitis suggest the potential use of
specific molecules, particularly IL-6, IL-8, and MMPs,
as biomarkers for diagnosing different stages of inflam-
matory processes. Chronic inflammation leads to severe
tissue damage, which may require comprehensive treat-
ment and interventions to prevent tooth loss.

Thus, the study of immune mechanisms and inflam-
matory processes in dentistry is of paramount impor-
tance for the development of new approaches to the pre-
vention and treatment of dental diseases. Only through
a profound understanding of the molecular mechanisms
driving inflammation can we design effective treatment
methods to minimize the consequences of dental di-
seases and improve patients’ quality of life.
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Prospects for further research

Further analysis of current data should focus on systematizing
information about the molecular and cellular mechanisms of
inflammatory processes in the oral cavity, particularly the role
of cytokines (IL-6, IL-8, TNF-a), chemokines, and matrix metallo-
proteinases (MMP-9) as potential biomarkers for diagnosing
stages of pulpitis and periodontitis. A systematic literature
review on the mechanisms of transition from acute to chronic
inflammation will enhance understanding of the factors contri-
buting to the progression of dental pathologies and aid in deve-
loping strategies for their prevention.
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