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Pathomorphological changes in the periodontal complex tissues
in the period of experimental bacterial-immune periodontitis chronization

A. Ye. Demkovych, Yu. . Bondarenko, T. K. Holovata

|. Horbachevsky Ternopil State Medical University, Ukraine

Objective - to investigate pathomorphological changes in the periodontal complex on the 30th day of the experimental bacterial-
immune periodontitis development.

Materials and methods. The study was conducted with the use of non-breeding clinically healthy male rats. Experimental bacterial-
immune periodontitis in experimental animals was induced by injection of complex microbial mixture diluted with ovalbumin into
periodontal tissue. Morphological analysis was used for estimation of the structural changes degree in the maxillofacial tissues. The
mandible-related tissue fragments, in particular the periodontal complex material was embedded in the paraffin blocks. The cross
sections of 5-6 microns thickness were made on a microtome. The preparations obtained were stained with hematoxylin and eosin.

Results. The high intensity of inflammatory infiltration was noted, although the progression of inflammatory and destructive
processes was significantly slowed down. The histological examination showed that inflammatory process was characterized by
signs of disorganization and destruction of the connective tissue and walls of the dental alveoli, the structural reconstruction of
the gingival epithelium and its lamina propria. Inflammatory infiltration was accompanied by expressive signs of the connective
tissue disorganization. At the same time there were morphological signs of reparative processes, proliferation and collagen fibers
thickening. In this period granulation tissue was formed. At this stage inflammatory infiltration extended the crista of the cellular
bone and penetrated the epithelium of dento-gingival junction and gingival sulcus.

Conclusions. The revealed pathomorphological changes in the periodontal complex tissues in the long-term period of the
experimental bacterial-immune periodontitis are indicative of the inflammatory process chronization.

MaTtomopdonoriuHi 3MiHM Yy TKAHUHAX NAPOAOHTAABHOI0 KOMMAEKCY
B NepioA XpoHisauii ekcnepumeHTaAbHOro 6akrepiaAbHO-IMyHHOTO NapOAOHTUTY

A. €. Aemkosuy, HO. |. BoHpapeHko, T. K. lonoBata

MeTa poboTu — focnignTi naToMopdoNorivHi 3MiHW B NapofoHTanbHoMy komnnekci Ha 30 406y po3BUTKY eKCNepUMEHTarNbHOMO
6akTepianbHO-IMyHHOrO NApPOAOHTUTY.

Marepianu Ta metoau. [locnigkeHHs 3gincHnnm Ha Binvx 6e3nopoaHuX KniHivYHO 30opoBUX Lypax-camusx. EkcnepumeHTtanbHui
GakTepianbHO-IMyHHWUIA NAPOJOHTUT y JOCTIAHVX TBAPUH BUKIMKAMNM LLNSIXOM iH'eKLl Y TKAHWHW NapOAOHTaNbHOTO KOMMIEKCY CyMiLLli
MiKpOOpraHi3miB, L0 po3BefeHa ieYHUM NPoTeiHOM. [Ins OLiHIOBAHHS CTYNEHS! CTPYKTYPHUX 3MiH Y TKaHWHAX LLenenHo-M1ueBoi
[LiNsiHKW 3aCTOCyBay MOphonorivyHe AOCTIMKEHHS. PparMeHTN TKAHUH HUXKHBOI LLIENEeNi, 30KpeMa NapoLoHTaNbHOrO KOMMIEKCy
3anvBanu B napaciHosi 6noku. Ha MiKpoTOMi BUrOTOBRSNM MonepeyHi 3pian TOBLUMHOKW 5-6 MkM. TMpenapaty, Lo ofepkany,
3abapBntoBan reMaTokCUiHOM Ta E03VHOM.

Pesyniratu. licTonoriyHe JoCnifxeHHs nokasano, Lo Ha Lieii nepios nepebiry 3ananbHoro npoLiecy BinbyBanach Ae3opraHisalis,
[EeCTPYKLUist CNOMy4HOI TKaHWHM Ta CTIHOK 3yOHMX anbBeon, CTPYKTYpHa nepebyaoBa eniTenianbHOi BUCTUIKM SiCeH Ta ii BMacHoi
NNacTUHKA. BuaHaumnm BUCOKY iHTEHCUBHICTb 3anarnbHoi iHineTpaLi, ogHak NporpecyBaHHs 3ananbHuX i 4ECTPYKTUBHUX NPO-
LieciB iCTOTHO CMOBINbHIOBANOCS. 3ananbHa iHinsTpaLis CynpoBomMKyBanacs BUpasH1MKN 03Hakamm Ae3opraHisaLii crnomny4Hoi
TKaHUHU. BusiBunn mopdhbornoriyHi 03Haku penapaTuMBHUX MpoLecis, Bigbyeanacs nponidepalis Ta NOTOBLLEHHS! KOnareHoBNX
BOMOKOH. [opsg i3 nepedopmaTyBaHHAM KIITUHHOMO CKnagy iHINbTpaTiB HAPOCTanM NaTonoriyHi 3MiHN MiKpOLIMPKYNATOPHOMO
piunwa. CTiHKM CyouH NOTOBLLYBanMCsA BHACMIZOK nporicepaLii B HAX KOMAreHOBMX BOMOKOH i KPYFOKMITUHHOI iHGinbTpaLii.
Y ueit nepiog chopmyBanach rpaHynsuiiiHa TkaHuHa. Ha Lbomy eTani 4ocnimkeHHs 3anarnbHa iHginsTpavis gocsrana rpebeHs
KOMIPKOBOI KICTKM Ta MpOHWKana B eniteniin 3y60siCeHHOro0 NpUKpINneHHs, siceHHoi 60po3Hn. MapanensbHo 3 AeCTPyKTUBHAMM
3MiHaMW BM3HauMIM MOPCONOTiYHI 03HAKW penapaTWBHUX NPOLECiB, NponichepaLliio Ta NOTOBLUEHHS KOMNAreHOBKX BOMOKOH.
dopmyBanach rpaHynsuiiHa TkaHuHA. 3a Takux MOPCIONOriYHMX 3MiH Y M'SIKMX TKaHWHAX NapO4OHTa BUSIBMSAMN CYTTEBI 3MiHU
KICTKOBOI TKaHWHW. Y NNacTWHYaCTIN KICTL anbBEONSAPHOro BiApPOCTKa CrnocTepirany HePIBHOMIPHE CTOHLLEHHS KICTKOBMX 6arnok.
Take siBULLE 3abe3neqyBanoch OCTEOKINACTUYHOIO NakyHapHOK pe3opbLieto KicTku, nogekyam — magkor. Octeountn Habynu
Pi3HMX PO3MIpIB, YaCTO 3 MIKHOTUYHUMU SAPaMU. TpannanUcs NOPOXHI NaKyHU.

BucHoBku. BrsiBneHi natoMoponorivHi 3MiH1 y TkaHnHax napofgoHTarnbHOro KOMMIEKCY B NisHil nepio BKasyTb Ha 03HaKu
XPOHi3aLii 3anansHoro npotecy.

I'Iaronnopd)OI\oruqecKue U3MEeHEeHUA B TKaHAX MapOAOHTAaAbHOI0 KOMMAEKCa B NepUoA
XPOHU3aALUKU IKCNEepPUMeHTaAbHOIo GaKTepMaAbHO-MMMYHHOTO NapoAOHTUTA

A. E. Aemkosuy, 0. U. BoHpapeHko, T. K. lfonoBaTta

Llenb paboTbl — nccneaoBath NaToMopdonorMieckiie U3MEeHeHUs B TApOAOHTaNbHOM Komnrekce Ha 30 CyTku pa3BuTHst SKCre-
pUMeHTarbHOro 6akTepranbHO-MIMMYHHOTO NapOLOHTUTa.
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Matepuansi u meToabl. Viccnenosanue npoeeaeHo Ha Benbix 6eCropoaHbIX KIMHUYECKMU 30O0POBIX Kpbicax-camuax. dKkcnepu-
MeHTanbHbIi GaKTePUanbHO-UMMYHHBIA NaPOAOHTMT Y OMbITHBIX KUBOTHBIX BbI3BANM MyTEM UHBEKLMN B TKAHW NapOAOHTaNbHOMO
KOMMekca CMecu MUKPOOpraH13mMoB, pa3taBneHHO! SMUHBIM POTENHOM. [11151 OLIEHKM CTEMEHM CTPYKTYPHBIX U3MEHEHNI B TKaHSIX
YernoCTHO-NMLEeBO 06nacTu NpoBeny Mopdomnoryeckoe uccnenoBaHne. GparMeHTbl TKaHe! HIKHE YentoCTH, B YaCTHOCTU
NapoAOHTAarNbHOMO KOMMEKea 3anvBany B napadmHoBble Grnoku. Ha MUKpoToMe 13roTaBnmBani nonepeyHble cpesbl TONLLMHON
5-6 MkM. MonyyeHHble npenapaTbl OkpaLLMBarv reMaToKCUIIMHOM 1 3031HOM.

Pesynktathl. [1CTONOMMYECKOE UCCe0BaHIe NOKa3aro, YTO Ha AaHHbI NePUOA TEYEHWs! BOCMANUTENBHOTO MpoLecca umena
MEeCTO [1e30praHn13aLms 1 AeCTPYKLMS COEMHUTENBHOM TKAHM U CTEHOK 3yBHBIX arbBeOr, CTPYKTYPHast NepecTpoika anuTenuars-
HOI BBICTUTNK [IECHbI M €€ COBCTBEHHON NacTVHKM. OTMEYEHa BbICOKast MHTEHCMBHOCTb BOCTIANMTENBHOM MHAUNETPALMM, OfHAKO
NpOrpeccupoBaH1e BOCTanuTeNbHbIX M 4ECTPYKTUBHBIX MPOLIECCOB 3HAYUTENBHO 3aMeANsANocs. BocnanuTenbHast MHpUsTpaLums
COMPOBOX/ANach OTYETMBLIMY NPU3HAKaMM [e30praH13aLmn COeanHNTENBHON TkaHW. OTMEeYeHsI MOPONOrYecKUe NPU3HaKM
penaparTvBHbIX MPOLIECCOB, IPOMCXOAMITA NponMdepaLiyis M YTOMNLLEHWE KornareHoBbIX BONIOKOH. BmecTe ¢ nepechopmatvpoBaHm-
€M KINETO4YHOTO COCTaBa MHMILTPATOB HapacTasv NaTonorMyeckie U3MEHEHNS MUKPOLIMPKYSTOPHOTO pycria. CTeHKM CoCyaoB
YTOMLLANMCh 3a C4ET NponudepaLim B HIX KOMMareHOBbIX BONIOKOH U KpYTTOKIETOMHbIX MHGMALTPpaLmii. B AaHHbINA nepuog, dop-
MWpOBanach rpaHynsLMoHHast TkaHb. Ha aTom aTane 1ccrnefoBaHys BocnanuTenbHas MHUILTpaLys Jocturana rpebHs BopoT-
HUKOBOW KOCTY 1 MPOHMKana B 3nuTenii 3y6oaecHeBoro NPUKPENTeHUs 1 AeCHeBoI 6Gopo3abl. MapannensHo ¢ AeCTPYKTUBHBIMU
M3MEeHeHUSMI Habrofan Mopdonornyeckue NpusHaku penapaTueHbIx npoleccoB. OTMeveHa NponudepaLys 1 yTonieHre
KorareHoBbIX BOIOKOH. PopmmpoBanack rpaHynsiLMoHHas TkaHb. Mpy Takoii kapTuHe MopONOrMIECKIX U3MEHEHMIA B MSITKIX
TKaHsIX NapoLOHTa NPOUCXOANIM CYLLIECTBEHHbIE N3MEHEHISI KOCTHOM TKaHU. B nnacTMHYaTol KOCTY arnbBeonsipHOro OTPOCTKa Ha-
Gnroaan HepaBHOMEpPHOE UCTOHYEHME KOCTHbIX Garnok. Takoe siBneHe 0GecneumBanoch OCTEOKIACTUYECKON TakyHapHON pesop-
6Bumeit kocTu, nHorga — rmaakoi. OcTeoLNTbI NPUOBPENK pasHble pasMepbl, YaCTo C MMKHOTUYHLIMM sippami. Onpenensnv nycTbie
NaKyHbl.

BbiBogbI. O6Hapy)KeHHbIe naTomop(bonoquecme N3MEHEHNA B TKaHAX NapOAOHTAlIbHOro KOMMnekca B I'IO3£I,HI/II7I nepuog

yKa3bIBalOT Ha NPU3HaKN XpOHU3aLunn BOCMNannTenbHOro npolecca.

Introduction

Inflammatory periodontal disease is the initial stage of the
destructive process, which leads to teeth loss, impairment
in the performance of communicative social skills, decrease
in the quality of life and result in social problems [1,2].

Animportant feature of the oral cavity organs and tissue
functioning is that pathological processes development is
accompanied by constant presence of various microbial
associations, which are an etiological factor and at the
same time are the trigger mechanisms for their further
development [3,4].

The manifestation and progression of the periodontitis
signs depends on many reasons, including presence of
somatic diseases, social, behavioral, systemic, genetic
factors, microbial plaque and other risk factors [5,6].
Among chronic periodontal diseases, generalized chronic
periodontitis is in the first place [7]. The factors that induce
prolonged inflammation and periodontal tissues destruction
usually include exo- and endotoxins of parodontopathogenic
bacteria. Diseases of the periodontal complex represent an
important medical and social problem and are characterized
by constant growth and widespread not only among the
elderly population, but also among young persons. There
is an increasing trend towards periodontitis prevalence
among young people [8].

The exact sequence of events triggering the bacteri-
al-immune periodontitis remains unclear, but it is certainly
that the destruction of tissues, rapid progress of alveolar
processus destruction and teeth loss are resulted from
pathologic reaction of the organism to periodontopathogens
invasion [9].

A clinical diagnosis of periodontitis is based on the
clinical constellation and complaints, patient’s age, clinical
examination; in particular, determination of periodontal
pockets depth and subgingival region state, as well as X-ray
evaluated alveolar bone destruction [10,11].

The problems and issues of inflammatory-dystrophic
periodontal diseases treatment remain unresolved at the
present time and are the subject of scientific researches of
many specialists and collectives. Itis associated with wide-
spread pathology and significant occurrence of severe forms
of periodontal disease, as well as insufficient effectiveness
of the proposed medicines [12,13].

The purpose

The purpose of this study was to determine the nature of
pathomorphological changes in the periodontal complex
and assess them in the chronic course of experimental
bacterial-immune periodontitis.

Materials and methods

The study was conducted with use of non-breeding clini-
cally healthy male rats (10 animals) weighing 150-200 g
in vivarium conditions in accordance with sanitary-hygienic
norms and GLP requirements. The animals were in a stan-
dard diet balanced for the main elements of nutrition. Ex-
periments were carried out in accordance with the general
rules and provisions of the “European Convention for the
Protection of Vertebrate Animals used for Research and
Other Scientific Purposes” (Strasbourg, 1986), “General
Ethical Principles of Animal Experiments” (Kyiv, 2001).
The rats were randomly selected and divided into groups:
the | —intact animals, control (n = 5); the Il — animals with
experimental periodontitis on the 30" day of the study
(n = 5). Experimental bacterial-immune periodontitis in
experimental animals was induced by injection of complex
microbial mixture diluted with ovalbumin into periodontal
tissue [14]. Simultaneously with the microbial pathogen
injections, complete Freund’s adjuvant was injected into
the rat's paw to enhance the immune response. Healthy
rats of the same age were used as control. The pathogen
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Fig. 1. Structural organization of the
rat’s gingival mucosa after 30 days of
the experiment. The image demon-
strates expressed papillary epithelial
hyperplasia, acanthosis. Hematoxylin
and eosin staining, x100.

Fig. 2. Histological structure of the
rat's lamina propria of gingival mu-
cous after 30 days of the experiment.
The image demonstrates fibroblasts,
histiocytes, lymphocytes prevalence
in the cellular infiltrate. Proliferation of
collagen fibers. Hematoxylin and eosin
staining, x200.

Fig. 3. Histological structure of the rat's
lamina propria of gingival mucous after
30 days of the experiment. The image
demonstrates leukostasis and mural
aggregation of erythrocytes with mural
thrombi formation. Hematoxylin and
eosin staining, x400.

Fig. 4. Histological structure of the rat's
lamina propria of gingival mucous after
30 days of the experiment. The image
demonstrates polymorphocellular
infiltration of the lamina propria with
granuloma formation. Hematoxylin and
eosin staining, x400.

Fig. 5. The fragment of periodontium
with polymorphocellular infiltration,
degraded collagen fibers, edema,
vascular hyperemia after 30 days of
the experiment. Hematoxylin and eosin
staining, x200.

Fig. 6. Histological structure of the rat's
bone alveolar process after 30 days
of the experiment. The image demon-
strates destruction and resorption of
bone trabeculae. Disorganization of
mineralized matrix, osteocytes are
absent or slightly contoured. There are
inflammatory cells and proliferation of
collagen fibers in the mesenchyma.
Hematoxylin and eosin staining, x200.

and adjuvant were injected repeatedly on the 14" day of
the experiment.

Morphological analysis was used for estimation of the
structural changes degree in the maxillofacial tissues. The
experimental animals were sacrificed on the 30th day via
decapitation being anesthetized with thiopental. The man-
dible-related tissues fragments, in particular the periodontal
complex, were removed, rinsed from the blood in saline
and fixed in 10 % neutral formalin solution, then subjected
to a graded series of alcohols for dehydration, and then
embedded in paraffin wax. Paraffin blocks were cut into
5-6-um-thick sections using a sledge microtome MC 2.
The tissue slices were then stained with hematoxylin (acid

Results and discussion

Microscopic examination of periodontal tissues at this
experimental stage showed their significant structural
rearrangement. The inflammatory infiltration of high in-
tensity was noted, although the progression of inflamma-
tory and destructive processes was significantly slowed
down. Despite the positive changes in the dynamics
of the inflammatory process, destructive-proliferative
changes in all structural components of periodontium
were increased.

In this case, the vertical orientation of epithelial lining
and stratified squamous gingival epithelium were disturbed.
The number of the squamous cells layers was increased

Mayer’s solution) and eosin for microscopic examination
[15], which was performed with the help of Granum micro-
scope. Microphotographing of images was done using a
digital video-camera Delta Optical DLT — Cam Basic 2 MP.
Photos were processed on computer Intel (R) Celeron (R)
2.7 GHz with the help of Toup View program.

Zaporozhye medical journal. Volume 20. No. 6, November — December 2018

with the reduction number of the squamous cells layers
in the areas of connective tissue papilla invasion into the
epithelium of gingiva. The parakeratosis, hyperkeratosis and
acanthosis, balloon dystrophy of epithelial cells phenomena
were regularly observed (Fig. 7). The basal cell activity was
found in places of erosion.
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In addition, neoangiogenesis was observed after 30
days, the number of vessels was increased, there were
changes in pre-existing blood vessels: they became larger,
their walls were thickened, sclerotized and enlarged lumen.

The dense inflammatory infiltrates in the lamina propria
of gingival mucous and adjacent tissues changed their
structure. The cellular composition of infiltrates, consisting
mainly of lymphocytes, histiocytes, monocytes, also was
increased quantity of plasmatic cells. Along with these
cells, polynuclear cells also were observed regularly
extending the adjacent bone tissue. Swelling of tissues
remained (Fig. 2).

The microcirculatory flow pathological changes were
worsened together with the cellular composition of infiltrates
transformation. The vessels walls were thickened due to
collagen fibers proliferation and round cellular infiltration.
The endothelial cells were desquamated, stratified, strip-
ping the vessels basement membrane, and the remaining
cells were swollen, having a light foamy cytoplasm. These
changes contributed to increased transudation of plasma
into perivascular space and worsened hypoxia in the peri-
odontal tissues. Blood flow was uneven, venous hyperemia
prevailed. The usual phenomenon was mural aggregation
of erythrocytes, leukostasis with formation of thrombotic
masses (Fig. 3).

The inflammatory infiltration of the lamina propria
of gingival mucous was accompanied by clear signs of
connective tissue disorganization — mucoid and fibrinoid
swelling of collagen fibers with subsequent fragmentation
and lysis. The morphological signs of reparative processes
were observed along with destructive changes. There were
proliferation and thickening of collagen fibers. The granula-
tion tissue was formed.

The inflammatory infiltration extended the crista of the
cellular bone and penetrated the epithelium of dento-gingival
junction and gingival sulcus. The polymorphic inflammatory
infiltrates were often localized with the formation of granu-
loma (Fig. 4).

Expressed microstructural reorganization of the peri-
odontal connective tissue occurred in this case. The lamina
propria of gingival mucous was sclerosed, and in some
places it was hyalinized. The collagen bundles showed an
iregular pattern of arrangement, often with cross-linking.
Lymphocyte, plasma cell, histiocyte, macrophage diffuse
and cellular infiltration in various ratio of these cells was
observed. Such round cell infiltration was significant in
some places, and combined with collagen fibers degra-
dation (Fig. 5).

Significant changes in bone tissue were observed upon
such morphological changes in periodontal soft tissues.
Uneven thinning of bone trabeculae was observed in the
cancellous bone of the alveolar process. Such phenomenon
was provided by osteoclastic lacunar bone and sometimes
smooth resorption (Fig. 6). Simultaneously the structure of
mineralized intertcellular spaces was changed. It became
heterogeneous, with resorption and porous spaces, osse-
ous fibers were interrupted and not always visualized. Os-
teocytes had various sizes, often with picnotic nuclei. There
were empty lacunae. The cellular proliferation was observed
in the mesenchyma. There were also lymphocytes, occa-
sionally neutrophils and basophils. The collagen fibers were
clearly proliferated. The osteoblasts were arranged irregu-

larly, but osteoid layer thickening was observed in places
of their localization. There were vessels walls thickening
and uneven blood flow. The lymphocytes were observed
perivascularly and at a distance from them neutrophils and
basophils were revealed occasionally.

It should be noted that the severity and nature of the
inflammatory process in different animals at this stage
ranged from mild to severe manifestation of the periodontitis.
In this regard, it is reasonable to assume, that this patho-
morphological picture reflects the state of tissue-vascular
and immune processes in the animals, which determine
the dynamics of degenerative-dystrophic disorders from
the onset of tissue damage to their final stage.

Conclusions

1. Development of the inflammatory process in the
periodontal complex tissues includes a regular sequence
of tissue-vascular and cellular changes with predominance
in the late period (on the 30" day of observation) of the
structural reconstruction of the gingival epithelium, its
lamina propria, disorganization and destruction of the
connective tissue and walls of the dental alveoli, the
bone of the alveolar processus, degenerative-dystrophic
and proliferative phenomena with granulation tissue and
granulomas formation.

2. The nature of pathomorphological changes in the
periodontal complex tissues in the late period of the exper-
imental bacterial-immune periodontitis development: slow
down and stabilization of tissue-vascular and cellular chan-
ges, progression of sclerotic processes and bone resorption
testify about chronization of the inflammatory process.

The prospect of further scientific research in this
regard is to study the best methods of pathomorphological
changes pharmacological corrections in the periodontal
tissue in experimental bacterial-immune periodontitis.
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