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CYTOKINE MECHANISMS FOR EARLY PERIOD OF EXPERIMENTAL BACTERIAL-IMMUNE PERIODONTITIS

DEVELOPMENT

Summary. The article presents the results of research on the parameters of cytokine profile as mediator of immune defense, which
was determined by the level of proinflammatory and anti-inflammatory cytokines in blood serum of intact animals and on the 7" day
of the experimental bacterial-immune periodontitis development. Attention is drawn to the characteristic change in the indicators of
the cytokine link of immunity at the early stage of the development of the experimental periodontitis. Based on these results, it was
proved that the formation of the pathological process in the periodontal complex is accompanied by an imbalance in the system of
cytokinogenesis for the early period of the inflammatory reaction development, indicating their modulating role in the regulation of the
immune-inflammatory response in this modeled pathological process.

The aim of the study — to determine pathogenetic role of cytokinogenesis for early stages of the experimental bacterial-immune
periodontitis development.

Materials and Methods. The investigations was performed with use of white, non-breeding, clinically healthy male rats 150-200 g
of weight in conditions of vivarium. Experimental animals were randomly selected and divided into two experimental groups: the group
1 - intact animals, control; the group 2 — animals with an experimental periodontitis on the 7" day. Experimental bacterial-immune
periodontitis in experimental animals was caused by introducing into the tissue of the periodontal complex a mixture of microorganisms
diluted with egg protein [10]. In order to strengthen the immune response, an injection into the rat's foot of the full Freund's adjuvant
was performed at the same time. For further research the blood serum was selected, in that was determined the content of tumor
necrosis factor alpha (TNF-a), interleukin-1 beta (IL-1), interleukin-4 (IL-4), interleukin-10 (IL-10).

Conclusion. Formation of experimental periodontitis is accompanied by a complex of pathological changes characterized by reliable
progressive increase of proinflammatory cytokines for the early stage of inflammatory reaction development, that prove participation
of TNF-a and IL-1p in the periodontal diseases pathogenesis.
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INTRODUCTION According to the WHO, periodontal pathol-
ogy occupied the second place in the structure of dental dis-
eases and is the main cause of premature teeth loss [1].
Generalized periodontitis develops under the influence of local
and general factors, but bacterial is considered the leading [2].
The periodontal pathogens triggers a number of protective reac-
tions, which lead to the development of inflammation [3, 4].
Recent studies have shown the leading role of pro- and anti-
inflammatory cytokines in regulation of the immune-inflamma-
tory response. Progressive destruction of bone tissue in patients
with periodontal disease is associated with a combination of
cytokines IL-1f3, IL-6, TNF-a and prostaglandins E2. These
cytokines can activate osteoclastogenesis and bone resorption
by osteoclasts. Strengthened migration of macrophages under
the influence of cytokines and their constant presence in tissues
enhances destructive processes in periodontium [5]. In this case,
the degree of resorption of the alveolar bone depends on the
severity of the organism immune response to bacterial invasion.

However, the relationship between clinical morphological
parameters and mediators of the inflammatory-destructive
process in periodontium is insufficiently studied. In the last two
decades, progress in the study of factors contributing to the
periodontal diseases development has led to a deeper under-
standing of the complex interaction of various mechanisms of
organism immune defense, including both innate and acquired
adaptive immunity [6]. Research in this direction has revealed
several proinflammatory cytokines that have been identified
as key molecules that contribute to the destruction of periodon-
tal tissues. This is interleukin-1 (IL-1), tumor necrosis factor
alfa (TNF-a), interferon gamma (IFN-y), interleukin 6 (IL-6) [7].
Unlike proinflammatory cytokines, which play an important role
in the primary development of inflammatory response in perio-
dontal tissues, anti-inflammatory cytokines inhibit osteoporosis
and inhibit macrophage activity, contributing to the relief of
inflammatory response in the periodontal complex [8].

The progress in the study of the pathogenetic mecha-
nisms of inflammation development in the periodontal com-

plex will be promote better imagine the interconnection be-
tween inflammation and immune system, and also allow the
introduction of new treatment methods into periodontology,
based on the modulating role of cytokines in the regulation
of organism immune response [9].

The aim of the study — to determine the pathogenetic
role of cytokinogenesis for early stages of the experimental
bacterial-immune periodontitis development.

MATERIALS AND METHODS The investigations was
performed with use of white, non-breeding, clinically healthy
male rats 150-200 g of weight in conditions of vivarium. The
animals were supported on standard diet, balanced by the
main nutritional elements. Experiments were carried out in
compliance with the general rules and regulations of the Eu-
ropean Convention for the Protection of Vertebrate Animals
used for research and other scientific purposes (Strasbourg,
1986), the General ethical principles of animal experiments
(Kyiv, 2001). Experimental animals were randomly selected
and divided into two experimental groups: the group 1 — intact
animals, control (n = 10); the group 2 — animals with an ex-
perimental periodontitis on the 7" day (n = 8).

Experimental bacterial-immune periodontitis in experi-
mental animals was caused by introducing into the tissue of
the periodontal complex a mixture of microorganisms diluted
with egg protein [10]. In order to strengthen the immune re-
sponse, an injection into the rat's foot of the full Freund's
adjuvant was performed at the same time. For further re-
search the blood serum was selected, in that was determined
the content of tumor necrosis factor alpha (TNF-a), interleu-
kin-1 beta (IL-1pB), interleukin-4 (IL-4), interleukin-10 (IL-10)
by the method Solid-phase enzyme immunoassay using a
set of RayBio Rat Cytokine Antibody Array reagents (Ray-
Biotech, Norcross, USA) [11]. The concentration of TNF-a,
IL-1B, IL-4 and IL-10 was expressed in ng / |. The obtained
results were statistically analyzed using the software STA-
TISTICA 10.0 ("Statsoft", USA) [12]. The reliability of the
difference in values between independent quantitative values
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was determined with the normal distribution by criterion U-
criterion Mann-Whitney [13].

RESULTS AND DISCUSSION In a result of our research
there was found that content of inflammatory cytokines IL-1[3,
TNF-ain the rat’s blood serum with experimental generalized
periodontitis was increased significantly as compared with
control (Table).

IL-1P belongs to the proinflammatory cytokines of the first
line and it is an activator of T-cells, NK-cells, NKT-cells,
stimulates the formation of T-cell by cytokines.

In the animals with experimental bacterial-immune perio-
dontitis during the acute phase of the inflammatory process,
namely on the 7" day of the study, were found a significant
increase in blood serum (by 86.31 %; p<0.01) of interleukin-
1 relative to the control groups (Figure 1).

The TNF-a concentration was higher by 66.55 % (p<0.01)
in the rat's blood serum on the 7" day of the experiment as
compared to the control group of animals (Figure 1). This
cytokine as a stimulator of leukocyte activity, production of
cells IL-1B, IL-6 exerts a destructive effect to tissues.

The obtained data as a result of the experiment indicate
that changes of proinflammatory cytokines concentration in
the rat's blood serum for the early stage of bacterial-immune
periodontitis suggests in respect of immune mechanisms
restructuring of oral defense in response to the action of
pathogens, since the hyperproduction of TNF-a and IL-13
contributes to the enhancement of inflammatory process,
damaging the periodontal tissue [14].

As for changes of the proinflammatory cytokines, which
included IL-10 and IL-4, then maintenance their in the animal

blood in these conditions simulated inflammation is changed
in the opposite direction (Table).

In particular, IL-10 belongs to the group of anti-inflammato-
ry cytokines, is an important endogenous regulator of immune
and inflammatory processes, which can suppress the activation
and function of T-cells, NK-cells, macrophages, and their proin-
flammatory cytokines [15]. Thus, the content of this interleukin
onthe 7" day was decreased in the rat's serum blood by 70.24 %
(p<0.01) relative to intact animals (Figure 2).

In regard to changes in the content of another anti-inflam-
matory cytokine IL-4 in the blood serum of experimental
animals with periodontitis, it should be noted that on the 7t
day of the experiment, its indices were significantly lower (by
40.05 %, p<0.01) compared to those that were obtained in
animals of the control group (Figure 2).

As a result of decrease in the content of anti-inflamma-
tory and an increase in the content of proinflammatory cy-
tokines in the blood serum of experimental animals, cytokine
imbalance arose, as evidenced by a violation of their ratio
(IL-1B / IL-10).

As compared the ratio of IL-13 / IL-10 in blood serum of
experimental animals, it was found that it was significantly
prevalent in rats with experimental bacterial-immune inflam-
mation in the periodontal complex on the 7" day (by 550.00 %;
p<0.01), compared to the control group (Figure 3).

Thus, our experimental data indicate to implication of
proinflammatory and anti-inflammatory cytokines in the patho-
genesis of inflammatory reaction in the periodontal complex.

CONCLUSIONS 1. Formation of experimental periodon-
titis is accompanied by a complex of pathological changes

Table. The content of cytokines in blood serum of experimental animals for early period of experimental periodontitis
development (M £ m)

The form of the experiment Control, intact animals White rats with experimental periodontitis
Experiment duration (days) - 7
Number of the animals 10 8
IL-1B, ng /| 8.40+0.51 15.65+0.50

p<0.01
TNF-a, ng /| 25.80+0.51 42.97+0.70
p<0.01
IL-10,ng /| 71.06+2.96 21.15+2.11
p<0.01
IL-4,ng /1 20.05+1.04 12.02+0.60
p<0.01
IL-1B / IL-10 0.12+0.01 0.78+0.06
p<0.01

Notes: p — significant of differences in relation to intact animals.
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Figure 1. Dynamics of proinflammatory cytokines content in blood serum of white rats with experimental periodontitis (times, relative to control).
Notes: * — significant of differences in relation to the intact animals (p<0.01).
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Figure 2. Dynamics of the anti-inflammatory cytokines content in the rat’s blood serum with experimental periodontitis (times, relative to control).
Notes: * — significant of differences in relation to the intact animals (p<0.01).
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Figure 3. Dynamics of proinflammatory and anti-inflammatory cytokines ratio in the rats with experimental periodontitis (times, relative to control).
Notes: * — significant of differences in relation to the intact animals (p<0.01).

characterized by reliable progressive increase of proinflam-
matory cytokines for the early stage of inflammatory reaction
development, that prove participation of TNF-a and IL-1(3 in
the periodontal diseases pathogenesis.
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LUTOKIHOBI MEXAHI3MV B PAHHbOMY MEPIOAI PO3SBUTKY EKCNMEPUMEHTA/IbHOIO BAKTEPIA/IbHO-IMYHHOIO
MAPOAOHTUTY

Pestome. Y cTaTTi HaBefeHO pe3y/bTaTu AOCAiIKEHb MOKa3HWKIB LTOKIHOBOrO Npodifto Sk nocepeHuka iMyHHOro 3axucTy, Lo Bu-
3Ha4aIM 3a piBHEM Npo3anasibHMX Ta NPOTU3anasibHNX LIMTOKIHIB Y CMpOBAaTLi KPOBI IHTAKTHUX TBApWH Ta Ha 7-My 400y PO3BUTKY eKc-
NepUMeHTasIbHOrO 6aKTepiasibHO-IMyHHOIO NapoAOHTUTY. 3BEpPTalOTh YBary Ha XxapakTepHy 3MiHY MOKa3HWKIB LMTOKIHOBOT TaHKM IMYHi-
TeTy Ha paHHbOMY eTarli PpO3BUTKY eKCePUMEHTa/IbHOrO NapoAoHTUTY. 30Kpema, Y Nepiog, rocTpux NPosiBiB 3anasibHOI peakLii Ha 7-My
006y focnimkeHHs BifbyBanocs NiABULLEHHS Y cupoBaTLi KpoBi koHueHTpauii IL-13 Ta THF-a, a BmicT IL-10, IL-4 3a gaHux ymos
3meHLyBaBcs. [Mpy LpoMy CMiBBIAHOLIEHHS NPO- Ta NpoTM3anasbHuX UUTOKIHIB (IL-1B/IL-10), Sk BaXKMBWIA NOKA3HWK iMYHHOT peakwji,
3HaYHO NigsuLLyBaBcs. Ha nigctasi gaHnx pesynbrartis 6y/10 JOBeAEHO, L0 (hOpMyBaHHS NaTosIorivyHOro NPoLecy B NapOAOHTasTbHOMY
KOMMIEKCi CynpOBOAKYETbCA AMCOANAHCOM Y CUCTEMI LIMTOKIHOrEHe3y BXe B PaHHiil nepiog, po3suTKy 3anasibHoi peakLii, LWo CBig4nTb
npo ix MoAyNoBasIbHY POsb Y perynsauii iMyHHO-3anasibHOT BiANoBiAi Npy JaHOMY MOAe/IbOBaHOMY MaTos10riYHOMY NPOLLECi.

MeTa AocnifpKeHHA — BU3HAUNTV NaToreHeTUYHy posib LUTOKIHOrEHE3Y Ha PaHHIX CTagisix ekcnepuMeHTa/lbHOro po3BUTKY 6akTepi-
a/1IbHO-IMYHHOTO NapOAOHTUTY.

Martepianu i metoau. [locnigKeHHs NPOBOAW/IN 3 BUKOPUCTaHHAM GininX KAIHIYHO 340pOBUX LLypiB-camMLiB Macoto Tina 150-200 r B
ymoBax BiBapito. EkcniepumeHTanbHyX TBapyiH Bigibpany Ta noAinvan Ha ABi ekcnepuMeHTasIbHi rpynu: nepLua rpyna — 340poBsi Tea-
PVHW, KOHTPO/Ib; Apyra rpyna — TBapuHu 3 eKCnepuMeHTa/lbHUM NepioAoHTUTOM Ha 7-i AeHb.

Pe3ynbTaty gocnigpkeHb Ta iX 06roBopeHHsA. EkcnepyMeHTasibHuil 6aKkTepiasibHO-IMyHHUA NapOAOHTUT y JOCIAHNX TBApUH BU-
KNKav BBEAEHHAM Y TKaHUHY KOMMJIEKCY MapOoAoHTa CyMilli MiKpoopraHiaMiB, po36aBaeHnx seyHum G6isikom. LLLo6 3mMiLHUTY iIMyHHY
BiZiNOBIAb, OfHOYACHO NPOBOAU/IN IH'EKLI0 Y KIHLIBKY LLypa af'toBaHTa ®peitHaa. [ocnigpkyBanm cMpoBaTkKy KPoBi, B Sikili BU3Ha4am
BMICT chakTopa Hekpo3y nyxiuHu anbga (TNF-a), iHTepnelikiHy-1 6eTa (IL-1B), iHTepneiikiHy-4 (IL-4), iHTepneiikiHy-10 (IL-10).
BucHOBKN. DOpMyBaHHS eKCnepyMeHTasIbHOTO MapoOHTUTY CyNPOBOKYETLCSA KOMMIEKCOM MaTO/ONYHMX 3MiH, L0 XapakTepusy-
H0TbCS HaAIiHAM MPOrPeCcyYM 3pOCTaHHAM NPOo3anasibHNX LUTOKIHIB HAa PaHHii cTagii po3BUTKY 3anasibHMX PeakLiiid, WO NigTBepAKYE
yyacTb TNF-a Ta IL-1P y naToreHesi 3axsoproBaHb NapofoHTa.

KniouoBi cnoBa: 6akTepiasibHO-iMyHHWIA NapOAOHTUT; IMyHHa CUCTEMA; 3ana/ieHHs; 3anasibHi LUTOKIHW; NPOTU3anasibHi LUTOKIHW.
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LINTOKMHOBBIE MEXAHW3MbI B PAHHUIA MEPUOA, PA3BUTUS 9KCNEPUMEHTA/IBHOIO BAKTEPUA/TBHON-UMMYHHOIO
NMAPOAOHTUTA

Pestome. B cTatbe npviBefeHbl pesynbTaTbl UCCNEf0BaHWA Nokasateneli LTOKVHOBOrO Npothunst B ka4ecTBe NOCpeAHMKa MMYHHOM
3aLLUMTbI, KOTOPbIE ONPEAE/IANN MO YPOBHIO MPOBOCMAIUTESIbHBLIX U NPOTUBOBOCNA/IUTE IbHBIX LIMTOKVHOB B CbIBOPOTKE KPOBU UHTAKTHBLIX
XXUBOTHBIX U1 Ha 7-€ CYTKM pa3BUTUSA KCNEepUMEHTaUIbHOrO bakTepuasibHO-MMMYHHOTO NapoAoHTUTa. ObpallaioT BHUMaHue Ha XxapakTep-
HOe M3MeHeHWe rnokasartesnieil LIMTOKVHOBOro 3BEHa UMMYHUTETA Ha paHHeM 3Tane pasBUTUS 3KCMEepUMEHTasIbHOro napodoHTuTa. B
4aCTHOCTM B NEPMOZ, OCTPbIX NPOSIB/IEHUI BOCNANIMTE/bHOW peakLmy Ha 7-e CyTKu UCCNe0BaHNs NPOVICXOANO NOBbILLEHNE B CbIBOPOTKE
KpoBY KoHueHTpauun IL-1B n THF-a, a cogepxanue IL-10, IL-4 npu faHHbIX YCNOBUAX YMeHbLuancs. [pu 3TOM COOTHOLLEeHWe npo- 1
NPOTVBOBOCMAINTE/bHbIX LIMTOKNHOB (IL-1(3/IL-10), Kak BadkHbIVi Moka3aresib UMMYHHOI peakLi, 3HauMTe 1bHO NoBbILWasics. Ha ocHoBaHUm
[aHHbIX pe3ynbTaTos 6bl10 A0Ka3aHo, YTO hOPMUPOBAHME NaTOIOMMYECKOro NPoLiecca B NapofoHTa/IbHOM KOMI/IEKCE CONPOBOXAAETCA
[1cbanaHcoM B CUCTEME LIUTOKMHOMEHE3a Y)Xe Ha paHHKX 3Tanax pasBuTus BOCNa/IMTENIbHOW peakLuyn, YTo CBUAETENLCTBYET 06 UX MO-
LyNVpytoLLmniA ponn B perynsaLumm MMMYHHO-BOCTa/IMTENBHOTO OTBETa NPU AaHHOM MOZAEIMpyeMOM NaTosIorMyeckom npolecce.

Llenb nccnepgoBaHus — onpefieNviTe NATOreHeTUYECKYH POJib LIUTOKMHOTEHE3a Ha PaHHUX CTaunAX 3KCNEPUMEHTATLHOTO PasBUTUsS
6aKTeprasIbHO-MMMYHHOIO NapofoHTMTa.

Matepuanbl n metoabl. iccnegosaHns NpoOBOAWINCE C UCMOb30BaHNMEM GeNbiX KNMHNYECKV 340POBbIX KPbIC-CaMLIOB BECOM TeNna
150-200 r B ycnosusax BuBapus. IKCNepUMEHTasIbHbIX XXUBOTHbLIX OTOOPasn 1 pasfenunn Ha [Be 3KCnepuMeHTaslbHble TPYnMbl:
nepsasi rpynna — 340P0Bble KPbICbl, KOHTPO/Ib; BTOPAst rpynna — X1BOTHbIE C IKCMEPUMEHTa/IbHBIM NEPUOLOHTUTOM Ha 7-i feHb.
PesynbTaTtbl MCCNeaoBaHunii U NX 06CyXAeHNe. SKCnepUMeHTasTbHbIN 6akTepuasibHO-MMMYHHbIV TAPOLOHTUT Y OMbITHBIX XKMBOTHBIX ObI/
BbI3BaH BBEEHMEM B TKaHb KOMM/IEKca NapofoHTa CMecy MKPOOPraHn3MOB, pa3tbaBeHHbIX ANYHbIM 6e/1koM. YT06b! YKpenUTb UMMYHHBbIV
0TBET, 0{HOBPEMEHHO NPOBOAW/IN MHBEKLIMIO B /1AMy KpbIChl 3fbloBaHTa PpeiiHaa. ViccneoBanv CbIBOPOTKY KPOBU, B KOTOPOI onpeaensnv
cofiepxaHue chaktopa Hekposa onyxonm anbga (TNF-a), uitepneiikuHa-1-6eta (IL-1B), nHtepneiikuHa-4 (IL-4), nHtepneiikmHa-10 (IL-10).
BbiBOAbI. POPMMPOBaHVE 3KCNEPVMEHTA/TLHOTO NapOOHTMTA COMPOBOXAAETCA KOMMIEKCOM NaTto/10rMyecknx N3MeHeHun, xapak-
TEPU3YIOLLIMXCA HAAEXHBIM MPOrpeccupyoLLyIM POCTOM NPOBOCNAIMTE bHBIX LIMTOKMHOB Ha PaHHEl CTaaun pa3BuTS BOCTaUTUTENIbHbIX
peakuuii, noaTepxaatoLwmii yyactre TNF-o v IL-13 B naToreHese 3a60neBaHuii napoioHTa.

KnioueBble cnosa: 6aKTepVIa]'IbHO-VIMMyHHbII7I napogoHTUT; MMMYHHas CUCTeMa; BoCnasieHne; BocnasinTesibHble LUTOKUHbI]
npoTuBoBOCNA/INTE/IbHbIE LUTOKNHbI.
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