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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

	 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
	 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
	 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
	 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
	 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
	 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
	 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
	 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
	 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
	 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
	 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
	 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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lobis maRali maCveneblebi (52%), gansakuTrebiT 
mozardebSi (47%), abortebis maRali maCvenebeli 
(31%), Cvenebis gareSe sakeisro kveTebis maRali 
procenti mozardebSi (25%).
orsulobaze da orsulobis Sedegebze 

zedamxedveloba registris tipis sistemebis meS-
veobiT aris inovaciuri midgoma dabali da sa-
Sualo Semosavlis mqone qveynebisaTvis, rac iZleva 

saSualebas qalTa populaciaSi gamoavlinos zo-
gierTi socialur-ekonomikuri da qceviTi maxa-
siaTeblebis gavlena dedaTa da bavSvTa janmrTe-
lobaze. monacemebze dafuZnebiT SesaZlebelia 
prevenciuli intervenciebis dagegmva, romlebic 
miznad daisaxavs dabali da saSualo Semosavlis 
mqone qveynebSi dedis da perinataluri avadobisa 
da sikvdilianobis Semcirebas.

THE INFLUENCE OF CHRONIC HYPERHOMOCYSTEINEMIA ON PHAGOCYTIC 
AND METABOLIC ACTIVITY OF PERIPHERAL BLOOD NEUTROPHILS 

IN CASE OF LIPOPOLYSACCHARIDE-INDUCED PERIODONTITIS

1Khudan R., 1Bandas I., 1Mykolenko A., 2Svanishvili N., 1Krynytska I.

1I. Horbachevsky Ternopil National Medical University, Ukraine; 2Tbilisi State Medical University, Georgia

Periodontal disease, which is usually defined as an inflam-
matory disorder, which involves both soft and hard periodontal 
structures (ie, gingivitis and periodontitis), is the second most 
common oral health problem after caries and has serious health 
and economic consequences, which significantly impairs qual-
ity of life for those affected [18,27]. It should be noted that the 
prevalence of periodontal disease differs in both developed and 
developing countries [8]. So, in Europe severe periodontal dis-
ease is found in 5-20% of 35-44 years adults, and up to 40% of 
older people [20]. At the same time in Ukraine, the prevalence 
of periodontal disease among the population over the age of 35 
reaches 85-95% [24]. 

In the pathogenesis of periodontitis, as well as any other in-
flammatory processes that accompany tissue damage, an impor-
tant role belongs to cellular defense mechanisms and especially 
phagocytic cells – neutrophils and macrophages. The first to en-
ter the site of inflammation are neutrophils, which participate in 
the neutralization of pathogens, absorbing them through phago-
cytosis (although less effective as monocytes/macrophages) [28] 
and releasing a large number of free radicals (respiratory burst), 
which have a pronounced bactericidal effect [9]. Moreover, neu-
trophilic granules contain a spectrum of substances intended 
to destroy the bacterial cell wall (lysozyme, lactoferrin) and 
hydrolytic enzymes (proteases, peptidases, oxidases, deoxyri-
bonucleases and lipases) [25]. In recent years, a new antibac-
terial defense mechanism has been discovered – formation of 
neutrophil extracellular traps, which main function appears to 
be evacuation of dental plaque pathogen-associated molecular 
patterns [29]. According to Andryukov B.H. and co-authors neu-
trophils are not only modulators of inflammation, but also active 
effectors of immune responses [3]. At the same time excessive 
activation of neutrophils and hyperproduction of reactive oxy-
gen species (ROS) in response to periodontal pathogens can in-
duce tissue damage and lead to periodontitis persistence [13]. 
So, determining the functional state of neutrophils is important 
in understanding the periodontitis pathogenesis. 

It should be noted that the progression of destructive phe-
nomena in periodontal tissues depends on a number of adverse 
exogenous and endogenous factors, one of which may be high 
level of homocysteine (Hcys) – hyperhomocysteinemia (HHcy). 

Therefore, the aim of our study was to investigate the phago-
cytic and metabolic activity of peripheral blood neutrophils in 
rats with lipopolysaccharide-induced periodontitis combined 
with chronic thiolactone HHcy.

Material and methods. The study included mature inbred 
white male rats (n=48) with a body weight of 180-200 g. During 
the period of the experiment, animals were kept in controlled-
temperature (22±2ºC) room with an adjustable light cycle 
(12/12) and unrestricted access to water and food at the animal 
facility of I. Horbachevsky Ternopil National Medical Univer-
sity, Ternopil. Animal treatment and all experimental procedures 
were performed in compliance with the European Convention 
for the Protection of Vertebrate Animals used for Experimen-
tal and other Scientific Purposes (European convention for 
the protection of vertebrate animals used for experimental and 
other scientific purposes 1986). The Bioethics Commission of I. 
Horbachevsky Ternopil National Medical University, Ternopil, 
Ukraine approved the protocol of the experiment.

The animals were randomly divided into the following groups: 
group 1: control (n=12); group 2: animals with a model of peri-
odontitis (n=12). For two weeks, the rats in this group were injected 
40 μL (1 mg/mL) of E. coli lipopolysaccharide (LPS) (manufac-
tured by Sigma-Aldrich, USA) into gingival tissues every other day 
[25]; group 3 – rats with chronic thiolactone HHcy (n=12). Homo-
cysteine thiolactone was administered intragastrically (100 mg/kg 
of body weight in 1 % solution of starch) once a day for 42 days 
[26]; group 4 – animals with a model of periodontitis combined 
with HHcy (n=12). In animals of this group chronic thiolactone 
HHcy was caused as described above. From the 29th day after the 
start of HHcy induction, animals were injected into the gum tissue 
with LPS for 14 days in parallel with thiolactone homocysteine in 
accordance to the above scheme.
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The rats were euthanized under deep thiopental-sodium an-
esthesia by cardiac puncture the day after the last LPS injection 
(group 2 and 4) or the day after the last homocysteine thiolactone 
administration (group 3). Blood samples were used for further 
investigations. The population of peripheral blood neutrophils 
was obtained by blood centrifugation at double density gradient 
1.077 and 1.093 of ficoll-urografin [21]. 

As a test system for studying phagocytic activity of neutro-
phils were used standard latex particles for phagocytosis (10% 
polystyrene suspension) with a diameter of 1.5 μm («Diaem», 
Russia). The neutrophil cell suspension was added to test tube 
in an amount of 0.1 ml and incubated at 37 ° C for 60 min with 
0.1 ml of latex suspension. Then smears were prepared on slides, 
dried, fixed and stained with 1% solution of methylene blue. 100 
neutrophils were counted in each smear [10]. 

As indices of phagocytosis were determined: phagocytic activity 
(PA) by the number of phagocytic cells out of 100 counted (%); 
phagocytic index (PI) – the number of phagocytosed latex particles 
that are captured by a single cell; phagocytic number (PN) – the 
number of phagocytic latex particles per 100 counted cells.

PN and PI were calculated by the formulas: PI = number of 
phagocytosed latex particles/ PA; PN = number of phagocytosed 
latex particles/100.

Oxygen-dependent bactericidal activity of peripheral blood 
neutrophils was studied using nitroblue tetrazolium test (NBT-
test). This assay is based on the use of NBT, a yellow, water-
soluble, nitro-substituted aromatic tetrazolium salt (2,20-bis(4-
nitrophenyl)-5,50-diphenyl-3,30-(3,30-dimethoxy-4,40-diphen-
ylene)ditetrazolium chloride), with the ability to interact with 
intracellular superoxide to create formazan. Neutrophils are in-

cubated in the presence of the tetrazolium salt and subsequently 
take up NBT into their cytoplasm where it is transformed by 
superoxide radicals to purple-blue and water insoluble formazan 
crystals. While formazan is trapped intracellularly, it may be ob-
served within the cells using an optical microscope [11].

During the spontaneous NBT-test (ST), the cell suspension of 
neutrophils was introduced into a test tube in an amount of 0.1 
ml, added 0.1 ml of 0.1% aqueous solution of nitroblue tetrazolium 
and incubated at 37 ° C for 40 min with 0.1 ml of saline. During 
the activated NBT-test (AT), the cell suspension of neutrophils was 
introduced to a test tube in an amount of 0.1 ml, added 0.1 ml of 
0.1% aqueous solution of nitroblue tetrazolium and incubated at 37 
° C for 40 min with 0.1 ml of latex suspension. 

The reaction was evaluated by counting 100 neutrophils for 
the presence of formazan crystals in the cytoplasm. In the cyto-
plasm of cells that react positively with NBT, the precipitation 
of purple-blue formazan crystals was recorded. In the cytoplasm 
of cells that react negatively with NBT, formazan crystals were 
absent. The percentage of formazan-positive cells (dye granules 
occupy at least ¼ part of the cytoplasm) was calculated in a 
spontaneous test and in an activated test. 

Reserve ratio (RR) and metabolic activation coefficient 
(MAC) were determined to characterize the reserve capacity of 
oxygen-dependent metabolism. RR and MAC were calculated 
by the formulas: RR=AT/ST; MAC=AT – ST/AT, where AT – 
% of formazan-positive cells in activated NBT-test; ST – % of 
formazan-positive cells in spontaneous NBT-test.

The experimental data were processed and analyzed using MS 
Office 2016 EXCEL (Microsoft Corp., USA) and Statistica 7.0 soft-
ware (StatSoft Inc., USA). The distribution of data was analyzed in 

Table 1. The indices of functional state of peripheral blood neutrophils in rats with LPS-induced periodontitis 
without comorbid pathology and combined with chronic thiolactone HHcy (Me [Q25–Q75])

Parameter
Experimental group

Control Periodontitis HHcy Periodontitis + HHcy
1 2 3 4

Suspension of peripheral blood neutrophils

Phagocytic activity (PA), 
%

69.50
(64.00; 71.00)

86.00
(84.00; 95.50)

79.00
(76.00; 81.00)

60.00
(57.00; 64.00)

Kruskal-Wallis criterion Н=38.29; р<0.001*
р1-2<0.001*
р1-3=0.360
р1-4=0.512

р2-3=0.138
р2-4<0.001* р3-4<0.002* –

Phagocytic number (PN)

4.73
(4.40; 4.98)

4.10
(3.89; 4.45)

4.63
(4.35; 4.93)

2.01
(1.73; 2.37)

Kruskal-Wallis criterion Н=31.35; р<0.001*
р1-2=0.256
р1-3=0.999
р1-4<0.001*

р2-3=0.452
р2-4=0.020* р3-4<0.001* –

Phagocytic index (PI)

6.97
(6.44; 7.42)

4.64
(4.37; 5.02)

6.05
(5.69; 6.25)

3.40
(2.74; 3.79)

Kruskal-Wallis criterion Н=40.72; р<0.001*
р1-2<0.001*
р1-3=0.528
р1-4<0.001*

р2-3=0.127
р2-4=0.315 р3-4<0.001* –

Note 1. р1-2, р1-3, р1-4 - the probability of differences between control and experimental groups; р2-3 - the probability of differences 
between the group with periodontitis and group with HHcy; р2-4 - the probability of differences between the group with periodontitis 
and group with periodontitis combined with HHcy; р3-4 - the probability of differences between the group with HHcy and group with 
periodontitis combined with HHcy. Note 2. * – statistically significant results
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Table 2 .The indices of peripheral blood neutrophils NBT-test in rats with LPS-induced periodontitis without comorbid pathology 
and combined with chronic thiolactone HHcy (Me [Q25–Q75])

Parameter
Experimental group

Control Periodontitis HHcy Periodontitis + HHcy
1 2 3 4

Suspension of peripheral blood neutrophils

Formazan-positive cells in 
activated NBT-test (AT), %

28.00
(25.00; 32.50)

40.00
(36.50; 46.00)

30.00
(29.00; 32.50)

44.50
(40.00; 49.00)

Kruskal-Wallis criterion Н=33.34; р<0.001*
р1-2=0.001*
р1-3=0.999
р1-4<0.001*

р2-3=0.006*
р2-4=0.999 р3-4<0.001* –

Formazan-positive cells in 
spontaneous NBT-test (ST), %

15.50
(15.00; 16.00)

19.50
(18.50; 22.00)

19.00
(18.00; 20.00)

28.00
(26.50; 29.50)

Kruskal-Wallis criterion Н=36.67; р<0.001*
р1-2=0.003*
р1-3=0.034*
р1-4<0.001*

р2-3=0.999
р2-4=0.007* р3-4=0.003* –

Metabolic activation 
coefficient (MAC)

27.41
(24.42; 32.03)

39.53
(35.97; 45.58)

29.43
(28.38; 31.92)

43.95
(39.29; 48.42)

Kruskal-Wallis criterion Н=32.36; р<0.001*
р1-2=0.001*
р1-3=0.999
р1-4<0.001*

р2-3=0.003*
р2-4=0.999 р3-4<0.001* –

Reserve ratio (RR)

1.84
(1.68; 2.10)

2.02
(1.80; 2.19)

1.61
(1.53; 1.74)

1.58
(1.45; 1.68)

Kruskal-Wallis criterion Н=14.00; р=0.003*
р1-2=0.999
р1-3=0.138
р1-4=0.129

р2-3=0.003*
р2-4=0.003* р3-4=0.999 –

Note 1. р1-2, р1-3, р1-4 - the probability of differences between control and experimental groups; р2-3 - the probability of differences 
between the group with periodontitis and group with HHcy; р2-4 - the probability of differences between the group with periodontitis 
and group with periodontitis combined with HHcy; р3-4 - the probability of differences between the group with HHcy and group with 
periodontitis combined with HHcy. Note 2. * – statistically significant results

accordance with the assessment of normality by the Kolmogorov-
Smirnov test. The obtained values had not a normal distribution, so 
comparison of three or more groups on a quantitative basis was car-
ried out using Kruskal-Wallis test followed by the Mann-Whitney 
test for pairwise comparison of groups, taking into account the Bon-
ferroni correction. All data were presented as a median and quartiles 
(lower and upper) – Me (Lq; Uq). A probability level (p-value) of 
less than 0.05 was considered to be statistically significant. 

Results and discussion. The results of our studies showed an 
increase of neutrophils’ PA in rats with only LPS-induced peri-
odontitis by 23.7% (p<0.001) vs. control group (table 1). 

In rats with LPS-induced periodontitis combined with chronic 
thiolactone HHcy, a decrease of this index by 13.7% relative 
to control was found, but these changes were not significant 
(p=0.512). It should be noted that the PA of neutrophils in this 
group of animals was significantly lower by 30.2% relative to 
rats with only LPS-induced periodontitis.

Regarding PN, this index in rats with only LPS-induced peri-
odontitis significantly did not change vs. control group. In rats 
with LPS-induced periodontitis combined with chronic thiolac-
tone HHcy, this index was decreased by 2.4 times vs. control (p 
<0.001), which was 2.0 times lower than in rats with only LPS-
induced periodontitis.

PI in rats with LPS-induced periodontitis without comorbid 
pathology significantly decreased by 33.4% vs. control group. 
In rats with LPS-induced periodontitis combined with chronic 
thiolactone HHcy, this index was decreased by 51.2% (p<0.001) 
vs. control and by 26.7% vs. rats with only LPS-induced peri-
odontitis, but these changes were not significant (р=0.315).

The number of formazan-positive neutrophils in the spontane-
ous NBT-test in rats with LPS-induced periodontitis increased 
by 25.8% (p=0.003), and in the activated – by 42.9% (p= 0.001) 
vs. control group (table 2). The MAC of peripheral blood neutro-
phils significantly increased by 44.2%, and RR did not change 
significantly vs. control group. 

In animals with LPS-induced periodontitis combined with 
chronic thiolactone HHcy, the number of formazan-positive 
neutrophils in the spontaneous NBT-test increased more 
markedly – by 80.6% (p=0.001) vs control, which is 43.6% 
significantly higher than the data of rats with only LPS-
induced periodontitis. Regarding the number of formazan-
positive neutrophils in the activated NBT-test, this index sig-
nificantly increased by 58.9% vs. control, but did not differ 
significantly from the data of animals with only LPS-induced 
periodontitis. A similar trend was observed with regard to the 
MAC of peripheral blood neutrophils. This index increased 
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by 60.3% (p<0.001) vs. control group, which is 11.2% higher 
than the data of animals with only LPS-induced periodontitis, 
but these changes were not significant. The RR of periph-
eral blood neutrophils in rats with LPS-induced periodonti-
tis combined with chronic thiolactone HHcy decreased by 
14.1% vs. control group, but these changes were not signifi-
cant. At the same time, the RR in this group of animals was 
significantly lower by 21.8% compared to animals with only 
LPS-induced periodontitis.

Thus, the study of the functional state of peripheral blood 
neutrophils in case of LPS-induced periodontitis showed an in-
crease in their phagocytic activity with a simultaneous decrease 
of absorption capacity. Regarding the NBT-test, in animals of 
this group the number of formazan-positive neutrophils signifi-
cantly increased in both spontaneous and activated NBT-test vs. 
control group, which indicates the activation of oxygen-depen-
dent microbicidal mechanisms. 

It is known that the destruction of absorbed microbes and 
viruses by phagocytes occurs with the involvement of oxygen-
dependent microbicidal mechanisms, which are realized by 
generating of a number of ROS, such as superoxide radicals, 
hydrogen peroxide, hypochlorous acid, hydroxyl radicals, and 
chloramines, by an enzyme complex known as nicotinamide ad-
enine dinucleotide phosphate-oxidase/Nox2 (NADPH) oxidase 
[15,19] and their effects on the absorbed object. Reducing of the 
bactericidal activity of phagocytes can contribute to the survival 
of bacteria, their reproduction and chronicity of the inflamma-
tory process [23].

The results we received are consistent with the results of E.V. 
Mokrenko and P.D. Shabanov, who simulated inflammatory-
degenerative lesions of the soft tissues of the periodontium in 
rats and found a significant increase of PN (by 26%) and the 
index of phagocytosis’ completion (by 22%) on the background 
of a decrease (by 31%) of the count of neutrophils involved in 
phagocytosis [16]. Along with this, the indices of the spontane-
ous NBT-test increased by 63%, and the activated – by 35%. 
At the same time data on phagocytosis by neutrophils from 
peripheral blood in individuals with periodontitis are contro-
versial. There are data both of reduction [4] and increase of 
phagocytosis by neutrophils [17]. V. M. A. Carneiro et al. evalu-
ated the phagocytic function of peripheral blood neutrophils in 
periodontal disease (30 subjects), in comparison with 27 con-
trol individuals without periodontal disease [6]. A significant 
reduction in phagocyte functions was observed in individuals 
with periodontitis. Other researchers, examining the indices of 
spontaneous NBT-test in patients with chronic generalized peri-
odontitis, found that in all individuals they were significantly 
higher than in healthy controls, although they decreased with 
the increasing of the severity of the disease [1]. There are data 
that in case of moderate and severe generalized periodontitis, 
the number of neutrophils with incomplete phagocytosis in the 
oral fluid increases. In addition, the decrease of the absorption 
capacity of phagocytic polymorphonuclear leukocytes of blood 
and gums occurs on the background of high activation of cells 
to phagocytosis [22].

Chronic thiolactone HHcy adversely affects the functional 
and metabolic activity of peripheral blood neutrophils in case 
of LPS-induced periodontitis in rats, which is confirmed by a 
violation of the process of phagocytosis, a more pronounced de-
crease of absorption capacity and depletion of reserves of these 
cells. Influence of Hcys on neutrophils is less understood. In rat 
neutrophils, Bryushkova and co-authors [5], showed expression 
of N-methyl D-aspartate (NMDA) receptors and subsequent 

oxidative burst in response to Hcys. Researchers concluded that 
expression of NMDA receptors on neutrophil membrane makes 
neutrophils sensitive to Hcys. Thus, HHcy may induce addition-
al stimulation of immune competent cells. Álvarez-Maqueda M. 
and co-authors [2] demonstrated that Hcys increased superoxide 
anion release by neutrophils to the extracellular medium, and 
that this effect was inhibited by superoxide dismutase and diphe-
nyleneiodonium, an inhibitor of NADPH oxidase activity. They 
also showed that Hcys increased intracellular hydrogen perox-
ide production by neutrophils, that Hcys enhanced the activa-
tion and phosphorylation of mitogen-activated protein kinases 
(MAPKs), specifically p38-MAPK and extracellular signal-
regulated kinase 1/2 (ERK1/2) cascade, and that the migration 
of neutrophils was increased by Hcys. Requirement of protein 
kinase B (a set of three serine/threonine-specific protein kinases 
- Akt) and Erk1/2 signaling in inducing neutrophil extracellular 
traps have been demonstrated by different researchers [7, 12], 
but Joshi MB and co-authors showed an induction of Erk1/2 and 
Akt phosphorylation in response to Hcys in neutrophils [14].

Conclusion. LPS-induced periodontitis in rats is accompa-
nied by dysfunction of phagocytosis (increased phagocytic ac-
tivity with a simultaneous decrease of absorption capacity) and 
activation of oxygen-dependent microbicidal mechanisms of 
peripheral blood neutrophils, as indicated by an increase of indi-
ces of spontaneous and activated NBT-test. Chronic thiolactone 
HHcy adversely affects the functional and metabolic activity 
of peripheral blood neutrophils in case of periodontitis, which 
is confirmed by a violation of the process of phagocytosis, a 
more pronounced decrease in absorption capacity and deple-
tion of metabolic reserves of these cells in rats with comorbid 
course of LPS-induced periodontitis vs. animals with only LPS-
induced periodontitis. The observed disorders in the process of 
phagocytosis in rats with comorbid course of periodontitis are 
an important factor in reducing the non-specific organism re-
sistance which contributes to the progression of periodontitis. 
The obtained results reveal new aspects of the high Hcys plasma 
level influence on the course of inflammatory process in peri-
odontal tissues, which opens opportunities for improving patho-
genetic therapy in patients with periodontal disease combined 
with chronic HHcy.
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SUMMARY

THE INFLUENCE OF CHRONIC HYPERHOMOCYS-
TEINEMIA ON PHAGOCYTIC AND METABOLIC AC-
TIVITY OF PERIPHERAL BLOOD NEUTROPHILS IN 
CASE OF LIPOPOLYSACCHARIDE-INDUCED PERI-
ODONTITIS

1Khudan R., 1Bandas I., 1Mykolenko A., 2Svanishvili N., 
1Krynytska I.

1I. Horbachevsky Ternopil National Medical University, 
Ukraine; 2Tbilisi State Medical University, Georgia

The aim of the study was to investigate the phagocytic and 
metabolic activity of peripheral blood neutrophils in rats with 
lipopolysaccharide (LPS)-induced periodontitis combined with 
chronic thiolactone hyperhomocysteinemia (HHcy).

The experiment included non-linear mature male rats (n=48), 
which were divided into 4 groups: control; animals with a peri-
odontitis model; animals with a model of chronic thiolactone 
HHcy; animals with a model of periodontitis in combination 
with chronic thiolactone HHcy. Phagocytic activity, phagocytic 
index and phagocytic number were determined as indicators of 
phagocytosis of peripheral blood neutrophils. The oxygen-de-
pendent bactericidal activity of peripheral blood neutrophils was 
studied using nitroblue tetrazolium test (NBT-test).

Our research has found that LPS-induced periodontitis in 
rats is accompanied by dysfunction of phagocytosis process 
(increased phagocytic activity with a simultaneous decrease of 
absorption capacity) and activation of oxygen-dependent micro-
bicidal mechanisms of peripheral blood neutrophils, as indicated 
by an increase of indices of spontaneous and activated NBT-
test. Chronic thiolactone HHcy adversely affects the functional 
and metabolic activity of peripheral blood neutrophils in case of 
periodontitis, which is confirmed by a violation of the process 
of phagocytosis, a more pronounced decrease in absorption ca-
pacity and depletion of metabolic reserves of these cells in rats 
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with comorbid course of LPS-induced periodontitis vs. animals 
with only LPS-induced periodontitis. The observed disorders 
in the process of phagocytosis in rats with comorbid course of 
periodontitis are an important factor in reducing the non-spe-
cific organism resistance which contributes to the progression 
of periodontitis. The obtained results reveal new aspects of the 
high Hcys plasma level influence on the course of inflamma-
tory process in periodontal tissues, which opens opportunities 
for improving pathogenetic therapy in patients with periodontal 
disease combined with chronic HHcy.

Keywords: periodontitis, hyperhomocysteinemia, phagocy-
tosis, peripheral blood neutrophils.

РЕЗЮМЕ

ВЛИЯНИЕ ХРОНИЧЕСКОЙ ГИПЕРГОМОЦИСТЕ-
ИНЕМИИ НА ФАГОЦИТАРНУЮ И МЕТАБОЛИЧЕ-
СКУЮ АКТИВНОСТЬ НЕЙТРОФИЛОВ КРОВИ В 
УСЛОВИЯХ ЛИПОПОЛИСАХАРИД-ИНДУЦИРО-
ВАННОГО ПАРОДОНТИТА

1Худан Р.И., 1Бандас И.А., 1Миколенко А.З., 
2Сванишвили Н.З., 1Криницкая И.Я.

1Тернопольский национальный медицинский университет 
им. И.Я. Горбачевского, Украина; 2Тбилисский государ-
ственный медицинский университет, Грузия

Целью исследования явилось определить фагоцитарную 
и метаболическую активность нейтрофилов перифериче-
ской крови у крыс с липополисахарид-индуцированным 
пародонтитом в сочетании с хронической тиолактоновой 
гипергомоцистеинемией.

В эксперимент включены нелинейные половозрелые 
крысы-самцы (n=48), которые разделены на 4 группы: 
контроль; животные с моделью пародонтита; животные 
с моделью хронической тиолактоновой гипергомоцисте-
инемии (ГГЦ); животные с моделью пародонтита в со-
четании с хронической тиолактоновой ГГЦ. Определяли 
фагоцитарную активность, фагоцитарный индекс и фаго-
цитарное число. Оксиген-зависимую бактерицидную ак-
тивность нейтрофилов крови изучали с помощью теста с 
нитросиним тетразолием (НСТ-тест).

Проведенное исследование у крыс с липополисахарид 
(ЛПС)-индуцированным пародонтитом выявило нарушение 
процесса фагоцитоза (повышение фагоцитарной активно-
сти с одновременным снижением нейтрофилов поглощаю-
щей способности) и повышение оксиген-зависимой бакте-
рицидной активности нейтрофилов крови, на что указывает 
увеличение показателей спонтанного и активированного 
НСТ-теста. Хроническая тиолактоновая ГГЦ негативно 
влияет на функциональную и метаболическую активность 
нейтрофилов крови, что подтверждается нарушением про-
цесса фагоцитоза, более выраженным уменьшением по-
глощающей способности и истощением метаболических 
резервов этих клеток у крыс с коморбидным течением ЛПС-
индуцированного пародонтита относительно животных 
с изолированным ЛПС-индуцированным пародонтитом. 
Наблюдаемые расстройства процесса фагоцитоза у крыс с 
коморбидным течением пародонтита являются значимым 
фактором снижения неспецифической резистентности 
организма, что способствует прогрессированию пародон-
тита. Полученные результаты раскрывают новые аспекты 

влияния высокого уровня гомоцистеина в плазме крови на 
течение воспалительного процесса в тканях пародонта, от-
крывая возможности улучшения патогенетической терапии 
пациентов с пародонтитом в сочетании с хронической ги-
пергомоцистеинемией.

reziume

qronikuli hiperhomocisteinemiis gavlena 
neitrofilebis fagocitur da metabolur aq-
tivobaze, lipopolisaqaridebiT inducirebuli 
parodontitis dros

1r. xudani, 1i. bandasi, 1a. mikolenko, 2n. svaniSvili, 
1i. krinickaia 

1ternopolis i. gorbaCevskis sax. erovnuli sa-
medicino universiteti, ukraina; 2Tbilisis sax-
elmwifo samedicino universiteti, saqarTvelo 

kvlevis mizans warmoadgenda neitrofilebis 
fagocituri da metaboluri aqtivobis gansaz-
Rvra lipopolisaqaridebiT inducirebuli paro-
dontitiT da qronikuli Tiolaqtonuri hiper-
homocistienemiiT daavadebuli virTagvebis peri-
feriul sisxlSi.
eqsperimenti Catarda kvlevis oTx jgufad 

dayofil mamr virTagvebze (n=48): sakontrolo 
jgufi, virTagvebi eqsperimentuli parodontitis 
modeliT, virTagvebi eqsperimentuli hiperhomo-
cistenemiis modeliT, virTagvebi parodontitTan 
SeuRlebuli qronikuli Tiolaqtonuri hiperho-
mocistienemiis modeliT. 
ganisazRvra fagocituri aqtivoba, fagocituri 

indeqsi da fagocituri ricxvi. sisxlis neitro-
filebis Jangbaddamokidebul baqtericiduli aq-
tivoba ganisazRvra nitro-lurji tetrazoliu-
mis testiT.
Catarebuli kvleviT virTagvebSi lipopo-

lisaqarid-inducirebuli parodontitiT gamov-
linda fagocitozis procesis darRveva (fago-
cituri aqtivobis zrda, amavdroulad neitro-
filebis STanTqmiTi unaris daqveiTebiT) da 
sisxlis neitrofilebis Jangbaddamokidebul 
baqtericiduli aqtivobis zrda, razec miuTiTebs 
spontanuri da aqtivirebuli nitro-lurji tet-
razoliumis testis maCveneblebis mateba.
qronikuli Tiolaqtonuri hiperhomocistei-

nemia uaryofiTad moqmedebs sisxlis neitro-
filebis funqciur da metabolur aqtivobaze, rac 
dasturdeba fagocitozis procesis darRveviT, 
STanTqmiTi unaris daqveiTebiT da am ujredebis 
metaboluri rezervebis amowurviT virTagvebSi 
lipopolisaqarid-inducirebuli parodonti-
tis komorbiduli mimdinareobiT, izolirebul 
lipopolisaqarid-inducirebul parodontitTan 
SedarebiT. 
fagocitozis procesis aRwerili darRvevebi 

virTagvebSi parodontitis komorbiduli mimdi-
nareobiT warmoadgens organizmis araspecifi-
kuri rezistentobis daqveiTebis mniSvnelovan 
faqtors, rac xels uwyobs parodontitis pro-
gresirebas. miRebulma Sedegebma aCvena sisxlis 
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plazmaSi homocisteinis maRali donis gavlenis 
axali aspeqtebi anTebiTi procesis mimdinareo-
baze parodontis qsovilebSi, rac uzrunvelyofs  

paTogenezuri Terapiis gaumjobesebas pacien-
tebSi parodontitiT qronikul hiperhomociste-
inemiasTan kombinaciaSi.

EARLY POSTNATAL DYSFUNCTIONING OF THE BRAIN MUSCARINIC CHOLINERGIC SYSTEM 
AND THE DISORDERS OF FEAR-MOTIVATED LEARNING AND MEMORY 

Shavgulidze M., Babilodze M., Rogava N., Chijavadze E., Nachkebia N.

Ivane Beritashvili Center of Experimental Biomedicine, Tbilisi, Georgia

The aim of the study was to investigate the early postnatal 
dysfunctioning of the brain muscarinic cholinergic system as a 
major factor in the development of cognitive disorders similar 
with somewhat is noted in animal models of depression and in 
patients with Major Depressive Disease (MDD). The problem 
is highly topical because MDD is one of the most common dis-
eases in the world and is a serious cause of human death. The 
appropriate strategy for treating of MDD is not fully understood 
yet. This is complicated by the fact that MDD is a complex, mul-
tidimensional, heterogeneous disease accompanied by a range 
of changes, including cognitive impairment, depressed mood, 
anhedonia, decreased appetite and libido and so on [12,13].

 Therefore, it is very topical and important to search for 
new research approaches to elucidate the pathophysiology of 
MDD, for which we consider it necessary to thoroughly study 
the pathophysiological mechanisms of individual symptoms of 
MDD on adequate, valid, animal models of this disease. Such 
studies are of great importance in terms of both basic science 
and clinical medicine.

 Such a minding of scientific thinking is very important since 
it is considered that the above-listed range of symptoms, accom-
panying MDD, should develop with the participation of various 
factors, particular specific symptoms may be served by dysfunc-
tions of different neurotransmitters.

 In the present study, special attention has been paid to the 
muscarinic cholinergic system of the brain, as this system is in-
volved in the learning and memory mechanisms. In the central 
nervous system, acetylcholine promotes many functions such as 
learning, memory, attention, and motor control [7,14,16]. Mus-
carinic acetylcholine receptors (MAChRs) have recently been 
shown repeatedly to play a role in learning and memory [1,3,5]. 
Therefore, there is a suggestion and we also share this view that 
dysfunction of the cholinergic system may contribute to the de-
velopment of cognitive disorders during MDD [2,8]. 

 We hypothesize that for the investigation of the role of dys-
functioning the brain muscarinic cholinergic system as the main 
factor of cognitive impairment, accompanying various psycho-
neurological disorders, it is necessary to conduct experiments on 
animal models where the dysfunctioning of the brain muscarinic 
cholinergic system will be achieved without any specific (elec-
trolytic, cytotoxic and so on) damaging of nervous cells by ex-
ogenous factors. Such a way is a completely new methodologi-

cal approach, worked out by Nachkebia et.al. [11], which was 
also used in our study. The method involves dysfunctioning of 
the brain muscarinic cholinergic system during the early post-
natal development (P7-P28) of rat pups and investigation of the 
long-term effects of this procedure after achieving the adult ages 
them. In general, the use of such a methodical approach allows 
obtaining a relatively pure effect of dysfunctioning of the brain 
muscarinic cholinergic system on the learning and memory in 
various separate tasks of declarative and non-declarative learn-
ing and memory. Studies conducted on such animal models are 
very important in terms of extrapolation to humans.

 The present study examines the processes of learning and 
long-term retention of information obtained in the two impor-
tant tasks of non-declarative memory - active avoidance, moti-
vated by foot shock-induced fear, and the elevated plus-maze, 
based on the natural fear. We thought that the results obtained 
will answer the important question of whether the tasks of learn-
ing and memory motivated by the natural and/or procedural fear, 
are disturbed in animals that have been subjected, during early 
postnatal development, to the dysfunctioning of muscarinic cho-
linergic system. 

 The urgency of the issue is very high, as the lasting effects 
of early postnatal dysfunctioning of the brain muscarinic cho-
linergic system on learning and memory of the non-declarative 
fear-motivated tasks have been studied by us for the first time.

Material and methods. Experiments were carried out on 
male white wild rats (n=40). Four groups of animals were used 
with special procedures for each one. 

Experimental group I - rat pups (n=15) received subcutane-
ously Scopolamine (Scop. n=10) 30 mg/kg two times daily 
during from postnatal day 7 (P7) to P28; Afterwards they were 
maintained in home cages under special care. After adult age 
(2.5-3 month) 5 rats were included in the experiments aimed 
to investigate the changes of learning and memory in the two-
way active avoidance test. The second 5 rats received systemic 
injection of Scop (15 mg/kg) and 30 min after were included 
in the experiments aimed to investigate the changes of learning 
and memory in the two-way active avoidance test. The third 5 
rats received systemic injection of Melipramin [(Mel) 15 mg/
kg] and 30 min after were included in the experiments aimed to 
investigate the changes of learning and memory in the two-way 
active avoidance test.


