OPUITMHANbHOE UCCINEQOOBAHUE

DOI:10.23888/PAVLOVJ2019272209-218 ORIGINAL STUDY

COCTOAHHUE TPOMBOLMTAPHOI'O 3BEHA CUCTEMbI 'EMOCTA3A
B HTATOI'EHE3E IIPOI'PECCHUPOBAHHUA XPOHHUYECKOI'O ITAPOAOHTHUTA

© E.B. Konowposa, T.U. Bracosa, B.A. Tpogumos, A.Il. Bracos,
P.A. Aoamuux, B.B. Axumos, E.A. Tawuna
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Ilens. OneHUTH CTPYKTYPHO-()YHKIIMOHATIBHOE COCTOSIHUE TPOMOOIIMTOB KakK KJIETOYHOTO
KOMIIOHEHTa CHCTEMbI IéMOcCTa3a IMPH XPOHUYECKOM TeHepann3oBaHHOM mapopoHTute (XI'TI)
Pa3IUYHOM CTENEHU TSHKECTU U YCTAHOBUTH €r0 POJib B IPOrpeccupoBaHuM 3a0oseBaHus. Mame-
puansl u memoosl. B uccrnenopanue BkiIro4YeHo 83 manuenTa (47 myxuuH u 36 xxennmH) ¢ XTI,
pa3JeNeHHbIX Ha TPU COIMOCTABUMBIE 110 BO3PACTHO-TIOJIOBOMY COCTaBYy I'pYMIbI: B IEPBYIO IPyI-
ny (n=21) Brmounian nanpentoB ¢ XTI jerkoi creneHu TsHKeCTH, Bo Bropyro (N=36) — cpenneit
CTENICHU TSHKECTH, B TPEThi0 (N=26) — TsDKENOW cTenmeHu. MeTobl MCCICIOBAaHHS BKIOYAIH
OILICHKY CTPYKTYpPHO-(DYHKIIMOHAJIBHBIX XapaKTEPUCTUK TKaHEH MmapojoHTa, oOLIero rurueHuye-
CKOI'O COCTOSIHMS TIOJIOCTU PTa, BBIPAKEHHOCTH BOCIIAJIUTENBHOTO MPOIIECCa [0 MHJIEKCHBIM IOKa-
3aressiM; HMCCIEAOBaHWE MUKPOLMPKYISIIUM TKaHEeW MapofOHTa, OIMpEeleleHHE BBIPaKEHHOCTU
OKCHJIATHBHBIX MPOIECCOB B CIIOHE, TUIa3Me KPOBH, TPOMOOIMTAX, N3YUEHHE JIUMHIHOTO COCTaBa
TpoMOouuTOB. Pesynomamut. [Ipu XI'II oTmeuaroTcs maTolOTMYECKUE M3MEHEHUS JMITHUHOTO
cocraBa MeMOpaH TPOMOOIIUTOB (yBEIHUEHHE MPOIEHTA JIU30(0OC(OIUTHIOB U CBOOOIHBIX KHUP-
HBIX KHCIIOT), CBS3aHHBIE C CHCTEMHOW aKTUBU3alMel OKCUIATUBHBIX IpoleccoB U (ocdonumnas-
HBIX (DEPMEHTHBIX CHCTEM, YTO COIPOBOXIAETCS MOBBIILIEHUEM MX arperaliOHHON aKTUBHOCTH.
CremneHb MOBBINICHUS AKTUBHOCTU TPOMOOILIMTOB COMPSIKEHA C BBIPAKEHHOCTHIO HAPYIICHHIH
MUKPOLMPKYJIALIMU B TKaHAX MapojioHTa. COCTOSHUE KJIETOYHOIO0 KOMIIOHEHTa CHCTEMBI IeMo-
CTa3a KOPPEINPYET CO CTENEHBIO TSYKECTH MATOJIOTUYECKOTrO Ipouecca B mapononre. Ilpu Tsaxe-
noi creneHu XI'TI cTpykTypHO-(YHKIIMOHATBHBIE U3MEHEHHSI TPOMOOIIUTOB MaKCUMAaNbHbI. 3a-
knrwuenue. [Tpu XI'TI cuctemHast akTUBalUsg OKCHIATUBHBIX MPOIECCOB MPUBOAUT K MOIU(pUKa-
LMY JIMIIUJHOTO cocTaBa MeMOpaH TPOMOOIIMTOB, YTO CIIOCOOCTBYET MOBBIIIEHUIO MX arperamu-
OHHOW aKTHUBHOCTH, UT'Pasi BAXKHYIO POJIb B OPMUPOBAHUU TUTIEPKOATYISIIUHU, HAPYIIICHUH MUK-
POLMPKYISILIMKA U TPOIPECCUPOBAHUU BOCTIAJICHHUS B TKAHSIX MapOJOHTA.

Knrueewie cnosa: napooonmum,; HapyuleHUs MUKPOYUPKYIAYUU, 2eMOCA3, MPOMOOYUMb.

CONDITION OF PLATELET FACTOR OF HEMOSTASIS SYSTEM
IN PATHOGENESIS OF CHRONIC PERIODONTITIS PROGRESSION
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Aim. To evaluate the structural and functional condition of platelets as a cellular component
of the hemostasis system in chronic generalized periodontitis of different severity, and to establish
its role in the progression of the disease. Materials and Methods. Clinical studies included 83 pa-
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tients (47 men and 36 women) with chronic generalized periodontitis, comparable in age and sex,
divided into three groups according to the severity of the disease: the first group (n=21) — periodon-
titis of mild severity; the second group (n=36) — moderate degree of severity; the third group (n=26)
— severe periodontitis. Methods of the study included evaluation of the structural and functional cha-
racteristics of periodontal tissues, general hygienic condition of the oral cavity, the severity of the
inflammatory process according to index parameters; study of microcirculation of periodontal tis-
sues, determination of the evidence of oxidative processes in saliva, blood plasma, platelets, study
of lipid composition of platelets. Results. In chronic generalized periodontitis, pathological changes
in the lipid composition of platelet membranes (an increase in the percentage of lysophospholipids
and free fatty acids) were associated with systemic activation of oxidative processes and of phos-
pholipase enzyme systems, which was accompanied by an increase in their aggregation activity.The
degree of increase in the activity of platelets was associated with the severity of microcirculatory
disturbances in the periodontal tissues. The condition of the cellular component of the hemostasis
system correlated with the severity of the pathological process in the periodontium. In severe degree
of chronic periodontitis, structural and functional changes in platelets were maximal. Conclusion. In
chronic periodontitis, the systemic activation of oxidative processes leads to a modification of the
lipid composition of platelet membranes, which contributes to increase in their aggregation activity
playing an important role in the induction of hypercoagulation, microcirculation disturbances and
progression of inflammation in the periodontal tissues.
Keywords: periodontitis; microcirculation disorders; hemostasis; platelets.

The importance of the problem of of Mordovia. The average age of patients was
chronic periodontitis is associated with its 43.4+8.2 years, the duration of the disease
rapid progression, high degree of recurrences was 2.4+0.6 years.
and low effectiveness of therapy [1-3]. Mod- All patients were divided into three
ern views of the pathogenetic mechanisms of groups comparable in age and gender: the
chronic periodontitis assign the important role first group (n=21) — patients with a mild de-
not only to pathological changes in the micro- gree of CGP, the second group (n=36) — with
circulation [4], but also to systemic disorders a moderate degree, and the third group (n=26)
[5,6]. Some authors state an increase in the — with severe CGP. As the control group
level and activity of platelets in chronic perio- (norm) the average parameters of 25 healthy
dontitis [7-9], but the mechanism of such volunteers of the same gender and age as in
changes in the system of hemostasis is not the groups of study, were taken.
completely studied [10,11]. Besides, the role The study was approved at a meeting of
of hypercoagulation in progression of chronic Local ethical committee of N.P. Ogaryev
periodontitis also remains unclear. NRSUM Ne34 of 2017 February 15. All pro-

The aim of study — to evaluate the func- cedures were conducted after signing of the
tional condition and lipid composition of written informed consent by the patients.
platelets in chronic generalized periodontitis Patients with CGP were subjected to a
(CGP) with different extent of severity and to complex clinic-laboratory and X-ray exami-
determine its role in the progression of the nations, and according to their results were
disease. diagnosed and divided into groups. Addition-

Materials and Methods al examinations included evaluation of struc-

The study included 83 patients (47 men tural and functional characteristics of peri-
and 36 women) with CGP of different severi- odontal tissue by papillary-marginal-alveolar
ty who referred to the Dental Clinic of N.P. (PMA) index (Parma, 1960), indicating the
Ogaryev National Research State University evidence of gingivitis, by sulcus bleeding in-
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dex, SBI (Muhleman, 1971), by hygiene of
approximal surfaces of teeth APl (Lange,
1997) showing the dynamics of formation of
tooth plaque, by resistance of gingival capilla-
ries (method of dosing vacuum by V.I. Ku-
lazhenko), by simplified oral hygiene index
OHI-s (Green, Vermillion, 1969), by Schiller-
Pisarev test, by calculation of plaque index,
by examination of microcirculation in peri-
odontal tissues using laser doppler flow metry
on LAKK-02 analyzer (OOO NPP Lasma,
Russia) equipped with specialized software,
by determination of evidence of oxidative
processes in saliva, blood plasma, platelets,
by the content of secondary products of pe-
roxide oxidation of lipids (D.Yu. Egorov,
A.V. Kozlov, 1987), by examination of lipid
composition of platelets (after isolation on
chromatograms by dencitometric method on
dencitometer Model GS-670 (BIO-RAD,
USA) with the corresponding software (Phos-
phor Analyst / PS Sowtware)).

Statistical analysis of the data was car-
ried out using application program package
Statistica 7.0 (Stat Soft Inc., USA). The type
of distribution for each studied parameter was
evaluated taking into account the obtained
results. The following statistical methods
were chosen: calculation of Student-t test,
Pearson correlation coefficient, » criterion
for evaluation of significance of the age and
gender factors. The differences were consi-
dered statistically significant at p<0.05.

Results and Discussion

The conducted studies showed that at
the moment of visiting a dentist, in patients
with CGP significant deviations of calculated
and measured characteristics of the condition
of the periodontium from norm were found,
with the evidence corresponding to severity
of the disease.

Simplified hygienic index (OHI-s) in-
creased the norm by 72.4% (p<0.001),
120.95% (p<0.001) and 161.2% (p<0.001) in
patients of the first, second and third group,
respectively. To note, the parameter OHI-s
was more than 1, which is assumed to indi-

cate a poor hygienic condition of the mouth
cavity.

Plaque index (PI) in patents of the first
and second groups was 0.83+0.21 which 9.2
times exceeded the norm. This parameter in
the second group was 3.89+0.23, which cor-
responded to a moderately severe pathology
of periodontium indicating the existence of
gingivitis with formation of a clinical pocket
with a fixed tooth with no disorder in func-
tion. The most evident change in Pl were
found in patients of the third group, where it
was 4.64+0.25.

Determination of numeric equivalent of
Schiller-Pisarev test showed a reliable in-
crease in the given parameter in patients of
the second group by 184.12% (4.83+0.23)
which corresponded to staining of alveolar
papillae and of the gingival margin and was
characterized as the existence of a moderate
inflammation process of periodontal tissues.
In patients of the third group the score ac-
cording to the results of this test exceeded
normal parameters by 354.62% (p<0.05) that
was characterized as the existence of a severe
inflammation of periodontal tissues.

Evaluation of papillary-marginal-alveolar
index at the moment of visiting the clinic
showed increase in the parameter in patients
of the first, second and third groups by 12.1
(p<0.001), 23.2 (p<0.001) and 38.7 times
(p<0.001, respectively, indicating the exis-
tence of an active inflammatory process in the
periodontal tissues.

Sulcus bleeding index of patients in the
studied groups was 5.4 times (p<0.001), 16
times (p<0.001) and 21.2 times (p<0.001) the
norm, respectively. Index of hygiene ofap-
proximal surfaces of teeth in the given groups
also exceeded the normal values 4.5 times
(p<0.001), 16.7 times (p<0.001) and 18.3
times (p<0.001) which indicated unsatisfacto-
ry condition of the hygiene of the oral cavity
and intense formation of dental deposit and
dental plaque. Evaluation of Kulazhenko test
revealed reduction of the time of hematoma
formation by 51.2% (p<0.001), 75.0%
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(p<0.001) and 82.4% (p<0.001), respectively,
which evidenced a disorder in the functional
condition of the vessels of periodontium and
increased fragility of capillaries.

It was also found that structural and
functional alterations in periodontal tissues in
CGP were accompanied by disorders in mi-
crocirculation and by the phenomena of oxid-
ative stress not only at the local, but also at
the systemic level. Thus, examination of a
microcirculatory status of periodontal tissues
using LDF showed that at the moment of vi-
siting a doctor, a patient with evident clinical
signs of exacerbation of CGP had significant
deviations of LDF from the norm. The study
showed that in patients of the first group, the
microcirculation index (MI) in the perio-
dontium was insignificantly decreased. The
index of effectiveness of microcirculation
(IEM) and the parameters of the regulatory
components of periodontium were comparable
with normal ones. A statistically significant
increase in the shunting index (SI) was record-
ed — by 30.1% (p<0.05) against the norm.

In evaluation of microcirculation in pa-
tients of the second group a considerable in-
crease in MI was found (41.6%, p<0.05), with
simultaneous increase in Sl by 107.1%
(p<0.05). The ratio of the maximal amplitudes
of cardial and low frequencies increased
20.0% (p<0.05). The parameter of neurogenic
tone increased 17.3% (p<0.05), and that of
myogenic tone decreased by 26.8% (p<0.05)
relative to normal values. Effective microcir-
culation index decreased by 19.2% (p<0.05).
The obtained data evidence disorder in the mi-
crocirculation in periodontal tissues in the
form of reduction of effectiveness of microcir-
culation in the periodontium and of shunt of
blood though shunting vessels with involve-
ment of cardial mechanisms of compensation,
with suppression of humoral myogenic regula-
tion with activation of sympathetic influences.

In severe CGP in patients of the third
group, Ml in periodontium reduced by 75.2%
(p<0.05) with increase in Slby 210.1% (p<0.05)
against the norm which was probably due to

irreversible sclerotic alteration ofperiodontal
tissue. Evaluation of mechanisms of regulation
of vessel tone on the basis of the amplitude-
frequency analysis revealed changes in micro-
circulation corresponding to the third degree of
severity [12]. Depletion of compensatory cardi-
al and respiratory mechanisms and disorders of
neurogenic and humoral regulation of micro-
hemodynamics were found.

It is known that disorders in microcircu-
lation with the underlying disorders in the
vessel wall and pathological alterations of cell
membrane lead to frustration of transport and
utilization of oxygen by tissues and to mixed
hypoxia [13]. Circulatory and tissue hypoxia
was characterized by derangement of meta-
bolism and by shift of dynamic equilibrium
between the evidence of the activity of anti-
oxidant system and the rate of POL processes
toward the latter [14].

Besides, at the moment of visiting the
clinic, considerable deviation of markers of
oxidative stress in saliva of the studied indi-
viduals were recorded. The content of sub-
stances reacting with thiobarbituric acid
(TBA) 141.2% (p<0.05) exceeded the norm
in patients of the first group, 233.3% (p<0.05)
in patients of the second group, and 604.3%
(p<0.05) in patients of the third group. Activi-
ty of superoxide dismutase in the first and
second groups showed a compensatory in-
crease by 22.0 and 49.3% (p<0.05), respec-
tively, and in a severe form of the disease de-
creased by 42.2% (p<0.05) which probably
evidenced breakage of compensatory me-
chanisms of antioxidant enzymatic systems.

Activation of oxidative processes was
as well noted at the systemic level as a com-
ponent of acute phase response. The level of
malondialdehyde in blood plasma exceeded
the norm by 21.2% (p<0.05) in the first group
of patients, 63.4% (p<0.05) in the second
group and 92.8% (p<0.05) in the third group.

Increase in phospholipase activity of
plasma was recorded corresponding to the
severity of the pathological process, the stu-
died parameter was above the norm by 49.1%
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(p<0.05), 113.4% (p<0.05) and 236.1%
(p<0.05) in the first, second and third groups,
respectively. This fact also plays an important
role in the pathogenesis of progression of the
disease taking into consideration not only
membrane-destabilizing activity of this en-
zyme [15], but also its role in formation of

arachidonic acid with triggering of its meta-
bolic cascade as an important source of me-
diators of inflammation [16].

Analyzing the obtained data, it should
be noted that the evidence of systemic patho-
logical alterations in CGH correlated with
severity of the disease (r=0.89, Figure 1).

4,5

3,5

2,5

nmol/ml

15 A

norm mild

moderate

severe

Fig. 1. Content of malondialdehyde in blood plasma of patients with different degree of severity

Note: * — statistical significance of changes relative to norm (p<0.05)

Surely, activation of the main factors of
alteration of cell membranes in blood plasma
cannot but told upon the structural-functional
conditions of the formed elements of blood
and of endothelial cells as the first ‘targets’ of
self-destruction. Of a special interest is a
study of structural-functional characteristics
of platelets, activation of thrombogenic prop-
erties of which may promote microthrombosis
and worsening of microcirculation in tissues
leading to progression of the pathological
process. It was shown by some studies that
evidence of hemostatic disorders correlated
with the degree of severity of CGP [17].

A study of the activity of oxidative
processes in platelets showed increase in the

content of secondary products of POL by
56.4% (p<0.05) in a mild degree of CGP, by
86.9% (p<0.05) in moderate degree and by
129.3% (p<0.05) in a severe form. Activity
of phospholipase A, of platelets increased
30.2%, 85.4% and 143.2% (p<0.05), respec-
tively (Figure 2).

Increase in the activity of lipid-
modifying factors of cell membranes was
accompanied by changes in lipid composi-
tion of platelets, with the highest changes in
fractions of free fatty acids and lysophos-
pholipids. Other parameters of lipid compo-
sition of platelets also showed reliable
changes relative to norm, especially in se-
vere CGP.
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Fig. 2. Parameters of activity of POL and activity of phospholipase A, of platelets of in blood
of patients with CGP with different degree of severity

Note: * — statistical significance of changes relative to norm (p<0.05)

Table 1
Lipid Spectrum of Platelets in Chronic Generalized Periodontitis
Parameter Norm Degree of Severity of CGP
Mild Moderate Severe
Cholesterol esters, % 6.71+0.46 6.56+0.58 5.17+0.39 8.28+0.67*
Cholesterol, % 25.05+1.58 24.67+1.26 35.14+1.07* 42.3442.00*
Free fatty acids, % 4.424+0.28 6.12+0.39* 6.99+£0.31* 7.52+0.48*
Triglycerides, % 5.32+0.37 5.76+0.33 5.73£0.50 7.42+0.29*
Total phospholipids, % 55.824+3.74 53.834+2.80 42.74+£1.29* 38.60+2.16%*
Fractions of Total Phospholipids
Lysophosphatidylcholine 1.15+0.06 1.86+0.15% 4.02+0.28 4.86+0.11%*
Sphingomyelin 23.13+£2.29 22.36+1.19 17.89+0.88* 10.80+1.19*
Phosphatidylinositol 7.44+0.41 7.27+0.29 10.89+0.34* 10.86+0.30*
Phosphatidylcholine 35.96+1.13 32.51£1.43 27.26+1.67* 25.33+1.45%
Phosphatidylethanolamine 24.82+1.28 25.23+1.36 32.02+1.29* 34.23+1.44*
Phosphatidylserine 9.64+0.40 10.90+0.32 16.17+0.39* 18.62+0.34*

Note: * — statistical significance of changes relative to norm (p<0.05)
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Table 2
Functional Activity of Platelets in Chronic Generalized Periodontitis
Degree of Severity of CGP
Parameter Norm -
Mild Moderate Severe
Degree of platelet aggregation, % 57.46+2.99 71.34+4.71%* 76.02+3.88%* 86.23+5.78*
Rate of platelet aggregation, conv.u 2.05+0.14 2.87+0.19* 3.414+0.18* 3.88+0.25*
Time of platelet aggregation, sec 195.75+10.57 171.65+10.13 136.46+9.01* 109.644+6.36*

Note: * — statistical significance of changes relative to norm (p<0.05)

Besides, increase in the aggregation ca-
pacity of platelets was found that was most
significant in a severe form of the disease
when the extent and rate of aggregation ex-
ceeded the norm by 50.0 and 89.3% (p<0.05),
respectively, with shortening of aggregation
time by 56.0% (p<0.05) against the norm
(Table 2).

Alteration of molecular structure of li-
pid composition of platelet membranes corre-
lated with disorders in their functional activi-
ty (r=0.79-0.86).

The given modifications of structural-
functional activity of platelets may be one of
factors triggering the intravascular way of
activation of a cascade of hemostatic reac-
tions leading to hypercoagulation condition
and to microthrombosis with impairment of
microcirculation of tissues [18]. This fact is
confirmed by a strong correlation dependence
of parameters of structural-functional condi-
tion of platelets and parameters of condition
of periodontal tissues and the data of laser
dopplerflowmetry of microcirculation of the
gingival tissue (r=0.86-0.91).

In discussion of the obtained results it
should be noted that studies of N.A. Geor-
giadi et al. [19] and of M.S. Alieva et al.
[20] also showed that derangement of mi-
crocirculation in periodontal tissues corre-
lated with the expression of inflammation in
CGP. Phenomena of systemic oxidative

stress in exacerbation of CGP in the form of
increase of POL products in blood plasma
revealed by us, confirm the literature data
[21]. Results of increase in the aggregation
activity of platelets in CGP with a tendency
to increment with progression of the pathol-
ogy do not contradict the results of studies
of V.N. Kitaeva, et al. [22] and of E.V. Po-
nukalina, et al. [23].
Conclusion

In chronic generalized periodontitis, pa-
thological alterations in lipid composition of
platelet membranes were noted associated
with  systemic activation of oxidative
processes and of phospholipase enzymatic
systems with increase in their aggregation
activity. The given alterations correlate with
the evidence of disorders in microcirculation
in tissues of periodontium. The condition of
platelet hemostasis corresponds to the degree
of severity of the pathological process in pe-
riodontium. In a severe chronic generalized
periodontitis, the structural-functional altera-
tions in platelets were maximal.

Thus, in chronic periodontitis, systemic
activation of oxidative processes was asso-
ciated with modification of lipid composition
of plateletmembranes and with increase in
their aggregation activity which correlated
with disorders in microcirculation and expres-
sion of the inflammation in tissues of perio-
dontium.
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