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Pestome. I]env uccnedosanus — n3ydyeHue KUCIOpO/-
TPAHCIIOPTHOM CIIOCOOHOCTH IPUTPOLUTOB IIPU XPOHUYE-
cKkoM mnaponoHtute. Mamepuanvt u memoovl. Knuanue-
CKHe uccneqoBanus 34 GONbHBIX XPOHUUECKUM T'eHepalu-
30BaHHBIM TAPOAOHTUTOM: TIepBas rpymmna (n=20) — nmapo-
JIOHTUT CpeTHEeH CTENeH! TSKECTH, BTopas rpymma (n=16)
— TsDKEJIbIM mapoAoHTUT. VccnenoBanu conepxaHue BTO-
PUYHBIX TPOLYKTOB JIMIIOIEPEOKUCIICHUS, AKTUBHOCTb
¢dochonunazer A2, xaranasel, onpenesneHue ¢Gochonu-
MHUTHOTO cocTaBa ApUTPoLUTOB (neHcutomerp Model GS
— 670 (BIO-RAD, CIIA). Onpenensiau kKoHGOPMAITIIO
U CBOWCTBAa Ie€MOINIOOMHA 3PUTPOLIUTOB METOIOM CIEK-
TPOCKOTINY KOMOMHAIIMOHHOTO paccenBaHus (in via Basis
¢upmbr Renishaw (UK)). Pesynsmamur. 1lpn xponude-
CKOM TSDKEJIOM Te€HEpaJH30BaHHOM MapOAOHTUTE 3aperu-
CTPUPOBAaHO HApYyIICHUE KUCIOPOATPAHCIIOPTHOW (yHK-
LIUU TeMOIIO0MHA (CHIDKEHHSI CIIOCOOHOCTH T'eMOIIO0MHA
cBs3bIBaTh Juradasl Ha 18,57% (p<0,05) m ymeHbmieHHus
CpoAcTBa reMorioonHa K kuciopoxay Ha 14,30% (p<0,05))
Ha (oHE KOHPOPMALMOHHBIX W3MEHEHHH MHPPOJIOB U B
nenoM remMornoouHa. JlaHHble W3MEHEHHs KOppeIHpoBa-
JIM ¢ U3MEHEHUSAMHU (POCHOIIMITUIHOTO CIEKTPa KIICTOUHOM
MeMOpaHBbI 3PUTPOIIMTA ¥ MOBBIIICHUEM COJICPIKAHHS BTO-
PUYHBIX NPOLYKTOB JIMIONEPEOKUCICHNSI U aKTHBHOCTHIO
¢dochomumnazer A2 sputpormro. [Ipu XxpoHudeckom ma-
POZIOHTHUTE CPEIHEH CTENEHM TSHKECTH yKa3aHHbIC H3Me-
HEHUs MEHee BbIpaKeHBl. 3akiaodenue. [Ipu xponuue-
CKOM T'€HEepaJIn30BaHOM IMAPOJOHTUTE yYCTAHOBIICHA 3aBU-
CHUMOCTD TIATOJIOTHYECKUX M3MEHEHUH KHCIIOPOJICBI3bIBA-
IOLIEH CII0COOHOCTH reMOIrI00MHA 0T OMOXMMHUUYECKUX Xa-
PaKTEPUCTHUK SPUTPOLIUTAPHBIX MEMOpaH M BBIPAKEHHO-
CTH OKCHJIATHBHBIX IIPOLECCOB. BBIsSBICHHBIC N3MEHEHHS
KOPPETHUPYIOT € TSHKECTHIO TEUCHUS 3a00IEBaHNSI.

KiroueBble cj1oBa: XpOHUYECKUM TeHEpaJIM30BaHHbBIN
MIAPOIOHTHT, KUCIOPOJICBA3BIBAIONIAS CITOCOOHOCTH TeMO-

Abstract. Aim. To study the oxygen-transporting ability
of red blood cells in chronic periodontitis. Materials and
methods. Clinical studies of 34 patients with chronic
generalized periodontitis: the first group (n=20) —
periodontitis of moderate severity, the second group (n=16)
— severe periodontitis. The content of lipid oxidation
products, the activity of phospholipase A, catalase, and
the determination of the phospholipid composition of
erythrocytes (densitometer GS-670 (BIO-RAD, USA); the
conformation and properties of erythrocyte hemoglobin
by Raman spectroscopy (in via Basis, Renishaw (UK)).
Results. In chronic severe generalized periodontitis, the
violation of the oxygen transport function of hemoglobin (a
decrease in hemoglobin's ability to bind ligands by 18.57%
(p<0.05) and a decrease in the hemoglobin's affinity to
oxygen by 14.30% (p<0.05)) with conformational changes
in pyrroles and hemoglobin in general was determined.
These events correlated with changes in the phospholipid
spectrum of the erythrocyte cell membrane and an
increase in the content of lipid peroxidation products and
erythrocyte phospholipase A, activity. Under periodontitis
of moderate severity, these changes are less pronounced.
Conclusion. In chronic generalized periodontitis, there is
dependence of pathological changes in the oxygen-binding
ability of hemoglobin from the biochemical characteristics
of erythrocyte membranes and the oxidative processes.
Identified changes correlate with the severity of the disease.

Keywords: chronic generalized periodontitis, oxygen-
binding ability of hemoglobin, red blood cells, oxidative
processes, lipid composition
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AKTyaJqbHOCTb

Jlo HacrosIero BpeMEHU COXpaHsSeTCs BBICOKas pac-
MPOCTPAaHEHHOCTh 3a00JIeBaHUI MApOJOHTA, B TOM YHC-
JIe XpOHHUYEecKoro napoponrura. Hecmorpst Ha Oosnblunoe
KOJIMYECTBO Pa3pabOTaHHBIX CIIOCOOOB TEpaInd, e¢ He-
BBICOKast 3(p(pEeKTUBHOCTh OTKPBIBAET MPOOJIEMY HEOOXO-
JUMOCTH PacUIMpEeHUs] 3HAaHWH O TaroreHese 3adosieBa-
Hus [1, 2]. ComracHO COBpEeMEHHOI KOHLIEMIUU XPOHU-
YEeCKOTO BOCTIAJICHUs] BaKHAs POJIb B Pa3BUTHU U IIPO-
IPECCUPOBAHUM IIPOLIECCa OTBOAMUTCS COCYOUCTBIM pe-
aKusiM ¢ (OPMUPOBAHUEM XPOHHYECKOM TKAaHEBOM I'M-
nokcuu [3]. He BbI3piBaeT cOMHEHHUSI (DaKT, 4yTO Hapy-
nieHue TpopUKH TKaHeld 0OyCIOBIEHBI HE TOJBKO MECT-
HBIMU M3MEHEHUSIMHU, B YaCTHOCTH CO CTOPOHBI MHUKPO-
MUPKYJSIIMK, HO U cucTeMHbIMH. [locnemnue ompene-
JICHbl MHOTUMH (DaKTOpaMH, B TOM YHCJIE ¥ CBA3aHHBI-
MU € KHUCJIOPOATPAHCIIOPTHON CIIOCOOHOCTBIO 3PUTPOLIH-
ToB [4, 5]. Ora cneuuduueckas QyHKUIUS SPUTPOLUTOB
B CBOIO OYepe]b 3aBUCHT OT MHOTHX (DaKTOpOB, B 4acT-
HOCTH OT CTPYKTYpHO-(QYHKIIMOHAJILHOTO COCTOSIHUS Ca-
MO MOJIEKYIbI TEMOTJIOONHA U COCTOSTHHEM OMomMemOpa-
HBI 3TOr0 (hOpMEHHOTO IeMeHTa kposu. [locinenHee BoO
MHOTOM OIIPEAEIISIET €ro COCOOHOCTh HE TOJBKO H3Me-
HSTh TPAHCIIOPT KUCIOPOJa BHYTPb SPUTPOLUTA, HO H €T0
CIOCOOHOCTh MPOXOAUTH Yepe3 COCYIbl MHUKPOLUPKYIIS-
TOPHOTO pycia (KalWUIIPhI), TA€ U OCYIIECTBISETCS Tra-
3000MeH [6]. CrmemyeT ykaszarh, 4TO CaMO CTPYKTypHO-
(hyHKIIMOHAIIEHOE COCTOSTHHE OMOMEeMOpaHbl 3PUTPOIIUTA
(kak 1 apyrux (OPMEHHBIX BJIEMEHTOB KPOBH) B OCHOB-
HOM 3aBUCHT OT aKTHMBHOCTU (pOoc(OIMIAa3HBIX CUCTEM H
MEPEKUCHOTO OKUCIICHNS MEMOPaHHBIX JIMTHJIOB [7].

B 5T0l CBSI3M MEeJIbI0 HACTOSIIIETO HCCIIEIOBAHUS SIBU-
JIOCh M3Y4EHHE KHUCIOPOATPAHCIOPTHOH CIIOCOOHOCTH
SPUTPOLUTOB IPU XPOHUYECKOM HAPOAOHTHUTE.

MarepuaJjibl 1 METOIbI HCCJIETOBAHUS

Pabora ocHOBbIBacTCS Ha pe3yjbrarax KIHHHKO-
T1ab0PaTOPHBIX HccaenoBaHui 34 OOMBHBIX XPOHUICCKUM
TeHEepaIM30BaHHBIM TAPOIOHTUTOM: TiepBasi Tpyrmma (n=20)
— TApOJIOHTHUT CPEIHEN CTETeHH TSHKECTH, BTOpas IpyTI-

Relevance

To date, a high prevalence of periodontal disease,
including chronic periodontitis, remains high. Despite the
large number of developed methods of therapy, its low
efficiency opens up the problem of the need to expand
knowledge about the pathogenesis of the disease [1, 2].
According to the modern concept of chronic inflammation,
an important role in the development and progression
of the process is assigned to vascular reactions with the
formation of chronic tissue hypoxia [3]. There is no doubt
that the violation of tissue oxygenation is caused not only
by local changes, in particular from the microcirculation,
but also by systemic ones. They are determined by many
factors, including the oxygen transport ability of red blood
cells [4, 5]. This specific function of red blood cells, in
turn, depends on the structural and functional state of the
hemoglobin molecule and the membrane state of red blood
cell. They mostly determine erythrocyte ability to pass
through the vessels of the microvasculature (capillaries),
where gas exchange takes place [6]. The structural and
functional state of the erythrocyte membrane (as well
as other formed blood elements) mainly depends on the
activity of phospholipase systems and peroxidation of
membrane lipids [7].

In this regard, the aim of this study was to research the
oxygen-transporting ability of red blood cells in chronic
periodontitis.

Materials and methods

The work is based on the results of clinical and
laboratory studies of 34 patients with chronic generalized
periodontitis: the first group (n=20) — periodontitis of
moderate severity, the second group (n=16) — severe
periodontitis. The mean disease duration is 4.2+1.3 years.
The studies were conducted with the informed consent of
the patient in accordance with WHO international ethical
requirements (GCP rules — Good Clinical Practice) for
medical research involving humans (Geneva, 1993).
Diagnosis of the disease and treatment of patients was
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na (n=16) — Tspkenbiid napoAoHTHT. CpefHsss JaBHOCTH
3aboneBanust 4,2+1,3 roma. MccnenoBanusi MpOBOIMIUCH
npu UHOOPMUPOBAHHOM COIVIACHM TAIMEHTa B COOTBET-
CTBHM C MEXIyHApPOIHBIMH 3THUYECKUMH TPEOOBAHHSIMU
BO3 (mmpaBmia GCP — Good Clinical Practice) npeabsisis-
€MBIM K MEUIIMHCKUM HCCIIEOBAaHHUSAM C YYaCTHEM Yello-
Beka (JKenema, 1993). /luarnoctuxa 3a007eBaHMs U Jiede-
HUE MalMeHTOB MPOBOAMIIOCH COIVIACHO MTPOTOKOJIAM Jieye-
HUsI, yTBepkieHHbIM Pemmennem Coera Acconumanuu 00-
IIeCTBEHHBIX 00bennHeHni «CTomMaronorudeckas Acco-
unanus Poccum» 23 anpens 2013 roga ¢ U3MEHEHUSIMU U
nononHeHusMHA Ha ocHoBaHud [loctanosimenust Nel8 Co-
BeTa AccolMaluu O0IIECTBEHHBIX 00bequHeHNH «CToMa-
Tonornyeckas Accormarust Poccun» ot 30 centsaops 2014
rona. 3a HopMy (TpyTiIa CpaBHEHHUS ) ObUIA MPUHSATHI TTOKa-
3arenu 18 3MopoBEIX JOOPOBOIBICB. Bee rpymmsl ObUTH CO-
ITOCTaBUMBI 110 BO3PACTHOMY U T€HJIEPHOMY COCTaBY, pac-
YeT KpUTEpHst > HE OMPOBEPr HYJIEBOM rumnote3bl. Mccre-
JIOBAIM HMHTEHCHUBHOCTh CBOOOJHOpPAJMKAIbHBIX peak-
unit nepekucHoro okucienus aunuaoB (I10JI) mo coxep-
*aHnio BTopuuHbIX TBK-pearupyronmx mnpomykros [8],
ONIPEZIENIEHUE aKTUBHOCTH (pocdomunasbl A, B SpUTPOLIK-
Tax MPOBOAWIIHN 10 MeToanke Tpodumosa B.A. (1998), us-
y4aJH aKTUBHOCTB KaTalla3bl 3pUTPOIUTOB. | Ipenapar cym-
MapHBIX JIUIHJIOB, 3KCTPAarHPOBAHHBIX M3 3PUTPOIUTOB,
(bpaKIMOHUPOBAIIU CITIOCOOOM TOHKOCTIOHHOM XpoMaTorpa-
(bum, MPOIEHTHBIN COCTaB JUIUIOB OMPEACISUTH JIEHCHUTO-
MeTprdecknM MetonoM (mencutomerp Model GS — 670
(BIO-RAD, CIIA), nporpammaoe obecrieaenre Phosphor
Analyst/ PS Sowtware). J{ns onpeneneHust koH(pOpMaIUm
Y CBOWCTB T'€MOIVIOOMHA SPUTPOIUTOB MPHUMEHEH METOJ
CIIEKTPOCKOIIMH KOMOHMHAIIMOHHOTO paccenBaHus. Peru-
CTpaIMIO CIEKTPOB KOMOMHAIMOHHOTO paccenBanus (KP)
MIPOBOAVIIA C TIOMOIIBI0 PaMaHOBCKOTO CIIEKTPOMETpa in
via Basis ¢upmbr Renishaw (UK) ¢ mazepom, renepupy-
FOIIETO BO30YXKIAIONIUN CBET C JITTMHOW 532 HM U MOIIHO-
cteto 1,5 MBT. [l aHanmu3a koHGOpPMAIMKU ¥ KUCIOPOJ-
CBSI3BIBAIONIMX CBOMCTB remontobuHa (Hb) wmcnonb3osa-
JIM COOTBETCTBYIOIIME MOJIOCHI criekTpoB KP spurponnros
¢ makcumyMamu nipu 1355, 1375, 1548-1552, 1580-1588
cM!, cooTBeTcTBEHHO. OTHOCUTENBEHOE KOMHMYECTBO OKCH-
TeMOIJIOOMHA B DPUTPOIMTAX OMPENEISIIN KaK OTHOIICHHE
unrencusHocredt 1 /(1 ), oTHOCHTENbHAs crI0CO0-
HOCTh 'eMOIIOOMHA CBSA3BIBAThH JIMTAH/Ibl PACCUUTHIBAIACH
kak otHowenue I . /I . . CPOICTBO reMOrIOOMHA K JIUTaH-
nam (O,) — ornowenne (I,./1 . ),/ ), Konbopma-
[IMOHHBIE W3MEHEHHs MUPPONIoB — otHomenue I /1 - .
[lonmy4yeHuble qaHHBIE 00pPa0OATHIBAIA METOIOM BapHAITHOH-
HOW CTaTUCTHKH C UCIIOJIh30BaHUEM IpOrpamMMebl Statistica
(Statsoft), paccuuTbiBany HemapaMeTPUUECKHI KPUTEPHA
U-kputepuit MaHHa- YUTHH, KOPPEJSIIMOHHBIIA KPUTEPUH T
[Tupcona. Jlys mpoBepKky BEIOOPOK Ha HOPMAJILHOCTDH pac-
TIpeIeTIeHNs ICTIOIh30BaIU KpuTepuil JInmmmuedopcea.

Pesyabrarsl ucciieoBaHus
Ananu3 crnektpoB KP moxkasan, 4To mpu XpOHHYECKOM
TeHEPaJIM30BaHHOM TIAPOJIOHTUTE  KOH(pOpPMAIMOHHAS

carried out according to the treatment protocols approved
by the Decision of the Council of the Association “Dental
Association of Russia” on April 23, 2013. For the norm
(comparison group), the indicators of 18 healthy volunteers
were taken. All groups were comparable in age and gender
composition, the calculation of the y? criterion did not
refute the null hypothesis. The intensity of free radical lipid
peroxidation (LPO) reactions was studied by the content
of secondary TBA-reactive products [8], phospholipase
A, activity in erythrocytes was determined according to
the method of V. Trofimov. (1998), studied the activity
of red blood cell catalase. The preparation of total lipids
extracted from erythrocytes was fractionated by thin layer
chromatography, the percentage of lipids was determined
by densitometric method (densitometer Model GS —
670 (BIO-RAD, USA), software Phosphor Analyst / PS
Sowtware). To determine the conformation and properties
of erythrocyte hemoglobin, Raman spectroscopy was
used. Raman spectra were recorded using an in via Basis
Raman spectrometer from Renishaw (UK) with a laser
that generated exciting light with a length of 532 nm and
a power of 1.5 mW. To analyze the conformation and
oxygen-binding properties of hemoglobin (Hb), we used
the corresponding bands of the erythrocyte Raman spectra
with maxima at 1355, 1375, 1548-1552, 1580-1588 cm,
respectively. The relative amount of oxyhemoglobin in
red blood cells was determined as the ratio of intensities
I,/ (Is* ), the relative ability of hemoglobin to
bind ligands was calculated as the ratio of I, / I, the
affinity of hemoglobin for ligands (O,) is the ratio of (I
/1) ! (5,5 /1,4,) conformational changes of pyrroles —
ratio I ../ 1,,.,. The obtained data were processed by the
method of variation statistics using the Statistica program
(Statsoft), the nonparametric Mann-Whitney U-test, the
Pearson correlation criterion r were calculated. To check
the samples for normal distribution, the Lilliefors test was
used.

1355

The results

An analysis of the Raman spectra showed that in chronic
generalized periodontitis, the conformational structure
of hemoglobin and, as a consequence, its ability to bind
oxygen changed (Table 1). In erythrocytes of patients with
a severe course of the studied periodontal tissue pathology,
a decrease in oxyhemoglobin content by 2.65% (p<0.05),
a decrease in the relative ability of hemoglobin to bind
ligands by 18.57% (p<0.05) and its affinity for ligands was
revealed by 14.30% (p<0.05). Fluctuations in the methine
bridges of the hemoglobin molecule increase 25.94%
(p<0.05) compared with the control, which indicates
conformational instability of the molecule. These changes
are described in relation to control group results.

In patients of the first group (moderate severity of the
disease), changes in most of the structural characteristics
of hemoglobin are comparable to the norm, but negative
dynamics of the studied parameters of the Raman spectra
is recorded. A significant decrease in the relative ability of
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CTPYKTypa TeMOrJIo0nHa U, KaK CIEICTBUE, €r0 CI0c00-
HOCTh CBSI3bIBaTh KUCJIOPOJ u3MeHsiach (Tabmuna 1). B
SpUTpoUTax MauuEHTOB C TSXKCILIM TCYHCHUCM H3ydac-
MOM MaToJIOTMH TKaHEW MapOJIOHTA BBISIBIEHO yMEHbIIIE-
HUE colepkaHus okcuremMornoouHa Ha 2,65% (p<0,05),
CHIDKEHUE OTHOCHTEIBHOH CIIOCOOHOCTH T'€MOIIIOOH-
Ha CBA3BIBATH Jduranael Ha 18,57% (p<0,05) u ero cpox-
ctBa K nuranaam Ha 14,30% (p<0,05). Konebanus metu-
HOBBIX MOCTHUKOB MOJICKYJIBI reMoIrI00nHa BO3pacCTaroT
25,94% (p<0,05) mo cpaBHEHHUIO C KOHTPOJIEM, YTO CBH-
JETENBCTBYET O KOH(DOPMAIIMOHHOW HECTAOMIIFHOCTH MO-
NeKynbl. JlaHHBIE U3MEHEHHS 3apETUCTPUPOBAHBI OTHOCH-
TEJIHHO KOHTPOJIS.

Tabnuua 1

CTPYKTYpHO-OYHKUMOHAbHbIE U3MEHEHWA remMornobuHa
Npuv XPOHMYECKOM NapOAOHTUTE MO A3HHbIM CNEKTpoMe-
TPUM KOMBMHALUMOHHOrO paccenBaHus (M+m)

Moka3saTenb I1375/ (|1355/|1550)/
|1375 |1580

|1355/|1550 |1375/|1172

(%)

13557 1375

Hopma

0,641£0,003
(KoHTpONb)

0,630£0,012 | 0,937£0,042 | 1,415£0,064

XpoHuye-
CKMI Na-
POAOHTUT
cpepHel
cTeneHu Ta-
ectu (nep-
BaA rpynna)

0,639£0,005 | 0,591+0,017* | 0,905+0,034 | 1,562+0,042

XpoHuye-
CKMUI napo-
OOHTUT TA-
»Kenow cre-
neHu (sTo-
pas rpyn-

0,604+0,003* | 0,513+0,023* | 0,803+0,041* | 1,782+0,051*

na)

* — [0CTOBEpPHbIe OTINYUA NAPAMETPOB NPU CPABHEHUU
C KoHTposem («Hopma») npu p<0,05.; XKUPHbIA WpPUT
— [LOCTOBEpPHbIEe OTINYMSA NAPAMETPOB MPU CPABHEHUU C
nepso rpynnoii npu p<0,05

YV manmueHToB TIEPBOM TPYMIBI (CPETHSIS CTEIICHD TsDKe-
CcTH 3a00JIeBaHMS) W3MEHEHHS OOJBIMHCTBA IOKa3aTe-
JIeH CTPYKTYPHBIX U3MEHEHHI TeMOTIIOONHA SPUTPOIIUTOB
CTAaTUCTUYECKU 3HAYUMO OT HOPMBI HE OTIMYAIUCH, HO
ObLTa 3aperruCcTPUPOBAHA OTPUIATEIbHAS JIMHAMUKA U3Y-
yeHHbIX noka3areneir KP cnekrpoB. Y nauueHToB JaHHON
TPyMITEl OBIJIO OTMEYEHO JOCTOBEPHOE CHIDKEHHE OTHOCH-
TEBHOM CIIOCOOHOCTH TeMOTIIOONHA CBS3BIBATH JINTAHIBI
Ha 18,57% (p<0,05) 1o cpaBHEHHUIO C KOHTPOJIEM.

B kpoBu manueHToB XpOHUYECKUM MAPOJOHTUTOM Ts-
xenoit crenenu vacto (71,1%) BcTpewanuch 3puTPOIH-
Thl U3MEHEHHOH ()OPMBI, YTO CBUICTEILCTBYET O YaCTHU-
HOM HapyIICHUH TeMOoII033a. B 3Toif rpyrime 00JbHBIX 3a-
PErucTpUpOBaHbl U3MEHEHUSI KOMIApTMEHTAIU3aluu re-
MOTJIOOWHA.

Psan uccnenoBanuii moka3plBalOT CONPSIKEHHOCTh U3MeE-
HEHUI CTPYKTYpHO-(YHKIIMOHAIBHBIX XapaKTEPUCTHK I'e-
MOTJIOOWHA ¥ TUTTUAHOTO CIIEKTPa SPUTPOLIUTAPHBIX MEM-

hemoglobin to bind ligands by 18.57% (p<0.05) compared
with the control was observed.

Table 1
Structural and functional changes of hemoglobin in
chronic periodontitis according to Raman spectrometry
(M+m)

(|1355/I 1550)/

( |1375/| 1580) ! |

I
1 1375
Indicator | see /! 1375/'1172

(l +| ) 1355/°1550
13557 1375

Norm (the
control)
Chronic
periodon-
titis of
moderate
severity
(first group)
Severe
chronic
periodonti-
tis (second
group)

* — significant differences in the parameters compared
with the control («Norm») at p<0.05; bold type —
significant differences in the parameters compared with

the first group at p<0.05.

0,641+0,003 | 0,630+0,012 | 0,937+0,042 | 1,415+0,064

0,639£0,005 | 0,591%0,017* | 0,905+0,034 | 1,562+0,042

0,604£0,003* | 0,513+0,023* | 0,803+0,041* | 1,782+0,051*

In the blood of patients with severe periodontal disease
of severe degree, often (71.1%) erythrocytes of an altered
form were found. This indicates a partial violation of
hematopoiesis. In this group of patients, changes in the
compartmentalization of hemoglobin exist.

A number of studies show a correlation of changes in
the structural and functional characteristics of hemoglobin
and the lipid spectrum of erythrocyte membranes [9,
10]. Structurally changed hemoglobin, binding to the
erythrocyte membrane is capable of initiating its oxidative
damage [11] and ferroptosis processes [12].

The study of the composition of the phospholipid
bilayer of erythrocyte membranes in patients with chronic
generalized periodontitis showed its change, which
correlates with the severity of the pathological process
(Table 2).

In chronic periodontitis of moderate severity, the
content of phosphatidylcholine lysoform increased 5
times relative to the control data (p<0.05), the relative
amount of phosphatidylcholine decreased. The proportion
of erythrocyte membrane phosphatidylinositis in chronic
periodontitis of moderate severity was also lower than the
control by 19.75% (p<0.05). The acid phosphatidylserine
content increased by 24.09% (p<0.05) compared with the
control.

Insevere cases ofthe disease, changes in lipid composition
were more pronounced and affected almost all fractions
of phospholipids. The erythrocyte phosphatidylcholine
content decreased by 13.23% (p<0.05) with an increase
in its lysoform by 14.5 times (p<0.05)! According to
the published data, this fact can be regarded as indirect
evidence of an increase in the activity of intracellular
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Opan [9, 10]. Takxe UMEIOTCS JaHHBIE, YTO CTPYKTYpHO
HM3MEHEHHBIH TeMOTTIO0HH, CBSA3BIBAsCH C MEMOpaHOii Spu-
TPOIUTA, CIIOCOOEH MHUIIMUPOBATH OKCUIATHBHOE €€ TO-
BpexacHue [11] u 3amyck mporeccoB depponTosa [12].

Nzyuenue cocraBa dochonumuaHoro Oucios MeMOopaH
SPUTPOLMTOB y MALMEHTOB C XPOHUYECKHM T'€HEpaIn30-
BaHHBIM MAPOJOHTUTOM TOKa3aJi0 €ro M3MEHEHHUe, Koppe-
JUpYIOIIee ¢ TSHKECThIo Marojorudeckoro nporecca (Ta-
onura 2).

Tabnuua 2
OTHOCUTENbHOE coaeprkaHne GochonnnuaoB B IPUTPO-
LMUTaxX NP XpoHUYeCcKom napogoHTute (Mm)

XpoHUYecKmnii na- .
XpoHu4veckum
POLOHTUT cpes-
Hopma " NapoOAOHTUT TA-
MNMokaszaTtenn,% HeW CTeNeHun Ta- M
(KoHTpO/Ib) YKesnow cTenexu
»ectu (nepsas (sTopan rpynna)
rpynna) pa rpy
dochpatngunn-
36,21+1,09 35,54+1,45 31,42+1,34*
XONUNH
Jmsogockatn- | 10,603 1,080,08* 2,7940,15*
ONNXONUH
CovHrommenuH | 19,09+1,11 22,06%1,26 20,59+1,18
POCOAMANI- | 33 071174 | 29,12¢1,67 27,09+1,54*
TaHOMAMUH
Pochatmanm- | 651091 3,25£0,18* 3,1740,19*
HO3UT
dochatnaunn-
5,77%0,29 7,16+0,26* 8,13+0,31*
CepuH

* — [l0CTOBEpPHbIE OTINYMA NAPAMETPOB NPU CPABHEHUU
C KoHTponem («Hopma») npu p<0,05; *KUPHbIA WPUPT —
[OCTOBEPHbIE OTIMYMUA MapPaMeTPOB MPU CPaBHEHUMU C
nepsoi rpynnoi npm p<0,05

[Ipu XpoHUYECKOM MApPOIOHTUTE CPEAHEH CTENEeHU Ts-
XKecTH OBLIO BBISBICHO YBEJIMUYEHHE COACPKAHMS JIH30-
¢dopm dochaTuanIXonHa OTHOCUTEIILHO JaHHBIX KOH-
Tpoist B 5 pa3 (p<0,05), oOmiee OTHOCHTENBHOE KONMHYe-
CTBO JAHHOTO JUIHUAA CHIKaIOCh. o docdarummmm-
HO3MTa PUTPOIUTAPHBIX MEMOPAH MPH XPOHUUECKOM Ia-
POMOHTHUTE CPEIHEH CTENECHU TSDKECTH TaKKe Oblila HHKeE
koHTpOods Ha 19,75% (p<0,05). Iokazarens comeprixa-
HUs kucnoro Qocdarnauicepuna Bo3pactan Ha 24,09%
(p<0,05) 0 cpaBHEHHUIO C KOHTPOJIEM.

[Mpu TsKEIOM TEYCHUH 3a00JNeBaHMsS WU3MCHCHHS JIH-
MUTHOTO COCTaBa ObUTH OoJiee BBIPAXKEHBI M 3aTparvba-
JIM TIpaKTU4ecku Bce Ppakuuu pocdonununos. Tak, co-
nepxanre (HochaTHIUIXONIUHA B 3PUTPOIMTAX CHUXKA-
nock Ha 13,23% (p<0,05) nmpu yBenudeHnn ero Jm3odopm
B 14,5 pa3 (p<0,05)! JlanHbIii ¢dakT, COTTaCHO JTUTEPaTyp-
HBIM JIJAHHBIM, MOYKHO PACIICHUBAThH KaK OTIOCPEAOBAHHOEC
CBHUJICTEIILCTBO IOBBILICHUS! aKTUBHOCTH BHYTPUKJIETOY-
HBIX JIMIOJUTUYECKUX (DEPMEHTOB, a TaKKe BEPOSITHYIO
MPUYHHY CTPYKTYpHO-(QYHKIIMOHAILHOH HECTaOMIIBHO-
ctu MmemOpaH [11, 12].

W3BecTHO, YTO MPOIYKTHI IEPOKCHIAINH JTUITHIIOB TIPS-
MO HWJIM KOCBEHHO BJIMSIOT HA KHUCJIOPOJICBS3bIBAIOILYIO
CIOCOOHOCTh TeMOIIOOMHA M, KaK CIEJICTBHE, BO MHO-

lipolytic enzymes, as well as a probable cause of the
structural and functional instability of membranes [11, 12].

Table 2
The relative content of phospholipids in red blood cells in
chronic periodontitis (M+m)

Chronic Severe chronic

Indicator,% Norm (the | _periodontitis O.f periodontitis

control) | moderate severity (second group)

(first group) group

Phosphatidylcholine 36,21+1,09 35,54+1,45 31,42+1,34*
h‘r'\s‘e°ph°5pha“dykh°' 0,18£0,03 |  1,08:0,08* 2,7940,15*
Sphingomyelin 19,09+1,11 22,06%1,26 20,59+1,18
Phosphatidylethanol- | 35 o711 74 | 20126167 | 27,091,54%

amine

Phosphatidylinositol 4,0540,21 3,25+0,18* 3,17+0,19*
Phosphatidylserine 5,77+0,29 7,1610,26* 8,1310,31*

* — significant differences in the parameters compared
with the control («Norm») at p<0.05; bold type —
significant differences in the parameters compared with
the first group at p<0.05.

Lipid peroxidation products directly or indirectly
affect the oxygen-binding ability of hemoglobin and
cause the development of general hypoxia [13, 14].
Malon dialdehyde as a product of free radical oxidation
is capable of forming covalent crosslinks between the
functional groups of proteins and form high molecular
weight adducts. As a result of the formation of large
hemoglobin aggregates obtained by crosslinking several
tens of molecules with glutaral diadehyde to each other,
the affinity of the complexes for oxygen changes [15].

The study of the intensity of free radical processes and
the activity of intracellular erythrocyte enzymes in chronic
generalized periodontitis showed the following (Table 3).

In chronic generalized periodontitis of moderate
severity, the content of primary and secondary products
of peroxidation of erythrocyte lipids increased by 60.87
and 32.21% (p<0.05), respectively. The activity of
phospholipase A2 was higher than the control by 36.75%
(p<0.05). Catalase activity increased by 115.38% (p<0.05).
In severe cases of pathology, deviations of these indicators
from control were more pronounced. The content of
malondialdehyde exceeded the control group by 67.42%
(p<0.05). The activity of phospholipase A2 increased by
66.35% (p<0.05) relative to the control. Catalase activity
was higher than the control level by 146.15% (p<0.05).

Conformational changes in the hemoglobin molecule
and oxidative and membrane-destabilizing phenomena in
red blood cells correlated (r=0.63-0.87).
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roM 00yCIIOBIMBAIOT pa3BUTHE oOmiel runokcud [13, 14].
B umcno mocieqHMX BXOAWT MajlOHOBBIM JHabICTHI,
CTIIOCOOHBIN (POPMUPOBATH KOBAJICHTHBIC CHIMBKH MEXKIY
(hYyHKIIMOHABHBIMU TPYIIIIAMH OCITKOB W 0Opa30BBIBATH
BBICOKOMOJIIEKYJISIPHBIE a/ITyKTHI. FI3BeCTHO, 4TO B pe3yib-
Tate 00pa30BaHUs KPYITHBIX arperaroB reMoriio0nHa, 1mo-
JYYCHHBIX IMyTEM CLIMBKH TNTyTapOBBIM aJIbJIETHAOM HE-
CKOJIBKUX JICCSITKOB MOJICKYJ IPYT C IPYrOM, H3MEHSIETCS
CPOACTBO 0OPa3YIONTUXCS KOMIUIEKCOB K Kuciopoay [15].
W3ydyenne WHTEHCHMBHOCTH CBOOOIHO-PAAUKAIBHBIX
MIPOIIECCOB W aKTHBHOCTH BHYTPHKJIETOYHBIX (DEPMEHTOB
SPUTPOLUTOB MPH XPOHHUUECKOM T'€HEpAIN30BAHHOM Ia-
ponoHTUTE Mokaszano cieayromiee (Tadmuma 3).

Tabnuua 3

MoKasaTenn MepeKkUcHOro OKMUCAEHUA NUNUA0B U dep-
MEHTaTUBHOMN aKTUBHOCTM B 3PUTPOLMTaX KPOBM MPU XPO-
HUYECKOM reHepasn3oBaHHOM napoaoHTuTe(M+m)

Table 3
Indicators of lipid peroxidation and enzymatic activity in
red blood cells in chronic generalized periodontitis (M+m)

XpOHUYECKU Na- | XpOHUYECKUi
Hopma poe,omm cpea- ﬂapop,ovHTVIT
MokasaTesb Hel CTeneHn Ta- | TAKENOon cre-
(KOHTpO/Ib)
ecTu (nepeaa | neHu (BTopas
rpynna) rpynna)
[neHoBble KOHb-
toratbl, yca.ea./mr | 0,3310,02 0,43+0,03* 0,51+0,03*
MNnaos
TpreHoBble KOHb-
toratbl, ycn.ea./mr | 0,23+0,01 0,3740,02* 0,4910,04*
mMnNnaos
ManoHosbli
Auanbaerua, 2,67+0,11 3,53+0,23* 4,47+0,32*
HMonb/r 6enka
(o) A
ocdonunasa A, | 419.0015| 0,573£0,038* | 0,697+0,042*
MKMoOAb/c/r 6enka
Raranasa, mr 0,013:0,001 | 0,028£0,0014* |0,032£0,0021*
H,O,/muH/r 6enka

MpumeyaHue: * — foOCTOBEPHOCTb U3MEHEHWUI MO OTHO-
WweHuo K Hopme npu p<0,05, KUpHbIN WpKUdT — AOCTO-
BEPHOCTb MO OTHOLUEHWIO K HaYany nedyenua npm p<0,05.

[lpr XpoOHWYECKOM T'€HEPaIM30BAaHHOM MApPOJOHTH-
T€ CPeIHEH CTEMEHH TSHKECTH COJepIKaHUe TIEPBUUHBIX U
BTOPUYHBIX MTPOTYKTOB MEPEKUCHOTO OKUCIICHHS JTUTTH/IOB
apuTpouuToB Bo3pacTtasnio Ha 60,87 u 32,21% (p<0,05)
COOTBETCTBEHHO. AKTHUBHOCTh (ocdonumazsl A2 Obia
BbIIIIe KOHTposA Ha 36,75% (p<0,05). AKTUBHOCTH KaTa-
na3el yBenuanBaiach Ha 115,38% (p<0,05). [1pu Tsoxenom
TEUCHUH TATOJOTUU PErHCTPUPOBAIU 0Oo0Jiee BBIPAKEH-
HbI€ OTKJIOHEHUS BBIIIEYKAa3aHHBIX MMOKa3aTeliell OT KOH-
tponsa. ConepkaHrue MaJIOHOBOTO JHaJibIeTUa PEeBbIIIa-
JI0 TIOKa3aTeNIh KOHTPOJIbHOM rpymisl Ha 67,42% (p<0,05).
AxtuBHOCTH (hoconumnassl A2 BospacTtana Ha 66,35%
(p<0,05) oTHOCHUTENHHO KOHTPOJIS. AKTUBHOCTE KaTama3bl
Obu1a BBIIIE KOHTPOJIBHOTO YpoBHS Ha 146,15% (p<0,05).

KoppensuoHHbIid aHANM3 IOKa3aldl COMPSIKSHHOCTh
KOH(OPMALIMOHHBIX W3MEHEHUH MOJIEKYIIbI TeMOTIIOONHA
Y BBIPQXKEHHOCTH OKCHJIATUBHBIX U MEMOPaHO/1eCTaOMIIH-
3UPYIONIUX sBJICHUH B sputporurax (1=0,63-0,87).

Chronic Severe
. Norm (the periodontitis c_hromc' '
Indicator of moderate periodontitis
control) . .
severity (first (second
group) group)
Diene conjugates,
standard units / mg 0,33+0,02 0,43+0,03* 0,51+0,03*
lipid
Triene conjugates,
standard units / mg 0,23+0,01 0,37+0,02* 0,49+0,04*
lipid
Malonic dialdehyde, | oo\ 11 | 3535023* | 4470,32*
nMol / g protein
Phospholipase A, 1) 11910015 | 0,573+0,038* |0,697+0,042*
mmol / s/g protein
Catalase, mg H,0,/ | 11310,001 | 0,028£0,0014* | 0,03240,0021*
min/g protein

* — significant differences in the parameters compared
with the control («Norm») at p<0.05; bold type —
significant differences in the parameters compared with
the first group at p<0.05.

Conclusion

In chronic generalized periodontitis, the oxygen transport
function of hemoglobin is impaired in the form of decrease
in the hemoglobin ability to bind ligands and decrease
in the hemoglobin affinity for oxygen. These functional
disorders are accompanied by conformational changes in
pyrroles and hemoglobin. Redistribution of hemoglobin, a
change in its conformation and oxygen-binding properties
in chronic periodontitis is associated with a modification
of the phospholipid spectrum of the erythrocytl membrane.
These disorders correlate with oxidative phenomena and
the activity of the extracellular lipolytic enzyme of red
blood cells. The pathological changes in the oxygen-
binding ability of hemoglobin and the biochemical
characteristics of erythrocyte membranes depend on the
severity of the course of chronic periodontitis.
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3akiouenne

[Ipn XpOHWYECKOM TeHEpaIU30BAHHOM MApOJOHTHTE
3aperUCTPUPOBAHO HAPYUICHUE KHCIOPOATPAHCIIOPTHOM
(hyHKIIMK TEMOTIOOMHA B BHJIE CHHKCHHS CIIOCOOHOCTH
reMOnIOOMHA CBS3BIBATh JMT'AHABI U YMEHBIICHUS CPOJI-
CTBa reMorioOMHa K Kuciopony. /lanHple (yHKINOHAIb-
HBbIE HAPYIICHUs COMPOBOXAAIOTCS KOH(OPMAMOHHBIMH
W3MEHEHUSIMH TIHPPOJIOB M B IesioM reMorinoduHa. [lepe-
pacrpeneneHne reMorioOnHa, u3MeHeHHe ero KoHdop-
Malu¥ U KACIOPOJCBA3BIBAIOIINX CBOMCTB IIPH XpPOHUYE-
CKOM TapOJIOHTUTE COIpsbKeHo Moaudukanueil docdo-
JUMHAIHOTO CIEKTPa KJIETOYHOW MeMOpaHbl SPUTPOLIMTA.
JlaHHBIe HapylIEHHsS KOPPEIUPYIOT C WHTEHCHBHOCTBHIO
OKCH/IaTHBHBIX SIBJICHHH W aKTHBHOCTBIO BHUTPUKJIETOY-
HOTO JIMIOJUTHYECKOTO (PepMeHTa IPUTPOLUTOB. YcTa-
HOBJICHA 3aBHCHUMOCTH ITaTOJIOTUYECKUX M3MEHEHHH KHC-
JIOPOJICBA3BIBAIONICH CITOCOOHOCTH IreMOrIoOnHa U Ouo-
XMUMUYECKHX XapaKTePUCTUK SPUTPOLUTAPHBIX MEMOpaH
OT TSDKECTH TEUEHHSI XPOHUYECKOTO MapOIOHTHUTA.
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