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d9bsg5¢0

0ol 5gBMo@mds: 3oOhmEmbGoGo — 30M0L 0Ol Jumzowmgdol
JOMB03ME0 55350055, MMIXOLMZ0LSE ToHILOIMYBYE0s MdOEIO
Juemgz0wgdol sbmgds s dgwmgsbo Jumgowol asberggzs.

356MMmEMBGHOGHOL  3500mgbgBol §odyzsb0 Bod@mMos — dsgBHghowmo
069399300, OH@IWol 3OMYMHgLoMIds s L3939 BMIOIOWMWOs MM~
300G 395900390, 2639 39MIINIFIIC BoJOMOIBY-

35OHMmOMbGHoG0  F9odwgds  2560bowgdMmEgLl  MMymOE  oLBIWLLLO,
39600mMbEHIWNG %0d9do 30MmboMmoBIdMEo BEMGOL bsGolbmdmog
O 5mEgbmd&M0g  Fobslosmgdwgdls s  Fob3dobdgmo  mGysboBIoL
03996mma016, 30mGH3630swl dmeob.

35MHMOMBGHOGHOL  5dBHMomds  Aob30MmMdYdMWos s> FoMGHm  dobo
RBOOOM  J93ME9X00m, DMma0gho dgdmbgzgzsdo ddody d0dobstgmdoom
©5 MM60BIBY  MoMYMmGBomo 493w gbom, 5M53gE 00 ©9350JOOL 3o-
0m9b9bol  ©ogbol s 9x39EHWMO0, 350MygbyBMMs© ILEdMMYdHY-
wo  0YMs30mwo  ggdgdol dgdwgdagzgdol 930w gdEmdom. bmREom
X9Bo330L  MmEY6oBsEoolL  Imbo3909d00  ZoMmEmbBHoGol  Lobdotg
99500296L  3561500MbEBHOL bMIOOMO  H535©JOJOOL 98%-U. FoOM  Qo3-
ME39Cgool oM 9 5350 gdsL MoY Tgdmbggzgddo sHOLOSMYOL sEo-
MM  308@obstgmds, bldoMo MgEoogzo s bgyo@ommo  dmddggds
™mOobobdby.

050930 (396390MmgbgHsh, JodoMmmgMo30sbmsb,  MsommgMmado-
bmsb ghmo) 00rbEHOR0E0MIIMos BHrMYMOE 30006 VMOML 0bggdso-
900L  gMHo-gemo  bgedgdfiymdo god@m®o (Dorko E, 2001). o0sdg@ob
239O0 Gdsms Mol 2obLo3MmMgd0m  50bsbodbsgos olgmo TgEsdm-
WOHO IMN393900, HMAMOOESS LobbErds®Mzmzsbo sM®gg39d0, bg-
310 LobGIIol ©IMM393900, s3MHYM3g, 306MH0L WOXL Jimzowgdol dg-
GodMoBIol EsMrgg39d0 (Lawecka-Symonides A. 1995). @osdg@ol JOm-
Bogzmmo  2smmmmwgdgdo OHMAMGE Fgbo  2ob3oMHMdgdMwos  Lolberdse-
0303560 oMM Mwgdgoom,  OHMIIPPOE  0gmBs  9M13Y30R03MNOO
353005630 35000905 ©s B39E30B0IMEO B03MMBYOMI0009d5®. 9F3L 9O



ofi393b  ©0sdgEH0m 0bEMEOMIRIMo  Lolbeds®gmzsbo  IB0sbgdgdOL
960383690 m3560 Mo 356HMOMBEHOL 3500MMY0gd0L 25630056 gd5T0.

356MMmEMBGHOL LBEIGHMLO ©0sdYGHOL OHML bolosmEgds dmgwo Goyo
3bm»IO0M0-5GHOHMBOMO (3300 gd5d0m, bdoMs® 3w0bgds senggmeng-
b0l 6930mBo s 30mMYs. JMBBHOMWOMYOS®O ©OsdgHOL dgdmbggzsdo
©5H05690900L  batolbo gogowgdom bo3zwgdos (30byozo@ o), 25903539-
03900 3wobEgds MM TYBHVOMWMMO  5MLEHIVOMBOL  3060HMJITO.
(Lawecka-Symonides A. 1987. Wierzbicka M. 1992).

30600 AL Jumz0gddo OdYEH0 0bEEOMIBMO YoMMMEGdIOO
00931036905 3430960 ©OBYEHIOHO  oOHMYGdJOOL Mobal, GMIgEos
2960L5sBE3MGds LolbEdsM 3900l sbosbgdoom (Petrou-Amerikanou C, 1998;
Van Dis ML, 1995). 8s63065¢60 0®dowwgdol 3s30ws®mmbzm30m ©osdg-
G096 35309639080 259m3mgbowos Lbgssbbgs bLoa®Aol, s LGB
LoOLbEIsMHOZgBOL  5MMYAWsH0  Asbsfowgds s Y96 gMsEOMIEO
(330gdgd0 39MH03930sMMe 890590mm9dger Jumgzowdo. 3sOHMEMbES-
WNOHO  3930EMYOOL B5BswMHo FgadMsbs gombgargdos (dgbsdanms
3W030M30MGI0IN0 659OHMIOOL Bogrsggdol asdm). s0bodbwmaro (33eowg-
0900 bgls ol 556205000l ORMBoSL s BHMJLOZMMO FgEIdMEOE -
00L 90dobsizosl, Moz byl MHgmdl BoBomwmyom®o Fmbslim®mdol
MHM3935L @O BOEOL 3oOHMPMBbEHOL Jumz0wgdol sH0sBYdL. 500bod-
B9ds 03Mgm39 30396Mye039005-0600v)306090E0 3Msggbsbl og@0zmdol
BOHEs. ©OHIogddo 3o gbol 3gEHedMmEoHdol MM3939d0 bgwl wf-
gmdb 356MmEMmbEwo Jumzowgdol abG®MJaool 3O MmYMmgLocMgdsL.

35MHMm©OMbGHOL  Jumzowgddo  sM©393g00L  A9B30MMYds  OBYGHOL
99000b393580 2965306:MmdgdL 06339930900l 930 EgYdL, 08MbMGO LGsGY)-
Lol aM®3935L, bJoGHOHMBOWGOOL EOLBMBI305L s FoblMbIdOL 3MMm39-
Lo obsby®deoggdsl (Emeryk B, 1990).

LBO00YHO 30390039000 JOMbo3zMWo OLdYEHOL ©MML byl
PPYmdlL 4e0300900L LodmEmm 3OHMEYdEHgdol (AGE) §omdmddbsl, Gog
B6mgd0m0o 3OHM39L9d0L BEBHOIMWsEOoL gMm-gMo JobgBL FoMmBmoygbl.

35OHMmEMmbGOL  Jum30¢gddo  3sMEMROMMO  IOHMEILGdOL ©Obsdogs
050930l EOML Fmge Moy B3odBHMMJOBYS ©ITMI0IOE0, Fsom Tm-
Mol LOLbEWdsMPZgdOL IB0sBYBOL badolbo, MMmIgwoi ©OGIowol Jum-
300l 3Mm3396LoMYdOL  MBGOSBMBIL oblsBwamagl (Matthews DC 2002).
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o0 59350000900LIMZOL  TobOLSMYBGE0s  9badoEOL  IMBoMgd0U,
AJLogMmo BogMmgdol JogMoool s g03m30GJdOL doaMoEool ©o-
®0393900. 303MMBOMLMAOMOO  BFEMOHOL  EIMM393900  35MIMEMBEOL
JLem30wgddo E0sdYGHOL OML 2-3 xgM MBOHM bdocos, 30Mg ol o-
6989 (Grossi SG, 1997; Loe H. 1993).

3565@MbE0G0L 49630m00Mgd0l JobgBgdoLs s IggoboBgdols dgli-
fo3sl dodmzbowo dMmsgso 330093900l F0MHYOOZ9, 35MroEMbEOGHOL
29630056900l 997560BTgdoL s BoM39M9d0L oYIboL Lozombo BMmOs©
3B, Pobbo3MMMIIOM OVIGHOL OML, GMIJWOoE 98 O30~
©g00L gMmgMmo 36093690 m3560 M0LI-BogdEMM0s. 356MEMBEOEGHOL MM
3060 0Hdo J0dEobstg Ig@sdMEMEmO 3MmEgLbgdoL Tgliffozws goblsgwom-
6900m 50300s bg®fiygdo.

33930l dobsbo: 33930l BoBobL  FoMmTmoagbl  dggoLfsgwrmom
@Mdowol Jum3z0wwgdol IgBodMmEWMo 3MMmEJLYdIOL IMM3939d0L dgds-
B0BIgo0 ©0sdYBHO0M 9535V 35:30963J0T0  3oMoEMbEHOGOL Lbgs-
©olb3s Loddodol A96305m5MBOL OMUL.

6596 ™ol 59m3sbgdo:

Lbgoolbgs Loddodob 3sOHMPMBEOG0m (05dIGHOL BMEDY S Osd]-

AobL 35M9dY), O0VYIGHO 5350V 3530963JOT0 S 3MogdEH0IMWO®
X9BIOMGE 3060H9dTo 2oboLHBOIOHMU:

1. 3wobozn®o 3sB3969dwgdo:

* Mdool  Jumzgowgdol  mdogdGMMo  Fgx3sbgdobsl  3oy096wHo,
306303030l s 3sMMmEMmbEMwo 0bgdugdo, Lobbegbols baGolbols
249bLsBO3M;

® DS I 93905 Ydob se3gMmemo InGMBIdOL Md0g @G0 gxnsligdo-
Lol ®9b@a9bmEmyom™Mo 258m33wg3900L (3oMmdogboms, 35bmGmsd o,
MO0OM-350FMIMPM535) Bo@ocmgds.

2. 3530963 gd0L Lolbeol domxz0B0IMNMO s domdodo®o s 0dbmEm-

3060 85839698gd0:

¢ LoLbEYdo M30LYYBIEO, sDBMEOL Fbaol F99(339wMdY;

® 563 0mJLoEBEHMMO BIOHIGOEHOL (35GOEXsDs) 9dEH0ZMd;



® LOLbEEOL 3HM- s BFHBMGOOMO FOGHMI0bgdOL doewsblo (11-2, IL-
10, TNFa);

3. b6g0fy380 sbmMobowrv® 85535L 990(33900MdY;

4. 39608396000 LobbEwol  gHomOMEOEIdOL doMmBoHBOIMMO  dobslio-
SMYIGO0:

e 9990656990 (30¢0gd0L 9993390 MdY;
® 3990656990 (30¢09d0L d3MoEMBY;
® 9H0MOM (3037008 IBMOTHOYXOMDY;

5. 8009do 99092900L LEHGHOLE03MOHO ©s0ds3gdol FgdEay 3MMg-
530900L YIS 0sdYEHOL Loddodgl, wHdowol Jumgowdo sbog-
domo 3Mm3Egbgdol 0639blogmdsls s Lobbwolbs s bgdfyzdo dgb-
fogwo 356599 BHcmgdL  8603369wmdgdL  FmMol, osdYEHOL MmOl
0509965 356EMBE0EGHOL 396300560 gd0L 3ommygbyBdo.

33e930L dg36ogHymo Losbang:

1. 350mMmEMBbEHOGH0m 05535009390 353096390080 (0sd9EHOL BMbbY
©5 dob goMgdg) 30039 OYIBOWos bMYdOL s MmJLosEOWGO
Jo0396mqdol (IL2, IL10, TNFo-U 9993390mds o 39GowabHal od@o3mds)
3069E530MM0 35380600 35M5©MbGH0GOL Loddodgbmab; gl 35605dgEHMmQdO
90Bbgm0s 35MmMMbE0E0L Loddodol sdbsbgzgeo BoM3gMYdS.

2. 30639Ws® 3539300 ©133bs 39M0BIMH oMo Lolbwols ghoom-
OMEoGHMEo 39006Msbgdol Mgsdzomwo oBobol dsob3odomgdgwo MIRL
Bowobl (9HoMMmME0GHJO0L 96G0y9bol CD59), GmymeE gOHomO®E30EJdOL
@obBobsdo  IEyMIE™BIOL  ©J390mYOOL  SMBL3Y30B0IMOO  FoMmIgMOL
dgLobgd.

3. 30639 3MI3gdbryMa gbfagzeroos 3sOHMmMbE0E0m (0sdg-
Aob gmbby s Job 206989) 99350000 3530963HJO0L 3gH0TBIOOWO
Lolbol gHOMNOHME0GHIOOL domMmBoboZMMo 35839690 gd0 (0sg30LvBsEO
NO-U 9993390™ds, 9HOMOMEOGH™MEro 39dd36Mbol IRMMTsdYIMdOL bo-
Molbo, 3990656 30@™MPMbBbOL 30gdol 990339 mds S gargdGH®™-
RMOIBM0 FMB0EMds. 58 356539GHMIOL BmEOL  IEHIBOWO JNOY(30-

900U 155399390 BY oPJHO0S JHOEBHMMEFOGHIOOL MM MY0YHO M30LY-



0300l s J03MM306 329300 HMEOL Lb3solbgs Loddodol 3sMmoEmbEo-
Aob Mmb.

4. 3560MbEHO0GH0M (©05d9GHOL BMbBY s Tob F96M93g) ©93500JOME0
353096300l bgfiyzdo 30039 9dmzmgbowos sbmMsbogrols dgs30L
3899(33900Md0L (33090900, 35dmzegboos 3MMws30gdo bgefiyzdo Sb6-
065600l 875355 s bobbdo  sbogdomo BoM3zgMgdol (TNF-a, L2,
IL10) 8993339@mdsl 9m®mob. 3539009090 ©aliggbs  9bmMsbools go35L
MMAMOE 35OMEMBEH0E0L 49630300900l Bo@39Mm0l Tglobgd.

3653030 MOoMHYdMEYds:

90093 890093900 299605, MMAMGE 0gMmMoEo 939 3MJGH03I0
©0MJOMY9ds. 330093500 OGO, MM 35M5EMBEHOEOL dsmMybgb-
do mM560BIol MyEMJL-LEBIGHMLOL 33w0wgdgdL 96033690 mgzs60 Mmoo
9603F9ds. mgbosiow®mo bGmabol 0bEgblogogzsEool 3omMMmdgddo X MHgLvY-
o (0500 dmMHoL gBHoOME30G0) 899d6Msbgdol o3m3ghmdloszool
890039 3963000090 wo  LHGYIOHYOIWO  EMRZI3IO0  IXOIVYOOL
obRb]3osl Mfigmdl bgwmb. 390Gdm, gHomdmEodwo 89ddMsbgdol
©03m39MHmJlos3Eool GJEgRd© 003935 98 MXMIIO0L 30GHMBMbRbOL
LEAHOMIGHMOS, MG MIXOIIOOL IBMOTVIEMBOL J39000gdL, F0oIMM-
BOOZNE5300L EMP3g395L s WMol GHHMB0ZOL FmTesly dobsdoMm-
090L. OILAEHMMIOME0s SBMMIBOWOL Tgo35L, OHMYMMF 3oOHMEMBbEOEOL
13930803O0 IMHAbMBOSGY FoM3gHol b0dzbgEmds, odmgzwgbowos 3s-
MEMmbEGoEHOLb 1Loddodob  obaLobMzMgwo Foem3zghmgdo - 1L2, IL10, TNFa-b
8993390 ™ds Lolbendo.



3153535 399m G360 oMM YOYYDYdO:

- gbosEoMe LEGHMILL 36083690M360 GMEO 960Fds 3oMMPMbEBHOEGEHOL
35000969 Hd0. Mmglos30MHo LEHMILOM 0boEMYdMEO W03M3gHmdlo-
©5300L 89009350 003935 MXMIMEO (8500 FmEOL gHONOMEOGY)-
o) 9930656900l INE0sbMds. gHomOH™ME0GHId0L 0EMPMBAbOL Gowg-
0oL gLEBOWODBE00L F9IRIP JZGONIDS 90 YR MJOIOOL IBMO-
0999 md0L MBaM0o, M3 303OHMEOMIMWIG00L IML3I39L s MJowrol
AOMEB030L Tl 2ob530MMBABL.

- 0509FHOL 3500MYYBIHBMMO OHMEIO 35OHMPMBEHOEGOL 49630MoMgdIT0 49b-
30609005 LimMgo dobo Lolberols dodmdigzol dmdol, dozmem-
LoLbEdsMmM3580L SBOsDYdOLS s MJLOWIEOMMO LEHMILOL 0bEgblo-
33035300l ©595¢3gd0m0 Fys®rmgdols gshgbol mbstoom.

- 356MHMm©OMbGH0GOL @OHML 296300000930 sbmgdomo  IBHMmiEgLobsm30L
0535b5L05MYOY0s 0FMBMGO MY OIdOL Joge 1L10-Us s TNFa-b god-
wogMHgoeo  9dldcmglos; (30G™30bgdol  Fad3E39wmds  3MMHYE0MmgdL
0MJowol bs3Mowrol LoEMAglmob s 93 5350JdOL boddodol sdbob-

39¢ 9563900 d90degds 0gml dohbgmero.

B59HMAol IMEMEmds s BLEGM®NIEGHOs: Lo md@memm bsdmmdo dmoEsgl
390099 05390L: dgLogoo, 3 30 (Wo@IMsGMMOL dodmbowgs, doboens
Q5 33¢930L 3900M© 900, LogMmaMo 4580 33wg30L 99092900), 2oBLXS, sb-
3365, 3M5dGH03Mwo 69339630980 s 3dMYgbgdMwo o@gMoGMEOL
Los; 4908M(399E0s BsdgF® 141 439MHDBY. bsIOMI0 OEMLEBHMOMYdIMOs
12 gbGowom, 20 byHsmom, 17 oMM, 30G0MIOMWwo LsdgEoEobm
oGHIMGIOHOL Bybbs 990303V 238 sbiobgegdols fgstmb.



@O0 gM3BHvYMoL Jodmboengs

356MmEMBAE0GO0L 39360 (39xgds s §sdMdf3930 BogdmMgdo

3565MbGH0G0 - 3060l VOML BIMOMP FOZMEILIOMLO ©O935JOSS
(Petersen PE., 2003: Papapanou PN., 1999). 5300q80m@ma0v6MHo 33093900
90fjdmdgb 0dol dgbobgd, M 3565EMbBHOGH0 39BLLIMIMGO0 BIOMNME
2930300900 sb53m356 30Mgddo (World Health Organization., 1997.
World Health Organization., 2003). 3565@®b@0o@0l y3gwsBg 9dodg gm®ds
(4 gmas) 23b39ws0s AbmBWomL 3m3mwsgool 10-15%-3o (Song JY, Kim
HH, Cho EJ, Kim TY., 2014) bom 99350 39303990005 20baog30@0 (2
Jmams) HMIgEoE 3omsMEgds B39 gdMHozs® 9Ms303096v9M0 3bmgmadols
Pobol 99gado. sL53meb JOMOE 0HBOYdS 35MMEOM™bEHOL 9350070900l
2393039gds (Al-Shammari KF, Al-Khabbaz AK, Al-Ansari JM, Neiva R, Wang
HL., 2005, Bouchard P, Boutouyrie P, Mattout C, Bourgeois D., 2006) vjg36
bdoto 858535390300, 30006 Joegddo (Davies RM, Davies GM, Ellwood RP.,
2003, Loe H., 2000). 96535¢00 93000930Mmmma0mMo 33¢9980 dm{jomdgb
36003690m3560 3530060 sOLYGdMBdOL Jglobgd LmEomgzmbmdozmMo LEs-
GBS ©5 35M0EMBOOL 939©IdJdOL LobdoMgl dmeol (Papapanou PN.,
1999; Albandar JM, Tinoco EM, 2002 .. Drury TF, et al., 1999; Borrell LN, et al.,
2004; Chen M, et al., 1997). 9505¢00 @5 @050 b E3om)3bmdogMMo bs-
AMLOL s LEOEOMYZMLMYPOYHO BodEMOYOOL Bgdmddggdol 3oMmmdgddo
3060009030 35M5MmbEHOGHL LobdoMmol bbgomds dmEgdne A9gmMyMoxzgomen
00goedo 890096L 10-20%-b (Page RC,, 1997). 35650mbEH0@0lL 2530(39¢09-
0oL bobloMg s LoBdodg 2sbLb3s30Gds S3MYJZg Fmbobegmdols bgss-
bbgs 9360376 Xame39ddo (0533560969080 Mma3trm bdoMos, 3069 Mgm®3s-
60569080) sG5x56IMMg0 3bmgMgdol Folo (senzm3menol bdoto dmbdstg-
05, LEAHMGLO, MsFBSJML BMbBsMYDds), bmEosMM-93mbmTo3MMO s ©YIMY-
M5530wo bGsGWLO, JNJWo Moyo JOHMB0ZMEO BMYSO O5350JdJdO,
03000359, JOMb03MEo MHIL30MGHMOMO 5350005, 3re-bolberdse -
0309, 9b™3M0byo, 0dMbmGo LobEdol, 3MIF-bsfersgol s bgMzgmemo
LobLEYIOL 5350 JOJO0 s FMIOE™dGd0, Lodlwydby), LogbmzMgdgwo
239M90m-3060HMdJO0 M) GLodmewmaom®o LEMgLo,  sbg3g HoMmIMoYbL
356500MbE0GHOL 2963056900l gH-9MHm MOLZ-GodE MMl



RO 20303900l 250 35OMOMBEHOL 9600 5350090900
Mop  990mbggzsdo  bolosmMEYd0sE  sdBHomMo Bodobsdgmdom, bdoMo
693000300 ©5 59253060 8mgdggd0m MEYBOBIBY. 3sMMmE™bEHOL
0553500l 353 2ob30m5MYBMWO 3303010, EOLIMIBMOEHO O 3DOEY-
0oL 350335 BbJ30M0 s JuYEH0IWOHO BoLSMOL IMM3939dL 0fj393L
5 36083690356 993 gbsl sbgbl 5sd0560L 3BMZ3MIdOL bomolbby.

35OHMmOMbGH0G0 80939m36905 93930803 MM0 dbgdol 0bxnqdiowm®
0553500905L, 06@MEOMYIME Lbgoolbgs J0zM™mdgdOL Bogh, 0mdszs 3o-
MEMbEBHOGHOL 3500mygbgBdo JozMMdgdL 4O 39300 LolEgdol
5B0sbgds 360836900396 MMl SLGWEgdL. Fo3OMEOMIMES300L M-
0393900 356530000908 35OHMEMBEOL Jumz0¢rgdoL OLEHMMBOWWO 33-
0gdq00L 29630056 96dsL, oo BsMOgMH o 5§Mb300L sd3900gdsb.
00 gmbby 30600l POHML JozOMBEMEs 0393l bmMgdomo 3gMol Bodmys-
o0dgdL, s ™30l dbMog, bgwl Mgmdl 3semEmbEol Jumzowgdol
OLEGHMMBOVWO  (33¢0WGIJOOL  QomMTozgdsL (Tapacosa 0. T'. Jlysnenoa
B.1O., JTlro6omupckuit K.B., 2011, Terr B.B. 2008, Wolf HJ., 2004).

93000980MmEMy0Ho Imbs3gdgdol msbsbdow dob30msMmgd o J3996g-
00 ©5 WsmM0bNMo J39969d0l bsfowo 3sMmEmbEswMo 0bwgdbol bs3-
950 35050 s LydMsm 539693 gd00 ballosmgds (WHO, 2004), Mo
Q535¢0 3bM3MgOoL badolbol J39ybgddo LGMAsGHmemmyommo EIbTsMYOOL
bgadolsfzmdmdol 9gBw3oLmsbss ©35380M9dMwo. 300w gdOL -
396a30L5 s 30M0L POHML YoM glgdrEo BMbJiomMmo dmdsMgmdol dg-
9290 “95MqLEYOS LODBMASMIPIMH0Z0 KBTI MBOL IEYMISMYIMDS Yob-
3000003050 J394690d0.

©03589¢ 0L Mo 350MmEMbEoGOL 3s00magbgbdo

35d6M0560 ©0509E0, MMIGELsE 553060 smobfjergmeEgdos 0EbmdL, 3o-
3M06MH0M30LM30L L3 3)3939 3OMdIWYTo HRYds. oo BosGIOM s Loym-
39MOM 93MEIY0, 939TYMBMS (3bMzMgdoL, 33900Ls s M@0l Mg-
5000l 0353600 (3300 9E0WOEIMDS, 99350090900l HBA0MmI© sMolslmM3Y-
@0 ©s 3d0dg 9092900 296L539MJd0m 9330005 50LsbYdS KX bIBMgEM-
05bg O 5Q3006mMs 1LO3ZOE0BMBIBY. Yym3zgeogg gb BodMm0sb osdyAL



565 35MG™M L5FgEOE0bM, 5539© oGS LMEFOSEWH 3BIMdYIS© 5J39-
3L.

0mm 35 ferol 96853 mdsdo 85JM0560 ©OsdYEBH0D @935 IONMS
6HoEb30 4 %96 250BoMs (108 doerombogsb (1980§) 433 dowombsdy (2014
£)); 2014 Gl FogM0s60 ©0sdgE0 Asdmzgegboos ©gEsdofiol BMEaLMvy-
@0 3mbsbegmdoL 8,5%-3o (35906 Gmogbsg 1980 faerdo — 4,7%-30). God®os-
B0 059G 0 4obLo3MMMGB0m LM% 339X LEGLYSEIM S B0
29630056900L 4399469900, 00 dMbobErgmdol 535MdOLS s 0635¢0EMBdOL
(LOB¥MAS30L, MOMITWOL 9935©YDs, 290l 06835MIH0, 0blwwEo, J39©s
30Ol 503M@Ge30s) 96033bgamgsbo dobgbos (Morrish NJ, et al., 2001,
WHO, 2011, WHO, 2014, Global report on diabetes. World Health Organization,
Geneva, 2016). WHO-U g3sGsmom 2030 ferologol Lo3gmowosbmdols do-
Bgbms 9oL ©sdgEHO 9g-7 50wl ©o035390L (Mathers CD, et al., 2006,
Mathers CD, Loncar D., 2006). M. J. Knol et al. 3mbsgdgdoom (Knol MJ, et al.,
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mgbosEoMEOO BLEGILOL HMEEO 35OHMPMBGHOGOL
3s00m9bg®do

35OHMmOMbEHOL  Jumzgowgdol  3mdgmbiGobol dgbs@Bmbgdsdo 9bmyg-
B9mo  MHgomdu-bobEgds 9600369¢M3z96 MMl SLEMYEIGAL. Fobomerm-
30996 300009080 gl LobBgds MbOMB3gwymalL H96y3000 3MmBYMLEsBob
bGHod0WHO  IEYMIsMHYMOOL  T9bomBYBAdIL. MgoLWMRs M5O3Z5EMEOHO
796935 — MxMg0ol bn®dsermMo 3bmggerddggdol 9mE0wgdge BGHsosy,
Q5 58539 @MML, dolo IHB0sBIdOL MboggMLogrme Tgdsbobal dgodergds
239bgl.

WxM90do  omdmgdbowo  3o30LBIWO MO39 GdOL  FOMHOMS©
X3BJOL 9950 gbL: H96adsEOL 30RO MHOEOIogdo - Lby3dgemd-
bog-560mbo (02-), 30OHMJLOE-M2035wo (OH-), 565030 Fysen-
0500 BYs1ob0 (H20,) s LobawgEIMo $563d5000, sHBMEHOL MoEOIsWMMHO
BogMmgd0, GMmIgdog Lobmgbomgds NO-Lobms®bgdol (NOS) dmbsfoerg-
M30m, WO30IMO0 MHOIPOZIYO0 - 03Mm3gHmdlowo (LOO-) s wo3dool
g57960 (LOOH)) s Lbgs 9gm®so Ho@03segdol xamaigdoo (Adanacses
W.Bb. 1997).

796305000l 0530LvRsE0 M5E035¢gdolL Fomdmddbol dsobogoMgdgwo
d0MH0m5©0 3MMEgLos JugdBHOMBIBOL gosEHBOL domdodom®o x933900;
bgmo BHo30L %933l FoMImoygbl doEmdmbo®momwmo vmbmdgzomo xs330,
MH0dgedog 8030bsMgmdL 56230000 BMLGMMOE0MgdoL 3OMmEqLo, dmerg-
3996 7563050BY, HMyMOE BHIMB0bsMH 5d(393GHMODBY, Jwgd@OMbIdoL

10



3905¢3960L s Jobo LEdME MM 50EYJ6OL 3OMEMIEHOU, Ywob, Homdmgdbol
(m00bgagdBHOH™Mbosbo s0ygbs) M.

796300000L  (L3ghmdbo sbombo, 3oEMmmygb 3gmmdboo ©s 3og-
HgbowME03owo) s SBMEOL  (5BMGHOL b0, 3gMmgloboBmodo)
©95J30Mwo  Bsghmgdo 3060l MMl Jumzowgdol bmGmdsermGo  Tg@o-
0M0@JO0s, MMIgEms o@dmddbs dwogMgds 3000l WOHWdo ©sdzs6-
33900 53963900L 0635¢o3Eool 96 0sddsgdml Imbdsmgdol dgrgyo®. 96-
23050Ls s SBMEGHOL  Mgodgowo  boghmgdo  dmbsfowgmdgb  doMol
0L Juemz0wgddo HMAMOE BOBOMEMYOMEO, 5300039, DBMYPOIOHO 3o-
0MEMYONOHO  3OHM3gLd0L  (Bogomomo, dmMy3gEo3g Yo, wgo-
3035305, MMM 3963900 s 35MmMEMbEL bbgsslbgs sbmgdomo
5535905) asbgomaMgdsdo (Droe ge W., 2002; Halliwell B., Gutteridge
JMC.,1989).

3sLogms s 3gomEgdo

36060360 dsLsgols Esbslosmgds

2390M33WgMwo 0ym ©0s09EH0 H030-1 535000 3530963 gd0
(3 3mBol mbg F530L 909y dgoagbs 11.6-11.9 mM) (1 xawmzo — 20
35309630 09 85953530 @o 11 Joamo), @0sd93H0 GH030-1 ©5350JOME0
353096300 (3 3mbol mbg Fodob F9dgy dgoygbos 11.6-11.9 mM)
Lbgoolbgs Loddodol 3stmmbBodom (1 xymzgo) (50 3s3ogbGo) (2
X3980); 3560MmOMbEH0GHOL Loddodolb Jobgz0m 2 XAMTBOL 3530963HJOO do-
g4ma30o 04m 2 439X 3IB5: 25 — Lodmowrem Loddodolb 3sMmEMbEHOGHO (oS-
0930 Bo3o 1-bL gmbbyg) — 14 95853530 ©s 11 Jogwo 20-45 fiewol sbozoo;
X39B0 20 — 83039 3o0MmOMBbEH0G0 (009G G030 1-b Bmbbg) — 12 sds-
3960 ©5 13 Joewo 20-45 ol sbszom); bbgoalibgs Loddodol dsHmEMmb@o-
Ao (50 35309530) (osdgBO GHodo 1-0b  goMm9dg) B x3mzo -
350mmOM™bEo@oL bLoddodol Jobgzom 3 XFMRBOL 353090BHJO0 FIYMBOEO
0ym 2 439X 398©: 35 — L™ Loddodol 3sOHMPMbGHOGO — 14 85053530

11



@5 11 doewo 20-45 fewol sbogom; xamxo 383 — 9dodg 3sMmmEmbEo@o
(©0509E0 3030 1-b BmbbY) — 12 85853530 ©s 13 Jocwo 20-45 ool sbszom

LogmbGHMmeom  xanxl  9950gbbab  xsbdOmgwo  dmbswrobggdo
(%3m0 V) = 15 35309630 (8 35053530 5 7 Joawo) 20-45 fierob sbsgoo.

Lsdnom boddodol s 3dodg FmETol JOHMbo3Mwo 39696 obgdyEwo
35MmMOMBEH0G0m 95350090990 90 5350TYNBO MIBPIMMWO OLdYGHO
3030 1-00 2500676 93MbsEMdL H30608B0L 360060306 (Mdoro-
Lo, bogoMNZgEMm). 35MMEOMbEHOGHOL Loddody gobolisbrzMgdms Jewobolyw-
0 60dbgdol dobgz00.

3959m30mbz0m 3563393000 3530963700l B030¢gdL s o0 BslosMU,
0553500000l baba®mAx03MmdL, 5MY ho@ESMgdro 939MBs®mdOL 9539dEvy-
B0, 535008YmBqOOL 3OMBIL0SL, Boo §99330OIM OBHZOOMNISL. OO0~
395¢009Md0m 350AJ60M VMHI0WGdoL FEYMIIMHIMBIL (5600gdOL sGldM-
05, dobo 0bFIbLOgMdS, BgMo, 898493905, 3039MHGHOMB0s, VMIOEIGOOED

Lobberabs, Fyeyegdol sGLGdIMDS, Mgod3os G3030wDg ©s bbg.), 3dowg-
0oL dmMYg30L boMolbbl, ygarol gododzangdsl.

3w0b03mMo 3s639690wqdol Mmd0gd@GHwmo dgxnsLgdolsl 3049bgdom
303096996, 2063030308  ©s 3sMMmEMbEME 0bgdugdl (boposckuii E.B.
2003). 3LsBZM30m LOLbEEIBOL baGolbl. ByEs s 39S Yool sr3g-
®®o InGRIdOL Mmd0g]GIMH0 G9x8sLgdol JoBbom 3o@EIMIdOm M9bGERg-
BeEmaom®  358033¢09390L (3063036009, 356mG58w90, MOMM-3obEHm-
00 005).

Q0 MdM030 LGsGWLOL Fsh3969dgdOL JeoboMEmo yodm3zwg3g-
0oL 565E0Bds 930P3965, HMI 3ModBHolzmwo XsBIGMgE 3oMgddo 3ogo-
969960 0bgdlo 89oagbos 1.0-5, bmwmm 3sG>MmEMbEMmo s 4obaozo@olL
0bgduo 0-ob Gmaro oym.

LodMom bLoddodol JHmbogMwo 3gbgHooBgdMo JsMmEmbEodol
QOML 535000YMBqd0 MPombab 300wgdol §dgbrobs s d33M0g0 Ls3zzgdol
domgdol EOML 93390065 250mbs@ne Lobbergbsl, “Losdmgbm Lwbls
30600 MM, 300wwgdbg 3Hgd3gMsGO o s Jodowmo bgdmddggdol
©OML  dmToBHder  FgMdbmdgEmdSL, MOIoWgdol BgMols ©s  Jmb-

AGMOOOL 933l 3d0OL ygerol 45d033¢gdsl @ 300egdol dmMyggzsl.
M009JGHMS© 3wobEgdMEs  JB0EMsdvYs  ©3M0EYdoL  333000M5©

23500mbo@mwo (305600, MIoEol 3MH0WgdoL dgdm3gds, dsmo obgon-
12



AM5305 O 4MBMWIE0MMo Jumzowol Foedmddbs. s0obodbgdms 3do-
ol Bogd900, ¥MI0EWBYEs s PMHIoEd39ds §3900, PMIoEOL EIMOEWOLY
5 ©MJoErol 300l 3mbEHWMHGdOL dmTs. wHJogro Tgbgdobsl ogm bob-
bdgbo, 356mMmEMbE o xodol Low®dg 5 33-U s0fg3ws, 3d0wYdOL BmE-
4939 359mbo@nemo ogm | s 11 bsGolboo.

MONM3DFGHMIMYM5obg  3obgdmms  bgws o J3gs  ydob
5390 H0o b5Howol sGomabsdsMmo abBMMJ3os, 300w msdrs dy0Y-
900 899306905 BgLbgoL Log®Mdol 1/3-1/2-%g s MLEHIM3MOHMBOL »BbgdO,
39BH0O BoBsdo 30 — d300 900l 50593390000 3MBEHWGMIdO.

3300y JOmbozmmo 49696M9woBgdo 3sMMmEMbEHOGHOL MHML s35¢0-
39 gz3g00 Mhom©bgb 300egdol (Hdgbwols s 333M030 1533900l dowgdol
ML 33390005 398mbo@ e Lolbargbsl, ML0sdmgbm LBl 3ol evy-
56, 3dowgdby GHgd3gMoG Mo ©s Jodonmo Bgdmddgogdol O™
905390 93MmAbMdYEMdLl, MIowgdol RgOOLS ©@s  3MmbGHWOHIdOL
d933@sl,  300¢oL  ygerol 450033 gdsL o 3d0rgdol  dmyggzebl.

009JGH5© 30bEIdIMES JO0EMsdwgs 3MOEgdOL 933900M5@ godmbo-
AN (3056mDo, MIowol 3MH0WIdol 89d39ds, dsm0 0bBOWEGHESE0s

Q5 3M3bMEs30Mo Jumgowol smdmddbs. s0obodbgdms 3dowol bogg-
0900, ©MJowDHIEs ©s MMIoEd3qds J3990, ©OIOOL IOOWOLS s
©Mdool 300L 3mbEHMMgdol dmdws. wM®dowo dgbgdolsl oym Lolber-
90960, 3oMHMm™bEHWwo x0dob Loe®mdg 6-7 33-L smf93ws, 3o0Ergdol dmM-
49395 359mbo@nao ogm | s 1 bsGolboom.

mONM39BEGHMIMYM 535D 3¢00b@gdM©s BgEs s J3905 Ydob senggm-
@O0 650l 56505650500 ©gLEHOWY300, JO0EWMsdns dyogqdol T90-
30M9ds 8gbgol Log®mdol 1/2-bg s MmLEIM3MOMDBOL MBBYdO, sg@0WM
3359590 30 — dg009900L 56583390000 3mbEHWMEM9dO.

306900, HMIm9doE HBJoMs ImobIscmgb sezm3mel, mOLMwo Joewgdo
@5 3530963900 bbgoolbgs JMHMbo3MEo ©935@IOOM (EOBIEHOL ASMEY)
29900030 093696 330)390000.

33930L 3OMGHMIMEWO ©9FI0EJONWo 0gm LodoMm3germdo, 300,
0005996980l Lobgamdol 1boggmLoGEIEOL 10003200 3ndodgEol doge.

353096300l Lolbedo (5 9w) 3ZLsHOZMIZOM  JOODOMEFOGHIXO
3993656900L 30e™3s6 L3gdBHOML s F0EYdOL AZMHEMBINL (e gdGHOHMEBM-
9ol IgOMEOm), JHOMOOHMEOGHWWo 35ddMBOL IBMMISBY MBI, ™d-

13



LoE30MMO LEBHMILOL 35653gEMIOOL (JMOPOMEFOGHIOIOL JoEHOEBIL oG 0-
3005, bobbEwdo Wo3m3gHmdbogdol s NO-U FgdiEzgemds), Lolberdo
360560000 s bGH0sbMgdomo 30GH™30bgdOL G833 Mds, SBMGBO-
ol 35539L 3006396¢G305L bgPHyzdo.

390092990 ©5 3500 obLixs

fomdmepqboen 6sdMMddo Bz96 GoBbos @sgolsbgo wMdowol Jumgo-
gddo 39EHedmEMo 3MMm3gLYdOL IMM393980L Mo30L9dwMmYdYdOL dgb-
fogs ©0sd9EH00 ©5350JdNME 3530963900 39M5MbBEOEFEHL gobgoms-
6900L O™, JgLfagerowo ogbs  bbgoslbgs Loddodol (bsdmsgrm boddo-
dob, 8d0dg) 35GHMEMBbEBHOGH0M 935V 3530963J0T0 (OdYEO G030
1-0b gmbbg s dob omadg) Lolberols s ByMfyzol MgEmIL-doEIsbLOL
35839690 9d0, LobbEdo 3MMm- s BGH0BMgdomo Go@mzobgdol (I1-2, IL-
10, TNF¢) 899339 mds, 6g™§y3d0 sbo@sboeow®o dgo3sL 899(3390mds.

330 MdM030 LEGIGHMLOL 8539698 gd0l 3erobolzm®mo 458m33w93900L
0boeo®Bds 93083965, GMI 3ModEBH03zws® KxsbIOmgw 30609080 (Xm0 4)

309096160  0bgdbo  8goagbs  1.0-b, bmem  JsOmEMmbGwo  ©s
20620303 0b 0bgduo 0-0b GHmeo ogm.

0503930 G030 1-000 ©5535JPM 3530963 gdd0 (Rer3mbol mbg
J500L d900gy 99o0agbs 11.6-11.9 mM) (xaw9no 1) 35Gm©obdodol
390999 3030969960 0bgdbo 9gsgbs 1.4-B, borgm JsBmEMbEHMMo ©s
2406203030 06gdLo 2.07-0b GHmeEo oym.

050930 $H030 1-000 535N 3530953 P00 (Erm3mbol mby
Fo0oL 8909y 99oagbs 11.6-11.9 mM), GmIwgddos sdmzwobos
Lodmom  boddodol  Jhmbogzmwo  49bgMsoBYdMo  ZsMmEmbEodo
(X299530 25) »homEbab 3d0wgdol dgboobs s 3330030 Lzzgdol Jowgdol
©MML 333900605 458mbo@ e bolbargbsl, MLosdmgbm LBl 3oGHolb Wevy-
50, 300wdBY BH9839M9GHMME0 s JodowEmOo Bgdmddggdol MmL dm-
353909 IaMIbmdYEmdsL, ©MIowgdol RgMOLs S 3MBEGHWEMIdOL ;-
33l, 3000l ygerol 9450093 gdsl s 3d0gdol dmyglsl.

14



050930 3030 1-000 5535009 M0o 353096300 Lsdrsem
10ddodols JHmbogmo 49gbgMsgroBgd Mo 35GMEP™bEHOEH0m

(X32980 29)

009JGHM5© 30bIIM JOOE™MsdwYs 3MOEgdOl 933000M5@ QoTM-
bo@o 30sbmbHo, Mdowol E3Hhowgdol 998w939ds, 35000 0bBOWEHMH30S
5 3MbMms3o®mo  Jumgowol  Fo®dmddbs.  s©obodbgdms  3dowol
Bo 0900, MIoWwbgEs s MIowrd39ds J3900, Mol ZMOELY s
@Mdowol  3ool  3mbEHMMIdoL  Imdws.  ®Jdowo  dgbgdolslb  oym
Lolbdgbo, 3sOMEPMbEHWWwo x0dob bLow®dg 5 30-b s0Hg3ws, Joowgdol
dmMyggzo odmbodmwo ogm | s 1 baGobboo.

mONM3BEGHMIMYM05bg  3wobgdms  bgs s J3gs  ydob
3e39MmH0o Bofool 565056000 abBHHNY30s, JBOMsdns dp0Y-
900 399306905 Bgb3oL Log®mdol 1/3-1/2-bg s MLEHYM3MOHMBOL »dbgdo,
3dBH0O BsBso 30 — dg0Ygdol 90593390000 3MbEHWG9dO.

050930 030 1-000 ©535©0JOMO 3530953 Jo0 (Em3mbol mby
Fo00L 99809 9950099bs 11.6-11.9 mM), 8dodg JoHmbozmwo 4gbgMseo-
B9090 356:MmEMbE0GH0™ (X380 23) MPombgb 300wgdol §dgbools s
93360030 15339006 J0MqdOL EOML 9339 FFMboGME LobbeEYbsl,
"b0sdmgzbem Lybl 3o0Mol MHEIB, JdowgdBY F9ddgModemewo s Jodo-
MO0 B99md9900L MM 8mds@gdryer JaMdbmdgemdsl, wOHJowgdol 1q-
oLy O 3MmbEHMMdOL FgE3ersl, 3000l Yool 458083 gdsls s Jd0-

qadol ImeYazsel. md0gdGHMo®© 3¢0bIdMEs JB0W™Msd«ys ©3MOEgdoL
933900650 godmbs@emo 30sbmbo, pMdowols 3Mowgdol 99d19390s, Bsmo

06830EM305 s 3MBMWsE0MMo Jumzgowol Fomdmddbs. s0obodbgdms
300ob b50gd9d0, Mo bHBgEs S WMI0Ed393s 93900, WOIoEOL ©3MO0-
ol s MJowol 30oL 3mbEGHMMHIdOL Indws. MIowo Fgbgdolsl oym
Lolbdgbo, 35OMEMBEMO K0dOL LowMdy 6-7 33-b s©fg3s, 30w gdOL
dMyg3s odmbod o ogm | s 1 bsGobbom (LwyGHosmo 4).

mOOM3BEGHMINYM05Dy  gwobgdms  bBgs s Jggos Yool

339MmH0 Bofool 56505650500 gLEHMYY309, JdOWMsdns dg0Yg-
dob 9g030Mgds g3qLbgol Loa®mdol 1/2-%Bg s MmLEIM3MOMBOL »Bbgdo, -

G0o6 35B30 30 — d30©YJOOL 56583390 3MbEHHYdO.

15



35309690380, MHMIqddo A90Mm3wobos Ladwysgrm Lboddodol JoHmbo-
390 3369o0BIoNEo 35OMmEMBAHOGO (©Q0dIHOL 3MJY) (XIBO 39)
mBom©bgb 3dowadol §dgbobs s 8330030 bo33900L FoMgdOL MM
93390005 godmbsdmar Lolbergbsl, Mlosdmgbm bwmbl oMol WML,
300gdby $993gMe@MOo ©s Jodomo Hgdmddggdol Mmlb dmdsdg-
0 93Mm3bMmdYEMdLl, MIowgdol GgMols s 3MbEHMMIdOL Fg33Esl,
3000l ggemol 458093 gdsl s 3d0Egdol dmMygazsl (LyMsmo 5).

009dGHM5 30bEIIM JO0W™MsdvYs 3M0EgdOL 9330005 oTm-
bsGMo 3056mBo, Mool E3MHOWgdol 998m390s, B0 0bROWEEHMSE0S
5 M9bMEs30Ho Jumgzowolb Fomdmddbs. s0060d6gdms 3dowol bswg-
0990, ©MJowbHgEs s MMIoEd3qds 3990, ©OIOWOL E3OOWOLS s
©Mdool 3ool 3mbEmmgdols dmdws.

@Mdoo dgbgdolol oym Lolbedgbo, 3sMmEMmbEMwmo xodol Low®dg
5 80-b 509309, 30Ol BMEMYg3s odmbod o ogm | s Il bsGolboom.

MONM35BEGHMIMYM505Dg 3¢0bgdm©s s @O J3gws Ydob serzgm-
@960 65fool 56505650500 ©gbEHOWI30s, JO0EW™sdns daogqdol 890-
30Mgds Bgbgol LogMdol 1/3-1/2-Bg s MbEGHIMIMOMDBOL 1Bbgdo, 5d@0w®
3359500 30 — dQ0YJOOL 565933900 3MbEHMMYdO.

353096@gd0 8dodg JOMbozMwo 3g69MoaBHgdmo 3sMmEmbEodom
(©005dgBHOL  2o0M939) (xamxo 30) wBombyb 3dowgdol fdgbools s
93360030 15339006 J0MgdOL EOML 9339MO© FTMboGME Lobbegbsl,
"b0sdmgzbem bl 30MHob VML, 300wWgdbY FH9JI3gMEHIMOMEO s Jodovy-
M0 Bg9mddggdol O™l dmds@qdwer da™dbmdgemdsl, wMdowgdol gg-
Mobd o 3MbEHWMmIdOL Tg33esl, 30Ol ygerol gododzargdsl s 300eg-

00bL IMMYg35L. Md0YIEWIMS© 3¢0bYPIMEs 300 MT1Ys 3OO GdOL 8339-
065© 259bo@Go 305bMmBo, BHIowol EaMoWgdol 99893905, oo 0b-

BOWEHMI305 5 3MBMWI30mo Jumgowol Fomdmddbs. s0obodbgdms
30000l b500gdgd0, ¥OHI0WHBYs s WOHIOE]39ds J3900, XOIoWOL 3MO-
ol s MJoEol 30oL 3mbEHWOHIBOL ImTws. MIowo Tgbgdolsl oym
Lobbedgbo, 3sOmEmbEmmwo xodol Lowmdg 6-7 33-b s®fjgzws, 3d0wgdol
dMygzo odmbo@eo ogm | s 1 baGobboo.

MO0M306GHMIMYM05DY 3er0bgdm®s bBgws o J3gws gdob serggm-
@O0 b5Howols 569mbsdsM0o alEBMmwyd30s, 300WMTMs d0YJdol 890-

16



306905 BqLgol Log®dolb 1/2-Bg s MbEGHIM3MOMDBOL MBbgdo, 5JBHOMO go-
580 30 — dg0qYgOOL 56593390000 3MbEHMMGdO.

B39b0 33930l 306H3gw gB3by 9g30Lfogange  Lolbardo  sbmgdol
85639690 9d0L  (56GH0MJLobEGHNMMO LobEgdol 5dEH0gmds, FoGHMI0bgdoL
TNFa, 1L-2 @5 IL-10 89033000mds) (3300w gdgdo Lbgeaslbgs Loddodol
3oMHMEMBAHOGH0M 993500 3530953J0d0 (©0sdgHOL BmbEYBY s dob
396989).

0503930 Bmbby 9000bstrg 3dodg 3oMMmO™bEHOGHOL OML 35309639~
00l Lolbdo 4503w 0bEs W03M3gMHMJloIdol dswo 0bEgblogzmMdOL
936 Loabsgdo, Mog 39bgMIwoBoMmYPdIMEO SBmgdoMo 3MHMEglol MmJbos-
309960 LEHMILOL 06 bL0BO3ZsEsBY s F0MMOMIOL. 50b0dbMW0, OsdY-
Aol 3mbbg 29630@ MO 35650MbEGH0GHOL @OHML MmJlosE0MGo BEBHMY-
Lol 3603369 m356 063gblogozsz0sBy domomgdl.

30GH™3069%0 - 03M6MGm0 MYRMIOOL (Bo3MrMmxoaqd0L, Fmbmiodgdol,
©3bMMWwo MXOHIIOOL, oIBME0GHId0L, byoGMmmzgowgdol, gbommyg-
WMo MYROHIEIOOL ©  BOBIOMOLLEJOOL) FoghH  3OMEYYEOMIOMEO
9306y  BmIol 3039330 IJd0s,  Sbmgdomo,  FgBHOMWMMO  ©
089960Mm0MOMGMOHWWO  5dGH03Mmdom. 303HM™30bg00  30GHMI0bgdol  Do-
039308036 M9393GMOJPMB gMms©  3MI3gdu® Lol gdsl Fom-
9mgdbosb, GMmIgmog  (30GH™30690L MMl IIBOMO S MIMHYMBOMO
©3913930060L  99do60BIGOOL  Lsdowgdom 935300  JMBEHMmMEOMm©Ids
Lb3goslb3s BOMWMYONMHO MIYMESGMOWo LobEIIGOL Jogh. 30GHMI0-
6300l Fgboderm 0sabmMLE03MMO s 9350gd0L Loddodolb sdbabggero
39L50gdgEo Mol gx35L9d0L JoBbom B3zgb Bsgzo@sMmgm 3MOgWwsEoMo
3boseobBo 353096@9gd0L Lolbwlo IL2, IL10, TNFa, 89993390mdsbs o
39600MbEHIWMM0 Bs3Mool Lol InMOL. OsYMsTsBY 4 bsB3gbgd0s
©59m30gdwemgds 353095GJo0lL Lolberdo sbmgdol FsM3gMmgdolL (GoGM-
306900l IL2, IL10, TNFa) 5 3g60m@mb@ewMo 6536Mswwol Low®agl dm-
Mol ©0509BHOL BmbBY 49630150900 35MH5EMBEHOEHL OML. HMymM3
33¢930L 8909390000056 459mIE0bsMgMdL, ©0sdgEOL BmbBby dodobstg
356mEMbGH0EGHOL ©s3dodgdolsl bolbado 0bBMEgds 30¢H™30bgdol 899339~
mdo.

Lodnsm Loddodol s 3d0dg 35MMEMBEHOGHO® 9350 GO0 (EOdY-
AobL 3960939) 3530963 0L 39MH0x8IOHOM®Ds LoLbEol JHOPOMF0EJOOL
09036569d0L  89050099bcrmdsdo B3gb  490m393w0bgm  (30egdol  dmgero

17



139dBH0L (VWO (22 3s) s Fomso (55, 97, 200, 116 30s) dmeg3s-
@O sbom) 899339¢™BOL  (33oEgdgd0 X BIGMIo 306MgdoLIMZOL
@©535b3L050gdYEO Fglsdsdol Bohg9690B™B FgEMgdOm (EO0SEMBs 5).

9O0MOHM303JO0L IgddM65dd0 B0 I3 GOo dsbol 0wgdol
X2998L 30930036905 999360l Hgodoeo wobobol 0b3ododmemo 30-
s (MIRL) (960m6mEodgdol s6@oggbo CD59) (22 3s) (Ninomiya H, et al.,
1992). sbvy, 58 ool d993339e™dOL 899306090, Gmymema BsblL, ©0sdgEHOL
23905 35bsl0sgdgO 35MIMEMBEOEGHOLIMZOLsE. 50 ool dgdEggErm-
00l 999306905 gobs30MHMBIBL GMHOMMHMEF0EHJOOL LESd0WMdOL ©sJ390mg-
0.

©O0509BH0M S 35MOMEMBEH0GH0™ (©0sdgEHOL GBHodo 1-0b gmbbg s dobs
396M939) 993500 353096Gg00 B39b Foge AsdM3zgbowos 3NMYWsE0s
09006560 30¢900L gegdBHOMBMOHIBMWo IMBOEMIOL ©IJ390MNGISBS
5 35MHMOMbGH0GOL boddodgl JmEOL, o3 9godwgds AB30OMdIOMEO
0ymb a03mim®obol 899339@mdol 99930690000 ©s  JOHOPOM30GJOOL
960Mm90m3mob 5©39Bools s 303MHMEOMIMWs3E00L Mm3935L J0BY-
Do d90dgds gobgl.

g439ws 9l 30Ws 9dBH0Mms B8Mmbsfioggmdl gHomM™mE0Ggool dgdsbo-
39960 LESd0EMBOL, EIRMOTBIPMOOL S JHOMNOMEOEOL BMMToL HgyvwY)-
530500, JM0EGOME30GWE 39ddM67dT0 59 (300qdoL 993390 MdOL (33¢0-
90900 353000705 JMOGHMHMEOGHIO0L EIBMOHTo0JLMIOL EIMMZ93L.

0585509, 99330305 ©O35L33b65m, MMT 0sdgEHOL BMEDBY dsb63000-
9070 3560HMOMBbEH0EHOL EOHML gHomOHMEoGw 99906Msbgddo 3owmgzsbo
990500996™d0L  ©IMM393900  FobLOMMOGdOm  GoMmg  BolidEHodom
bolioomgds: 356015MmbEGHO0GHLIMZ0L sdsboliosmgdgmwo CD5Y, 4.1R bmeob,
39-3 BmEol  30wgdol s 96300060l 999339 mdOL 8903060900l QoM
Q0599GOL 3mbby 396303560900 3565MbGH0 G0l OML
399m3gboos 139JBHM0bol s GHMmM3MIombBobol  FgdEggermdol dqdEo-
M90s. 5060360 993 Y39wgdl ©osdgEHOL Bmbby d00obotg doGmpmb-
AoBOoLb OML gMomMHMEoGYE 39ddM6Jd0L FEAMIMBOL goblszMmey-
000 8603369mgs60 ©oM®39g3900L, Tomo (30EH™BMBRbOL bEwEHwMHgdOL
©9LEVOOD300L TLobgd. 58 30MMdYdT0 JHOMOMEO0EHIOOL obobsEIo
300930 gd0l BOILMID GO J390Ids YYRMJOJOOL IRMOTodY-
@@md0L 96560, Mo3 BOEOL Fom0 sH0sbIdOL, LELbbeOL bbgs Mg gdo-

18


http://www.ncbi.nlm.nih.gov/pubmed/?term=Ninomiya%20H%5BAuthor%5D&cauthor=true&cauthor_uid=1373727

bod0, 96 9bEMMYE0MoLoETo 5E3GHOWOMBOL 5EBSIMBL s Jo3MHM-
306 3N 5300L sl fiymdl bgb.

oMLYOMBL dMbo399900, M JHOMNOHMEFOGHIOOL IBMOTdJLMOOL ¢g-

3530530 JHOOOMBOGX0 1930LR0 sHBMEob H9byo (NO) sdEHovy-
Mo dmbsfowgmdl.

3BmEobL gobao (NO) — d3ommmaom®Ms© 5J@0wcmo Lboboabowrm dmeg3e-
55, HMIgEog 0994396 O™l sbOMEgdl  LobbdsGrgms Gmbylol
093530500, Fmbsfowgmdl 35DMEOsEsE00l, MOmMIdM30EGJOIOL s3M Y-
2393005 @ WYozmEoGIOol  53gHool  MgyMws3E0sdo, ofigg3l  3oBm-
QOG300L S 5063000MHdL LOoLbEPdsMmE39dOL 30 FML3YEsEMOL
MROIOIO0L  3OMEongmsgost (Moncada S, et al., 1991); Radomski MW, et
al., 1987). NO bLobomgbo®mqgds NO-Lobmsbgdols dogh (NOS-U) L-sG0bobobl L-
BOGHM0wobs® 49Mmogdbol 99gas. Lolbeds®3zgddo NO-I doMHOMSO
0goOHm  9bmmgmo MxMH9gdGE gOHmLL, Lobbwol MxGMgLgdoEss
(006H™IdME0GHYO0, Bmbm30EJd0 s JOHODOMB0EJOO).

B396 dg30Lfogwgm  gMHomOHME0Egddo NO-I 9993390 Mds 35OHMEMbEO0-
GO ©9350JOI0 (©05dIGHOL MDY s Tob Jo6g3g) 353096¢gd0L 39-
6089M0Eo LobbEob gHoMNMmME0GHIB0. OsREMmsTs 8-Bg dmygzsbowos 3g-
6H0x9MHomeo bobbeol gMom®mmiEo@gddo NO-U dgd;339emdol 33w0g-
0900 Ib355b3s ¥ MRl 353096390T0. BHMYMOE OsRMT>DY Brmyzsbowo
90b5(3909000056 259mI0bsMgMdlL, Msgz0Lzgswo NO-U 990339 mds dbvy-
0mdo o 9d0dg 35OmMEMBEOGH0m 9350 35:3096(3)90d0 (©O0sdYEOL
a3mbbg s ©0sdYEHOL 4o6M9dg) MIB0d3bgMmE 0BMPIds 35Ol ©T-
d0dgd5Lm5b gMHms. 33¢935d0 o6 AsdmMm3wrobes NO-U 999339 mdol dsbgg-
Bg0gdol sL3- S bglisdMm30WYIMYWO (330 0EgdIdO.

B3960 330930l B9 ©IRO0DES, MM 3sOMPMBEOE0m (OdYGHOL
}mbbg > dob oMgdg) 95350JIMWO  3530963JdOL  3gH0RgOHOO
LolbOol gHOMNOHME0EHJOOL IRMMHTDI MBS J3JONJOS 35MMPMObEGHOEGOL
1oddodol BOPILME YO, Msgz0lvBswo NO-UI 9993339 Mds 30 0DMOY-
05 35MmMOMBbE0GH0L ©53d0dYILD gHmo@. 964, sOLGdMBL MoBrymz0m0
30695305 353096Ggo0L Lolbwdo gMHoMOHMEOEJOOL IRMOMTIOIEIMIBS
5 NO-b 99933902005l dmG0b.

©5039b00os  5bMB0EOL Tggog5L 9993390 MdOL  LEBOEGHOLE0IZMMO®
LoOHIMBM goblibgeggds OOYHOM  9350YOWMWO YSBIODMIEo oMol

19



©0OML 3Jmbg s Lbgoslbgs 1Loddodol 3sOHMPMBEBHOGH® 935 JOVP
306090d0. B39b0 33930l F9gRo© o6 dodm3mobos  By®fiyzdo
0b®56ool 959358 899(33900d0L bGsGHOLE03MMO® LEMHIMbe 33eoEy-
0900 356MEMbEHOEBHOL Lbgoslbzs Loddodol (osdgEHOL Bmbbg s dob
39693d9) 3530969030, 396 g30Lfogzwrgm ©sdM30EYdIgds 3530963 7d0L
B36Hyzdo 9560Hbowol 5358 3MBEI6GHME00Ls s 353096GHJOOL 30MOL
030 3560MmOMbE0GHOL Loddodol saLabgger 35659gEHMIIL (39MHOMEMBES-
MO0 B3MH5ol LoEMIL) JmEOL. 30MYES309MHO bsEODOL Fggo©
50065, M sbNGMBoEOL Fg535 (Bobo T9d;339wmds bgMfiyzdo) s6 dgo-
dgds 0gml 258mygbgdraro 3sMmEmb@o@ol boddodol BsMzgMow, 0a-
35 39bObsE Sbbogl 3oMMEMBEOEHOL sOGLYdMB.

30O 530996M0 5bseoBol F9wgaqdoL Logwydzqw By saMgmaq odmdo-
Bo6gmdl, M@ Lobbol sbmgdol BoM3zgmgdo, TNFa, IL10 s IL2, gsblo®b-
03605396 FbmmE 35OHMOMbEH0EOL Loddodgl s 56 G056 FobgbmdMmOg

39330630 ©0509BH0b.

06 358m3w0b@s LEGHIBHOLEH03MNMO® LsfdNbm JMMYEsEos 39M0Mm©Mb-
GO0 Bs3Mool Loe®mAgls s Lobberdo 1L10-0b 38339 ™dsL ImnGol
(595L9b539 96 godLOMmEYds 3MOgws30s TNF-Ls ©s IL2-b Gmeob), Gos
099(Y39®gdlL 0dol dglobgd, MM 56 SMLYdIMOL »dswm FobyHBMOMGOZ0
3938060 IL10-bs 5 3560mb@o@l 8m®mol (59 30E™30bol 33wowmgdqdo
153565MEME 396306MHMBYGOMOos IL2-0b (335¢gdsEMdOm).

20



35336900

1. 350HMmEMBbGH0G00 9935000 3530963gd0oL Lolbwdo  (©osdgEHoL
ambbg s dob goMgdg) @oJ60w0s MJLoIEOMMO s bmgdol
FoM396M900l (3300 gdgdO:

- 939630 96E0mJLoIBEHMO LoLEBIIOL (35FoesBIL) LESGHOLEO-
3960 Lo®fdmbe o9EHog5:309;

- 360m s 3bGH0sbmgdomo 30E™30bgdolL (IL2, IL10, TNFa) 899:339¢0mdol
dm0s@gdo.

356MMmEMbGH0GH0m (©05dgGHOL BMbBY s ol goM9dg) 935V O
353096300l Lobberdo 6mgdol s ™mJuosgoMMo Tom3gMmgdol (IL2,
IL10, TNFo-l 899339™Mds o JoBOWoBol od@ogmds) 860dgbganmds
30690MHgdL 39MH0MmEMBE MO Bs3MHorol Low®mdol dsB396989wmsb,
Qb 3o0539BHM0 30, ®ogz0L  ABOOZ  ZMOIWoMmOL  35MoMbE0EOL
10ddodglob; °©0bodbmerol Logwydzgwby dgagzodeos dogoRbomo gl
35658930900,  OHMymOE  390mmEMbGoGol  boddodol  sdLobggro
056396 9%0.

2. 99LFs3womo 3530963900l (©0509EH0, 35MMEMBEBOGH0  ©O0sdYGOL
R}ebby ©s ol 9Mgdg) Lolberdo ©sgboos  39M0x8gM0YEO
Lolbeools  gMomndmEodwewo  99936sbgdol  Mgodgomwo  wobolol
9506300069890 MIRL 3owol (gMoo6mEo@gdol s6@oggbols CD59)
3993390mdol 8993060905, Moz gM0mMOHME0EJd0L  wobobosdo
90aM5MdOL 93900900l 5M13Y3083037MMBIBY 0100 GBL.

3. 35MHMmOMbEH0E00 (0sd9EHOL BMbYY s Job 496M9dg) 53500GdM0
353096@9d0L 39Mm05396H0vo LobbEol gOHoMOME0EGJddo:

- 0BOEYds  mogobggescwo  NO-U  9gd;339cmds,  goblszmom®mgdom
053930l BMbBY 4963056 dM0 356r5MbEHOEGHOL 3d0dy BMOMIZdOL
QOM;

- 960GHOME0GHo NO-b 35839690900 Modymzoms JnOgeo-
M90L 9HOMNOHMEOGHIOOL EIRMMTdYMdOL T5B396909w056;

- 09006569030 30EGHMPMBAbOL 3owgdol (4.1 bemeool, 9g-3 bemgool
BOWgdol s 9b3060b0L) FgdEggEmdol  FgdoMgds, Mog JMOmMM-

21



303900l 8949603900 LES00EMdOL, IRMOHTBILMOOLS S JEab-
G0IOHMIOL ©g39000905L  gobs30MmMBYRL.

- 090065690 30eqd0L  gagdBHOMBMOIBMwo IMdOoEMdOL ©J39-
070, M3 JHONOHMEOGMEo 3993660L HgEsdoMHgdol Msmymaodo

dmb@ob 990300905bg, 503gHB0oMOMdOL BBy J0m0mYdUL.

4. 35OHMEOMbBHOGH0m  (0sdgHOL  BmbbBg s ol go09dy)
055350900 3530963900l Bydfiygdo gsdmgzwgbowos sbmGsbogols
075306 999339 mdol  BmTsBgds;  3odm3wgbowos  ©sIdOMO
3mOgs30s bgfiyzdo sbm®sbogrols dgo35bs s Lolbewdo TNF-a-,
IL2-b 999(33902md5L B0, Go3 960MI60EIOL B35 3oMrmEmbEHOEHO
350mmygbgHdo  8b0dzbgermgsbo Mmool dglobgd dgdyzgergdl.  gb
95B39b90go 56 Fgodegds oymlb  godmygbgdmwo  3sGmEmbEo@ol
boddodol  oM3gMo, 0MIEs (FOXLObIE SLobogl  3sMmEmbEoEOL
oMLYOMBSL.

365dBHogmero 6Hy3mdgbosgogdo

1. Bo®o®gdmao  33e930L F9@9p980L  5bsemobol Loggwdggmby Gg-
3M096o305L  39f9300  39OMOMBbBHOGHOL  ©0sabmbiBozol  EOML
239bLsBEZOH 0gb5L sbMIBOEOL F55935L 899339 ™ds bg®fiyzdo.
2. 356m@MbEoGOL Loddodol Fgi3olgdolsl gobolabrgzm™l  Lolbeols
90MJL-LEoGHMLOL S 30EGH™30bgdol (IL10, TNFa) 8993339 mds.
3. 356m@MbEHOEGOL 8390bsmdolol 3060l AWML Jimgowaddo M-

3M096o30sL 319300 B03MME30M3Ms3ool Mgy Eomgdgwo,
963056090000, 56E0MmILOIE0OHO 309350M5EJOOL Fodmygbgdsl.

22



31990003530900. ©oLYMOEHEGo0L 7ol 0Myzemog
850mgd399690meos 4 Lsdgbogmm bsdmmdo:

AO50g0dg L., 9bwdodg 3., FoFog560s60 0., Lobozodg .
»JOONOMEOGHJOOL BHJMEMYPOYHO MHZoLGOJOOL (33E0MIOIO0 ©ODY-
GO 55350 35309637080 s Bols Aoeqdg.

g90bso: ,9Ju396M0d6G Mo s J3wobozm®mo dgoEobs“. 2013 .
N218

AO50gwodg L., 9bwdodg 3., FoFog56M0560 0., Lobozodg m., yogzosbo b.
»G0G™306900L  d5EobLO  EOSBYGHOM 935 PPWO  35309DFJOOL
Lolbedo 3sGMmEMbEOEH0m s dob Qotqdg”

J9960bseo: ,9Ju39M0d96G Mo s Jwobolm@mo dgwoaobs”. 2014 §.
N232

Turabelidze S., Sujashvili R., Ioramashvili I., Gogebashvili N., Sanikidze
T.

,Alteracions of rbc membrane proteins in diabetic patients with and
without periodontitis®

Georgian med News 2015 Nov (248): 39-45.

GMOdgodyg b., godmbos 0., 353535 0., yogosbo b., mOImEsdg g.,
9699940dg 0., 839000d300 M., AMygdsdzowo b., bsbozodg m.
»90O5¢0bolL 85535, OHMAMOF 35MMEMBEOEGOL BoM39M0 OSdYEHO
0559350090 3530963 9dd0“.

J90bscwo: ,9du39M0dbGHMwo s Jwobogm®mo dgoiobs . 2016§.
N4, 41-52.

23



The introduction

The relevance of the topic. Parodontitis appears to be a chronic disease of oral
cavity tissues, which is characterized by the inflammation soft tissues and
removal of bone tissue. A leading factor of parodontitis pathogenesis is a
bacterial infection, the progress and acuteness of which depend both on genetic
and environmental factors. Parodontitis may be considered as an imbalance
between the quantitative and qualitative characteristics of the flora, colonized
in periodontal pocket and immunological potential of the host organism.

The actuality of parodontitis is due not only to its wide distribution and in some
cases to severe duration and the negative impact on the organism, but also to
the necessity of the elaboration of pathogenetically approved therapeutic
schemes. According to the data of WHO, the frequency of parodontitis makes
up 98% of the inflammatory diseases of parodontium. In some cases, besides the
wide distribution, this disease is characterized by an active progress, frequent
recurrence and a negative impact on the organism.

Diabetes (along with carcinogenesis, chemotherapy, radiotherapy) is identified
as one of the promoting factor of oral cavity infections (E. Dorko, 2001). Among
the complications of diabetes such disorders, as vascular disorders, disorders of
the nervous system, as well as disorders of oral cavity tissue metabolism should
be noted (A. Lawecka-Symonides, 1995). As a rule, the chronic complications of
diabetes are due to vascular complications, which are divided into non-specific
macroangiopathies and specific microangiopathies. There is no doubt about the
significant role of vascular damages caused by diabetes in the development of
parodontal pathology.

The complications of oral cavity tissues caused by diabetes belong to late
diabetic complications, which are determined by vascular damages (C. Petrou-
Amerikanou, 1998; M. Van Dis, 1995). By means of gingival capillaroscopy an
irregular distribution of blood vessels of various lengths and diameters and the
degenerative changes in pericapillar connective tissue are revealed in diabetic
patients. A basal membrane of parodontal capillaries is thinned (maybe because
of placing the glycoprotein compounds in it). The above mentioned changes
impede oxygen diffusion and the elimination of toxic metabolites, which
promotes the violation of physiological equilibrium and increases the damage to
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periodontal tissues. The increase of hyperglycemia-induced collagenase is also
observed. The disorders of collagen metabolism in gums promote the progress
of periodontal tissue destruction.

In case of diabetes the development of destruction of parodontal tissues
promotes the distribution of infections, the violation of immune status,
neutrophils dysfunction and prolongation of healing process (B. Emeryk, 1990).

At chronic diabetes a stable hyperglycemia promotes the formation of final
products of glication (AGE), which appears to be one of the reasons for the
stimulation of inflammatory processes. During non-controlled diabetes, AGE is
characterised by a high content, high vascular conductivity, atrophy of collagen
fibers and an accelerated damage to demineralised connective tissues and bones.

At diabetes the dynamics of pathological processes in parodontal tissue depends
on a number of factors, including a quality of vascular damage, which
determines the capability of gingival tissue compensation (D.C. Matthews,
2002). These diseases are characterized by the disorders of oxygen supply,
migration of toxic compounds and leukocytes. The disorders of microbiological
flora are 2-3 times more frequent than without it (S.G. Grossi, 1997; H. Loe,
1993).

Despite a lot of the studies devoted to the research of the reasons and
mechanisms of parodontitis development, the establishment of the mechanisms
and markers of parodontitis development is very actual, particularly at diabetes,
appearing one of the significant risk-factors of this disease. During parodontitis
the study of metabolic processes taking place in oral cavity is especially easy in
saliva.

Saliva consists of: water — 99.5%, organic compounds — 0.3%, inorganic
compounds — 0.2%. The content of saliva changes at various systemic diseases
and shows the severity of many pathophysiological processes. Furthermore, the
content of various biological compounds in saliva appears to be a marker of
pathological disorders development. A certain amount of anthranilic acid is
seen in saliva (P. Buczko, 2012).

The goal of the research is the study of the mechanisms of metabolic processes
disorders in gingival tissues in the patients suffering from diabetes during the
development of parodontitis of various severities.
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The tasks of the study.

The following should be determined in diabetic patients with parodontitis of
various severities (at the background of diabetes and without it) and in
practically healthy people:

1. Clinical indicators:

e While objective evaluation of gingival tissues, the determination of
hygienic index, as well as the indices of gingivitis and parodontium, and
degree of bleeding;

e While objective evaluation of alveolar processes of upper and lower jaws
the conduction of X-ray examinations (oral, panoramic, ortho-
pantomogram).

2. Biophysical, biochemical and immunological indices of patients’ blood:
e The content of free nitric oxide in blood;
e The activity of antioxidant enzyme (catalase);

e The balance between pro- and anti-inflammatory cytokines in blood (IL-
2, IL-10, TNF-).

3. The content of anthranilic acid in saliva
4. The biophysical characteristics of peripheral blood erythrocytes:

e The content of membrane proteins;

The mobility of membrane proteins;
¢ The deformability of the erythrocytes.

5. After the statistical processing of the data obtained, the establishment of
correlations between diabetes severity, the intensity of inflammatory
processes in gingival tissue and the parameters studied in blood and saliva;
the determination of diabetes role in the pathogenesis of parodontitis
development.

Scientific novelty of the research:

1. In the patients suffering from parodontitis (on the background of diabetes
and without it) the correlation between the content of inflammatory and
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oxidative markers (IL-2, IL-10, TNF-a and the activity of catalase) and
parodontitis severity has been established for the first time; these
parameters are considered to be the markers, showing parodontitis
severity.

For the first time, a conclusion was made on MIRL protein (CD59 of
erythrocyte antigen) inhibiting the reactive lysis of erythrocyte
membranes of peripheral blood, as a non-specific marker of a reduction in
erythrocyte resistance to lysis.

For the first time, the biophysical indices of peripheral blood erythrocytes
were complexly studied on the background of diabetes and without it in
the patients, suffering from parodontitis (the content of free NO, a degree
of the deformability of erythrocyte membranes), as well as the content of
cytoskeleton proteins (4.1 R line, proteins of the 3™ line, ankyrin) and
electrophoretic mobility. On the basis of the correlation between these
parameters, rheological properties of erythrocytes and the role of
microcirculation are established during parodontitis of various severities.

In saliva of the patients, suffering from parodontitis (on the background of
diabetes and without it) the changes in the content of anthranilic acid
were revealed for the first time, as well as the correlations between the
content of anthranilic acid in saliva and inflammatory markers in blood
(TNF-q, IL-2, IL-10). The conclusion was made on anthranilic acid, as the
marker of parodontitis development.

Practical value

The data obtained have both theoretical and practical values. It was
corroborated that in the pathogenesis of parodontitis, the changes in redox-
status of the organism have a significant role. In conditions of oxidative stress

intensification, the structural disorders, developed after lipoperoxidation of

cellular membrane (including erythrocyte) promote the dysfunction of the

cells. Particularly, after the lipoperoxidation of erythrocyte membranes, the
structure of cytoskeleton of these cells is disordered, which conditions the
reduction of cells’ deformability, microcirculation and gingival trophic
disorders. The significance of anthranilic acid, as a specific sensitive marker of
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parodontitis was confirmed, and the content of markers IL-2, IL-10, TNF-a in
the blood, determining parodontitis severity was revealed.

Literature Review

Distribution of parodontitis and factors causing it

Parodontitis appears to be a wide spread disease of oral cavity (P.E. Petersen,
2003; P.N. Papapanou, 1999). The epidemiological studies confirm that
parodontitis is especially spread in old people (World Health Organization,
1997; 2003). The most severe form (4 points) of parodontitis is observed in 10-
15% of the world population (J.Y. Song, H.H. Kim, E.J Cho, T.Y. Kim, 2014),
and gingivitis is most distributed (2 points), which is usually developed as a
result of unhealthy lifestyle. The distribution of parodontitis increases along
with the age (K.F. Al-Ahammari, A.K. Al-Khabbaz, ].M. Al-Ansari, et al., 2006)
most often in men, than in women (R.M. Davies, G.M. Davies, R.P. Ellwood,
2003; H. Loe, 2000). A lot epidemiological studies testify to a significant
correlation between socio-economical status and the frequency of this disease
(P.N. Papapanou, 1999; J.M. Albandar, E.M. Tinoco, 2002; T.F. Drury et al.,
1999; L.N. Borrell et al., 2004; M. Chen et al., 1997). In conditions of a high and
low socio-economical status and the impact of socio-ecological factors the
difference of parodontitis frequency makes up 10-20% in the given
geographical area (R.C. Page, 1997). The frequency of parodontitis distribution
and its severity also differ in various ethnic groups of the population (it is more
frequent in black people, than in white ones (L.N. Borrell et al., 2002; L.N.
Borrell et al., 2004; ].D Beck et al., 1990; P.E. Petersen et al., 1999; H.Y. Wang
et al., 2002; B. Varenne et al., 2004). Unhealthy lifestyle (frequent consumption
of alcohol, stress, tobacco consumption), a social-economic and demographic
status, a number of general chronic diseases, such as: chronic respiratory,
cardiovascular, endocrine, immune, gastrointestinal and nervous systems’
diseases and disorders, obesity), living conditions or psychological stress also
appears to be one of the risk-factors of parodontitis development (R.]. Genco,
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1996; R.]J. Genco et al., 1999; M. Nishia et al., 2000; M. Tezal et al., 2001’ G.E.
Sandberg et al., 2001; W. Pitiphat et al., 2003; S.G. Grossi et al., 1996; G.W.
Taylor et al., 2001; C. Bertoldi et al., 2006; M.D. Piscoya et al., 2012) ).

Along with a wide spread, in some cases the inflammatory diseases of
parodontium are characterized by an active progress, a frequent recurrence and
a negative impact on the organism. The pain, discomfort and loss of teeth,
which develop by parodontitis, causes the functional and esthetic disorders and
have a significant impact on human life quality.

Parodontitis belongs to non-specific infectious diseases, induced by various
microbes. However, in the pathogenesis of parodontitis along with microbes,
the damage to capillary system also plays an important role. The development
of dystrophic changes in parodontal tissue and decrease in its barrier function
are due to the microcirculation disorders. Against this background, the micro
flora of oral cavity induces the formation of inflammatory focus, and, in its
turn, it promotes the deepening of dystrophic changes in parodontal tissues
(Yu.G. Tarasova, V. Yu. Luznetsova, K.B. Liubomirski, 2011; V.V. Tets, 2008;
H.J. Wolf, 2004).

According to the epidemiological data, the developed countries and a part of
Latin countries are characterized by quite high and average indicators of
parodontal index (WHO, 2004), which in countries with a low standard of
living are associated with limited availability of dental care. As a result of tooth
loss and worsened functional condition of oral cavity, the public health care
deteriorates in the developing countries.

Gram-positive streptococci, staphylococci and actinomycetes of tooth clasp
create an anaerobic environment (WHO, 1998) that promotes the
multiplication of anaerobic flora (bacteroids, fusobacteria, spirochetes,
Actinobacillus actinomycetemcomitans, Prevotella intermedia, P. gingivalis. T.
denticola  Porphyromonasgingivalis  (Pg),  Prevotellaintermedia  (Pi),
Aggregatibacter actinomycetemcomitans (As) and Tannerella forsythia (Ti), etc)
(S.S. Socransky, A.D. Haffajee, 2000). The content of oral cavity microbial flora
depends on its localization on oral cavity tissue (J.A. Aas et al., 2005), on the
diseases of oral cavity of the host organism (C.M. Figueredo et al., 2008; B.
Rescala et al., 2010; S.S. Socransky et al., 1998). Along with the changes in
microbial content, the manifestation of pathological processes varies (S.S.
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Socransky et al., 1998; B.]. Paster et al., 2006; A.D. Haffajee, S.S. Socransky,
2000).

The role of diabetes in the pathogenesis of parodontitis

Diabetes mellitus, known for human for millennia, has been remained as an
acute problem for the mankind even for today. Its wide and global distribution,
the necessity of strict keeping the regimen of the patient’s life, nutrition and
work, very often undesirable and severe results of diseases especially
dramatically affect the health and mortality of the population. All these make
diabetes mellitus to be not only medical, but an actual social problem.

Over the last 35 years a number of the patients, suffering from diabetes
mellitus, increases 4 times (from 108 million (1980) to 433 million (2014). In
2014 diabetes mellitus was revealed in 8.5% of the adult population of the
world (while in 1980 it made up 4.7%). Diabetes mellitus especially quickly
spreads in the countries of average and low development; it appears to be a
significant reason for the morbidity and disability of the population (blindness,
kidney disease, heart infarction, stroke, amputation of the lower limb (N.].
Morrish et al., 2001; WHO, 2011, 2014; Global report on diabetes. WHO,
Geneva, 2016). According to the suggestion of WHO by 2030, diabetes will take
the 7% place among the reasons of mortality (C.D. Mathers, et al., 2006; C.D.
Mathers, D. Loncar, 2006). According to the data of M.]. Knol et al. (2006), a
number of people, suffering from diabetes mellitus was approximately 200
million over the world. Among them diabetes mellitus type 2 (not depending
on insulin) is observed in 90-95% and at the same time its share increases every
year regarding the increase of risk impact, due to the lifestyle.

Despite a thoroughly great attention to diabetes mellitus and significant
successes, in the development of new remedies of its clinical-laboratory
diagnostics and treatment there still remains a lot of vague questions (E. David
et al., 2013; E.J. Verspoh et al., 2012; WHO, Geneva, 2013), which need urgent
scientific study. During diabetes mellitus it especially concerns the research of
oxidation processes at cellular and subcellular levels, which play a very
important role in the pathogenesis of diabetes mellitus and create a basis for
special biochemical, biophysical, pathophysiological processes in the organism,
as well as for clinical manifestation and various complications.
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Today it is known that diabetes mellitus is characterized by the development of
oxidative stress and the enhancing peroxide oxidation of lipids, which has been
noted by many authors (J.H. Pinkney et 1., 1999; T.W. Chung et al., 1998; S.C.
McGeoch et al., 2013; D.D. Mellor et al., 2013; B.K. Tiwari et al., 2013; A. Ullah,
A. Khan, I. Khan, 2015; M. Bandeira et al.,, 2012). But in most cases the
mechanisms of antioxidative system functioning has not been established, non-
complex and non-differential approaches to these problems are revealed. At
diabetes mellitus the establishment of precise mechanisms of the intensification
of oxidative processes is very important for the treatment of this disease and the
elaboration of effective methods of its complications (blindness, kidney disease,
heart infarction, stroke, amputation of the lower limb, parodontitis). For
understanding the problem, a deeper study of the basis and reasons of metabolic
processes’ disorders, accompanying diabetes, is necessary.

At diabetes a dysfunction of vascular endothelium appears to be an early
indicator (R.]. Woodman et al., 2005). During diabetes the pathogenesis of
endothelial dysfunction has a complex character; it covers dyslipidemia (D.A.
Playford, 1998), oxidative stress and inflammation (J.A. Kim et al., 2006; P.
Dandona et al., 2004; R. Nesto, 2004). During diabetes mellitus type 2, the
damage to small capillaries (microangiopathy) and large blood vessels
(macroangiopathy) is characteristic. The microangiopathy is a characteristic
sign of diabetic retinopathy, neuropathy and nephropathy, while at diabetes the
macroangiopathy is revealed with atherosclerosis, which damages vital organs
(heart and brain). The hemorheological disorders play an important role in the
development of pathogenesis of diabetic complications. Diabetes mellitus has a
negative impact on the organs and tissues rich in capillary net, such as kidneys,
retina and nerves with the development of the secondary microangiopathy. The
similar changes develop in oral cavity tissues and because of it, the diabetic
patients are under an increased risk of the development of parodontal diseases
(R.I. Orbak et al., 2008).

Diabetes mellitus appears to be a significant factor in the development of
parodontal diseases and often parodontal inflammation is the manifestation of
this disease. Diabetes causes changes in oral cavity, such as the problems related
to gums, hypertrophic gingivitis and parodontitis. Other diabetes-related
problems of oral cavity are: dental caries, oral candidiasis and glossodynia. Some
people have an acetone taste in oral cavity, and some - glossalgia (J.L
Bharateesh et al., 2012).
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At diabetes the parodontal status is characterized by a number of inflammatory-
atrophic changes, often alveoli pyorrhea and necrosis are observed. In case of
controlled diabetes a quality of damages is lesser (gingivitis), the complications
are revealed only in conditions of metabolic instability. The complications of
oral cavity tissues induced by diabetes belong to number of late diabetic
complications, which are determined by vascular damages.

The role of oxidative stress in the pathogenesis of parodontitis

The endogenous redox-system plays an important role in the maintenance of
parodontal tissue homeostasis. In physiological conditions this system provides
the maintenance of stable condition of oxidative homeostasis. Free radical
oxidation appears to be a necessary stage of normal vitality of the cell and at the
same time it can become a universal mechanism of its damage.

The main groups of free radicals, created in the cell, are composed by: oxygen
free radicals — superoxide anion (02), hydroxyl-radical (OH"), peroxide of non-
radical hydrogen (H202) and single oxygen, radical compounds, which are
synthesized by the participation of NO- synthases (NOS), lipid radicals -
lipoperoxide (LOO") and lipid peroxide (LOOH) and the groups of other
secondary radicals (I.B. Afanasyev, 1997).

The main initiating process for the creation of oxygen free radicals is electron
transfer of biochemical chains; such type of chain is a mitochondrial
respiration, where the process of oxidative phosphorylation takes place with the
participation of molecular oxygen, as a terminal acceptor during electron
transfer and the creation of its final recovery product — water (recovery of
fourfold electron).

Intracellular redox-homeostasis appears to be a hardly controllable system. In
normal physiological conditions redox-homeostasis is characterized by the
maintenance of balance between oxydation and recovery processes, which is
provided by the mechanisms of biological protection, directed against free
radical oxidative reactions — antioxidant protection system. Endogenous
antioxidants are divided into 3 large groups: I group — antioxidant enzymes,
which mainly provide the organism’s own antioxidant protection; antioxidants
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of the II group — non-enzyme protein antioxidants, which mainly exist in the
blood plasma. The proteins - transferrin, albumin, and ceruloplasmin belong to
them; antioxidants of the III group appear to be low molecular compounds
(water and fat-soluble groups). Ascorbic acid, uric acid, bilirubin, amino acids
containing S-H groups (glutathione, cysteine, and cystamine) belong to water
soluble antioxidants, and a- tocopherol, -carotene, ubiquinone, etc. - to fat-
soluble antioxidants.

The reactive compounds of oxygen (superoxide anion, hydrogen peroxide and
hydroxyl radical) and nitrogen (nitrous oxide, peroxynitrite) are normal
metabolites of oral cavity tissues, the creation of which enhances as a result of
the inhalation of oxidizing agents in oral cavity or the consumption of tobacco.
The reactive compounds of oxygen and nitrogen take part in the development
of physiological and some pathological processes in oral cavity tissues (e.g.
recurrent ulcer, leukoplakia, oral cancer and various inflammatory diseases of
parodontium (W. Droege, 2002; B. Halliwell, ].M.C. Gutteridge, 1989).

These redox-active compounds are formed in the oral cavity as a result of
oxidation-reduction processes of tissues (mitochondrial, microsomal),
antibacterial protection reaction of immune cells and, also as a result of the
vitality of many microorganisms in the oral cavity. During the inflammatory
processes in oral cavity the intensification of generation of oxygen and nitrogen
reactive compounds takes place (as a result of the activation of neutrophils,
phagocytosis, multiplied bacteria, and the infiltration of macrophages in
parodontal tissues). In the regulation of redox-homeostasis the reactive
compounds of oxygen and nitrogen have dual function. By means of the
activation of nuclear factors they induce the activation of transcription of the
genes involving in redox-homeostasis regulation and the activation of redox-
active molecular synthesis, or they themselves are involved in pathogenetic
chain of the damaging process. The confirmation of the first is the increase of
melatonin content in saliva at parodontitis. Because of its own antioxidative
features and a stimulating action on antioxidant enzymes, melatonin provides
the normalization of redox-balance, while in the second case during the
imbalance between prooxidative and antioxidative systems it evokes the
development of oxidative stress and promotes the progress of the damage to oral
cavity tissues.

33



The material and methods

The characterization of clinical material

The patients suffering from diabetes type 1 were examined (glucose level made
up 11.6-11.9 mM after meals) (the I group — 20 patients, among them 9 — men
and 11 — women). According to the severity of parodontitis the patients of 2
groups were divided into 2 subgroups: 2a - parodontitis of moderate severity
(on the background of diabetes type I — 14 men and 11 women, aged 20-45;
group 2b — severe parodontitis (on the background of diabetes type 1 — 12 men
and 13 women, aged 20-45). Parodontitis of various severities (50 patients)
(without diabetes type 1) (group 3 — according to parodontitis severity the
patients of group 3 were divided into 2 subgroups: 3a - parodontitis of moderate
severity — 14 men and 11 women, aged 20-45; group 3b — severe parodontitis
(on the background of diabetes type 1 — 12 men and 13 women, aged 20-45).

The control group consisted of healthy volunteers (group IV) — 15 patients (8
men and 7 women) at age of 20-45.

Total of 90 patients suffering from a chronic generalized parodontitis of
moderate and severe forms, accompanying by diabetes type 1 were subjected to
the treatment at Railway Clinics (Tbilisi, Georgia). Parodontitis severity was
determined by the clinical signs.

As a result of survey, the complaints and their character, duration of the
disease, effectiveness of previous treatment, patients’ profession, their
hereditary loading were clarified. By examining the condition of gums
(inflammation, its intensity, color, swelling, hypertrophy, gingival bleeding,
ulcers, response to pain, etc), a quality of teeth loosening and denudation of
dental cervix were revealed

During objective evaluation of clinical indictors the hygienic, gingival and
parodontal indices were used (E.V. Borovski, 2003), the quality of bleeding was
determined. For an objective estimation of alveolar processes of upper and
lower jaws X-ray examination was carried out (oral, panoramic, ortho-
pantomogram).
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The analysis of clinical studies of the indictors of local status showed that in
practically healthy people a hygienic index made up 1.0, while parodontal and
gingival indices were equal to 0.

During chronic generalized parodontitis of moderate severity the patients
complain of much pronounced bleeding while taking solid food and teeth
cleaning, unpleasant smell from oral cavity, an increased sensitivity during
temperature and chemical impacts on teeth, changing color and contour of
gums, denudation of dental cervix and teeth loosening.

A sharply pronounced cyanosis of interdental papilla, swelling of gingival
papilla, their infiltration and creation of granulation tissue were objectively
revealed. Dental deposit, supragingival and subgingival dental calculus,
violation of the contours of the gingival margin and papilla were observed. At
touching the gum was bleeding, the depth of periodontal pocket was 5 mm, a
tooth loosening was expressed by I and II degrees.

Objectively was evaluated a sharply pronounced cyanosis of interdental papilla,
swelling of gingival papilla, their infiltration and creation of granulation tissue.
Dental deposits, supragingival and subgingival dental calculus, violation of the
contours of the gingival margin and papilla were observed. At touching the
gum was bleeding, the depth of periodontal pocket was 6-7 mm, a tooth
loosening was expressed by I and II degrees.

Uneven destruction of alveolar part of upper and lower jaws on ortho-
pantomogram, the reduction of interdental septum at 1/2 of tooth root length
and the osteoporosis sites were revealed, in active phase the smoother contours
of septum were seen.

People who often consume alcohol, pregnant women and patients with various
chronic diseases (except diabetes) were excluded from the research.

The research protocol was approved by Ethics Commission of Georgian David
Aghmashenebeli University.

Protein spectrum of erythrocyte membranes and protein mobility (using
electrophoretic methods) was determined in the blood (5 ml) of patients, as
well as deformability of erythrocyte membrane, the parameters of oxidative
stress (the activity of erythrocyte catalase, the content of lipoperoxides and NO
in the blood), the content of pro-inflammatory and anti-inflammatory
cytokines in the blood, the concentration of anthranilic acid in saliva.
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The results and their discussion

The goal of presented work was the study of the peculiarities of violation of
metabolic processes in gingival tissues of diabetic patients at parodontitis
development. The indicators of redox-balance of blood and saliva in the
patients suffering from paradontitis of various severities (moderate and severe
forms were studied (on the background of diabetes type I and without it), as
well as the content of pro- and anti-inflammatory cytokines (IL-2, IL-10, TNF-
a) in blood and the content of anthranilic acid in saliva.

The analysis of clinical research of local status indicators showed that in
practically healthy people (group 4) a hygienic index was 1.0, while parodontal
and gingival indices were equal to 0.

In the patients suffering from diabetes type 1 (glucose level made up 11.6-11.9
mM after meals) without parodontitis a hygienic index made up 1.4, and
parodontal and gingival indices were 2.07.

The patients with a chronic generalized moderate parodontitis (without
diabetes) group 3a) during taking a solid food and teeth cleaning, complained of
much pronounced bleeding, unpleasant smell from oral cavity, an increased
sensitivity at temperature and chemical impact on teeth, the changing color and
contours of gums, the denudation of dental cervix and a tooth loosening.

Objectively was revealed a sharply pronounced cyanosis of interdental papilla,
the swelling of gingival papilla, their infiltration and the creation of granulation
tissue. Dental deposit, supragingival and subgingival dental calculus, the
violation of the contours of the gingival margin and papilla were observed.

At touching the gum was bleeding, the depth of periodontal pocket was 5 mm;
a tooth loosening was expressed by I and II degrees.

Uneven destruction of alveolar part of upper and lower jaws, the reduction of
interdental septum at 1/3-1/2 of tooth root length and the osteoporosis sites
were revealed on ortho-pantomogram, in active phase the smoother contours of
septum were observed.
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The patients with a chronic generalized severe parodontitis (without diabetes,
group 3b) during taking a solid food and teeth cleaning, complained of much
pronounced bleeding, unpleasant smell from oral cavity, an increased
sensitivity at temperature and chemical impact on teeth, the changed color and
contours of gums, the denudation of dental cervix and teeth loosening.

Objectively was revealed a sharply pronounced cyanosis of interdental papilla,
the swelling of gingival papilla, their infiltration and the creation of granulation
tissue. Dental deposit, supragingival and subgingival dental calculus, the
violation of the contours of the gingival margin and papilla were observed. At
touching the gum was bleeding, the depth of periodontal pocket was 6-7 mm; a
tooth loosening was expressed by I and II degrees.

Uneven destruction of alveolar part of the upper and lower jaws, the reduction
of interdental septum at 1/2 of tooth root length and the osteoporosis sites were
revealed on ortho-pantomogram, in active phase the smoother contours of
septum were seen.

In the patients suffering from parodontitis of various severities (on the
background of diabetes and without it) a conducted correlation analysis of
parodontitis severity and the depth of periodontal gap testifies the existence of a
positive correlation between the depth of periodontal gap and parodontitis
severity; the correlation between the depth of periodontal gap and diabetes has
not been identified.

It is known that during parodontitis an infection is localized not only on the
target tissues of oral cavity, but it is associated with systemic violations, taking
place in the organism of patients. The changes in inflammation markers and
redox-balance indices were revealed in the organism of patients that indicated
the development of systemic inflammation in the organism (B. Noack et al.,
2001).

At the first stage of our investigation, the changes in inflammation indicators in
the blood (the activity of antioxidant system, the content of cytokines TNF «,
IL-2 and IL-10) during the patients suffering from parodontitis of various
severities (on the background of diabetes and without it) were studied.

In diabetic patients the catalase activity does not significantly differ from the
indicators of healthy people. During moderate and severe parodontitis, the
activity of blood catalase is not significantly changed, as compared to the norm,
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but a moderate and severe parodontitis developed on the background of
diabetes, catalase activity increases statistically reliably (63%), as compared to
control indices. The increase of catalase activity correlates with parodontitis
severity in diabetic patients and reaches especially high indices during
parodontitis developed on the background of diabetes.

During a severe parodontitis on the background of diabetes, EPR signals of a
low intensity of lipoperoxides in the blood of patients has been revealed that
indicates the intensification of oxidative stress of generalized inflammatory
process.

The balance of immune system of living organism is strictly regulated by means
of biologically active molecules, created by antigen-presented cells and T-
helpers (Th). Among them should especially be noted the regulating cytokines
and reactive compounds of oxygen and nitrogen (T.R. Mosmann, S. Sad, 1996).

During diabetes, paradontitis (without diabetes), as well as during paradontitis,
developed on the background of diabetes, the content of IL-2 in the blood
sharply increases. The above-mentioned points to non-specificity of this
inflammation marker (local and systemic inflammatory process). The level of
IL-10 and TNF-a has been very low in the blood of control patients and stays at
this level in diabetic patients; during parodontitis (taking place at diabetes and
without it) a sharp increase of IL-10 and TNF-a is revealed in the blood. At the
same time the content of IL-10 and TNF-« reliably does not statistically differ
in the blood of patients with moderate and severe forms of the disease, but it is
especially high at severe parodontitis, developed at the background of diabetes.
This gives us the opportunity to consider the changes (increase) in the content
of IL-10 and TNF-« of blood, as a predictor of parodontitis development, as well
as a marker expressing the severity of disease.

TNF-« appears to be one of the main cytokines of tissue monocyte/macrophage.
IL-2 is mainly formed by Thl cells, while IL-10 — by Th2 populations. The
cytokines participate in the regulation of immune reactions, play a significant
role in the development of inflammatory reaction, particularly by means of
balance changing between them.

Thus, based on the analysis of results of the study of redox-balance (the activity
of antioxidant enzymes, lipoperoxides) and immune markers (cytokines), it has
been shown that the changes in the content of catalase and IL-2 in the blood of
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patients reflect the intensification of non-specific inflammatory reactions (these
parameters increase both at diabetes and parodontitis), while changes in the IL-
19 and TNF-a directly reflect parodontitis severity and can be belonged to
specific markers expressing the intensity of inflammation (parodontitis
severity).

A high variability of cytokines content in the blood complicates the
opportunity of their use for the diagnostics, creates the need of necessity to
carry out the researches on the large population of patients. Despite it, based on
the analysis of our results, for the patients with parodontitis we can recommend
to perform the analysis of cytokine profile, including the balance and to discuss
these parameters both in the role of mediator of systemic inflammation and in
early diagnostics of the disease (parodontitis) for the establishment of severity
risk.

For the assessment of possible role of cytokines in diagnostics and showing the
severity of disease, the correlation analysis was conducted between the contents
of IL-2, IL-10 and TNF- «, and the depth of periodontal gap. According to the
results of our research, during worsening of parodontitis on the background of
diabetes, the content of cytokines in the blood increases.

Local blood circulation in inflammation focus has a significant impact on the
outcome of the process. From this point of view, the system of blood supply in
oral cavity has a special role. In the process of blood circulation the
erythrocytes have an important role. Because of active participation in the
process of tissue oxygenation, the changes in erythrocyte rheological properties
are significant in the pathogenesis of various pathological processes. The
changes in membrane proteins of erythrocytes and mobility capability were
studied in peripheral blood of the patients suffering from parodontitis (on the
background of diabetes and without it).

The content of an inhibitor protein (MIRL) of membrane reactive lysis, the
proteins of 4.1R and 3™ lines having a high molecular weight, as well as ankyrin
decrease in the membranes of peripheral erythrocytes, and it promotes the
decrease in stability, mechanical stability and elasticity of the erythrocytes, as
well as the disorder of microcirculation in the patients suffering from
parodontitis.
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In the content of the erythrocytes in peripheral blood of the patients with
parodontitis of various severities, developed on the background of diabetes, the
decrease in the content of the whole spectrum of proteins having a low (22
kDa, 29-45 kDa), as well as a high (200, 116, 97, 55 kDa) molecular weights has
been revealed.

In the patients suffering from parodontitis of various severities, developed on
the background of diabetes, specrtrin (25 kDa), glycophorin (or
sialoglycoprotein) (25 kDa), tropomyosin (27 and 29 kDa) (they make up 2% of
erythrocyte membrane mass), actin (49 kDa) and proteins of 4.9 line (48 kDa)
also belong to the proteins of the membranes of peripheral blood erythrocytes,
having a low molecular weight, along with inhibitor protein (MIRL) of
membrane reactive lysis (Y. Yawata, 2003).

The complex of cytoskeleton proteins of erythrocyte membrane creates an
elastic system in phospholipid double layer. Spectrin, actin, proteins of 4.9 and
4.1 R lines composing this complex determine the stability of erythrocyte
membrane cytoskeleton and provide the resistance of erythrocytes in
conditions of mechanical stress. The elongated tetrameric complex of spectrin
conditions the elasticity of erythrocyte membrane, while the proteins
composing the complex of spectrin dimers and spectrin-actin-4.1 line proteins
are responsible for the stability of erythrocyte membrane.

Short filaments of erythrocyte membrane actin (thread length — 33-37 nm)
define the elasticity and stability of erythrocyte membrane cytoskeleton; they
also control the viability and the functions of erythrocytes. It should be noted
that actin short filaments maintain their stability throughout life. Tropomyosin
composing the erythrocyte membrane provides the stability of the complex of
specrin-actin-4.R line proteins. After its removal the weakening of the stability
of this complex and the decrease in membrane stability take place (Xiuli An et
al., 2007).

Glycophorin C is closely connected to the protein of the 3 line in the
erythrocyte membrane. The residues of sialic acid, existing in glycophorin,
together with the protein of the 3™ line and negatively charged glycolipids
create a negative superficial charge of erythrocyte membrane, which plays an
important role in the regulation of the interaction with the vascular
endothelium of erythrocytes and other blood cells (M.]. Telen, 2005; Y. Yawata,
2003).
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During the pathological processes (parodontitis of various severities, diabetes
and parodontitis developed on the background of diabetes) an electrophoretic
mobility of erythrocyte membrane proteins decreases, as compared with the
signs, characteristic of healthy people.

Statistically reliable sensitivity of this parameter to the disease severity was not
revealed. Protein electrophoretic mobility decreases together with the decrease
in protein electric charge. The reduction of electrophoretic mobility of
erythrocyte membrane proteins may be conditioned by the reduction of
glycophorin content in the patients, suffering from parodontitis (confirmed in
our research). The reduction of glycophorin content does not significantly
change the deformability if erythrocytes, it does not impact on their form, but
are significantly reflected in the mechanism of erythrocyte adhesion and
thrombosis (S. de Oliveira, C. Saldanha, 2010).

The correlation between the reduction of electrophoretic mobility of
membrane proteins and the severity of parodontitis was revealed in the patients
suffering from diabetes and parodontitis (on the background of diabetes type 1
and without it), which may be due to the decrease in glycophorin content and
can be a reason for adhesion of erythrocyte endothelium and the
microcirculation disorder.

All these proteins actively participate in the regulation of a mechanical
stability, deformability and form of the erythrocytes. The change in the content
of these proteins is related to disorder of erythrocyte deformability.

Thus, we can conclude that at parodontitis, developed on the background of
diabetes, the changes in protein content of erythrocyte membranes are
characterized by especially wide scale: along with the decrease in the content of
CD59, 4.1 R and the 3 lines proteins and ankyrin, characteristic of
parodontitis, during this disease developed on the background of diabetes, the
decrease in the content of spectrin and tropomyosin has been revealed. The
above-mentioned speaks about especially significant disorders of the stability of
erythrocyte membranes at parodontitis on the background of diabetes and the
destabilization of their cytoskeleton structures. In these conditions along with
the increase of erythrocytes tendency to lysis, the capability of cell
deformability decreases, which increases the probability of their damage to
other blood cells or the adhesion to the endothelium that promotes the disorder
of the microcirculation.
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During the studied pathologies, the deformability of peripheral blood
erythrocytes (diabetes, parodontitis of various severities, developed at the
background of diabetes and without it) significantly decreases, as compared to
control indices. Erythrocytes deformability depends on cytoplasm motion and
mechanical features of the membrane, which is regulated by means of the
content of lipid two-layer and the conformational changes in the cytoskeleton.
The maintenance of erythrocytes normal deformability significantly depends
on cell metabolism level (M. Bor-Kucukatay et al., 2002).

The content of NO in the erythrocytes has been studied in peripheral blood
erythrocytes in the patients suffering from parodontitis (on the background of
diabetes and without it). As a result of our research, it has been established that
the deformability of peripheral blood erythrocytes reduces in the patients with
parodontitis (on the background of diabetes and without it) along with the
increase of parodontitis severity, while the content of free NO increases, or we
can say that there is a negative correlation between the deformability of
erythrocytes and the content of NO in the patients’ blood.

After the conducted correlation analysis, the statistically reliable positive
correlation between the erythrocytes deformability and the content of NO
(r=0.6470; p=0.168) in the blood of the patients suffering from parodontitis of

various severities was revealed.

Anthranilic acid may be considered as a marker of oral cavity diseases. The
statistically reliable difference in the content of anthranylic acid between
diabetic people with healthy oral cavity and those diabetics suffering from
parodontitis of various severities has been established. As a result of our
investigation, the statistically reliable changes in the content of anthranilic acid
in saliva of the patients suffering from parodontitis of various severities have
not been revealed (on the background of diabetes and without it). The
relationship between the concentration of anthranilic acid in saliva of the
patients and the parameters showing parodontitis severity in oral cavity (the
depth of periodontal gap) was studied. As a result of correlation analysis it has
been established that the content of anthranilic acid in saliva cannot be used as
a marker of parodontitis severity, though it unequivocally points to the
existence of parodontitis.
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Based on the results of correlation analysis, it also follows that the blood
inflammation markers TNF-a, IL-10 and IL-2 define only the severity of
parodontitis and are not in causal connection with diabetes.

Conclusions

1. The changes in oxidative and inflammatory markers have been established
in the blood of patients suffering from parodontitis (on the background of
diabetes and without it):

The statistically reliable activation of enzyme antioxidant system
(catalase);

The increase in content of pro- and anti-inflammatory (IL-2, IL-10, TNF-
a);

The importance of inflammatory and oxidative markers (IL-2, IL-10,
TNF-a) in blood of the patients, suffering from parodontitis (on the
background of diabetes and without it) correlated with the indicator of
periodontal gap depth, in turn, this parameter correlates with
parodontitis severity; based on the above-mentioned, these parameters
may be considered as the markers reflecting parodontitis severity.

2. The decrease in the content of MIRL protein (CD59 of erythrocyte antigen),
inhibiting a reactive lysis of erythrocyte membrane in peripheral blood of
the examined patients (diabetes, parodontitis on the background of diabetes
and without it) has been established, which points to the decrease of non-

specificity of erythrocytes stability to lysis.

3. In the erythrocytes of peripheral blood of the patients, suffering from
parodontitis (on the background of diabetes and without it), the following
has been observed:

The content of free NO increases, especially during severe forms of
parodontitis, developed on the background of diabetes;

Erythrocytic NO indicator negatively correlates with the indicator of
erythrocyte deformability;
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e The decrease in the content of cytoskeleton proteins (proteins of 4.1 R,
the 3 lines and ankyrin) in membranes promotes a reduction in
mechanical stability, deformability and elasticity of erythrocytes;

e The decrease in electrophoretic mobility of membrane proteins shows a
reduction of negative charge of the surface of erythrocyte membrane and
the increase of adhesion;

e The above-said indicators promote the development of microcirculation
disorders.

4. The increase of the content of anthranilic acid in saliva of the patients,
suffering from parodontitis (on the background of diabetes and without it) was
revealed; a positive correlation between the contents of anthanilic acid in saliva
and TNF-«, IL-2 in blood has been revealed, which speaks about an important
role of anthranilic acid in the pathogenesis of parodontitis. This indicator
cannot be used as a marker of parodontitis severity, though it unequivocally
points to the existence of parodontitis.

Practical recommendations

1. Based on the results of conducted research, we recommend to determine the
content of anthranilic acid in saliva during parodontitis diagnostics.

2. At the estimation of parodontitis severity the content of blood redox-status
and cytokines (IL-10, TNF-«) should be determined.

3. During the treatment of parodontitis of oral cavity tissues, we recommend
to use the medications, which regulate the microcirculation, as well as anti-
inflammatory and antioxidant medications.
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