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35960560 053930 (030 2-0b 35630056905b.

33mbBol IMFsBHJOo Mbg 493wgbsl sbgbl Lolberol  39dmMgmeErMmA0©
3565993M90b9 (39053360030, 3esHBIoL 300900, LOdWSBEY, JM0MNOM30EGHJd0L IBMO-
95305 5 5.0.), BLOE b SBWH3L  F0IMMEFOMIME300L 9bYMIEXOBYOMEO IMM3939,
Jum3z30ms 39OHRMHBoOL 300905 s 8dodg JOHMbo3Mwo 0dgdool gob3zomaMgds, Mo
©05093HMIMH0 M9EH0bM353m00L, 61BROM350000L, 30MMYObY FywMmgdol gobgbol doBgbo
390dw9ds 2obgl [Cho YT, et al., 2008].



303D 9OHOMOME30GHIO0L  doMOMO©O  LMRBLAGHMOG0s.  bobydmdwogo  30396-
30393008 3060MddT0 9HONMMEF0GJOOL FMORMMMY0s, 99EdME0HBI0 s BbJ30s
39603OL M0y (330000 gOL, o3 2o3wgbsli sbgblL  39dmGmgmemyosls s dogcmm-
30M3Mws305Hg [Wang Y, et al,, 2021].

5 30390900 30MIMEYOS JOODOMEFO0GJOTO s M5 993939300605 53 (33XOEGOJOBS
@5 959600560 ©0539GOL 3MMYMLOMYGOSL GmOL? Gro 36033bgemds 543l 98 33E0EgdgdL
35960560 ©0509E0L 0oRbMLEH03500, 839MBIMBILS s 3OMAbMBOMYGd5T0?

59 LoOLYOES30M B5dMOMITo B3z9b B0Bbs© @i30Lsbgm Tga39LHogws 3039MAwo-
39000L  36OHMaMgloMgdol BmbEYDY JM0OHME0GHJOT0 A9B30M5MJOMEI0 (33X0WYIJOO O
3992393065 53 (33¢0gd90mM5b 353806900 06EO3oEHMMYd0, HMIgdo@E Igodery-
05 259mygbgde 0469l bsbdoMfyarmzsbo 9EHsdMmoBIoL  IMWV3935LMb  ©s393d0-
(900 55350090900l 3MMAMILOMYOOL ImboGMEMObyoLm30L.

Lolbewdo  F56Md0 ©MM3930LOL  Y3MDBS  353000Jds  JHONOMEFOGHJOOL  39-

9 ™dobL. ge03mBoMgdMmo 3gdmyermdobo (HbAlc) s®ol 390maemdobol  s6sg3gm-
9960 203 oHs300l 3OMEMIBH0 s Sbobsgl Lobberdo wy3MBoL LsTsEIM
3063965305l dmem 3 ™30l 256353¢Mdsd0. 3¢00b03MMs© FE03MbOoMYdIMwo 3g-
dmamdobo (HbAlc) B390egd®og go8moyggbgds, Gmam®s dsdmosbo @osdg@ol 860dgbg-
©m3560 ©05a6MmbEH03MMo 3563900 [American Diabetes Association, “Standards of medical
care in diabetes—2012]. acr03mboMgdmewo 39dmaemdobol (HbAlc) ombg 36033690 mgbsco
95050 ogm B396 doge Fgbfiogeroe Bodm0sbo ©osdgBHo GHodo 2-ob ddmbyg 35309639080
06l obmgBoLEBHMBdOLS s 301)05dYEOL XFMBJOOL 353095305 Bgocmndoo.

303mH0MgdMw 3990Mmamdobl 5d3b O2-0l J9353806M900L 45d0gMH GO0 MbIMO.
303mH0MgdMwwo 390MmaMmd0bo S30sE 96 0dgds, 580@MI dobo FoMso 3Mb-
3955305 0§393L MXM9JdT0 5690500L Fomoz30LvRMgdOL LOOMMEYIOL S GO~
OME0GHJOOL 9569050008 dod[mgdgwwo gMbJzool F9dgocmgdsl [Weykamp C., 2013].
3obobaMd0390E0 30396039905 s 303mJlos byl MFymdL 96Ol MgodGowo
B59m 930l 49909 gdme Fo6dmJdbsls [Fiorentino TV, et al., 2013; Debevec T., et al., 2017].
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69350 BgMdab@GH Mo s 9M9xgMIIBEH Mo  bEHOMJLoIBEHGO0 Ho®dmJdbosb
3b6@0mJloIBEGHMEM LobEBHYIL, MMIgwo3 03936 MYXOIOIOIL MJLOOEOMO IBODY-
00LoYODb  F9BABOL MgogdEOMo bsgMmgdol ogh. 5badsOL Mgsd@EHowmwo bsgHmgdol
39900969390 Fomdmddbol 306Md9dd0 gl 39J5b0BIgdo Fgodergds sMls3T5MOLO 0gml
(0059390009000, 2560930l 8909250), o3 bl ©figmdl mdlowsiommo LEGHMILOL 0bE9b-
L0g035305L. MJLOWsE0IOO BEBHMILOL 3060HMdYdT0 LOoLbEPAsMP39d0L 39EgdTo SgEH0I6-
905 305350 Mg Md-0M3IbMd06MY 393)9dMEImO 3D9gd0, HMIgdoE 3sbolidygdgmbo
56056 309350 3OHMIBbMYd0MO 303H™30b700L, DBOHOL Fod@MMYdoL, s3gboweo dm-
W93M900L, 0930LBIo  SBMEHOL  mdbool (NO), 3MMsmgOMaqbmwo 296900l
99L3MYLOsBY, LoLbEPAsMP3gdoL 30  3MBMYOOL  MXMJEOIOOL  3OMOBIMSE305DY,
O0R9gM96(305305D9, BOEILY s FoyM30sDY, LOLLEsOE3MS M9IMEY0MJISBY
96 Mg M©0 MR M9IO0L 53m3EGHMBYY [Baskurt OK, et al., 1998].

3060360 ©s 9Ju396MH0396EHo 33093900l IMbo399900 IM{AMBL, T 5bAdsOL
954300 659HM9gd0L A59mBdo3905 0BMIOS TodM05b0 OdYEHO FH030 2-0U ML o
3560560 ©0sd9EOL 496300000905 935300090 ME0s MJLOWIE0YO LEBHMILMD [Morabito
R, et al., 2020]. mgbos30m®o LE®Mgbo 0fi393L e 3MBol 9fm3z0L M3935L 3960M396
5 3H0dm3z96 MxMHggddo s 5d30MIOL 0bLYIEobol 3Bl dBS VX MIOII0D
(Rudich A. et al., 1998; Maddux BA, et al., 2001).

B39b 9930L{o3e900 LoLbEOL FGsEOL LogMHMM 5M58IMTGBEME0 SBEH0MILOIBEH MO
LoLEBYAOL odBHogmds (TAA) 0blvyerobOHgbolEgbBH™MdOL, 3Mg0sdgBOLs s FoJMosbo
050930 G030 2-ob dJmbg  353096H030 o  98M353w0bgm  Folo  sd39009dS
X960 306090030l TsbolosmgdgE dsB3969d9w ™Mb Tgocgdom. 5353OMYY-
s  Bobdomfiyemgdool  9g@odmEroBdol  Lbgoslibgs  boolbol  ©smm3g30L  dJmby
353096900l Lolberol dMsGdo osxzodlotms Foermbol oswgdool (MDA) 9mds-
G900 999(339emds, Grog 99936960 w030IdoL 39MMJLoIE0wo 3OHMEgLgdoL
063 9bbox035305%9 J0POMYOL.

9M00OM(303HJO0 do0sh dMmABMB0sGYS 556330000 IB056gdOL 0ot Y MHgEdo
59693000 36MH™M3EgLg00L 3MmEHYbE0IMS© JW0gMHo 3OMAMEBHMOIOOL, 2oMITIZIWO Zogb-
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G™d0bL 3Jmbg dg@oems 0mbgdol (Fe), 393990 Mo 596305000l s mdlodgdmyemdobol
Jomseno 899339emdobl godm [Pandey KB, Rizvi SI. 2010].

MOmymO3 B39bo  33930L 9990006  253MmIObsgMdL, Awrm3mBOl JgEodm-
@0HBAol  Bb3solbgs bsGolbol ©sM®3g3900L IJmbg 3530963 gd0l  yzgws xamndo
(0BLEobMHgBOLEBHIBBHMDS, 36019053930, FodM0sb0 OdYEO G030 2) 9HOMOMEOEHJOOL
mbIMbMOO  HYBOLEI6EMBS  T9030MgOMos  3MBGHOME®Lb  Fgsmgdom. gMhomGOM-
30A900L  mbdmbmMo  OaBoLEHIBGHMOOL  dsh396909w0  3MMGo®mqdl  BobdoMfywgdols
99390 0HIol L3930l LOAd0TGLMSD O ML FoblsMMMGOOM B FogM0sbo
050930 3030 2-ob Jmbg 353096&9d30. ©OELEGHMMYGOME0s, BMD B0 MBTMLYIMHO
M9BobEBEGHMd0L  Jmbg  gPHoMOMFOGHJOL  sbollosmgdo  8gddMboL  ©oJ390009dMWwo
©98MOI>30s [Orbach Am Zelig O, et al., 2017].

B39b0 33eg30L 8900900 8099093l LolbOL 3ersBIoL BLOdEPBEHOL ToEYdsDY
330Bob 39@sdM@oHBaol sM3930L dmbyg 3530963Jo0lL Y39 xR0 (0bLwE0b-
M9BoLBHIBEHMOS, 30905d9A0, FodM0sb0 0sdYBHO G030 2), M35 F90degds godmofizomls
35960560 ©050930L EOHML LOLbEPASMPWIZMS FoMIYYOGOOL 2o6300561GdS > WH535¢VJOOL
36MaMgLOMYDdS.

Lolbeol LodEEBEOL MgameEs30sdo d60d3zbgwmgzsbo Mmemo 9boFgds ghHomOmEo-
3900l gBMMT>300L Y6sOL. 9MO0MOM(30EHJOOL EIRMEOT300L sd390m9ds byl MHymdl
Lobbgrol LodWHbEHOL s, TgLsdsdobo, dbgow Lobbeds®®3zgddo bs35000L Hobssmdg-
3MO0L BOLL.

B39b0 330930l d90093900 5B39690L, H®MI 9HONOME0EJOOL IRMOTs300L 0bgduol
(ERDI) LEo@ob@olzmMo 3600369wmgzsb0 25095609lgds go8mzmobos 99339 3ww)3mBol
99390MmEoBIOL  IMM3930L SOOI  9BHa3DYg  (0BLEobMHgBOLEBHIBGH™dS s 36Y-
Q05893)0), 85dM0sbo  ©0sdgBHO GHodo 2-ob dJmbg 3530963HJ030 5T 396539 EHMOL
(33L0wJdJO0 30QI3 YBO I0YOO 0ye.

9M0MOM30GHJOOL MO o Fo0 IBMOTS300L b0 ©39300MGOE0s T9-3
Bmob 30wsbmsb (B3p) [Gabreanu GR, Angelescu S., 2016] (8meg3m9eoy®o dsbs 90 - 100
kDa), ®0dgwog 500l 9eo0mcmm30@Ggool 3930605608 y39wsbyg go3MEguwgdgeo 0bdgy-
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MO0 30¢s (095008906L 30900l IbEMGd0m 25%) S FMN935M0 9353530069390
GOoAMBMBRbLS o w030 B0IMYL FGOL. 89-3 Dol ows Mol sbombr®mo sMbo,
Mmdgwog 3sLbolidygdgmos gMommmEoGoL dogabom 0mbgdol dowsblbg @y s06mYdOL
33wsbg (CI-/HCO3) 96mH0m6H™m30@Gg00l  d993060560L g93w000 @ 5300 5693290 9dL
OMYMOG 9JOONOME0EHIO0L, 51939 Ingeo Lbgrmeol 3mdgmb@sdl.

MmamOm3  B3zgbo  33emg30L 89939000  98mIobscgmdl,  0blvyobemgBol-
A96@™00L  Jmbg  353096()9dd0  ghoMOMEOoG 89ddGsbsdo 89-3 BmEol 300l
3993390 mds (90-100kDa) bEo@obEG03Ms© Bo®HIMbmE 56 256Lb3s300gdMs K6IMMY-
o 3069008 MboLiYb. 30190sdgEOL IJmby 35309639000 89-3 Dmeol ool 999:339-
@Mds 9300905 24%-000 }sbIOGMgEo 30693030l TobolosMYOg MBI
9905609%0m, bmwam  9sgM0sbo  ©osdgBHo GHodo 2-ob IJmbg 3530963 gdd0 11%-om
5939009005 X BIOMIo 30M9d0LM30L oTobILOsMYOIE? EMBYLME Fgocmgdoo.
5699,  Lbbgoolibgs  bo®olbol  bsbdo®fywgdols  99@EHsdmeoHdol  ©sMEgg3ol  dJmby
35309639030 9B0OHME0GHMe 3980Msbsdo d9-3 Bmerol 30wol 999;339wmds (90-100kDa)
939000©gd5 X 96dOMgwo 306093030l sTsbslinsmMYdgE MbJLELLE FgsMgdom, o9
OML 300bgds 39-3 Bmol 0ol MmEPoyMIgH o gm™mds (0B3p, Imerg3me«®o dolss
180kDa). 89-3 Bmolb (300l MmEoamdg©ywwo gm®dol (0B3p) d9d;339wmds dodlbods-
W05 309P0509G0L 8Jmbg 3530963 9dd0.

30HOMEMYOMEO 300M390d0 JOHOOOM30GHJO0L 9933656580 J9gMmgdol 3083cgdLyg-
00 5353006908 39-3 BMEOL 30dL 39FdM6OL 30EHMBMERbME s byl Mol 89-3
Dol (30¢00L OO 5MJABHJOOL (ME0AMIGMHGOOL) Ho6dmJdbsls. 39-3 Dmerols ool
3bEgM0BE0s O Fo0oo M3 IHO  FoLOL  5MIASBHIOOL  (MEOMYMTGOHOOL)
53mOHI0MYdS 0fYgds 9HoNOME0GHJOOL F93dMHB0L 56230000 sD0s6YdOL 30O Md9dT0 39-3
Bob 300l 0dgMHobBszool aHBom OLYIWROPIOHO X35090b0 35300M9gd0L o -
dmgdbols d9d3gmdom [Pantaleo A., et al., 2009]. d9-3 Dmol 300l 3mUEEMBLESE30MHO
(33090900, M@0 J9BLEBOZMIZL Tol  3WSLEHYMHODGOOL  FglodwgdEEMdIOL,
93290MYds MOOMHB0bOL BMLRMOHOW0MHd00 (FMBBRMOOMB0L3065B900L (PTKS) 56
3BRMO0OMHBObRMRSEHIBYd0L (PTP) 8096), G55, Omyme s BobL, bgwls Mfymdl 596a3000-
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dmox030M90ME 89-3 BMEol 30ol 3aslBgMoBsosl [Pantaleo A., et al., 2009; Bordin
L., Brunati AM, et al., 2002].

35659100 MdbY6, HMA 39-3 BMEol 30 HoM3MoA9bL gHomO™EoG o 393dMHbol
9™l BabLMOL, HMIGE0E MJRLOMEIOS BMBRMOOEOMJIOM: MJLOIEOYOHO LBEHEMY-
Lob 306MHMdGOdo 39-3 Mol 30wol LHMRO Tyr-gmlgmMOE0Mgds go3wgbsls sbgbl dols
000904990 905Dg 30EHMPMBRbOL (30egdmsb s 0f)393L 898dMBMwo FoE™PMbAbOL
LEAHOMIGHMOdo Y GOY (33O GIJOL, Mo3 30bEgds JHoMOHMEOEGJOOL dgddGbolL
9HoLEIBEGHMI0LS S PIRMOTs300L (330 gdom, 03931 ol IBEIBOWODOFOL
Lodmmm© 390moblL [de Oliveira S., Saldanha C., 2010]. 89-3 Bmol ool (B3p)
303960:3MBBMO0E06M93s IR0JLOMES 3MMMJLOPI30MMO0 39dMEODBMOO IMM393900L,
dos600b, I o II 3Hodol Jodm0osbo ©0sdgEH0Ls O Masligdool MH™ML s gl B9bmAgbo
9306M 3538060 3990dOHMIgd0L Fo6Imddbslimsb [Pantaleo A., et al., 2012].

50539 ©6OHML, 9965 500b0bML, MM gero3mboMgdMwo 3gdmawmdobo (HbAlc)
3930965l bbbl 399mymdobols d9ddMbME 30EgdMsb @, Bsm MG, 89-3 Brmob
GOl  X35Mm90b0 3538060l (omBdmddbsty, 0f393L (330w gdqdL  30GHMPMbAbOL
doBMogldo s 59390090l 39-3 BMErol 300l JsLEIMHODsEooL Mbs®L [Morabito R, et
al., 2020;. Buys AVet al., 2013] s 58007 5830690l 9HONOME0EJOOL MmbIMLmE Hobsswdwy-
ML, M53 Gom MBOM IAMIbMO0sMGL bol 390meobol JodsMo.

0505b5sdg, MMamGE BsbL, bsbAoMHYgdol T9@Es0MmEoBIol IMPV3g30L OML
96000OM3039d0L 89886560l BMm©ox035300L 3MMEgldo RsMmos mGm03g dgdsbobdo -
30396039905 5 MJLOEsEOMMO BLEBHMILO. 301905dYEOL dJmbyg 3530963gddo Lolbarol
36053 o 2oblo3 MO0 IO BOIMHNM 5MBIMINDEH M0 9BGH0MILOIBEHMOO o@0-
300l S 5Mmb0s 30Ol Jomoeo 899(3390Mds (535633000 LEGHMILOL FgEIMJdOM
95050 063 9bL03Mds) s 9MHOMOMEFOGJOOL F930MH6sd0 89-3 BMEIOl ool MmEoym-
d96wo gmemIol Jowowo 899(339mds 56230000 894ob0BToL 36935006 gdsBg Fov-
00mM0L.

mdJbosE0MO LEGHMILO 3w0bEYds BIHAOOHYW OOl T9EHSOMEOBIOL MM3930L
569 BE9090DY (360905093H0), M3 30GMRBBbOL (30egd0l MmOx03s30sL s 39-3
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Dol 30000l 305LEHIO0DBOE0S-M0yMIIOHO0DBs300L 8gdsboBTol 36M1935¢0MYdIL Q9bs-
306md90L, bmem  FogMm0sbo  ©osdgEHO G030 2-0U @OML AWw039dooly @S JAOIM-
D0Mg0Mo  399mymdobol  gobls3MmMmgdom  Bomoo E®bol 306mMdGdTo  FoMOMDOL
303Mm0HoMgdol  d9dsboBdo, GMmIgwroi B3l 89-3 bBmEol 3ol Jeslidg-
M0DI30L s 59306098l MmoaMmIgH o d9-3 Dol ool F99339emdl, doaGsd
2493965l 5bgbL oL 393006HBY (30GHMPMBRLOL 30¢g3MLB, bgwls »figmdlL oE™PMbAbO
303560 3033 gdLgdol 990yma8 IHB0s6JdSL s 0(393L MLBMLLIBO MHgDBOLEHIBEHMOOLS
5 IBRMO5300L 9339006 3900905l 0Bl 0bOGHOLEIHEGHMOOLS S 301903 YEGOL
9gmbg 353096¢ 9096 Ggscmgdom

D900 g0M0sb  499mdobsdg, Todm0osbo  ©0sdYEGHOL QoM gdgdol  gobgo-
56930l 3OMBOoWsgEH030bmM30L  M93m39bEIdMos  BbAoMfYygdols 9@ sdMmEoBIol
56039300 53MH90M909 36935653HJOMb MO 56EH0MJL0IBEHIOOL godmygbgds.

506M0g9®, 9JOHO0MOM30GHJOOL  MLAMLYYOHO  MHgDBOLEBHIBGHMOOLS s  IRMEOTs300L
59390905 bsbHAoMHyagdol d93sdmEoBIol sMM3930L 905 s b 356599BHMO
390dgds  259myggbgde 0dbgl GmamM IMdbmdosmg dsMmzgmo  3o3gMmarozgdools
5690 B3o0JdOL (301900509E0) Fodmbogugboo.

B3960 330930l 890939806 250MmBEObsMIYMBL, MM 3MgE0sdYGHOLS s FogMmosbo
050930 G030 2-0b dJmby 3530963900l Lolberdo 8609369 m3bs 0BMEIds gMom-
MME0GHJOOL 530953008 MBY. 003w gds, MM FodM0sbo OdYBHO GHodo 2-ob  dJmby
353096900l  9OHO0MOM303HJO0 MBOM 530  FomBmddbosh saM9a93090L, 300069
X960 300900 s JHONOMBF0EJOOL 53M9Ys30s 800Bbg3s gOHM-9Mm Y39wsBy
96038369c0™3956 398 gM M0 356539EBHM5. odmmgddmeos ImbsBEYds, Mmd dodMosbo
©053930L  @OML  JMOMNOMEOGHJOOL  49d0IHIIMWO  SAMGRSE000  39B30MHMDYdIMO
39330000 GJMEMR0MH0 0B53035 BLOLLEAsOOZMS J9MMNDYdOL JOOOMSE B0BHDL
006050296l (30650056 9BI0OHMEOGHJOOL 526193530930 396 2500056 3930¢569ddo) [Kim
S., et al., 2006; Yalcin O, et al., 2004; Sun C, Munn LL., 2006].

B39b60 3309300 9ga900L dJobg30m, 0blvobMgHBolEbEHMBOLS s 301905dgEGOL
X3753900L Tgbfogerow 35:3096¢3900L Lolberdo 498m3w0bs sHBMmEHOL MmJuool 33390060
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3353909, M3 3MHJ0M9OL MBI LEMILOL 0bEYBL0BO IS0 s Tgodergds
0yml 296300093910 060309600 sBMEOL MmJlool Lobmsbsls (INOS) sg@Eogzs3000.
35960560 ©05dgBH0 G030 2-0b X aROL 3530963 gdol  Lolbwdo godmzwgbowo sHMmE0L
59690L 8993390 ™dOl 390900l Jobgbo LHmMg JOHoNOME0GHJOOL  goBOHOWO
5269353008 3909290  96MMIEMGO SHBMEHOL MmJuLoEOoL LOBMSBIL BMbJ300L oS-
1995, 3BMEHOL MJLOOL MJLOWSEFOIOO PIJAMIWPOGF0S WS 39MMJLOBOGHMOE)O® QoMIJTBsS.

5360350, 3960 331030l F9gagdds odmogzwr0bs Q963390 YOOI IM-
300090905 LoLlbEPoL MYMEWMROMO 35615d9GMJOLS O MJLOOEOYOO LEHMgLOL 0bE39b-
L03MdIL IMEOL BoboGmfigegdol 9@ sdMmEoBIol Lbgsalibgs ba®olbol sM®3gg30l ddmby
353096¢%)9dd0.

B39bo 330930L 890939006 A98MBEObsGy Fgodegds 35133650, GMI 35:3096-
39080 MM MY0MOH0 IMM393900L8 MbY 0BOYds Bobdo®mfigegdol dg@EsdmeoHdol
Q9MM3930L 4900 F53905L5 S MJLOIEOMMO LEAMILOL 0bEHIBLOZMOOL BOHPILMSD gHMo©
5 50f93L BogdbodMAL FogdM0sbo OdYEBHOL OML, o3 03938 O53509d0L F9dAMI
39903939050, MMA6MdOLS s LoLEYIgdOL oB0BYBIL. 399MEMGMEWMAOMOHO IMM3Y-
3900L5 S MJLOWS30MO LEBHMILOL 06EBLOROIsE0s FodM0sBbO WOdYEHO FH030 2-0L PO
3900905 256b0oErme 0gml HMAMO3 993500900l ©53d0dgdol Jglisderm Fo6396O.

5060950, LolbOl MHYJMEMPOMOHO M30L989008 IMPZg3s 8600369 M356 Gl
SbEOM9dL FogdM0560 053YEHO 3030 2-0b 35MQ9b)HA0, 3¢00bYdS V55350 JOOL SO
bGHO0gdHY s F9dyMITo  EMIOBOMIIL 935Gl 3OMYMHILOMYOOL  3Mm3gLdo.
35d60560  ©0sd9gEBHOL  390MmOIMEMPOMMO 5301939090900l dgdgmdo  dgufogens
96039369c™35605 ©593500gd0L  3500MygbgBol MBEGM LEOXWYMBOWO Foa9d0LmM30L
3390350056 39OL39JEH035d0 FodM0560 ©OsdgBHO G030 2-0L FoMMYWIOOL FOIMBO-
5 3Ho3oLs s 3MHga00M900L 9539dGHM0 3Bl dmlisdgdbso.
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51336900

BobBoMfiyeqdol 9@sdmeoBdols bbgoasbbgs botMobbol @sMmggzol 9dmbyg 3s30gb-
A9%0L Lolbol IH9EHT0 BOJLOMPS SM9RYMHTIBEWO SBEHO0MIBOIBEHMO LobE)-
9ol 5gB0o3mdob (TAA) 5939000905 @S Fo¢embol osEg3ool (MDA) 3mds@gdwmwo
39933900Mds, o3 mJLoIE0OO LEAMILOLS s 398¥MBMWo Wo30©Ydol gmmduo-
300 3OM39LJdoL 063HIBLOGOZIE0sDY oML, g (330 gdgdo dodlo-
om05 3090509E0L IJmbg 35:3096390d0.

BobdoMfyeqdol  9@3s0mEoHBIol  IMM3930L  EOML  (0bLwobMgHBolEbEH MY,
3690050930, 95gMm0sbo ©osdgEHO GHodo 2) 353096300l Lolbedo godmzwobs
M9 MR0O0 350539GMIO0L (33E0Egd9d0:

9M000OM(3039d0L IBMOT>300L 0bgJuol (ERDI) LEs@ol@ozm®msw d60dzbgwmgsbo
3999969L9ds 4593w 0bs 9339 3WY3MBOL FGEOdMEOHBIOL IMPZI30L SO
935397 (06LobGmyBoLEI6EHMDs S 36090509BH0), FodM0sbo OLdYEO G030 2-0b
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Introduction

Despite significant efforts to prolong the lives of people with diabetes, diabetes remains one
of the leading causes of death worldwide (in 5th place). Diabetes is the direct cause of 1.6 million
deaths [Roglic G., et al, 2005; World Health Organization, 2016]. It is known that diabetic patients
have a 15% increased risk of premature death and life expectancy is reduced by about 10 - 20
years in type I and type II diabetes, respectively [Tancredi M., et al., 2010: Key Statistics on
Diabetes. 2010]. According to 2017 International Diabetes Federation (IDF) statistics, the global
prevalence of diabetes in the 20-79 age group is 8.8%. In addition, 1 in 2 people are unaware of
the condition [International Diabetes Federation, 2017]. By 2030, 439 million adults will have
diabetes, which, according to previous estimates, was 366 million [Wild S., et al., 2004; Shaw ].,
et al., 2010]. It is also known that diabetes mellitus is more common in urban than rural
populations, and occurs more in men than women [Yang W., et al., 2010]. Anyone can get
diabetes, but many studies dating back to 1969 show that Asians, from the Far East, Southeast
Asia, or the Indian subcontinent, especially South Asia, are more susceptible to diabetes than
people of other ethnicities [Marine N., et al., 1969; Goldberg MD, et al., 1969; Jackson W., 1978;
Cassidy J.T., 1967; Zimmett P, et al., 1983; Poon-King T., et al., 1968].

The above data indicate diabetes is an urgent health problem that needs to be addressed
immediately. It is important to raise public awareness and draw attention to the adverse effects of
diabetes, as well as conduct new research and gather support to overcome diabetes.

The triad "insulin resistance, prediabetes, diabetes" is one of the most studied and relevant
pathophysiological issues, which, on the one hand, is a continuous process that reflects the
aggravation of the pathophysiological state and the transition from one stage to another (insulin
resistance, prediabetes, diabetes) and on the other hand, these are three independent nosologies
with characteristic signs and mechanisms of development. The similarity of the constituent
components of the triad is mainly expressed in the fact that the metabolic and micro- and
microcirculatory disorders characteristic of each of them create a fertile ground for the further

development and aggravation of the diseases of this triad.



To maintain the energy supply to cells, to ensure the normal functioning of all organs and
systems and to prevent the accumulation of unabsorbed glucose in the blood, a compensatory
mechanism of increasing insulin release from pancreatic $-cells is activated in the living organism,
which is followed by the development of insulin resistance. Hyperinsulinemia leads to the
accumulation of insulin in a concentration inappropriately high compared to the physiological
level of glucose in the blood plasma and to the violation of the body's physiological response to
insulin, including disturbances in the metabolism of proteins and fats and the functioning of the
vascular endothelium. In the process of phylogeny, this metabolic mechanism has led to a
significant prevalence of insulin resistance (IR) in society: insulin resistance is found in every
fourth practically healthy person. Several physiological conditions (age, pregnancy, physical
hypodynamic) contribute to the development of IR, however, more often it is caused by a
pathological condition - genetic defects, excess weight, arterial hypertension, dyslipidemia,
molecular defects of insulin-transmitting proteins. etc., signals [ Wolosowicz M, et al., 2022]. One
of the important causes of insulin resistance is the mutation of insulin receptor protein, glycogen
synthetase, hormone-sensitive lipase, f-3-adrenergic receptors, tumour necrosis factor (TNF-o)
and molecular defects of insulin signalling proteins [Wolosowicz M, et al.,2022].

According to the European Center for Disease Control, one in ten Europeans is likely to
have prediabetes. Nearly 88 million American adults have prediabetes, and more than 84% don't
know it. Prediabetes increases the risk of developing T2DM. In developed countries, T2DM
remains one of the main causes of death and disability. About 9.3% of adults worldwide have
diabetes. India is considered to be the country with the highest prevalence of diabetes in the
world, China is in second place. More than 50% of diabetes patients are not diagnosed and treated,
which leads to an increase in the risk of various complications (heart disease, stroke, peripheral
vascular disease and microvascular problems) [Alberti K., 2002]. Even in the early stages of
carbohydrate metabolism disorders, there is an increased risk of cardiovascular complications and
mortality [Alberti K., 2002].

To prevent T2DM, it is essential to block the pathogenic mechanisms of insulin resistance

by slowing, blocking or reversing f-cell dysfunction. The introduction of new methods of early
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diagnosis in clinical practice will make it possible to prevent chronic complications of diabetes
and cardiovascular diseases related to atherosclerosis [The DECODE Study Group, 2001]. Early
diagnosis and prevention of T2DM is the most effective and economically feasible strategy for the
prevention of micro- and macrovascular complications and the reduction of mortality caused by
them [Prevention or Delay of Type 2 Diabetes, 2018].

Due to the high percentage of morbidity, the exacerbation of concomitant diseases, as well
as the high risk of the development and development of cardiovascular, neurological, infectious
and other diseases, it is especially important to monitor and study parameters that are not yet

included in the list of routine studies for the diagnosis of complications of glucose metabolism.

The aim of our study is to study the rheological properties of blood in patients with IR,

prediabetes and T2DM.

The following tasks are set to achieve the goal of the research:

1. Study of blood rheological indicators (erythrocyte aggregation index (EAI), erythrocyte
relative deformation index (ERDI), blood plasma viscosity) in patients with insulin resistance,
prediabetes and T2DM;

2. Study of osmotic resistance of blood erythrocytes in patients with insulin resistance,
prediabetes and T2DM;

3. Determination of Band 3 protein (B3p) expression in erythrocyte membrane in patients with
insulin resistance, prediabetes and T2DM,;

4. Determination of the total activity of the non-enzymatic antioxidant system in the blood of
patients with insulin resistance, prediabetes and T2DM;

5. Determination of nitrogen oxide (NO) content in the blood of patients with insulin resistance,
prediabetes and T2DM;

6. Establishing correlations between the studied parameters, analyzing the obtained results, and

identifying sensitive markers of carbohydrate metabolism progression.



Scientific novelty of the obtained results:

An increase in blood plasma viscosity has been detected in patients. With carbohydrate
metabolism disorders.

For the first time, a certain relationship between blood rheological parameters and the intensity
of oxidative stress has been established. In patients with various degrees of carbohydrate
metabolism disorders (insulin resistance, prediabetes and T2DM). Intensification of oxidative
stress in T2DM is considered a possible marker of disease severity.

The correlation between the osmotic resistance of blood erythrocytes of patients with different
degrees of carbohydrate metabolism disorders (insulin resistance, prediabetes and T2DM) and
carbohydrate metabolism disorders is established.

For the first time, oligomerization of membrane band 3 protein (B3p) in erythrocytes of
patients with carbohydrate metabolism disorders has been detected. It has been established
that both mechanisms of hyperglycemia and oxidative stress are involved in the process of
clustering-oligomerization of B3p. In the early stages of carbohydrate metabolism disorders,
oxidative mechanisms prevail in B3p oligomerization (prediabetes), and in its severity (T2DM),
the glycolysis mechanism prevails.

It is established for the first time that glycolysis of hemoglobin during T2DM limits the
clustering of protein B3p, but affects its association with cytoskeletal proteins, and causes a
sharp decrease in osmotic resistance and deformability of erythrocytes.

It is determined that the decrease in osmotic resistance and deformability of erythrocytes is the
result of carbohydrate metabolism disorder and this parameter can be used as a sensitive marker
to detect the early stages of hyperglycemia (prediabetes).

It was established for the first time that changes in the content of NOx in the blood serum of
patients during carbohydrate metabolism disorders. It is due to the dysfunction of eNOS under
the conditions of intensification of oxidative stress, oxidative degradation and conversion of

NO into peroxynitrite, and increased erythrocyte aggregation.



The main provisions of the dissertation:

Changes in blood rheological properties of patients with various degrees of carbohydrate
metabolism disorders (insulin resistance, prediabetes and T2DM) are associated with the
intensification of oxidative stress and carbohydrate metabolism disorders.

In the process of clustering-oligomerization of membrane band 3 protein (B3p) in the
erythrocytes of patients with carbohydrate metabolism disorders, and it is involved in the
mechanisms of hyperglycemia and oxidative stress: in the early stages of carbohydrate
metabolism disorders (prediabetes), oxidative mechanisms predominate, while in its severity
(T2DM) glycolysis prevails mechanism.

During T2DM, glycolysis of haemoglobin affects the binding of protein B3p to cytoskeletal
proteins and causes a sharp decrease in osmotic resistance and deformability of erythrocytes.
The decrease in osmotic resistance and deformability of erythrocytes is the result of a
violation of carbohydrate metabolism, and this parameter can be used as a sensitive marker
to detect the early stages of hyperglycemia (prediabetes).

Changes in NOx content in the blood serum of patients with carbohydrate metabolism
disorders are the result of intensification of oxidative stress, oxidative degradation and
transformation of NO into peroxynitrite, and dysfunction of eNOS in conditions of increased
erythrocyte aggregation, which in turn leads to a decrease in the intensity of flow in the

circulatory system and diabetes related to the development of complications.

The Practical Value of the Research

The regularities established as a result of research (decrease in osmotic resistance and
deformability of erythrocytes during carbohydrate metabolism disorders) can be used to
detect the early stages of hyperglycemia (prediabetes) and prevent its aggravation.

Taking into account the important role of oxidative stress in changes in the rheological

properties of blood during carbohydrate metabolism disorders, it is possible to use
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antioxidants together with the correcting drugs for carbohydrate metabolism disorders for

the prevention of diabetes complications.

Material and Methods

The study was conducted on patients who underwent treatment at the National Institute of
Endocrinology (Georgia) from April 2021 to March 2022. The research protocol was approved by
the Ethics Committee of the Multidisciplinary High School of the Faculty of Medicine and
Rheology Society of Javakhishvili Tbilisi State University.

Criteria for inclusion of patients in the study: Insulin resistance, prediabetes (without a
history of insulin resistance), diabetes type 2 (T2DM) (without a history of IR and prediabetes).

Criteria for excluding patients from the study: viral hepatitis, drug addiction, alcoholism,
malignant oncology, radiation/chemotherapy.

The studied patients were divided into different groups:

1. Patients with insulin resistance (IR) (n-39, average age - 36+3.4years);
2. Patients with prediabetes (n = 41, average age 48 + 2,4 years);
3. Patients with diabetes type 2 (T2DM) (n =47, average age 55+5,5 years) with a mean age of

disease less than 1 year.

Laboratory Studies

We measured the rheological status of blood: erythrocyte aggregation index (EAI),
erythrocyte relative deformation index (ERDI), blood plasma viscosity, erythrocyte osmotic
resistance, band 3 protein content in erythrocyte membrane; Also the intensity of oxidative stress
(according to blood serum malondialdehyde (MDA), content and total antioxidant activity

(TAA)), total NOx content.



Statistical Analysis

Analysis of variance (ANOVA) (SPSS-12 for Windows) was used for comparative data

analysis.

Results and Discussion

Chronic hyperglycemia is the main recognized factor in the development of diabetes
complications. Chronic IR usually leads to hyperglycemia, a gradual decline in -cell function
(prediabetes), and the development of T2DM.

The increased level of glucose affects the hemorheological parameters of the blood
(hematocrit, plasma proteins, viscosity, erythrocyte deformation, etc.), which is accompanied by
a generalized microcirculation disorder, a decrease in tissue perfusion, and the development of
severe chronic ischemia, which leads to diabetic retinopathy, nephropathy (retinal and renal
failure), can be the cause of ulcers on the limbs [Cho Y1, et al., 2008]. Glucose is the main substrate
of erythrocytes. In the conditions of long-term hyperglycemia, the morphology, metabolism and
function of erythrocytes undergo a number of changes, which affect hemorheology and
microcirculation [Wang Y, et al., 2021].

What processes develop in erythrocytes and what is the relationship between these changes
and the progression of diabetes? What are the implications of these changes in the diagnosis,
treatment and prognosis of diabetes?

In this thesis, we aimed to study the changes in erythrocytes during the progression of
hyperglycemia, and identify indicators related to these changes that can be used to monitor the
progression of diseases related to carbohydrate metabolism disorders.

When excess glucose accumulates in the blood, it binds to the Hb of erythrocytes; Glycated
hemoglobin (HbA1c) is a product of non-enzymatic glycosylation of Hb and reflects the average
blood glucose concentration over the past 2-3 months. Clinically, HbAlc is commonly used as an

important diagnostic marker of diabetes [American Diabetes Association, “Standards of medical
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care in diabetes—2012]. The level of HBA1c was significantly higher in our studied patients with
T2DM, compared to patients in the IR and prediabetic groups. HbAlc has an enhanced ability to
bind O2; HbAlc does not break down easily. Therefore, a high concentration of HbAlc leads to
difficulties in the release of oxygen in the cells and a decrease in the oxygen supplying function
of erythrocytes [Weykamp C,, 2013]. Prolonged systemic hyperglycemia and hypoxia [Fiorentino
TV, et al., 2013; Debevec T., et al., 2017] contributes to the enhanced generation of reactive
oxygen species.

Many enzymatic and non-enzymatic antioxidants form an antioxidant system that protects
cells from oxidative damage by reactive oxygen species. In the conditions of enhanced formation
of reactive oxygen compounds, these mechanisms may be insufficient (as a result of depletion,
leaching), which contributes to the intensification of oxidative stress. Under conditions of
oxidative stress, many redox-sensitive metabolic pathways are activated in the walls of blood
vessels, responsible for the expression of pro-inflammatory cytokines, growth factors, adhesion
molecules, free nitric oxide (NO), pro-atherogenic genes, proliferation, differentiation and growth
of vascular smooth muscle cells, migration, vascular remodeling and endothelial on cell apoptosis
[Baskurt OK, et al., 1998].

Clinical and experimental research data show that the production of reactive oxygen species
increases during T2DM and that the development of diabetes is strictly related to oxidative stress
[Morabito R, et al., 2020]. Oxidative stress causes impaired glucose uptake by muscle and fat cells
and reduces insulin secretion from beta cells (Rudich A. et al., 1998; Maddux BA, et al., 2001).

We studied the activity of serum total non-enzymatic antioxidant system (TAA) in patients
with IR, pre-diabetes and T2DM and revealed its decrease compared to similar values for healthy
individuals. At the same time, an increased content of malondialdehyde (MDA) was observed in
the blood serum of patients with various degrees of carbohydrate metabolism disorders, indicating
the intensification of peroxidation processes of membrane lipids.

Erythrocytes are very sensitive to oxidative damage due to the high content of potentially
strong promoters of oxidative processes in the cell, transition metal ions (Fe), molecular oxygen

and oxyhemoglobin [Pandey KB, Rizvi SI. 2010]. According to the results of our study, in all
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groups of patients with various degrees of glucose metabolism disorders (IR, prediabetes, T2DM),
the osmotic resistance of erythrocytes is reduced compared to controls. The osmotic resistance
index of erythrocytes correlates with the severity of carbohydrate metabolism disorder and is
particularly low in patients with T2DM. It has been confirmed that erythrocytes with low osmotic
resistance are characterized by low deformability of their membranes [Orbach Am Zelig O, et al.,
2017].

The results of our studies indicate an increase in blood plasma viscosity in all groups of
patients with glucose metabolism disorders (IR, prediabetes, T2DM), which can lead to the
development of vascular complications of diabetes and the progression of the disease.

The deformability of erythrocytes plays an important role in the regulation of blood
viscosity. A decrease in deformability of erythrocytes contributes to an increase in blood viscosity
and, therefore, resistance to flow in large blood vessels.

The results of our studies show that a statistically significant deterioration of the erythrocyte
deformability index (ERDI) was detected already in the early stages of glucose metabolism
disorders (IR and prediabetes); Changes in these parameters were even stronger in patients with
T2DM.

The shape of erythrocytes and their deformability is critically related to band 3 protein (B3p)
[Gabreanu GR, Angelescu S., 2016] (molecular mass 90 - 100 kDa), which is the most common
integral protein of the erythrocyte membrane (makes up about 25% of proteins ) and is the main
link between the cytoskeleton and the lipid bilayer. B3p is an anion channel responsible for ion
balance within the erythrocyte and gas exchange (Cl-/HCO3) across erythrocyte membranes,
thereby regulating both erythrocyte and whole body homeostasis. According to the results of our
studies, the content of B3p (90-100kDa) in the erythrocyte membrane of patients with IR was not
statistically significantly different from its level in the erythrocyte membranes of healthy
individuals. The content of B3p in patients with prediabetes is reduced by 24% compared to the
level characteristic of healthy individuals, and in patients with T2DM - by 11% compared to the
level characteristic of healthy individuals. That is, in patients with carbohydrate metabolism

disorders of various degrees, the content of B3p (90-100kDa) in the erythrocyte membrane
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decreases compared to the level characteristic of healthy individuals, at this time the oligomeric
form of B3p (oB3p, molecular mass 180kDa) is revealed. The content of the oligomeric form of
B3p (0oB3p) is maximal in patients with prediabetes. Under physiological conditions, binding
complexes in the erythrocyte membrane bind B3p to the membrane cytoskeleton and prevent the
formation of large aggregates (oligomers) of B3p. Clustering of B3p and the formation of high
molecular weight aggregates (oligomers) begins under oxidative damage to the erythrocyte
membrane by dimerization of B3p through the formation of disulfide cross-links [Pantaleo A., et
al., 2009]. Post-translational modifications of B3p, which determine its clustering abilities, are
regulated by tyrosine phosphorylation (by phosphotyrosine kinases (PTKs) or phosphotyrosine
phosphatases (PTP)), which seems to promote the clustering of oxidatively modified B3p
[Pantaleo A., et al. , 2009; Bordin L., Brunati AM, et al., 2002].

It has been suggested that B3p is a redox sensor of the erythrocyte membrane, which is
regulated by phosphorylation: under oxidative stress, rapid Tyr-phosphorylation of B3p affects its
interactions with cytoskeletal proteins, and causes several changes in membrane cytoskeletal
structures, which are manifested by changes in the resistance and deformability of the erythrocyte
membrane. , causes its destabilization and finally hemolysis [de Oliveira S., Saldanha C., 2010].
Hyperphosphorylation of band 3 protein (B3p) has been observed in prooxidative hemolytic
disorders, malaria, type I and II diabetes mellitus and thalassemia, and this phenomenon is closely
related to the formation of hemichromes [Pantaleo A., et al., 2012].

At the same time, it should be noted that glycosylated hemoglobin (HbAlc) affects the
formation of cross-links with membrane proteins of Hb, including B3p, causes changes in the
cytoskeleton matrix and reduces the clustering ability of B3p [Morabito R, et al., ;0; Buys AVet
al., 2013] and thereby reduces the osmotic resistance of erythrocytes, making them more
susceptible to hemolysis.

Therefore, it seems that both mechanisms - hyperglycemia and oxidative stress - are
involved in the process of modification of erythrocyte membranes during the disturbance of

carbohydrate metabolism. Particularly low TAA and high MDA content of blood serum in
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patients with prediabetes (relatively high intensity of oxidative stress) and high content of B3p
oligomerized form in erythrocyte membrane indicate the prevalence of oxidative mechanism.

Oxidative stress is manifested in the early stages of carbohydrate metabolism disorders, pre-
diabetees, which leads to the modification of cytoskeleton proteins and the prevalence of the B3p
clustering-oligomerization mechanism. And during T2DM, under conditions of particularly high
levels of glycemia and HbAlc, the mechanism of glycolysis prevails, which limits the clustering
of B3p and reduces the content of 0B3p, but affects its connection with cytoskeletal proteins,
promotes further disruption of cytoskeletal protein complexes, and causes a sharp decrease in
osmotic resistance and deformability. compared to patients with IR and prediabetes.

Based on the above, it is recommended to use antioxidants together with drugs that correct
carbohydrate metabolism disorders for the prevention of diabetes complications.

Thus, the decrease in the osmotic resistance and deformability of erythrocytes is the result
of a violation of carbohydrate metabolism, and this parameter can be used as a sensitive marker
to detect the early stages of hyperglycemia (prediabetes).

The results of our study show that the level of erythrocyte aggregation in the blood of
patients with prediabetes and T2DM significantly increases. It is believed that the erythrocytes of
patients with type 2 diabetes form aggregations more easily than those of healthy subjects, and
erythrocyte aggregability is considered one of the most important hemorheological parameters.
The opinion is expressed that the changed rheological dynamics due to enhanced aggregation of
erythrocytes in diabetes mellitus is the main cause of vascular complications (because erythrocyte
aggregates cannot pass through the capillaries) [Kim S., et al., 2006; Yalcin O, et al., 2004; Sun C,
Munn LL., 2006].

According to the results of our study, a sharp increase in NOx was detected in the blood of
the studied patients of IR and prediabetes groups, which correlates with the intensification of
oxidative stress and may be due to the activation of inducible NOS (iNOS). The reason for the
decrease in NOx content in the blood of T2DM patients is due to increased erythrocyte
aggregation, deterioration of eNOS function and oxidative degradation of NO and transformation

into peroxynitrite.
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Thus, the results of our study revealed a certain relationship between blood rheological
parameters and the intensity of oxidative stress in patients with various degrees of carbohydrate
metabolism disorders.

Based on the results of our research, we can conclude that the level of rheological disorders
in patients increases with the occurrence of carbohydrate metabolism disorders and the increase
in the intensity of oxidative stress, and reaches a maximum during severe diabetes, which leads to
further exacerbation of the disease, damage to organs and systems. Intensification of
hemorheological disorders and oxidative stress during T2DM can be considered as a possible
marker of disease severity.

Thus, the violation of the rheological properties of blood plays an important role in the
pathogenesis of T2DM diabetes mellitus, it is manifested in the early stages of the disease and then
dominates the process of disease progression. Further study of the hemorheological features of
diabetes is important for a more complete understanding of the pathogenesis of the disease and in

the long term - to find effective ways to prevent and correct the complications of T2DM.

Conclusions

1. A decrease in the activity of the non-enzymatic antioxidant system (TAA) and an increased
content of malondialdehyde (MDA) were observed in the blood serum of patients with
various degrees of carbohydrate metabolism disorders, which indicate the intensification of
oxidative stress and the intensification of peroxidation processes of membrane lipids; These
changes are maximal in patients with prediabetes.

2. During carbohydrate metabolism disorders (IR, prediabetes, T2DM), changes in rheological
properties were detected in the blood of patients:

- a statistically significant deterioration of the erythrocyte deformability index (ERDI) was
detected already in the early stages of glucose metabolism disorders (IR and prediabetes); In

patients with T2DM, changes in these parameters are enhanced.
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- the level of erythrocyte aggregation increases significantly in the blood of patients with
prediabetes and T2DM.

- an increase in blood plasma viscosity was detected in all groups of patients.

3. In patients with various degrees of carbohydrate metabolism disorders, a certain relationship
between blood rheological parameters and the intensity of oxidative stress has been revealed.
The level of rheological disorders in patients increases with the onset of carbohydrate
metabolism disorders and the increase in the intensity of oxidative stress and reaches a
maximum during severe diabetes, which leads to further exacerbation of the disease.
Intensification of oxidative stress in T2DM can be considered a possible marker of disease
severity.

4. In patients with various degrees of carbohydrate metabolism disorders (IR, prediabetes and
T2DM), the osmotic resistance of erythrocytes is reduced compared to the values
characteristic of healthy individuals, correlates with the severity of carbohydrate metabolism
disorders, and is especially low in patients with T2DM.

5. In erythrocytes of patients with disorders of carbohydrate metabolism, the protein of
membrane band 3 (B3p) (90-100kDa) undergoes oligomerization, which is manifested by a
decrease in the content of B3p monomer (90-100kDa) compared to the level characteristic of
healthy individuals (in patients with IR, it is not statistically reliable differed, in patients with
prediabetes - decreased by 24%, and in patients with T2DM - decreased by 11% compared to
the level characteristic of healthy individuals) with the appearance of the oligomeric form
(0B3p, 180kDa); The content of the oligomeric form of erythrocyte B3p (oB3p) (180-200 kDa)
is maximal in patients with prediabetes.

6. Mechanisms of hyperglycemia and oxidative stress are involved in the process of erythrocyte
membrane protein modification and B3p clustering-oligomerization during carbohydrate
metabolism disorders. In the early stages of carbohydrate metabolism disorders (prediabetes),
particularly high values of blood serum oxidative stress indicators (TAA and MDA) indicate

the predominance of the oxidative mechanism in B3p oligomerization in the erythrocyte

13



membrane, while in T2DM conditions of particularly high levels of glycemia and HbAlc, the
glycolysis mechanism prevails, which limits clustering of B3p, but affecting its association
with cytoskeletal proteins, and causing a marked decrease in osmotic resistance and
deformability compared to patients with IR and prediabetes.

7. Decrease in osmotic resistance and deformability of erythrocytes is a result of carbohydrate
metabolism disorder and this parameter can be used as a sensitive marker to detect early stages
of hyperglycemia (prediabetes).

8. Changes in NOx content were detected in the blood serum of patients with carbohydrate
metabolism disorders. A sharp increase in NOx content in the background of IR and
prediabetes correlates with the intensification of oxidative stress and may be due to the
activation of inducible NOS (iNOS), while the reason for the decrease in NOx content in
blood serum during T2DM is probably related to the increased aggregation of erythrocytes as
a result of eNOS- It is associated with functional impairment as well as oxidative degradation

of NO and conversion to peroxynitrite.

Practical Recommendations

1. In order to prevent the development of complications of diabetes, it is recommended to use
antioxidants together with drugs that correct carbohydrate metabolism disorders.

2. Decrease in osmotic resistance and deformability of erythrocytes is the result of carbohydrate
metabolism disorder and this parameter can be used as a sensitive marker to detect the early

stages of hyperglycemia (prediabetes).
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