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CAXKETAK

YBoa: Kapanosackynapae Oonectu cy Boaehu y3pok cmMptu OojieCHHKA KOJU ce Jeue
PEIOBHOM XeMOAMjaJIu30M. [J1aBHU y3pOIM pa3Boja OKCHAALMOHOT cTpeca KoJl
OoJecHUKA KOjH ce Jieue PEJOBHOM XEMOIH]aI30M Cy: OMOKOMIATHOMITHOCT JUjaTu3HE
MeMOpaHe, MPUCYCTBO €HJO0TOKCHHA Y PACTBOPY 32 XEMOIMjaIH3y U CMambeHa aKTUBHOCT
aHTUOKcHUJaMOHUX eH3uma. Lluib paga: mpolieHa yTuliaja Oujalu3HEe MeMOpaHe U
MOJQINTETa JWjaldu3€ Ha pa3BOj OKCHAAIMOHOI CTpeca, TMpolleHa YTHUIlaja
MUKpOMH(IaMalllje U MaJTHyTPULIM]j€ Ha Pa3B0Oj OKCHJIALMOHOT CTpeca, Kao U MpoleHa
yTHUIaja OKCUJALIMOHOT CTpeca Ha pa3BOj aTEPOCKIEPO3E€ M PE3UCTEHIIM]E€ Ha JEjCTBO
eputpornioetuHa. Mertopae: Y paay je ucnurano 125 6ojecHUKa KOJH Ce Jiede PeIOBHOM
XeMOAMjaTu30M y3 TIOMITOBarke XEJICHHIIKE JeKjIapanje O MEIUIUHCKAM
ucTpakuBambuma u J[oOpe kimmHUUKe Tpakce. [ pynucame OolleCHUKA je YUYHMEEHO Ha
OCHOBY KIMHHYKHX TIapamMeTapa y CKJIaay ca IHMJbeBHMa MCTpakuBama. Pe3yiararTu:
bonecunuu koju ce sede penoBHoM on-line xemonujaduntpauujom ca ,high-flux*
MeMOpaHOM Koja je oOjo)keHa BUTaMHHOM E HMajy CTaTUCTHUKM 3HAYaJHO Mamby
KOHIEHTPALM]y PEaKTUBHHUX CYICTaHIMja Be3aHUX 3a THOOApOUTYpHY KHUCEIHHY
(TBARS). Mukpoundnamaiiyja je HezaBucaH (pakTop pu3HKa 3a pa3Boj pe3UCTEHIN]E Ha
JIEjCTBO €pPUTPOIIOETHHA. 3ak/byuak: ,High-flux* XEeMO/JIUjann3a u
xemoaujaduaTpalrja ca MmoJucyIQoHCKOM MEeMOpaHOM U MeMOpaHOM 000JI0KEHOM
BUTAaMHHOM E cMamyje aTepockiepo3y, aMHJIOHI03y IOBE3aHy Ca XEMOJU]jaTH30M,
WHJICKC PE3UCTEHIMje Ha JIjCTBO EPUTPOINOCTHHA U TONpaBiba JICUCHE aHEMUjE Y

nomyJanuju 00JeCHUKa KOjU ce Jiede PEJOBHOM XEMO U] aT30M.

Kibyune peun: Xemoaujanpunrpamnuja, OKCHIAIMOHN CTPEC, TUjaIM3HA MEMOpaHa



ABSTRACT

Introduction: Cardiovascular diseases are the leading cause of death for patients treated
with regular hemodialysis. Main causes of the development of oxidative stress in patients
treated with regular hemodialysis are dialysis membrane biocompatibility, the presence
of endotoxin in hemodialysis solution and decreased activity of antioxidant enzymes.
Objective: The main objectives of the examination are: dialysis, membrane, impact,
assessment and dialysis modality on the development of oxidative stress,
microinflammation and malnutrition impact assessment on the development of oxidative
stress, as well as assessment of the effect of oxidative stress on the development of
arteriosclerosis and resistance to erythropoietin. Method: The study examined 125
patients treated with regular hemodialysis respecting the Declaration of Helsinki on
Medical Research and Good Clinical Practice. The grouping of patients was done on the
basis of clinical parameters in accordance with the objectives of the research. Results:
Patients treated with regular on-line hemodiafiltration with “high-flux” coated with
vitamin E have statistically significantly lower concentration of reactive supstances
related to thiobarbituric acid (TBARS). Microinflammation is an independent risk factor
for the development of erythropoietin resistance. Conclusion: High - flux hemodialysis
and hemodiafiltration with polysulfone membrane and vitamin E coated membrane
reduces atherosclerosis, hemodialysis-related amyloidosis, erythropoietin resistance
index, and improves the treatment of anemia in the population of patients treated with

regular hemodialysis

Keywords: hemodiafiltration, dyalysis membrane, oxidative stress.



3AXBAJTHULIA

Hckpeny 3axBasiHOCT ynyhyjem cBoM MeHTOpy, mipod. [ejany Ilerpouhy, Ha uaeju u
noMohn OKo paja, HEroBe peanu3anuje, Kao W HECCOWYHO] MOMAPIIIU y TPOIECy

CTBapama paja.

HewusmepHy 3axBagHOCT AyryjeM MOjoj AMBHO] cecTpu VBaHM, KOja je YBEK y3 MEHE Kao

BeJIMKa U HeceOMYHA MOJIPIIIKA, a YHje MOCTOjamke yIeMIIaBa CBEeT U J1aje CHary...

XBana MojuM AMBHUM cecTpuhuma Byky m Muu Ha TeXHUYKO] MOJPIIIU MPUITHKOM

HU3paac OBOI' paaa.

XBajla MOJUM HIpPEIMBHUM pOJUTEbMMA, 30puld M MoMYMly, IITO Cy CBOj JKUBOT

MOAPEIUIIN CBOjOj ACIU U TIOIPKATU ME J1a UCTPajeéM Ha OBOM IyTY.

XBajla MOM JIMBHOM CYIpYry AHIpWUjU, Ha HAJJIeNIIUM TpPEeHyLuMa >KHUBOTA, Ha

HEU3MEPHO] JbyOaBH, CTPILUBEHY U PA3yMEBaIbY.

OBaj pan moceehyjeM CB0joj AMBHOj JACIM, BEUWTO] WHCIHUPALU]U, AJIEKCAHAPY H

3opuiu, Koju Cy MOja )KUBOTHA CHara U UCTPajHOCT.
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JlokTOpKCa nucepranmja

1. YBOJ

Bbonectu OybOpera, npeacraBibajy 3IpaBCTBEHU MPOOJIeM BenuKUX pazMepa. [ledunure
Ce Kao CTame HEMOBpaTHOr olTehewma TKMBa OyOpera, y3 MOCTENEHU T'yOMTaK CBUX
HBEroBUX (yHKIHM]ja: META0OJUYKUX, EKCKPETOPHUX U €HAOKPUHUX. XPOHUYHA OOJECT
OyOpera je mo cBOM TOKy mporpeaupajyha, a omagamem QyHkuuje OyOpera Hacrtajy
OpojHe komIukauuje. Hajuemhe kommnukanuje, cnagajy y rpyny KapJuoBacKyJIapHUX
o6onectu [1,2]. Tlocnenmu cTaaujym XpoHHYHE Oosiectm OyOpera IoBe3aH je C
noBehaHUM KapIMOBACKYJIAPHUM MOPOUIUTETOM U MOPTATTUTETOM, Y3 CMamheH KBAJIUTET

’KuBoTa OosiecHmka [1,2].

2. TIPEIVIEA JIMTEPATYPE

2.1. XpouuuHa 0oJjiect 0yopera

XponuyHa 6onect Oyopera nedunuiie ce kao 3Ha4ajHO omTeheme merose rpahe
u/unu pyHK1Mje, a Koja Tpaje HajMame Tpu Mecela. [lokazaresbu omrehema Oydpera cy
mukpoanoymunypuja (30-300 mg / TokoMm 1ienor nana), nporeunypuja (= 300 mg / 24
h), mo3utuBaH ceauMeHT ypuHa (mwimHApU), kao u mpomene y rpahu OyOpera
BepudukoBaHe ynrpasBydHuM mnperieaom. [lopemehaj pynkiuje 6yOpera npeacraBiba
JT® <60 [1, 2]. Paznukyjemo neT ctaaujyma xponuune 6osuectu Oyopera. Ctaaujym 1
xpoHuuHe Ooniectu OyOpera nedunuine ce kao omreheme OyOpera ¢ HOpMaaTHOM UITH
noBehanom jaunHoM riomepylicke punrpanuje (JI'® > 90 ml/min/1.73m ). YV ctagujymy
2 (omrehewme OyOpera ¢ 6maro cmameHoMm JI'®), jaumna rimomepysicke Quirpaiuje
uzHocu 60-89 ml/min/1.73m , a BpeaHocTH jaumHe Tiomepyicke duntparuje 30-59
ml/min/1.73m2 yka3yjy Ha ctanujym 3 xpoanuHe 6onectu 6yopera (omreheme Oyopera
ca ymepeHo cmameHoMm JI'®). Ako mornenamo mpenopyke KDIGO (enrn. Kidney

Disease Improving Global Outcomes), cranujym 3 xponnuHe 6onectu OyOpera enu ce



y aBe kateropuje: 3a (JI'® = 45-50 ml/min/1.73m2) u cragujym 36 (JI'd = 30-44
ml/min/1.73m2 ). Ctagujym 3a o3HauyaBa ce jour U kao omrteheme OyOpera ¢ 6maro 10
yMepeHo cmameHoM JI'®D, nok ce cragujym 30 aedunuiie kao omreheme OyOpera ca
yMepeHo 10 TemKko cMamweHoM JI'® [1, 2], Jaumna rmomepyncke dunrparuje a0 15
ml/min/1.73m? yka3yje Ha YETBPTH CTaJUjyM XpOHHYHE GosecTu OyOpera, a BpeIHOCTH
jauuHe riaoMmepyicke GuiaTpanuje Mame o 15 ml/min/1.73m? yka3yjy Ha BEH 3aBpIITHU

cragujym [1, 2],

2.1.1. IIporpecuja xpoHu4He 0osiecTu Oyopera

bonectu OyOpera koju Cy XpOHHYHOT TOKa KapakTepuile TyOuTak (yHKIHje
OyOpera, y3 mNOpHUCYyTHE KOMIUIMKAIMje Kao INTO CY: aHeMHja, CEeKyHJapHU
XHUIepHapaTUPEeonIn3aM U KapanoBacKylapHe Oonectu. DakTopa pu3nKa 3a ONaaame
jauuHe TioMepyJicke (uiaTpanuje: NTpOTEMHYpUja, XUIEPIUNUJIEMU]ja, XUIIEPTEH3H]a,
MUKpoUH(IIaMaIfja, OKCUIAIMOHHU CTPEC U TIpe CBera, mpuMapHe oosiectu OyOpera, Taj
Op3u HaIpeak ce mpe cera aedunuie kao ymameme JI'D > 5 ml/min/1.73m? roaumime
[1,2]

Hajsehy npeBanieHily y omHOCY Ha Apyra o0oJbemha YMHH: XUrnepTpoduja jiese
KOMOpe, KapJAHOMHUOoTIaTHja U KOpoHapHa apTepujcka 6onect. [To3natu dakropu puznka
KOJU JIOBOJIE JIO0 HACTaHKa KapJIUOBACKyJIapHUX OoyiecTd KoJi OOJECHUKA KOjU HUMajy
XpOHUYHY Oonect OyOpera [ene ce Ha TpaJWLMOHAIHE W HETPATUIIMOHATHE.
Tpamunmonanuu QakTopu pu3MKa jecy: CTapocT, TOoJ, JAujaberec MENHTYC,
XHIEPTEH3M]ja, XUMEPIUINUIEMHUja, TOja3HOCT M CMameHa (U3UYKa aKTUBHOCT.
Herpagunuonanau paktopu pusnka Koju Cy y IUPEKTHO] BE3U Ca CMambemheM (yHKIIH]e
OyOpera jecy: aHemHja, XUIIEPXOMOLMCTEMHEMHja, MHUKpOMH(IaMalrja, HEJ0CTaTaK

BUTaMuHa D, cekyH1apHu XurepnapaTupeonin3amM U OKCHJIalMoHu crpec [1, 2],



2.1.2. Jleuemwe xpoHnuHe 0osiecTu Oyopera

OnTrManHa KOHTposia (pakTopa pU3HWKa je HajBaKHH]ja Kajga TOBOPHUMO O
NpPUMapHOj TPEBEHIMjU W TIPEACTaBjba OCHOBHY CTpaTeTHjy Koj OOJeCHHKa C
noBehaHUM PU3MKOM 3a pa3BOj XpOHHYHE OojiecTh OyOpera. bonecHuIn kox Kojux je
JIMjarHOCTUKOBaHAa XpOHMYHA OojiecT OyOpera mmajy CeKyHJapHY MPEBEHIH]Y, a HEH
Kpajlby 3aJlaTak j€ Ja 3ayCTaBU Pa3BOj U MUHUMAIM3Yyje KOMIUIMKAIMj€ XPOHUYHE
Oonectu OyOpera. Y cBeMy TOME Hajj3HadyajHHja j€ OINTHMMajHa KOHTPOJa KPBHOT
NpUTHCKA, NTpoTennypuje (0nokaga RAAS-a) n merabonmykux napamerapa (TIyKo3a,
MokpahHa KucelnHa, MeTa0oInuKa anuo3a, aucaunuaemuja) [1, 2]. Kox 6onecHuka c
YETBPTUM CTaaujyMoM XpoHuuHe Oonectu OyOpera (JGF 15-29 ml/min/1.73m? ), y
CKJIamy ¢ MEAWIMHCKUM HWHIWKAaIjamMa, BPIIU ce MpHUIpeMa OOJEeCHHKA 3a JIeUeHe
MeToJ/laMa 3a 3aMeHy QyHKIMje OyOpera. Y MocienmheM CTalujyMy XpOHUYHE O0IecTH
OyOpera MOYHMEKBEMO ca JIeUYeHEeM MPUMEHOM AWjanu3e, a IMoImTyjyhu mnpuHInIe

WHIMBHIyaIU3alnje, Kao U ontumusanwje [1, 2].

2.2. XeMmoaujaausa

XeMoanjanusa je MeTojia Jieuerma 3a 3aMeny QyHkiuje 0yopera, Tom meTogom ce
nomohy MeMOpaHe Koja je CeJIeKTUBHA, eTUMUHUIILY YPEMH]CKUA TOKCHHH U 'y UCTO BPEMeE
Ce U3 pacTBOpa 3a XEeMOJWjalu3y NpPHUXBaTajy CYICTAHIE, Y3 KOPUTOBAHKE
enekTponutckor cactasa [3, 4], Ilojennnauna xemoaujanuza Tpaje 4 gm0 5 catu, ca
TEHJICHIIjOM pereTullMje oJf Hajuemhe TpW MyTa, TOKOM celaM JiaHa, [OKOM
XeMOJMjan3e U3 KPBH MallMjeHTa YKIOHE C€ YPEMHUjCKM TOKCHMHH y oAroBapajyhoj
KOJMYMHU. BOJIeCHUMK je Ha Taj HAYMH cadyyBaH, Y WHTEPAMjAIM3HOM DPa3no0Jby,0.

eJICKTPOIUTCKUX TTopeMehaja, HapeHa 1Ba--TpH JaHa [3, 4].



2.2.1. OCHOBHM PUHIMIIU

JIBa ocHOBHa MPUHIIKIIA XeMoIhjanu3e ¢y audysuja u ynrpaduntpamnuja. [Ipouec
nudy3uje IpesICTaB/ba KPETame CyINCcTaHle (4ecTulia) TOKOM xemoaujanuse. Bomymen
nudysuje ociama ce Ha pas3liuKe y KOHIEHTpaIW]ju, TOTPEOHOT BpeMeHa 3a OOHABIbakhe
KPBHU Y JAMjaTU3aTOPY, MOBPIINHE, KA0 U MPOIYCTJEUBOCTH CaMe IWjajn3He MeMOpaHe
[3, 4], Boma koja ce TpaHcmopTyje, mposiazu myTeMm yhtpadunrpaiuje (KOHBEKIHU]E),
YTIaBHOM H TO OJ1 KPBHOT JI0 AWjaJIU3HOT MmpocTopa, [Iponecom ynrpadunrpanmje Bpmm
Ce TPaHCHOPT KPO3 IUjaIU3HYy MEMOPAHY U BOJIOM ,,HOIIIEHE TEUHOCTH,

Jaunna ynrpadunrpaije, mpormycT/bHBOCT MEMOpaHe 3a Ha3HAYEHY CYICTaHIlY
U KOHIEHTpalWja T€ CYINCTAHIM]je Y KpPBH, y JAMPEKTHO] j€ BE3U C€a BOIYMEHOM
TpaHcopTa, Y (QYHKIUJU CpEeImer TpaHCMEMOpaHCKOT NMPUTHCKA j€ HEHa jaunHa,
OJIHOCHO BOJIYMEH yITpapuirTpanyje ¥ KOHBEKTUBHOT TpaHCIOpPTa CYICTaHIA.
KoHBEeKTHBHU TpaHCIOPT oOMoOryhaBa YKIamame YPEMHJCKUX TOKCHHA CpEImhe

MOJIEKYJICKE Mace, Kao IITO je P2 - MUKpOTIo0yuH [3, 4].

2.2.2. MemOpaHe 32 XeMOHjaJIU3y

Hujanu3zHa MmemMOpaHa nMa 3HauajHy yJIOTY y Ipoliecy Xxemoaujanuse. Jlene ce Ha:
NPUPOJIHE (JIEpUBATH 11€TTyJI03€) U BelTauke (CHHTETCKe). MeMOpaHe 3a XeMOI1jan3y
0a3upaHe Ha IeNTYJI03H JIeTie Ce Y JIBE rpyIie: MeMOpaHe ¢ HeMOAU(PUKOBAHOM IETYI030M
(Cuprophan®) u mem6pane ¢ moauduxoBanom nenyno3om (Hemophan®) [5, 6].
Kapakrepuctuka memOpana ¢ HeMOAM(PUKOBAHOM IIEIYJI030M jecTe J00ap KIUPEHC
YPEMHjCKIX TOKCHHA MaJie MOJIEKYJICKEe Mace (HE YKIIamba]y YPEeMHU]JCKE TOKCUHE CPEhEe
MOJIEKYJICKE Mace) U Beha afeKBaTHOCT XeMO/IMjalnu3e y OJHOCY Ha JApyre MmeMOpaHne |5,
6]. I'maBan HemocTtaru MeMmOpaHa u3rpalleHuX oJl HEMOAM(PUKOBAHE IIENIYJIO3€ jecy:
BUIITN CTETICH aKTUBAIH]je HeyTpouiIa U CUCTEMa KOMIUIEMEHTa HEro Ko MeMOpaHa o
Monu(duKoBaHE TIENyJ03€ M CHHTETCKMX MeMmOpaHa (mpUCyTaH MamH CTeleH
OMOKOMITATUOMIIHOCTH). CMameHa OMOKOMITaTUOMITHOCT MeMOpaHa ol
HEMOJM(PHUKOBAHE IIETyJI03€¢ TOBE3aHa je ca CIO00JHUM XHIPOKCHI-Tpynama, Koje
y3pOKYjy aKTHBAllMjy aJITEPHATUBHOT TyTa CHUCTEMa KOMIUIEMEHTA, AaKTHBAIIH]jy
HeyTpodmiIa U MOHOIMTa M ToBehaHy cekpernyjy MpouH(IaMaTOPHUX HUTOKHHA.

AxTuBrpane henuje CKJIOHE cCy amomTo3W, a TO 3a IMOCIEAMIy HMMa HacTaHaK



JEYKONICHHje, KOja je dYecTo JOoKa3aHa Koja OOJIeCHMKAa KOju C€ Jiede PEIOBHOM
XEMOAMJaIN30M C IIeNyJI03HUM MeMmOpanama. [lpuinkoM noaupa kpBu OOJECHUKA C
MeMOpaHaMma 3a XeMOJHjalu3y O]l HeMOAU(PHUKOBaHE IIeTyJI03€, J0Ia3u 10 aKTUBAIUje
HeyTpoduia. AkTUBHpaHH HeyTpomim cekperyjy OpojHe mnpouHGpIaMaTOpHE
CymnCTaHIldje, Kao ImTO cy: HeyrpoduaHa enectaza (neutrophil elestase),
mujenonepokcugaza  (myeloperoxidase), karencun  (cathepsin), nakTodepun
(lactofferin), xemokunu (CCL2, CCL3) u uutokunu (IL- 1, IL-6, IL-12, TGFg, TNFa).

[ToBehano ocnobahame u moBehaHa KoHIIEHTpalja HEYyTPOPUIHE enecTase y
cepyMy TIIOBE3aHM Cy ca MHUKpouH(IaMalujoM, pPE3UCTCHIIMjOM Ha JI€JCTBO
CpUTPOTIOETHHA W HEMOBOJAHUM HCXOJOM OOJIECHHKA KOjH C€ Jiede pPEeJOBHOM
xemoujanu3om [5, 6]. MemOpane ¢ MOAM(PUKOBAHOM II€JIYJI030M HACTa]y XEMHU]JCKUM
MaCKUPambeM XHIPOKCHIHHX TpyMa C aleTaTHUM Trpylama, TepIHjapHUM aMHHOM U
OeH3un rpynama. Y memOpane ¢ MoauduKoBaHOM Ienysio3oM crianajy: cellulose acetate
(CA), cellulose diacetate (CDA) u cellulose triacetate (CTA) [5, 6]. MembOpane
usrpaherne oa MoAM(HUKOBAHE IENYJI03€ WMajy Mamd CTENEH aKTUBAIM]je CHUCTeMa
KOMIUIEMEHTa Hero MemOpaHe oA HemoaudukoBaHe uenysno3e (Behu crenen
OMOKOMIIaTUOMJIHOCTH). [7aBHa orpaHudyema TUX MeMOpaHa jecy: Behu cTeneH
amonrTo3e HeyTpoduia, Behu cTeneH akTUBAIlHje cucTeMa KOMIIeMeHTa 1 Behu crereH
CTBapama MNpOWH(IAMATOPHUX [HMTOKMHA, KAao0 © Mamu KIHpeHc Oera-2-
MHUKPOTJIOOYJIMHA HEro KOJI CHHTETCKMX MeMOpaHa 3a xeMoaujanusy [5, 6]. Ox cBux
MeMOpana ¢ nenyno3om, CTA memOpane nmajy HajBehu cTeneH OMOKOMIATHOMITHOCTH

U Y3pOKY]y HajMamH CTETICH aKTUBAIlHje CHCTeMa KOMILJIEMEHTa |5, 6].

CuHTEeTCKEe MeMOpaHe YMHE TMOJIMMEPH, Kao ITO Cy: moiaucyidon - PS (eHr.

polysulphone), nonuerepcyiapoH - PES (eHru. Polyethersulphone),
MOJIMMETHUIIMETAaaKpUJIaT - PMMA (eHru. Polymethyl methacrylate),
nonuakpuiaonutpun - PAN  (enrn. Polyacrylonitrile), mnonukap6onat (eHr.

Polycarbonate), monuamun - PAM (enrn. Polyamide) u monneTnaeHKOBUHUI aJIKOXOJT -
EVAL (enrn. Polyethylene-co-vinil alcohol). Y nopehemwy ¢ nenynozanm membpanama,
CHUHTETCKEe MeMOpaHe nmajy Behe mope, 00Jby XuApayJdudHy MpPOMYyCTIHUBOCT, Behu
KamauTeT yaTpapuirpanyje, Behy cnocoOHOCT ykinamama cyrncraniyja (Behu KiupeHc

cyncrannuja). [lomucyndoncke memOpane 1o0po ykiamajy 6era-2-MUKpOTIO0YIUH U



00e30ehyjy Mamy CTOIy CMPTHOCTHM HEro lienyno3He memOpane. PMMA memOpane
uMajy BehH CTeNeH yKiIambamba YPEMHUjCKUX TOKCUHA CPElIHhe MOJIEKYJICKE Mace M HIDKU
CTeNeH WHAYKIMje CTBapama MPOMH(IAMATOPHUX LHUTOKMHA HETO MOJHUCYI(POHCKE
MeMOpane [5, 6]. buoakTuBHEe MeMOpaHe HMajy 100py OHOKOMMATHOWIIHOCT H
00e30¢elyjy aHTHOKCHAAITMOHY 3aTUTy. MeMmOpaHe o0s0xeHe BuTaMuHOM E cmamyjy
PE3UCTEHIIM]Y Ha JCJCTBO EPUTPOIOCTHHA, CMamy]y MHUKpouH]Iamaiujy (cMamyjy
KOHIIEHTPALM]y TMPO3alnabeHCKUX IUTOKMHA M XEeMIHJWHA), CIpedaBajy JHUIUIHY
NEPOKCHUIALM]Y U LITUTE MEMOpaHy epuTpouuTa (nmosehaBajy )KUBOTHH BEK €pUTPOLIUTA)
[5,6].

VYnorpeba MammHa 3a XEMOJWJaIU3y C aJeKBaTHOM yITpaduiITPaLrjoM,
oukapOoHaTHa Xxemoaujanu3a, high-flux memOpane u ynTpauucTa Boja 3a XeMOI1jaau3y

CMamy]jy PU3UK OJf HACTaHKa KOMILIMKAaIMja U CMPTHOT ucxoxa [5, 6].

2.2.3. A1eKBaTHOCT XeMO/IMjaJInu3e

3a geTasbHY aHAJIM3Y ONTUMAIHE mpolieaype kopucte ce Kt/V (spKt/V), Tabena 1
[5,6] spKt/V ypea uHzmekc u3padyHaBa ce nmpemMa mpaBmIHOj (OpMYIIH:

spKt/V unnexc = -In(R-0.008 x t) + (4-3.5 x R) x 0.55 UF/V, rae cy: In —
NPUPOIHU JlorapuTaM, R - oHOC ypee mocJie u nipe nujanuse, t - Tpajame AUjau3e y
catuma, UF - ynrpaduntpanuja y nurpuma, V - nporemeHa 3anpeMuHa TUcTpuOyIuje

ypee.

Tabena 1. [lo3a aujanuse

Jlo3a aujanuse yckasyje ce kao spKt/V ungekc (single-pool Kt/V unnekc).

Jlo3y nujanuse Tpeba MEpUTH J€THOM MECEUHO.

MunumanHa npenopydena jo3a tpeda na uznocu: spKt/V > 1.20.

[MuspHa mpenopydeHa no3a Tpeba aa uzHocu: spKt/V > 1.40.

[IpenopydeHo MUHUMAITHO Tpajambe XeMOHjalin3e u3HocH: > 4 h.




[Ipema mpemnopykama JSDT (enrn. Japanese Society for Dialysis Therapy),
MUHUMAIHU CTaHAap] 3a aIeKBaTHY XeMOHjalIn3y YKJbydyje: jayuHy KPBHOT MPOTOKA
- Qb = 200 u gujamuzne TeyHoctH - Qd = 500, gujanuzatop ¢ MEMOpaHOM KoOja MUMa
BHCOKE nepdopMaHce, TpH IyTa HEJEeJbHO Y Tpajamy MojeAMHAUYHE CEaHCe XEMOIH]jalln3e
on Hajmamwe 4 h [4]. 3a mpoueHy 03¢ aujanusze kKopuctu ce spKtV mnmekc. Mepu ce
JEeTHOM MeCceuHO, MUHMMAJIHA aJIeKBaTHA J103a Jujann3e uckazana npeko spKtV usnocu
1.20, a mueHu spKtV wmHaekc Tpeba na m3Hocu > 1.40, 3a mojenMHAYHY CECH]y
xeMoaujanu3e y Tpajamy o HajMame 4 h [4]. 3a npoueny anekBatHocTu high-flux u
xemoaujaduiaTpanyje MOXKE C€ KOPUCTUTH U MEpeme KOHIEHTpamuje  [a-

MUKpOTJI00YyJIMHA y CEpyMY IIPE CECHjE€ XEMOIN]jaTU3E.

[{uspHa TIpeaujanu3Ha KOHIIEHTpalrja P2-MUKPOIIO0yInHA y cepyMy Tpeba na
u3Hocu 25 mg/l [4]. 3a npoueHy eduxacHocTu aujanuse tpeba oapehuBatu spKt/V
WHJICKC (TMOKa3zaTesb YKJIamamka YPEMHJCKHX TOKCHHAa Majle MOJIEKYJICKE Mace) Hu
MpeanjaTnu3Hy KOHIEHTpAIHU]y B2 - MUKpOIJIOOyJIMHA y cepyMy (IOKa3aTesb YKIamama
YPEMHUJCKUX TOKCHHA cpeAme MoJekyicke wace) [4]. Kouuentpauujy Pe-
MHUKporioOynnHa Tpeba MEpHTH Ha CBaka TPH Mecela, Kao M KOHIIEHTPHCAHOCT
anbymuHa y cepymy OoJsiecHHKa KOju ce Jede xemoaujadunrpanujom c high-flux
MeMOpaHaMa 300r MOTyhHOCTM ryOWTKa BeJIMKE KOJMYMHE ajl0yMuHA Yy TOKY came
ceaHce xeMmoaujanuse [4]. Y mmpeM KOHTEKCTY, KBAJIMTET XEMOHjaIu3e MpoIeHkYyje ce
HA OCHOBY KPaTKOPOYHUX, CPEIHOPOYHUX U JYTOPOYHUX KpuTepujyma. KpaTkopounu
KPUTEPHUjYMH jeCy: XeMOJUHAMCKA CTaOUITHOCT OOJIECHHUKA Y TOKY CEaHCe XeMOJIH]alln3e
u Mepeme spKt/V umnpekca. Ilpenujanusna koHmeHTpanyja 2 - MUKpPOTIOOyIWHA Y
cepyMy, HyTPUTUBHHU CTaTyc U KBainuTeT *uBota (QOL) KopucTe ce Kao CpeIHhOpPOUHH
U IyTopo4yHH Kputepujymu. CTaTyc HyTpUIIHje MPOLICHYje Ce HAa CBAKUX IIECT MECEIH U
YKJbYUyje MEpeme: KOHIICHTpaIije al0yMuHa, Tpeai0yMUHa U TpaHCceprHa y cepyMmy,

ka0 u Mepemwe C - peakTUBHOT IIpoTenHa [4].



2.2.4. YaTpauncT pacTBOp 32 XeMOAMjaIu3y

Jvjanu3Ha TEYHOCT TMpeJcTaB/ha KOMOWHANM]Y BOJAE 3a JUjalu3y W
KOHIICHTPOBAHOT EJICKTPOJIMTCKOT PacTBOpa M Ha3WBa C€ TUjaJIM3aT, Tj. TEYHOCT 3a
nvjanu3y. TedHOoCT Koja u3Ma3u U3 aujanu3aTopa NpeacTaB/ba KOMOUHAIN]Y TEYHOCTH
3a janu3y ¥ TOKCHYHUX MOJICKYJIa OJICTPambCHUX U3 KpBU OojiecHuKa [7]. Boaa koja ce
MeIlla ¢ KOHIICHTPOBAaHUM EJIEKTPOJUTCKHM pPacTBOPOM, Y3 TPETXOJHU TPETMaH y
CHUCTEMYy 3a TMPUIPEMY BOJie, Ha3WBa ce Bojaa 3a aujanusy [7]. TokoM cranmapaHe
xemoaujanuse (3 x HeaesbHO 1O 4 h) opranuzam OojieCHUKA M3T0XKEH j€ JEJI0Bamby
npubmmkao 360 nuTapa pactBopa 3a Aujanusy. 300r TOra je HEOMXOJaH BHCOK
MHUKPOOHOJIONIKA KBATUTET PacTBOpa 3a Iujainu3y (YyJATpayucCT pacTBOP 3a IUjalin3y), a
KJIMHAYKA UCITUTHBAka TIOKA3yjy HETrOB MOBOJbAH YTHIIA] HA UCXOJ JIeUermha 00IeCHIKA
[7]. [Ipema mpenopykama EBPG / ERBP (European Best Practice Guidelines / European
Renal Best Practice), yaTpauuct pactBop 3a high-flux xemommjanuzy wu
xemoaujadunTpanujy neduHuIe ce Kao pacTBop (TEYHOCT) y KoMe je Opoj KOJIOHH]a

6aktepuja < 0.1 CFU/ml, a konuenTpanuja ennotokcuna - E <0.03 EU/ml [6].

PactBop 3a cymncrutynujy (xemoaujaguiTpaiija) je cTepuiial yKOIUKO je Opoj
xononuja < 10 CFU/ml (< 1 CFU y 1000 1), a KOHIIeHTpalxja eHJ0TOKCUHA Makba OJf
0.03 EU/ml [6]. 3a xemommjamuzy ca low-flux MemOpaHoM, mpema cagallmbUM
npernopykama, KOHIIEHTpaluja enaqorokcuaa tpeba aa je < 0.50 EU/ml (<£0.25 EU/ml) u
6poj xomonuja <100 CFU/ml (< 50 CFU/ml) [7].

bakTepujcku mpoayKTH TpoliecuMa ToBpaTHe audys3uje u  uiTpanuje
(backdiffusion / backfiltration) u3 pactBopa 3a aMjanusy, IpeKko IujaTu3He MeMOpaHe
(BenMuMHA TIOpa Ha MeMOpaHHM 3a Jujain3y, CIOCOOHOCT MeMOpaHe na arcopOyje
eHJIOTOKCHHE, ae0JpuHa MeMOpaHe), J0CleBajy y KpB OOJECHHKAa W HCIO0JbABA]Y
OMOJIOIIKY aKTHBHOCT (akTHBaIlja MOHOHYKJICApHHUX henuja, MojayaHO CTBapame U
ocnobahame mposanasbeHckux uToknHa: TNFa, IL-1, I[L-6), a cBe TO 10oBOIM 110 pa3Boja
MUKpouH(IaManyje U yOp3aHe aTepockiepo3e (aTepockiepoTcke OojecTu cpua u
KpBHUX cyzaoBa) [7], VYarpauuct pacTBOp 3a [aujanu3y IOTUTH OJl pasBoja
MUKpoUH(]IIaMaIje, cMamyje omaaame pe3uayalHe peHanHe (QyHkuuje OyOpera,

omoryhaBa 00JbU HYTPUTHUBHH CTaTyC OOJeCHUKA, TOBehaBa OCETJHUBOCT EPUTPOLIUTHE



J03€ Ha [IeJCTBO EPUTPOIOETHHA, CMamyje KapAHUOBACKYJIApHU MOPOUIUTET U

MOPTAJIUTET OOJIECHUKA KOJH CE Jieue Jujaau3oM [7].

2.3. Xemoaujauarpannja

XemoaujadunTpanrja je MeToja Jederma 3a 3amMeHy (yHkiuje OyOpera, a y
3HATHO] MEpH TMONPaBJba MUCXO]l Jieuerha O0JIECHUKA Y 3aBPITHOM CTAIUjyMy XpOHHYHE
Ooonectu  OyOpera. IlpeBanenmuja  OonecHuka  Koju ce  Jede  on-line
xemoaujadunTpanujoM y cragHoMm je mopacty (20%), Xemomujaduiarpanuja
MpeAcTaB/ba MOJAIUTET BaHTEJECHE Tepanuje 3a 3aMeHy (QyHKuuje OyOpera, Koja
KoMOuHyje nudy3ujy U koHBekuujy. KomOnHoBameM Audys3uje 1 KOHBEKLH]E, Y TOKY
TpeTMaHa XxemoaujaduiaTpanuje, Kpo3 cemurnepmeadunny high-flux gujanuzny
MeMOpaHy YKJIamajy ce CYICTaHLMje Maje M Cpelme MoJeKylcke mace (0osbe ce

yKJIamajy CylcTaHIje cpeme MoJieKyicke mace) [8-10].

[Ipumemyjy ce BUCOKOIIPOTOUHE CeMHUIepMeaduiIHe qujain3He MeMOpaHe, YHju
je kxoedunujent yarpapunarpauuje Behu onx 20 mi/h/mmHg/m? (xoedurujeHt

npocejaBama, sieving coefficient, 3a f2-mukpornoOynus Behu je ox 0.60) [8-10].

2.3.1. OcHOBHM MPUHIMIIU

JIBa ocHOBHa mpuHIUNA xeMoaujaduinTpanuje jecy audys3uja U KOHBEKIIH]a.
VYpemujcku OTpOBHU MaJie U CPEIhe MOJICKYJICKE Mace YKIIamkajy Ce OBUM IporecuMma. [8-
16]. Y 3aBucHOCTH 011 MecTa HH(DY3Hje pacTBOpaA 3a CYNICTUTYIIH]Y, XeMOIujapuiaTpaimja
MOKe OMTH MpeauyliMoHa (apTepHjcka JIMHUja) U MOCTAUIYIIMOHA (BEHCKA JIMHU]A).
Kon moctounyuunone xemoaujaduirpainuje pacTBOp 3a CYICTUTYIM]E YKJbydyje ce
nocie ¢Gunrepa. Iloctnunymumona xemoaujaduinrpanuja edukacHuja je oA
NpeITyIIHOHe XeMoaujaduiITpalyje, a TIaBHH HEHU MOTCHIUjaIHA HEAOCTAIH CY:
XEMOKOHIICHTPAIIH]ja ¥ TAJIOKEH-E MMPOTEHHA TIa3Me Ha TOBPIINHY TUjaTn3He MeMOpaHe

(3auernsbeme mopa MeMOpaHe, OKITyANpamke KalujapHuX BiIaKkaHa aujanu3atopa) [8-16],



To moxe na nomexe Ao nmoBehawma TpancMeMOpanckor nputucka (TMP), cmamenor
KJIMpeHca CyICTaHIM]je ¥ OCIeNYHEe Koaryaluje y BaHTeIeCHO] IUPKYIauju. JaunHa
ynrpaduirpanuje (KoHBeKIHje) 3aBucu o ¢pakmuje ¢unrpanuje - FF (enrn. Fraction
Filtration). ®pakuuja puntpamnuje AeHUHAIIE C€ KA0 OJHOC jaunHe yaTpadriTpanuje u
jauyrdHE TPOTOKa IUIa3Me, OJHOCHO oAHOoC jaunHe yiarpaduarpanuje (Quf) m jaumne
npotoka KpBu (Qb). 3aBucu 01 XeMaTOKpUTa U KOHIICHTpallMje MPOTEUHA Y CEpyMy
6onecnuka, u Tpeda na uznocu 20% - 25%. Bpeanoctu koje cy Behe o1 30% ykasyjy Ha
pusuk onx mnoBehaHor ryOuTka anOymuHa U Koaryjhanuje ¢uiurepa [8-16],
XeMOKOHIIEHTpaIlfja MOBEe3aHa C MOCTAMIYLIMOHOM XEMOAWjapuiITpalnjoM MOXKE ce
CIOpeuuTd HUH(QY3UjOM pacTBOpa 3a CYNCTUTYLUW]y npe Quirepa (IpeautylnuoHa
xemoaujaduntpamnuja). Kon npenunynuone xemoaujapuirpaiuje, 300r BUCOKE CTOME
ynrpaduiTpanuje, cMameHa je edukacHocT audys3vje U KOHBEKIHje (CMameH je

KJIMPEHC CyICTaHIMja / ypeMH]CKUX TOKcHHA) [8-16],

VY KIMHUYKO] TpaKcu, HIMPOM CBETa, CaBeTyje C€ MNOCTIWIyLHOHa on-line
xemoaujaduntpanuja. OHa ePuUKacHO yKIIakha YPEMHU]CKE TOKCHUHE CPEIIEhE€ MOJIEKYJICKE
Mmace. EdukacHocT 3aBucH 01 jaunHe mpoToka KpBu - Qb (Qb > 350 ml/min), moy3nanor
BACKyJIAPHOT MPHUCTYTIA 32 XEMOIUjalin3y (apTepruo-BeHCKa (UCTYIa C TPOTOKOM KPBH -

Qavf > 600 ml/min) u kapakTepucTuKa nujanuzaropa, Tademna 2 [8-16],



Taoena

2. IlpemopyuyeHe  KapakTepucTUKe  Ajanu3aropa 3a  on-line

XxemMoaujaduaATparujy

P. 6p. [Tpenopy4eHe kKapaKTEPUCTHKE THjaTU3aTOPA

1. Bucok koeduumjent ynrpadurrpauuje — Kuf > 40 ml/h/mmHg/m*

2. Koeduumjent npocejaBama 3a [3,-muxporiodymus > 0.60

3. Koedummjent npocejaBama 3a andoymun < 0.001

4. I'yourak anbymuna < 4.0 g no jenHoj cecuju on-line HDF

5. I'ycruna xanunapa > 11.000 omoryhasa npotok aujanuzata Qd = 400—-500 ml/min

6. VYHyTpamsy qujaMerap Kamwiapa amjanusatopa < 200 pm

7 On-line HDF noctmunyunjy orpannuanajy: Qb, Bucok Het, FF~30%, ynytpammsu
] amjamerap Kammaapa > 200 um, mputucak npe ¢puarepa 700 mmHg

8. Crepunnzannja 0e3 eTHIeH-0KCHaa

9 Jlo6pa GuokomnaTuOMIHOCT, M30eraBatu TOKCH4He cyncranuyje: bisphenol A

(BPA)

Qb — jagmna npotoka kpBu, Qd — jaunHa MPOTOKA AMjaaN3aTa

VY dakTope KOju yTHUy Ha KOHBEKIH]y (KOHBEKTHBHM TPAHCIOPT) cHaaajy:

YUHUOLIU KOJU CY y IUPKTHO) BE3M ca KIMHUYKUM KapaKTepUCTHKaMa U MPernopyuyeHuM

napamMeTpuMa, Kao U TEXHUYKH YUHHOLIU caMe MaruHe. [larujeHT Kkojuma je HeomxoHo

Jedehe XeMoAnjapuITpalrjoM , HEOIIXOAHO je Aa UMajy jaulHy KpBHOT MpoToKa Behy

011350-400 , onHocHO npoTok KpBU Kpo3 AB® koju je Behu ox 500-600 ml y Toky jeaHor

MUHYTa [8-16].

2.3.2. OnTnMu3anyja KOHBEKTHBHOT BOJIyMEHa

EdextuBan kKOHBeKTMBHU BoilyMeH (Vconv) jecTe yKymHH BOJIYMEH KOjU Ce

¢unTpupa y TOKy TpeTMaHa, ykJbydyjyhu u Heto ynrpadunrtpanujy (CTBapHH ryOHTaK

TEYHOCTH W3 OpraHm3Ma OOJECHHKAa y TOKy TpeTMaHa xemoaujapunrpamnuje). OH




Npe/iCTaB/ba MPOU3BOJ jadyMHE KOHBEKTHUBHOI MpoToka (Qconv) u ayxuHE Tpajama
cecuje on-line xemoaujaduntparmje (T): Veconv = Qconv x T. JaunHa KOHBEKTUBHOT
npotoka (Qconv) mpeAcTaBiba jaunHy yKymnHe yatpaduntpaiuje (Quf), omHocHO 30up
jaurHe TpoToKa pacTBopa 3a cymnctutyuujy (Qs) m Hero ynrpaduntparuje (Qnuf):
Qconv = Quf = Qs + Qnuf [8-16].

Haj3nayajuuju ¢akTopu KOju yTHYYy Ha OCTBapHBAamkE¢ BHUCOKOT KOHBEKTHBHOT
BOJIYMEHA jecy: THI BaCcKYyJIApHOT MPHUCTYIIA, UTJIEC 3a XeMoaujaduaTparujy, Gpaxiuja
dbunTpamyje, peuupkKyianuja, TAMN Ujadu3atopa U BpcTa aHTukoaryianuje. [{usbHu
KOHBEKTHBHU BOJyMEH Tpeba Jla u3HocHu - Veonv > 24 nutapa no cecuju (ocTBapyje ce
camo kox 22%  OonecHMKa KOJU c€ Jiede  NOCTAWIYLHOHOM  on-line
xemoaujaduntpamujom) [8-16], Bucoka jaunna nmportoka kpBu (Qb) kpyuujanna je 3a
OCTBapUBame BUCOKOT KOHBEKTHBHOT BosiyMeHa (Vconv). Jaunna mpotoka kpBu (Qb)
3aBHCH O] MPOTOKA KPBU KPO3 BACKYJIAPHU MPUCTYII U TUjaMETpa apTePHjCKEe U BEHCKE
UTJIe KOje ce KOPUCTE 3a MyHKIH]y BaCKyJIapHOT MPHUCTyNa. bonecHum ¢ neHTpaTHuM
BEHCKHM KaTeTepOM HHUCY IMOTOJHH 3a MOCTAWIYIMOHY on-line xemoaujaduntpanujy
300r OrpaHMYEHE JayMHE MPOTOKa KpBH (HUje Moryhe ocTBapuTh mpoTOK KpBU - Qb >
250 ml/min). Kox GonecHuka ¢ 100puM BacKyJIapHUM MPUCTYNIOM U poTokoMm Qavf >
600 ml/min xopucte ce urne Benuunde 15G (qujamerap 1.8 mm). Te urne 06e30ehyjy
poTok kpBU - Qb = 350-450 ml/min [7-16]. ®pakuuja punrpanuje (FF) npeacrasba
OJIHOC jaunMHe KOHBEKTHBHOr mpoToka (Qconv) m mportoka kpBu (Qb): FF (%) =
(Qconv/Qb) x 100, ogrocHO FF(%) = [(Qs + Qnuf)/Qb] x 100, rae cy: Qconv - jaunHa
yKynHe yiarpaduiaTpalyje, OJJHOCHO KOHBEKTUBHOT MPOTOKa, a Qb - jaunmHa mpoOTOKa
kpBu. [Ipenopyuyena nmbpHa paknuja Gunrpamnuje Tpeda na uznocu - FF = 20%-25%
[7-16]. Online xemoaujaduntpaiuja 006aBba ce ¢ BACOKOPOTOYHUM MeMOpaHaMa Koje
umajy koedunujent ynrpaduarpanuje - Kuf > 20 ml/h/mmHg/m . Ha xoHBekTUBHH
TPAHCTIIOPT MOTY Ja YyTU4y MOBpIIMHA MEMOpaHe, lheHa 1e0JbrHa, BETMYMHA U TYCTHHA
BEHUX Topa (yTudy Ha KoeuuMjeHT mpocejaBama / sieving coefficient), matepujan

MeMOpaHe, Ay»XKHHA U AMjaMeTap Kanuiapa adjainusaTtopa [8-14].

3a ontumumsanujy Qpakuuje ¢unrpanuje Tpeda KOpUCTHUTH (uiaTepe cC
Ivjanu3HuM MeMmOpanama noBpmuHe Behe ox 2.0 m? (= 2.0 m ), IpOIEHUTH CTaTycC
KoaryJlalgje M ONTHMHU30BaTH BaHTEIECHY aHTHKOAryJjaiujy, a Koj OOJeCHHKa C

xematokputoM > 0.35 (Hct > 0.35) tpeba xopuroBatu n03y epuTpornoetruna [8-16].
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Hajuenthe kopumhenu aujanuzatopu 3a xemoaujadunrpamujy jecy: Polyflux 210H
(moBpmmaa 2.1 m? , Kuf = 85 ml/mmHg/h), FxCordiax 1000 (mopmuna 2.3 m? ,
koeumujent ynrpadumarpanuje - Kuf = 76 ml/mmHg/h) [8-16], IIpeBeHupame
TpoMOO3€ BaHTEJECHE NMpKyJanuje ydyuHuhe aHTHUKoarymamuja. XemapuH KOju je
HEPPAKIIMOHNCAHU TIPUMEY] € C€ Ka0 MHTPABEHCKHU OOJIyC Ha MOYETKY, a MPOIyXKaBa

C€ KOHTUHYHPAHOM MpUMEHOM [8-16].

2.4 YPEMUJCKHU TOKCUHH

[locnenmux elieHrja caMa TEXHOJIOTH]a JUjalu3e je HampeaoBaia u oMoryhumna
MOBOJFHUJH UCXO]T O0JIECHUKA KOJU C€ Jieue peloBHUM Xxemoaujanuzama [17]. lanac cy
Ha pacrojiaralby HOBE MEMOpaHE KOje MMajy BHUCOK KIHUPEHC YPEMHJCKHUX TOKCHHA

cpeame MoJIeKyicke mace [17].

2.4.1. Knacupukanuja ypeMujcKuX TOKCHHA

OU3NIKO-XEMHU]JCKE KapaKTEPUCTUKE U PACTBOPJHUBOCTH y BOJM, oMoryhamajy
MOJIeTy YPEMH]CKUX TOKCHHA Y TPH IPYIe: YPEMH]CKHU TOKCUHU MaJie MOJIEKYJICKE Mace
pactBopsbuBH y Boau (MW < 500 Da), ypeMujcku TOKCHHH KOjH C€ Be3yjy 3a MPOTEUHE
mia3Me y BUCOKOM MpoueHTy (> 90%, yrimaBHOM cy Maje MOJIEKYJICKE Mace) U

YPEMHU]jCKU TOKCHHH Cpeihe MoJieKyicke mace (> 500 Da), tabena 3 [17-19].

Ta6esa 3. Kinace ypeMHjCcKux TOKCUHA

Kraca Monexyina Monekyicka maca [TporoTun MW npororuna

Manu ToxkcuHu

pPacTBOPJEHMBY Y BOAU <>00Da ypea 60

ToxcuHU Be3aHU 3a YIJIaBHOM Indoxyl sulfate 2132
IPOTENHE IIa3Me <500 Da
Tokcunu cpeame > 500 Da f2-microglobulin 11.818

MOJIEKYJICKE Mace
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Ypemujcku TOKCHHU KOJU C€ BE3yjy 3a MPOTEHHE IJIa3Me jecy XeTeporeHa rpymna
MaJIMX CyNCTaHIIMja, KOje ce Y BUCOKOM MpoueHTy (> 90%) Be3yjy 3a mpoTeHHE Iia3Me
U TEIIKO C€ YKJIamka]y KOHBEHIIMOHAITHOM XEMOIUjaIn30M (YKJIamajy ce y KOIUYUHH Of]
ok0 30%) [17-19]. Tpu Haj3HauYajHU]a ypeMHU]jcKa TOKCHHA KOja c€ Y BUCOKOM IPOIICHTY
Be3yjy 3a IMpOTEHWHE IUIa3Me, ca acleKkTa aTepOCKICPOTCKUX KapIUOBACKYJIapHUX
6onectu jecy: p-cresyl sulfate, indoxyl sulfate m xomonucrenn [17-20]. Indoxyl sulfate
WHIYKyje OKCHJIAIlMOHU cTpec, mnopemeha] QyHKIMje eHmoTena, BacKyJIapHy
uH(pIaManujy u KaauduKanujy 1 ITpeIuKTop j€ HEMOBOJLHOT UCX0/1a O0JECHUKA KOJU

ce Jiede peJOBHOM XeMoidjanu3om, cxema 1 [20].

Cxema 1. YTunaj indoxy sulfate Ha pa3Boj arepockiepose

| XponuyHa Oonect OyOpera

\ JGF
Indoxyl sulfate XpoHnvHa nHpIaAMaNHja:
IL-1B, IL-6, TNF-o.
\ 4 A 4
T NAD(P)H oxidase T NFkB, T INK,
{ Glutathione TERK 1%, T p38
v A 4
ROS T anxesnonn Monmexymi
Reactive oxygen species

A\ 4

Enporenna aucdynkuuja
Bbrokupame nponudepannje

v

ATEPOCKIJIEPO3A

v

Kapaunosackymnapue 6onectu
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2.4.2. MemOpaHe 3a XeMOAUjaJIN3y U YPEMHjCKHA TOKCUHH

[Tocnenmux neneHrja ce je Behe HHTepecoBamkE 32 YPEMH)CKEe TOKCUHE CPEhe
Mousiekysicke mace [21, 22]. HoBe memOpaHe 3a XeMOJWjalu3y YKIamajy ypEeMHjCKe
TOKCHHE TIpoliecuMa audysuje, yarpaduiarpamnuje (KOHBeKHje) u ancoprmuje [21, 22].
Pa3Boj HaHoTexHOMOTH]e oMoryhHo je u3paay MeMOpaHa 3a XeMOIUjalIu3y Koje uMajy
CIIOCOOHOCT Jla YKJIamkajy YPEeMHjCKe TOKCHUHE CPehe MOJIEKYJICKE Mace, Kao MITO CY:
MCO membpane (enri. Middle Cut-Off) u HCO mem6pane (enri. High Cutt-Off) [21,
22].

MemMOpane 3a XxeMoIijaliu3y UMajy HEHTPATHY yJIOTY y MPOIECy XeMOIUjaIu3e U
xemoaujaduntpanmje. 3a NpoUeHy €(PUKACHOCTH ujalu3HEe MeMOpaHe KOPUCTH ce
koedurmjenT maceHor mpenHoca - KoA. OH mpeacTaBiba mpou3BOj KoehHUIIUjeHTa
npeHoca (Ko) u moBpmmne memOpane (A) [21, 22]. KoA memOpaHe 3a XeMOIujaau3y
3aBUCH O] TycTuHE (AucTpuOyiuje) u BeauuumHe mopa. Y 3aBucHOCTH o1 KoA
nujanuzaTopu Mory outu HuckoepukacHu (KoA < 300), ymepeno edpukacuu (KoA =
300-600) u Bucokoedukacuu (KoA > 600-700) [21, 22]. VarpaduarpaiuoHu KanauTeT
nujanuzaTopa (06e36elhyje KiMpeHe ypeMHjCKUX TOKCHHA CPEIHE U BETMKE MOJIEKYJICKE
Mace) KBaHTHU(PHUKYje ce Ha OCHOBY Koedumujenta ynartpaduntpanuje - Kuf. VY
3aBUCHOCTH 0] Koeduiujenta ynrpaduinrpanuje, aujanusaropu cy: low-flux (Kuf < 10
ml/h x mmHg) u high-flux (Kuf > 20 ml/h x mmHg) [21, 22]. 3a on-line
xemMoaujaduaTpajy KopucTe ce BucokomporodHe high- flux cemumnepmeabuiaHe
nujanu3He MmemOpane. 3a ontumuzanujy dpakuuje unrpanuje (FF), y Toky ceance on-
line xemonujaduntpanuje Tpeba KOpUCTUTH (untepe ¢ MeMOpaHama MOBpIIUHE >
2.0m?. 3a ontumanny on-line xemoaujadunTpalrjy ¥ OCTBAPUBAKHE ONTUMAHE CTOIE
KOHBEKTHBHOT TPOTOKa, mpernopyuyje ce ¢pakuuja uarpamuje - FF = 20%-25%
(majBumre 1o 30%) [21, 22]. IIporounocT aujanuszatopa peneduHrcana je Ha OCHOBY
KIupeHca Oera-2-mukpornodynuHa. Hucka mpoToyHocT neduHHIIE ce Kao KIUPEHC
Oera-2- MukporinoOyianHa Mama oa 10 ml/min, cpeamu ¢iayke Kao KiupeHc Oera-2-
mukpornoOynuHa 10-20 ml/min u Bucoku aykc kao KiupeHc 6era-2-MUKporiooyinmHa
Behu ox 20 ml/min [21, 22]. Bucokonpotounu (high-flux) aujanuzatopu umajy sieving
coefficient (koedpunujeHt mnpocejaBama) Oeta-2-mukporiaodynuna > 0.60 u mory

YKJIalkhaTH YPEMHU]JCKE TOKCHHE cpeibe Mosiekyscke Mace 10-50 kDa [21, 22].
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Ha ocHoBy kimpeHca OeTa-2-MHKPOIJIOOYJMHA PA3IMKyjeMO IeT THUIIOBa
MeMOpaHna 3a aujanusy. Kox tuma 1, kiaupeHc Oera-2-MukporinoOynnHa usHocu 10
ml/min, kox timna 2 10-30 ml/min, xox tuna 3 30-50 ml/min, xox tuna 4 50-70 ml/min,
a kox tuma 5 > 70 ml/min. I'ogune 2016. npomemeHa je knacudukamnmja MmemOpana, a
HOBA j€ YKJbyUHJa sieving KoeHIMjeHT 3a al0yMUH, TaKo Ja Ce paslIUKyjy JiBa THIMa
MeMOpaHa y 3aBUCHOCTH OJ1 KJIMpeHca O6eta-2-mukporinodynuna. Konx tuna 1 knupenc je
Mamu o7 70 ml/min, a kox Tuna 2 KIUpeHc Oera-2-MukporinolymuHa je > 70 ml/min.
Kop cBakor tuma pa3inukyjeMo JBa MOJTUIIA Y 3aBUCHOCTH 07 sieving KoeduiirjeHTa 3a
anoymun. Kox moaruna 1 sieving xoedunujeHT 3a andymun mamwu je ox 0.04, a xox
noaTumna 2 sieving koe@uiyjent 3a anoymus je > 0.04 [21-25].

Memb6pane Bucokux neppopmancu - HPM (enrin. High Performance Membranes)
jecy MeMmMOpaHe KOje MMajy BHCOK CTENEeH OMOKOMIATUOUIHOCTH, Behe mope Hero
KOHBEHI[MOHAITHE MeMOpaHe 32 XeMOIhjaliu3y, BUCOK KIIMPEHC OeTa-2-MUKPOTI00yInHa
1 Behu cTemeH aJcopIiiyje HEero KOHBEHIIMOHAIHE MEeMOpaHe 3a xemMoaujanusy [25].
Benuunna nopa koq HPM memOpana TpebGa na omoryhu jaunHy ryOuTka anOymuHa
Mawy o7 3.0 g o cecuju, ¢ npotokoM KpBu-Qb o1 200 ml/min 1 npoTOKOM Iujanu3aTta
Qd ox 500 ml/min [25].

MCO memb6pane cnanajy y HPM memOpane. Y nocnenmsoj AeleHN]U pa3BHjeHa
je HoBa kiaca memOpana, MCO membOpane: celulose triacetate-based FH 70/150 (Nipro),
polysulphone-based APS-1050 (Asahi), PMMA-based BK-F/BG 2.1 (Toray) u Helixone
polysulphone based FX-E (Fresenius Medical Care). MCO xemoaujanusa (SHIIL.
Medium Cut-Off hemodialysis) o3nauaBa ce jour u kao npomupeHa xemoaunjanusa - EH
(enrn. Expanded Haemodialysis). Ona yknama ypemujcke TOKOTHe monekyncke mace
Mame < 65 kDa, ka0 mTO Cy: IUTOKHUHHU, CIOOOJHM JIaKH JIAHIIM MOHOKIJIOHCKHUX
UMYHOIJIOOynMHAa W MuorjaoOuH, Tabema 2 [21-26]. On-line xemoaujadunrparuja
00e30¢ehyje KIMpeHe ypeMHjCKHX TOKCHHA MOJIEKYJICKe Mace Hajuie 1o 25 kDa, mok
caBpeMene, HoBe medium cut-off MemOpane nmajy MHOTO BehH moTeHIIH]jal Aa ePUKACHO
YKJIambajy YPEeMHjCKe TOKCHHE MoJieKyscke mace 25-50 kDa, ¢ orpaHn4eHuM ryOUTKOM
anoymuHa (< 3.0 g / mo cecuju nujanuse) [21-26]. Hajpehu xoeduiujeHT mpocejaBama
(SC) 3a anbymun (enrn. Sieving Coeficient) umajy HCO mem6pane (SC = 0.20), xox
high-flux mem6pana SC 3a an6ymun usnocu 0.01, a kom MCO mem6Opana SC uzHocu
0.008.
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Ypemujcku TOKCUHU KOjU C€ Y BUCOKOM MPOIEHTY Be3yjy 3a MPOTEHHE Iia3Me
(indoxyl sulfate, p-cresol, p-cresulfate, p-cresylglucuronide, phenylacetic acid) Hajoosbe
ce yKJIamajy MeMOpaHama Koje uMajy crmocooHocT aacopriuje (PMMA memOpane) [21-
26]. Pesynratu mocaganimux HCIUTHBaka okazyjy 1a MCO memOpane Tpeba aa Oymy

CTaHJap/ Jeuema O0JIECHUKA PEAOBHUM XeMoaujanu3ama [21-26].

MewMm6pane ¢ BemukuM mopama - HCO (enrn. High Cut-Off), npumapno ce
KOpUCTE 3a aKyTHO oiuteheme OyOpera y3poKOBaHO CIOOOJHHM JIAKUM JIaHIIUMa
MOHOKJIOHCKUX uMyHornoOynuHa (kFLC-22.5 kDa, AFLC-45 kDa), kao u 3a aKyTHO
omreheme OyOpera y3pokoBaHO cercoM. MelhyTum, y TOKYy ceaHCe XeMOJujaliu3e ca
OBUM MeMOpaHaMa ry0u ce Benuka KoinuurHa andymuna (9.0-23 rpama no Tpetmany) u

300r Tora ce HEe MPUMEY]Y 3a JieueHmhe O0JIECHUKA PEOBHUM Xemoaujainzama [21-26].

2.4.3. KnuHMYKe KOMIUIMKALMje YPeMHjCKHX TOKCHHA

['maBHEe ayropouHe KOMIUIMKAIIM]E Je4Yerha PEJOBHUM XEMOJujalin3ama Jecy:
noBehaH OKCHAAMOHM CTpPEC W  pa3BOj aTepoCKiepo3e  (aTepOCKIEPOTCKE
KapJIMoBacKyJiapHe 00JieCTH), Ka0 U PE3UCTEHIIM]ja Ha JIeJCTBO €PUTPOMOETHHA, [2-

MUKPOTI00YJIUH amuiono3a [21-26].

2.5. OxkcuIanMoOHM CTpeC

C o03upom n1a kapauoBacKyjJapHe O0JECTH MpeAcTaBibajy Boaehu y3pok cMpTu
OoyiecHUKa KOjU Cy Ha XEMOJHjau3d, KOJ OBHX OOJIECHHKA j€ BHCOKAa MpeBaJICHINja
TPAIUIMOHAIHUX W HETPAAMLIMOHANHUX (akTopa pusuka. OKCHIAIMOHU CTpec je

HETPaJAULIMOHATHY (PaKTOp PU3MKA 32 HACTAaHAK KapIUOBaCKyIapHUX 000sbema [27].

25



2.5.1. OkcuganmuoHu cTpec: Naropu3noJI0M KA MeXaHU3MHU

Oxkcunanmonu ctpec aeduuuine ce kao omreheme TKUBa OpraHa Koje HacTaje
30or mopemehaja paBHOTexke u3Mel)y cTBapama CIO0OMHMX paaukada U (QyHKIH]jE
aHTHOKcHUIannoHux cuctema [28]. CnoboaHu pagukan je CBaKM aTOM HIJIM MOJICKYII C
JEeTHUM WJTK BUIIIE HECTIAPEHUX eNleKTpoHa. [IpoliecnMa okcuaaiuje mpoTenHa, yribeHUX
XUaapara, JUMUIa U HYKICHHCKUX KHCeTHWHA Y3pOKyjy omrteheme rpahe u QpyHKIH]je
hennja TkuBa oprana [28], CinoOoaHM paaukKadd KHCEOHHMKA CTBapajy ce y
NOJMMOP(OHYKIIEapHUM JIEyKOUMTUMA 1oj JAejcTBoM okcupaze NDPH  (enrm.
Nicotineamide Adenine Dinucleotide Phosphate oxidase), koja MoyieKyJapHH KHUCEHHK
npeTBapa y cymnepokcuaHu aHjoH [28], CymepokCHIHU aHjOH Cc€ TOJA JI€JCTBOM
cynepokcup auzmytase (SOD) mpetBapa y Bogonuk- nepokcun (H202). Cynepokcuanu
aHJOH U BOJOHUK IIEPOKCHJ Cy MPEKypcOpu 3a CTBapame jJauux OKCHJIaHaca.
Cynepokcuanu anjoH (O27) pearyje ca okcuom azota (NO) 1 TOM IPUITMKOM C€ CTBapajy
TOKCUYHH MIPOIYKTH a30Ta, Kao MTO je nepoKCHHUTPUT (ONOQO") (HUTpO3aTUBHH CTPEC)
[28]. Bomonuk-nepokcun (H202) pearyje ¢ murpanenynapaum reoxhem (Fe?) u tom
MPWINKOM HacTaje xuapokcui panukan (OHY), a peakuuja je mo3Hara moj Ha3MBOM
Fenton-oBa peakuuja (kiacuunu okcuaanuonu crpec) [28]. YV okBupy Haber- Weiss-oBe
peakije, MHTEepakifjoM u3Mely CynmepoKCHIHOT aHjOHA U BOJOHHUK-TIEPOKCHIa TaKohe
ce ctBapa xuapokcwn paaukan (OHY). Tlom nejctBoM — Mujenonepokcumase
nonuMopdunykieapaux neykorura (MPO), BogoHUK-TIEPOKCH]T c€ Y TIPUCYCTBY jOHA
xsopa (CI) mpetBapa y xunoxiopny kucenuny (HOCI"). XunoxjgopHa KUCEeIHA MOXKE
pearoBatu ¢ eHporeHnMm amuHuma (R-NH2), mpu uemy nactajy xnopamuau (RNH-CI)
(xnopoanu ctpec) [28]. [IpupoaHr aHTHOKCHIAIIMOHN CHCTEM CaCTOjU CE O] EH3UMa U
HeeH3uMckor cucteMa. Cyrepokcun ausmyrtaza (SOD) je mpencTaBHUK MpBE JIMHU]E
aHTUOKCHJIAIIMOHOT cucTeMa. OHa yOp3aBa CTEIeH JU3MYTallije CYIIePOKCHIHOT aHjOHa
y BonoHuk-nepokcua. Karanaza (CAT) nperBapa BOJOHUK-IIEPOKCH]T y BOIY, a TO HCTO
paau u raytatuoH nepokcuaasa (GSH-Px), anmm y mpucycTBy riyTaTHOHA, JaBaoua
BojioHMKa [28]. V HeeH3uMcKe uyucTade cI000AHHMX paJuKalia KHUCEOHUKA CIalajy:

ButamuH C, Butamud E, N-anernnmucrens, koensum Q10 [28].
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2.5.2. OKCHIAIIMOHHU CTPEC MHAYKOBAH XeMO/IHjaJIH30M

[TanMjeHTH ca KpajlbuM CTEIEHOM XpOHHUYHE OosiecTn OyOpera, a y 4djeM ce
JeUelhy CHPOBOAM XEMOJAMjaln3a, CIO0OIHU paauKald KHCEOHHWKa IMoBehaHo ce
cTBapajy 300r TpooKcHAaMoHMX (akTopa (0JMaKjiIe TOAWMHE CTApOCTH, aujaberec
MEJIUTYC, XPOHUYHH WH(IAMAaTOPHU CTaTyC, YPEMHUJCKH MUJbE, OMOMHKOMIIATHOMIIHA
Ijaii3Ha MeMOpaHa, TPUCYCTBO CHIOTOKCHHA y PAacTBOPY 3a XEMOAMjalu3y) H
CMamEeHE aKTUBHOCTH AaHTHOKCHIAIIMOHMX MeXaHu3ama (HemoctaTak BuTamuHa C o

ceJieHa, HeJlocTaTak BUTaMuHa E, cMambeHa akTUBHOCT CUCTEMa IiTyTatuoHa) [28, 29].

Xemoayjanu3a je cama Mo ceOu OKkuaad 3a moBehaHO cCTBapame CIOOIHHX
panukana KuceoHuka. /[Ba riaBHa matodusnonomka Mexann3ma nosehaHor crBapama
CIO0OJHUX  paJuMKala KHCEOHMKa Yy TOKY CEaHCe XEMOAMjallu3e  Jecy:
OMOMHKOMIATUOMITHOCT JUjaliu3He MEMOpPAHE U MIPUCYCTBO €HJAOTOKCHHA Y PaCTBOPY 3a

xemoaujanusy, cxema 2 [28, 29],

Cxema 2. Y3polu OKCUIAIIMOHOT CTpeca KOJI yPeMUjCKUX 00JIeCHUKa

YpeMujcKu TOKCUHU
y TIa3MHU

T XOMOLIMCTEWH T AGE
T oxLLDL

\ 4

T Carbonyl stress

v v v

OKCHUJALIMOHU
CTPEC

?

T ROS
CrnobomHu paaukaiu

f

T akTnBHOCT
noauMopdoHykiIeapaux hemmja

?

BruonHKOMIIaTHOMIITHOCT
Iujanuse

v

CMameHa akTUBHOCT 3allITUTHUX
AHTHOKCHUJALIMOHUX ME€XaHU3aMa

27



Kana kpB OosiecHuka nohe y momup ca CHCTEMOM 3a XEMOIHjalIn3y aKTHBHPAjy Ce
CHUCTEM KOMIUIEMEHTAa U Koaryjandje KpBH, TPOMOOIIUTH, MOHOHYKJIEapHE |
nosmmMopdoHykiieapHe hennje MMYHCKOT CHCTeMa, a MOTY C€ JaBUTH M PEaKIHje
npeocetsbuBocTH [30], Y TOKy ceaHce XeMoanjau3e, 300T TUPEKTHOT KOHTAKTa KPBU U
MOBpIIMHE MeMOpaHe 3a XeMOAWjalim3y JIoJIa3H JI0 JWPEKTHE aKTHUBalldje
noIMMop(OHYKIIeapHUX JICYKOILIUTA, KOjU 300T akTUBHpaHe Mujenonepokcuaaze (MPO)
1ojayaHo CTBapajy cinoOoaHe pamukaie kuceoHwka [30]. Mepeme KOHIIGHTpaluje
MUJEJIONEPOKCUIa3e y cepymy, ociiobohene wu3 HeyTpoduia y TOKYy CeaHCe
XEMO/THjaTn3e, MoKa3aTeb j€ TeKUHE OKCHIAIMOHOT CTPeca MHIYKOBAHOT KOpHUIThemeM

MeMOpaHa 3a XeMOIUjaliu3y Pa3IMUUTOr cTeneHa OnoHukoMmnatTuouianoctu [30].

Enporokcuuu u apyru mpoaykTH OakTepuja, mpolecuMa MoBpaTHe AUdy3uje U
dbunTpaimje npengaze U3 pacTBopa 3a IUjaiusy, IPeKo Aujadnu3He MeMOpaHe (BelInyrnHa
nmopa Ha MeMOpaHU 3a AHjain3y, CIIOCOOHOCT MeMOpaHe aa aacopOyje eHIOTOKCHHE,
nebsbruHa MeMOpaHe), y KpB OoOJIeCHHKa U aKTUBUpaJy MOHOHYKJI€apHE U
nonumopdonykneapue henuje [31]. AxtuBupane henuje mnojayaHo cTBapajy u
ocyiobahajy coboiHe pauKaie KUCCOHUKA U TIPO3anabeHCKe IUTOKUHE (MHTEPJICYKUH-
1, unrepneykun-6, paxrop Tymopcke Hekpo3e - TNFa), a cBe To 3a mocienuny uma
pa3BOj OKCHUJIAIIMOHOT CTpeca, MukpouHpaamamuje u yop3ane arepockiepose [31].
Yarpauuct pacTBop 3a qujanu3ly AedUHUIIE ce Kao pacTBOp y KoMe je Opoj KOJIoHH]a
oaktepuja < 0.1 CFU/ml, a xonnentpanuja engorokcuna - E < 0.03 EU/ml. On ce
kopuctu 3a high-flux xemonujanuzy u xemoaujaduirpanujy. YITpauucT pacTBop 3a
Ujanu3y CIpedaBa pa3BOj OKCHUIAIMOHOT CcTpeca, MUKpouHGIamalyje, ycropasa
omajiamke pe3uayanHe peHanHe (QyHkiuje OyOpera, morpaBiba HYTPUTHBHU CTaTyC
OornecHrKa, MmoBehaBa OCETJHMBOCT EPUTPOIIMTHE JI03€ HA JIEJCTBO EPUTPOIIOETHHA,
CMamyje KapIHOBACKyJapHU MOPOUIAUTET M MOPTAIUTET MalljeHaTa KOju Y CBOM

Jeuey MMajy KOHCTaHTHY nujanusy [31].

Kana roBopuMo o manmjeHTHMa ca peJOBHOM XEMOJHUjalIH30M Ty je CMambeHa
aKTUBHOCT CH3UMCKHX M HEEH3MMCKHUX AaHTHOKCHAANMOHMX cucreMa. CMameHa
aKTUBHOCT AHTHOKCHUJAIIMOHMX €H3MMa (CYNMEepoKCH7I JW3MyTas3a, TIIyTaTHOH
IepoKcHas3a) HacTaje 300 cMameHe KOHIICHTpallMje eJeMeHaTa y Tpary, Kao IITo Cy

ceneH, Oakap v uHK. KoHIIeHTpanyja enemMeHaTa y Tpary je cMameHa 300T HeJIOBOJbHOT
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yHOIlICWHa, anu W mnoBehaHor ryOowTka y TOKy ceaHce xemoaujanusze [32]. 36or
Hemoctatka BuTamuHa C W BuTamMuHa E cMameH je KamanuTreT HECH3MMCKHX

AHTHOKCHUJAIIMOHUX cucTema 3amtuTe [32, 33].

2.5.3. Kiilunnuke nocjieaunie OKCHAANNOHOT cTpeca

VY rnaBHe KIMHUYKE TOCIEUIIe OKCUIAIMOHOT CTpeca Crajajy pa3Boj v yop3ame
mpoiieca aTepoCKIepo3e, Pa3Boj aHEMHU]JE U PE3UCTEHIIMja Ha JIEJCTBO €PUTPONOECTHHA,
MaJHyTpUILIMja ¥ aMuiiouao3a ToBe3aHa ¢ aujanu3zoM [34]. CynepokCHIHHM aH]OH
OKCUJIUIIIE TeTpaxuApoOuonTepud (€HAOTEHU KO(MAKTOp HEONXOJaH 3a aKTHUBHOCT
ensuma cuHTaze NO) U Ha Ta] HaUMH CMamyje CTBapame a30THOr MoHokcuaa (NO).
A30THM MOHOKCHJI HEMIPEKHUIHO CE CTBapa y €HJIOTeIHUM henujama, J€jCTBOM CHHTa3e
NO Ha L-aprunus. [IpoTeKTHBHO [€jCTBO Ha KapIMOBACKyJIapHU CHUCTeM (Kaja
ropopuMo o Onokanu mnpoiudepanyje BacKyJapHMX INIaTKo-MUIIMhHUX henuja,
arperaOMIHOCT TPOMOOIMTAa M aJXE3W]y MOHOLMUTA 3a EHAOTENHUjyM). AKTHBHOCT
cuataze NO Moxe Outu OJIOKMpaHa EHJOTC€HUM METHJIApTUHUHHUMA. 3a €HJIOTCHHU
omokarop cuntaze NO Haj3HauajHUJH j€ aCUMETpUYHHU quMeTunaprudut [34]. Hajsehum
JIeJIOM Uu3llydyje ce myTem OyOpera, a JeJOM C€ MOJ YTHUIAjeM TUMETUII-TUAMUHO-
xunponaze (DDAH) pasrpahyje no uurpynuna. OKCHUAAMOHU CTpec OJOKMpa
aktuBHocT DDAH, 30or dera ce MuUHUManmM3yje pas3rpagma aCUMETPUYHOT
JTUMETWIAPTHHUHA, & HETOBO CKYIUbAE y CHIIOTEIHUM hellhjaMa 3aycTaBlba CUHTA3y
a30THOI MOHOKCHJA, YUME je 3amoder Tmporec arepockiepose [34]. IloBehana
KOHIIEHTpAIIMja XOMOIIUCTEHHA y CEpyMYy JOIII j& je/laH 3Ha4ajaH OJIOKATOp aKTUBHOCTH
eH3uMa TuMeTHI- nuaMuHo-xuaponase (DDAH) y engorennum henujama apTepujcKux
KpBHUX cynoBa. [loBehana koHIeHTpaija XOMOIMCTeHMHa mnpucytHa je y 80%.
Jleunuiie ce ka0 KOHLIEHTpaIKja XOMoLIUCTenHa y cepyMmy Beha ox 15 pmol/l, a Hactaje
Kao MMOCJIeIUIla CMakheHE aKTUBHOCTH €H3MMa KJbYUHUX Yy METa00IM3My XOMOIIMCTENHA,
Kao MITO Cy peAyKTa3a S-MeTWi-TeTpaxuapodoiiata, CHHTa3a METHOHMHA U [-CHHTa3a
ructaTiona. CMameHa aKTUBHOCT TUX €H3MMa TOCIEANIa je CMamheHe KOHIICHTPAIIH]e
ButamuHa B, B2 u ¢donne kucenmne (kodaktypu momeHyTux ensuma) [34, 35].
Henocrarak ButamuHa B HacTaje kana je KOHICHTpaluja BUTaMuHa B y cepymy < 20

nmol/l, HemocTaTak BuTamuHa B12 kaia je koHeHTpaiyja ButamuHa B2 y cepymy < 200
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pg/ml, a HenocTaTak GoTHE KMCeTnHEe Kao KOHIIEHTpalrja (oJIHEe KUCETTUHE y cepyMy <
2.2 mg/ml [34, 35]. Koxa 3npaBe nomyaiyje HopMaiaHa KoHrieHTpanuja ADMA y ma3mu
je < 1.0 umol/l, kox GonecHuka Ha xemoaujanusu < 2.2 “mol/l, a y koH1eHTpaiujama 3-
15 umol/l ADMA 6Gnokupa crBapame NO y eHIOTeTHUM henrjamMa KpBHUX CyJIOBa H
3aro4nmbe mpolec arepockiepose [36, 37]. Mukpoundiaamaiuja. npucytHa je ko 30%-
50% oBux OosecHuka. MukpouHpIamanyja y3poKyje HaKyIllJbamkbe HeyTpoduia u
MOHOIIMTA Y aT€POCKIEPOTCKOM IJIaKy, a ociobahame ciio00IHUX pajuKaia KHCEOHUKA
(OKCHIAMOHM CTPEC), HUTOKMHA i METAJIONPOTENHA3a MOTY J1a TOBEy 0 PYNType Kare

aTEepOCKJIEPOTCKOT TUIaKa U pa3Boja aKyTHOT KopoHapHor gorahaja [38, 39].

2.5.4. [lapamMeTpH OKCHAALMOHOT CTPeca KO/ 00JIeCHMKA HA XeMOIMjaJIu3u

CnoOonHM paaMKald KHUCEOHMKAa HMajy BEOMa KpaTak IMOJYKHUBOT (jeaHa
CeKyHJa), Ma c€ KJIMHUYKA MPOIeHa OKCUAIIMOHOT CTpeca BPIIM MEPEHEM CTAOMIIHUX
npoaykata okcupanuje. Ilapamerpum OKCHIAMOHOI CTpeca YKJbY4dyjy: HpPOIYKTE
JUIHUAHE NepoKkcuaanmje (kao mro cy: acrolein, malonyldialdehyde, 4-hydroxynonenal,
TBARS, F2- isoprostanes), 3aBpiiHe mpoaykre okcupanuje junuaa (oxLDL, antu-
oxLDL aHTHTENa), OKCUJATUBHO U3MEHEHE MPOTEHHE (3aBPIIHU MPOIYKT OKCHUJIAIIN]E
nporeuHa - AOPP), zaBpmue npoaykre rnukamnuje nporenna (AGE), eBamyanujy
aAKTUBHOCTH aHTHOKCUJAIIMOHMX eH3uMa (caapkaj SOD u riyTaTHoH mepokKcuaase y
EpUTPOLIUTHMA), €Ballyallljy HEeH3MMCKHX aHTHOKcHuaaHaca (ButamuH C y Tmuia3mu,
cajipxaj rryTaTuoHa ¥ ButamuHa E y epurpountuma) u uaduamaropsae nporeure (CRP,
anoymun) [40]. Kao mapamerap okcuaanuje HYKICHMHCKUX KHCEIMHA KOPUCTH ce §-
hydroxy-2’-deoxiguanosine (8-OHdG), a meroBa KOHIIEHTpaluja y CepymMy H Yy

JeyKoruTiMa oBehana je Ko 00JIeCHHKA KOJHU Ce Jieue peIOBHOM XeMmoiijanu3om [40].

2.5.5. Jleyeme OKCHIANMOHOT CTPeca Ko 00JIeCHUKA HA XeMOHjaJIn3H1
AHTHOKCHJAIMOHA CTpaTeryja cacToju ce: y HaJoKHa i BuTamuHa C, BUTaMuHa

E (a- Toxodepon), cenena, N-aneruniucrenna u koensuma Q10. Kox 6GonecHuka koju

Cy Ha PeIOBHUM XeMO/I1jalin3ama MPUCyTaH je HejpocTatak Butamuna C, jep je mamujeHT
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y ca MambUM JIMjeTeTCKUM yHocoM (moBphe u Bohe mopen ButamuHa C, uma y CBOM
caZpxajy ¥ moBehaHy KOJMYMHY KallijyMa) U HETOBOT YKIamama y TOKY Ipoleca
xemoaujanze XemoaujainuzoMm ce enumunmire 100-300 mg ButamuHa C ( cMamyje ce
3a 30%-50%) [41]. Kox GonecHuka Koju ce Jieue peIoOBHOM XEeMOIU]jaTnu30oM, BUTaMHUH C
npUMemYyje Ce Y 103U O] CTO J0 JABECTa MUJIUTpPaMa JHEBHO, a MOXKE c€ IPUMEHUTH U
BeHCKH y 1031 300-500 mg mocie cBake cecrje XeMOujaan3e TOKOM ocaM JI0 IBAaHACCT
Hezlesba, y3 oAroBapajyhu omnpes 3a paHO OTKpHUBamE CHCTEMCKE OKcanose (MOTpeOHo je
Mepeme KOHIIEHTpaluje okcanara y cepymy) [41]. UaTpaBencka npumena suramusa C,
JIOBOJM J0 yMamema KOHLEHTpauuje (pepuThHa M NPO3anajbeHCKUX MeAujatopa y
cepyMy, a CMamyje OKCUAATUBHU CTPEC U PE3UCTEHIIN]Y Ha JIeJCTBO epuUTponoeTuHa [41].

Butamun E (a-tocopherol) uma jako antrokcumanuono aejcto. [lpumemyje ce
per os, a 103a BUTaMHHa E Moe ce ncka3zaTu y MHTEpHAUMOHAIHUM jeJUHUIIaMa WU
MUJTUTPAMHUMA;

100 IU = 67 mg npuponnor Butamuna E [42]. [Ipumena Buramuna Ll y no3u 400-
800 mg/man y Tpajamky 04 ocaM JO JABAaHAECT HeJeba 3HATHO CMambyje KOHIEHTPAIU]y
manonguanaexuaa, oxLDL u TBARS-a y nna3mu GojiecHUKa KOjU c€ Jeue PelOBHOM
xeMoaujanu3oM. YnoTpeOboM ButamuHa E mpeBeHupa ce OKCUIaluoHu CTPEC, CIpedana
pa3Boj U yOp3ame aTepOoCKIepOo3e U CMamyje Ne0JbUHY MHTHUMa-Meauja KapOTHUIHUX
apTepuja KOoJ OHUX MallijeHaTa Koju IPUCTYNajy peBHO] XeMoaujanu3u[42].

N-anermnmucrenn (NAC) noehaBa cTBapame TrilyTaTHOHa, KOJU UMa BaXKHY
ynory y GyHKIHjH aHTHOKCHUIAIMOHUX €H3MMa, Kao INTO j& TIyTaTHOH IEepPOKCHIa3a
(GSH-Px). IIpumemen y go3u 600-1200 mg/man TOKOM TpH JIO MIECT MECEI 3HATHO
cMamyje  KOoHIeHTpauujy  MajoHmuanaexuga (MDA) wu  acumerpuyHor
mumetminapruanaa (ADMA) y 1mmasmu, cMamyj € HHAEKC OTHOPHOCTH Ha YTHI]
eputpornoeTuHa [42].

Koenszum Q o006e3behyje xomeocTasy MUTOXOHIpHja U CMamyje OKCHIAIMOHU
cTpec (crpeyaBa OKCHIAIN]Y TUTTHAA, IPOTEUHA U HYKJIEMHCKUX KucenuHa). [[pumemen
y no3u 1200-1800 mg Ha 1maH TOKOM YETHPH [0 MIECT MECELH, 3HATHO CMambyje
KOHIIGHTpallMjy  3aBpIIHUX TMpoaykara okcupauuje mnporenHa (AOPP) wu
manonauanaexuaa (MDA) y mrazmu 6oJieCHUKA KOjH Ce Jieue PeIOBHOM XEMOTH]aTH30M
[43].

On-line  xemonujaduiTpanrja CMamyje  PE3UCTCHIIM]y  Ha  JICJCTBO

eputpornoetuHa. CMameme PE3UCTEHIIM]e Ha JIeJCTBO €PUTPOIOETHHA TMOCIEANIA €
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noBehaHOT yKiIamama XeMuInHa, MearjaTopa nHdIaMalnje U mpoaykKaTa OKCHUIaIN]je
JUNKUAa, TPOTeHHAa W HYKJICHCHKUX KHCEJIMHA y TOKY ceaHce XeMoAaujaduiTpaiyje.
Jleueme on-line xemoaujaguiaTpajoM TOKOM TPH JO IIECT MECELH 3HATHO CMamyje
uH(pIamMaIujy, OKCUJIAMOHU CTPEC, KOHILIEHTpAIU]y XEMIUIUHA y CEPyMy, YUME Ce
noBehaBa pacnoioKUBOCT TBOXKNa 32 €pUTPOIIOE3y U CMabyje Pe3UCTEHIIN]a Ha JIEjCTBO
epuTponoeTuHa [44, 45].

MemMOpaHe 3a XxemoaujaIn3y 00JI0keHe BUTaMHHOM E cMamyjy KOHIIEHTpaIujy
napamerapa JIMIHUIHE EPOKCUAAIIN]E Y CepyMy, Kao To cy: Manonauanaexua (MDA),
pEeakTUBHE CyICTaHIMje Be3aHe 3a TUoOapOutypuuHy kucenuny (TBARS) wu
okcuaoBanu LDL xonectepon (oxLDL). MHora ucnutuBama 1mokasyjy Aa OBE BpPCTE
MeMOpaHa CcMamwyjy U KOHIEHTpaluWjy IapaMeTrapa OKCHUAATHBHOI olTehema
HYKJIEMHCKUX KucennHa, kao mrto je 8 - OHdG, xao u KOHIEHTpalujy mapamerapa
mukponHdpuamanuje (CRP, unrepneykun-6) [46-53]. ujanuzna memOpaHa oOi0xKeHa
ButaMuHoM E cmamyje caapxkaj 8-OHdG y neykomutnma OolecHHKA KOJU CE€ Jiede
xeMoaujanu3oM (cMmamyje mporeHaT okcumanuje DNA neykomura). [lpumena tux
MeMOpaHa 00e30el)yjy 100py KOHTposy (yHKIHje JEyKOLUTa, Y3 EBUIACHTHO
AHTUOKCHJIAIIMOHO W aHTUHH(IamaTopHOo nejctBo [46-53]. Jleuewe high-flux
XEMOAMjaJTU30M C TOJTUCYI(POHCKAM MeMOpaHama 00O0JI0KEHMM BUTaMHHOM E TokoM
IIECT MECEIM, 3HATHO CMamyje OKCHAAIMOHU CTpec, MUKpOMH IaMaIiujy, WHICKC
OTIIOPHOCTH HA YTHUIA] €PUTPOIIOETUHA W TIOMpPaBJba JICUCHE aHEMH]E Y TOIYJIAlUjH
nalyjeHara ca peJIoBHOM xeMoaujanu3om [46-53].

Jledewe anemuje KoJl OOJECHUKA Ha XeMOHjaIN3u YKJbydyje IPUMEHY areHaca
Koju crumynuiny eputponoesy (ESA) u untpaBeHcKy nmpuMeHy reoxha (iron sucrose).
Hakon npumene unTpaBeHckor reoxha y go3u ox 100 mg (tokom 15-30 mMunyTa on
uH(y3HMje) 3HaTHO ce moBehaBa KOHIIEHTpaIMja CI000IHUX paJuKaia KUCEOHHKA KOJ
oBux OonecHuka [54-57]. Pagu cnpedyaBama pa3Boja OKCHUAAIMOHOT CTpeca HAKOH 1.V.
npumene TBoxha, 2015. romuae US FDA (enrn. Food and Drug Administration)
onoOpwuia je 3a oapacie OOJIECHUKE KOjU Ce Jieue XeMOANjalu30M mpenapaT reoxiha -
FPC (enrn. Ferric Pyrophosphate Citrate), koju ce mpuMemyje MpeKo pacTBopa 3a
xemoaujanusy [54-57]. Jenna amnyna ox 5 ml FPC (Triferic™) nona ce na cakux 2.5
rajioHa OMKapOOHATHOT KOHIIEHTpaTa, Tako Aa ¢puHanHa KoHIeHTpaiuja FPC y pactBopy
3a xemoaujanusy uzHocu 110 pg/l1 (2.0 pmol/l). FPC ce npuMemyje Ko CBaKOT TpeTMaHa

XeMoAHjanu3e, a KOHIEHTpalujy (eputuHa y cepyMy U 3acuheme TpaHcepuHa
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reokhem (TSAT) tpeba meputu Ha cBaka Tpu Mecena. Kaga je mpeko 1000, a TSAT
Behu ox 50% tpeba npexkunytu npumeny FPC, u najse KOpUCTUTH CTaHAapAHU
OnKapOOHATHH PACTBOP 32 XeMOIHjaliu3y. AKO j€ KOHIIEHTPHUCAHOCT PEpUTHHA y CEPYyMY
Mama o7 200 ng/ml motpebHO je mpumeHuTH 1.v. rBoXkhe 400-500 mg, TOKOM HapeaHUX
yeTupu-mer TperMana xemonujanuze (100 mg/HD), a FPC tpeba KOHTHHyHpaHO
npuMemuBaTH. Kajga ce mocTurHe nuibHa KOHIEHTpaluja (epuThHA Yy cepymMy H
3acuhema Tpanchepuna reoxxkhem, FPC tpeba mpuMemnBaTH KOHTHHYUPAHO, 3aTO IITO
ce y TOKYy CBake ceaHce Xxemojaujansze ryou 5-7 mg rBoxbha (oapkaBame HUIBHUX
BpenHoctu ¢eputuna u TSAT-a) [54-57]. Ilpumena rBoxkha mpeko pacTtBopa 3a
XEMOAHjaIN3y CMambyje OKCUIAIIMOHU CTPEC U PE3UCTEHIIN]Y Ha JI€JCTBO €pUTPOTIOCTUHA

(mo3a eputponoeTrHa cMamyje ce 3a 35%) [54-57].

2.6. PESBUCTEHIIUJA HA AEJCTBO EPUTPOIIOETHUHA

2.6.1. lepunnnmja pe3ucTeHIUje HA EPUTPONIOCTHH

XeMornoOuH y KpBHU Koja je Mama on 120 g/l xox xena, onnocHo 130 g/l kox
MyIlIKapala o3HadaBaMo kao anemujy [58]. Bomehu y3pok je HemocTajame €HIOTeHOT
EpUTPOIIOETHHA, A HEHE TJIABHE KIMHUYKE KAPAKTEPUCTHKE CY: MPOTPECUBHO OMA/Iamkhe
peHaHe pe3uayanHe QyHKIHje, KapuoBacKyJapHe 0O0JIECTH, CMambehe KOTHUTHBHUX
dbyHKIIMja, Ka0 M KBAJIUTETa >XMBOTAa OOJIECHHWKA, KOjU C€ JIe4e XEMOJIMjaJu30M.
3actymbeHa je koa 90% OosiecHUKA ¢ TEIIKUM CTaIdjyMOM XpOHHUYHE OoJiecTr OyOpera
(GFR < 25-30 ml/min/1.73 m?) [58], Crumynarope epurpomoese - ESA (eHru.
Erythropoiesis Stimulatory Agents) Tpe6a npumeHuTH Kana je Bpexnoct Hgb ucnonx 110
g/1, a IMJbHU HUBO XeMOTJIOOMHA KOJI MallhjeHaTa ca XxeMoujanu3om tpeba na oyzae 110-
120 g/1 [58]. 1 mopen mpumene oaromapajyhe mose epurpomoetuHa, kon 5%-10%
OonecHuka (o HekuM aytopuma u 10 30%) Koju ce jede peOBHOM XEMOHjau30M
MOCTOjU PE3UCTEHIMja Ha JIEJCTBO €PUTPONOETHHA (HEMOTYhHOCT MOCTH3ama IHJbHE

KOHIIEHTpAIINj€ XeMOTJI001Ha y KpBH) [58].
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KDIGO (enrn. Kidney Disease Improving Global Outcomes)kaxe na
pe3ucTeHIIr]ja Ha JejCTBO EPUTPOTIOETHHA Ie(hUHHMIIIE ce Ka0 HEMOTYNHOCT OCTBapUBamba
[IMJbHE KOHIIEHTpPAIM]je XEMOTJIOONHA Y KPBU UZ EPUTPONIOCTHH Yy 103H > 450 mmm > 300
IU/kg/menemno (s.c.) wim papbemoetnHa-o y no3u > 1.5 pg/kg/menemno (> 100
ug/uenespHo) [59, 60]. 3a mpolieHy pe3uCTeHIIMje Ha JISJCTBO EPUTPOIIOSTHHA KOPUCTH
ce uHaeKc pe3ucrennuje epurponoetuHa - ERI (enrn. Erythropoietin Resistance Index)
[59, 60]. IIpeacraBsba 04HOC HEACIHHE J103€ EPUTPOIIOCTHHA 3aBUCHE O] TEJIECHE Mace U
KoHUeHTpauuje xemornobuHa y kpBu (EPO/kg/nenessno/Hb). Bpeanoctu wuHzekca
pesucteniyje eputpornoeruna - ERI >1.0 [U/kg/nenemsnog/gHb 3a xpatkonemnyjyhe
win > 0.02 pg/kg/nenessno/gHb 3a GonecHuke ieueHe ayroienyjyhum epuTponoeTHHOM
(mapbenoeTnH), yKa3yjy Ha TIOCTOjarb€ PE3UCTEHIMje Ha JIeJCTBO EPUTPOMOCTUHA
[59,60].

2.6.2. dakTopu pU3MKA 32 Pa3B0Oj Pe3UCTEHIHje

VY dakrope pusnka 3a pa3Boj pe3UCTEHIIN]E HA JIEJCTBO EPUTPONOCTUHA CIIAa)y:
HeJ0CcTaTaK rBoxkha, MUKpouHdIamalrja, OKCHAAIMOHN CTPEC, HeIOCTaTaK BUTAMHUHA
D u cexkyHmapHU XumnepnapaTupeoun3aMm, Hegoctarak ButamuHa C, ButamuHa Bio,
donue kucenune u L-kapuutuHa, kao u antu-EPO-anturena [59, 60].

Henocrarak rBokha Moke OutH amnconyTHH W ¢yHKImoHanHUA [59,60].
ArmnconyTHH ~ Hejoctatak — rBoxkha — Hajuemthe — Hactaje  300r  OKYJITHOT
raCTPOMHTECTUHAIHOT KpBapema (YPEMU)CKHU TaCTPUTHUC, aHTUKOATYJIAI[1ja BaHTEJIECHE
UpPKyNalyje), a TJIaBHU Y3pOIM Cy: MHUKpouH(]IaMaluja, OKCHAAIMOHU CTpEC,
HenocTatak ButamuHa D u Henocrarak Butamuna C [59, 60]. [Ipenopyke KDIGO (enri.
Kidney Disease Improving Global Outcomes), kox mamnujeHata ca peIOBHOM
XeMOAMjaTn30M reokie Tpedba mMpUMEHUTH 1.v. yTeM KaJia je caTrypaiuja Tpancepruna
reoxkhem mMama oJ1 TpuaeceT mocto [61, 62].

['maBHM HenocTaIM 1.v. mpuMeHe rBoxkha je omreheme KPBHUX CyZ0Ba (0TexaHa
moryhHocT aprepuoBeHcke ¢uctyne). HemoxespHe peakiyje Ha mpuMeHy TBoxkha mory
outu: aneprujcke u Tokcuute [61, 62], Iloropmame noctojehux uH)EKHMja U pa3Boja
CEeKyHJIapHE XeMoxpomaTo3e (MHTpaBeHCKO TBokhe He Tpeba MpuUMEHHUBATH KO

OonecHWKa C aKTUBHOM CHCTeMCKOM wHHbekiujoM) [61, 62]. OxcumanuoHu CTpec
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(cmoboiHM paguKaiv KHCEOHHKa) yOp3aBa pa3Boj aTepockiepo3e 1 nmosehaBa omacHocT
0]l pa3Boja KapIHWOBACKyJIapHUX KOMIUIMKanuja. HekoHTponucana ymorpeba, Moxe
Y3pOKOBAaTH HAKYIJbalbeM y MapeHXUMAaTO3HUM OpraHuMa, 300T yera Joj1a3u 70 pa3Boja
nopemehaja ¢pyHkumje TuX oprana [61, 62].

Muxkpoundmamarmja (CRP > 5 mg/l) moxe yOp3aTtu pa3Boj aTrepocKiepose,
[TpucytHa je koa 30%-50% nanujeHata Ha XeMOUjall3u, a lEeHU TJIaBHU Y3pOIH CY:
noBehaHo cTBapame W yMmameHa eIMMHUHAIIM]a, KOja TOTCTHYE OKYJITHE HH()EKIHje
BAaCKyJIApHOT TIPUCTYNa 3a XEeMOAMjalu3y, XpPOHWYHA NEpUOJOHTaTHa OO0JecT,
OMOMHKOMMATUOMIHOCT BaHTEJIECHE IUPKYyJIalje U MeMOpaHe 3a XeMOJUjallu3y,
KOHBEHLIMOHAJIIHU PACTBOP 3a XEMOJWjaau3y (MUKPOOHMOJIOIIKM KBAJIUTET BOJE H
pacTBopa 3a xeMoaujanusy), cxema 3 [39], [IpoundramaTopHu MeaujaTopu UCTIOJbABA]Y
JUPEKTHO M MHIMPEKTHO HETATUBHO JIJCTBO Ha MpPOILEC Xemaromoe3e. Y IUpEeKTHa
HEraTUBHA JIejCTBa Crajajy: Onokupame mpoiudepannje u audepenuujanuje hemuja
IpeKypcopa epUTPOIMTHE JI03e, OJIOKMPAme CEKPEelrje CHIOTCHOT €PUTPOIOCTHHA, a
IVIABHO WHIUPEKTHO HETATUBHO JICjCTBO j& CTUMYJIAIlja CHHTE3C U JIyUCHha XCIIIHINHA
y xenatouutuma (IL-6 ctumynuie cexpenujy xenmuanna) [39], Ycnopapame onaaama
pesunyanHe ¢yHkuuje OyOpera, moOoJblllaarkeé HYTPUTUBHOT CTaTyca OOJIECHHUKA,
noBehahe oceTJpMBOCTH €PUTPOIIOETHHA M CMAKEHHE KapIUOBACKYJIapHU MOPTAJIUTETa
nainyjeHara, Moryhe je yKOJMKO MMamo YJIATPAdyuCT pacTBOp 3a xemoawjanuszy. [39].
Cmamena xonneHtpanuja CRP-a y cepymy, cnpehaBa pesucteHnujy Ha JI€jCTBO
epUTporioeTHHA W oMoryhaBajy MOCTH3amke M OJp’KaBame IHJbHE KOHIIEHTpAIH]je
XeMOTJIOOMHA Y KpBU OBUX OoiecHuka [39].

Jeman oy ynHWIIaNa pU3UKaA 332 Pa3BOj PE3UCTEHIIM]E HA JIEJCTBO €PUTPOIIOETHHA
je HemocTaTak BUTaMuH /I, a jeuHMIIE ce Kao TeXaK aKo je€ KOHIIEHTPUCAHOCT Y CepyMy

Mama o1 < 10 ng/ml [63].
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Cxema 3. MukpouHdiamarigja Ko naiujeHaTa Koju ce Jede peJJOBHOM XeMOI1]jaTu30M

[TaTodu3nononiku MexaHu3am pas3Boja

BronHkoMnaTuOUIHOCT
MPOLIEAYPE XEMO U] aTH3e

\ 4

v AKTHBaLja KOMILJIEMEHTA
OKCHIAIMOHN [ToBparHa mudysuja
cTpec €HJOTOKCHHA

KonTakTt ¢ MmemOpanoM

\ 4

v

AKTHBAIMja MOHOLINTA

\ 4

Ocnobahame uuToKNHa

A\ 4 \ 4

AKyTHE KOMILUTUKALH]E: XpOHNYHE KOMIUIHKALHU]E:
Temmneparypa/npxrasuna Ammionosa rnosesaHa ¢
XunoreHsuja AMjaTH30M
Xwunokcuja MukpouHdnamanuja
Mannytpunmja

I'maBHe KIMHUYKE NOCTIeAMIE HeJJocTaTKa BuTaMuHa D jecy: pa3Boj cekyHaapHOr
XUIIEpIapaTUPEOnIu3Ma, CMambeHa TyCTHHA KOIITaHOT TKHUBa (OCTEONopo3a),
aTepoCKIiepo3a M BacKylapHa Kanuudukanuja, nopemehaj QyHKIMje KOTHUIIH]E,
pe3ucTeHlMja Ha JI€JCTBO €PUTPOINOETHHA M Pa3BOj aHEMHje, MPOrPECUBHHU T'yOUTaK
pesuayanue pyHKIje OyOpera u HemoBoJbaH ucxo ] OonecHuka [63]. henuje umyHckor
CUCTeMa y KOCTHO] CpxXHu (MOHOHUTH, T-TUMQpONUTH) HaA TOBPIIMHH MeMOpaHe
ucrnosbaBajy peuentop 3a ButamMmuH D - VDR (enrn. Vitamin D Receptor). 36or
HemocTaTtka BuTamMuHa D, MoHOIIMTH 1 T-mMOIIMTH Y KOCTHO] CP3KH MT0jadyaHO CTBAPajy
U JTyue Tpo3anabeHCKe IUTOKUHE, OHU OoKupajy nmponudepaiujy u audepeHunjamnujy
henuja mpekypcopa epUTPOLIMTHE JI03€, CEKpEelHu]y EHIOTEHOT EepHUTPONOETHHA,
CTUMYJIMIIY CEKpelHjy XeMUuIuHa W pa3Bo] (YHKIMOHAIHOT HeJOoCTaTKa rBoxha,

cxema 4 [63].
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Cxema 4. Pa3Boj anemuje ycies IpUCYTHE PE3UCTEHITH]E

XponuyHa 6onect OyOpera

v

HATUBHW/aKTHBHU BUTaMuHa D

v

AxTHBaIMja JOKATHOT UMYHCKOT
CHCTEMa: MUKPOCPEAMHA XeMaTOIoe3e
/mouotwTH, T-muMpounTn/

v v
IL-6 TNFa, IFNy
v v
T XenuauH bnokana
epuTpornoese
v v
OyHKIMOHATHI Pesucrenunja Ha
nenocrarak Fe' EPO
l |
v
AHEMUJA

Tepanuja ykibydyje MpUMEHY eprokaniudeposia Wik xolekaaudeposia TOKOM
Tpu A0 mect meceuu [63]. Ako je ped o TemkoMm AePUIMUTY BUTamuHA D,
eprokaudepost ce MpuMemYyje y 1034 O MeJAeCeTXHIbajla Ha Ce/laM J1aHa TOKOM IPBOT
Mecella, a 3aTHUM Ce HacTaBJba UCTOM JJ030M MeceuHO Yy ToKy 3 mec. [Ipema npenopykama
KDIGO, npumena eprokaniudeposa je ”HANKOBaHa cBe mopacrta BUT. D mpeko 30 ng/ml
(30-80 ng/ml) [63]. Tlopem eprokamudeposia MOXe Cc€ TPUMECHHBATH H
xonekamudepon (Butamun D3) y no3u oz 25.000 [U/Henessro. Kon Texnx nedunura,
Teparnuja je TpU J0 MIECT MECELH, A0 MOCTU3ama HUIJbHUX BPEAHOCTH., cxema 5 [63].

Konuenrpauujy Butamuna D y cepymy Tpeba MepHuTH jeAaHIyT roguime [63].
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Cxema 5. Anroputam 3a MpUMEHY XoJiekaiudepona koA 60jaecHuKa KOju 00Iyjy O

XpoHHUYHE OojiecTu Oyopera

25(0OH)D < 30 ng/ml

v

XpoHuyHa Oonect OybOpera:
[ToueTHa mo3a xosnekanuudeposna
>1000-2000 IU/nan
Xemoaujanmsa:
[ToueTHa mo3a xosekanudeposa:
25000 IU/nenesbHO
50000 IU/HenesmHO ako je
<15ng/ml

!

[I1Jb TEPAITHIJE
> 30 ng/ml
Hopmanan iPTH
[Tporennypuja < 0.5 g/24h
Hb = 110-120 g/l ca muckom no3om EPO

4

Huje nocTurayt nws: gonatu aktuBHu VitD
Xonexkamudeponr: 5000 IU/nenesHO
[Napukanuurosn: 10 pg/HenepHO

CexyHIIapHH XUTIEPIIAPATUPEOUIN3AM je YecTa KOMIUTUKanuja. [ maBHu dakropu
pa3Boja CEKYHJApHOT XUIIepIIapaTHPEONIN3Ma jecy: HEA0CTaTaK aKTUBHOT MeTa0oInTa
ButamuHa D [1.25(OH)2D3], xunokanuemuja u xunepdocdareMuje, a leroBe riiaBHe
KJIMHUYKE TOCIEANIe Cy: 0O0JeCTH KOIITAaHOT CHUCTeMa (peHajHa OCTeonucTpoduja),
KapAuoBacKyJapHe OojecTu (BacKylapHa M BajByJapHa KaluduKanuja) U pa3Boj
pPE3UCTEHIMje Ha JIejCTBO epuTporoeTuHa [64]. Bucoke BpEeIHOCTH MapaTxopMoHa
noBehaBajy pe3HWCTEHIMjy Ha J€jCTBO EpUTPONOETHHA CBOJUM JTUPEKTHUM U
WHJIUPEKTHUM TOKCUYHUM JI€JCTBOM. Y TUPEKTHA TOKCHYHA JIEJCTBA Crajajy Oyiokaaa

CeKpellrje eHJOTeHOT epUTPOIOeTHHA, OJokana mposnudeparuje u audepeHIrjanmje
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henuja mpekypcopa epuUTpOLIMTHE JI03€ M CKpaheH >KUBOTHU BEK E€pUTPOLIUTA, a Y
WHIUPEKTHO JnejcTBO crmana (uodposza xoctHe cpxku - OF (enrn. Osteitis Fibrosa).
OnTtumanna KOHTpOJIa CEKyHIapHOT XHUMeprapaTupeonan3ma (mpuMeHa
NapUKAIIMUTPOJia W [MHAKallleTa) 3HATHO CMamyje PpE3UCTEHIMje Ha J€jCTBO
epuTponoeTuHa [64].

Pe3ucrennnja Ha 1ejCTBO €pUTPOINOETHHA MOXKE OUTH M TOCIEAMIIA TOCTOjamka
antu-EPO-antutena. Kao nocneauna creapama antu-EPO-anTuTena Moxe ce jaBUTH
CHUHJIPOM aria3uje mpeKkypcopa epurponura y kKoctHoj cpxu - PRCA (enrn. Pure Red-
Cell Aplasia) [65]. JlujarHo3a ce mocTaBjba Ha OCHOBY OHOINCHj€ KOCTHE CpXKH,
onpehuBameM Opoja peTUKYJIONNUTA U MEpeHeM KoHIeHTpaiuje aHTu-EPO-anturena. Y
OJICYCTBY MpEKypcopa €pUTPOLIUTHE JIO3€ Yy KOCTHOj CPXH, C OpOojeM PETHKYJIOLHTA
mamuM on 10 x 10%/1, Tpe6a m3mepuTH KOHLEHTpauujy anTH-EPO-anturena [65].
Jleyeme ce cripoBoaM 00YCTaB/bAKEM YIIOTPEOE EPUTPOIIOETHHA, MPUMEHY TpaHCDy3Hja
Jeria3MatucaHux — epurporura (1 jeauHMIIa  HENEJbHO), Kao W IPUMEHOM

KOPTUKOCTEPOHIa U UMYHOCYIIpeCUBa (IIUKJIOCTIOpUH, IukIodochamum) [65].

2.6.3. YTuuaj MmoganurTeTa qujajin3e Ha pe3UCTEHUHjy HA 1ejCTBO €ePUTPONOETHHA

On-line  xemomujadunTpammja  cMmamyje  pPE3UCTCHIM]y  HA  J€jCTBO
eputporoetuHa. To omoryhaBa moBehaHO yKlamame XeMUIuHA y TOKY CeaHce
xemoaujaduntpanuje [66], Online xemoaujadunTpalyja cMamwyje MUKpOUH(IaMaIyjy,
OKCUJAIIMOHU CTpPeC M KOHIICHTPAIM]y XEeMIHIWHA y CEepyMy, Ka0 U CMambCHe

KOHIIEHTpanujy B2-MukporiaoOynuna [66].
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2.7. p2- MUKPOIJVIOBYJIMH AMHUJIONIO3A

Y XxponnuHoj Oojectu OyOpera, ¢ TPOTPECHBHUM CMambemeM OyOpekHe
dbyHKIMje pacTe KOHIIGHTpallhja YPEMHUJCKUX TOKHCHa y cepymy. bera-2-
MUKpornoOyimuH (f2M) jecTe cylcTaHIMja Cpellbe MOJIEKYJICKE Mace pacTBOPJbHBA y
BOJIU, KOja je moBe3aHa ¢ ammion030M - DRA (enrs. Dialysis-Related Amyloidosis) u
MopTtanuteToM [67, 68], DRA je myropodna KoMILTAKaIMja KO MallijeHaTa KOjH ce Jieue
PEIOBHOM XEMOJHMjajIu30M, KOja OTE€XaBa CBAKOJHEBHE JKMBOTHE akTUBHOCTU - ADL
(enrn. Activities of Daily Living) u kBanurter kuBota oBux OonecHuka - QOL (eHru.
Quality of Life) [67, 68].

2.7.1. IlaTorene3a aMmwjiona03e NMoBe3aHe ¢ XeMOAMjaIu30M

AMwuIion103a MoBE3aHa ¢ XeMOIMjalTu30M HACTaj€ Kao MoceuIla HaKyTlJbamba [32-
MUKporioOynuHa [67, 68]. Brakna amunonaa moBe3aHa ca P2-MHKpPOTIOOYIHHOM Ce
CTBapajy W MPUMAapHO JICTIOHY]Y Y 3IVI000BHMMa (OCTEOAPTUKYJIAPHOM TKHUBY), HITO 3a
MOCJICIUIY MMa Pa3B0] Pa3IUYUTHX OCTEOAPTUKYJIApHUX Mopemehaja, Kao IMTO Cy
CUHPOM KapIajgHOT TyHela, TeCTPYKTHUBHA CIIOHAUIOAPTPOIIATH]ja U IIUCTE Y KOCTHMA
KOJI IMjaliu3HuX OojecHuKa [67, 68]. AMuiIouHa BIaKHA HACTA]y y MHTEPAKIHJH [2-
MUKpPOTJIOOyJIMHA W JAPYTUX  OHOJOWIKMX  MOJEeKyla  (TJIMKO3aMUHOTJIMKAHH,
NPOTEOTIMKaHU). Y JOAUpY C JAPYrMM OWOJIONIKUM MOJEKYJIHMa J0JIa3u [0
KoH(poOpMaMOHUX TpoMeHa (mpomeHa y rpahu [2- MukporimoOynuHa (cTBapajy ce

BJIaKHA aMUJIOUa OJ1 B2-MuKporiioOynunHa), cxema 6 [67, 68].
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Cxema 6. [laToreneza aMuIon103€ MOBE3aHE C IU]ATU30M

ITopemehaj pynkuje Oyopera:

LIre
buonoke monekyne: v Excrpauenynapau
Glycosaminoglicans Haxymbame OJIoKaTopu:
Proteoglycans [ MEKpOTIOGYIHHA o-macroglobulin
Apolipoprotein E Haptoglobin
T xreonhaenhanlinide v Clasterin

JlyroTpajHo Jeuyerme XeMOAN]aai30M
Kondopmannone npomene
[>-MUKPOTIIO0YyIHHA
Crabunmuzaumja pubpuna amuaonaa

v

\ 4

CTBapaH;e nu HaKyanaH)e AMMUJIONJIHUX BJIaAKaAHaA
Oera-2-MHUKpOrI00yInHA

\ 4

Knunuuke kapakrepucTuke:
CuHIpOM KapmaaHOT TyHena
Mucre y koctuma
Aptponaruja
Cpuana cmaboct
IactponnTecTHamHN Topemehain

2.7.2. KINHUYKA CJINKA

[ToBehana xonneHTpanuja B2-mukporiodynuHa y cepymy (30-50 mg/l) e 3Haun
U HCTOBPEMEHO IIOCTOjalb€ aMUJIOUI03€ IMOBE3aHe C XEMOAMjaJu30M (HOpMaslHa
KOHIIEHTpamnuja 2-mMukporiaolynuHa y cepymy usHocu 0.8-3.0 mg/l). 3natHu cranmap
3a JIMjarHOCTUKOBAm-E aMHJIOWJ03€ jecTe Ouomncuja TkuBa. KIMHMYKO HCTHOJbaBame
Oomnectn 3aBucu on 3axBaheHux 3ri000Ba M BHcLepanHUX opraHa. Hajuemhe cy
3axBaheHu CKaIyJ0XyMepaHu 3II000BU U KOCTH IIaKe (CHHAPOM KaprajHOT TyHENa).
Kox GonecHuka ca CHHAPOMOM KapHaJIHOT TyHeJNla KapaKTepUCTHYaH je ,,3HaK TuTape”,

KOJU HacTaje Kao mocienuia ckpahupama TeTuBa ¢uiekcopa npetujy [67, 68].
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2.7.3. Jleueme

On-line xemomujadunrpanuja ca high-flux memOpanama ykiama ypeMHjcKe
TOKCHHE CpEeIhe¢ MOJICKYJIICKE Mace y 3HauyajHOj KOJNWYHMHHU. Tepamujcka cTpaTeruja
YKJbYUYyje: OuyBame pe3uayaine peHaHe QyHKIM]je, OJIOKHpame CTBapama YPEMHU]CKUX
TOKCHHA, TPEBEHIIM]Y HHTEpaKiMja u3Mel)y ypeMHjCKMX TOKCHHA M OHMOJOIIKUX
MOJICKYJIa M YKJIalkalke YPEMH]CKHX TOKCHHA MEIUKaMEHTHMAa WJIH TEepamujoM 3a

BaHTeJIeCHO yniithewme KpBu [67,68].

2.8. ATEPOCKJIEPO3A

OxkcuaumoHu cTpec, MUKpOMH(IIaMalldja U XUIEPXOMOLUCTEMHEMHU]A UMAjJy
3HaYajHy yJIOTY Y pa3BOjy aTepOCKIepo3e KOJI MalijeHara ca peJoBHOM XEMOI1jaTU30M.
XunepxoMoIMCTenHeMHja ce AeQHUHHIIE Kao KOHIICHTPHUCAHOCT XOMOIIMCTEHHA Y
mia3mMu ~ >15 pmol/l, a HacTaje Kao mociaeanIa CMambeHe aKTUBHOCTH €H3UMA KJIbYUYHUX
y MeTaboNm3My XOMOILMCTEHHA, Kao IITO Cy peayKTaza S-MeTHI-TeTpaxuapodoiarta,
CHHTa3a METHOHWHA W [3 - cuMHTa3a nucraTroHa. CMameHa aKTHBHOCT THUX €H3WMa
nocieauua je HexocraTka ButamuHa Be, B2 u ¢onHe kucemune, koju ciyke Kao
kodakTopu mnomeHyTux eHzuMa [69]. IloBehana KoOHIlEHTpalHMja XOMOIIMCTEHHA,
OKCHJAIIMOHU cTpec (CymepoOKCHIHU aHjoH) W MHKpouH(pIamaiuja OJOKUpajy
aKTUBHOCT €H3UMa JAUMETHI-AuamMuHo-xuaponaze - DDHA (enrn. Dimethyl-Diamino-
Hydrolase) y enmorennum henujama KpBHHX CyAOBa, KOju pasrpalyje acuMeTpudyHH
mumetmiapruand - ADMA (errn. Asymmetric Dimethylarginine) no L-umtpynuna u
METHOHHMHA. ACHMETPUYHHM JIMMETWUJIAPTUHUH j€ HAj3HAYajHUJU EHJIOTEHU OJIOKaTop
CHHTa3€ a30THOT MOHOKCH/Ia, & CMAa-EHO CTBAPAmE a30THOT MOHOKCHUIA Y €HAOTEIIHUM
henujama UMa KJbY4HY YyJIOTY y 3al0udBbamy Ipoleca arepockiepose [69]. HoaatHo,
CYNEpPOKCHUIHH aHjOH OKCHJHUIIE TETPAXUAPOOHONTEpUH (€HAOTeHHU KOpaKTOp CHHTa3e
NO) u Ha Taj HA4UMH JONIPUHOCH yOp3amy npoieca atepockiepose. [lopemehaj pynkumje
eHJI0TeJla UMa KJbYYHY YJIOTY y MaTOTeHE3M aTepPOCKICPOTCKUX KapAHOBACKYJIAPHHUX

0oJecT y MoIyalyjy naiyjeHara Koju MpUuMemY]y JIeUeHhe PeIOBHOM XEMOIH]alTu30M.
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Jleyeme XUMEPXOMOIIMCTEMHEMH]E CACTOJU C€ U3 MpUMEHe (HOTHE KHUCEIUHE y
no3u 515 mg/nan, ButamuHa Bi2 y 103u o 1000 pg/mueBHo 1 BUuTamuH Bes y 103u 50
mg/aHeBHO [69]. Pe3yntatu KIMHUYKUX HCTTUTUBAKkA yKa3y]y Ha CTATUCTUYKH 3HAYAjHY
MO3UTUBHY TOBE3aHOCT M3Mel)y KOHIIEHTpallMje aCUMETPUYHOT TUMETHJIAPTHHUHA |

neOJpHEe HHTUMAa- MeJIMja KapoTHaAHUX apTepuja [70].

ATepockiiepo3a KapoTUIHUX apTepuja nedunuiie ce kao ae0bUHA WHTUMA-
meaunja (IMT) > 0.90 mm, u3mepeHa yiITpa3ByyHUM MpPETTEIOM KapOTUIHUX apTepHja.
Ha ocHoBy kosiop poriep yarpacoHorpaduje, aTepocKiIepoTcka 00JeCT KapOoTHAHUX
apTepuja kiacuukyje ce y yetupu cragujyma: ctaaujym 1: IMT < 0.9 mm, rpagyc I1:
IMT > 0,9 mm, cragujym IIl: mpucycTBo aTepoCKIEpOTCKUX IUIAKOBa Ca CTEHO30M
jennakom uiu MawboM o1 50% (< 50%) u cragujym IV: mpucycTBO arepocKiIepoTCKUX
makoBa ca cteHo3oM Behom ox 50%. [IpucycTBo miaka aeguHuUIe ce Kao CTPyKTypa

KOja IPOMUHHUpA Y JIyMEH KapoTHUJIHE apTepuje Hajmamwe 0.5 mm [71].
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3. I{Jb

[{nsbeBU TOKTOPCKE qUCEpTalHje:

7.
8.
9.

Hcnuraty yTunaj MoaaauTeTa AMjaan3e Ha apaMeTpe OKCUAAMOHOr cTpeca
Hcnuratn yTuna) TUNa AWjadu3He MeMOpaHe Ha IapaMmeTpe OKCHAALUOHOT
cTpeca

Wcnuratn yrtuna) naujanuzHe wMemOpaHe oOjokeHe BuTtaMuHOM E  Ha
OKCHUJALIMOHU CTPEC

Hcnuturatu yTuIa) aJleKBaTHOCTH XEMOIUjalIn3e Ha TapamMeTpe OKCHUAAI[MOHOT
cTpeca

WcnuTaT yTHIa) aHEMUJE HA TapaMeTpe OKCHAALMOHOT CTpeca

Hcnutatn  cremeH  moBe3aHOCTH  u3Mel)y  OKCHJAMOHOr  CTpeca M|
MUKpPOHH(IaMalNje

HcnuTaTH cTeneH MoBe3aHoCcTH u3Mel)y OKCHAAIMOHOT cTpeca U BUTaMuHa D
HcnuTaTH cTeneH noBe3aHoCcTH u3Mel)y OKCHAAIMOHOT CTpeca U HyTpUILIM]e

HcnuTtaTH cTeneH nmoBe3aHocTy u3Mel)y OKCHAAIMOHOr cTpeca U ctaTyca reoxha

10.Vcnutatn yTULa) 103€ 1.Vv. IPUMEHEHOT I'Bokha Ha mapameTrpe OKCHIALMOHOT

cTpeca

11.UcnutaTi cTeneH MOBE3aHOCTH M3Mel)y mapamerapa OKCHIAIMOHOT CTpeca U

WHJICKCA PE3UCTEHIIH]e Ha JIEjCTBO €PUTPOIIOCTHHA

12.VcnutaTi cTeneH MOBE3aHOCTH HM3Mel)y mapameTapa OKCHIAIMOHOT cTpeca U

nebJpbHEe MHTUMAa-Me/1]ja KapOTUITHUX apTepHja
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4. BOJIECHUIIX U METO/JIE

HctpaxuBame je crpoBeaeHo y llentpy 3a Hedponorujy u aujamusy KIJ
KparyjeBaii, yuectBoBaso je 125 GonecHuka Koju ce TaMo Jiede. TOKOM HCTpakhBarmba
MOIITOBAaHU Cy MPHUHIMIMN XeJICHHIIKE JAeKiapanuja. YmoTpeOJbeHa je peloBHA
OmkapOOHaTHa XeMmojujann3a M on-line xemoaujadunaTpalyja, ABAHECT CAaTH TOKOM
celaM JiaHa, Iy>Ke O]l TPU Mecella, Ha arapaTuMa ca KOHTPOJIMCAHOM yITpaduiITpaijom
KOJI CBHX JICUCHHX UCIUTHBAHUX OonecHuka. [Ipocedna cToma mpoToka KpBH HU3HOCHIIA
je 222.80 (Qb = 222.80 £ 25.89 ), a pactBopa 3a amjanu3y - Qd = 500 ml/min.
Xemoaujadunrpanyja koja je Ouina online kopuirheHa je Aujain3Ha BUCOKOIPOTOUYHA
MeMOpaHa, Koja je obnoxeHa ButamMmuHoM E - Leoceed 21H (monucyngoncka memopana
edextuBHe noppiuHe 2.1 m?, KoA = 1351 ml/min, high-flux - Kuf = 88 ml/h x mmHg,
a rama 3panuma crepunucana, Asachi Kasei Medical Europe, Germany) wu
BHCOKOIIPOTOYHA JUjain3Ha MeMOpaHa Koja Huje Ousa obmoxeHna ButamuHoM E - FX800
(nonucyndoncka membpana epextuse nospumne 2.0°m, KoA = 1365 ml/min, high-
flux - Kuf = 62 ml/h x mmHg, crepunucana Bogenom napom, Fresenius Medical Care,
Germany). Tokom nujanu3e kopuiiheH je CTaHIapAHM YIATPAYUCT pacTBOp 3a on-line
xemoaujaduntpanujy (koHmeHtpamnuja enaorokcuda - E < 0.03 EU/ml), a mo cecuju
KOHBEKTHUBHU BOJIyMEH je m3Hocuo 17 nurapa. Hucy Owimm yKJbydeHU y MCTIUTHUBAEE
OoJeCHHIIM ca JOKa3aHUM aKTUBHUM KpPBapEHEM, CHCTEMCKOM HH(IIaMalndjoM WIH
WH(EKTUBHUM CHHIPOMOM, Ca MAJTUTHUM O0JIeCTUMA, KA0 HU OOJIECHUKE KOjU CYy JICUCHU

HMYHOCYIIPECUBHHUM U aHTUOKCUAAIXMOHUM MCAUKAMCHTHMA.

HcnutuBame TMpolieHe yTUllaja AWjain3He MeMOpaHe Koja je o0yokeHa
BUTaMUHOM E Ha OKCHAalMOHM CTpec y TOKY TMOjeuHAaYHe ceaHce on-line
xemoaujadunTpalyje, mapameTpu KOju Cy HUCHUTHUBAHU Cy: aHeMHuje ( €pUTPOIUTHU
MH/IEKCH, XEMOTJIOOMH, XEMaTOKpHUT), cTaryc TrBokha y opranusmy OoJieCHUKA
(xoHueHTpanyja rBokha m ¢deputuHa y cepymy, 3acuheme TpaHchepuHa raoxhem),
mukpouHgiamanuje (C-peakTHBHH TpPOTEHH), TMpOLEHAa HYTPUTHUBHOI CTaTyca
(mpeanOymuH, TpaHcpepuH), ceKyHaapHor xunepnapatupeonausma (iPTH, Buramun
D), okcumanmonor ctpeca [cymepokcuanu aHjoH (O2), Bomonuk-nepokcun (H202),
peaKkTUBHE CYyICTaHIMje Be3aHe 3a TuoOapOoutTypuuHy kucenuny (TBARS), azothu

moHokcu (NO), cynepokeun auzmyTasa (SOD), katanasza (C), akTUBHOCT PEyKOBAHOT
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rinytatuoHa (GSH)], nebsprHa UHTHMa-MeaNja KApOTUIHUX apTepHja, MPOTOK KPBU KPO3
BaCKyJIapHH TIpHCTyn 3a Xemoaujanu3y (Qavf) m mapamerap anekBaTHOCTH JHjajk3e
(spKt/V).

4.1. JlabopaTopujcka HCIUTHBAKHA

3a oapehuBame 1a0OPATOPHUJCKUX aHAIM3Aa KPBHU J€ KPB j€ y30pKOBaHA IpEe U
HAaKOH TojeAuHa4yHe on-line xemoauwjadunTpanyje, mpe AaBama XemapuHa U IIpe
npuMeHe 1.v. rBoxkha, kao W BUTamMuHa B komIuiekca, Ha Kpajy cecuje on-line
xemoaujaduntpanuje. Koa uctux 6osiecHUKa, HA UCTH HAYMH y30paK KPBU Y3€T j€ Tpe
M Ha Kpajy ImnojeauHayHe cecuje on-line xemoamjaduirpamuje c  high-flux
nonucyidonckom memoOpanom tumna Leoceed 21H u tunma FX800. JlaGoparopujcke
aHanM3e Cy y3uMaHe pyTUHCKH, TIPUKa3aHe Cy Kao Cpemha BPEAHOCT TPH Y30pKa 3a TpU
HapeIHa Mecerla.

®eputuH je ypahen na anapary B C AU680. L{-peakTuBHU POTEHH Ha anapaTty
Olympus. Konnentpainuja npeanOymuHa u TpaHcepuna y cepymy je oapehuBana
UMYHOTYpOUAMMETPUJCKOM METOAO0M, Ha amapaTy Abbott Architect. bonecHunu Ha
PEIOBHM XeMOjalin3aMa NMajy HOpMajiHa KOHIICHTpallija npeajOyMuHa y cepymy >
0.30 g/l (=30 mg/dl).

Buramua D y cepymy MepeH je moMohy eleKTpo-XeMUJTyMHHHCIICHIIH]E, Ha
Cobase 411. UHTakTHH napaTxopMoH ojpeheH UMYyHO-PaAHOMETPHjCKOM METOJOM, Ha
G 6pojauy WALL. W 1470.

[Tpunmn oapehuBama KOHIEHTpalKje cynepokcuanor anjona (O27) y y3opiuma
KpBHE Tu1azMe kopuctu peakiujy Oz ¢ HuTporerpazonujym tmiaBuMm (Nitro Blue
Tetrazolium - NBT) no nutpodopmazan mmaBor. Mepeme ce OJBHja Ha TaJlacHO]
nykuHu A = 550 nm.

Mertoxa oapehuBama koHueTpanuje BogoHHK-Tiepokcuaa (N202) 6a3upa ce Ha
oKcHIanuju (EeHON IPBEHOTI MoMohy BOJOHMK-TIEPOKCH]I peakifje, KOjy KaTajausyje
eH3UM IMepokcuaas3a u3 komcke porkBuile (Horse Radish PerOxidase - HRPO). ®unanau
pe3yaTar Te peakuuje jecte GopMUpPaABE jeIUHEHha ¢ MAKCUMYMOM alCOPIIIHN]E Amax =
610 nm.
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OnpehuBame wunaekca nunuaHe mnepokcunanuje (TBARS) peanuzoBano je
WHAUPEKTHO MPEKO MpOoayKaTa peakirje JUNUAHE MEePOKCUaaIje ¢ THOOApOUTypHOM
kucennHoM, (Thiobarbituric Acid Reactive Substances). [Ipunnun Te MeTo1e 3aCHHUBA CE
Ha ojapehuBamy HUBOA JUMUAHMUX IEPOKCHIA HA OCHOBY pEaKIMje jeITHOT O] HHUX,
Manormiauanaexuaa (MDA) ¢ Tno6apoutypruom kuceinuaoMm (TBA). Mepeme ce oaBuja
Ha TajacHoj AyuHu A= 530 nm.

OnpehuBame KoHIIeHTpaluje a3oT-MoHokcuaa (NO) peann3oBaHo je Ha OCHOBY
KOJIM4YKHE ociiobohennx Hutputa. [ lpunnun te metozae noapaszymena kopuiiheme Griess
- peareHca, KOju C HUTpPUTUMA Tpagul JUa30-KOMIUIEKC, KOjU Jaje JbyOuuacty 00jy.
Mepeme ce 0/iBUja Ha TajJacHOj AyUHU A = 550 nm.

3a oxapehuBame akTuBHOCTH SOD kopumihena je aapeHalWHCKAa METOJA.
[Ipunuun Te MeToje, Koja HWHA4e MpuIaaa Tpynd MeToAa ,,HeraTUBHOI THIIA,
MojipasyMeBa Jia ce MpaTu CMamemhe Op3uHE ayTOOKCHUIAIM]je aapeHaInHa y aJIKaTHO]
cpenuHu, koja je 3aBucHa og O2". C 063upom ga ce Or” yKkiama O] CTpaHe MPUCYTHE
SOD, nona3zu 10 MHXUOUIM]E peakiihje ayToOKcuaaluje aapeHanmnHa. CUCTeM mpaTu
Op3uHYy MPOMEHE ayTOOKCHAIM]€ aJpeHaTNHa TIPEKO IpoMeHe arcopOaniie Ha 480 nm,
KOja je 0OpHyTO MponopuuoHanHa aktuBHocTd SOD.

3a oapehuBame akTUBHOCTHU Karanaze kopuirheHa je metona mo Beutler-y.
[Ipunuun metone je crnekTpodoToMeTprjcko mpaheme Op3uHE pa3rpajbe BOJAOHUK-
MEePOKCHIa y IPUCYCTBY Karaja3e Ha TajacHoj nykuHu 230 nm, mpu KOjoj BOJOHHK-
MIEPOKCHU/T aricopOyje CBETIIOCT.

3a ompehuBame akTHBHOCTH pemykoBaHor riyTtatnoHa (GSH) kopumihena je
crektpooromerpujcka Meroga mo Beutler-y. Ilpmamun wmertome Oa3upa ce Ha
okcuaanuju rimyratuona GSH nmomohy 5.5-autHo-6mc-6.2-HUTpOoOEH30€BOM KUCEITMHOM
(DTNB).

WNupexc pesucTeHIMje Ha JejCTBO Kparkonenyjyhux eputpomnoeruHa - ERI
u3pauyHar je momohy ¢opmyne: ERI (IU/kg/gHb) = [menemna no3a epurponoeruna (1U)
3aBHCHA O] TesiecHe Mace OonecHuka (kg) / kKoHneHTpanuja xemoraoouna y kpsu (g/1)].
Pesucrennmja Ha 1ejcTBO KpaTkoAenyjyhux epuTpornoeTrHa nocroju ako je ERI >1.0
IU/kg/gHb. WHnekc pe3ucTeHnMje HAa JA€JCTBO Ayroaenyjyher epuTporoeTnHa
u3pauyHar je Ha ocHoBY (opmyne: ERI (nug/kg/gHb) = [Henemna no3a epurponoernna
(ng) 3aBucHa on TenecHe Mace 6onecHuka (kg) / KOHIIEHTpaldja XeMOTJIOONHA Y KPBU

(g/)]. Pesuctennuja Ha aejcTBO ayroaenyjyher eputpomnoeTnHa moctoju ykoiauko je ERI
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> 0.005 pg/kg/gHb. Ilpema wuHAEKCY pE3UCTEHIMjE Ha JEJCTBO EPUTPONOCTHHA,
OoJiecHUIM Cy TIOJICJbeHH Y JIBE Tpyme. [IpBo MecTo 3ay3enu cy manujeHTH KoJ KOjHX je
yTBpHEHO MOCTOjamk¢ PE3UCTCHIIM]jE HA JCjCTBO EPUTPOINIOCTHHA, JIOK CY IPYTY YNHWIA

OHH KOJ] KOjUX HHUje yTBpheHa pe3ncTeHIM]a Ha JI¢JCTBO EPUTPOIIOCTHHA.

4.2. Yarpaconorpaduja - Kosop gormiep

OppesbuBame IPOTOKA KPBU Kpo3 BacKynapHu npuctyn - Qavf Bpmieno je Color

Doppler ynrpa3Byunum nperieqom, Ha anapaty Logic PS5, npumuaowm conne on 7.5 MHz.

JlebpHa MHTHMa-Meauja KapoTUIHUX apTepHja U3pa)keHa j€ Kao IpoceyHa
BPEHOCT TPH IOjeIMHAYHAa MEPEHha Ha JECHO] U JIEBO] KapOTUIHO] apTepuju. Mepemwa
cy BpuieHa 1-2 cm wucnoj Oudypkamuje KapoTUIHUX apTepuja O CTPaHE HCTOT
ynrpaconorpaducte. Bpennoct mama on 0.9mm ce nedunuiine kao HopMaiHa Ae0/pUHA

WHTHUMeE-MEIH]e.
4.3. CTaTHCTHYKA aHAJIU3A

3a oOpany pesynTaTta npuMmemeHu cy: Kolmogo, Smirnov, Studentov T TecT 3a
Be3aHe y3opke, Wilcoxon-ov, Studentov T Tect 3a HeBe3ane y3opke 1 Mann-Whytney U

TECT, Spearman-oB TeCcT Kopelnaiuje, Pearson-oB Tect kopenanuje, yHUBapHjaHTHA U

MYJITUBApHjaHTHA JIOTHCTUYKA PETPECUOHA aHAJN3a.
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5. PE3YJITATHU PAJIA

HUcnutuBame je oOyxBatwio 24 TmamnujeHTa Koja ce Jede on-line
xemoaujaduntpanujom (19 mymkapama, 5 skeHa), mpoceune crapoctd 60.92 + 8.20
TOJIMHA, MPOCEYHE TYKWHE Jieuewma aujanu3doMm 9.53 £ 5.45 rom. W ageKBaTHOCTH

xemoaujasmse spKt/V 1.20 £ 0.18. (Tab. 1).

3a euewe aHeMuje O0JIECHUKA KOJU CYy YKJbYUYEHH Y UCIIUTUBAKE, IPUMEHEH j€
CTHMYJIATOp E€pUTPOIOE3e, ca KPaTKUM M yTUM JI€JCTBOM, MHTPABEHCKH Mpernapar
reoxkha, Butamuna B u gonna kuc. (per os). [Ipoceuna Mmeceuna no3a kpatkoenyjyher
eputponoetuHa uznocuna je 18000.00 = 12055.43 1U, ayroaenyjyher eputponoeTriHa
140.00 + 36.33 pg, npoceuHa MeceyHa J03a MHTpaBeHCKor rBokha n3Hocuna je 256.25
+ 131.50 mg, npoceuna meceuHa o3a ButamuHa B12 2916.67 + 1592.56 ng, a mpoceuna
MeceyHa Jo3a (QonHe kucenuHe 181.25 +  62.23 mg. CekyHaapHH
XUTnepnapaTupeouiu3aM OBUX OOJIECHHKA JieYeH je Be3auuma (ocdarta koju caapxe
KaJIMjyM, aKTUBHUM MeTabonuTuma BUTamMuHa D u mapuxanmuroioM. [Ipoceuna
MeceuHa J103a pokantposia uznocuna je 3.08 + 5.10 ug, a i.v. nmapukanuurona 2.50 +
12.25 pg.
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Ta6ena 1. Oy moganu o 0oJIECHUIIMMA

Xsr+SD
bpoj (n) 24
Opnoc nonosa (M - x, %) 19/5 (79.17%/20.83%)
Crapocr (rox.) 60.92 + 8.20
[onune Ha Aujann3n 9.53+5.45
Tenecna maca — ITM (kg/mz) 25.63 +3.53
Cucronnu aprepujcku KpBHU nputncak — STA (mmHg) 131.67 +13.73
Jlujacronnu aprepujckn kpHH nputicak — DTA (mmHg) 77.50 £ 6.76
Cpenmu aprepujcku KpBHU nputncak — SAP (mmHg) 95.56 + 8.49
Cysa tenecHa maca 6onecunka — W (kg) 7421 £ 12.69
Wurepaujamuszun npunoc y TM — IDWG (kg) 233+0.92
Wurepaujammuszuan npunoc y TM — IDWG (%) 322+1.32
Jaunna ynrpadunrpaunje — UFR (ml/kg/h) 8.04 +3.30

Jaunna ynrpaduntpauuje — UF (ml/h)

583.33 £229.21

Pesunyanna nuypesa — RD (mL /24 h)

425.00 + 591.98

ITporok kpBu Kpo3 Backyinapuu npuctyn — Qavf (ml/min)

967.08 + 415.62

Wunekc anexBatHOCTH Xemoaujanuse — spKt/V 1.20+0.18
= | Glomerulonephritis chronica 3 (12.5%)
g 2 | Nephropathia hypertensiva 10 (41.66%)
§ E\ Nephropathia diabetica 1 (4.16%)
= 5 | Nephropathia obstructiva 1 (4.16%)
= % Nephropathia chronica 4 (16.67%)
‘© | Renes polycystici 5(20.83%)
Komopbuaurern
XunepreHsuja 22 (91.66%)
Xunorensuja 1 (4.17%)
Diabetes mellitus 1 (4.17%)

JlobujeHe mpoceyHe BPEIHOCTH TMapaMeTapa aHEMHje,

cTratyca TBOXbha,

MHKpOHHJIaMaHI/Ije, HYTPUTUBHOI' CTaTyCa, CCKYHIApHOI XHUIICpIIapaThUpCcoOnau3Ma H

yITpa3By4YHOT Mperiiesia KApoTUIHUX apTepHja MpUKa3aHu cy y Tabenu 2.
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Tabesna 2. OCHOBHM NapaMeTpu UCITUTUBAA

CraTucTuyku
[TAPAMETPU UCITUTUBABA napameTpu
Xsr + SD
Xemornobun — Hb (g/1) 105.88 + 14.56
Xematokput — Het (%) 32.09 +4.47
[Tpoceune 3anpemune eputpount — MCV (fl) 93.74 + 4.86
Cpenma konuentpauuja xemor. — MCHC (g/l) 329.50 + 6.53
Konuentpauuja Butamuna By, y cepymy — VitBi, (pg/ml) 962.33 + 503.24
Konuentpauuja donue kucennne y cepymy — FOL (ng/ml) 20.42 +13.16
Kornenrpauuja reoxha y cepymy — Fe** (umol/l) 9.62 +4.04
3acuheme Tpanchepuna reokhem — TSAT (%) 2446 £9.77
®eputnn — F (ng/ml) 591.96 +£318.31
C-peaxtuBau nporenH — CRP (mg/l) 6.08 + 6.74
Anbymun — Alb (g/1) 37.96 +3.24
Konuenrpanuja npeandymuna y cepymy — Palb (g/1) 0.29+0.08
Konuenrpauuja tpanchepuna y cepymy — Trsf (g/1) 1.57+£0.28
D Butamuu — VitD (ng/ml) 20.16 + 9.69
[Tapatxopmon — PTH (pg/ml) 228.92 + 287.42
[Tpoceuna nebspuna nuatnma-meauja DKA — IMT (mm) 1.21 £0.24
[Tpoceuna nebspuna uaTuMa-meauja LKA - IMT (mm) 1.19+0.26
[Tpoceuna nebspuna nuatnMa-meanja KA — IMT (mm) 1.20+0.23

Panu nporieHe yTuiaja tumna aujann3He MeMOpaHe Ha OKCHIAIUOHU CTPEC Y TOKY
nojeIMHaYHe ceaHce on-line xeMoauaguITpaIyje UCIIUTUBAHU CY: CYTIEPOKCHUTHU aHjOH
(02'"), Bomonmk-nepokcun  (H202), peakTuBHEe  CynCTaHIMje  Be3aHe  3a
tnobapourypuuny kucenuny (TBARS), azornu wmonokcua (NO), cynepokcun
musmyTaza (SOD), karanaza (CAT) u aktuBHOCT pemykoBaHor riayratuona (GSH),

tabena 3.

Bonecnuim koju cy neueHu on-line xeMoaujapuITPaLNjOM UMaJy CTaTUCTUYKU
3HavyajHy (p < 0.05) mamy KOHLEHTpalWjy PEaKTHBHHMX CYICTAaHIMja BE3aHUX 3a
tHoOapouTypuuny kucenuny (TBARS) u Bucoko cratuctuuku 3Hauajuo (p < 0.01)
Mamy aKTHBHOCT cymnepokcua ausmyTtaze (SOD), HakoH 3aBpIieTka ceaHce on-line

xemoaujaduntpanuje ¢ MeMopanom obnoxeHom ButamuHoM E (Leoceed 21H), Tabena
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3. Kox uctux GojecHuKa, HAKOH IMOjeIlMHAaYHEe ceaHce on-line xemoaujaduirpaiuje ¢
MeMOpaHOM Koja HHUje oOioxkeHa ButamuHoM E (FX800), xoHIeHTpalyja BOJTOHHUK-
nepokcuaa (H2O») y cepymy je cratuctiuku 3HadajHo (p < 0.05) Beha, 10k je akTUBHOCT
CYNIEPOKCH]] TU3MyTa3e BUCOKO CTaTUCTHUKK 3Ha4ajHO (p < 0.01) mama ox BpeqHOCTH
npe ceaHce on-line xemoawjadunTpamuje, tadena 3. M3mehy octanmx mapamerapa
OKCHJIAITMOHOT CTpeca HeMa CTAaTHUCTUYKW 3HaudajHe pasiuke (p > 0.05) mpe u mocie
ceHace on-line xemoaujadunTpaije ¢ MeMOpaHOM Koja je 00Jio)keHa BHUTaMHUHOM E
(Leoceed 21H), kao Hu ¢ meMOpaHoMm koja Huje oOnoxkeHa ButamuHoM E (FX800),

tabemna 3.

Tabena 3. YTunaj tuna avjanu3He MeMmMOpaHe Ha OKCHUAALMOHU CTPEC Y TOKY
nojeMHaYHe ceaHce on-line xemoaujaduntpaiuje
MewmeOpaHa 3a on-line xemoaujadunrpamjy
Iﬂii?;:ﬁf a Leoceed 21H 5 FX800 =
npe HDF nocine HDF npe HDF nocine HDF
Oy 3.45+351 1.87+206 | 0.078 1.96 +1.23 1.83+1.14 0.548
HyO, 4.82+1.99 474+156 | 0.878 | 7.14+1.72 7.95+1.54 0.003
TBARS 1.20 £ 0.26 1.07+0.10 | 0.031 0.88+0.15 0.90 +£0.24 0.567
NO 3.65+1.24 334+080 | 0223 | 7.79+229 8.09 +2.00 0.174
SOD 3799 +27.12 | 1933+ 1146 | 0.003 | 27.13+13.72 | 18.66 +11.38 | 0.010
CAT 2.38+1.51 1.86+1.28 | 0.107 1.79 + 1.23 2.15+1.52 0.626
110615.52 106438.65 90988.86 92846.14
GSH +27561.68 +32204,63 0.992 + 14909.96 +12470.16 0.364

O;". - cynepokcuanu aHjoH (nmol/ml), H,O» - Bomoruk-nepokcuy (nmol/ml), TBARS - peaktuBHe cyncraHnuje
Be3aHe 3a THOOapOUTypraHy Kucenuny (pmol/l), SOD - cynmepokcun musmytasa (U/gHb x 103), CAT - xaTanmasa
(U/gHb x 10%), GSH - peaykosanu riyratuon (U/gHb x 10%)

CrpoBenieHa je Tepamuja peloBHE XeMonujanm3e U on-line xemoauwjaduntpanuje y
NEepHOy BUIIE OJ JEeBEAeceT JaHa. YKJbydeHo je 125 ucnuranuka (78 mymkor , 47
KEHCKOT 1oJa), y 100y ox 62.83 + 10.49 roauna, ayxuHa Tpajama xemoaujanuse 6.51
+ 6.12 roguna, mpoceuHe yxpameHocTu 25.86 + 4.60 kg/m? u mHIEKCA aIeKBaTHOCTH

mjanuse spKt/V 1.24 + 0.29, Tabenu 4.

52



Ta6ena 4. Oty mogany o 00JIECHUIIMMA

Xsr+ SD
Bpoj (N) 125
I[Ton (m/x, %) 78/47 (62.40%/37.60%)
Crapocr (rox.) 62.83 +10.49
Jly’krHa Jie4era XeMOarjann3oM (ro. ) 6.51 +6.12
Wnzekc Tenecue mace — ITM (kg/m”) 25.86 + 4.60
Cuctonnu aprepujcku KpHu nputucak — STA (mmHg) 127.64 + 15.77
Jlujacronuu aprepujcku kpHu nputucak — DTA (mmHg) 76.16 £ 7.49
Cpenmwu aprepujckul KpBHU nputucak — SAP (mmHg) 93.32 £9.54
Cysa tenecHa maca 6onecuuka — W (kg) 72.02 + 14.70
Wurepaujammuszan npuaoc y TM - IDWG (kg) 244+ 1.11
[Ipouenar naTepanjanusHor npuxHoca y TM — IDWG (%) 3.45+1.58
Jaunna ynrpadunrpaunje - UFR (ml/kg/h) 8.64 +3.94
Jaunna ynrpadpunrpauuje — UF (ml/h) 610.93 +275.26
Pesunyanna nuypesa — RD (ml/24h) 652.40 + 683.40
ITpoTok kpBu kpo3 BackyaapHu npuctyn — Qavf (ml/min) 845.60 + 433.35
Wupexc anexBatHOCTH Xemonaujanusze — Kt/V 1.10+0.24
Single pool nnnexc anexkBarHocTH Xemoaujanuse — spKt/V 1.24+0.29
Crenen ymamema ypee - URR (%) 63.87 + 8.62
« | Glomerulonephritis chronica (N, %) 11 (8.80%)
s g Nephropathia hypertensiva (N, %) 40 (32.00%)
§‘E» Nephropathia diabetica (N, %) 19 (15.20%)
=5 Nephropathia obstructiva (N, %) 8 (6.40%)
= 5 | Nephropathia chronica (N, %) 27 (21.60%)
‘“ | Renes polycystici (N, %) 20 (16.00%)
KomopbOuaurern
Hypertensio arterialis (N, %) 75 (60.00%)
Cor hypertensivum compensatum (N, %) 20 (16.00%)
Cardiomyopathia dilatativa (N, %) 5 (4.00%)
Hypotensio arterialis (N, %) 5 (4.00%)
Diabetes mellitus complicatus (N, %) 20 (16.00%)

[Ipoceuna meceuna 103a kpaTkoaenyjyher epurponoernna n3nocuna je 20538.46
+ 10716.42 1U, nyronenyjyher epurpomnoeruna 134.89 + 71.88 pg, npoceuna meceuHa
71032 MHTPABEHCKOT rBoXkha u3Hocuia je 273.91 £ 162.38 mg, mpocedyna MeceuHa /103a

1.v. Butamuna C uzHocuna je 1420.00 = 184.04 mg, npoceyan meceunu Opoj amiryia
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Beviplex-a u3nocuo je 11.36 + 1.47, npoceyHa meceuna go3a ButamuHa B2 3060 +
1874.70 ng, a mpoceuHa MeceuyHa no03a (omaHe kucenune 187.20 = 65.04 mg.
CekyHIapHHM XUIEpHapaTUpPeOuIu3aM HCIUTUBAHUX OOJIECHUWKA JIEYEH je Be3aunma
dochara Koju caapKe KaJalMjyM, aKTHBHHM MeTaOOJIMTUMa BUTaMHHAa D u
napukanutoiom. [Ipocedna meceuna go03a pokanrposa u3Hocuna je 5.43.56 £4.00 ug,
a 1.v. mapukanurona 37.504 £ 17.08 pg. Jleuewe aprepujcke xumnepTeHsuje koa 81
oonecunka (64.80%) npumeHom OJokaTopa PeHUH-aHTMOTEH3MH cucTeMa (YriIaBHOM
OJlokaTope KOHBepTaze aHruoTeH3uHa 1), 62 6onecHuka (49.60%) Gera GiokaTopuma,
46 OonecHuka (36.80%) muyperurnmma XenieoBe mnetribe U 44 OGosecHuka (35.20%)
OJIoKaTOpuMa KaJIlMjyMCKHUX KaHaJa.

CrangapaHom wuHTepMuTeHTHOM high-flux xemoaujanuzom newen je 101
6onecuuk (80.80%), a 24 OGonecnuka (19.20%) nedeHa cy MOCTAMIYLIMOHOM On-line
xeMoaujaduaTpanujoM. 3a Jieuehe MOCTAMIYIIMOHOM on-line xeMoaujaduitTpanmjom,
kon 24 OonecHuka (19.20%) xopumtheHun cy aujaau3aTopd € BUCOKONPOTOYHOM
nosncyndoHckoM MmemOpanHoM nospiiune 2.0-2.4 m?, nok cy octanu 6oxecuunu (101
oonecuuk, 80.80%) nmeuenu high-flux xemonujanuzom kopumhewmem aujanuzaropa
BHUCOKOIPOTOYHOM MOJIUCYI(POHCKOM MemOpaHoMm nospuuHe 1.4—1.8 m? Kog 113
oonecunka (90.40%) KOpPUCTHO c€ pacTBOp 3a XEMOAMjaIM3y C KOHIIEHTPAILUjOM
kammujyma 1.75 mmol/l (PGS21), xox neser OomecHuka (7.20%) KOHIIEHTpaiuja
KaJll[ijyMa y pacTBopy 3a xemoaujanuzy ouna je 1.50 mmol/l (PGS25), a camo kox Tpu
6onecunka (2.40%) KOPUCTHO ce pacTBOp C KOHITHETpanujoM Kaiujyma 1.25 mmol/l
(PGS27). Konnienrparuja nHarpujyma Na* y pacTBopy 3a Xxemoaujanu3sy n3Hocuia je 140
mmol/l, 6ukapbonara 35 mmol/l, a kornerTpanuja K* 2.0 mmol/l.

ITpoceune BpEIHOCTU napamerapa aHemuyje, craTtyca rBoxba,
MUKpOHH(IaMalnje, HyTPUTUBHOT CTaTyca, CEKYHJIApHOT XHUIIepHapaTupeouiidmMa u
YITpa3BY4YHOT TMperiie/ia KapoTUIHUX apTepHja mpuKa3aHe cy y Tabenu 5. Paau nporiene
yTHIIaja OKCUIAIMOHOT CTPECa Ha aTePOCKIIEPO3y KAPOTUIHUX apTepHja UCTTUTUBAHU CY:
cynepokcugau a"joH (O27), Bomonuk-nepokcun (H202), cyncranuuje koje pearyjy c
tuobapoutypaom kucenuHom (TBARS), azoran wmonokcua (NO27), cymepokcun
nusmyTtaza (SOD), xaranaza (CAT), aktuBHOCT peaykoBaHor riyratuoHa (GSH) u

ne0sbrHA HHTUMA-MeInja KapoTHUIHUX apTepHja, MpuKa3 y Tabemnu 5.
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Ta6ena 5. [Ipocedyne BpeJHOCTH UCTUTUBAHUX MMapaMeTapa

(U/gHbx10%)

Craructuuku
IMTAPAMETPU UCITMTUBABA napaMmeTpu
Xsr+ SD
Xemornooun — Hb (g/1) 104.05 +12.28
Xematokput — Het (%) 31.52 +£3.83
3anpemuna eputpormra — MCV (f1) 93.89 +4.51
xemorsioouH y eputpouuty — MCH (pg) 30.98 £ 1.62
Cpenma KoHIIEHTpauuja xemoriaobuna y epurpounty - MCHC (g/1) 329.96 £ 5.09
Konuenrpaunja Buramuna By, y cepymy — VitB12 (pg/ml) 999.78 + 516.38
Konuenrtpauuja ¢onne kucenune y cepymy — FOL (ng/ml) 2248 +11.49
Konuenrpaunja reoxha y cepymy — Fe*" (umol/l) 10.05+4.16
3acuheme Tpanchepuna reoxxhem — TSAT (%) 2830+ 11.48
Konuenrpaunja pepuruna y cepymy — F (ng/ml) 745.50 + 344.60
Konuenrpaunja C-peaktuBHor npotenHa y cepymy — CRP (mg/1) 10.57 +12.23
KonuenTpauuja ykynHux nporensa y cepymy — P (g/1) 64.36 +4.66
Konuenrpaunja andymuna y cepymy — Alb (g/l) 38.10 +3.03
Konuenrpanuja npeanoymuna y cepymy — Palb (g/1) 0.28 £ 0.09
Konuenrpanuja tpanchepuna y cepymy — Trsf (g/1) 1.56 + 0.34
Konnenrpaunja mokpahue kucenusue y cepymy — UA (umol/l) 366.92 +59.06
Hopmanu3osanu crenen pasrpanme nporenHa — nPCR (g/kg/dan) 1.76 £ 0.66
Konuenrpaunja Buramuna D y cepymy — VitD (ng/ml) 17.88 +£9.63
KoHueHnTpaumja nHTaKTHOT napaTxopMoHa y cepymy — iPTH (pg/ml) 175.13 £ 199.85
[Tpoceuna nebspuna naTuMa-meauja JJKA — IMT (mm) 1.24 +0.29
ITpoceuna ne6spuna naTnMa-mMeauja JIKA — IMT (mm) 1.27 £0.31
[Tpoceuna ne6spuHa naTUMa-Meanja KA — IMT (mm) 1.25+0.28
KoHueHTpanuja CynepokCUIHOT aHjoHa y cepymy — O,” (nmol/ml) 3.58 +4.90
KoHueHTpamnuja BonoHUK-niepokcuaa y cepymy — H,O, (nmol/ml) 4.65+1.62
Konnentpaunja TBARS-a y cepymy (umol/ml) 1.14+0.23
Konuenrpaunja Hutpura y cepymy — NO,™ (nmol/ml) 3.81 £1.33
A 119500.29 +
KTHUBHOCT PeIyKOBaHOT IiryTaTHoHa y cepymy — GSH (nmol/ml) 17525 20

AxrtuBHOCT Katanase y eputpountima — CAT (U/gHbx 10™) 222+ 1.88
AKTHBHOCT CynepoKCcHJ Au3MyTas3e y epurpountuma — SOD 32 82 + 20.67

TBARS — cyncrannuje koje pearyjy c¢ tHobapourypHoMm kucenuHoM (“mol/ml), IKA — necHa xaporujaHa

aprepuja, JIKA - neBa xaporunHa aprepuja, KA - kaporunna aprepuja
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Nzmehy konuentpauuje H202 y cepymy u 1e6puHE UHTUMA-MEMja KapOTUAHUX
apTepuja MOCTOjU cTaTUCTUYKU 3HadajHa (p < 0.05) mo3uTHBHA TOBEe3aHOCT. BHCOkO
cratucTiuku 3HaudajHa (p < 0.01) mosuTmBHA mOBe3aHOCT YyTBpheHa je wu3Mel)y
koHneHTpanuje TBARS-a y cepymy u aebbuHe MHTUMa-MeIMja KapOTHAHUX apTepHja,
JIOK j€ BHUCOKO cTaTUCTHYKHM 3HavajHa (p < 0.01) HeratmBHa TOBE3aHOCT yTBpheHA
u3mehy konnentpamuje SOD y cepymy u AeG/bMHE HMHTHUMAa-MelWja KapOTHIHHUX
aptrepuja, Tabena 6. M3mehy koHueHTpanuje mpeaiOyMHHa U alOyMHHA y CEpyMy
IIOCTOJU BHCOKO cTaTHCTUYKM 3HayajHa (p < 0.01) mo3utmBHa moBe3aHocT. Bucoko
cratuctiukn 3HauajHa (p < 0.01) weraTtuBHa mnoBe3aHocT yTBpheHa je wusmehy
KOHIICHTpaluje an0ymMuHa U TpeaiOyMHHa y cepyMy U JAeOJbMHE WHTUMa-Meauja
KapOTHUJIHUX apTepuja, Tabena 6. U3mel)y octanux ucnuTuBaHUX Napamerapa u 1e0JbuHe
MHTUMa-MeIMja KapoTUIHUX apTepuja HUje yTBpheHa CTAaTUCTUYKM 3HayajHa

ITOBE3aHOCT, Tabena 6.
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Taoena 6. IloBe3anocT

usmehy

napamerapa

OKCHIJalluOHOT cTpceca,

MUKpoHH(IaMaluje, HyTpUIMje, CEKYHIApHOT XWIleprapaTupeouan3mMa u JedbuHe

MHTUMa- MeJyja KapoTHIHUX apTepHja

[TapameTpu ncnuTHBamka OCHOBH;SiTszldgTHqKH napaMeflr\Ipn 3HauajHoCT (p)
0O, (nmol/ml) 3.58 +4.90 125 Temp = 0.002
IMT (mm) 1.25 +0.28 p=0.984
H,0; (nmol/ml) 4.65 +1.62 125 Temp = 0.190
IMT (mm) 1.25+0.28 p=0.034
TBARS (umol/ml) 1.14 +0.23 15 Temp = 0.550
IMT (mm) 1.25+0.28 p=0.0001
NO;" (nmol/ml) 3.81+1.33 125 Temp = —0.131
IMT (mm) 1.25+0.28 p=0.144
GSH (nmol/ml) 119500.29 + 17525.20 15 Temp = 0.112
IMT (mm) 1.25+0.28 p=0214
CAT (U/gHbx10% 2.22+1.88 195 Temp = 0.04
IMT (mm) 1.25+0.28 p=0.963
SOD (U/gHbx10% 32.82 +20.67 15 Temp = —0.310
IMT (mm) 1.25+0.28 p=0.0001
CRP (mg/l) 10.57 + 12.23 125 Temp = 0.038
IMT (mm) 1.25+0.28 p=0.673
ALB (g/l) 38.00 + 3.02 125 Temp = —0.245
IMT (mm) 1.25+0.28 p=0.006
PALB (g/1) 0.28 + 0.09 125 Temp = —0.243
IMT (mm) 1.25+0.28 p =10.009
TRSF (g/1) 1.50 +0.34 125 Temp = —0.139
IMT (mm) 1.25+0.28 p=0.123
VitD (ng/ml) 17.88 +9.63 125 Temp = —0.148
IMT (mm) 1.25+0.28 p=0.099
iPTH (pg/ml) 175.13 + 199.85 125 Temp = 0.051
IMT (mm) 1.25+ 028 p=0.574
ALB (g/1) 38.00 + 3.02 125 Temp = 0.479
PALB (g/1) 0.28 + 0.09 p=0.0001
02-' - cynepokcunHu aHjoH, H202 - Bojonuk-nepokcun, TBARS - peakTtuBHe cyncraHunuje Be3aHe 3a

THOOapOuTYpHY KucenuHy, NO2 - azorHu monokuca, GSH - penykoBanu riyration, CAT - karanaza, SOD -
cynepokcun gusmytaza, CRP - C-peaktuBum mnporeumn, ALB - anOymumn, PALB - npeanGymun, TRSF -
tpancdepun, VitD - Butamun D, iPTH - untaktHu naparxopmos, IMT - ne6sbuHa HHTHMa-Meanja
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HcnutuBame je m3BpiieHo koa 96 GonecHuka (58 mymikapara, 38 jxeHa), mpocedHe
crapoctu 62.57 = 11.05 roguna, mpocedHe TyXKUHE Jieuewa aujann3om 4.46 + 5.22
roJIMHE, MpOoceyHe yXpambeHOCTH 25.84 + 4.93 kg/m u mpocedHOT HH/EKCa aIeKBaTHOCTH

xemoaujasmze spKt/V 1.20 + 0.28 ( Tabemna 7a.).

[Ipema BpcTH epuTponoeTHHa, A00WIM cMo aBe rpymne. [IpBy cy uuHUIM
OonecHHUIIM KOJ KOJUX C€ 3a JieueHhe aHeMHje MPUMEHHBA0 KpaTkojaenyjyhu
EpUTPOIIOETUH (EMOETHUH-0, €NOoeTUH-P), 1OK cy Apyry 4YMHWIM OOJECHHLH C

nyrozenyjyhum eputponoetuHoM (gapOenoeTnH-o) - Tabena 70.

[lpeMa wWHOEKCY pPE3UCTEHIMjE HA JEjCTBO EPUTPOIOETHHA, CBaka Tpyma
OojiecHMKA MOJeJbeHA je Ha joul jaBe norpymne. [IpBy nmoarpymny 4nHuiu cy 00J1€CHULH
KOJI KOjUX j€ J1jarHOCTUKOBaHA PE3UCTEHIIM]a Ha JISjCTBO EPUTPOTIOCTHHA, TIOK CY IPYTY
YUHWUIU OOJIECHUIM Oe3 pe3UCTEeHIMje Ha JIeJCTBO epuTporoeTuHa. ONIITH MoAalu o

OosecHUIIMMA NIPUKA3aHu Cy y Tabenu 7B
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Tabesna 7a. boyiecHu1M - ONIITE KAPAKTEPUCTUKE

Xsr+SD
bpoj (n) 96
ITpouieHart 3aCTynJbEHOCTH M0JI0BA 58/38 (60.42/39.58)
['opune crapocTn 62.57 £ 11.05
['oauHe mpoBeneHe Ha XEMOIUjaTM3HOM MPOrpamy 446 +5.22
TenecHa Mmaca nmpuka3aHa Kpo3 HHIEKC 25.84 +4.93
Cucronau aprepujcku KpHU nputucak — STA (mmHg) 128.44 + 15.83
JlujactomHu aprepujcku kpBHU nputncak — DTA (mmHg) 76.35 +7.56
Cpenmwu apTepujckn KpBHU nputicak — SAP (mmHg) 93.72 £ 9.56
Cysa TtenecHa maca 6onecuuka — W (kg) 71.63 +14.68
Wurepanjanusau npunoc y TM — IDWG (kg) 239+ 1.10
[Tpouenar narepanjanusuor npuHoca y TM — IDWG (%) 3.38+1.53
Jaunna ynrpadunrpaunje — UF (ml/h) 598.09 + 275.06
Jaunna ynrpadunrpaunje — UFR (ml/kg/h) 8.46 +3.82

Pesunyanna nuypesa — RD (ml/24h)

698.44 +701.82

JaunHa MpOTOKa KpPO3 BaCKYJIapHH MPHCTYII

827.29 £441.21

AIEKBAaTHOCT XEMOU]jaTH3€e - HUHIEKC 1.01 +£0.23
Single pool nHAEKC anEKBaTHOCTH XeMOINjAIH3Ee 1.20 £ 0.28
ymamema ypea - crerneH — URR (%) 62.62 + 8.54
GMN (N, %) 8 (8.33)
% . o Nephropathia hypertgnsiva (N, %) 28 (29.17)
g § 9 | Nephropathia diabetica (N, %) 18 (18.75)
=8 E Nephropathia obstructiva (N, %) 6 (6.25)
= Nephropathia chronica (N, %) 24 (25.00)
Renes polycystici (N, %) 12 (12.50)
Komopbuaurern
Hypertensio arterialis (N, %) 58 (60.42)
Cor hypertensivum compensatum (N, %) 16 (16.67)
Cardiomyopathia dilatativa (N, %) 2 (2.08)
Hypotensio arterialis (N, %) 2 (2.08)
Diabetes mellitus complicatus (N, %) 18 (18.75)
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Tabena 76. Onmty mogaiy o O0JECHUIIMMA Y 3aBUCHOCTH O] BPCTE €pUTPOIIOCTHHA

BPCTA EPUTPOIIOETHUHA
OINIIITHU ITOJALIA KDE DDE

Xsr + SD Xsr + SD
N (%) 51(53.13) 45 (46.87)
P (m/x, %) 31/20 (60.78/39.22) 27/18 (60.00/40.00)
S (rox.) 67.45+09.11 57.04 £10.51
DD (rox.) 5.16 £ 6.00 3.68+4.10
BMI (kg/m?) 25.69 +4.55 26.01 +5.37
SBP (mmHg) 127.16 + 16.32 129.89 + 15.32
DBP (mmHg) 75.88 +7.53 76.89 + 7.63
MBP (mmHg) 92.97 +9.74 94.56 +9.39
WG (kg) 71.03 +£13.76 72.31 +15.79
IDWG (kg) 2.24+0.91 2.57+1.28
%IDWG (%) 3.20+1.31 3.59+1.75
UF (ml/h) 558.82 +226.87 642.59 +317.88
UFR (ml/kg/h) 8.00 +3.27 8.98 +4.35
RD (ml /24 h) 644.12 + 631.87 760.00 + 776.18
Qavf (ml/min) 832.35 +446.56 821.56 + 440.04
Kt/V 1.03 +0.22 0.99 +0.25
spKt/V 1.22 £0.26 1.17 £ 0.30
URR (%) 63.55+8.01 61.57 £9.08
ITpumapha Gosect OyOpera
GNH (N, %) 4(7.84) 4(8.89)
HN (N, %) 18 (35.29) 8(17.78)
DN (N, %) 10 (19.61) 8 (17.78)
ON (N, %) 4 (7.84) 2 (4.44)
CN (N, %) 14 (27.45) 12 (26.67)
RPC (N, %) 1(1.96) 11(24.44)
Komopbuaurern
HTA (N, %) 30 (58.82) 29 (64.44)
HHD (N, %) 8 (15.69) 8(17.78)
DC (N, %) 1(1.96) 1(2.22)
HA (N, %) 0 (0.00) 1(2.22)
DMC (N, %) 12 (23.53) 6(13.33)

KDE - xparkonenyjyhu epurponoeru, DDE - nyromemyjyhm epurpomnoerus, N - 6poj ucnuranuka, P - mon
UCIHTAHKKA, S - cTapocT ObonecHuka, DD - nyxuHa nedema xemoaujamzom, BMI - uanexc tenecue mace, SBP -
CHCTOJIHU apTepHjcku KpBHU nputucak, DBP - nujacronnn xpBHM nputicak, MBP - cpeamu apTepjcku KpBHH
npurncak, WG - cyBa tenecHa Maca OonecHuka, IDWG - uHTepIUjaIu3Hu IPUHOC Y TEJIECHO] MAacH OOJIECHUKA,
%IDWG - nporieHaT MHTEPANjalTU3HOT MpUHOCca y TelecHoj Macu 6onecHuka, GNH - Glomerulonephritis Chronica,
HN - Hypertensive Nephropathy, DN - Diabetic Nephropathy, ON - Obstructive Nephropathy, CN - Chronic
Nephropathy, RPC - Renes Polycystici, HTA - Hypertensio Arterialis, HHD - Hypertensive Heart Disease, DC -
Dilated Cardiomyopathy, HA - Hypotensio arterialis, DMC - Diabetes Mellitus Complications
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Tabena 7B. OnmTy moganu o0 OOJECHUIIMMA Y 3aBUCHOCTHU OJ] BPCTE M PE3UCTEHIIN]€ HA

JIJCTBO €PUTPOIIOCTHHA

Kparxonenyjyhlg I;%mponoemﬂu - Tyronemyjyhu epurponoerss — DDE
T(I)(;-II][-IIJ\]]:[I;I/I Pezncr}clzgupgja | Pesucrenumja — JIA P €3HCTI§gunia - PC3HC”EZHHja -
Xsr+ SD Xsr+ SD Xsr + SD Xsr + SD
N (%) 39 (40.63) 12 (12.50) 21 (21.87) 24 (25.00)
P (M/)K, %) (61.23;;2.46) 7/5 (58.33/41.67) 14/7 (66.67/33.33) 13/11 (54.17/45.83)
S (rox.) 66.00 £9.17 72.17 +£7.40 56.52 +10.21 57.50 £ 10.96
DD (rox.) 5.63 + 6.65 3.63+2.73 2.02+1.54 5.12+5.05
BMI (kg/m®) 2590 +4 89 25.03 +3.32 26.11 +5.26 2593 +5.58
SBP (mmHg) 126.03 + 17.02 130.83 £ 13.79 132.38 + 13.00 127.71 £17.07
DBP (mmHg) 76.15+7.82 75.00 + 6.74 79.05 +7.00 75.00 + 7.80
MBP (mmHg) | 92.78 +10.19 93.61 + 8.46 96.83 + 8.13 92.57 +10.12
WG (kg) 7245+ 14.26 6642 +11.29 75.40 £ 14.10 69.60 + 16.96
IDWG (kg) 2.18+0.94 2.42+0.79 2.48 +1.37 2.65+1.21
%IDWG (%) 3.07+1.38 3.62+0.95 3.28+1.76 385+1.73
UF (ml/h) 54487 +23558 | 604.17 £198.24 | 621.03 +£340.52 | 661.46 +302.79
glfll/{kg/h) 7.68 +3.46 9.04 +£2.37 8.23 +4.36 9.63 +4.32
RD (ml/24h) | 65641 +592.85 | 604.17 +773.56 |985.71 +865.04 | 562.50 + 64391
Qavf (ml/min) | 824.36 + 45584 | 85833 +433.19 | 888.10 +447.65 | 763.33 + 43428
Kt/V 1.03+0.24 1.05+0.13 0.95+0.19 1.02 +£0.29
spKt/V 1.21+0.28 1.25+0.16 1.12+0.22 1.22 +0.35
URR (%) 63.21 +8.72 64.65 +5.24 60.50 + 7.51 62.51 £10.33
[Tpumapna 6onect OyOpera
GNH (N, %) 3(7.69) 1(8.33) 2 (9.52) 2 (8.33)
HN (N, %) 13 (33.33) 5(41.67) 4 (19.05) 6 (25.00)
DN (N, %) 7 (17.95) 3 (25.00) 4 (19.05) 4 (16.67)
ON (N, %) 4 (10.26) 0 (0.00) 0 (0.00) 2 (8.33)
CN (N, %) 11(28.21) 3 (25.00) 3 (14.29) 7(29.17)
RPC (N, %) 1(2.56) 0 (0.00) 8 (38.10) 3 (12.50)
Komopbuanrern
HTA (N, %) 22 (56.41) 7 (58.33) 14 (66.67) 15 (62.50)
HHD (N, %) 7 (17.95) 1 (8.33%) 3 (14.29) 5(20.83)
DC (N, %) 0 (0.00) 1 (8.33%) 1(4.76) 0 (0.00)
HA (N, %) 1(2.56) 0 (0.00) 0 (0.00) 1(4.17)
DMC (N, %) 9 (23.08) 3 (25.00) 3 (14.29) 3 (12.50)

N - 6poj ucnuranuka, P - mon nucnuranunka, S - crapoct 6onecHuka, DD - nyxuHa nedema xemoaujaauzom, BMI -
MHJIEKC TesecHe Mace, SBP - cucroiHu aprepujcku KpBHH nputncak, DBP - aujacromuu kpBHM nputucak, MBP -
CpeAmy apTepHjCKu KpBHHU IpuTHcak, WG - cyBa TenecHa Maca O6osiecHuka, IDWG - MHTepAnjau3HU IPUHOC Y
TenecHoj Macu OostecHuka, %IDWG - mporieHaT nHTepaujaIu3HOT NPHHOCa Yy TeiecHoj Macu OonecHuka, UF -
jaumHa ynrpadunrpanmje, UFR - jaunna yntpadunrpanuje, RD - pesngyanna nuypesa, GNH - Glomerulonephritis
Chronica, HN - Hypertensive Nephropathy, DN - Diabetic Nephropathy, ON - Obstructive Nephropathy, CN —
Chronic Nephropathy, RPC - Renes Polycystici, HTA - Hypertensio Arterialis, HHD - Hypertensive Heart Disease,
DC - Dilated Cardiomyopathy, HA - Hypotensio Arterialis, DMC - Diabetes Mellitus Complications
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[Ipoceuna meceuHa m03a KpaTkojenyjyher eputpornoeTtnHa w3Hocuia je 20784.31 +
10673.92 1U, nyronmenyjyher epurponoetuna 134.89 + 71.88 ug, nmpoceyna MecedyHa
J103a MHTPAaBEHCKOT rBoXkha u3Hocuia je 283.02 = 174.02 mg, mpocedyHa MeceyHa J103a
i.v. ButramuHa C 1406.25 + 196.18 mg, npoceuan meceunu Opoj ammyna Beviplex-a
u3Hocuo je 11.25 + 1.57, mpoceuna meceuna no3a ButamuHa Bi2 3125.00 = 1986 ug, a
mpoceyHa wmeceyHa go3a Qomue kucenuHe 190.63 £+ 67.01 mg. CexkyHaapHH
XUIEepHapaTupeonIu3aM UCITUTHBAaHUX OOJIECHHKA JIEUYeH je Be3aunma ¢ocdara Koju
caJpke KallHMjyM, aKTUBHUM MeTa0onuTUMa BUTaMMHa D W NapUKaILUTOIOM.
[Ipoceuna mecedna J103a pokanTposia uzHocuia je 5.33 £ 3.27 ug, a i.v. napukaiiuroia
35.00 £ 20.82 pg. 3a nedyeme aprepujcke xurepreHzuje 63 OonecHuka (65.63%)
KOpUCTHJIa Cy OJloKaTope pEHHH-aHTMOTEH3UH cuctema (yrJiaBHOM OJokaTope
KOHBepTa3e aHruoTeHsuna 1), 44 6onecnuka (45.83%) Oeta Giokatope, 41 GomecHUK
(42.71%) muypetuke XenneoBe mnetrbe U 32 OomecHuka (33.33%) Onokatope

KaJI[MJYMCKUX KaHaJa.

CrangapaHom uHTepMuTeHTHOM high-flux xemoaujanuzom nedeHo je 85
6onecuuka (88.54%), a 11 (11.46%) noctannymonom on-line xemoaujapuaTpaujom.
3a Jedewe NOCTIMIYLHOHOM on-line xemoaujaduiurpanujom, koxa 11 OonecHuka
(11.46%) xopumheHn cy aAWjaIu3aTOpu C BHCOKOMPOTOYHOM TMOJHUCYI(HOHCKOM
MeMOpanom noBpirHe 2.0-24 m?, 1ok cy octanu 6onecuuin (85 6onecHuka, 88.54%)
nedenu high-flux xemoamjanuzoM kopumhemeM AHMjaTu3aTopa ¢ BUCOKOMPOTOYHOM
nonucyndonckom memoOpanom mnospmuHe 1.4-1.8 m? Kox 87 Gomecuuka (90.63%)
KOPHCTHO C€ PacTBOp 3a XEMOJIMjalu3y C KOHIIGHTpamujoMm kaimujyma 1.75 mmol/l
(PGS21), xon mect GonecHuka (6.25%) KoHIEHTpalMja Kalldjyma y pacTBOpY 3a
xemoaujamu3y oOwmna je 1.50 mmol/l (PGS25), a camo xox Tpu Gonecuuka (3.13%)
KOPUCTHO CE€ pacTBOp ¢ KOHIEHTpanujoM kammujyma 1.25 mmol/l (PGS27).
Konuenrpauuja nHarpujyma Na* y pactBopy 3a xemoaujanusy uzHocuna je 140 mmol/l,

KOHIIeHTpanuja bukapoonara 35 mmol/l, a konnenTpanuja K* 2.0 mmol/l.

[Ipoceune BPEHOCTH napamerapa aHemwje, cratyca rBoxha,
MUKpOHH(IIaMaIije, HyTPUTUBHOT CTaTyca, CEKYHIApHOT XHUIIEpHapaTUpPEOuIu3Ma |
XUTIEPBOJIEMH]E, Yy 3aBUCHOCTH OJI TNpHUMEHEe KpaTkoaemyjyhux wu mayroaenyjyher

epUTPOIIOETHHA, PUKAa3aHe cy y Tabenama 76 u 7B.
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Pagu mporeHe yTHIaja OKCHIAIMOHOT CTpeca Ha PE3UCTEHIM]y Ha JEjCTBO
EPUTPOINOCTHHA UCTIMTUBAHHU CY: CyniepokcuaHu aHjoH (O27), BogoHuK-1epokcu (X202),
CyICTaHIM]je Koje pearyjy ¢ Tuobapoutyprom kucenunom (TBARS), a30THH MOHOKCH]T
(NO»), cymepokcun musmyTtaza (SOD), karamaza (CAT), akTHBHOCT peayKOBaHOT
rimytatuoHa (GSH) u unnekc pesucteniyje Ha aejctso epurponoerura (ERI). [Ipoceune
BPEIIHOCTH MCITUTHBAHMX MapaMeTapa OKCHIAIMOHOT CTpeca MpUKa3aHe cy y Tadenama
Oull.

Ananuza gaktopa pu3MKa 3a pa3Boj pe3UCTEHIIN]Ee Ha JE€JCTBO KpaTKoAelyjyhux

EpUTPOIOETHHA (ETTOETHH-(, €TIOETUH-[}) MpHUKa3aHa je y Tademnu 8.

TaGena 8. PesucteHinuja Ha [€jCTBO KpaTKoAedyjyhux epUTpONoOeTHHA: ENOeTHH-

o/enoeTuH-f

ERI kg/nenemno/gH
TAPAMETPU o /kgsIngb gluene B 1%g1Ut2<g EEE 3HAUYAJHOCT
HUCIIUTHBABA : = )
Xsr+ SD Xsr+ SD
Hb (g/1) 104.73 + 10.07 95.63 +9.94 t=2.747, p = 0.008
Hct (%) 31.85+3.02 29.10 + 6.55 t=2.738, p = 0.009
MCV (fl) 94.77 + 4.11 9434 + 6.55 t=0274,p=0.785
MCH (pg) 3128+ 1.57 31.10 +2.08 t=0.338,p=0.737
MCHC (g/l) 329.94 +4.76 329.79 + 5.89 t=0.087, p =0.931
FOL (ng/ml) 23.05 + 12.66 26.45 + 8.43 z=-0.782,p=0.434
VitB), (pg/ml) 1011.79 + 522.06 1030.92 + 547.61 | z=-0.095, p =0.925
Fe?' (umol/l) 10.43 + 4.59 10.89 + 4.43 t=-0.304, p=0.762
TSAT (%) 30.05 + 13.30 32.13 + 12.00 t=-0.482, p = 0.632
FER (ng/ml) 723.82 + 332.64 101638 +371.10 | t=-2.594 p=0.015
CRP (mg/l) 9.89 +10.74 13.13 + 12.90 z=-1.044,p=0.297
UP (g/l) 63.83 +5.23 63.29 + 4.20 t=0.327, p = 0.745
ALB (g/) 37.46+2.76 38.25+3.23 t=-0.831,p=0.410
PALB (g/) 0.26 + 0.09 0.30 + 0.06 =-1379,p=0.174
TRSF (g/l) 1.55 +0.30 1.49 +0.27 t=0.582, p =0.563
UA (umol/l) 359.24 + 58.07 336.21 + 65.54 t=1.166, p = 0.249
BMI (kg/m’) 25.90 + 4.89 25.03 +3.32 t=0.571,p=0.570
nPCR (g/kg/24h) 1.69 + 0.62 1.96 + 0.49 =_1.356,p =0.181
IDWG (%) 3.07 +1.38 3.62+0.95 =_1.273,p =0.209
VitD (ng/ml) 14.83 + 7.67 18.69 + 12.62 =-1.299, p = 0.200
iPTH (pg/ml) 199.93 + 269.35 143.55+103.43 | z=-0.444 p=0.657
Kt/V 1.03 +0.24 1.05+0.13 t=-0.281,p=0.780
spKt/V 1.21 +0.28 1.25+0.16 t=-0.434, p = 0.666
URR (%) 63.21 +8.72 64.65 + 5.24 t=-0.540, p = 0.592
PMDG (mg) 280.00 + 197.91 228.57+111.27 t=0.654,p=0518
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Melyy OonecHunMMa KOjU Cy JICUGHH KpAaTKOACNIYjyhHM epUTpONOETHHHUMA
pe3ucTeHlMja Ha JIejCTBO epuTpornoeTuHa yTBpheHa je xox 12 Gonecuuka (12.50%).
Bonecuuim ¢ pe3ucTeH1InjoM Ha JIEjCTBO KpaTKoaenyjyhux eputponoeTiHa (€noeTuH-o,
enoeTHH-3) UMajy BUCOKH CTAaTHCTHYKHU 3Ha4ajHOCT (p < 0.01) mamy koHi. Hgb y xpBu
U BPETHOCT XEMaTOKpHUTa, CTaTUCTUYKU 3Ha4yajHo (p < 0.05) Behy KoHIEHTparujy
dbeputnHa y cepyMmy U cTaTUCTUYKHU 3Ha4ajHO (p < 0.05) Mamy KOHIIEHTpAIUjy KaTasase
y €pUTPOIIUTIMA HETo OOJIECHUIIM O€3 pe3UCTEHIIH]e Ha JIeJCTBO epUTPOIIOETHHA, Tabere
8 u 9. IloBehana koHueHTpanuja (EepUTHHA y CEPyMy U CMameHa KOHIIEHTpalluja
KaTajiaze y €pUTPOLUTHMA 3HAYajHU Cy (PAKTOpPU pU3UKA 3a Pa3BOj PE3UCTEHIIM]E HA
JI€JCTBO KpaTKOAeNyjyhuX epuTpornoeTuHa.

VYTuia) mapamerapa OKCHAAIIMOHOT CTpeca Ha PE3UCTEHIM]y Ha J€jCTBO

KpaTkozenyjyhux eputponoeTrHa (€noeTuH-o, €noeTuH-f) nmpukasad je y Tadbenu 9.

TaGena 9. IlapameTpu OKCHOAIIMOHOI CTpeca W pPE3UCTEHIMja Ha JEJCTBO

KpaTkoienyjyhux epuTpornoeTuHa: enoeTuH-0/enoeTHH-[3

TTAPAMETPHU ERI (IU/kg/nenemo/gHb) 3HAUAJHOCT

HCLATHBARA | <10 TU/kg/gHb > 1.0 IU/kg/gHb :
Xsr + SD Xsr + SD

0, (nmol/ml) 3.03+328 5.88 + 7.26 2=-1.671,p=0.095

H,05 (nmol/ml) 437+ 147 466+ 154 t=-0.599, p = 0.552
TBARS (umol/ml) 112+0.15 113 +0.08 2=-1290,p=0.197

NO," (nmol/ml) 401 + 138 400+ 124 t=0.006, p = 0.955

11785857 + 118499.65 +

GSH (nmol/ml) 18403 35 1487613 t=-0.110,p=0.913
CAT (U/gHbx10") 274+2.72 150+ 1.02 2= 2168, p = 0.030
SOD (U/gHbx 10°) 39.03 + 20,64 2849 + 16,83 t=1609,p=0114

ERI - nazmekc pe3ncTeHnmje Ha IejCTBO epurponoeTiHa, O2 - cymepokcunsu anjoH, H202 - BOJOHUK- TepOKCH,
TBARS - peakTHBHE CyICTaHIHjEe Be3aHe 3a THOOapOuUTypHY kmcenumHy, NO2- - a3otHm MoHokcua, GSH -
peaykoBanu rinytatuoH, CAT - karanasza, SOD - cynepokcun ausmyrtasa

Ananuza QakTtopa Koju yTHYY Ha pE3UCTEHIM]y Ha JejCTBO Ayrojenyjyher

epUTpOINoeTHHA (TapOenoeTHH-0) MpuKazana je y tadenu 10
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Tabena 10. Pesucrenunja Ha 1ejCTBO Ayrojaenyjyher epuTpornoeTriHa: 1apoenoeTHH-o,

TTAPAMETPH ERI (jkg/nenesnro/gHb) 3HAUYAJHOCT
NCTINTUBAL A < 0.005 pg/kg/gHb > 0.005 ng/kg/gHb ®)
Xsr + SD Xsr+ SD

Hgb 108.64 + 8.53 97.35+ 13.42 t=3.311, p=0.002

Hct 32.67 +2.64 30.50 + 4.55 t=2.845,p=0.007
MCV 93.48 +3.79 92.96 +4.11 t=0.443, p = 0.660
MCH 30.99 + 1.30 30.49 + 1.44 t=1.206, p=0.234
MCHC 331.41 +4.21 328.60 + 4.86 t=2.052, p=0.046
FOL 22.91+9.77 2149+ 11.01 z=-0.568,p =0.570
VitB1, 1112.00 +493.71 1017.63 +526.42 | z=-0.642, p=0.521

Fe 9.77 +3.99 8.49 + 3.02 t=1218,p=0230
TSAT (%) 26.98 +9.94 25.48 + 10.95 t=0.478, p =0.635
FER (ng/ml) 692.60 + 298.31 767.67 + 296.22 t=-0.845, p = 0.403
CRP (mg/l) 738+ 7.47 17.38 + 18.32 t=-2.335,p=0.024
UP (g/1) 65.36 +4.73 65.15+5.24 t=0.141, p =0.888
anOyMIHN 38.81 +3.19 37.50 + 3.58 t=1.287,p=0205
PALB (g/l) 0.32+0.07 0.25 + 0.09 t=2.730, p = 0.009
TRSF (g/) 1.67 + 0.40 1.49 + 0.37 t=1.561,p=0.126
UA (umol/l) 372.71 +47.51 370.46 + 50.18 t=0.154, p=0.878
BMI (kg/m°) 26.11 +5.26 2593 +5.58 t=0.111,p=0912
nPCR (zHeBHO) 1.63 +0.46 1.91 +0.58 t=-1.762, p=0.085
IDWG (%) 3.28+1.76 3.85+1.73 t=-1.096, p=0.279
VitD (ng/ml) 2424+ 11.26 15.99 + 8.84 t=2.750, p = 0.009
iPTH (pg/ml) 107.08 + 119.69 179.32 + 147.55 t=-1.787, p=0.081
Kt/V 0.95+0.19 1.02 +0.29 t=-0.989, p=0.328
spKt/V 1.12+0.22 1.22 +0.35 t=-1.141, p=0.260
URR (%) 60.50 + 7.51 62.51 + 10.33 t=-0.736, p = 0.466
PMDG (mg) 277.78 + 130.17 325.00 + 186.47 | t=-0.649, p=0.524

Kon OomecHuka

KOjU Cy

JICYCHHU

nyroaenyjyhum

E€PUTPOIIOETHHOM

(mapbenoeTnH-a), PE3UCTEHIIM]ja Ha JCJCTBO EpUTPONOETHHA yTBpheHa je kox 24

oonecuuka (53.3%). bonecHum ¢ pe3UCTEHIMJOM Ha J€jCTBO Ayrojenyjyher

epuTporoeTuHa (1apOenoeTuH-a) UMajy BUCOKO CTaTHUCTHYKHM 3HadajHo (p < 0.01)

AQHEMUJCKHM CHHJIPOM, CMalbeHY KOHIIEHTpallK]y npeasoyMuHa u BuTamuHa D y cepymy,

cratucTiuku 3HavajHo (p < 0.05) mMamy cpeamy KOHIEHTpAIlM]y XEeMOIJIOOWHA Y

epUTPOLIUTHMA, KAa0 M cTaTUCTHUKH 3HauajHo (p < 0.05) Behy konuentpaunjy CRP-a 'y

cepyMy Hero OOJICCHUIIM KOJ KOjUX HHje JO0Ka3aHa pPE3UCTEHIMja Ha JIejCTBO

epUTPONOeTHHA. bojecHUIIN ¢ pe3UCTEHIIM]OM Ha Tyroenyjyhu epuTporoeTHH UMajy
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3Ha4YajHy CTaTUCTUYKY Pa3JIMKy, OMHOCHO Behy KOHIICHTpAIH]jy CYIePOKCHIHOT aHjoHa,
BOJIOHHMK-TIEPOKCHJT HETO OojiecHUIM Oe3 TMmocTojama pesucteHimje, tademe 10 u 11.
OxcuaanuoHu CTpec, MUKpOoUHGIaMaIija, MATHyTPUIMja ¥ HEIOCTaTak BUTaMuHa D
3HavajHU cy GakTopu pH3MKa 3a pa3BOj PE3UCTEHIMje Ha JIEJCTBO ayrojaenyjyher

CPUTPOIIOCTHHA.

VYTunaj napaMerapa OKCHIALMOHOT CTpeca Ha PE3UCTEHIM]y Ha J€jCTBO

nyrozaenyjyher eputponoeTusa (1apOenoeTuH-0) NpuKasas je y tadenu 11.

Ta6ena 11. [TapameTpu OKCHIAIIMOHOT CTpeca U pe3UCTEHIIN]a Ha 1€]CTBO Ayrojeinyjyher

CpUTPOIIOCTUHA: JapOCOeTHH-a

TTAPAMETPU BRI ke meae pati o) 3HAYAJHOCT
HUCTIUTUBAA < 0.005 pg/kg/gHb > 0.005 pg/kg/gHb ®)
Xsr+ SD Xsr+ SD
. Z=-2020,p=
0, (nmol/ml) 210+ 1.78 5.57+8.05 0043
t=2287,p=
H,05 (nmol/ml) 416+ 145 536+199 0027
TBARS (umol/ml) 1.24+0.44 1.12+0.13 Z- _g '56325 P
NO, (nmol/ml) 388+ 131 3.66+ 132 t=0.566, p=0.574
120471.53 + 121478.41 + t=—0.175,p=
GSH (nmol/ml) 16752.57 21132.15 0.114
CAT (U/gHbx10% 2.12+ 126 2.14 + 1.44 t= _g'ggg’ p=
SOD (U/gHbx10%) 32.56 + 20.59 2374+ 16.09 t=1611,p=0.121

ERI - nHzmekc pe3ucTeHrje Ha IejCTBO epuTponoeTrHa, O2 - cynepokcunsu aHjoH, H202 - BOJOHUK- TepOKCH,
TBARS - peakTHBHE CyICTaHIIHje Be3aHe 3a THOOapOWTYypHY KucennHy, NO2- — a3otHu MoHOkcua, GSH -
peaykoBanu raytatuoH, CAT - karanasza, SOD - cynepokcun ausmyTtasa
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YHuBapujaHTHA U MyJITUBapHjaHTHA JIOTUCTHYKA PErpecroHa aHajin3a rokas3aja je Jia cy
BpCTa epuTponoeTuHa u koHmenrpanuja CRP-a y cepymy He3zaBucHHM (hakTOpU puU3HKa

3a pa3BOj PE3UCTEHIIM]E Ha JIEJCTBO EpUTPONIOETHHA, Tabena 12.

Tabena 12. HezaBucHu ¢akTopu pH3MKa 3a pPa3BOj PE3UCTCHIMjE Ha JIEJCTBO

€PUTPOIIOECTHHA
MynTuBapujaHTHa JOTHCTUYKA PErPeCHOHa aHATN3a
[Tapamerpu 95%CI for
B SE Wald df Sig. Exp(B) EXP(B)

Lower | Upper
Epo 1319 0.462 8.164 1 0.004 3.739 1.513 9.239
CRP 0.042 0.019 5.102 1 0.024 1.043 1.006 1.082

Constant | —3.002 | 0.800 | 14.071 1 0.000 0.050
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Tabena 13. Ommru momam o OoJeCHUIIMMA y 3aBUCHOCTH OJI MOJAIUTETA

XEMOAHjaTn3e
MOJAJIUTET XEMOJHUJAJIN3E
OIIITH MTOJIALIA HDF HD
Xsr + SD Xsr+ SD
N (%) 24 (19.20) 101 (80.80)
P (M/x, %) 19/5 (79.17/20.83) 59/42 (58.42/41.58)
S (roxn.) 59.92 £ 8.20 63.52 £10.88
DD (rox.) 8.74+5.17 4.50+549
BMI (kg/mz) 25.63 +£3.53 2591 £4.84
SBP (mmHg) 131.67 + 13.73 126.68 + 16.13
DBP (mmHg) 77.50 £ 6.76 75.84 £7.65
MBP (mmHg) 95.56 £ 8.49 92.79 £9.73
WG (kg) 7421 +12.69 71.50 £ 15.15
IDWG (kg) 2334092 247+ 1.15
%IDWG (%) 322+ 132 3.50 + 1.64
UF (ml/h) 583.33 +£229.21 616.75 £ 286.75
UFR (ml/kg/h) 8.04 +3.30 8.77 +4.09
RD (ml/24h) 425.00 £ 591.98 706.44 £ 694 .61
Qavf (ml/min) 967.08 £415.62 816.73 + 434 45
Kt/V 1.11 £0.22 1.03 £0.24
spKt/V 1.31 +0.26 1.22 £0.29
URR(%) 6641 +7.12 63.26 + 8.87
[Tpumapha Gonect 6yOpera
GNH (N, %) 3 (12.50) 8(7.92)
HN (N, %) 10 (41.67) 29 (28.71)
DN (N, %) 1(4.17) 18 (17.82)
ON (N, %) 1 (4.17) 7 (6.93)
CN (N, %) 4(16.67) 24 (23.76)
RPC (N, %) 5(20.83) 15 (14.85)
KomopbOuaurern
HTA (N, %) 15 (62.50) 62 (61.39)
HHD (N, %) 5(20.83) 17 (16.83)
DC (N, %) 1(4.17) 2 (1.98)
HA (N, %) 2(8.33) 1(0.99)
DMC (N, %) 1(4.17) 19 (18.81)

VYTuma) MojanuTeTa  AUjanu3e

Ha TapameTpe

crtatyca TBOXDa,

MUKpoUH(IIaMaIje, MaTHyTPHUIIHje U CEeKYHIapHOT XUIepIapaTUPEOnIu3Ma IpUKa3aH

je y Tabenu 14.
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MUKpOHH(IaMaINje, MaTHYTPUIH]E U CEKYHIapHOT XHUIIeprapaTUpeonan3ma

Tabena 14. YTunaj MoganuTeTa AWjajin3e Ha MapamMeTpe aHeMHje, cTaTyca TBoxlba,

MOJIAJIUTET JUJAJIN3E
[TAPAMETPU HSFH A H3D 3HAYAJHOCT
R Xsr+ SD Xsr+ SD ®)
Hb (/1) 106.48 + 13.13 103.47 + 12.07 t=1.080, p=0.282
Het (%) 32.33 £ 4.00 3133 +3.79 t=1.025,p=0251
t= 0685, p=
MCV 9333 +4.84 94.03 + 4.45 0495
t= 0832, p=
MCH (pg) 30.73 + 1.78 31.04 + 1.59 0407
MCHC (g/1) 329.19+7.11 330.14 +4.51 t= _g'ifg’ P
FOL (ng/ml) 20.42 +13.16 22.97 +11.08 Z- _é'fslg P
VitB12 (pg/ml) 962.33 + 503.24 1008.67 + 521.51 Z- _g '3256 P
2+ t=_1206,p=
Fe™ (umol/) 9.13+3.22 10.27 £ 4.34 0230
TSAT (%) 24.65+8.10 29.16 + 12.02 t= ’é'gg’ P
= 2451,p=
FER (ng/ml) 593.56 + 305.57 781.61 + 344 .84 Sore
CRP (mg/l) 7.57 +8.77 11.28 +12.86 Z:_é'f’glg’ p=
UP (/1) 64.06 +4.14 64.43 +4.79 t= _8';‘3‘5’ P=
ALB (g/l) 3827 +2.93 37.94 +3.05 t=0.480, p = 0.632
PALB (/) 0.32 £0.07 0.27 £ 0.09 t=2.758, p = 0.007
TRSF (g/1) 1.57 + 0.28 1.55 £ 0.36 t=0.252, p= 0.801
UA (umol/l) 368.48 + 69.10 366.54 + 56.80 t=0.144, p = 0.886
BMI (kg/m?) 25.63 +3.53 2591 + 4.84 t= _gggg’ P
nPCR (g/kg/24h) 1.80+0.55 1.82 4 0.61 t= _8'53’ P
t=1.966,p =
RD (ml/24h) 425.00 + 591.98 706.44 + 694.61 0,049
R t=0.800, p =
IDWG (%) 3224132 3.50 + 1.64 0425
UFR (ml/kg/h) 8.04 +3.30 8.77 + 4.09 t= ’g'jg?’ P
VitD (ng/ml) 20.16 + 9.69 1733+ 9.58 t=1295, p=0.198
iPTH (pg/ml) 210.01 + 275.69 166.85 + 178.00 z- _g';g;’ P=
Kt/V 1.11+022 1.03 + 024 t=1.517, p=0.132
spKt/V 131+026 1224029 t=1312,p=0.192
URR (%) 66.41 +7.12 63.26 + 8.87 t=1.616,p=0.109
PMDG (mg) 256.25 + 131.50 27925 + 17137 z _8 ;;g P
ERI (IU/kg/gHb) 0.605 + 0.372 0.772 + 0.420 t= _8223’ P
ERI (ng/kg/gHb) 0.005 + 0.001 0.005 + 0.003 t=0411, p = 0.683
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Ha xemommjaduntpanuju OOJECHUIIM WMajy CTaTUCTUYKA Mamke 3HA4ajHy
KOHIICHTpanujy (EepuTHHA y CEepyMy, OIHOCHO MamU CTENCH (QYHKIIMOHATHOT
HelocTatka TrBOkha, y OOHOCY Ha OHE KOjU C€ Jiede PEJIOBHOM CTaHAApIHOM
nporienypoM. OBH OOJECHHUIIM WMajy 3HAYajHO BHCOKO CTAaTUCTHYKHA Behy
KOHIICHTpAIH]y TIpeandyMuHa, OJHOCHO 00JbHU CTaTyC HYTPHIIHje, HETrO OOJIECHUIIN KOJ!
ce Jiede PEeJOBHOM CTaHJApPJAHOM XEMOJHjadu3oM. Xemoaujaduirpanuja je MeToaa
Jederma Koja 00e30elyje Mamu cTeneH MaHYTpHIlMje U Behu cTerneH uckopuinhaBama

reoxkha 3a CHHTE3y XeMOTrJ00MHa Y EpUTPOLIUTHMA.

VYTuia) MojganuTeTa AWjadu3e Ha MapaMeTpe OKCHAAIMOHOr CTpeca MpHKa3aH je y

tabenu 15.

Tabena 15. YTuua) MmonanuTeTa Ajaan3e Ha MapaMeTpe OKCUIAIIMOHOT CTpeca

MOJAJIUTET JUJAJIN3E
HDF HD 3HAYAJHOCT
Xsr + SD Xsr + SD ®)

O;" (nmol/ml) 3.08 +2.60 3.70 +5.30 z=-1.197,p=0.231
H,0, (nmol/ml) 481 +199 462+1.53 t=0.534, p=0.594
TBARS (umol/ml) 1.19+0.26 1.13+0.22 z=-0.386, p=0.699

NO;™ (nmol/ml) 3.67+1.26 3.85+1.35 z=-0.345,p=10.730
118304.32 + 119784.48 +

GSH (nmol/ml) 19772 17 17044.17 t=-0371,p=0.712

CAT (U/gHbx10%) 2.36 +1.54 2.18+1.96 z=-0.707, p = 0.480

SOD (U/gbelO4) 4341 +28.16 30.30+17.73 z=-2.004, p=0.045

02 - cymepokcuaHu aHjoH, H202 - Bopmonmk-mepokcuna, TBARS - peaktwBHe cyncraHImje Be3aHe 3a
THOOapOuTYpHY KucennHy, NO2- - azotHn moHokcun, GSH - penykoBanm riyratioH, CAT - kartamaza, SOD -
CYIIEpOKCH/I IN3MyTa3a

[TpumeHoMm xemoaujaduiITpalje MOCTOJU CTAaTUCTUYKK 3HaudajHa, Beha (p < 0.05)
KOHIIEHT. cynepokcus nusmyrtaze (SOD) y eputponuTuma, oIHOCHO Behu cTemeH
AHTHOKCUIAIMOHE 3allTHTE, HEro KOJ WCIHTaHWKa KOjU Ce Jieue pPEeIOBHOM,

CTaHJAPAHOM XEMOJIH]aTU30M.

Onmty moaany o0 OOJIECHUIIMMA Y 3aBUCHOCTH OJ1 aJICKBATHOCTH XEMOIU]jalIn3e

NpHUKa3aHu cy y Tabenu 16.
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Tabesa 16. AnekBaTHOCT XeMOIUjaJIU3€ Y OJHOCY Ha JIpyTe MmapaMeTpe

AJJEKBATHOCT XEMOJIUJAJIN3E
OMIITHU OJALIU spKt/V < 1.20 spKt/V > 1.20
Xsr + SD Xsr+ SD
N (%) 58 (46.40) 67 (53.60)
P (m/x, %) 42/16 (72.41/27.59) 36/31 (53.73/46.27)
S (rox.) 61.95+10.13 63.60 + 10.80
DD (rox.) 3.65+3.64 6.75 £ 6.65
BMI (kg/m?) 27.07 + 4.68 24.80 + 4.29
SBP (mmHg) 129.48 + 15.01 126.04 + 16.34
DBP (mmHg) 77.76 +6.77 74.78 +7.85
MBP (mmHg) 95.00 + 8.67 91.87 +10.07
WG (kg) 79.80 + 14.75 65.28 +10.89
IDWG (kg) 238+ 1.25 249 +0.97
%IDWG (%) 298 +1.46 3.86 £ 1.58
UF (ml/h) 595.55 £ 311.61 623.13 +242.79
UFR (ml/kg/h) 7.46 +3.63 9.64 +3.95
RD (ml/24h) 903.45 + 74315 435.07 £ 544.19
Qavf (ml/min) 875.34 +477.12 819.85 +£393 41
Kt/V 0.85+0.14 1.22+0.16
spKt/V 1.00 +£0.15 1.45+0.20
URR (%) 56.65 + 6.34 70.11 +4.43
[Ipumapha 6onect OyOpera
GNH (N, %) 6 (10.34) 5 (7.46)
HN (N, %) 17 (29.31) 24 (35.82)
DN (N, %) 10 (17.24) 8 (11.94)
ON (N, %) 2(3.45) 6 (8.96)
CN (N, %) 14 (24.14) 14 (20.90)
RPC (N, %) 9 (15.52) 10 (14.93)
Komopbunretn
HTA (N, %) 34 (58.62) 42 (62.69)
HHD (N, %) 11(18.97) 11 (16.42)
DC (N, %) 1(1.72) 2(2.99)
HA (N, %) 2 (3.45) 1(1.49)
DMC (N, %) 10 (17.24) 11 (16.42)

N - Opoj ucnuTanuka, P - mon ucnuranuka, S - crapoct 6osecHuka, DD - ayxuHa Jieuema xemoaujanu3omM, BMI -
uHIeKc TenecHe Mace, SBP - cucromHu aprepujcku kpBHU nputrcak, DBP - nujactoman kpBHU nputHcak, MBP -
CpeAmH apTepHjCKu KpBHHU IpuTHcak, WG - cyBa TenecHa Maca O6osiecHuka, IDWG - MHTepAnjalu3HU IPUHOC Y
TenecHoj Macu OostecHuka, %IDWG - mporieHaT nHTepaujaIu3HOT NPHHOCa Yy TelecHoj Macu OonecHuka, UF -
jaunHa ynrpadpuntpaunje, UFR - jaunna yntpadunrpanuje, RD - pesunyanna nuypesa, GNH - Glomerulonephritis
Chronica, HN - Hypertensive Nephropathy, DN - Diabetic Nephropathy, ON - Obstructive Nephropathy, CN -
Chronic Nephropathy, RPC - Renes Polycystici, HTA - Hypertensio Arterialis, HHD - Hypertensive Heart Disease,

DC - Dilated Cardiomyopathy, HA - Hypotensio Arterialis, DMC - Diabetes Mellitus Complications

VYTunaj agekBaTHOCTH XeMO/IMjaln3e Ha UCIIUTUBAHE TTapaMeTpe MOpUKa3aH je y

Tabemu 17.
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Tab6ena 17. YTuuaj agekBaTHOCTH AMjaiu3e Ha MapaMmeTpe aHeMuje, cTaTyca reoxia,

MUKpOHH(IaMaInje, MaTHYTPUIMje U CEKYHIapHOT XUIIepIapaTupeonin3ma

apavETen | VERBATROCTIMIATIGE 1™ 3\ oct
NCIIMTUBABA - — (p)
Xsr £+ SD Xsr + SD
XeMOTJI00MH 105.22 +12.42 103.04 +12.17 t=0.989, p=0.324
XE€MaTOKPUT 31.80 +4.01 31.29 +£3.69 t=0.740, p = 0461
MCV 92.81 +4.16 94.83 +4.63 t=-2.555,p=0.012
MCH (pg) 30.62 + 1.55 31.29 + 1.64 t=-2.331,p=0.021
MCHC (g/l) 330.16 +5.83 329.78 + 4.39 t=0.406, p=0.686
FOL (ng/ml) 23.81 +11.28 21.32+11.63 z=-1203,p=0.229
VitB; (pg/ml) 1008.88 + 521.30 991.90 + 515.89 z=-0.081,p=0.935
Fe (umol/l) 9.40+3.13 10.61 +4.84 t=-1.624,p=0.107
TSAT (%) 26.28 + 8.05 30.04 + 13.60 t=—1.848, p=0.067
FER (ng/ml) 682.02 + 355.66 800.46 + 327.49 t=-1.938, p=0.055
CRP (mg/l) 12.51 £ 12.87 8.80 +11.47 z=-1983, p=0.047
UP (g/) 64.56 + 4.59 64.18 +4.75 t=0.455, p=0.650
anOyMUHH 37.61 +£3.12 3834 +2091 =-1.355,p=0.178
PALB (g/1) 0.27 +£0.09 0.28 +0.08 t=-0.533,p=0.595
TRSF (g/l) 1.59 +0.38 1.53 +0.30 t=1.120, p=0.265
UA (umol/l) 379.20 £+ 60.63 356.28 + 55.95 t=2.197, p=0.030
BMI (kg/mz) 24.80 + 4.29 27.07 £4.68 t=2.823,p=0.006
nPCR 2.02 +£0.60 1.57 £ 0.50 t=—4.571, p=0.0001
RD (ml/24h) 435.07 + 544.07 903.45 + 743.15 z=-3.871,p=0.0001
IDWG (%) 3.86 +1.58 238+ 1.25 =-3.207, p =0.002
UFR (ml/kg/h) 9.64 +3.95 7.46 + 3.63 t=-3.198, p=10.002
VitD (ng/ml) 17.23+7.78 18.44+ 11.01 t=-0.698, p =0.486
iPTH (pg/ml) 171.03 + 182.07 178.69 + 215.37 z=-0.339,p=0.735
Kt/'V 0.85+0.14 1.22+0.16 t=-13.759, p = 0.0001
spKt/V 1.00 +0.15 1.45+0.20 t=-14.109, p = 0.0001
URR (%) 56.65 + 6.34 70.11 £4.43 t=-13.902, p =0.0001
PMDG (mg) 28947 +194.23 254.84+112.07 z=0.880,p=0.382
ERI (IU/kg/gHb) 0.659 + 0.343 0.829 + 0.461 =-1.477,p=0.146
ERI (ug/kg/gHb) 0.005 +0.003 0.005 + 0.003 t=-0.566,p=0.574
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Tabena 18. OxkcugaTUBHM CTpeC U aJIEKBATHOCT XEMOIU]jalIn3¢e

AJIEKBATHOCT JUJAJIU3E

[TAPAMETPU < /J\:[/ 20 oC I[S JK o i 20 3HAYAJHOCT
HCITUTUBAA SpRUY < . pRUY = & )

0," (nmol/ml) 3.8 +4.03 3.84 +5.56 Z- _g 'gﬁ’ p=

H,0, (nmol/ml) 450 + 1.58 479 +1.66 t= _g'ggf’ P

= 1578, p=
TBARS (umol/ml) 1.13+0.13 1.16 +0.29 T ohs T
NO," (nmol/ml) 3.89 + 1.40 3.74 4127 2=-0.565,p =
0.572
120314.95 + 118795.07 + B _

GSH (nmol/ml) 19026.57 16226.64 t=0.482, p=0.631
CAT (U/gHbx10%) 2.16 + 1.96 226+ 1.83 Z- _8 82i7, 19’ p=
SOD (U/gHbx10% 31.16 +21.84 34.26 +19.66 z- _(; 'fgg’ P=

O, - cymepokcupau aHjoH, H,O, - Bomonmk-mepoxcuza, TBARS - peakTuBHe cyrncraHmuje Be3aHe 3a

THOOapOuTYpHY Kucenauny, NO, - a3otHu Monokcua, GSH - penykoBanu rayratuoH, CAT - karamasa, SOD -

CYTIEPOKCH]T TH3MYyTa3a

Onmty nojganu o OOJIECHUIIMMA Y 3aBUCHOCTH O] YUECTAJIOCTU XEMOIU]jalIn3e

npHKa3zaHu cy y tadbenu 19.

VYTunaj y4yectaliocT XeMOJHjaliu3e Ha MCIHUTHUBAHE MapameTpe NMpHKa3aH je y

tabenu 20.
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Tabeaa 19. OnmTu moman o OOJECHUIIMMA Yy 3aBUCHOCTH OJ YYE€CTaJOCTH

XEMOAHjaTn3e
YUECTAJIOCT XEMO/INUJAJINU3E
OINITH ITOJALA 2x4h 3x4h

Xsr + SD Xsr + SD
N (%) 22 (17.60) 103 (82.40)
P (m/x, %) 14/8 (63.64/36.36) 64/39 (62.14/37.86)
S (ron.) 61.86+11.09 63.04 +£10.40
DD (ron.) 1.76 + 1.57 6.07 £5.93
BMI (kg/m?) 25.42 +4.09 25.95+4.72
SBP (mmHg) 130.23 £17.49 127.09 £ 15.41
DBP (mmHg) 75.45 +7.39 76.31 +7.54
MBP (mmHg) 93.71 £9.73 93.24 +9.54
WG (kg) 70.86 + 13.07 72.26 + 15.07
IDWG (kg) 1.59 + 1.09 2.62+1.03
%IDWG (%) 225+ 1.44 3.71 +1.50
UF (ml/h) 399.62 +269.33 655.34 +£256.34
UFR (ml/kg/h) 5.66 +3.57 9.26 +3.74
RD (ml/24h) 1350.00 + 607.69 503.40 + 603.07
Qavf (ml/min) 706.82 + 318.69 875.24 + 449 83
Kt/V 0.96 +0.21 1.06 +0.24
spKt/V 1.11+£0.24 1.27+0.29
URR(%) 61.03 +8.48 64.47 + 8.57
ITpumapha Gonect OyOpera
GNH (N, %) 2 (9.09) 9(8.74)
HN (N, %) 7 (31.82) 32 (31.07)
DN (N, %) 1 (4.55) 18 (17.48)
ON (N, %) 2 (9.09) 6 (5.83)
CN (N, %) 9 (40.91) 19 (18.45)
RPC (N, %) 1 (4.55) 19 (18.45)
KomopOuaureru
HTA (N, %) 18 (81.82) 58 (56.31)
HHD (N, %) 1 (4.55) 21 (20.39)
DC (N, %) 0 (0.00) 3(291)
HA (N, %) 0 (0.00) 3(2.91)
DMC (N, %) 3 (13.64) 18 (17.48)
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Ta6ena 20. YTuuaj ydecrajiocTd XeMoOJujaju3e Ha MapaMeTpe aHeMmHje, craryca

rBoxkha, MUKpouHdIamalyje, MaTHyTPUIIM]je U CEKYHAApHOT XHUIeprapaTUpeonn3mMa

ITAPAMETPHU W];(;{Tflil 2IC1 XEMOIH;IiﬁJ{IH3E 3HAYAJHOCT
LG LA T Xsr + SD Xsr+ SD ®)
Hb (g/1) 102.40 £ 11.73 104.40 £ 11.42 t=-0.690, p=0.492
Hct (%) 31.10 £ 3.44 31.61 £3.92 t=-0.574,p =0.479
MCV (fl) 9391 +5.05 93.89 +4.42 t=0.020, p=0.984
MCH (pg) 31.10 £ 1.62 30.95+1.64 t=0.402, p=0.688
MCHC (g/l) 331.05+6.54 329.72 +4.73 t=1.107,p=0.270
FOL (ng/ml) 22.69 +£10.69 2243 +£11.71 z=-0.544,p=0.589
VitBi, (pg/ml) 781.64 + 518.83 1046.37 £ 506.24 z=-2.323,p=0.020
Fe (umol/l) 10.77 £3.20 987 +4.34 z=-1511,p=0.131
TSAT (%) 28.95+9.08 28.16 £ 11.97 t=0.295,p =0.768
FER (ng/ml) 617.02 +303.69 772.95 +347.92 =-1.948, p=0.054
CRP (mg/l) 1420+ 16.33 11.27 £16.64 z=-1.323,p=0.186
UP (g/) 64.18 +3.86 64.39+4.83 =-0.192, p=0.848
ALB (g/) 38.52+2.42 37.89 +3.13 t=0.819,p=0414
PALB (g/l) 0.31+0.07 0.27 +£0.09 t=2.081, p=0.040
TRSF (g/l) 1.70 + 0.35 1.53+£0.33 t=2.231,p=0.027
UA (umol/l) 368.80 + 68.23 366.51 £57.28 t=0.164, p=0.870
BMI (kg/mz) 2542 +4.09 2595+4.72 t=-0.484,p=0.629
nPCR (g/kg/24h) 1.27+042 1.93 £0.57 t=-5.072, p=0.0001
RD (ml/24h) 1350.00 + 607.69 503.40 + 603.07 z=-5.209, p =0.0001
IDWG (%) 225+ 144 371 £1.50 t=9.451,p=0.0001
UFR (ml/kg/h) 5.66 +£3.57 926+3.74 t=-3.198, p=0.002
VitD (ng/ml) 21.86+10.23 17.03 £9.32 z=-2.084, p=0.037
iPTH (pg/ml) 200.22 +131.22 169.78 £+211.77 z=-2.146, p =0.032
Kt/V 096 +£0.21 1.06 £0.24 t=-1.780,p=0.078
spKt/V 1.11 £0.24 1.27 £0.29 t=-2.315,p=0.022
URR (%) 61.03 + 8.48 64.47 + 8.57 t=-1.712, p=0.089
PMDG (mg) 358.82 £ 197.04 246.15 +£140.67 z=-2.292 p=0.022
ERI (IU/kg/gHb) 0.757 + 0.382 0.747 + 0.430 t=0.075, p=0.940
ERI (ng/kg/gHb) 0.005 £+ 0.003 0.005 £0.003 =-0.171, p=0.865

VTunaj ydectalocTd XeMOJHjalin3e Ha IapaMeTpe OKCHAAIMOHOr CTpeca

npHKasaH je y Tabenu 21.
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Ta6ena 21. YTuila] yuyecTanocTd XeMOJIMjajnu3e Ha MmapaMeTpe OKCHAALMOHOT cTpeca

KOJ OosiecHMKaA KOjI/I CC JICUC pCA0OBHOM XCMOI[I/IjaJII/BOM

ITAPAMETPU yqu‘ﬁﬂom XEMOHI/;JQZII?E 3HAYAJHOCT
HCIIUTUBATbA
Xsr+ SD Xsr + SD ®)
0, (nmol/ml) 3.40 +5.63 3.62+4.75 Z- _3'13695 P
H,0; (nmol/ml) 442+182 470 £ 1.59 t=-0.732,p=
0.465
TBARS (umol/ml) 1.09 + 0.06 1.15+0.25 z- _g '16351’ P=
NO, (nmol/ml) 383+ 124 3.81 +1.35 2=-0.564,p =
0.573
115031.08 + 120454.88 + t=-1322,p=
GSH (nmol/ml) 19268.34 17079.55 0.189
CAT (U/gHbx10%) 2364282 2.19+1.63 Z 40)';’?2’ P~
SOD (U/gHbx10% 31.08 +22.42 33.19 +20.38 Z _8'1367’ P=
02" - cymepokcumau aHjoH, H202 - Bomommk-nmepokcun, TBARS - peaktuBHe cyIcTaHnuje Be3aHe 3a

THOOapOuTYpHY KucennHy, NO2~ - a3otHu MoHoKcun, GSH - penykoBanm rimytatioH, CAT - kartamaza, SOD -
CYNEpOKCHUJI AU3MYyTa3a

[ToBezanoct m3mehy mo3e i.v. rBokha M mapamerapa OKCHAAIIMOHOT cTpeca

npuKaszaHa je y Tabenu 22.
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Ta6ena 22. [ToBezanoct uzmel)y fo3e i.v. rBoxha u napamerapa OKCHUAALMOHOT CTpeca

[Tapamerpu ucnutuBama OCHOBHH CTATHCTHKI NAPAMETPH 3HavajHocT (p)
Xsr+ SD N
02-' (nmol/ml) 254 £2.10 69 Pemp = 0.149
PMDG (mg) 27391 + 162.38 p=10221
H,0; (nmol/ml) 452 +1.63 69 Pemp = 0.185
PMDG (mg) 273.91 +162.38 p=0.128
TBARS (umol/ml) 1.16 £0.26 69 Pemp = —0.002
PMDG (mg) 27391 + 162.38 p =0.986
NO;" (nmol/ml) 3.77+1.27 69 Pemp =—0.070
PMDG (mg) 273.91 + 162.38 p=10.567
GSH (nmol/ml) 120814.41 + 19186.90 69 Pemp = —0.141
PMDG (mg) 273.91 + 162.38 p=0.249
CAT (U/gHbx10") 239 +2.29 69 Pemp = —0.101
PMDG (mg) 27391 + 162.38 p =0.409
SOD (U/gHbx10%) 35.38 +21.07 60 Pemp = 0.118
PMDG (mg) 27391 + 162.38 p=02335

02" - cynmepokcunau a"joH (nmol/ml), H202 - Bogonuk-niepokcua (nmol/ml), TBARS - peaktuBHe cyncraHnuje
Be3aHe 3a THOOapOuTypHy Kucenuny (pmol/ml), NO2- - asoruu moHokcuza (nmol/ml), GSH - pemnykoBaHu
riyratuoH (nmol/ml), CAT - karanmaza (U/gHbx104), SOD - cynepokcun amsmyraza (U/gHbx104), PMDG -
MpoceyHa MeceyHa /103a rBoxla /Spearman-oB TecT Kopenaruje/

N3mel)y ucnutuBaHuX mapaMmeTrapa HeMa CTAaTHCTUYKM 3HAa4yajHE MOBE3aHOCTHU
(p > 0.05), Tabena 22.

Onmtu monmanu o OoJieCHUIIMMA Yy 3aBHCHOCTH O] MUKpoHWHIaMaimje

NpHUKa3aHu cy y Tabenu 23.

VYrunaj MukpouHpIamalyje Ha HICIIUTUBaHE TapaMeTpe NMpuKasaH je y Tademnu 24.
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Tabesa 23. Onmty mogay o 00JECHUIIMMA Y 3aBUCHOCTH OJ1 MUKpOUH{(IamMaIje

MUKPOUH®JIIAMAIIMJA
OINIITHU IMTOJALIN HE JA

Xsr + SD Xsr+ SD
N (%) 60 (48.00) 65 (52.00)
P (m/x, %) 33/27 (55.00/45.00) 45/20 (69.23/30.77)
S (rox.) 61.33 +11.56 64.22 +9.27
DD (rox.) 529+5.05 533+6.21
BMI (kg/m?) 24.81 £4.05 26.82 +4.90
SBP (mmHg) 130.08 + 15.64 12538 £ 15.67
DBP (mmHg) 77.33 +6.34 75.08 + 8.31
MBP (mmHg) 94.92 + 8.54 91.85+10.22
WG (kg) 68.38 +12.00 72.26 +15.07
IDWG (kg) 230+1.03 257+1.17
%IDWG (%) 3.45+1.65 345+ 1.53
UF (ml/h) 575.69 + 256.33 642.31 +£291.38
UFR (ml/kg/h) 8.63+4.11 8.63 +3.82
RD (ml/24h) 693.33 + 703.95 614.62 + 666.31
Qavf (ml/min) 779.00 +408.49 907.08 +449.47
Kt/V 1.08+0.21 1.01 £0.26
spKt/'V 1.28 £0.26 1.20+0.31
URR (%) 65.47 +7.34 62.38 +9.47
[Tpumapna Gonect OyOpera
GNH (N, %) 6 (10.00) 5(7.69)
HN (N, %) 23 (38.33) 19 (29.23)
DN (N, %) 5(8.33) 12 (18.46)
ON (N, %) 3 (5.00) 5(7.69)
CN (N, %) 12 (20.00) 15 (23.08)
RPC (N, %) 11 (18.34) 9 (13.85)
KomopOuaureru
HTA (N, %) 36 (60.00) 42 (64.62)
HHD (N, %) 12 (20.00) 10 (15.38)
DC (N, %) 1(1.67) 2 (3.08)
HA (N, %) 0 (0.00) 3(4.62)
DMC (N, %) 11 (18.33) 8(12.31)

N - 6poj ucnuranuka, P - mon ncnurannka, S - crapoct 6onecHuka, DD - nyxuHa nedema xemoaujaauzom, BMI -
MHJIEKC TenecHe Mace, SBP - cucroiHu aprepujcku KpBHH nputncak, DBP - aujacromuu kpBHM nputucak, MBP -
CpeAmH apTepHjCKu KpBHHU IpuTHcak, WG - cyBa TenecHa Maca 6osiecHuka, IDWG - uHTepAHjaIM3Hu IPUHOC Y
TejecHoj Macu OonecHuka, %IDWG - mpolieHaT WHTEepAUjaIu3HOT TPUHOCA Y TelnecHoj Macu OosnecHuka, UF -
jaumHa ynrpaduirpanuje, UFR - jaunna ynrpadunrpanuje, RD - pesuayanna auypeza NH - Glomerulonephritis
Chronica, HN - Hypertensive Nephropathy, DN - Diabetic Nephropathy, ON - Obstructive Nephropathy, CN -
Chronic Nephropathy, RPC - Renes Polycystici, HTA - Hypertensio Arterialis, HHD - Hypertensive Heart Disease,
DC - Dilated Cardiomyopathy, HA - Hypotensio Arterialis, DMC - Diabetes Mellitus Complications
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Tabena 24. Ytuna] mukpouHdiIaManuje Ha mapaMmeTpe aHeMHje, cTaTyca TBoxla,

MaJHYTPHIIHM]€ U CEKYHAPHOT XUTIEpIapaTupeonuIu3Ma

I[TAPAMETPHU l\ﬁII/éKPOI/IHCDJIAMALH/Eﬁ 3HAYAJHOCT
MCITHTHBAIA Xsr + SD Xsr+SD ®)
Hgb 104.32 + 12.84 103.79 + 11.84 t=0.241,p=0.810
Hct 31.61 £4.01 31.45+3.69 t=0.230,p=0.818
MCV 94.88 +4.09 92.98 +4.72 t=2.387,p=0.018
MCH 31.41 +147 30.58 + 1.67 t=2.915,p=0.004
MCHC (g/1) 330.97 + 4.77 329.02 + 524 t=2.165, p = 0.032
FOL (ng/ml) 24.00 £11.73 21.07+11.18 z=-1432,p=0.152
VitB1, (pg/ml) 1119.38 + 493 .43 888.95+51593 | z=-2298, p=0.022
Fe (umol/l) 11.72 + 447 8.50 +3.18 t=4.667,p =0.0001
TSAT (%) 32.33 +£12.56 24.58 + 8.99 t=3.990, p=0.0001
FER (ng/ml) 712.58 + 325.99 775.89 + 360.77 t=-1.023, p=0.308
CRP (mg/]) 231+1.29 18.20 + 12.85 t=-9.537,p=0.0001
UP (g/l) 63.66 +4.37 65.00 +4.86 t=-1.619,p=0.108
ALB (g/) 38.70 +£2.70 3736 +3.17 t=2.530,p=0.013
PALB (g/1) 0.31 £0.08 0.25+0.08 t=4.139,p=0.001
TRSF (g/) 1.60 +0.34 1.52 £0.34 t=1.254,p=0.212
UA (umol/l) 362.38 + 60.54 371.10 £ 57.80 =-0.823,p=0.412
VitD (ng/ml) 19.33 £9.02 16.54 + 10.03 t=1.633,p=0.105
iPTH (pg/ml) 174.08 +222.98 17611 £ 17762 | z=-0.494,p=0.621
Kt/V 1.08 +0.21 1.01 +0.26 t=1.744, p = 0.084
spKt/V 1.28+0.26 1.20 +0.31 t=1.663, p =0.099
URR (%) 65.47 £7.34 62.38 £9.47 t=2.028, p =0.045
PMDG (mg) 239.39 + 153.99 305.56 + 165.52 z=-1.878,p=0.060
21076.92 +
KDE-M (IUM) | 20000.00 + 8979.98 12370.68 t=-0.359, p=10.721
KDE-R (IU/gHb) 202.36 +94.41 214.14 + 138.74 t=-0.358,p=0.722
DDE-M (ug/M) 101.50 +45.11 161.60 + 78.67 =-3.036, p=0.004
DDE-R (ug/gHb) 1.03 +0.59 1.69 +0.93 t=-2.738, p=0.009
MukpouHdiamanuja TOTCTUYE pa3BOj MajHyTpuuuje OoJIeCHHKa Ha

XeMoJujaiu3u. bonecHUIIM ¢ MUKpOMH(IAMAlMjOM HMajy BHUCOKO CTAaTUCTUYKU

3Havajuo (p < 0.01) Behm wmHIEKc pe3ucTEHIMje W 3aXTEBajy BHCOKO CTAaTHCTUYKU

3Hagajuo  (p < 0.01)

Behy wMeceuny o3y ayrozjenyjyher

CpUTPOTIOCTHHA.

MukpouHdamanuja JOBOIU 10 Mamke KOHIIEHTpalldje BUTaMuHa B2 y cepymy Hero

OosecHUIM KOju HeMajy MukpouH¢praamanujy. M3melhy konnentpamuje C-peakTUBHOT

NpOTeHHA y CepyMy M KOHIIEHTpallfje BUTaMHHA B12 y cepyMy MOCTOjU CTaTUCTUYKU

3HauajHa (p < 0.05) neratuHa nmose3aHoct (r =-0.210, p =0.019).
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VYTunaj MukpouHdiaamaiyje Ha napaMmeTpe OKCHIAlMOHOT CTpeca MpUKas3aH je y

tabenu 25.

Ta6ena 25. Mukpounndiamanuje u yTHIla] Ha mapaMeTpe OKCUIAIMOHOT cTpeca

[TAPAMETPU I\I_/{EKPOHH(DHAMAHI/E: 3HAYAJHOCT
LG LAY TE Xsr + SD Xsr + SD ®)

0O, (nmol/ml) 380+5.53 3371426 z=-0.287,p=0.774
H>0; (nmol/ml) 476 £1.66 4.56 £1.60 t=0.691, p=0.491
TBARS (mmol/ml) 1.15+0.26 1.14 £0.19 z=-0.109,p=0.914

NO," (nmol/ml) 3.95+1.36 3.68 + 1.30 z=-1.414,p=0.157

11984742 + 119179.87 _ _

GSH (nmol/ml) 19268 34 18303.87 t=0.856, p=0.832
CAT (U/gHbx 10%) 2.14 + 1.40 2.29 +2.25 z2=-0.259, p=10.796
SOD (U/gbe104) 31.75+19.29 33.81 £21.98 z=-0.215, p=0.830

02 - cymepokcuanu anjoH, H:0: - Bomonuk-mepokcun, TBARS - peakTuBHE CyINCTaHIMje Be3aHe 3a

THOOapOUTYpHY KHucenuHy, NO:~ - azotHu MoHokcua, GSH - peaykoBanu rimyrarnon, CAT - karanmaza, SOD -
CYIEpOKCH]| TU3MyTa3a

W3mehy wcnuTHBaHMX TmapamMeTapa HeMa CTAaTUCTHYKH 3Ha4YajHE pa3JIMKe
(p > 0.05), TaGena 25.

Onmtu moganu o 60JIECHUIIMMA Y 3aBUCHOCTH OJ1 MAJIHYTPUIIN]j€ TTPUKA3aHH CY Y

Tabenu 26.

VYTHiaj ManHyTpULMje Ha HCIUTHBAHE MTapaMeTpe MpHKas3aH je y Tademnn 27.

80



Tabesna 26. OnmTy moAary o 00JIECHUIIMMA Y 3aBUCHOCTH O] MaJTHY TPUIIH]e

MAJIHYTPULIMIA
OINLITHU IMMOJALIA HE A

Xsr + SD Xsr+ SD
N (%) 52 (41.60) 73 (58.40)
P (m/x, %) 35/17 (67.31/32.69) 43/30 (58.90/57.69)
S (rox.) 59.65+12.21 65.10 + 8.44
DD (ron.) 427 +4.35 6.06 + 6.36
BMI (kg/m°) 2593 +4.12 2581 +£4.94
SBP (mmHg) 128.37+17.37 127.12 + 14.62
DBP (mmHg) 76.54 + 7.64 75.89 +£7.42
MBP (mmHg) 93.81 £10.15 9297 +9.14
WG (kg) 71.52 £ 12.66 72.37 £ 16.07
IDWG (kg) 2.38+1.07 249+1.14
%IDWG (%) 342+1.69 347+1.51
UF (ml/h) 593.75 + 266.46 622.15 +283.90
UFR (ml/kg/h) 8.56 +4.23 8.68 +3.76
RD (ml/24h) 782.69 + 729.68 559.59 + 636.60
Qavf (ml/min) 816.92 +409.59 866.03 +451.18
Kt/V 1.04+0.19 1.05+0.27
spKt/V 1.23+0.23 1.24+0.32
URR (%) 64.06 +7.42 63.73 +£9.44
ITpumapha Gosect OyOpera
GNH (N, %) 5(9.62) 6(8.22)
HN (N, %) 18 (34.62) 22 (30.14)
DN (N, %) 6 (11.54) 13 (17.81)
ON (N, %) 1(1.92) 7(9.59)
CN (N, %) 13 (25.00) 14 (19.18)
RPC (N, %) 9(17.31) 11 (15.07)
Komopbunureru
HTA (N, %) 32 (61.54) 44 (60.27)
HHD (N, %) 10 (19.23) 12 (16.44)
DC (N, %) 0 (0.00) 3(4.11)
HA (N, %) 1(1.92) 2(2.74)
DMC (N, %) 9(17.31) 12 (16.44)

N - Opoj ucnuranuka, P - mon ucnuranuka, S - ctapoct 6osiecHnka, DD - myxnHa jedema xemoanjanu3zom, BMI -
MHJIEKC TesecHe Mace, SBP - cucroiHu aprepujcku KpBHH nputncak, DBP - nujacromnu kpBHM nputucak, MBP -
CpeAmy apTepHjCKu KpBHHU IpuTHcak, WG - cyBa TenecHa Maca 6osiecHuka, IDWG - MHTepAnjalu3HU IPUHOC Y
TenecHoj Macu OostecHuka, %IDWG - mporieHaT nHTepaujaIu3HOT NPHHOCa Yy TeiecHoj Macu OonecHuka, UF -
jaunHa ynrpadpuntpaunje, UFR - jaunna yntpadunrpanuje, RD - pesunyanna nuypesa, GNH - Glomerulonephritis
Chronica, HN - Hypertensive Nephropathy, DN - Diabetic Nephropathy, ON - Obstructive Nephropathy, CN -
Chronic Nephropathy, RPC - Renes Polycystici, HTA - Hypertensio Arterialis, HHD - Hypertensive Heart Disease,
DC - Dilated Cardiomyopathy, HA - Hypotensio Arterialis, DMC - Diabetes Mellitus Complications
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Tabena 27. VYruiaj

MaJHYTpHUIIMje Ha T[apamMeTpe aHemuje,

MUKpOHH(IaMaIje U CEKYHaPHOT XUIIepHapaTupeouIu3mMa

cTaTtyca TBOXxha,

ITAPAMETPH HHJE npx;gSYTPELé%;Anpncyma
UCIIUTUBAA p
XeMOrobuH 103.83 + 13.21 104.20 + 11.67 t=0.938, p = 0.350
XE€MaTOKPUT 31.41 £3.96 31.61 £3.77 t=1.175,p=0.242
MCV 93.83 +4.39 93.94 + 4.63 =-0.165, p = 0.869
MCH 31.10 + 1.56 30.89 + 1.67 t =—0.840, p = 0.402
MCHC 331.38+5.06 328.94 +4.90 =-2.160, p =0.033
DosHA KHCETNHA 24.45+11.30 21.08 +11.50 z=-1391,p=0.164
VitBi, (pg/ml) 1075.08 + 523.82 946.14 + 507.79 z=-0.632,p=0.527
Fe (umol/l) 9.96 + 3.64 10.11 +4.52 t =—0.127,p=0.899
TSAT (%) 26.91 +10.57 29.28 +12.06 t=0.847,p=0.377
FER (ng/ml) 714.55 +309.89 767.55 + 367.84 t=0.510,p=0.611
CRP (mg/l) 5.97 +8.30 13.85 + 13.51 z=-2.439,p=0.015
UP (/1) 64.45 +3.95 64.29 + 5.14 t=-0.020, p = 0.984
ALB (g/1) 39.37 +£2.33 37.03 +3.09 t=-2.021,p=0.045
PALB (g/) 0.36 £ 0.05 0.22 +0.06 z=-9.517,p=0.0001
TRSF (g/1) 1.67 +0.31 1.48 +0.34 t=3.198, p = 0.002
UA (umol/l) 375.96 + 66.34 360.47 + 52.80 t=-1.553p=0.123
VitD (ng/ml) 22.54 +9.64 14.56 + 8.17 t=-3.201, p=0.002
iPTH (pg/ml) 153.74 + 169.61 190.37 +218.73 z=-0.148, p = 0.883
Kt/V 1.04+0.19 1.05 +0.27 t=1.873,p = 0.064
spKt/V 1.23 +0.23 1.24 +0.32 t=1.872, p=0.064
URR (%) 64.06 + 7.42 63.73 +9.44 t=1.626,p=0.107
PMDG (mg) 282.61 +161.39 269.57 + 164.48 z=-2.120,p = 0.034
KDE-M (IUM) | 23800.00 + 8654.78 lflsfgf;’li t=-1.700, p = 0.095

KDE-R (IU/gHb)

249.01 +98.26

182.77 £ 122.92

=_2.148,p =0.037

DDE-M (ug/M)

115.24 £45.78

152.08 + 86.02

t=1.549,p=0.129

DDE-R

1.19 + 0.57

1.58 £1.02

t=1.571,p=0.124

BonecHnum koju uMmajy MalHyTPHUIH]y U JIeye C€ PEAOBHOM XEMOJU]jaTIU30M,

MMajy Mamy CTaTUCTHUKY 3HauajHOCT (p < 0.05) cpenme KOHIEHTpallje XeMOTrI00uHa,

cTaTucTUUKH 3Ha4yajHy (p < 0.05) mamy MeceuHy 103y rBokha, CTATUCTHUKH 3HAYAJHO

Mamy pe3UCTEHIN]Y Ha JIe]CTBO epuTpornoeTnHa. Koa 6omecHrka Koju ce Jiede peJOBHOM

XEeMOAMjaIN30M, MAaJHyTpHIMja j€ TMOoBe3aHa ca UWHGIAMalUjOM €W CMambEeHUM

BUTaMHHOM D.
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VYTunaj ManHyTpHIIHje Ha MapaMeTpe OKCUIAIMOHOT cTpeca MprKa3aH je y Tabenu 28.

Ta6ena 28. ManayTpuiyja u napameTpu OKCHIAIMOHOT cTpeca

MAJIHYTPUILIUJTA

ITAPAMETPU HE Y qul TA 3HAYAJHOCT
UCITHTUBAIA Xsr + SD Xsr + SD ®)

0O;" (nmol/ml) 4.05+554 324 +439 z=-0.183, p =0.855

H,0; (nmol/ml) 4.69+1.71 4.63 £1.57 t=-0.213,p=0.832
TBARS (umol/ml) 1.17£0.27 1.12+0.19 z=-0.545,p =0.586

NO;" (nmol/ml) 381+141 381+1.28 z=-0.561,p=0.575

118249.22 + 120391.46 + _ _

GSH (nmol/ml) 18079 11 1718992 t=1.419,p=0.158
CAT (U/gbe104) 211 +1.35 2.30+£2.19 z=-0.393, p=0.694
SOD (U/gHbX104) 33.34+£19.02 32.45+21.90 z=-0.778,p=0.437

02 - cymepokcuanu aHjoH, H:0: - Bomonuk-mepokcun, TBARS - peakTHBHE CyINCTaHIMje Be3aHe 3a

THOOapOuTYpHY Kucenuny, NO,™ - a3otHu MoHokcua, GSH - penykoBanu riytatuon, CAT - karanasza, SOD -
CYNIEpOKCHUJI IN3MYyTa3a

N3mehy wucnuTHBaHMX mapamMeTapa HEMa CTAaTUCTHUYKU 3HA4YajHE pas3iiuke

(p > 0.05), Tabea 28.

OnmTy mojany o 60JECHUIIMMA Y OJTHOCY Ha PEPUTHH Y CEPYMY NIPUKA3aHU Cy Y

Tabenu 29.

VYTunaj koHueHTpaiuje GepuTHHa y cepyMy Ha UCITUTUBAHE MapamMeTpe MpruKa3aH

jey tabenn 30.
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Tabesna 29. Onmty mogay o 00JIECHUIIMMA Y 3aBUCHOCTH O] (DEpUTHUHA Y CEPYMY

KonueHnrpauuja dpepuruHa y cepymy
OINILITH ITOAALIM < 800 ng/ml > 800 ng/ml
Xsr £ SD Xsr + SD

N (%) 69 (55.20) 56 (44.80)
P (M/x, %) 46/23 (66.67/33.33) 32/24 (57.14/42.86)
S (ron.) 62.10 £ 10.99 63.73 £9.85
DD (rox.) 5.02 +4.99 5.68 £ 6.42
BMI (kg/m°) 26.15+4.34 2549 +4.93
SBP (mmHg) 126.88 £17.13 128.57 + 14.00
DBP (mmHg) 75.94 £8.10 7643 £6.72
MBP (mmHg) 92.92 £10.41 93.81 £+ 8.41
WG (kg) 73.71 £13.30 69.93 £ 16.13
IDWG (kg) 222+1.13 271 +1.03
%IDWG (%) 3.06 +1.59 3.93+1.45
UF (ml/h) 556.76 £281.51 676.34 £256.48
UFR (ml/kg/h) 7.66 +3.96 9.82 +3.62
RD (ml/24h) 725.36 + 738.62 562.50 £ 601.91
Qavf (ml/min) 849.57 £ 412.40 840.71 + 461.59
Kt/V 1.01 +£0.23 1.09 + 0.25
spKt/'V 1.19+0.26 1.30+0.31
URR (%) 62.70 + 8.52 65.31 + 8.60
[Tpumapna Gonect OyOpera
GNH (N, %) 7(10.14) 4 (7.14)
HN (N, %) 23 (33.33) 16 (28.57)
DN (N, %) 6 (8.70) 13 (23.21)
ON (N, %) 5(7.25) 3 (5.36)
CN (N, %) 15 (21.74) 13 (23.21)
RPC (N, %) 13 (18.84) 7 (12.50)
Komopbunureru
HTA (N, %) 46 (66.67) 31 (55.36)
HHD (N, %) 12 (17.39) 10 (17.86)
DC (N, %) 1(1.45) 5(8.93)
HA (N, %) 2(2.90) 1(1.79)
DMC (N, %) 8 (11.59) 9 (16.07)

N - Opoj ucnuTanuka, P - mon ucnuranuka, S - crapoct 6osecHuka, DD - ayxuHa Jieuema xemoaujann3oM, BMI -
MHJIeKC TesecHe Mace, SBP - cucroiHu aprepujcku KpBHH nputncak, DBP - nujacronuu kpBHM nputucak, MBP -
CpeAmH apTepHjCKu KpBHHU IpuTHcak, WG - cyBa TenecHa Maca O6osiecHuka, IDWG - MHTepAnjalu3HU IPUHOC Y
TenecHoj Macu OostecHnka, %IDWG - mporieHaT nHTepaujaIu3HOT NPHHOCa Yy TeiecHoj Macu OonecHuka, UF -
jaunHa ynrpadpuntpaunje, UFR - jaunna yntpadunrpanuje, RD - pesunyanna nuypesa, GNH - Glomerulonephritis
Chronica, HN - Hypertensive Nephropathy, DN - Diabetic Nephropathy, ON - Obstructive Nephropathy, CN -
Chronic Nephropathy, RPC - Renes Polycystici, HTA - Hypertensio Arterialis, HHD - Hypertensive Heart Disease,
DC - Dilated Cardiomyopathy, HA - Hypotensio Arterialis, DMC - Diabetes Mellitus Complications
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Tabena 30. YTuiaj koHeHTpamyje GepuTuHa Ha mapamMeTpe aHeMuje, cTaTyca rBoxia,

MUKpOHH(IaMaIje U CEKYHaPHOT XUIIepHapaTupeouiu3ma

KoHueHntpauuja peputuna y cepymy

Hl_é%};?rl\ég?;fp‘ < 800 ng/ml > 800 ng/ml 3HA‘18)J)HOCT
Xsr+ SD Xsr+ SD
Hb (g/1) 106.55 + 12.80 100.96 + 10.96 t=2.585p=0.011
Hect (%) 32.27 +4.02 30.61 +3.41 t=2.452,p=0.016
MCV 93.03 +4.19 94.96 + 4.71 t=-2.417,p=0.017
MCH 30.70 + 1.56 31.32 +1.65 =-2.157, p=10.033
MCHC (g/1) 329.94 +5.22 329.97 + 4.97 t=-2.160, p = 0.033
FOL (ng/ml) 22.78 + 12.05 22.11 + 10.86 z=-0.350,p=0.726
VitB,, (pg/ml) 908.62 + 522.67 102338 +512.24 | z=-0.487,p=0.626
Fe (umol/1) 9.54+3.15 10.67 +5.11 t =—1.519,p=0.131
TSAT (%) 26.38 +9.43 30.65 + 13.30 t=-2.095,p=0.038
FER (ng/ml) 505.20 + 220.74 1041.59 +213.95 | t=-13.697, p=0.0001
CRP (mg/l) 9.01 +11.20 12.49 + 13.24 z=-1.087,p=0.277
UP (g/1) 64.38 + 5.03 64.32 + 4.20 t=0.074, p=0.941
ALB (g/1) 38.17 +2.99 37.80 + 3.06 t=0.796, p = 0.427
PALB (g/1) 0.29 + 0.09 0.27 +0.08 t=1.434, p=0.154
TRSF (g/1) 1.62+0.36 1.48 +0.30 t=2.362, p=10.020
UA (umol/l) 376.62 + 66.44 354.96 + 46.27 t=-1.553 p=0.123
VitD (ng/ml) 18.32 +9.01 17.33 + 10.39 t=0.570, p=0.570
iPTH (pg/ml) 196.66 + 234.84 148.61 + 143.41 z=-0.511,p=0.609
Kt/V 1.01+0.23 1.09 +0.25 t=-1.799, p = 0.075
spKt/V 1.19+0.26 1.30 +0.31 t=-2.235p=0.027
URR (%) 62.70 + 8.52 65.31 + 8.60 t=-1.696, p = 0.092
PMDG (mg) 282.98 + 182.16 254.55+ 110.10 t=0.675, p=0.502
KDE-M (IU/M) 18758.00 + 8078.43 212; fg(ﬁli t=-1.356,p=0.181

KDE-R (IU/gHb)

189.60 + 89.03

231.77 + 144.77

t=-1.292,p=0.202

DDE-M (ug/M)

125.42 £ 73.72

145.71 £ 69.90

z=-0.773, p=0.439

DDE-R (ng/gHb)

1.30+ 0091

1.50 +£0.80

t=-0.780, p = 0.439
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VYTunaj KoHIHeTpalyje pepuTuHa y cepyMy Ha rapameTpe OKCHIAlUOHOT cTpeca

npukasas je y tabenu 31.

Ta6ena 31. Ytuuaj koHneHTpauuje GepuTuHa y cepyMy Ha MapaMeTpe OKCHUIAIMOHOT

cTpeca
= .
MAPAMETPU <(;%’3e:;pnifma q)epm"zagzg?’my] 3HAYAJHOCT
HCITUTUBAIbA = & (p)
Xsr + SD Xsr+ SD
. z=-0991,p=
0, (nmol/ml) 3.09 +4.03 418 +5.77 032
t=-0326,p =

H,0, (nmol/ml) 461+1.71 471 +153 0745
TBARS (umol/ml) 1.15+0.22 1.13+0.23 Z _g ?79 11 p=

NO, (nmol/ml) 368+ 122 3.98 + 1.44 2=-0859,p=

0.390
120588.82 + 118159.07 + B _

GSH (nmol/ml) 19312.14 15100.13 t=0.770, p=0.443
CAT (U/gHbx10%) 2.57+2.26 179+ 1.15 Z:_g'gf;"p B
SOD (U/gHbx10% 3197 +19.11 33.87 +22.59 z- _8'8825” p=

02" - cynepokcuanu aHjoH, H>0: - Bojonmk-nepokcun, TBARS - peaktuBHe cyncraHmuje Be3aHe 3a

THOOapOUTYpHY KHcenuHy, NO:~ - azotHu MoHokcua, GSH - pexykoBanm rimyrarnon, CAT - karamasza, SOD -
CYNEpOKCHUJI AU3MYyTa3a

bonecununiu Ha Xemoaujanu3u ca KOHIEHTpamnujoM (eputuHa y cepymy > 800
ng/ml wumajy craructuuku 3HadajHo Mawy (p < 0.05) akTHBHOCT Karamaze y
EpUTPOLIUTHMA HETO OOJIECHUIIN ¢ KOHIIEHTpaIHjoM hepuTHa y cepymy MamoM o1 800
ng/ml. AHTHOKCHAAIMOHA 3aIITUTA j€ CTATUCTUYKU 3Ha4ajHO CMambeHa Koj OoJieCHUKa

ca GyHKIIMOHAIHUM HEJ0CTaTKOM TBOXKMa.
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6. TMCKYCHJA

KapanoBackynapHe ©OojecTd CHOpeNCTaB/bajy TJABHU Y3pOK CMPTH, KO
OonecHHMKa y TIOCICAEM CTaIHjyMy XpPOHHYHE OojiecTh OyOpera, Koju ce Jiede
peaoBHOM aujanu3oM. OKCUIAIIMOHN CTPEC YMHU HETPAJAUIIMOHATHH (aKTOp pU3MKa 3a
pa3Boj KapAHMOBaCKyJapHUX O0JIECTH Yy OBOj MoIyiaiuju 6onecHuka [72, 73], [loBehano
CTBapame CI000IHUX paJlKaia KUCEOHUKA U CMabeHe aKTUBHOCTH aHTUOKCUIAITMOHUX
CHUCTEMa 3alllTUTe je y3pok HacTaHka. Kox OosiecHHMKa KOjU c€ Jiede XEeMOUjaTu30M
UMaMO YEeTHPH THIA OKCHAALMOHOT CTpeca: CTaHAapAHH OKCHUAALMOHH CTpEC,
XJIOPOBaHH CTPEC, HUTPO3ATUBHU CTPEC W KApOOHWIHH CTPEC, a aHTHOKCHUIATHBHU
SH3UMH (CYNEepOKCH AM3MYyTaa3a, Karaiga3a U MIyTaTHOH MEPOKCHAa3a) M HECH3UMCKHU
AQHTUOKCUJIATUBHHU cHCTeMH: Xuapoduimau ButamMuH C u JmnoduiHd BuUTaMuH E
MpEACTaBbajy 3alITUTHE MEXaHM3ME O]l OKCHAAIMOHOTr cTpeca [72-74], Knunwnuke
MOCTIeTUIIE OKCUIAMOHOT CTpeca Cy: yOp3aHa aTepocKiIepo3a, pe3uCTEHIIHja Ha A€jCTBO
EpPUTPOIOETHHA (aHEMHU]A) U aMUJION103a Y3POKOBaHa 2-MUKPOTIO0yInHOM [72-74].

CreneH OMOKOMIATUOMIIHOCTH AMjalIu3HE MEMOpaHe y BETUKOM MPOLIEHTY yTUYe
Ha oKcuaatuBHU cTpec. CIpPOBEIECHO HCTPAXKHUBAIE, KOj€ j€ MOPEIUsIO0 YTHUIA] JIBE
pazIuuyuTe [Ujaliu3HE MeMOpaHe Ha OKCHUJAIMOHW CTpec ToKa3yjy Ja cecuja
XeMoJMjaian3e ¢ KynpogaHCKOM MeMOpaHOM, 3HayajHO CTAaTUCTHUYKM MoBehaBa
KOHIIEHTPALM]y MAaJOHIUAIIEXUJa Yy CEepyMy, y OJHOCY Ha Cecujy Aujaliuze C
noyrcyadoHckoM MmeMOpadoM [75]. HakoH cecuje xemoaujanm3e ¢ moHCyaI()OHCKOM H
KyrnpodaHckoM MEMOpaHOM, aKTUBHOCT aHTUOKCUIATUBHUX €H3UMa ce ToBehaBa, anu je
TO moBehame CTATUCTUYKM 3HAYajHO caMO 3a KaTajlasy KoJ OOJEeCHUKa KOju Cy
Ivjanu3upann nonucyindonckoM memoOpanom [75]. Mehytum, nopehemem yruiaja
ceaHce xeMojaujanuse KopuinthewmeM xemodancke u mnonucyndoHcke MemOpaHe,
3aKJbyuye€HO je ga  nonucyindoHcka  MemOpana  yBehaBa — KOHIIEHTpalujy
MaJIOHUANJIEXH/IA Y CEpyMY U YMamyje KOHIIEHTPAIIH]y CeJIeHa M aKTUBHOCT Iy TaTHOH
NepoKcUaa3e y oOIHOocy Ha xeModaHcKy aujanu3Hy wmemOpany [76], Cecuja
xemoaujanuse ca high-flux nomucyndonckom MeMOpaHOM CTaTUCTUYKY 3HAYAJHO MAHbe
MOJICTUYE CTBApame CIO0OMHUX pajiiKajia KUCEOHHKA Y TOKY XEMOJIHjalu3e y OJHOCY
Ha low-flux momucyndoncka memOpana [77]. Cecuja xemoamjanmsze c¢ high-flux
noncyadoHckoM MeMOpaHoM oMmoryhyje 60y KOHTpOIY (yHKIIH]e HEYTpoduia HEero

cecuja xemoaujanuse ¢ low-flux monucyndonckom memOpanom [77].
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On-line  xemomujadunTparnyja, OHOKOMIATHOUIHA  BHCOKOIPOITYCTJbHBA
IUjann3Ha MeMOpaHa M YJATPAayUCT PacTBOP 3a XEMOJHUjaJN3y YTUUYYy Ha CMarmbemhe
OKCHUJATHBHOT CTpEca U YCIIOpaBajy pa3Boj arepockiepose [78, 79]. Y Toky nojenunauHe
ceance on-line xemoaujaduiTpaiyje, MemMopaHama Koje uMajy BEJIUKY
MOBPIIMHY, Kao U BUCOKY MpomycT/bUBOCT 3a Boxy (Kuf > 50 ml/h x mmHg) nonasu
JI0 TI0ja4aHoT TYOUTKa OJIUTOeNIeMeHaTa KOjy ce Hajlaze y Tpary (ceneH, IIMHK, 0akap), a
OHM Cy 3HauajHU KO(GAKTOPH EH3MMCKOT aHTHOKcuaauuoHor cuctema (SOD).
CraTucTUUKU 3HAYaJHO Marma KOHIICHTpallMja TapameTrapa OKCHUJALUMOHOT CcTpeca
ocTBapyje ce on-line xemoaujadunTpayjoMm ¢ MeMOpaHOM Koja je OOJ0KeHa
BUTaMHHOM E, TpUMEHOM y KOHTHHYHTETy TOKOM TPH JO IIECT MECEUH, HEero
cTaHAapAHOM XeMoaujau3oM ¢ low-flux memOpanoMm koja HUje 0010kKEHA BUTAMUHOM
E. Pesynratm  KIMHMYKUX  HWCOUTUBaWka  yKazyjy Ja Jjeudewe  on-line
xemoaujaduntpaunjoM ¢ high-flux memOpanama TOKOM Tpu A0 IIECT MECEIH, 3HATHU]E
cMamyje uadaamalujy, OKCUIalMOHNA CTPEC, PE3UCTEHIU]Y Ha JI€jCTBO €pPUTPOTIOCTHHA
u 00e30ehyje 00Jby MHTpAIMjaTU3HY XEMOJUHAMCKY CTA0OMIIHOCT HEr0 XEMO/AM]jalin3a C
low-flux mem6panama [78, 79]. Iloctmumymuona on-line xemonujaduiarpanuja c
BUCOKUM KOHBEKTHBHUM BoJiyMeHOM (Vconv > 23 1/4h) cTaTUCTUYKH 3HAYajHO BUIIIE
NOTpaBJba MpEKUBIbaBakEe O0JIECHUKA HETO KOHBEHLIMOHANIHA XeMoaujanuza [78, 79].
Membpane 3a xemoaujanusy (on-line xemoaujadunTpanrjy) o0noxeHe BUTaMuHOM E
CMamyjy KOHIIEHTpAIIM]y MapameTapa JIMIHUIHE TIEPOKCUIAIje Y cepyMy, Kao IITO CY:
manonguangexua (MDA), peakTuBHE CyICTaHIIMje Be3aHE 3a THOOAPOUTYPUUHY
kucenuny (TBARS) u okcunoBanu LDL xonecrepon (oxLDL) [46-53]. Te memOpane
CMamyjy M KOHIICHTpAallMjy TapameTapa OKCHIAIMOHOT oITehema HYKICHHCKUX
KucenuHa, kao mto je 8-OHdG, xao u KoHIIeHTpaIjy napameTapa MUKporHQIaMaImje
(CRP, wunrepneykun-6) [46-53]. Jleuewme high-flux xemommjanmuzom (on-line
XeMOIHjadUATPAIIjOM) € TIOTUCYIPOHCKOM MEMOpPaHOM 000JI0)KEHOM BHUTaMHUHOM E
TOKOM TpU JI0 IIECT MECelH, 3HAa4ajHO CMamyje OKCHUIATHUBHU  CTpEC,
MUKpOUH(IaMalnjy, MHIEKC PE3UCTEHIMje Ha JEJCTBO EPHUTPOIIOCTHHA, MOMpaBIha
Jeueme aHeMHje, cCMamyje KOJIMYMHY EpPHUTPONOCTHHA M AeOJbUHY WHTHMAa-MeIuja
KapoOTUIHUX apTepuja, 0e3 yTHIlaja Ha mapaMeTpe afekBaTHOCTH xemonujanuse (Kt/'V
uHAekc) [46-53]. PesynrtaTu cCHpoBeNeHOT HWCIUTHBAKka TOKa3yjy Ja C€ HaKOH
nojeirHayHe ceaHce on-line xemoamjadpuntpanuje c¢ high-flux nomucyndonckom

MeMOpaHom 06s0xeHoM ButamMuHOM E (Leocced 21H) ctaTuctuuku 3Ha4ajHO CMamyje
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KOHIIEHTpPAalllja PEaKTHUBHUX CYIICTAHIMja BE3aHUX 3a THOOAPOUTYpHY KHUCETUHY
(TBARS), anu u aktuBHOCT cynepokcu au3myTase (SOD) [80]. To ce Moke 00jacHUTH
nejctBoM BuTamuHa E, amm u TryOMTKOM MHUKpoeleMeHTa, KodakTopa eH3uMma
CyHepOKCHJ TU3MyTa3e y TOKy ceaHce on-line xemonujadunrpanuje [81, 82], o cana
CIpOBE/ICHEHA HCIUTHBAmka MOKa3zyjy Ja ce y TOKy IojeuHadyHe ceaHce on-line
xemoaujadunTpanuje U xemoaujanusze ¢ high-flux momucyndonckom memOpaHoM
3HayajHa KOJMYMHA MUKpoelieMeHaTa TyOW (celeH, LMHK, Oakap), IITO HMMa 3a
NOCTIeIUIy CMarbeHy aKTHBHOCTH aHTHOKCHUIATHBHUX €H3MMa, KA0 IITO CY: CYTePOKCHT
IM3MyTa3a U TIyTaTHOH mepokcuaasa [83-86]. HopmanHa KoHIIEHTpanuja IUHKA Y
cepymy usnocu 70-110 pg/dl, y epurpormtuma 40-44 ng/gHb, a HopMmiiaHa akTUBHOCT
cynepokcuj nusmyTase y epurpouutuma jecte 1,102-1,601 1U/gHb. Kon Gonecnuka
KOJU Cy Ha JAMjaliu3H, IMHK ce IpuMemyje y A03u o1 100 mg/naH, TOKOM ocaM HeJesba.
PesynraTi ncnutrBama mokasyjy J1a IIMHK IPUMEHEH Y TOj 1031 CTATUCTHYKH 3HAYajHO
noBehaBa aKTHBHOCT CYyNEpPOKCH] AU3MYyTa3e Y €pUTPOIMTAMA, TOK C€ KOHIICHTpPAaIHja
MaJOHWIAJEXUIa y CcepyMy CTaTUCTMUKM 3HayajHo cMmamyje [87, 88]. Ilopen
OJIUroeJIieMeHaTa U XUJIpOCOIyOUIIHA BUTAMUHH Y TOKY CeaHce Jujajause ce ryoe, Kao u
IUXOBO aHTUOKCHAATUBHO JejcTBO (BuTaMuH C). Kimnpenc Butamuna C y TOKy ceaHce
xemoaujanuse nznocu 30%-50%, a kox high-flux xemonujanuze u xemoaujapunTpaimje
npeko 50%. 300r cMmameHOT AHTUOKCHAAIIMOHOT KalaluTeTa U KOHIICHTpAIHje
peaykoBaHOT riayTatnoHa, mopea high-flux momucyndoHckux mMemOpaHa 00JI0KEHHX
ButaMuHoM E, Tpeba npumenuTu u onuroenemente, Butramut C u Butamud E. Butamun
C tpeba mpumenutn y ao3u ox 300 mg i.v. mocie cBake TMOjeIUHAYHE CEaHCe
XeMO/IMjajn3e y TOKYy OcaM JI0 JIBaHAeCT Henesba (y3 MOHUTOPHHI KOHIIEHTpaluje
OKcayaray cepymy), 1ok ce ButamuH E npumemyje per os y no3u 400-800 [U/nan Tokom
12-16 Henespa 3a CeKyHIApHY IMPEBEHIM]Yy KapAHOBACKyJIapHHX norahaja, a CHaXHO
AHTHOKCHJIATUBHO J€jCTBO ocTBapyje y nmo3u on 1.000 mg/man per os y TOKy ocam
Hezesba (alpha tocopherol: 1.0 mg = 1.5 IU) [84-86].

Kao HenHBa3MBaH AMjarHOCTUYKH MOCTYIIAK 32 MPOIEHY aTePOCKIIEPO3e KOPUCTH
ce B-mon ynrpaconorpaduja kapotumnux aprepuja [89]. bonecHunm Ha pegoBHHM
XeMOAMjaTu3Ma HMajy CTaTHCTUYKH 3HauyajHO Behy 1eOsbuHYy WHTHMa-Meauja
KapOTHIHUX apTepHja oJf OIITe nomynamnuje (oncycTBo 6onectu 0yopera) [89]. Usmehy
KOHIIEHTpallije aldyMuHa y cepyMy U JeOJbHHEe MHTUMa-MeInja KapoTUIHUX apTepHja

MOCTOjU CTATUCTUYKU 3Ha4yajHa HeraTUBHA roBe3aHocT [89]. [le6pbuHa nHTHUMA-Meauja
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KapOTHJIHUX apTepuja HUMa CTAaUCTUYKM 3HAYajHO [IO3UTHUBHY KOpeJjalujy ca
KoHIeHTpannjoM C-peaktuBHOr TmipoTenHa [89]. KoHIeHTpanuja peakTUBHUX
cyncTaHija TuobapoutypHe kucenune y cepymy (TBARS) cratuctuuku 3Ha4ajHO
MO3UTUBHO Kopenuiie ¢ Je0JbMHOM HHTHUMa-MeIuja KapoTUIHUX apTepuja KoJ
OonecHWKa KOjU ce Jiede penoBHOM xemoaujamuzoMm [90]. M3mel)y mapamertpa
okcumanuonor omrehema DNA, ogHoca 8-OhdG/dG (enrn.  8-hydroxy-2-
deoxyguanosine /deoxyguanosine), KOHIIEHTpalldje MaJOHAHAIACXUIA y CepyMy H
neOJbHE UHTHMA-MeIMja KapoOTUIHUX apTepuja yTBpheHa je CTaTUCTUUKH MO3UTHBHA
3HauajHa CTATHCTHYKa MOBe3aHOCT. CTaTUCTUYKM 3HA4YajHA HEraTHUBHA MOBE3aHOCT
J0Ka3aHa je m3Mel)y akTUBHOCTH CyMEepOKCHI AM3MYyTa3e W JeOJbUHE WHTHMAa-MeIrja
kapotuaHux aprepuja [91]. OTKpuBame aTEPOCKIEPOTCKUX IUIAKOBA YJITPA3BYKOM
KapOTHJIHUX apTepuja, U MepewmeM nae0sbuHe uHtuMa-menuja clTM (enrn. Carotid
Intima-Media Thickness) on Benmukor cy 3Hadaja 3a MPOIEHY OUYYBAHOCTU YKYITHE
aptepujcke Backynarype [92]. [Ipema npenopykama EAEMP (enrn. European Agency
for the Evaluation of Medicinal Products), cITM je mpuxBaheH kao cyporaT Mapkep
atepockiiepoze [92]. VYiurpa3Byk KapOTHIHHMX apTepuja KOPUCTH C€ 3a MpPOLEHY
KapJMOBACKYyJIAPHOT cHcTeMa Koj OOJIECHHKa Ha peloBHUM XeMoaujaiuszama. Ha Taj
HAYMH Cce BPIIM U MPOLIEHA BaCKyJapHUX Kanuudukanuja [92].

KapnuoBackynapue 6oJiectu mpeacTaBibajy Hajuenrha KOMIUIMKANUA]y U Bojehu
y3pOK CMPTH OOJIECHUKA Y TEPMUHAIHOM CTaJIMjyMy XpoHHUHE Oosiectu OyOpera, Koju
ce Jieue peoBHOM XeMoaujau3oM. CMPTHOCT 300T O0JIECTH cplia y TOj MOIyJIaIuju je
u 10 20 nyta Beha Hero y onmtoj. [To3HaBame HeTpagUIIMOHATHUX (HaKTOpa pU3HKA 32
pa3Boj KapAHOBACKYJIapHUX OOJECTH je IPBU KOPAK Y IPEBEHIIU]H U JIeUeHhYy O0IeCHUKA
[93]. Ypemujcku TOKCHUHH, OKCUAAIMOHU CTPEC, MUKpOUH(IamaIja, MaJHyTpUIHja U
eH/I0TeNHA TuchYHKIIM]ja MIPEICTaBIbhajy 3HAYajHH HETPAAUIIMOHATHH (PaKTOp PU3UKA 3a
pa3Boj aTEPOCKIEPOTCKUX KapAHMOBACKYJIAPHUX OOJECTH Y MOIMyaIiju O0JIeCHUKA KOjU
ce jeuye xemoaujamu3oMm [93]. YpeMujcku TOKCHHHU MOTCTUYY I0jadyaHy aKTHBAIIH]y
neykonurta (moBehana okcuanmMoHa W MPOWH(IIAMATOPHA AKTHBHOCT JICYKOIUTA),
YCXOJIHO PETyJUIIly HHTepakiyje u3Mmely Jeykomura W eHjpoTena W HHOUITpaImjy
MOHOHYKJIeapHUX henuja y aTepockiIepoTcke BacKyiapHe jnesuje [93]. Acumerpuunu
mumetuinapruanl (ADMA), indoxyl sulfate (IP) u p-cresyl sulfate (pCS) cy ypemujcku
TOKCHHH KOJU UCIOJhaBajy MPOOKCHUIAIMOHO U MPOUH(IAMaTOPHO JI€jCTBO, CIICUaBajy

CTBapame a30THOI MOHOKCHJAA y €HJIOTEeNHUM helvjamMa U MMajy BHCOK aTepOreHH
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noTeHIMjan (yop3asajy nporpecujy nopemehaja pynkiuje engorena) [93].

JloGap mpenuKTOp KapIUOBACKyJIapHOT MOpPTAIMTETa j€ XHUIOoalOyMUHEMHU]a.
BepudukoBabu cy cTaTUCTHUIKM 3HAa4YajHO MoBehann mapamMeTpu MUKpOUH(IaMaIje u
OKCHJAIIMOHOT cTpeca. Pesynratu oBOr HCHHUTHBaWa, MMOKa3ald cy Jda usMmely
KOHIIEHTpanuje anOyMuHa U NpeajOyMuHa Yy cepyMy IIOCTOjU BHUCOKO CTaTHUCTHUKH
3Hadajaa (p < 0.01) mo3utuBHaA TOBe3aHOCT. M3mely koHIeHTpanuje anOyMuHa H
npeanOyMrUHa y cepyMy U JIe0JbUHE MHTUMAa-MeInja KapoTUIHUX apTepuja yTBpheHa je
BHUCOKO CTaTUCTUYKU 3HaudajHa (p < 0.01) HeraTuBHA MOBE3aHOCT, LITO j€ Y CKJIAAy C
pesyaTaTiMa 10 cajaa CIpOBEICHHX HWCHUTHBAama Koja Cy Takohe TMOTBpIuIa
CTaTUCTUYKH 3HA4YajHy HETAaTUBHY KOpelalujy ¢ TMapaMeTpuMa HYTPHUIIHA]E KO
OoJecHUKA Ha PEIOBHUM XeMoujanu3ama [94].

Meby nanujeHTrMa KOju NPUMERY]Y PEIOBHY XEMOAM]jau3y, 1e0JbHAa HUHTUMA-
Mearja KapOTHAHHUX apTepuja CTAaTUCTHMYKM 3HAYAJHO IMMO3UTHUBHO KOPEJHILIE C
KOHIIeHTpannjoM C-peakTUBHOT MPOTEWHA W MPOUH(IAMATOPHUX IIUTOKUHA Y CEPyMy
[95]. Pesynratu uCTpakMBamka HUCY MOKa3aldM CTAaTUCTUYKU 3HA4YajHy IO3UTHUBHY
Kopenaiujy ¢ 1e0;bMHOM HHTUMa-Me/Iija KapOTUIHUX apTepHja, IITO MOoKa3yje moTpedy
3a MepemeM OCEeTJPMBHJUX MapaMmerapa MUKpouH(iamaluje y OBOj MNOMyJaluju
OomnecHuKa, kao mTo cy npouHdpaamaropau nutokunu (IL-6, TNFa). 3nauajuy ymory y
IpoIiecy pa3Boja aTepocKiIepo3e nMa JIMIHIHA TIepoKcuaanyja. Pe3ynraTu oBe crynuje
ce TMmoayJapajy ca J0 caJa yYUHEHHX MCTPaXHBABUMa JPYTUX ayTopa, OJHOCHO
MOCTOjarb€ CTAaTHCTHYKH 3HAYajHE TO3WTHBHE IOBE3aHOCTH H3Mel)y KOHIIeHTpaluje
CYIICTaHIIMja KOje pearyjy ¢ THOOapOUTYpHOM KuceiauHoM y cepymy - TBARS (enru.
ThioBarbituric Acid Reactive Substances) u ne6GspuHe MHTHMa-Menuja KapOTHIHUX
aprepuja [95]. HeratuBHa moBe3aHOCT Jo0Ka3aHa je u3Mel)y aKTHUBHOCTH CYIEPOKCH]I
TU3MYyTa3e y epUTPOIMTUMA U 1e0JbMHE UHTUMA-MeUja KapOTUAHUX apTepHja, IITO je
y CarjlaCHOCTH C pe3yaTaTuma Apyrux ayropa [95].

[Tpumapuu y3pok aHEMH]e, jecTe CMambEeHO CTBapame epuTpornoeruHa. [lpumene
onrosapajyhe nosze epurpomnoetra ce koa 5% —10% OonecHuka He MOCTUTHE ITUJBHU
HuBO xemornoomna (Hb = 110 — 120 g/l). Pe3ynTtatu oBor ucnutuBama YTBPIWIHA CY
Belly mpeBajeHIM]y pE3UCTEHIMje Ha JEjCTBO epuTponoeTuHa. PesucreHuumja je
3acTymbeHa ko1 oko 10% OosiecHUKa KOjH Cy IPUMAaU KPaTKoAeIyjyhu epuTpornoeTnH
(emoeTuH-0, enoeTUH-P) u ko1 0ko 50% OosiecHUKA KO KOjUX j€ 3a JIeUeHhe MPUMEHUBaH

nyronenyjyhu  eputponoetuH  (mapOemoetuH-o). Pe3ucteHinuja Ha  J1€JCTBO
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eputporoeTuHa je ¢GakTop pHU3MKa, KOJjU yTHYE Ha pa3Boj KapAHOBACKYJIapHOT
MopOuautera W Mopranurera [96], Pesyntatu 1o cana yuMIbEHHUX HCIHUTHBAHa
YTBPAWIN Cy TOCTOjarh€ CTATUCTUYKU 3HAYajHE HEraTHMBHE IOBE3aHOCTH u3Mehy
KOHIIEHTpallje MPOUH(IaMAaTOPHUX IIUTOKIMHA U KOHIIEHTPAIMje XeMOTJIOOMHA Y KPBH.
BbonecHuiu Ko Kojux MOCTOJM PE3UCTEHIIN]a Ha JI]CTBO Ayroaenyjyher epurponoeTnHa
MMajy BUOCKO CTATUCTUYKH 3HaYajHO Mamy KOHIIEHTPAIU]y XeMOIJIO0MHA Y KPBH, Ka0 U
CTaTUCTUUYKHM 3HauajHo Behy konmentpanujy CRP-a y cepymy. TakBu pesynrtatu y
CKJIay Cy C pe3yATaThMa JI0 caJia YIHmhEHUX NCITUTHBAMA, KOja Cy YTBPIUIIA IIOCTOjarbe
CTaTUCTUYKKM 3HAauyajHE HeratuBHE IMoBe3aHocTu u3Mel)y koHueHtpanuje CRP-a,
NpouH(IaMaTOPHUX IIUTOKMHA (MHTEpJIECYKHH-0) M KOHLEHTpalHje XeMOrnoOuHa y
KpBH [96]. bonecHulu ¢ pe3uCTEeHIINjOM Ha JIeJCTBO KpaTkoaenyjyher u pyroaenyjyher
epUTpONOeTHHA WMa]y Behy KOHIIEHTpallujy CYHNEpOKCHIHOT aHjOHa W BOJIOHHUK-
MEPOKCHU/IA, Ka0 U CMamheHY KOHIICHTPAIMjy KaTajase y eputporuruma. CarmacHu cy ca
IpyTAM ayTOpHMa, KOjH Cy YTBPAWIHM 3HAa4ajHy IMOBE3aHOCT H3Mel)y OKCHIAIMOHOT
cTpeca u crerneHa aHemuje. OHM Cy JOKa3ajdd CTAaTUCTUYKU 3HA4YajHy MNO3UTUBHY
MOBE3aHOCT U3Mel)y KOHIIEHTpaIKje XeMOorJI00MHa y KPBU U KOHLIEHTPAIIU]e CyTEePOKCHU]T
IU3MyTa3e y EpUTPOIMTHMA, Ka0 M CTATHCTUYKM 3HAYajHy HETATUBHY ITOBE3aHOCT
n3Mel)y KOHIIEHTpallMje XEeMOTJIOOMHAa Y KPBH U KOHIICHTpAllMje MaJOHIUANICXUAa Y
eputporutuma [96]. Ctatyc reoxha y opranusmy OOJIECHHKA KOJHU C€ JieUe PEIOBHOM
XeMOJUjalM30M HWMa 3HAuajHy yIOTY Yy pa3Bojy pPE3UCTEHIMje Ha JI€jCTBO
eputporoeTuHa. Pe3ynraTi oBOr MCTpakMBama MoKa3aiu Cy Ja 00JIECHUIIA KO KOjuX
MMOCTOJM PE3UCTEHIIMja Ha JIeJCTBO KpaTKoaenyjyher epurponoeTuHa (€rmoeTHH-O,
ernoeTrH-f3) uMajy KOHIEeHTpaujy ¢peputuHa Behy Hero GosecHuIM 0e3 pe3ucTeHIHje.
Bonecuuim ¢ pe3ucTeHIjoM Ha IejCTBO Nyrojenyjyher epurponoeruna (1apoernoeTuH-
0l) UMajy CTaTUCTUYKHU 3HAYAJHO Marmby KOHIEHTpAIHjy npeandyMuHa u ButamuHa D y
cepyMmy Hero OojecHuIM Oe3 JOKa3aHe PE3UCTEHIIHje, Koja je MCTOBETHAa Kao M KOJ
npyrux uctpaxusada. [loBehana koHeHTpanuja peputuHa y cepymy U (yHKIIMOHATHA
HelocTatak TBokKha 3HauyajHH cy (akTOpW 3a pa3BOj pPE3MCTEHIMje Ha J€jCTBO
epurponioetuHa [97]. YV 1m0 caga yYMHBEHUM UCTpaXUBambHMa, MOIEIOM
JIOHTUTYIMHAJIHE JIUHEapHe perpecuje yTBpleHa je CTaTUCTHYKU 3HayajHa MO3UTHBHA
NOBE3aHOCT M3Mel)y WHAEKca pe3UCTeHLMje Ha JejCTBO EpPUTPOINOETHHA U
koHreHTpanuje ¢pepuruna u CRP-a y cepymy, nporieHTa HHTEpANjaTlu3HOT MPUHOCA Y

tenecHoj Macu 6onecHuka (%IDWG) u ynorpebe 6510kaTopa KOHBEpTa3e aHTUOTEH3MHA
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1[97]. Oxkcumanmonu cTpec, MUKpouHQIamaliija, MaTHyTPUIIUja, HEJOCTaTaK BUTAMUHA
D u ¢yHKIMOHAIHM HeJocTaTak rBokha 3HaAYajHU Cy (aKkTOpW pHU3HMKA 3a PasBoj
pEe3UCTEHIM]e Ha JIejCTBO epuTporoeTuna [96,97].

Mannytpunuja je 3actymybeHa koj 30%-60% OonecHuka. Pesynratu
CIPOBEJICHOT UCTPAKMBamka IMOKAa3aId Cy Ja OOJECHUIM KOJA KOJUX TIOCTOjU
pe3UCTeHIM]ja Ha JIeJCTBO Ayrojienyjyher epuTponoeTnHa MMajy CTAaTUCTUYKH 3HAYajHO
Mamy KOHIICHTpAIHjy NpeaJOyMHUHA y CEepyMy HEro OOJIECHMIIM KOJ KOJUX HHje
ytBphena pesucrenunja. OBU pe3yaTaTH, Kao U KOJ APYTUX, PE3UCTEHLM]a Ha JI€JCTBO
EpPUTPONOETHHA TOKa3yje CTAaTUCTUYKM 3HayajHo Beha koHuuerpanuje hsCRP-a u
WHTEPJICYKHUHA-6, Ka0 U CTATHUCTHUYKM 3HAYajHO Mama KOHIEHTpaluja aJOyMUHA H
npeanOymuHa y cepyMmy. MyaTHBapHjaHTHOM JIMHEAPHOM PErPECHOHOM aHATNU30M, OBU
ayTtopu nokazanu cy na cy hsCRP u IL-6 jaku u HE3aBUCHU MO3UTUBHHU IPEAUKTOPU
PE3UCTEHIMj€ Ha JIeJCTBO EPUTPOINOETHHA, JOK Cy KOHIEHTpauuja ajiOyMuHa U
npeaqOyMHHa jaKd M HE3aBUCHU HEraTHMBHU NPEIUKTOPH pa3Boja PE3UCTEHLHUjE Ha
nejctBo epurponetuHa [98]. CymneMeHTtanuja ceneHa, per os, y ao03u oa 200 ug/nan
TOKOM JIBaHAECT HeJesba, [IMHKA, per 0s, y 1031 o1 100 mg/aan TokoM ocam 10 1BaHAECT
Henesba u L-xapuuTtuHa 1.v. y 103u o1 1.000 mg Tpu nmyTa HeieJbHO, MOCIE CBAKE CECHje
XeMOAMjamu3e y TOKYy JBa-TpU Mecema, moBehaBa KamamuTeT EH3UMCKE
AHTUOKCHJIAIIMOHE 3aIITUTE U CTaTyC MalHyTpuIje [99].

3HauajHO CTATHUCTHYKM Beha KOHIEHTpalMja XeMIUIUHA y CepyMy je KO
TVjaTM3upaHnX TalyjeHaTa, Hero KoJ KOHTPOJHe rpyne ucnutanuka. [IporenH xoju
KOHTPOJIMILIE ariCOPIIIN]y TBOXkha je XENIUIUH U HEeroBy ITUCTPUOYIU]y Y OPraHU3My
OosecHrKa (MMa BaXKHY YJIOTY Y pa3Bojy GyHKIIMOHAIHOT HEIOCTaTKa rBoxkha). Mepeme
j€ HEoMnxoIHO 300T nMpuMeHe eputpornoeTuHa. OpesbUBake KOHIICHTpaIM]ja XeTIHInHA
y cepymy omoryhaBa WHIAMBUAYaTHU MPUCTYN JI€UYCHA EPUTPOMOCTUHOM, KOjOM CE
omoryhaBa mama pe3HCTEHIIMja Ha J€jCTBO epuTponoetnHa W Beha edukacHOCT
eputponioetuHa [100]. Mepeme KOHIEHTpalUje celleHa y CepyMy M aKTHBHOCTH
CYNEpOKCHJ JU3MyTa3e IMpyxka MOTyhHOCT mpoleHe cucTeMa aHTHOKCHIAIMOHE
samrute [ 100].

['Boxkhe mpUMemeHO MHTPABEHCKHM MOXE /1a Y3pOKYje OKCHIAIMOHU CTPEC H
omreheme munuaa, MpoTEMHA U HyKIEUMHCKHUX KHcennHa henuja, Koa 6oJecHuKa KOoju ce
jede peloBHOM xemojujanu3zoM. Mepeme konueHntpanuje 8-OHAG (enrn. 8-hydroxy

2'-deoxyguanosine) y JeykouutumMa U JduMdonuTMa nepudepHe KpBH j€ OCETJbUB
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Mapkep oxcumanmoHor omrtehemsa DNA [101]. PenoBHO moHaB/haHAa HHTpPAaBEHCKA
npuMeHa reoxia, mpahena je moBehameM KOHIICHTpAIH]e MATIOHAUAIICXUIA Y CEPyMy
(MDA) u canpxajem 8-OHdG y numdornutuma nepudepHe KpBH, ca GepuTHHA KOjH j€
Behu ox 500 pg/l [101]. Pusuk ox HemoBoJbHOT MCXOJa, MOBehaH je y MHTPaBEHCKO]
npuMeHu rBokhe y mo3u > 400 mg/mMecedHo, kao u ako je ¢peputuna npexo 800 [101,
102]. JIupeKkTHO TOKCHYHO JI€JCTBO j€ YKOJIUKO ce TBokhe MpuMemyje 1.v. y MECEUYHO]
no3u > 400 mg [101, 102]. Pesynratu mo caga 00aB/beHHX HCIHMTHBAMA MMOKA3aIU Cy
CTaTUCTHYKHM 3HA4YajHy IO3UTHMBHY MOBe3aHOCT u3Mely KoHueHTpauuje (epuTuHa y
cepymy u koHueHtpanuje CRP-a y cepymy, ka0 U CTaTUCTHUYKH 3HAYajHY MO3UTUBHY
noBe3aHoCT u3Mel)y KoHleHTpanuje pepuTHa y cepymy U koHueHtpanuje TBARS-ay
cepymy [103, 104]. bonecHunu ¢ koHueHTpauujoM deputuHa y cepymy > 800 ng/ml
uMajy Behy konnentpanujy CRP-a y cepymy, Hero kana je ucnon 800 ng/ml [104].
Bumak Fe y opranusmy OoyieCHHMKA MOJCTHYE JIMMHUAHY MEPOKCHUIANN]y U MoBehaBa
OKCHUJAIIOHU CTPEC, a CMamyje aKTUBHOCT aHTUOKCUAAIIMOHUX €H3MMa. YTBpheHa je
CTaTUCTHYKHM 3HAYajHAa IMO3UTHMBHA Kopenauuja usmel)y koHneHtpauuje ¢epuTuHa y
CepyMy W KOHIIEHTpaIlyje MajoHauanaexuaa y cepymy [105]. Pesynratu cnpoBeneHor
UCTINTHBAMa MOKA3aH Cy Ja je Mamba aKTUBHOCT KaTajla3e y epUTPOIUTHMA, ca BehoM
KOHIIeHTpanujoM ¢eputrnHa. Ko mpruMeHe BUCOKMX MECEYHHX /103a TBOXKha, moTpeban
J€ MHAUBUIYAJTHU NPUCTYN IUjalIU3HE  MPECKPUIIH]e (MemOpane o0JoxeHe
ButamMuHoM E, xemonujadunrtpanuja) [100-105].

Buramua Bi: je TnaBHM MHKPOHYTPUEHT 3a ONTHMAJIHYy XEMaToloe3y |
MeTaboIMuKy (YHKIM]y KapAHOBAaCKYyJIapHOT cUCTema. ATeporeHes3a je MoBe3aHa ca
HEJ0CTaTKOM BUTaMuHa Biz2, mpeko xumnepxomouucrennemuje [106, 107]. Pesyntatu
CIIPOBEJICHOT UCTpakKMBamba MOKa3yjy Ja OOJeCHHIIM ¢ MHUKpOHWH(]IIaMaldjoM, UMajy
3HAa4YajHO Mamy KOHIICHTpAIMjy BUTaMHUHA Bi2 y cepyMy Hero GOJECHUIM KOjU HEMAjy
MukponHdiamanujy. Takohe U Koj JApyrux ayropa ca pesyiTaTuMa TOCTOjU
CTAaTUCTHYKH HETaTHBHA 3HAuYajHA MOBE3aHOCT M3Mel)y KOHIICHTpaIyje BUTaMuHa Bz u
¢dakTtopa Tymopcke Hekpoze TNFa y cepymy [107]. Konrtponom ontumanne
KOHIIEHTpalje BUTaMuHa B12 y cepymMy, cripedaBa ce pa3Boj aTepOCKIEPOTCKUX OOJIECTH

KapAMOBacKyJapHOT CUCTEM, MHIYKOBaHUX MHKpouHGpiamarijom [107].
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7. 3AKJbYULIA

1. [lojenuuauyna  ceanca on-line  xemoaumjaduntparuje ¢ high-flux
noucyiadoHCKoM MeMmOpaHoM Beiuke moBpiuHe (A > 2.0 m?) koja je
00JI0)KeHa BUTAMHHOM E CTaTHCTHYKHM 3HauYajHHje yTHUYE Ha TapaMeTpe
OKCHJIAITMOHOT cTpeca HETO TojeTMHaYHA ceaHca on-line
xemoaujaduntpamnuje ¢ high-flux nmomucyndonckom MemMOpaHOM MOBPIIHMHE

> 2.0 m?, xoja HHje 00s10kKeHa BUTAMUHOM E.

2. [locne mojenunaune ceaHce on-line xemomujaduiTpanyje ¢ MeMOpaHOM
00JI0’)KEHOM  BUTaMMHOM E, CTaTUCTHYKM 3HAYajHO CE€ CMamyje
KOHIEHTpAllMja PEaKTHUBHUX CYICTAaHLMja BE3aHUX 3a THOOApOUTYypUUHY
kucenudy (TBARS), mox ce aktuBHOCT cymepokcua ausmytaze (SOD)
cMamyje Ko 00e AujaTu3He MeMOpaHe, Kao MOoceaulla MojayaHor TyOuTKa
eleMeHara y Tpary, KohakTropa €H3MMCKHX AaHTHOKCHIATUBHUX CHCTEMa

(cymepokcua qu3myTasa).

3. On-line xemoaujadunrpanujy ¢ high-flux nonucyndonckom mem6panom koja
je obnoxeHa BuTamMuHoM E Tpeba mpuMmemuBaTH y Iy)KeM Mepuoay (Tpu a0
IIeCT MECeIlH), y3 OJroBapajyhy MpolieHy KamaluTera aHTHUOKCHIIATHBHE

3alITHUTC Y TOKY JICYCEbAd OBUM MOJAIINTCTOM zmjanme.

4. 3a ocTBapuBame ONTUMANIHE €(PUKACHOCTH JieUemha OOJIECHUKA, TOTpeOHa je

UMHAMBUAYaIN3alrja NpecKkpumiuje on-line xemonujadunrpanuje.

5. VYaTpa3Byk KapoTHIHUX apTepuja, Mepeme 1e0spruHe nHTuMa-meanja (cITM)
U OTKPUBAHkE aTePOCKICPOTCKUX IJIAKOBA O/ BEJIMKOT Cy 3Hauaja 3a MpOoIeHY

3[paBJba YKYIHE apTEePHjCKe BaCKyJaType.

6. OxcuganuoHu CTpeC M MaIHYTPHUIMja MMajy BaXXHH YMHWIALl Y PAa3BUTKY
aTepoCKIIepO3e KApOTUIHHUX apTepHja KO MalyjeHaTa KOju KOPUCTE PEIOBHY
xemonujanuzy. M3mely nebGspuHe MHTHMa-Menuja KapoOTHAHUX apTepuja U
koHreHTpanmje TBARS-a y cepymy mocToju CTaTUCTHUKH 3Ha4ajHA

MO3UTHUBHA MOBE3aHOCT, JI0K je u3Melyy koHnentpaiuje SOD y epurporutuma
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10.

11.

12.

13.

u 71e0/bMHE WHTHMa-MeAuja KapOTHUIHUX apTepuja yTBpheHa BHCOKO

CTaTUCTUYKH 3HaqajHa HCTraTHBHA IIOBC3aHOCT.

Bucoko  craTMCTMUKM ~ 3HAYajHA ~ HETaTHMBHA  IMOBE3aHOCT  u3Mely
KOHIIEHTpAIHje TpealOyMrHa U aJOyMHUHA y CepyMy W NMPEYHWKA WHTHMA-
MeJMja KapoTHJIHHUX apTepHja yKa3yje Ha 3Hauyaj] MaJHYTPHUIHjE Y Pa3BoOjy

aTepoCKIIepo3e.

OkcuanMoHu CTpec U MaJHYTpUIIM]a, MOjeIMHAYHO U Y Ca/IejCTBY, 3HATHO
JOTIPUHOCE Pa3BOjy M yOp3amy aTepoKciepo3e M MoBehamy pH3UKA O
KapJMOBACKyJapHOT MOpPOUIUTETa M MOpTaIUTeTa KOJ TNaIMjeHTa ca

PCAOBHOM XCMOI[I/IjaJ'II/IBOM.

OxkcuaumoHu cTpec, MHUKpoMH(IaManuja, MaJIHyTpHUIMja, HEIO0CTaTaK
ButamuHa D u moBehaHa koHIeHTpanuja GpeputrHa y cepymMy 3HA4ajHU CY
dakTopu pHU3MKa 3a pa3BOj OTIOPHOCTUM Ha YTHIA] E€PUTPONOETHHA KOJ

OoJecHUKA KOjU MIPUCTYTAJy KOHCTATHO] XEMOIU]jaJIu3H.

Pe3uctennyja Ha 1ejcTBO KpaTkoaenyjyher epuTponoeTiHa NpucyTHA je KOl

12.50% mnanujenara Ha peIOBHO] XEMO/IHU]jalTU3H.

bonecuuin ¢ pe3uCTEHIMjOM Ha JIeJCTBO KpaTKojaenyjyher epurpomnoeTruHa
UMajy CTaTHUCTUYKHM 3HATHO Behy KoHIeHTpauujy (epuTuHa y cepymy u

CTAaTUCTHYKH 3HAYajHO Mamky KOHIICHTPAIU]y KaTajla3e y EpUTPOIIUTHMA.

Pesuctennyja Ha nejcTBO ayrojenyjyher epuTpornoeTuHa 3acTyIJbeHa j€ KOJ

24 6onecuuka (53.33%) xoju ce jede peJOBHOM XEMOI1]aIU30M.

BonecHun ¢ pe3ucTeHLMjoM Ha JAEjCTBO Ayrojenyjyher epurpomoeTHHa
MUMajy BUCOKO CTaTUCTHYKU 3HAYajHO Mamy KOHIICHTPAIH]jy MpearOyMuHa U
BuTamMuHa D y cepyMmy, KaO M CTaTUCTHYKU 3HA4ajHO Behy KOHILEHTpAIH]y
CRP-a, cynepokcHAHOT aHjOHa M BOJOHHUK-TIEPOKCUAA y CEPYMYy HEro

OonecHuIM 0e3 pE3UCTEHIIN]e.
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14.

15.

16.

17.

18.

19.

20.

21.

Konnentpanuja C-peakTUBHOT MPOTEUHA Y CEpyMy jecTe He3aBUCaH (PaKTop

pHU3HKa 32 PE3UCTEHIIN]Y Ha JIejCTBO CTUMYJIATOPA EPUTPOIIOE3E.

Pano wu3aBajame OojecHHWKa KOJ Kojux je Beha pU3MYHOCT OO pa3Boja
OTIIOPHOCTH HA  yTHUIA) EPUTPONOETHHA, TMpaBOBpeMEeHa MpPHUMEHA
oaroBapajyhe Tepamwje W WHIMBHAyadu3aldja MPECKPUIILH]E IUjaTu3e,
npyxajy MoryhHocT omnTuMaiHe KOHTpPOJIE OKCHIALMOHOT  CTpeca,
MUKpOMH(IaMalije, MaJIHyTpULIMje, HelocTaTka BUTamMuHa D u craTyca

reokha y opraHuzMy OOJECHHKA.

OnrtumaliHa KOHTPOJIa OKCHIAIIMOHOT CTpeca 3a MOCIEeIUILY UMa 00JbE JICUCHC

aHeMUje, Mawy CTOMY KapJUOBACKyJIapHOT MOPOMANTETA U MOPTAIUTETA.

[TanujeHTH KOju KOPUCTE XeMOoIujadHUITPaLN]y UMajy CTATUCTHYKH 3HAYajHO
Mamy KOHIICHTpalujy GepuTuHa y CcepyMy, OJHOCHO MamH CTeIeH
(YHKIIMOHATHOT HEJoCTaTKa TBoOXkha, Hero OOJECHHUIM KOjU KOPHUCTE

CTaHJapAHOY XEMOJH]jalIn3y.

[TanujeHTH KOjU KOpUCTE XeMOoAujapuITpalijy UMajy BUCOKO CTATHUCTUYKU
ryie1ano Behy KOHIIEHTpalH]y TpeaiOyMUHa y CepyMy, OJTHOCHO 00JbU CTaTyC
HyTpUIIMje, HETO OOJECHUIIM KOJU Cc€ Jiede PEeJOBHOM CTaHIApPJAHOM

XEMOI]ATTHU30M.

XeMmoaujadunrpaiyja je MeTona Jieuema koja obe3belyje mMamu crerneH
MaJTHyTpHUIMje W Behw crTeneH wuckopuithaBama TBOXkha 3a CHHTE3Y

XEMOTJIOOMHA Y epUTPOIIUTUMA.

[TanujeHTH KOJU TpHUMEBY]y XeMOoAWjaQUITpanujy HMajy CTaTUCTUYKU
rieaHo Behy KOHILIEHTPUCAHOCT CYNEPOKCU[ AU3ZMYTa3e y €pUTPOLMTHMA,
OJIHOCHO BehM CTENeH aHTHMOKCUIAIMOHE 3alITUTE, HEro OOJIECHUIM KOJU ce

JICYC p€IOBHOM CTaHAApPAHOM XGMO)II/IjaHI/ISOM.

[TanujeHnTn ca KOHCTAHTHOM XEMOJIMjaIM30M C KOHIICHTpalHjoM (epuTHHA
Behom o 800 ng/ml nmajy cTaTUCTHYKK 3HAYajHO Marmby aKTUBHOCT KaTaiase

EpPUTPOLUTHUMA (CMaHkhEHA AHTUOKCH/IAIIMOHA 3aIITUTA).
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22.

23.

24.

N3mely no3e nutpaBeHcKor reoxlha 1 napaMerapa OKCUIAIMOHOT CTpeca Huje

yTBph)eHa cTaTUCTUYKY 3HaYajHA TOBE3aHOCT.

[TanMjeHTH KOju Cy ca KOHCTAHTHOM XE€MOJIM]jallu30M ¢ MUKPOHH(pIaMaIljoM
MOCEAY]y CTATUCTUYKU MOCMATpPaHO Mamy KOHIICHTpalHjy BUTamMuHA Bi2 y

cepyMmy Hero OOJECHUIIM KOjU HEMaJy MUKpOUH]IaMaIujy.

N3mehy konuentpaiuje C-peakTUBHOT MPOTEHHA y CEPYMY U KOHIIEHTpallrje
BUTaMUHa Bi2 y cepyMy ©OCTOjU CTaTHCTMYKM 3Ha4yajHa HeTaTUBHA

ITOBC3aHOCT.
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9. TOJATAK

Cxpahennne

ADMA: Asymmetric dimethylarginine
AGEs: Advanced glycation end products
AQOPPs: Advanced oxidation protein products
AT: Alpha-tocopherol

CAC: Coronary artery calcification score
CIMT: Carotid intima-media thickness
CKD: Chronic kidney disease

CVD: Cardiovascular disease

DM: Diabetes mellitus

EGFR: Estimated glomerular filtration rate
EPA: Eicosapentaenoic acid

ESA: Erythropoiesis-stimulating agent
ESRD: End-stage renal disease

GDPs: Glycose degradation products
GSH-Px: Glutathione peroxidase

GSH: Reduced glutathione

GSSG: Oxidized glutathione

H202: Hydrogen peroxide

HD: Hemodialysis

HDL: High-density lipoprotein

Hs-CRP: High-sensitive C-reactive protein
IL-6: Interleukin-6

LDL: Low-density lipoprotein

MDA: Malondialdehyde

MPO: Myeloperoxidase

NAC: n-Acetylcysteine

NO: Nitric oxide

0O2-: Superoxide anion radical

ONOO-: Peroxynitrite

OS: Oxidative stress

Ox-LDL: Oxidized LDL

8-OHdG: 8-Hydroxy-2'-deoxyguanosine
PCOOH: Phosphatidylcholine hydroperoxide
PD: Peritoneal dialysis

PMNs: Polymorphonuclear white blood cells
RBC: Red blood cell

ROS: Reactive oxygen species

RRF: Residual renal function

SOD: Superoxide dismutase

TAC: Total antioxidant capacity

TBARS: Thiobarbituric acid-reactive substances
TNF: Tumor necrosis factor

VECM: Vitamin E-coated membrane.



IMPUJIOTI 1

Ta6ena 1. opmyre 3a u3pauyHaBame rapameTapa UCIIUTUBAHA

[Tapamerap dopmyna
BMI (kg/m°) BMI = TM (kg)/TV (m°)
nPCR = (PCR x 0.58)/Vd
PCR =9.35G + 0.29V
PCR (g/kg/24h
nPCR (gkg/24h) G = [(C1-C2)/1d] x Vd
Vd=0.58 x TM
Kt/V Kt/V =1In(C1/C2)
spKt/V spKt/V =-In(C2/C1 —0.008 x T) + (4 — 3.5 x C2/C1) x UF/W
eKt/V eKt/V = spKtV — (0.47 x spKtV/T) + 0.03
URR (%) URR = (1-R) x 100 (%)

BMI - unnekc tenecHe mace (kg/m2), TM - tenecna maca (kg), TV - tenecHa BucunHa (m2), PCR - Op3una
pasrpanme mpotenHa (g/kg/24h), G - cremeH ctBapama ypee, Cl - KOHIIEHTpamuja ypee IMpe XEMOIHjajn3e
(mmol/l), C2 - xoHIIeHTpanunja ypee mocie xemoaujammse (mmol/l), Id - Bpeme m3melhy nee xemonmjammse (h), Vd
- 3aIpeMHHA TEYHOCTH Koja ce Hana3u y opranmmy (1), T - Tpajame xemoaumjammse (h), K - kimupenc aujanmsaropa
3a ypey (ml/min), t - Tpajame mojenunavyHe cecuje xemoaujanuse (h), V - Bomymen auctpudymmje ypee (ml), spKt/V
- ,.single-pool” Kt/V (ypea kuneTHuku jemnomnpoctopau mozen), eKt/V - double pool” Kt/V (ypea kuneTHuKu

JIBOIPOCTOPHH MOJIE).
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BUOTI'PA®UIA

Hp Csetrnana Antuh pohena je 27.02.1976. rogune y beorpamgy. OcHOBHY IIKOIy a
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Pil¢evi¢ D, Kovacevi¢ Z, Rabrenovi¢ V, Anti¢ S. Druge primarne glomerulske bolesti
(fibrilarni glomerulonefritis, nefropatija tankih bazalnih membrana, lipoproteinska glo-
merulopatija, I[gM nefropatija, C1q nefropatija). U: Terapija primarnih glomerulone-
fritisa. Urednik Maksi¢ D.,2019. (Beograd: Unagraf).

Acknowledgments: Authors would like to express their deepest gratitude to the Ministry of

Education, Science and Technological Development of the Republic of Serbia for the

Grant N°175014 and also to the Faculty of Medical Sciences University of Kragujevac for

their Junior Grant N°02/19 from which the funds were used as one of the sources to

financially support this paper.

116



IPUJIOT
K/bYYHA TOKYMEHTALIIMICKA HHOOPMATHKA

YHUBEP3UTET Y KPAI'YJEBLIY
OAKVIITET MEIUMLIMHCKUX HAVKA V KPAT'YJEBIY

Pennu 6poj - Phb:

Nnentudukanmonu 6poj - UBP:

Tun noxymenTtanuje - T/I: MoHorpadcka mybaukaiija

Tun 3ammca - T3: TexkcTyanHu mTaMIaHd MaTepujall

Bpcra pana - BP: [loktopcka aucepraiija

Aytop - AY: Antuh Csetinana

MenTop/komentop - MH: ap. cuu. men. Jlejan [lerpoBuh, penoBHu npodecop

Hacnos pana - HP: Tlporiena okcuganmoHnor ctpeca koJi 00JIeCHUKA KOjU ce Jieue peJOBHOM
XEMO/IH]j AJTH30M

Jesuk mybnukanuje - JIT: Cpricku / hupununa

Jesuk m3Boga - JU: Cpncku/ EHrneckn

3emspa myonukoBama - 311: Cpbuja

Ve reorpadceko noapyyje - YI'TI: Lentpanna Cpouja, Hlymanuja

I'oguna - I'O: 2020

N3nasay - U3: AyTopcku penpuHT

Mecto u aapeca - MC: 34000 Kparyjesai, CBetozapa Mapkosuha 69

®usnun onuc paaa - PO: 126 crpane, 9 nornasiba, 6 mema, 37 Tadbene, 107 uutupane
oubnuorpadcke jeTUHUIE

Hayuna obnact - YAK: Meaununa

Hayuna nuciunnuna - JIM: EkcnepuMeHnTanHa v KJIMHAYKA UHTEPHA MEIUIINHA
[Ipenmetna oapennuna/xkibyune peun - [1O: oxcumaTtuBHHM cTpec, xemoaujaduiaTpamja,
Ivjanu3Ha MmemopaHa

Uysa ce - UY: YV oubnuotenn Menununackor gakynreta YHuBep3uteta y Kparyjesiry.
Baxna nHanomena- MH:

W3Box - U/: ATICTPAKT

117



YBon: KapmuoBackymnapue Oonectu cy Boaehu y3pok cmptu OoleCHHKA KOjU ce Jiede
penoBHOM Xxemojujanu3oM. OKCUAIUOHU CTPEC j€ HETPaJAMIIMOHAIHU (haKTOp pPHU3UKa 32
Pa3Boj KapIMOBACKYJIapHUX OOJIECTH Y OBOj MOIyJaluju OojieCHUKA. [ TaBHU y3po1H pa3Boja
OKCHUJIALIMOHOT cTpeca Koja OOJeCHHUKA KOJjU C€ Jieue PEAOBHOM XEMOJIMJaIu30M CY:
OMOKOMIATUOMIHOCT JWjalu3He MeMOpaHe, IMPUCYCTBO EHJOTOKCHMHA Y pacTBOpYy 3a
XeMOJUjaIi3y W CMameHa aKTHBHOCT AaHTHOKCUAANMOHWUX CH3UMa. Y TJIAaBHE KIMHHYKE
MOCJIeINIIE OKCUIAIIMOHOT CTpeca Crajajy pa3Boj U yop3ame Impoliieca aTepocKiIepose, pa3Boj
aHeMUje U PE3UCTEHIIM]a Ha JIe]CTBO epUTPOINIOETHHA, MATHYTPHUIIMja U aMUJIOU 032 ITOBE3aHa
ca xemonujanu3zoMm. Luip pama: MpolieHa yTUIaja OWjaJu3HEe MeMOpaHe M MoJaluTeTa
JTYjadu3e Ha pPa3BOj OKCHAAIMOHOT CTpeca, MpoIleHAa yTHIaja MHUKpoWH(pIaManuje u
MaJHYTPHIIM]jE HAa Pa3BOj OKCHAAIMOHOT CTpeca, Kao M MpOoIleHa yTHIlaja OKCHUIAIIMOHOT
CTpeca Ha pa3B0j aTepOCKJIEPO3€e U PE3UCTEHIIN]e Ha JIejCTBO epUTpoIioeTHHA. MeTtoze: Y pay
je ucnutano 125 OGojecHHKa KOjU ce Jieue PEJOBHOM XEMOIH]jalM30M Y3 TOIITOBAHKE
XeJCHHILIKE JAeKIapalyje 0 MEIUIIMHCKUM HCTpaxkuBamuMa U J{oOpe KIMHUYKE Tpakce.
['pynucame OoliecCHHKAa je YYMIEHO Ha OCHOBY KIMHUYKHUX TapaMerapa y CKiIaay ca
UJbEBUMA WCTpaXuBama. Pesyaratu: bonecHunm koju ce Jede peaoBHOM on-line
xemoaujadunTpanujoM ca ,.high-flux*“ mem6panom koja je ob6noxxeHa Buramuaom E umajy
CTATHCTUYKH 3HAYajHO Mamy KOHIICHTpAIlM]y PEaKTUBHUX CYICTaHIMja BE3aHHUX 3a
tnobapoutrypny kucenuny (TBARS). Usmehy nebpuHe uWHTUMa-MenHja KapOTHIHUX
aprepuja u koHueHtpanrje TBARS-a y cepymMy MocToju CTaTUCTUYKH 3HA4YajHA TO3UTHUBHA
MOBE3aHOCT, 10K u3Mely koHuentpauuje SOD y epurpountrma u 1e6;bMHE HHTUMA-MEH]a
KapOTHJIHUX apTepHja BUCOKO CTaTUCTMYKM 3HA4YajHa HEraTMBHA MOBe3aHOCT. bonecHuu ca
PE3UCTEHIIMJOM Ha JEJCTBO AYTrojelyjyher epuTpornoeTHHA MMajy BUCOKO CTATHUCTHYKH
3HAYajHO Mamky KOHIICHTPAIH]jy MpeaiOyMrUHa U BUTaMUHA D y cepymy, Kao ¥ CTAaTHCTHYKH
3HauajHo Behy konmentparujy CRP-a, cymepokcuaHOr aHjoHa W BOJOHUK MEPOKCHAA Y
cepymy. Mukpoundamanuja je He3aBucaH (akTop pHU3MKaA 3a Pa3BOj] PE3UCTEHIIM]E HaA

JI€JCTBO €PUTPOIIOETHHA.

Baksbyuyak: MemOpaHe 3a xemoaujanu3y o0joxeHe BuTaMuHOM E cMamyjy KOHILIEHTpalujy
napameTapa JIMIUAHE MEepoKCHIaluje y cepyMy, Kao mrTo cy: mamonauaiaexun (MDA),
peakTUBHE CyICTaHIMje Be3aHe 3a Tuobapoutypny kucenuny (TBARS) u okcunoanu LDL
xonecrepon (oxLDL). UcnutuBama nokasyjy 1a oBe MeMOpaHe CMamyjy U KOHIIEHTPALU]y
napaMeTapa OKCHAalMoHOT omTehema HyKIENHCKUX KUCennHa, kao mro je 8-OHdG, kao u

KOHIIeHTpanujy napamerapa mukpouHduamanuje (CRP, untepieykun-6). OBe meMmOpane
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00e30el)yjy moOpy KoHTpody GyHKIHUjE JIEYKOIUTa, HCIO0JhaBajy AHTHOKCUAAIMOHO U
antuuH(iamatopHo nejcrBo. , High-flux* xemonujanuza u xemoaujadunTpaimja ca
NoJINCYJI(POHCKOM MeMOpaHOM M MeMOpaHOM 000J0)keHOM BUTaMHHOM E cMmamyje
aTepOCKIIEPO3y, aMIIIOUA03Y MTOBE3aHy Ca XEMOIMjaIN30M, HHIEKC PE3UCTEHIIN]E Ha JISjCTBO
CPUTPOINOETHHA U TIOMpaBJba JICUCHE€ aHEMHje y TMOMyJialhju OOJIECHUKA KOJU ce Jieye

PEAOBHOM XEMOJIUjaTH30M.

Kibyune peun: Xemoaujanduiatpaiyja, OKCUIAIIMOHN CTPEC, IHjaTn3Ha MeMOpaHa

Jdatym npuxBarama teme oa crpane HHB - JI1:
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YnanoBu komucuje - KO:
Hp cuu. men. Boko Maxkcuh, penoBau npodecop, NpeceTHUK KOMHUCH]E;
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Note - N:
ABSTRACT

Introduction: Cardiovascular diseases are the leading cause of death for patients treated with
regular hemodialysis. Oxidative stress is a non-traditional risk factor for the development of
cardiovascular disease in this population of patients. Main causes of the development of
oxidative stress in patients treated with regular hemodialysis are dialysis membrane
biocompatibility, the presence of endotoxin in hemodialysis solution and decreased activity
of antioxidant enzymes. The main clinical consequences of oxidative stress include the
development and acceleration of the process of arteosclerosis , the development of anemia
and resistance to erythropoietin malnutrition and amyloidosis connected with hemodialysis.
Objective: The main objectives of the examination are: dialysis, membrane, impact,
assessment and dialysis modality on the development of oxidative stress, microinflammation
and malnutrition impact assessment on the development of oxidative stress, as well as
assessment of the effect of oxidative stress on the development of arteriosclerosis and
resistance to erythropoietin. Method: The study examined 125 patients treated with regular
hemodialysis respecting the Declaration of Helsinki on Medical Research and Good Clinical
Practice. The grouping of patients was done on the basis of clinical parameters in accordance
with the objectives of the research. Results: Patients treated with regular on-line
hemodiafiltration with “high-flux” coated with vitamin E have statistically significantly lower
concentration of reactive supstances related to thiobarbituric acid (TBARS). Between the
thickness of the intima-media of the carotid arteries and the concentration of TBARS in the
serum, there is a statistically significant positive connection, while between concentration of
SOD in erythrocyte and carotid artery thickness of intima-media, there is highly significant
negative connection. Patients with resistance to long-acting erthropein have statistically
significantly lower concentration of prealbumin and vitamin D in the serum, as well as
statistically significantly higher concentration of CRP, superoxide anion and hydrogine
peroxide in the serum. Microinflammation is an independent risk factor for the development
of erythropoietin resistance. Conclusion: Membranes for hemodialysis coated with vitamin E
reduce serum peroxidation lipid concentration parameters, such as malondialdehyde (MDA),
reactive substances related to thiobarbituric acid (TBARS) and oxidized LDL cholesterol
(oxLLDL). Studies show that these membranes reduce both the concentration of oxidative
damage parameters of nucleic acids such as 8-OHdG, as well as the concentration of

microinflammation parameters (CRP, interleukin-6). These membranes provide good control
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of leukocyte function, manifest antioxidant and anti-inflammatory effects. High -flux
hemodialysis and hemodiafiltration with polysulfone membrane and vitamin E coated
membrane reduces atherosclerosis, hemodialysis-related amyloidosis, erythropoietin
resistance index, and improves the treatment of anemia in the population of patients treated

with regular hemodialysis...

Keywords: hemodiafiltration, dyalysis membrane, oxidative stress.
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Oébpasay 1
H3JABA AYTOPA O OPHT HHAJIHOCTH JAOKTOPCKE JIHCEPTAI[HJE

7
Ja, ﬁ HTlY i ( bes A B4 , H3jaBIbYjeM J1a JIOKTOPCKa

JIACEpTAlN]ja 110/] HACJIOBOM:

J] Polheu st QKCUNAL yowp~  CIPecy xes
bodectuar  xom o Ueye  pes OAL104y
XCMOAUDIAF AU oM

Koja je opbpameHa Ha Lf N Uy U CloRs % VIR Y

Yuusepsutera y Kparyjesuy npencrasisa opucunanno aymopcko 0eno HacTajo Kao pesyJirar

CONCMBENO2 UCMPAICUBAUKOS PADd.

Osom Usjasom makohe nomsplhyjem:

® /1a caM jedunu aymop HaBejAeHe J0KTOPCKe JMcepranuje,

® Jla y HABCJICHO] JIOKTOPCKOj INCEPTALMN HUCaM u3epuuuo/a nospedy ayTopeKor HUTH
APYror 1paBa HHTEJICKTYAIHE CBOjHHE APYIHX JIHIIA,

¢ /ld yMHOKCHH NPHMEPAK JIOKTOPCKE INCEPTALHje y IITAMITAHO] H e1EKTPOHCKO] (hopMit
Yy "HjeM ce npuiory Hanasu osa Usjasa caupikn JIOKTOPCKY JAMCEPTALNjy HCTOBETHY
010pamenoj I0KTOPCKO] AHCEPTAIH]H.

y /Cmfwr/ga,y . 10-06 . 202 %onune,

HOTIUC ayTopa !
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'

Oopazay 2

H3JABA AYTOPA O HCKOPHIIIRABAH Y JIOKTOPCKE JIHCEPTAIIHJE

e, ﬂmmﬁ Cre TARAR ,

>< JI03BOJbABAM

HE JIO3BOJbaBaM

YHusepsurerckoj 6ubanorenn y Kparyjesiy a HauMHM J1Ba TpajHa YMHOXCHA IpUMepKa y

€IEKTPOHCKO] (DOPMHU JOKTOPCKE AMCEPTALIH]E IO HACTOBOM:

[ookhcun okeu Apinokor emecn xon.

Ko Acchicn Kodw ¢ Ae Ye PeEN oRHamn

YEeMODLUDA AUXD M

Koja je oabpameHa Ha M €D Whhcico M DALY ATETY

YHuusepsuteta y Kparyjesity, u To y HeJIMHH, Kao M J1a 110 je/laH TIPUMEPAK TaKo yMHOKEHE
JIOKTOPCKE  MCEpTaLMje YYHMHH TPAjHO JOCTYNHHM JABHOCTH MyTEM MIHTAIHOr
penosutopujyma Yuusepsutera y Kparyjesiy u LEHTPAIHOT PENo3HTOPHjyMa HaIEKHOT
MHHHCTAPCTBA, TaKO J1a MPHIAHUIA jABHOCTH MOT'Y HAYMHUTH TPajHE YMHOKEHE pHMepKe

Yy CIEKTPOHCKO] (hOpMH HaBEICHE IOKTOPCKE AHCEPTalHje yTeM npeysumarsa.

Osom M3jaBom Takohe -

JA03BOJbaBaM

HE /103BOJbaBaM |

! Vkonuko ayrop usabepe aa He 10380 TNPHIAJAHHLMMA JABHOCTH /1a TAaKO JOCTYIHY AOKTOPCKY AMCEPTaLH]y
KOPHCTE 1071 yClIoBHMa yTBphenuM jeanom o Creative Commons TMUEHLH, TO He HCKIbYUYje MPaBo MpUNaIHHKa
JABHOCTH J1a HABEJICHY IOKTOPCKY INCEPTALIN]y KOPHCTE y CKJIay ca opeatama 3akoHa o ayTOPCKOM H CPOJIHUM
npaBuma.
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yrephennm jenrom ox cieaehux Creative Commons THICHIIH:

1) AyropcTBo

2) AyTOpCTBO - JCJIUTH 110/1 HCTHM yCIIOBHMA

3) Ayropctso - 6e3 pepaja

4) AyTopcTBO - HEKOMEPIHUjaTHO
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ABSTRACT

Cardiovascular diseases are the leading cause of death in pa-
tients who wndergo regular hemodialysis. Oxidative stress s a
non-traditional risk factor for the development of cardiovascular
diseases in this population of patients. It is defined as tissue dam-
age caused by balance disturbance befween the formation of free
radicals and the finction of protective antioxidative systems. The
superoxide anion and hydrogen peroxide are precursors in the
formation of stronger oxidants, such as: hydroxyl radical, perox-
ynitrite and hypochloric acid. Superoxide dismutase i the first
line of antioxidant protection while catalase, glutathione peroxi-
dase, trace elements, vitamin C, vitamin E, N-acetylcysteine and
coenzyme Q10 also have a significant antioxidative role. Hemo-
dialysi is itself a trigger for the increased formation of oxygen
free radicals. The two main pathophysiological mechanisms of
the increased formation of free oxygen radicals dhuring the hemo-
dialysis session are: bionicompatibility of the dialysis membrane
and the presence of endotoxins in the hemodialysis solution. The
measurement of myeloperoxidase concentration in a patient's
serum during hemodialysis is an indicator of the severity of axi-
dative stress induced by the dialysis membrane (an ndicator of
the biocompatibilty of the dialysis membrane). The main clinical
consequences of oxidative stress include: atherosclerosts, eryth-
ropoietin resistance, mahnurition and amyloidosis associated
with hemodialysis. The evaluation of oxidative stress in patients
undergoing hemodtalysis is performed by measuring the concen-
tration of Tipid peroxidation products (malonyldialdehyde, 4-Iy-
droxynonenal, TBARS, F2-isoprostane, axLDL), protein oxida-
tion (AOPP), protein gelling (AGE), and oxidation of micleic
acids (8-OHdG). The antioxidant treatment strategy consists of
replenishing vitamin C, vitamin E, selenium, N-acetylcysteine and
coenzyme Q10 On-line hemodialysis, a biocompatible vitamin E-
coated dialysis membrane, an ultra-purre solution for hemodialy-
§is, prevent oidative stress, reduce the rate of cardiovascular
morbidity and mortality and improve Iife quality of patients
treated with regular hemodialysis.

Keywords: oxidative stress, hemodialysis, dialysis membrane, bi-
ocompatibility, hemodialysis solution, vitamin E, vitamin C.
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SAZETAK

Kardiovaskularne bolesti suvodeci vzrok smrti bolesnika koji
se lece redovom hemodgalizom. Oksidativi stres je nefradicio-
nalni faktor rizika za razvoj kardiovaskularnih bolesti u ovoj po-
pulaciji bolesmka. DefinSe se kao ostecenje tkiva nastalo zbog
poremecaja rawoteZe tmedu sharanja slobodnih radikala i
fimkcije zastitinih antioksidativmih sistema. Superoksidni anjon i
vodonik peroksid su prekursoriza stvaranjejacih oksidanasa, kao
Sto su: hidroksil radikall, peroksinitrit i hipohlorna kiselina. Su-
peroksid dimutaza je proa linija antioksidativne zastite, @ zna-
Cajmu antioksdiattvmu ulogu imaju 1 katalaza, ghitation peroksi-
daza, elementi u tragu, vitamin C, vitamin E, N-acefilcistein i
koenzim 010, Hemodjaliza je sama po sebi okidac za povecano
stwaranje slobodnih radikala kiseonika. Dva glawa patofiziolo-
Ska mehanizma povecanog stvaranja slobodnih radikala kiseo-
ika u toku seanse hemodijalize su: bionikompatibilnost dyalizne
membrane i prisustvo endotoksina u rastvoru za hemodijalizu.
Merenje koncentracije mijeloperoksidaze u serumu bolesnika u
toku seanse hemodijalzze je pokazatel; tefine oksidativnog stresa
indukovanog dijaliznom membranom (pokazatelj biokompatibil-
osti dijalizne membrane). U glavne Klinicke posledice oksidativ-
1iog stresa spadaju: ateroskleroza, rezistencija na dejstvo eritro-
poetina, malmitriciia i amiloidoza povezana sa hemodijalizom.
Procena oksidativnog stresa kod bolesnika koji se lece hemodija-
Tizom vrsi se merenjem oncentracije produkata lipidne peroksi-
dacije (malonyldialdehyde, 4hydroxynonenal, TBARS, F2-i-
soprostanes, oxLDL), oksidacie proteina (AOPP), glikacije pro-
teina (AGE) i oksidacije miklemskih kiselina (8-OHdG). Antioksi-
dativma sirategija lecenja sastoji se unadoknadi vitamina C, vita-
mina &, selena, N-acetilcisteia i koenzima 010, On-Time hemodr-
Jafiltraciia, biokompatibilna dyjalizna membrana oblozena vita-
minom E, ultracist rastvor za hemodializu sprecavaju oksidativmi
stres, smanjju stopu kardiovaskularnog morbiditeta imortaliteta
1 popravijaju kvalitet Zivota bolestrika koji se lece redovnom he-
modgalizom.

Kljutne reti: oksidatrni stres, hemodijaliza, dijalima mem-
brana, biokompatibilnost, rastvor za hemodializu, vitamin E,
vitamin C
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INTRODUCTION

Cardiovascular diseases are the leading cause of death in
patients on regular hemodialysis treatment (1). They are the
leading cause of death of patients treated with kidney replace-
ment methods. In this patient population, the prevalence of
traditional and non-traditional risk factors for the develop-
ment of cardiovascular diseases is high. Non-traditional risk
factors include: anemia, inflammation, oxidative stress, hy-
perhomocysteinemia, hypervolemia, metabolism of calcium
and phosphate, and lack of vitamin D (1, 2).

Oxidative stress and pathophysiological mechanisms of
its generation

Oxidative stress is defined as organ damage caused by the
balance disturbance between the formation of free radicals
and the function of antioxidant systems (3, 4). A free radical
is any atom or molecule with one or more unpaired electrons.
The processes of protein, carbohydrate, lipid and nucleic acid
oxidation cause damage to the structure and function of organ
tissue cells (3, 4). Free oxygen radicals are produced in pol-
ymorphonuclear leukocytes under the action of NADPH
(nicotinamide-adenindinukleotide-phosphate oxidase),
which transforms the molecular oxygen into the superoxide
anion (3, 4). The superoxide anion is transformed into hydro-
gen peroxide (H>O) under the action of superoxide diz-
mutase (SOD). The superoxide anion and hydrogen peroxide
are precursors in the formation of stronger oxidants. The su-
peroxide anion radical (Oy7) reacts with nitric oxide (NO)
and, in that case, toxic nitrogen products, such as peroxyni-
trite (ONOO-) (nitrosative stress), are formed (3). Hydrogen
peroxide (H,0») reacts with intracellular iron (Fe? ') forming
the hydroxyl radical (OH), and that reaction is known as the
Fenton reaction (classical oxidative stress) (3, 4). Within the
Haber-Weiss reaction, the hydroxyl radical (OH") is also gen-
erated by the interaction between the superoxide anion and
hydrogen peroxide. Under the action of myeloperoxidase
polymorphonuclear leukocytes (MPO), hydrogen peroxide is
converted into hypochloric acid (HOCI) in the presence of
chlorine anions (CI"). Hypochloric acid can react with endog-
enous amines (R-NH>) causing the production of chlora-
mines (RNH-CI) (chlorinated stress) (3, 4). The natural anti-
oxidant system consists of an enzyme and a non-enzymatic
component. Superoxide dismutase (SOD) is a representative
of the first line of the antioxidant system. It accelerates the
degree of superoxide anhydration in hydrogen peroxide. Cat-
alase (CAT) converts hydrogen peroxide into water, and this
also works with glutathione peroxidase (GSH-Px), but in the
presence of glutathione, a hydrogen source (3). The non-en-
zymatic components of defense include: vitamin C, vitamin
E, N-acetylcysteine, coenzyme Q10 (3, 4).

Oxidative stress induced by dialysis

Patients in the final stage of chronic kidney failure treated
with hemodialysis exhibit increased free oxygen radicals lev-
els due to prooxidative factors (age, diabetes mellitus,
chronic inflammatory status, uraemia, bioincompatible dial-
ysis membrane, presence of endotoxins in the hemodialysis
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solution) and the reduced activity of antioxidant mechanisms
(lack of vitamin C and selenium, lack of vitamin E, reduced
glutathione system activity) (4, 5).

Hemodialysis is itself a trigger for the increased for-
mation of free oxygen radicals. The two major pathophysio-
logical mechanisms for the increased formation of free oxy-
gen radicals during the hemodialysis session are: bionicom-
patibility of the dialysis membrane and the presence of endo-
toxin in a hemodialysis solution (4, 5). Dialysis membranes
play a central role in the hemodialysis and hemodynamic
therapy process. They can be natural and artificial (syn-
thetic). Natural membranes are cellulose derivatives, "low-
flux", have low clearance of medium molecular weight ure-
mic toxins and a lower degree of biocompatibility compared
to synthetic membranes. Synthetic membranes (polysulphon,
polyamide, polyacrylonitrile) are highly permeable ("high-
flux"), biocompatible, have good clearance of uremic toxins
of medium molecular weight and are highly water-permeable
(high coefficient for ultrafiltration - Kuf) (6, 7). The param-
eter for the evaluation of the efficiency of the dialysis mem-
brane is the coefficient of mass transfer - KoA. It represents
the product of the coefficient of transmission (Ko) and the
surface of the membrane (A). Depending on KoA dialysers
can be: low-efficient dialysers KoA <300, moderately effec-
tive dialysers - KoA = 300-600 and high-efficiency dialysers
- KoA > 600-700 (6, 7). The ultrafiltration capacity of the
dialyser (provides clearance of uremic toxins of medium and
high molecular weight) is quantified based on the ultrafiltra-
tion coefficient - Kuf. Depending on the ultrafiltration coef-
ficient, the dialysers can be: "low-flux" (Kuf < 10 mlh x
mmHg) and "high-flux" (Kuf > 20 ml/h x mmHg) (6, 7).
High-flux semipermeable dialysis membranes are used for
on-line hemodialysis, with an ultrafiltration coefficient
greater than 20 ml/h x mmHg (> 50 ml/h x mmHg, high water
permeability and water-soluble secondary molecular weight
substances) (6, 7). When the patient's blood is touched by the
hemodialysis system, the complement and blood coagulation
systems, platelets, mononuclear and polymorphonuclear
cells of the immune system are activated, and can also signal
hypersensitivity reactions (6, 7). During the hemodialysis
session, due to direct contact of the blood and the surface of
the membrane for hemodialysis, there is a direct activation of
the polymorphonuclear leukocytes, which, due to activated
myeloperoxidase (MPO), increase the free acidic radicals’
levels [8]. The measurement of myeloperoxidase concentra-
tion released from the serum neutrophils during the hemodi-
alysis is an indicator of the severity of oxidative stress in-
duced by the use of membranes for hemodialysis of a differ-
ent degree of bionicompatibility (8). Liquid that enters the
dialyser is a combination of dialysis water and electrolyte so-
lution and is called a dialysis solution (dialysate, dialysis
fluid), and the fluid coming out of the dialyser is the combi-
nation of dialysis fluid and toxic molecules removed from the
patient's blood (9, 10). Water mixed with electrolytic solu-
tion, with prior treatment in the water treatment system, is
called dialysis water. During standard hemodialysis (3x
weekly for 4h), the patient's organism is exposed to approxi-
mately 360 liters of dialysis solution. Therefore, high
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microbiological quality of the dialysis solution (ultra-pure di-
alysis solution) is required, and clinical trials show its bene-
ficial effect on the outcome of the treatment of patients (9,
10). According to the European Best Practice Guidelines/Eu-
ropean Renal Best Practice, ANSI/AAMI RD52 (American
National Standards Institute/Association for the Advance-
ment of Medical Instrumentation RD 52) and
ANSI/AAMI/ISO 11663 for the Advancement of Medical In-
strumentation ISO 11663), the ultra-pure dialysis solution is
defined as a solution in which the number of colonies of bac-
teria is < 0.1 CFU/mL and the endotoxin concentration is E
< 0.03 EU/mL. The ultrafine solution is used for high-flux
hemodialysis (HFHD) and hemodynamic filtration (HDF) (9,
10). For hemodialysis with the low-flux membrane (LFHD),
according to current recommendations, the concentration of
endotoxin should be < 0.50 EU/mL (< 0.25 EU/mL) and the
number of colonies < 100 CFU/mL (< 50 CFU/mL) (9, 10).
Endotoxin and other bacterial products, backdiffusion/back-
filtration processes, pass from a dialysis solution, through a
dialysis membrane (pore size on the dialysis membrane, the
ability of the membrane to adsorb endotoxins, the thickness
of the membrane) into the patient's blood and activate the
mononuclears and polimorfonuclears to produce free oxygen
radicals and proinflammatory cytokines (interleukin-1, inter-
leukin-6, tumor necrosis factor - TNFa), all of which results
in the development of oxidative stress, microinflammatory
and accelerated atherosclerosis (9, 10). To detect bacterial
products in a hemodialysis solution (dialysis), a biological
assay of peripheral blood mononuclear cell induction is used
to produce cytokines - PBMC (cytokine induction in periph-
eral blood mononuclear cells), and for the detection of lipo-
polysaccharide (LPS) and endotoxin, LAL (Limulus-amebo-
cyte-lysate test) test (9, 10). Ultrapure dialysis solution pre-
vents the development of oxidative stress, microinflamation,
slows down the decrease in residual renal function of the kid-
ney, improves the nutritional status of patients, increases the
sensitivity of the red blood cell line to the effect of erythro-
poietin, reduces the cardiovascular morbidity and mortality
of patients treated with regular dialysis (9, 10).

In patients treated with regular hemodialysis, the activity
of enzymatic and non-enzymatic antioxidative systems is re-
duced. The decreased activity of antioxidant enzymes (super-
oxide dizmutase, glutathione peroxidase) is due to reduced
concentration of trace elements, such as selenium, copper and
zinc. Concentration of trace elements is reduced due to insuf-
ficient input, but also increased loss during hemodialysis ses-
sion (11). Because of the lack of vitamin C and vitamin E,
the capacity of non-enzymatic antioxidative protection sys-
tems is reduced (11, 12).

Clinical consequences of oxidative stress

The main clinical consequences of oxidative stress
include the development and acceleration of the atherosclero-
sis process, the development of anemia and the resistance to
erythropoietin activity, malnutrition and amyloidosis associ-
ated with hemodialysis (13). The superoxide anion oxidizes
tetrahydrobiopterin (an endogenous cofactor necessary for
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the activity of nitric oxide (NO) synthetase enzyme) and in
this way reduces the production of NO. Nitric oxide is conti-
nuously produced in endothelial cells by the action of NO
synthetase on L-arginine. It has a protective effect on the car-
diovascular system (blocking the proliferation of vascular
smooth muscle cells, platelet aggregability and adhesion of
monocytes on endothelium). The activity of NO synthetase
can be blocked by endogenous methylarginins. Asymmetric
dimethylarginine is the most important endogenous blocking
agent of the NO synthesis. It is mostly excreted through the
kidneys, and partly under the influence of dimethyl-diamino-
hydrolase (DDAH), it is degraded to citrulline. Oxidative
stress blocks the activity of DDAH, which reduces the degra-
dation of asymmetric dimethylarginine, and its accumulation
in endothelial cells blocks the nitric oxide synthase, which
begins the process of atherosclerosis (13). Increased serum
homocysteine concentration is another significant blocker of
the activity of dimethyl-diamino-hydrolysis enzyme
(DDAH) in endothelial cells of arterial blood vessels. Incre-
ased serum homocysteine concentrations are present in 80%
of patients treated with regular hemodialysis. It is defined as
the concentration of homocysteine in the serum higher than
15 pmol/LL and is the result of a reduced activity of the
enzymes crucial in the metabolism of homocysteine, such as
the 5-methyltetrahydrofolate reductase, methionine synthase,
and beta-synthesis of cystation. The decreased activity of
these enzymes is due to the decreased concentration of vita-
mins B6, B12 and folic acid (cofacture of the enzymes men-
tioned) (14, 15). The lack of vitamin B6 occurs when the con-
centration of vitamin B6 in the serum is < 20 nmol/L, the lack
of vitamin B12 when the concentration of vitamin B12 in the
serum is < 200 pg/mL, and the lack of folic acid as the serum
folate concentration is < 2.2 mg/mL (14, 15). In healthy po-
pulation, the normal concentration of ADMA in plasma is 1.0
wmol/L, in hemodialysis patients 2.2 umol/L, and at the con-
centrations of 3-15 pmol/L, ADMA blocks the formation of
NO in the endothelial cells of the blood vessels and begins
the atherosclerosis process (16). In addition to oxidative
stress and hyperchomocysteinemia, a significant role in the
development of atherosclerosis in patients treated with regu-
lar hemodialysis is the role of microinflammation. It is pre-
sent in 30-50% of these patients and is defined as the concen-
tration of C-reactive protein in the serum > 10 mg/L. A sig-
nificant role in causing and maintaining chronic low-level
microinflammation in this population of patients belongs to
bio-compatibility of dialysis membrane, water quality for he-
modialysis and vascular approach for hemodialysis (17-19).
Microinflammation causes the accumulation of neutrophils
and monocytes in the atherosclerotic plaque, and the release
of free radicals of oxygen (oxidative stress), cytokines and
metalloproteinases can lead to rupture of the atherosclerotic
plaque cap and the development of acute coronary events (19,
20).

In 10-30% of patients treated with regular hemodialysis,
there is a resistance to erythropoietin activity. According to
the European recommendations, the resistance to erythropo-
ietin activity is defined as the inability to achieve the target
hemoglobin concentration in the blood (Hb = 110-120 g/L))
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using erythropoiectin at a dose of = 300 IU/kg/week (= 20.000
TU/week) or darbepoctin-a at a dose of = 1.5 ng/kg/week (=
100 pg/week) or as a constant need for high doses of erythro-
poictin in order to maintain the target hemoglobin concentra-
tion (21). For the measurement of the scverity of resistance
to erythropoictin, the erythropoictin resistance index - ERI
(Erythropoietin Resistance Index) is used (21). It represents
the ratio of weekly dose of erythropoictin depending on body
weight and blood hemoglobin (EPO/kg/weekly/Ib).
Erythropoietin resistance index = 0.02 pg/kg/week/g of Hb
indicates the presence of erythropoietin resistance (21). The
main risk factors for the development of resistance to erythro-
poictin activity are iron deficiency. inflammation, oxidative
stress, lack of vitamin DD and secondary hyperparathyroidism,
lack of vitamin C, vitamin B12, folic acid and I.-carnitine,
anti-EPO antibodies (21). Iron deficiency. oxidative stress.,
microinflammation and lack of vitamin C block the prolife-
ration and differentiation of red cell precursor cells, reduce
the synthesis of endogenous erythropoictin, stimulate the
secretion of hepeidin and the development of a functional i-
ron deficiency (22, 23).
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Parameters of oxidative stress in patients with
hemodialysis

Free oxygen radicals have a very short half-life (one se-
cond). so the clinical evaluation of oxidative stress is mecasu-
red by measuring stable oxidation products. Oxidative stress
parameters include lipid peroxidation products (such as:
acrolein, malonyldialdehyde, 4-hydroxynonenal, TBARS,
F2-isoprosthenes). lipid oxidation products (oxLLDIL.., anti-
oxIL.DI. antibodies), oxidatively altered proteins (final pro-
duct of protein oxidation - AOPP). final protein glycation
products (AGE). evaluation of the activity of antioxidant
enzymes (SOD and glutathione peroxidase in erythrocytes),
evaluation of non-enzymatic anti-oxidants (plasma vitamin
C, glutathione and vitamin E content in erythrocytes) and
inflammatory proteins CRP, albumin (23). 8-hydroxy-2'-de-
oxiguanosine (8-OIIdG) is used as the paramecter of nucleic
acids oxidation, and its concentration in the serum and leu-
kocytes is increased in patients treated with regular hemodi-
alysis (23, 24).

Treatment of oxidative stress in hemodialysis patients

The antioxidant treatment strategy consists of the supple-
mentation with vitamin C, vitamin E (a-tocopherol), scle-
nium, N-acetylcysteine, and coenzyme Q10. Patients treated
with regular hemodialysis have a deficiency of vitamin C duc
to reduced dictary intake (fresh fruits and vegetables in addi-
tion to vitamin C also contain significant amounts of potas-
sium) and its climination during the hemodialysis session
(low molecular weight - MW 176.1 Da, in a small per-
centage it is bound for plasma proteins - PB = 25%, hydro-
soluble vitamin) (24, 25). During the hemodialysis session,
100-300 mg of vitamin C is removed (vitamin C concentra-
tion after hemodialysis is reduced by 30-50%6) (24. 25). Nor-
mal serum vitamin C concentration is 30-60 pmol/I., and pa-
tients treated with regular hemodialysis often have a severe
lack of vitamin C (vitamin C concentration in the serum = 10

Ld
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pmol/IL) and require the substitution of this vitamin (24, 25).
In patients treated with regular hemodialysis, vitamin C is
administered per os at a dose of 100-200 mg/day. and can
also be applied i.v. at a dosec of 300-500 mg after cach hemo-
dialysis session over a period of 8-12 weeks. with a defective
monitoring for carly detection of systemic oxalosis (mecasu-
rement of serum oxalate concentration required) (24, 25).
Intravenous usc of vitamin C reduces the concentration of
ferritin and proinflammatory mediators in the serum, reduces
oxidative stress and resistance to the effect of erythropoietin
in patients on regular hemodialysis treatment (24, 25).

Vitamin E (a-tocopherol) has a very strong antioxidant
cffect. It is administered per os, and the dose of vitamin E can
be expressed in international units or milligrams: 100 IU —
67 mg of natural vitamin E (26). When applied in a dose of
400-800 mg/day over a period of 8-12 weeks it significantly
reduces the concentration of malodialdehyde, oxILDL and
TBARS in the plasma of patients treated with regular hemo-
dialysis. The use of vitamin E reduces oxidative stress, pre-
vents the develor and leration of atherosclerosis
and reduces the corpulence of intima-media of carotid arter-
ics in the population of patients treated with regular hemodi-
alysis (26).

N-acetylecysteine (NAC) increases the production of glu-
tathione, which plays an important role in the function of an-
tioxidant enzymes, such as glutathione peroxidase (GSH-Px).
Applied at a dose of 600-1200 mg/day for 3-6 months it sig-
nificantly reduces the concentration of malondialdehyde
(MDA) and asymmetric dimethylarginine (AIDMA) in the
plasma, reduces the resistance index to the cffect of erythro-
poictin and compensates for the treatment of anemia in pa-
tients treated with regular hemodialysis (23, 26).

Coenzyme Q provides homeostasis of mitochondria and
reduces oxidative stress (prevents oxidation of lipids, pro-
teins, and nucleic acids). Applied in a dose of 1200-1800 mg
daily for 4-6 months, it significantly reduces the concentra-
tion of final protein oxidation products (AOPP) and
malondialdehyde (MIDA) in the plasma of patients treated
with regular hemodialysis (26, 27).

The choice of the modality of hemodialysis. the type of
dialysis membrane and the type of solution for hemodialysis
can significantly reduce oxidative stress, prevent the devel-
opment of accelerated atherosclerosis, and correct the treat-
ment of anemia in patients treated with hemodialysis (28-41).

On-line hemodiafiltration reduces the resistance to eryth-
ropoietin activity. The reduction of resistance to erythropoi-
etin activity results from an increased removal of hepcidin,
inflammatory mediators, and lipid, protecin and nucleic acid
oxidation products during a hemodynamic filtration session.
Treatment on-/ine by hemodiafiltration over a period of three
to six months significantly reduces inflammation, oxidative
stress, serum hepcidin concentration, which increases the
availability of iron for erythropoicsis and reduces the re-
sistance to erythropoictin activity (28, 29).
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Vitamin E coated hemodialysis membranes reduce serum
lipid peroxidation parameters such as malondialdehyde
(MDA), thiobarbutyric acid reactive compounds (TBARS)
and oxidized LDL cholesterol (oxLDL). Studies have shown
that these membranes also reduce the concentration of oxida-
tive nucleic acid parameters, such as 8-OHdG, as well as the
concentration of microinflammatory parameters (CRP, inter-
leukin-6) (30-37). Vitamin E coated dialysis membranes re-
duce the content of 8-OHAG in leukocytes in patients treated
with regular hemodialysis (reduces DNA leukocyte oxida-
tion). These membranes provide good control of the function
of leukocytes, exhibit an antioxidant and antiinflammatory
effect (30-37). The treatment of high-flux hemodialysis with
polysulphonic membrane-bound vitamin E over a period of
six months significantly reduces oxidative stress, microin-
flammation, an erythropoietin resistance index and corrects
the treatment of anemia in patients treated with regular he-
modialysis (30-37).

The treatment of anemia in patients on hemodialysis in-
volves the use of erythropoiesis (ESA) stimulating agents and
intravenous iron (iron sucrose). After the administration of
intravenous iron at a dose of 100 mg (within 13-30 minutes
of infusion), the concentration of free oxygen radicals in
these patients significantly increased (38-41). In order to pre-
vent the development of oxidative stress after i.v., Ferrous
Pyrophosphate Citrate (FPC) for adult patients treated with
hemodialysis, administered through a solution for hemodial-
ysis, was approved by the US Food and Drug Administration
in 2015 (38-41). One 5 ml FPC (TrifericTM) ampoule is
added to every 2.5 gallons of bicarbonate concentrate so that
the final FPC concentration in the hemodialysis solution 1s
110 pg/L (2.0 pmol/L). FPC is used in every hemodialysis
treatment, and the serum ferritin concentration and iron trans-
fer (TSAT) saturation should be measured every three
months. In patients with a serum ferritin concentration
greater than 1000 ng/mL, and TSAT greater than 50% should
be discontinued, FCD should be used, standard bicarbonate
solution for hemodialysis should be used. In patients whose
serum ferritin concentration is less than 200 ng/mL, 1v. iron
400-300 mg, during the next 4-5 hemodialysis treatments
(100 mg/HD), and the FPC should be continuously applied.
When the target serum ferritin concentration and saturated
transfer of iron transfer is achieved, FPC should be applied
continuously because 5-7 mg of iron (maintenance of target
values of ferritin and TSAT) is lost during cach hemodialysis
session (38-41). Iron application through hemodialysis solu-
tion reduces oxidative stress and reduces the resistance to
erythropoietin (dose of erythropoietin decreases by 33%)
(38-41).

CONCLUSION

Cardiovascular discases are the leading cause of patients
with chronic kidney disease treated with kidney replacement
methods. Inthis patient population, there is a high prevalence
of traditional but also new non-traditional risk factors for the
development of cardiovascular diseases. Oxidative stress is a
significant non-traditional risk factor for the progression of
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chronic kidney disease and the development of cardiovascu-
lar diseases in the population of patients on regular hemodi-
alysis treatment. The main clinical effects of oxidative stress
are: atherosclerosis, amyloidosis associated with hemodialy-
sis, resistance to erythropoietin activity and malnutrition. The
antioxidant treatment strategy consists of replenishing vita-
min C, vitamin E, selenium, N-acetyleysteine and coenzyme
Q10. On-line hemodialysis, a biocompatible vitamin E-
coated dialysis membrane and an ultra-pure solution for he-
modialysis prevent oxidative stress. Early detection of oxida-
tive stress and timely application of appropriate antioxidant
therapy can prevent the development of cardiovascular dis-
cases, reduce the rate of cardiovascular morbidity and mor-
tality, and improve the life quality of patients treated with re-
nal replacement methods.
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ABSTRACT

INTRODUCTION Oxidative stress represents a significant
risk factor for the accelerated development of atherosclerosis in a
population of patients on regular hemodialysis. Oxidative stress
induced by hemodialysis can be triggered with both the bioincom-
patibility of dialysis membrane and increased endotoxin concen-
tration in a hemodialysis solution. AIM The aim of this study was
to investigate the correlation between the parameters of oxidative
stress, microinflammation, nutrition, secondary hyperparathy-
roidism and carotid artery intima-media thickness in patients on
regular hemodialysis. METHODS One hundred and twenty five
patients treated with standard hemodialysis and on-line hemodia-
filtrationwith "high-flux" polysulfone dialysis membrane were ex-
amined. The following parameters of oxidative stress were meas-
ured : index of lipid peroxidation - measured as TBARS, nitric
oxide in the form of nitrite - NOx-, super oxide anion radical - O
and hydrogen peroxide - HxO>, catalase, superoxide dismutase
(SOD) and reduced glutathione activity. For statistical analysis of
results, the following tests were used: the Kolmogorov-Smirnov
test, the Spirman test and the Pearson correlation fest.
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RESULTS Okxidative stress affects atherosclerosis of the carotid
arteries in patients treated with regular hemodialysis and online
hemodiafiltration. There is a statistically significant positive cor-
relation between H>O> concentration and the thickness of the ca-
rotid arteries " intima-media. High statistically significant positive
correlation was found between TBARS concentration and carotid
arteries intima-media thickness, while a high statistically signifi-
cant negative correlation was found between SOD activity and a
carotid artery intima-media thickness. There is a statistically sig-
nificant negative correlation between the serum albumin and
prealbumin concentration and a carotid artery intima-media
thickness. CONCLUSION Oxidative stress may be a significant
risk factor for the carotid artery atherosclerosis development in
patients treated with regular hemodialysis.
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UVOD Ofisidacioni stres je znacajan faktor rizika za razvej
urzane ateroskleroze u populaciji bolesnika koji se lece redov-
nom hemodijalizom. Dva glavna okidaca oksidacionog stresa
indhukovanog hemodijalizom su: biomkompatibiluost dializme
membrane i povecana koncentracija endotoksina u rastvoru za
hemodijalizu. CILJ Rad je imao za cilj da ispita povezanost
izmedtu parametara oksidacionog stresa, mikroimflamacie, mitrt-
ciie, sekundarnog hiperparatireoidizma i debljine intima-medija
karotidhih arterija u populaciji bolesnika koji se lece redovnom
hemodijalizom. METOD Ispitano je 125 bolesnika kaji se lece
standardnom  hemdgalizom i on-fine hemodijafiltraciiom sa
“Tigh-flux” polisulfonskim dijaliznim membranama. Glani par-
ametri oksidacionog stresa su: superoksidni anjon, vodonik pero-
ksid, supstancije koje reagugu sa tiobarbiturnom kiselinom, azot
monoksid, katalaza, superoksid dizmutaza i aktimost reduko-
vanog glutationa. Za statisticku analzu korisceni su: Kolmogo-
rov-Smirmov test, Spirman-ov fest i Pearson-ov test korelacie.

SAZETAK

INTRODUCTION

Cardiovascular disease remained the leading cause of
death in patients treated with regular hemodialysis. Athero-
sclerotic heart discase and congestive heart failure are two
clinical conditions that are the cause of death in more than
50% of these patients. There are traditional and non-tradi-
tional risk factors for the development of cardiovascular dis-
ease in this patient population. Non-traditional risk factors
are associated with impaired renal function and hemodialysis
procedures and they include the oxidative stress, microin-
flammation, malnutrition, endothelial dysfunction, uremic
toxins, hyperhomocysteinemia, anemia, hypervolemia, vita-
min D deficiency and secondary hyperparathyroidism. Oxi-
dative stress is on of the most significant non-traditional risk
factors for the development of accelerated atherosclerosis in
apopulation of patients treated with regular hemodialysis (1).

In these patients, the oxidative stress occurs dug to the
bioincompatibility of the hemodialysis membrane, the in-
creased concentration of endotoxins in the hemodialysis so-
Iution, the intravenous application of iron solutions and re-
duced activity of enzymatic and non-enzymatic antioxidant
protective mechanisms (2-4). During the hemodialysis ses-
sion, activated cells of the innate immune system in periph-
eral blood (neutrophils, monocytes) generate reactive oxygen
species (ROS) intensely and the capacity of endogenous

v @

REZULTATI Oksidacioni sires utice na aterosklerozu karotidih
arterija kod bolesnika koji se lece redovnom hemodijalizom i on-
Iine. hemodijafiltracijom. Izmedu H;0; i debljine intima-med:-
Jakarofidnih arterija postoji statisticki znacajna pozitivaa pov-
ezanost. Visoko statisticki znacajna pozitivma povezanost je ut-
vrdena izmed TRARS-a i debjine intma-medija karotidnih ar-
terja, dok je visoko statisticki znacajna negativna povezanost ut-
vrdena izmedu SOD i debljine intima-medija karotidnih arterja.
Izmedu konenetracije albumina i prealbumina u serum i debljine
intima-medijakarotichih arterja postgji visoko - statisticki
macajna negatima povezanost. ZAKLJUCAK Oksidacionistres
Je mmacajan faktor rizika za razvoj ateroskleroze karotidnih ar-
terjia kod bolesnika koji se lece redowom hemodijalizom.

Kljuéne rei: oksidacioni stres, ateroskleroza, hemodializa

antioxidant protective mechanisms is reduced due to loss of
water-soluble antioxidants (vitamin C) and oligoelements
(antioxidant enzyme cofactors). Malnutrition also contrib-
utes to reduction of antioxidant protective mechanisms activ-
ity in the population of patients undergoing hemodialysis.
Main clinical consequences of oxidative stress are the devel-
opment of atherosclerosis, resistance to erythropoetin and the
development of cardiovascular disease in patients treated
with regular hemodialysis (4-7).

In addition to oxidative stress, a significant role in the de-
velopment of a carotid artery atherosclerosis in patients on
regular hemodialysis has the microinflammation, hyperho-
mocysteinemia, and malnutrition (4-8). Main factors for the
development of microinflammation in these patients are: bi-
oincompatibility of the extracorporeal circulation, the pres-
ence of endotoxin in the hemodialysis solution (reverse dif-
fusion), asymptomatic infection of the arteriovenous fistula
for hemodialysis, the periodontal discase and dislocation of
bacteria and endotoxins from mtestines to circulation, as a
result of disruption of the gut microbiome (7, 8). Blood con-
tact with the synthetic material of the extracorporeal circula-
tion during the hemodialysis session causes constant leuko-
cyte and the complement system activation, release of elas-
tase, myeloperoxidase, pro-inflammatory mediators and
ROS (8). Increased serum nentrophil elastase concentrations
have been associated with microinflammation, shortened
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erythrocyte lifetime (erythrocyte membrane disorder), re-
sistance to erythropoietin and adverse outcomes in patients
on regular hemodialysis (8). Oxidative stress and microin-
flammation are key factors for the development and progres-
sion of atherosclerotic cardiovascular disease in patients un-
dergoing regular hemodialysis. Optimal control of the oxida-
tive stress and microinflammation is a key step in reducing
cardiovascular morbidity and mortality in this patients’ pop-
ulation (8).

In patients who are on the regular hemodialysis program,
the hyperhomocysteinemia is defined as a plasma homocys-
teine concentration of > 15 pmol/L, resulting from the de-
creased activity of enzymes crucial in homocysteine metab-
olism, such as 5-methyl-tetrahydrofolate reductase, methio-
nine synthase, and y- cistation synthase. The reduced activity
of these enzymes occurs due to a deficiency of vitamins B6,
B12 and folic acid, which serve as cofactors of enzymes men-
tioned (insufficient intake, increased loss during the hemodi-
alysis session) (9). Increased homocysteine concentration,
oxidative stress (superoxide anion radical) and microinflam-
mation block the activity of the dimethyl diamino-hydrolase
enzyme (DDHA) in endothelial cells, which degrades asym-
metric dimethylarginine - ADMA (dimethylarginine) to L-
citrulline and methionine. Asymmetric dimethylarginine is
the most significant endogenous nitric oxide synthase
blocker while the reduced nitric oxide formation in endothe-
lial cells plays a key role in initiating the process of athero-
sclerosis. In addition, the superoxide anion oxidizes tetrahy-
drobiopterin (an endogenous NO synthase cofactor) and thus
further reduces NO synthase activity and contributes to ac-
celerating the process of atherosclerosis. Endothelial dys-
function plays a key role in the pathogenesis of atheroscle-
rotic cardiovascular disease in a population of patients under-
going regular hemodialysis. Clinical trial results indicate a
statistically significant positive association between the
asymmetric dimethylarginine concentration and carotid ar-
tery intima-media thickness (10).

Malnutrition as a result of protein deficiency - PEW (Pro-
tein-Energy Wasting) is present among 30-60% of patients
undergoing regular hemodialysis. According to the Interna-
tional Society of Renal Nutrition and Metabolism (ISRNM)
guidelines, PEW exists if: the serum albumin concentration
1s <0.38 g/L, the serum prealbumin concentration <0.30 g/L,
the total cholesterol concentration < 100 mg/dL, the body
mass index less than 23 kg/m2, the unintentional weight loss
> 5% over three months and the protein intake less than 0.8
g/kg/day. PEW results from reduced intake and increased
protein catabolism. Risk factors that promote protein catabo-
lism in patients undergoing regular hemodialysis include: the
metabolic acidosis, microinflammation, and oxidative stress

(11).

Carotid artery atherosclerosis is defined as an intima-me-
dia thickness (IMT) of > 0.90 mm, as measured by the ultra-
sound examination of carotid arteries. Based on the color
Doppler ultrasonography, the atherosclerotic carotid artery
disease is classified into four stages: stage I: IMT < 0.9 mm,
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grade IT: IMT > 0.9 mm, stage III: the presence of atheroscle-
rotic plaques with a stenosis < 50% and stage IV: the pres-
ence of atherosclerotic plaques with stenosis > 50%. The
presence of plaque is defined as a structure that protrudes into
the carotid artery lumen at least 0.5 mm (5).

Hemodialysis membranes play a key role in preventing
the development of oxidative stress, microinflammation, and
malnutrition in patients treated with regular hemodialysis.
High-flux hemodialysis membranes have a greater number of
advantages over low-flux membranes: they are more biocom-
patible, better remove small and medium molecular weight
uremic toxins, have a less degree of neutrophil activation and
complement systems (less potential to produce proinflamma-
tory cytokines and acute phase proteins inflammation), pro-
vide less resistance to erythropoietin and better preserve re-
sidual renal function (8). High-flux membranes improve
quality of life and provide a better long-term outcome for pa-
tients treated with regular hemodialysis (8). Vitamin E-
coated membranes for the hemodialysis reduce microinflam-
mation (reduce serum interleukin 6 concentration), prevent
lipid peroxidation (decrease serum TBARS concentration),
increase iron availability for erythrocytopoesis (reduce hep-
cidin concentration in erythropoietic) and reduce resistance
to erythropoetin.

The aim of this study was to investigate the correlation
between parameters of oxidative stress, microinflammation,
malnutrition, secondary hyperparathyroidism, and carotid ar-
tery intima-media thickness in regular hemodialysis patients.

PATIENTS AND METHODS

The study included 125 patients treated with regular he-
modialysis and on-line hemodiafiltration at the Center for
Nephrology and Dialysis of the Clinical Center Kragujevac.
The study was conducted in accordance with the Declaration
of Helsinki for Medical Research, the consent was obtained
from patients and the Ethics Committee of the Clinical Cen-
ter Kragujevac. Patients treated with regular hemodialysis
and on-line hemodiafiltration were examined 2-3 times a
week for 4 hours (8-12h per week), for a period longer than
three months, with "high-flux" membranes (for regular he-
modialysis: polysulfone high-flow membrane with surface
area 1.4-1.7 m’, for hemodiafiltration: polysulfone “high-
flux” membrane with surface area 2.0-2.4 m?). Dialysis ma-
chines used in study were with controlled ultrafiltration type
Fresenius 5008S, Gambro Artis and BBraun, with average
blood flow rate - Qb = 222.80 = 25.89 mL/min and average
dialysate flow rate - Qd = 500 mL/min. A standard ultra-pure
hemodialysis solution (endotoxin concentration - E < 0.03
EU/ml) was used, with a calcium concentration of 1.75
mmol/L (PGS21), 1.50 mmol/L, (PGS25) and 1.25 mmol/L
(PGS27) while convective volume in patients treated with
on-line hemodiafiltration was Veonv = 17 liters per session.
Unfractionated heparin was used for anticoagulation of the
extracorporeal circulation. The average monthly dose of un-
fractionated heparin for single hemodialysis was 4418.00 +
525.34 IU. The study did not include patients with the

Unauthenticated
Download Date | 11/28/19 12:44 PM

138



Cmo S

manifested active bleeding, active systemic inflammation or
infection (average leukocyte count was 7.06 = 1.56 x 10/1),
with uncontrolled malignancies, or patients treated with im-
munosuppressive and antioxidant medications.

In order to evaluate the effect of oxidative stress, microin-
flammation, nutrition and secondary hyperparathyroidism on
the intima-media thickness of the carotid artery the following
parameters were investigated: index of lipid peroxidation -
measured as TBARS (thiobarbituric acid reactive sub-
stances), nitric oxide in the form of nitrite - NO2-, super oxide
anion radical - O2 and hydrogen peroxide - H>0,., catalase
(CAT), superoxide dismutase (SOD) and reduced glutathione
activity (GSH), hemoglobin, hematocrit, iron, ferritin, trans-
ferrin saturation with iron, C-reactive protein, albumin,
prealbumin, transferrin, intact parathormone (iPTH ) and vit-
amin D. Hemodialysis adequacy was evaluated based on the
spKt/V urea index.

Determination of serum laboratory analyzes

Blood samples were taken before and after each hemodi-
alysis session, before administration of heparin. Routine la-
boratory analyzes were determined by standard laboratory
tests and calculated as an average value of three measure-
ments over three consecutive months.

The serum ferritin concentration was determined by the
turbidimetric method, on the Beckman Coulter AU680 appa-
ratus. In patients treated with regular hemodialysis, the nor-
mal serum ferritin concentration is 100-500 ng/mL. The se-
rum CRP concentration was determined by the turbidimetric
method on the Olympus AU680 and calculated as the average
value of two measurements over two consecutive months.
Normal serum CRP concentration is < 5 mg/L. Microinflam-
mation is defined as the concentration of CRP in the serum
of > 5 mg/L. The concentration of vitamin D in the serum
was determined by electrochemiluminescence, on the Cobas
¢ 411. Normal vitamin D concentration in the serum is 20-
40 ng/mL. In patients treated with regular hemodialysis, the
normal vitamin D concentration is > 30 ng/mL (30-80
ng/mL). A severe deficit is defined as the concentration of
vitamin D < 10 ng/mL, vitamin D deficiency exists if the con-
centration is 10-20 ng/mL, and the insufficiency is defined as
the concentration of vitamin D in the serum of 20-30 ng/mL.
Concentration of an intact parathormone in the serum was
determined by the immunodiathymetric method (IRMA), on
the gamma counter WALLAC WIZARD 1470. Normal con-
centration of the intact parathormone in the serum is 11.8-
64.5 pg/mL. In patients with hemodialysis the upper normal
limit is 300 pg/mL.

Folate and vitamine B12 were determined on the Access
2 Analyzer by Beckman Coulter using chemilumminescent
immunoassay. Prealbumine and albumine were determined
on the Abbott an Architect analyzer using prealbumin and
transferrin immunoturbidimetric method. Normal concentra-
tion of prealbumine in hemodyalisis patients is > 0.3 g/L (>
30 mg/dL)
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Determination of parameters of oxidative stress in
plasma

The principle of the determination of superoxide anion
(027) in blood plasma samples uses the O, reaction with nitro
tetrazolium blue (Nitro Blue Tetrazolium - NBT) to nitrofor-
mase blue. The measurement was performed at a wavelength
%= 550 nm (12).

Method for determining the concentration of hydrogen
peroxide (H»0,) is based on the oxidation of phenol red by
the hydrogen peroxide reaction, which catalyses Horse Rad-
ish Peroxidase (HRPO). The final result of this reaction is the
formation of a compound with a maximum absorption A max
=610nm (13).  Determination of the lipid peroxidation in-
dex was carried out indirectly through products of the lipid
peroxidation reaction with thiobarbituric acid (Thiobarbituric
Acid Reactive Substances- TBARS). The principle of this
method is based on the determination of lipid peroxide levels
based on the reaction of one of them, malonildialdehyde
(MDA) with thiobarbutyric acid (TBA). The measurement
was performed at a wavelength A = 530 nm (14). The con-
centration of nitrogen monoxide (NO) was determined based
on the amount nitrites released. The principle of this method
involves the use of a Griess reagent, which builds a diazo
complex with nitrites, which gives the purple color. Measure-
ment was performed at a wavelength A = 550 nm (15).

Determination of parameters of antioxidant
defense system

An adrenaline method was used to determine the activity
of SOD. The principle of this method, which normally be-
longs to the group of the "negative" type is to monitor the
reduction in the rate of adrenaline autoxidation in the alkaline
environment, which is O, dependent. Considering that Oy is
removed by the present SOD, the adrenaline autoxidation re-
action is inhibited. The system monitors the rate of adrenaline
autoxidation change through the change in absorbance at 480
nm, which is inversely proportional to SOD activity (16). The
Beutler method was used to determine the catalase activity.
The principle is the spectrophotometric monitoring of the rate
of the hydrogen peroxide decomposition in the presence of
catalase at a wavelength of 230 nm, in which hydrogen per-
oxide absorbs light. For the determination of reduced gluta-
thione (GSH) activity, the Beutler spectrophotometric
method was used. The principle of the method is based on the
oxidation of glutathione GSH by 5,5-dithio-bis-6,2-nitroben-
zoic acid (DTNB) (17).

Determination of parameters of hemodialysis adequacy

Hemodialysis adequacy was assessed on the basis of the
single-pool Kt/Vsp index calculated according to Daugridas
second-generation formula: Kt/Vsp = -In (C2/C1-0.008 x T)
+(4-3.5xC2/C1) x UF / W (mmol/L), T - hemodialysis
duration (h), UF — interdalytic weight gain (L), W - body
weight after the hemodialysis (kg). According to KDOQI
guidelines, hemodialysis is adequate if Kt/Vsp is > 1.2. Urea
reduction rate index - URR index is calculated using the
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following formula: URR = (1-R) x 100%, where: R repre-
sents the ratio of urea concentration in the serum after and
before the hemodialysis treatment. Hemodialysis is adequate
ifthe URR index is = 65-70%.

Determination of blood flow and thickness of a carotid
artery intima-media

The blood flow through the vascular approach - Qavf was
determined by the Color Doppler ultrasound scan, on the
Logic P5 apparatus, using a 7.5 MHz probe, wherein the
blood flow is caleulated from the formula: Qavf = rpr/4 x
Vmean x 60 (mL/min), r - radius of vascular access, and
Vmean - mean blood flow velocity through vascular ap-
proach. The blood flow is calculated as the average of three
measurements, 2-4 cm on the vein vascular approach, proxi-
mal to the anastomosis site. The blood flow through a vascu-
lar approach that provides adequate hemodialysis is 500-
1000 mL/min. The thickness of a carotid artery intima-media
(IMT) was determined by the Color Doppler ultrasonic ex-
amination, on the Logic P3 apparatus, using a 7.5MHz probe,
as the average value of three individual measurements on the
right and left carotid arteries. Measurements were performed
12 em below the bifurcation of carotid arteries by the same
ultrasound. The normal thickness of the intima-media is de-
fined as a value of less than 0.9 mm.

Tests used for the statistical analyses of the obtained data
were as follows: the Kolmogorov-Smirnov test, the Spirman
test and the Pearson correlation test. Significance threshold
was probablity of 0.03 and 0.01.

RESULTS

A cross-sectional study was conducted at the Center for
Nephrology and Dialysis of the Clinical Center Kragujevac.
The study mehuded patients treated with regular hemodialysis
and on-line hemodiafiltration for a period longer than three
months. Investigated population (n=125) included 78 male
and 47female patients, an average age of 62.83 = 10.49 years
with the mean dialysis treatment length 6,51 + 6.12 years, the
mean nutrition status 23.86  4.60 kg/m2 and with an average
dialysis adequacy index spKtV 1.24 = 0.29. General data on
patients are presented in Table 1.

For anemia treatment short-acting and long-acting eryth-
fopoietins, an infravenous iron preparation, vitamin B prepa-
ration and folic acid (per os) were used. The average monthly
dose of short-acting erythropoietin was 20538.46 = 10716.42
IU, long-acting erythropotetin 134.89 + 71.88 pg, the aver-
age monthly dose of intravenous iron was 273.91 + 16238
mg, the average monthly dose of iv. of vitamin C was
1420.00 = 184.04 mg, the average monthly number of am-
poules of Beviplex was 11.36 + 1.47, the average monthly
dose of vitamin B12 was 3060 + 1874.70 g and the average
monthly dose of folic acid was 187.20 = 65.04 mg. The sec-
ondary hyperparathyroidism was treated with caleium-
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containing phosphate binders, active vitamin D metabolites,
and paricalcitol. The average monthly dose of rocaltrol was
2.56+ 3.86 g, and the Lv. paricaleitol 1.04 + 6.70 ug. For
the treatment of arterial hypertension, 81 (64.80%) patients
used renin-angiotensin system blockers (mainly angiotensin
converting enzyme blockers), 62 (49.60%) beta blockers, 46
(36.80%) loop diuretics and 44 (35.20%) calcium channel
blockers.

Ahundred and one patients (80.80%) were treated with
the standard intermittent high-flux. hemodialysis, and 24
(19.20%) patients were treated with the postdilution on-line
hemodiafiltration. For the postdilution on-line hemodiafiltra-
tion treatment, 24 (19.20%) patients were using dialysers
with a high-flux polysulfone membrane of 2.0-24m2, while
other patients (101 patients, 80.80%) were treated with a
"high-flux" hemodialysis using a high-flux polysulfone dia-
Iyser membrane 1.4-1.8m2. Whale 113 patients used hemodi-
alysis solution with a caleium (Ca2+) concentration of 1.73
mmol/L (PGS21), 9 patients had Ca2+ concentration in the
hemodialysis solution was 1.50 mmol/L (PGS25), and only 3
patients used a solution with Ca2+ concentration 1.25
mmol/L (PGS27). The Na+ sodium concentration in the he-
modialysis solution was 140 mmol'L and the K+ concentra-
tion was 2.0 mmol/L.

The average values of the anemia parameters, iron status,
microinflammation, nutritional status, secondary hyperpara-
thyroidism and ultrasound examination of the carotid arteries
are shown in Table 2. In order to assess the effect of oxidative
stress on atherosclerosis of the carotid arteries, the following
parameters were examined: the hydrogene-peroxide (H202),
thiobarbituric acid reactive substances (TBARS), nitrites
(NO2-, the superoxide dismutase (SOD), catalase (CAT),
the reduced glutathione activity (GSH) and the carotid artery
intima-media thickness. Average values of the investigated
parameters of oxidative stress are shown in Table 2.

There was a statistically significant (p < 0.05) positive
correlation noticed between the serum H202 concentration
and the carotid intima-media thickness. In addition, the high
statistically significant (p < 0.01) positive corrclation was
found between the serum TBARS concentration and the ca-
rotid artery mtima-media thickness, while a significant (p <
0.01) negative association was found between the SOD ac-
tivity and inima-media thickness of carotid arterics, (Table
3). Significant (p < 0.01) positive correlation between the
prealbumin and serum albumin concentrations was found,
while the high statistically significant (p < 0.01) negative cor-
relation was noticed between the serum albumin and prealbu-
min concentration and carotid intima-media thickness (Table
4). Among the other parameters tested and carotid artery in-
tima-media thickness, no statistically significant correlation
was found (Table 4).
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Table 1. Basic characteristics of study population

Statistical parameters

GENERAL DATA
Xsr + SD

Number (N) 125
Gender (m/f %) 78/47 (62.40%/37.60%)
Age (years) 62.81 + 10.44
Hemodialysis treatment length (years) 6.51+6.12
Body mass index - BMI (kg/m?) 25.86 + 4.60
Sistolic _arterial blood pressure - SBP(mmHg) 127.64 + 15.77
Diastolic arterial blood pressure - DBP (mmHg) 76.16 + 7.49
Mean arterial blood pressure- MBP (mmHg) 93.32+9.54
Body weight - W (kg) 72.02 + 14.70
Interdiaytic weight gain - IDWG (kg) 244+1.11
Interdiaytic weight gain - IDWG (%) 3.45+1.58
Ultrafiltration rate - UFR (ml/kg/h) 8.64 + 3.94

Ultrafiltration rate - UF (mL/h)

610.93 + 275.26

Residual diuresis - RD (mL/24h)

652.40 + 683.40

Arteriovenous fistula flow - Qavf (mL/min)

845.60 + 433.35

Hemodialysis adequacy index - Kt/V 1.10+0.24
Single pool hemodialysis adequacy index - spKt/V 1.24 + 0.29
Urea reduction ratio - URR (%) 63.87 + 8.62
. Glomerulonephritis chronica 11 (8.80%)
3 g Nephropathia hypertensiva 40 (32.00%)
& 2 Nephropathia diabetica 19 (15.20%)

£ = | Nephropathia obstructiva 8 (6.40%)
£ 2 Nephropathia chronica 27 (21.60%)
Renes polycystici 20 (16.00%)

Comorbidity

Hypertensio arterialis

75 (60.00%)

Cor hypertensivum compensatum

20 (16.00%)

Cardiomyopathia dilatativa

5 (4.00%)

Hypotensio arterialis

5 (4.00%)

Diabetes mellitus complicatus

20 (16.00%)

Table 2. General investigated final parameters of oxidative stress

Statistical parameters

INVESTIGATED PARAMETERS
Xsr+ SD

Hemoglobin - Hb (g/L) 104.05 + 12.28
Hematocrit - Het (%) 31.52+3.83
Mean corpuscular volume - MCV (fL) 93.89+ 4.51
Mean corpuscular hemoglobin - MCH (pg) 30.98 + 1.62
Mean corpuscular hemoglobin concentration - MCHC (g/L) 329.96 + 5.09
Vitamine B12 serum concentration - VitB12 (pg/mL) 999.78 + 516.38
Folic acid serum concentration - FOL (ng/mL) 22.48 + 11.49
Iron serum concentration - Fe2* (umol/L) 10.05+ 4.16
Transferrin saturation - TSAT (%) 28.30 + 11.48
Feritin serum concentration - F (ng/mL) 745.50 + 344.60
C-reactive protein - CRP (mg/L) 10.57 + 12.23
Serum protein concentration - P (g/L.) 64.36 + 4.66
Albumine serum concentration - Alb (g/L) 38.10 + 3.03
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Statistical parameters

INVESTIGATED PARAMETERS
Xsr+ SD

Prealbumina serum concentration - Palb (g/L) 0.28 + 0.09
Transferin serum concentration - Trsf (g/L) 1.56 + 0.34
Uric acid serum concentration - UA (umol/L) 366.92 + 59.06
Normalised protein catabolic rate - nPCR (g/kg/dan) 1.76 + 0.66
Vitamine D _serum concentration - VitD (ng/mL) 17.88 + 9.63
Intact parathormon serum concentration - iPTH (pg/mL) 175.13 + 199.85
Superoxide anion radical - Oy (nmol/mL) 3.58 +4.90
Hydrogene peroxide - H,O (nmol/mL) 4.65 + 1.62
Thiobarbituric acid - TBARS (umol/mL) 1.14+0.23
Nitrites - NO»™ (nmol/mL) 3.81+ 1.33
Reduced glutathione - GSH (nmol/mL) 119500.29 + 17525.20
Catalase - CAT (U/gHb x 10%) 222+ 1.88
Superoxide dismutase SOD (U/gHb x 10%) 32.82+ 20.67
Average intima-media thickness DKA - IMT (mm) 1.24+ 0.29
Average intima-media thickness LKA - IMT (mm) 1.27+0.31
Average intima-media thickness KA - IMT (mm) 1.25+0.28

Table 3. Correlation between carotid artery intima-media thickness
and oxidative stress parameters

Measured parameters Bas;:rufsst; = parametcrls\r Significance (p-value)

Superoxide anion radical - O, (nmol/mL) 3.58 +4.90 125 Temp = 0.002
Intima-media thickness- IMT (mm) 1.25+0.28 p=0.984
Hydrogene peroxide - H,O, (nmol/mL) 4.65+1.62 125 Temp = 0.190
Intima-media thickness- IMT (mm) 1.25+0.28 p=0.034
;I;}l:::];xrr:it;mc acid - TBARS reactive substances 114+ 0.23 1os fenp = 0.550
Intima-media thickness- IMT (mm) 1.25+0.28 p - 0.0001
Nitrites - NO,™ (nmol/mL) 3.81+1.33 125 Temp = -0.131
Intima-media thickness- IMT (mm) 1.25+0.28 p =0.144
Reduced glutathione - GSH (nmol/mL) 119500.29 + 17525.20 125 Temp = 0.112
Intima-media thickness- IMT (mm) 1.25+0.28 p =0.214
Catalase - CAT (U/gHb x 10% 222+ 1.88 125 Temp = 0.04
Intima-media thickness- IMT (mm) 1.25+0.28 p =0.963
Superoxide dismutase - SOD (U/gHb x 10%) 32.82+20.67 125 Temp = -0.310
Intima-media thickness- IMT (mm) 1.25+0.28 p =0.0001

Table 4. Correlation between parameters of microinflammation, nutrition and secondary
hyperparathyreoidism and carotid artery intima-media thickness

Measured parameters Bas}i(c;rs:tisslt)ical parametersN Sigfﬁﬁci‘;l:; (p- va-
C-reactive protein - CRP (mg/L) 10.57 + 12.23 54 Temp = 0.038
Intima-media thickness - IMT (mm) 1.25+0.28 p=0.673
Albumine -ALB (g/L) 38.00 + 3.02 125 Temp = -0.245
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Basic statistical parameters Significance (p- va-
Measured parameters Xer £ SD N Je

Intima-media thickness- IMT (mm) 1.25+0.28 p = 0.006
Prealbumine - PALB (g/L) 0.28 + 0.09 - Yomp = -0.243
intima-media thickness -IMT (mm) 1.25+ 0.28 p =0.009
Transferine - TRSF (g/L) 1.50 + 0.34 125 Femp = -0.139
Intima-media thickness- IMT (mm) 1.25+ 0.28 p =0.123
Vitamin D - VitD (ng/mL) 17.88 + 9.63 - femp = -0.148
Intima-media thickness - IMT (mm) 1.25+0.28 p =0.099
Intact parathormon - iPTH (pg/mL) 175.13 + 199.85 . Temp = 0.051
Intima-media thickness - IMT (mm) 1.25+ 028 p =0.574
Albumine - ALB (g/L) 38.00 + 3.02 125 Femp = 0.479
Prealbumine - PALB (g/L) 0.28 + 0.09 p =0.0001

DISCUSSION

Cardiovascular diseases are the most common complica-
tions and a leading cause of death in patients with the end-
stage chronic kidney disease treated with regular hemodialy-
sis. Cardiovascular mortality in these patients is up to 20
times higher than in the general population. The first step in
the prevention and treatment of these patients is good under-
standing of non-traditional risk factors for the development
of the cardiovascular disease (18). Uremic toxins, oxidative
stress, microinflammation, malnutrition and endothelial dys-
function are the most significant non-traditional risk factors
for the development of atherosclerotic cardiovascular disease
in patients undergoing regular hemodialysis. Uremic toxins
cause enhanced leukocyte activation (increased leukocyte
oxidation and proinflammatory activity), the upregulation in
leukocyte-endothelial interactions and mononuclear cell in-
filtration into atherosclerotic vascular lesions. Asymmetric
dimethylarginine (ADMA), indoxyl sulfate (IP) and p-cresyl
sulfate (pCS) are uremic toxins that exert a prooxidative and
proinflammatory effect through inhibition of nitric oxide pro-
duction in endothelial cells and have high atherogenic poten-
tial (via accelerating the progression of endothelial dysfunc-
tion) (18, 19).

The degree of biocompatibility of the dialysis membrane
significantly impacts oxidative stress and microinflammation
in patients treated with regular hemodialysis. Results of the
studies that have compared the effect of two different dialysis
membranes on oxidative stress have shown that the hemodi-
alysis session with a high-flux polysulfone membrane signif-
icantly decreases the formation of oxygen free radicals dur-
ing hemodialysis compared to a low-flux polysulfone mem-
brane (21). The hemodialysis session with a high-flux poly-
sulfone membrane provides better control of the neutrophil
function than a low-flux polysulfone membrane (22). Besides

the biocompatibility of the dialysis membrane and the pres-
ence of endotoxin in the hemodialysis solution, the develop-
ment of uncontrolled and permanent microinflammation in
the population of patients treated with regular hemodialysis
is also affected by: uremic toxins, asymptomatic infection of
the arteriovenous fistula for hemodialysis, periodontal dis-
case and dislocation of bacteria and endotoxins from intes-
tines to circulation as a result of disruption of the gut micro-
biome (23).

B-mode ultrasonography of the carotid arteries has been
used as a non-invasive diagnostic procedure for the evalua-
tion of atherosclerosis. Patients treated with regular hemodi-
alysis have a significantly higher thickness of the carotid ar-
tery intima-media than the general population (absence of
kidney disease) (24). Hypoalbuminemia is a good predictor
of cardiovascular mortality in patients treated with the regu-
lar hemodialysis. In patients with hypoalbuminemia, mi-
croinflammatory and oxidative stress, parameters were sig-
nificantly increased. Results of this study showed that there
was a highly statistically significant (p <0.01) positive asso-
ciation between the serum albumin and prealbumin concen-
trations. A high statistically significant (p < 0.01) negative
correlation was found between the serum albumin and
prealbumin and intima-media thickness, which is consistent
with the results of studies to date, which also confirmed a
statistically significant negative correlation with nutritional
parameters in patients undergoing the regular hemodialysis
(24, 25). In the population of patients undergoing the regular
hemodialysis, the thickness of the carotid artery intima-me-
dia has a statistically significant positive correlation with the
concentration of C-reactive protein and proinflammatory cy-
tokines in serum (24). Results of this study showed no sig-
nificant positive correlation with the carotid artery intima-
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media thickness, indicating the need to measure more sensi-
tive microinflammatory parameters in a population of pa-
tients undergoing the regular hemodialysis, such as pro-in-
flammatory cytokines (IL-6, TNF-). Lipid peroxidation
plays a significant role in the process of atherosclerosis. Re-
sults of this study are in line with the results of other studies
done so far, which also showed a statistically significant pos-
itive relationship between the concentration of thiobarbituric
acid reactive substances (TBARS) and the carotid intima-me-
dia thickness in patients treated with the regular hemodialysis
(26,27). A highly statistically significant (p <0.01) negative
association was demonstrated between the superoxide dis-
mutase activity in erythrocytes and the carotid artery intima-
media thickness, which is in accordance with results of the
other authors (25). Between the parameter of oxidative DNA
damage (Deoxyribonucleic Acid), 8-OhdG/dG (8-hydroxy-
2-deoxyguanosine/deoxyguanosine) ratio, serum malondial-
dehyde concentration, and carotid artery intima-media thick-
ness in hemodialysis patients a statistically significant posi-
tive association was found (28). Carotid artery ultrasound,
measurement of I TM (Carotid Intima-Media Thickness) and
detection of atherosclerotic plaques are important for as-
sessing the health of the entire arterial vasculature in patients
undergoing the regular hemodialysis (29). According to the
recommendations of the EAEMP (European Agency for the
Evaluation of Medicinal Products), cITM is accepted as a
surrogate marker of atherosclerosis, while according to the
recommendations of the National Kidney Foundation Kidney
Disease Quality Initiative (NKF-DOQI), the carotid artery ul-
trasound is used for the accurate assessment of cardiovascu-
lar artery status in patients treated with the regular hemodial-
ysis, and it can also be used to evaluate vascular calcifications
(28, 29). Several investigations have suggested and proved
that the dialysis modality and the type of hemodialysis mem-
branes have effects on oxidative stress and microinflamma-
tion. For example, the post-dilution on-line hemodiafiltration
reduces microinflammation, increases the availability of iron
for erythropoesis, reduces erythropoetin resistance, improves
nutritional status, the quality of life and the patient outcome
compared to the conventional hemodialysis (30). Hemodial-
ysis with a vitamin E-coated membrane over a six-month pe-
riod significantly reduces the concentration of serum C-reac-
tive protein, interleukin-6, Soluble Intercellular Adhesion
Molecule-1 (sICAM1), TBARS and the oxidized LDL cho-
lesterol - oxLDL. During follow-up, no significant effect on
the endothelial cell apoptosis was achieved (31). During the
high-flux hemodialysis session and post-dilution on-line he-
modiafiltration, a significant amount of vitamin C and oligo-
elements, which are cofactors of antioxidant enzymes are lost
(32). Results of the studies so far have shown that zinc sup-
plementation at a dose of 100 mg/day for eight weeks signif-
icantly improves the superoxide dismutase (SOD) activity
and significantly reduces the serum malodialdehyde (MDA)
concentration. Additionally, selenium supplementation at a
dose of 200 pg/day for 12 weeks significantly enhances the
glutathione peroxidase (Gpx) activity in erythrocytes (32).
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CONCLUSION

Oxidative stress and malnutrition play a significant role
in the development of a carotid artery atherosclerosis in pa-
tients undergoing the regular hemodialysis. Statistically sig-
nificant positive correlation was found between the thickness
of carotid arteries intima-media and TBARS plasma concen-
tration, while a high statistically significant negative correla-
tion was found between the SOD activity in erythrocytes and
the thickness of carotid arteries intima-media. This indicates
the importance of lipid peroxidation in the development of
atherosclerosis and atherosclerotic cardiovascular disease in
a population of patients treated with the regular hemodialy-
sis. A high statistically significant positive correlation be-
tween the serum prealbumin and albumin concentration and
the carotid artery intima-media thickness highlights the im-
portance of malnutrition in development. Thus, oxidative
stress and malnutrition, both individually and together, sig-
nificantly contribute to the development and acceleration of
atherosclerosis and increase the risk of cardiovascular mor-
bidity and mortality in patients undergoing the regular hemo-
dialysis. A high-flux hemodialysis and on-line post-dilution
hemodiafiltration could ensure an optimal control of oxida-
tive stress and malnutrition. The control of oxidative stress
might be better when using membranes for hemodialysis
coated with antioxidants such as vitamin E, along with the
substitution of vitamin C and oligoclements, zinc and sele-
nium.
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Abstract

Background / Aim. Oxidative stress is an important risk factor for the development of
cardiovascular atherosclerotic diseases in the population of patients treated with regular
hemodialysis. Bioincompatibility of the dialysis membrane and increased concentration of
endotoxin in the hemodialysis solution are two main factors that can stimulate oxidative
stress. The paper was intended to examine the effect of a vitamin E-coated membrane on
oxidative stress during a single session of on-line hemodiafiltration. Methods. Twenty-four
patients undergoing hemodiafiltration with vitamin-E coated polysulfone dialysis
membrane (Leoceed 21H) were examined, followed by a polysulfone dialysis membrane
treatment without vitamin E (FX800). Following parameters of oxidative stress were
measured: superoxide anion radical (0.), hydrogen peroxide (H.0.), thiobarbutyric acid
reactive substances (TBARS), nitric oxide (NO.), catalase (CAT), superoxide dizmutase
(SOD), and reduced glutathione activity (GSH). Statistical analysis included Kolmogorov-
Smirov test, Student-T test and Wilcoxon test. Results. On-line hemodiafiltration with

3
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high-flux polysulfone vitamin-E coated membrane led to significant reduction of TBARS
concentration and SOD activity, while the on-line hemodiafiltration session with a high-
flux polysulfone membrane that is not vitamin E-coated induced the significant increase in
H.O. concentration in the serum and decrease in SOD activity. No statistical significance
among the other parameters of oxidative stress study was noticed. Conclusion. A single
session of on-line hemodiafiltration with vitamin-E coated polysulfone membrane
significantly affects oxidative stress. After a single session of on-line hemodiafiltration
with a vitamin E-coated membrane, the concentration of tiobarbituric acid reactive
substances (TBARS) has significantly decreased. The decreased activity of superoxide
dizmutase could be a consequence of increased loss of microelements during the on-line
hemodiafiltration session with the "high-flux" polysulfone membrane. Patient selection,
continuous on-line hemodiafiltration with vitamin E-coated polysulfone membrane over a
3-6 month period and increased antioxidant protection capacity could possibly reduce the

risk of cardiovascular morbidity and mortality.

Key words:

hemodiafiltration, dialysis membrane, oxidative stress.

Apstrakt

Uvod / Cilj. Oksidacion: stres je znacajan faktor rizika za razvoj kardiovaskularnih
aterosklerotskih bolesti u populaciji bolesnika koji se lece redovnom hemodijalizom.
Bioinkompatibilnost dijalizne membrane 1 povecana koncentracija endotoksina u rastvoru
za hemodijalizu su dva glavna faktora koja mogu da podstaknu oksidacioni stres. Rad je
imao za cilj da ispita utica) membrane oblozene vitaminom E na oksidacion: stres u toku
pojedinacne seanse on-line hemodijafiltracije. Metode. Ispitano je 24 bolesnika koji se lece
on-line  hemodijafiltracijom sa polisulfonskom dijaliznom membranom oblozenom
vitaminom E (Leoceed 21H), a zatim i polisulfonskom dijaliznom membranom
neoblozenom vitaminom E (FX800). Glavni parametri oksidacionog stresa su: superoksidni
anjon, vodonik peroksid, reaktivne supstancije vezane za tiobarbituricnu Kiselinu, azotni
oksid, katalaza, superoksid dizmutaza 1 aktivnost redukovanog glutationa. Za statisticku

analizu korisceni su: Kolmogorov-Smirnov test, Student-ov T test za vezane uzorke i
4
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Wilcoxon-ov test. Rezultati. On-line hemodijafiltracije sa “high-flux™ polisulfonskom
membranom oblozenom vitamimom E statisticki znacajno smanjuje koncentracija
reaktivnih supstancija vezanih za tiobarbituricnu kiselinu (TBARS) 1 aktivnost superoksid
dizmutaze (SOD). Nakon seanse on-line hemodijafiltracije sa “high-flux™ polisulfonskom
membranom koja nije obolozena vitaminom E statisticki znacajno se povecava
koncentracija vodonik peroksida u serumu, dok se aktivnost SOD znacajno smanjuje.
Izmedu ostalih ispitivanih parametara oksidacionog stresa nije utvrdena statisticka
znacajnost. Zaklujucak. Pojedinacna seansa on-line hemodijafiltracije sa polisulfonskom
membranom oblozenom vitaminom E statisticki znacajno utice na oksidacioni stres.
Koncentracija TBARS u serumu je statisticki znacajno manja posle pojedinacne sesije on-
line hemodijafiltracije sa membranom oblozenom vitaminom E. Smanjena akfivnost
superoksid dizmutaze posledica je pojacanog gubitka mikroelemanata u toku seanase on-
line hemodijafiltracije sa “high-flux”™ polisulfonskom membranom. Izbor bolesnika, on-line
hemodijafiltracija sa polisulfonskom membranom oblozenom vitaminom E kontinuirano u
vremenskom periodu od 3-6 meseci 1 povecanje kapaciteta antioksidacione zastite mogu

smanjiti rizik od kardiovaskularnog morbiditeta i mortaliteta,

Kljucne reci:

hemodijafiltracija, dijalizna membrana, oksidacioni stress.

Introduction

Oxidative stress represents a significant risk factor for the development of cardiovascular
diseases in the population of patients treated with regular hemodialysis [1]. In these
patients, oxidative stress happens as a consequence of increased effect of prooxidative
factors and reduced activity of antioxidant protection systems (non-enzyme and enzyme
systems). The prooxidation factors include: age, diabetes mellitus, uremic background,
chronic inflammatory status, bioincompatible dialysis membrane and presence of
endotoxins in a hemodialysis solution. On the other hand, decreased activity of antioxidant
non-enzyme mechanisms happens as a consequence of the lack of vitamin C and vitamin E,
while decreased activity of antioxidant enzymes, such as superoxide dismutase (SOD),

catalase (CAT) and glutathione peroxidase (Gpx), is due to the lack of cofactors [increased
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selenium (Se) and zinc (Zn) loss through the dialysis membrane during hemodialysis] and
reduced activity of glutathione system [2, 3].

Hemodialysis is itself a trigger for the oxidative stress occurence. The main
pathophysiological mechanisms of the increased formation of reactive oxygen species
(ROS) during the hemodialysis session are the bioincompatibility of the dialysis
membrane, presence of endotoxins in the hemodialysis solution and increased loss of
cofactor oligoelements that are necessary for the activity of antioxidant enzymes [2-6].
Dialysis membranes play a central role in the hemodialysis process (hemodialysis). They
can be natural and synthetic. Natural membranes include cellulose derivatives with water
permeability coefficient - Kuf < 10 ml/h x mmHg ("low-flux" membrane), low clearance of
moderate molecular weight uremic toxins and a lower biocompatibility degree compared
to synthetic membranes. Synthetic membranes are biocompatible membranes that have a
high water permeability coefficient - Kuf > 20 ml/h x mmHg ("high-flux" membranes) and
high clearance of medium molecular weight uremic toxins [3-6]. The evaluation of the
dialysis membrane efficacy is based on the coefficient of mass transfer (KoA), which can
be calculated by multiplying the coefficient of transmission (Ko) and the surface of the
membrane (A). Highly effective dialysis membranes are those that have KoA > 600-700
[3-6]. Highly effective (KoA > 600-700) and highly permeable water membranes with
ultrafiltration coefficient of Kuf > 50 mL/ h x mmHg are used for on-line hemodiafiltration
[3-6].

During the hemodialysis session, there is a direct activation of the polymorphonuclear
leukocytes due to direct contact of the blood and the surface of the dialysis membrane,
which is the result of myeloperoxidase activity which increases the formation of free
oxygen radicals. Measurement of serum myeloperoxidase concentrations released from
polymorphonuclears during a hemodialysis session indicates the severity of oxidative stress
induced by different bioincompatibility degree of dialysis membranes [7].

During a single 4-hour session of hemodialysis, the patient's organism is exposed to about
120 liters of dialysis solution. Therefore, a high microbiological quality of the dialysis
solution (ultra-pure dialysis solution) is required [8, 9]. According to the European Best
Practice Guidelines/European Renal Best Practice, ANSI/AAMI RD52 (American National
Standards Institute/Association for the Advancement of Medical Instrumentation RD 52)

and ANSI/AAMI/ ISO 11663 for the Advancement of Medical Instrumentation ISO 11663,
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the ultra-pure dialysis solution is defined as a solution in which the number of bacterial
colonies is < 0.1 CFU/mL and the endotoxin concentration is E < 0.03 EU/mL. This
solution is used for high-flux hemodialysis (HFHD) and hemodiafiltration (HDF), while for
low-flux hemodialysis (LFHD), according to current recommendations, a solution with
endotoxin concentration < 0.50 EU/mL (< 0.25 EU/mL) and the number of colonies < 100
CFU/ml (= 50 CFU/mL) [8. 9]. Endotoxin and other bacterial products can pass from a
dialysis solution through a dialysis membrane to the patient's blood via
backdiffusion/backfiltration ~ processes and  activate the mononuclear  and
polymorphonuclear cells to boost the formation and release of free oxygen and pro-cationic
cytokine radicals [interleukin-1 (IL-1), interleukin-6 (IL-6), tumor necrosis factor (TNFa)],
all of that results in the development of oxidative stress, microinflammatory and
accelerated atherosclerosis [8, 9].

In patients treated with regular hemodialysis, the activity of enzymatic and non-enzymatic
antioxidant systems is reduced. Reduced concentration of trace elements, such as Se, Cu
and Zn lowers the activity of antioxidant enzymes (SOD, Gpx). Lowered concentration of
trace elements was reduced is probably a result of insufficient intake, but also increased
loss during high-flux haemodialysis/hemodiafiltration [10]. Also, because of the lack of
vitamin C and vitamin E, the capacity of non-enzymatic antioxidative protection systems
has been reduced [10].

The present investigation was intended to examine the effect of a vitamin E-coated

membrane on oxidative stress during a single session of on-line hemodiafiltration.

Methods

The study included 24 patients treated with on-line hemodiafiltration at the Center for
Nephrology and Dialysis of the Clinical Center Kragujevac. The research was conducted
with respect to the Helsinki Declaration on Medical Research, the approval of the Ethics
Committee of the Clinical Center Kragujevac and the consent of the patients.

Patients regularly treated with on-line hemodiafiltration three times a week for 4 hours (12h
per week) over a period of more than three months with a convective volume of 17 liters
per session, on machines with controlled ultrafiltration type Fresenius 5008S, Gambro
AKA200US and Gambro Artis, with the blood flow strength - Qb = 250 mL/min and the

dialysis flow strength-Qd = 500 mL/min were examined. A standard ultra-pure solution for
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on-line hemodiafiltration (endotoxin concentration - E < 0.03 EU/mL) was used. For on-
line hemodiafiltration, the high-flux dialysis membrane was coated with vitamin E-Leoceed
21H (polysulfonic membrane of effective area 2.1 m:, KoA = 1351 mL/min, high-flux -
Kuf = 88 mL/h x mmHg, sterilized gamma rays, Asachi Kasei Medical Europe, Germany)
and a high-flux dialysis membrane that is not coated with vitamin E - FX800
(polysulphonic membrane of effective area 2.0 m?, KoA = 1365 mL/min, high-flux - Kuf =
62 mL/h x mmHg, sterilized by steam, Fresenius Medical Care, Germany). Exclusion
criteria were: patients with proven active bleeding, active systemic inflammation or
infection, with uncontrolled malignancies, as well as patients treated with
immunosuppressive and antioxidant drugs.

In order to evaluate the influence of the dialysis membrane coated with vitamin E during an
individual session of on-line hemodiafiltration on oxidative stress, several parameteres
were followed: anemia (hemoglobin, hematocrit, erythrocyte indexes), iron status in the
patient's organism (iron and ferritin serum concentration, iron saturation of transferin),
microinflammation (C-reactive protein), nutritional status (prealbumin, transferin),
secondary hyperparathyroidism (iPTH, vitamin D), oxidative stress (superoxide anion (O.),
hydrogen peroxide (H.0.), thiorbutyric acid reactive substances (TBARS), nitric oxide in
the form of nitrites (NO.), superoxide dizmutase (SOD), catalase (CAT), reduced
glutathione activity (GSH)), carotid artery intima media thickness, blood flow through the
vascular hemodialysis approach (Qavf) and the dialysis adequacy parameter (spKt/V).
Blood samples for laboratory analyzes were taken prior to initiation and after completion of
a single on-line hemodiafiltration, before subcutaneous administration of heparin and
before intravenous administration of iron and vitamin B complex at the end of the on-line
hemodiafiltration session. Blood samples were from the same group of patients before and
at the end of an individual hemodiafiltration session with a "high-flux" polysulfone
membrane of type Leoceed 21H and before and after type FX800 treatment. Routine
laboratory analyzes were done using standard laboratory tests and calculated as an average
value of three measurements over three consecutive months.

The serum ferritin concentration was determined by the turbidimetric method, on the
Beckman Coulter AU680 apparatus. In patients treated with regular hemodialysis, the

normal serum ferritin concentration is 100-500 ng/mL.
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The serum CRP concentration was determined by the turbidimetric method on the Olympus
AU680 and calculated as the average value of two measurements over two consecutive
months. The normal serum CRP concentration is < 5 mg/L. Microinflammation is defined
as the concentration of CRP in the serum of 5 mg/L.

The concentration of vitamin D in the serum was determined by electrochemiluminescence,
on the Cobas e 411. The normal vitamin D concentration in the serum is 20-40 ng/mL. In
patients treated with regular hemodialysis, the normal vitamin D concentration is > 30
ng/mL (30-80 ng/mL). A severe deficit is defined as the concentration of vitamin D < 10
ng/mL, vitamin D deficiency exists if the concentration is 10-20 ng/mL, and the
insufficiency is defined as the concentration of vitamin D in the serum of 20-30 ng/mL.
The concentration of intact parathormone in the serum was determined by the
immunodiathymetric method (IRMA), on the gamma counter WALLAC WIZARD 1470.
The normal concentration of intact parathormone in the serum is 11.8-64.5 pg/mL. In
patients with hemodialysis the upper normal limit is 300 pg/mL.

The principle of determining the concentration of superoxide anion (O.) In blood plasma
samples uses the O, reaction with nitro tetrazolium blue (Nitro Blue Tetrazolium - NBT) to
nitroformase blue. The measurement takes place at a wavelength 2 = 550 nm.

The method for determining the concentration of hydrogen peroxide (N.O.) is based on the
oxidation of phenol red by the hydrogen peroxide reaction, which catalyses Horse Radish
Peroxidase (HRPO). The final result of this reaction is the formation of a compound with a
maximum absorption .. = 610 nm.

The determination of the lipid peroxidation index was carried out indirectly through
products of the lipid peroxidation reaction with thiobarbituric acid (Thiobarbituric Acid
Reactive Substances - TBARS). The principle of this method is based on the determination
of lipid peroxide levels based on the reaction of one of them, malonildialdehyde (MDA)
with thiobarbutyric acid (TBA). The measurement takes place at a wavelength A= 530 nm.
Determination of the concentration of nitrogen monoxide (NO.) was carried out on the
basis of the amount of released nitrites. The principle of this method involves the use of a
Griess reagent, which builds a diazo complex with nitrites, which gives the purple color.
Measurement takes place at a wavelength 2= 550nm.

An adrenaline method was used to determine the activity of SOD. The principle of this

method, which normally belongs to the group of the "negative" type, is to monitor the
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reduction in the self-oxidation rate of adrenaline in the alkaline environment, which is
dependent on O: . Given that O. removed by the present SOD, the adrenaline
authoxidation reaction is inhibited. The system monitors the rate of adrenaline autoxidation
change through the change in absorbance at 480 nm, which is inversely proportional to
SOD activity.

The Beutler method was used to determine the catalase activity. The principle is the
spectrophotometric monitoring of the rate of decomposition of hydrogen peroxide in the
presence of catalase at a wavelength of 230 nm, in which hydrogen peroxide absorbs light.
For the determination of reduced glutathione (GSH) activity, the Beutler
spectrophotometric method was used. The principle of the method is based on the oxidation
of glutathione GSH by 5.5-dithio-bis-6,2-nitrobenzoic acid (DTNB).

The hemodialysis adequacy was assessed on the basis of the single-pool Kt/Vsp index
calculated according to Daugirdas second-generation formula: K/Vsp = -In (C2/C1 - 0.008
xT)+ (4-35x C2Cl) x UFW (mmol/L), T - hemodialysis duration (h), UF -
interdialysis yield (L), W - body weight after the hemodialysis (kg). According to K/DOQI
guidelines, hemodialysis is adequate if Kt/Vsp > 1.2.

Urea reduction rate - URR index is calculated using the following formula: URR = (I-R) x
100%, where: R represents the ratio of urea concentration in the serum after and before the
hemodialysis treatment. Hemodialysis is adequate if the URR index = 65-70%.

Blood flow through the vascular approach - Qavf was determined by the Color Doppler
ultrasound scan, on the Logic PS5 apparatus, using a 7.5MHz probe, wherein the blood flow
is calculated from the formula: Qavf = 4 x Vmean x 60 (mL/min), r - radius of vascular
access, and Vmean - mean blood flow velocity through vascular approach. The blood flow
is calculated as the mean of three measurements, 2-4 cm on the vein vascular approach,
proximal to the anastomosis site. Blood flow through a vascular approach that provides
adequate hemodialysis is 500-1000 mL/min.

The thickness of carotid arterial intimal media (IMT) was determined by the Color Doppler
ultrasonic examination, on the Logic PS5 apparatus, using a 7.5MHz probe, as the average
value of three individual measurements on the right and left carotid arteries. Measurements
were performed 1-2 cm below the bifurcation of carotid arteries by the same
ultrasonography. The normal thickness of the intima media is defined as a value of less

than 0.9 mm.
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Tests used for the statistical analyses of the obtained data were following: the Kolmogorov-
Smirnov test, Student T test and the Wilcoxon test were used. Significance threshold was
probability of 0.05 and 0.01.

Results

In the Center for Nephrology and Dialysis of the KC Kragujevac, a cross section study was
conducted, which included patients who are being treated with regular on - line
hemodiafiltration over a period of more than three months. 24 patients (19 men, 5 women)
were examined, mean age 60.92 + 8.20 years, average dialysis lengths were 9.53 + 5.45
years and average spKtV dialysis index was 1.20 + (.18. General data on patients are
shown in Table 1.

Anemia treatment that was used included short-acting and long-acting erythropoietin, i.v.
administration of iron, i.v. preparation of vitamin B and per os folic acid. The average
monthly dose for short-acting erythropoietin was 18000.00 + 1205543 IU, long-acting
erythropoietin 140.00 + 36.33 pg, the average monthly intravenous iron dose was 25625 +
131.50 mg, the average monthly dose of vitamin B,. 2916.67 + 1592.56 g, and the average
monthly folic acid dose was 181.25 + 62.23 mg. Secondary hyperparathyroidism of the
examined patients was treated with calcium-containing phosphate linkers, active
metabolites of vitamin D and parikalcitol. The average monthly dose of rocaltrol was 3.08
+5.10 pg, and 1.v. paracalcitol 2.50 £ 12.25 pg.

The average values of anemia parameters, iron status, microinflammation, nutritional
status, secondary hyperparathyroidism and ultrasound examination of carotid arteries are
shown in Table 2.

In order to evaluate the influence of dialysis membrane type on oxidative stress during a
single session of on-line hemodiafiltration, the following parameters were examined:
superoxide anion radicale (O.), hydrogen peroxide (H.0.), thiobarbituric acid reactive
substances (TBARS), nitric oxide in the form of nitrites (NO.), superoxide dismutase
(SOD), catalase (CAT), and reduced glutathione activity (GSH), Table 3.

Patients treated with hemodiafiltration have shown a significantly (p < 0.05) lower
concentration of TBARS and significant (p < 0.01) lower SOD activity after the on-line
session hemodiafiltration with vitamin E-coated membrane (Leoceed 21H), Table 3. When

we treated the same patients with single session of the on-line hemodiafiltration with a

11
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membrane without vitamin E (FX800), it was found that H.0. values were significantly
higher, while the SOD activity was significantly lower after the treatment (p < 0.01) than

before the onset hemodiafiltration, Table 3. There was no significant difference between
the rest of oxidative stress parameters: CAT, GSH, O., NO: (p > 0.05) before and after the
session of on-line hemodiafiltration with a vitamin E-coated membrane (Leoceed 21H), as

well as with non-coated membranes one vitamin E (FX800), Table 3 below.

Discussion

Cardiovascular diseases have remained the leading cause of death in patients with a final
stage of chronic kidney disease treated with regular dialysis. Oxidation stress is considered
to be a non-traditional risk factor for the development of cardiovascular disease in this
population of patients [11, 12]. It occurs as a disbalance between formation of free oxygen
radicals and activity of antioxidant protection systems. In the population of patients treated
with hemodialysis, four types of oxidative stress can be distinguished: standard oxidation
stress, chlorinated stress, nitrosative stress and carbonyl stress. Antioxidant protection
against oxidative stress includes enzymatic (superoxide dismutase, catalase and glutathione
peroxidase) and non-enzymatic systems of protection which include hydrophilic vitamin C
and lipophilic vitamin E [11-13]. The main clinical consequences of oxidative stress in
patients with a terminal stage of chronic Kidney disease treated with regular hemodialysis
are: accelerated atherosclerosis, erythropoietin resistance (anemia) and amyloidosis caused
by p-microglobulin [11-13].

Biocompatibility degree of the dialysis membrane significantly affects oxidative stress in
patients with a terminal stage of chronic kidney disease treated with hemodialysis. The
results of the conducted studies that compared the influence of two different dialysis
membranes on oxidative stress indicate that the hemodialysis session with cuprophane
membrane significantly increases the serum malondialdehyde concentration relative to the
dialysate session with the polysulfone membrane [14]. After a hemodialysis session with a
polysulfone and cuprophane membrane, the activity of antioxidant enzymes increases, but
this increase is significant only for catalase in patients dialysed with polysulphonic
membranes [14]. However, by comparing the effect of the hemodialysis session using the
hemophane and polysulfone membrane, it has been found that the polysulfone membrane

significantly increases the concentration of malondialdehyde in the serum and statis
12
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significantly reduces selenium concentration and glutathione peroxidase activity relative to
the hemophane dialysis membrane [15]. The hemodialysis session with the "high-flux"
polysulfone membrane significantly lowers the formation of free oxygen radicals during
hemodialysis compareed with the "low-flux" polysulfone membrane [16]. The
hemodialysis session with the "high-flux" polysulfone membrane provides better control of
the neutrophil function compared to the "low-flux" polysulfone membrane [17].

On-line hemodiafiltration, a biocompatible highly permeable dialysis membrane and an
ultrapure solution for hemodialysis could ameliorate oxidative stress and slow the
development of atherosclerosis [17, 18]. During a single session of on-line
hemodiafiltration, with membranes that have a large surface and high water permeability
(Kuf > 50 mL/h x mmHg), there is an increased loss of trace oligoelements (selenium, zinc,
copper), which are significant cofactor of enzymatic antioxidant enzymes (SOD).
Significantly lower concentration of oxidative stress parameters is achieved on-line by
hemodiafiltration with a vitamin E coated membrane in continuity over a 3-6 months
period relative to standard hemodialysis with a low-flux membrane without vitamin E. The
results of clinical trials suggest that healing with on-line hemodiafiltration, with “high-
flux” membranes over a period of 3-6 months, significantly reduces inflammation,
oxidative stress and resistance to erythropoietin activity, compared to hemodialysis with
“low-flux” membranes [17, 18]. Hemodialysis membranes (vitamin E-coated
hemodialysis) have also shown the reduction of lipid peroxidation parameters values in the
serum, such as: malondialdehyde (MDA), thiobarbituric acid reactive substances (TBARS)
and oxidized LDL cholesterol (oxLDL) [19-24]. Some studies highlighted that these
membranes also reduce the concentration of oxidative nucleic acid parameters such as 8-
OHdG (8-hydroxydeoxyguanosine) and the concentration of microinflammatory
parameters (CRP, interleukin-6) [19-24]. Treatment with high-flux hemodialysis with
polysulphonic membrane-bound vitamin E over a period of three to six months
significantly reduces oxidative stress, microinflammation, erythropoietin resistance index,
corrects the treatment of anemia, reduces the amount of erythropoietin and the thickness of
intima-media of carotid arteries in population of patients treated with regular hemodialysis
without affecting hemodialysis adequacy parameters (Kt/V index) [19-24]. The results of
the conducted study show that after a single session of the on-line hemodiafiltration with

“high-flux” polysulfone membrane coated with vitamin E (Leocced 21H), the
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concentration of thiobarbituric acid reactive substances (TBARS) and the superoxide
dismutase activity is significantly reduced. This can be explained by the effect of vitamin
E, but also by the loss of microelement, the cofactor of the enzyme superoxide dismutase
during the on-line hemodiafiltration session (25, 26]. The results of the tests carried out so
far show that a significant amount of microelements (selenium, zinc, copper) is lost during
the on-line hemodiafiltration and hemodialysis with the "high-flux" polysulfone membrane,
which results in a decrease in the activity of antioxidant enzymes, such as superoxide
dismutase and glutathione peroxidase [27-30]. Normal serum zinc concentration is 70-110
ug/dL, in erythrocytes 40-44 pg/g Hb, and normal activity of superoxide dismutase in
erythrocytes is 1.102-1.601 IU/g Hb. In patients treated with regular dialysis, zinc is
administered at a dose of 100 mg/day for 8 weeks. The results of the study show that the
zinc applied in this dose significantly increases the activity of superoxide dizmutase in
erythrocytes, while the serum malondylaldehyde concentration significantly decreases [31,
32]. In addition to the oligoelements, during the dialysis session, hydrosoluble vitamins that
exhibit an antioxidant effect (vitamin C) are lost. Vitamin C clearance during the
hemodialysis session is 30-50%, and during the high-flux hemodialysis and hemodynamic
filtration over 50%. Due to reduced antioxidant capacity and reduced glutathione
concentration during the high-flux polysulphonic membranes hemodiafiltration coated with
vitamin E, oligoelements, vitamin C and vitamin E should be used to prevent this events.
Vitamin C should be administered at a dose of 300 mg iv. after each individual
hemodialysis session for 8-12 weeks (with monitoring of serum oxalate concentration),
while vitamin E is administered per os at a dose of 400-800 IU/day for 12-16 weeks for
secondary prevention of cardiovascular events, and strong antioxidant effect is achieved at

adose of 1000 mg/day per os for 8 weeks (alpha tocopherol: 1.0 mg = 1.5 IU) [28-30].

Conclusion

A single session of on-line hemodiafiltration with a “high-flux” large-surface polysulfone
vitamine E coated membrane (A > 2.0 n) significantly affected parameters of oxidative
stress relative to the individual session of the on-line hemodiafiltration with the "high-flux"
polysulfone a membrane surface > 2.0 m:, which is not coated with vitamin E. After a
single session of on-line hemodiafiltration with a vitamin E-coated membrane, the

concentration of tiobarbituric acid reactive substances (TBARS) has significantly
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decreased, while the activity of superoxide dismutase has decreased with both dialysis
membranes, as a pole of the increased loss of trace elements, which are the cofactors of
enzymatic antioxidative ~system components (superoxide dismutase). On-line
hemodiafiltration with "high-flux" vitamine E coated polysulfone membrane should be
applied in the 3-6 months period, with an appropriate assessment of the antioxidant
protection capacity during treatment with this dialysis modality. In order to achieve the
optimal efficiency of the patient treatment, individualization of hemodiafiltration

perscription is needed.
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Table 1. General data on patients

General data

Statistical parameters

Xsr+SD
Number (N) 24
Gender (m/f, %) 19/5 (79.17%120.83 %)
Age (years) 60.92 + 8.20
Length of hemodyalisis treatment (years) 9.53 £5.45
Body mass index - BMI (kg/m?) 25.63 £8.53
Sistolic arterial blood pressure - STA (mmHg) 131.68. + 13.78
Diastolic arterial blood pressure - DTA (mmHg) 77.50 £ 6.76
Mean arterial blood pressure - MBP (mmHg) 95.56 £ 8.49
Body weight - W (kg) 74.21 +£12.69
Interdialytic weight gain - IDWG (kg) 2.33 £0.92
Interdialytic weight gain- IDWG (%) 3\22:% 1:32
Ultrafiltration rate - UFR (mL/kg/h) 8.04 +3.30

Ultrafiltration - UF (mL/h)

583.33 £229.21

Residual diuresis - RD (mL/24h)

425.00 £591.98

Arteriovenous fistula flow - Qavf (mL/min)

967.08 £415.62

Index of hemodyalisis adequacy - Kt/Vsp 1.20 £0.18
Glomerulonephritis chronica 3(12.5%)
Nephropathia hypertensiva 10 (41.66%)
Nephropathia diabetica 1 (4.16%)
Primary kidney disease
Nephropathia obstructiva 1 (4.16%)
Nephropathia chronica 4 (16.67%)

Renes polycystici

5(20.83%)

Comorbidity

Hypertension 22 (91.66%)
Hypotension 1 (4.17%)
Diabetes mellitus 1 (4.17%)
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Table 2. Basic investigation parameters

Statistical parameters

MEASURED PARAMETERS
Xsr + SD

Hemoglobine - Hb (g/L) 105.88 + 14.56
Hematocrit - Het (%) 32.09 £4.47
Mean corpuscular volume - MCV (fL) 93.74 + 4.86
Mean corpuscular hemoglobin concentration - MCHC (g/L) 329.50 +6.53
Vitamine B, serume concentration - VitB,, (pg/mL) 962.33 +£503.24
Folic acid serum concentration - FOL (ng/mL) 20.42 +13.16
Iron serume concentration - Fe» (umol/L) 9.62 +4.04
Transferrin Saturation - TSAT (%) 2446 £9.77
Feritine serume concentration - F (ng/mL) 591.96 +318.31
C-reactive proteine serume concentration - CRP (mg/L) 6.08 £6.74
Albumine serum concentration - Alb (g/L) 37.96 +£3.24
Prealbumine serume concentration - Palb (g/L) 0.29 +£0.08
Transferine serume concentration - Trsf (g/L) 1.57 £0.28
Vitamina D serum concentration - VitD (ng/mL) 20.16 £9.69
Intact parathormon serum concentration - iPTH (pg/mL) 228.92 +287.42
Average intima-media thickness RCA - IMT (mm) 1.21 £0.24
Average intima-media thickness LCA - IMT (mm) 1.19 £0.26
Average intima-media thickness CA - IMT (mm) 1.20+0.23
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Table 3.

of on-line hemodiafiltration

The influence of the dialysis membrane type on oxidative stress during a single session

On-line hemodiafiltration membrane
Parameters
Leoceed 21H FX800
P P

before HDF | after HDF before HDF | after HDF
0. 3.45+351 1.87+£2.06 [0.078| 1.96+123 | 1.83+1.14 |0.548
HO. 482+199 | 474156 (0878 | 7.14+1.72 | 7.95+1.54 |0.003
TBARS 1.20£026 | 1.07+0.10 10.031| 0.88+0.15 | 0.90+0.24 |0.567
NO 365124 | 334+080 10223 | 7.79+2.29 | 8.09+2.00 |(0.174
SOD 37.99+27.12 1 1933 £11.46 [ 0.003 | 27.13 £13.72 | 18.66 +11.38 | 0.010
CAT 238+151 186128 [0.107 | 1.79+£1.23 | 2.15+1.52 |0.626

110615.52 106438.65 90988.86 02846.14

GSH 0.992 0.364

+27561.68 | +32204,63 +14909.96 | +12470.16

0. - superoxide anion radicale (nmol/mL), H.O. - hydrogen peroxide (nmol/mL), TBARS -

thiobarbituric acid reactive substances (umol/L), NO. nitric oxide in the form of nitrites
(nmol/mL), SOD - superoxide dismutase (U/gHb x 107), CAT - catalase (U/gHb x 109),
GSH - reduced glutathione activity (U/gHb x 10°)
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