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Abstract. lodinated contrast media (ICM) are among the most commonly used
medicinal products in clinical practice for diagnostic or interventional purposes. Acute
kidney injury (AKI) that occurs after intravascular administration of ICM is a potentially
life-threatening condition and is directly associated with an increased risk of long-term
mortality. In Ukraine, there is an urgent need to inform the broader medical community
about significant changes in the paradigm surrounding the intravascular use of ICM in
clinical practice. In this context, the Ukrainian Association of Nephrologists and Kidney
Transplant Specialists working group has developed these guidelines for the prevention,
diagnosis, and treatment of contrast-associated AKI.
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KonTpacr-acouniiioBase rocTpe nomkozKeHHss HUPOK. KiiHiuyHi pekoMeHaaunii
YKpaincbkoi aconianii HedpoJioris i (paxiBiiB 3 TPAHCILUIAHTALII HUPKH
CkJiaz eKCnepTHOi Ipynu:

T'onosa: M. KonecHuk
Ynenu: M. Koctunes, H. Crenanosa, I. idpic, P. 3anapunxuit

YkpaiHcbKa acoltiallisgs HedpoJioriB i dhaxiBlIiB 3 TpaHCIIAHTALlil HUPKU

Pestome. Hoodosmicni konmpacmmi pewosunu (MBKP) — 00ni 3 naiinowupeniwiux aikapcokux 3acobie (J13), axi
3acmMoco8yromocs y MeOUUHiil npaKkmuyi 3 0iaeHOCMU4HO 4 iHmepgenyiiinoo memoro. Tocmpe nowkodicenHs HUpoK
(T'ITH), sike sunuKae nicas 6HympiuiHvocyounHoeo 6edenns MBKP € nomeHyiiino Jcumme3azpoxcyuum cmanom 6e3no-
cepedHbo ma acouitoemucs 3 NIOBUUEHUM PUSUKOM 00820CMPOK060i cmepmuocmi. B Ykpaini icnye naeanrvna Heobxio-
Hicmb [HOPMYBAHHS WUPOK020 NIKAPCLKO20 3a2any Npo CYmMmesi 3MiHU CKAA008UX Napaduemu 6HYmMpiuHb0CyOUHHO2O
sacmocyeanns UBKPy kainiuniii npaxmuyi, y 36 ’a3ky 3 yum poboua epyna YAH i @ TH cmeopuna yi pexomenoayii ujo0o

npoghinakmuru, diaeHocmuku ma AiKysauHs KoHmpacm-acouitiosarnoeo I'ITH.
KnouoBi ciioBa: iiodoemicni konmpacmui peuosuru, KOHMpacm-acoyitiosane cocmpe NOUKOONCEHHS HUDOK,

diaenocmuka, AiKy8auHs, npoQiraKkmuxa.

Beryn.  MonoBMicHi  KOHTpacTHi  peuoBMHU
(MBKP) — onHi 3 HAWTOIWIMPEHIIINX JTiKapChbKUX 3a-
co0iB (JI3), sIKi 3aCTOCOBYIOTHCSI Y MEAWYHIIN MTpaKTUL
3 JiarHOCTUYHOIO YM iHTEpBeHLiTHOIO MeTOM0 [1].

Tl'ocTpe nomkomxkenHss Hupok (I'TTH), 1o BuHu-
Ka€ Mic/isi BHYTPiLIHbOCYIMHHOTO BBeneHHss VIBKP,
MOTEHILITHO XUTTE3ATPOXYIOUUI cTaH Oe3mocepen-
HbBO Ta aCOLIOETHCS 3 MiABUIIEHUM PU3UKOM TOBrO-
CTPOKOBOI cMepTHOCTI [2, 3, 4]. [1py LIbOMY ITPUYUH-
HO-HAaCJIiIKOBUIi 3B’I30K MixX 3acTocyBaHHsIM I BKP
ta I'TTH (paHime KoHTpacT-iHAyKOBaHa Hedpoma-
TiTs — KIH ) y KO’)kHOMy KOHKPETHOMY BUIAIKy Be-
pudikyBaTH HEMOXIUBO, TOMY MPOMOHYETHCS BUKO-
PUCTOBYBAaTU TEPMiH KOHTPACT-acollililoBaHEe TroCTpe
nmomkomxkeHHss HuUpok (KA-TTIH), ockinbku TI'TTH
MoOXe OyTM BUKJIMKaHe iHIIMMU MpUYMHAMHU abo iX
rnmoegHaHHaM [5].

OueBUIHO, 110 CTBOPEHHS KJIiHIYHUX PEKOMEH-
HIamiii momao Iiei TeMu MOTpedye MiXIUCUUILTiHApP-
HOI cHiBIIpali, OCKiJbKM K MiarHOCTUYHIi, TakK i JIi-
KyBaJIbHi MpOLEAYPU 3 KOHTPACTHUM ITiICUICHHSIM
MPU3HAYAIOThCS OOHMMM (axiBLUSIMM, BUKOHYIOThCS
iHIMMU, a 'y pasi po3Butky KA-I'TITH Bunnkae HeoO-
XimHICTb 3ajlydueHHs HedposoriB Ta/abo iHTeHCHUBIiC-
TiB. B YKpaiHi icHye HarajibHa HEOOXigHiCTH iH(MOP-
MYBaHHSI IIUPOKOTO JiKapChbKOTO 3araiy Mpo CyTTEBI
3MiHU CKJIAAOBUX MapaJiurMM BHYTPIIIHbOCYAMHHOIO
3actocyBanHsi MUBKP y kiniHiuHiil mpakTuwi. Y 3B sI3Ky
3 uuM ekcrieptHa rpyna YAH i ®TH cTBopuna ui pe-
KOMeHaIlii oao npo¢ilaKTUKK, JiaTHOCTUKHM Ta JIi-
kyBaHHs KA-TTIH.

INepenik nediHiliii, 1Ki BAKOPUCTOBYIOThCS Y pe-
KOMEHIAIIiSIX, TTOJaHUi B TabamIi 1.

Tabauysa 1
Busnauenns/Tepminonoris
Tepmin Busnayenns KomenTap
I'TIH [TigBuIIeHHS PiBHS KpeaTHHiHY >26 MKMOJIb/JI 4yepe3 Cragnii I'TTH 3a cTyneHsIMU TSDKKOCTI
48 ronuH, ABO minBullieHHST KOHLIEHTpallii KpeaTuHiHy | momaHo y Homatky 1, Ta6m. 1
Ha >50%, sike ccopMyBaIOCsI IIPOTSTOM 7 TIOTIEPEAHIX
nHiB, ABO Buainenss ceui <0,5 MJI/Kr/Tof IPOTIToM
6—12 roguH
XXH Hassnicts kputepiiB XXH KDIGO abo 3HIKeHHST BuznavaeThcst Ha OCHOBI KpUTEPiiB
pIIIK® < 60 mi/xB/1,73Mm2 XXH KDIGO i3 po3noginom 3a
CTYIIEHEeM TSKKOCTi 3a piBHeM LITK®
CKD-EPI (nonatox 1, Ta6a. 12, [13)
Mykola Kolesnyk
director@inephrology.kiev.ua.
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IIpoodoscenns mabauyi 1

Tepmin BusHaueHns KomenTap

KA-TTIH I'TTH, sgKe BUHUKJIO TiC/s1 BHYTPIlTHOCYIUHHOTO TepMiH «acollifioBaHe»
3actocyBaHHs1 MUBKP, aje Moxxe MaTu 1 iH1IIi MiAKPEeCIIoE, 1110 BAHUKHEHHS
MPUYNHMU, TaKi K TOCTPUIA TyOYISIpHUIA I'TIH He MOXHa BU3HATH
HEKpPO3, TOCTpUll iHTepCTULIiaTbHUI HEeGPUT, MOB’SI3aHUM TiJIbKU 3
aTepoeMOO0JTiYHI 3aXBOPIOBAHHS ab0 MOEAHYBATUCS 3 | BHYTPIilLIHBOCYAMHHUM BBEACHHSIM
SIKOIOCb i3 iHIIIMX TTATOJIOTIH. MNBKP

IIpumiTkn: TITH, zocmpe nowkodxcenns nupox; HBKP, iiodosmicui konmpacmui pewosunu; KA-TITH, konmpacm-acoyiiioéane

2ocmpe nouwtkooxcents Hupok; XXH, xpouiuna xeopoba Hupok; IIIK®D, weudkicms kaybouxoeoi ginempauii

CkpuHiHr. Mera CKPUHIHTY — BMSIBJICHHS ITalli-
€HTIB i3 PU3UKOM 3HUKEHHSI (PYHKIIiT HUPOK (Y TOMY
yucni ¢opmyBaHHsa KA-TTIH), micns PKI, skomy
MOXKHAa 3aI100irTu.

HaxkomnuyeHi mpoTSIroM OCTaHHBOTO Yacy AaHi
Jaad MOXJIMBICTh 3HAYHO 3HU3UTHU PiBEHb PU3UKY BU-
HukHeHHs KA-TTIH a6o nporpecyBanHs XXH, a6o x
ycknagHeHHs1 XXH nosiBolo KA-T'TIH, mos’sa3aHoro

3 pukopuctanHsim MBKP; i B Toii xXe 4ac mpomeMoH-
CTPOBaHMII HETAaTUBHUI KJiHIYHUI BIUIMB BiITepMi-
nyBanHs MBKP-Bisyanizauii a6o Bi3yamizauii, BUKO-
HaHoi 6e3 UBKP [6, 7].

XpoHiuHa XBOp00a HUPOK. HaiiBax uBilmMm mpo-
rHo3oHeratuBHuUM ¢akTopoM KA-I'TIH € HasiBHiCTb
y xBoporo XXH. Pusuk BunukHenHss KA-I'TIH ciin
crpatudikyBatu BianoigHo g0 plIIK®-EPI (tab6u. 2).

Tabauys 2

I'papanis Ta crpatudikanis pusuky KA-I'TIH 3anexno in pIIIK®-EPI

I'papanis pusuky KA-T'TITH

Crpatudikanis pu3uky

pIIK® > 60 mn/x8/1,73 m?

Jy>ke HU3bKUI pU3UK

pIIK® 59 — 45 mi/x8/1,73 M2

Huszbkuit puzuk

pILIIK® 44 — 30 m1/x8/1,73 M2

CepenHiit pu3nk

pIIIK® < 30 mi/x8/1,73 M2

Bucokwuii pusuk

CynyTHi 3aXBOpIOBaHHS, TaKi K Aiaber, 3acTocyBaHHsI HedpoTokcuyHux JI3, rimoBoseMisi, 3acTiliHa
cepuesa HegocTaTHicTb (3CH), HasiBHICTh OJHIET HUPKM, Y TOMY YMCJIi TPAHCILUIAHTOBAaHOI, € (PaKTOPOM PU3UKY
KA-TTIH (ta6x. 3). OnHak Xo/€eH i3 HuX He OyB He3ajexXHUM Bin BenuunHu plIIK® [2, 8].

Tabauya 3

®axkropu pu3nky KA-I'TTH

HemonudikoBani

MoaudikoaHi

XXH (uyum Oinblna cTafiisi, TMM BUIIUIA PU3KK)

lNnoTensig

Cencuc

Tumn ta 06°€M pEHTIeHKOHTPACTY

LlykpoBuii miabet 6e3 a00 3 ypaskeHHIM HUPOK

lnoamsoyminemist (< 35 /)

®paxuig sukuny JIII <35%

Anewmis (Ht <35%)

aHaMHe3i)

Cepuea HegocraTHicTh (III-IV NYHA i/a60 HaOpsIK jiereHb B

[inepriikemist

niyperuku, HITJI3, amiHOMIIKO3UIM, BAHKOMIIIMH Ta iH.)

Ilepenyroue PK]I, 3actocyBaHHs HeppoTtokcnunux JI3 (IATID,

lnepypukemist

TocTpwuii iHdapkT Miokapaa

KapnioreHHuit 1ok

TpaHCl'U'[aHTOBaHa HHUPpKa

CucreMHi XBOPOOH CITOIYIHOI TKAHMHM Ta BaCKYJIITH

Bik (75 pokiB)

IpumiTku:

TAIID, inecibimopu aneiomenzunnepemeopriovoeo gepmenmy; J3, aikapcoki 3acoou; JIII, aiguii waynovox,; HIIJI3,

Hecmepoioui npomusananvti aikapcewki 3acoou, PKJI, penmeenkonmpacmue docaioxcenns; XXH, xponiuna xeopoba

HUPOK.
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3arasiom xBopi Ha XXH 3 plHK® >30 wmiu/
xB/1,73 M2 BBaXalwTbCs TIPYHAMU OYyXe HHU3BKOTO,
HU3BKOIO ab0 cepelHbOTo PU3UKY (AMB. Taba. 2).
JIvme nauientu 3 XXH ta pIIK® <30 mi1/x8/1,73 M2)
i Ti, y koro Bxe HasiBHe I'TIH, Mal0Th BUCOKMIA pU3UK
MOJAJBIIOro MoripueHHs ¢GyHKIiT HUpoK. CKPUHIHT
MOBMHEH BCTAHOBUTU XBOPUX 3 BUCOKUM PU3UKOM
KA-TTIH gns itoro npodiIakTUKU 10 Ta MiCJs 3aCTO-
cyBanHst IBKP.

Ambyaamopni nauienmu 3 eidomoro plIIKD:
skiio plIIK® Bimoma, ii ciim BUKOPUCTOBYBATH IS
NPUIHATTA pillleHHs 100 BUKopucTaHHsS WMBKP,
gkmo plIIK® HeBimoMa, a aHaMHe3 TaIllieHTa BKa3ye
Ha 3aXBOPIOBAaHHS HUPOK, 11 CJIi BU3HAYUTU. [{14 cTa-
6inbHOTO ambOynaropHoro mnaiieHta plIIK® BuzHaue-
HUI MPOTATroM MornepenHix 3 MicsuiB podoya rpyna
BBaXa€ MPUUHITHUM.

Iayienmu excmpenoi meduunoi oonomoeu: B
YMOBaxX HEOOXiIHOCTI €KCTPEHOI MEIUYHOI TOTOMOTHU
netanbHuil aHamHe3 i pLLIK®D MoxyTs OyTH HegocTym-
Hi. Crig cnpoOyBaTh BUBHAYUTH TEPMiHOBICTH 0OCTE-
JKEHHS i TPOrHO3 U1 MallieHTa Y pa3i BiaTepMiHyBaH-
HSI TOCiXKEHHS JJ1s1 BCTAHOBJIEHHS MOTOYHOT (PYyHKII1
HUPOK. AKIIO y Mali€eHTa XUTTE3arpoxyrya CUTya-
Lisl, He CJiJ BiAMOBJSTUCS BiJl OOCTEXEHHS 3 NBKP
yepe3 nodotoBaHHg KA-TTIH. Jlikapi, siki HampaBiisi-
I0Th MalieHTa Ha AOCTiAXeHHSs abo 3AilCHIOITh 1OTO0,
MOBUHHI 3BAXUTU TEpeBaru MOCTIIXKEHHS 3 KOHTp-
ACTHUM MiACWJIEHHSIM MOPiBHSIHO 3 PU3MKOM PO3BU-
TKy KA-TTIH. BBaxaeTbcs, SKII0 pU3UK BUHUKHEHHS
KA-TTIH Bin 3acrocyBanns MBKP Hece 6inbuy 3a-
rpo3y XHUTTIO XBOPOI'O, HiX BiIMOBA BiJl HbOTO, TO CJIiJl
PO3TJIIHYTU BUKOPUCTAHHS iHIIWX METOMIB Bi3yasi3a-
wii. AKuo X iHIIi MeToau Bidyalizalii ManoeheKTUBHi
y KOHKPETHOMY BUTIAAKY, BUKopuctanus MBKP moxe
OyTU HaliKpallluM BapiaHTOM [ TAKOTO MallieHTa.

Merta-aHani3 JiTepaTypy 3 HEBiIKJIaAHOI MEIULIM -
HU Ta AiarHOCTUKM TMOKA3ye, 0 PU3UK PO3BUTKY KA-
I'TIH y Takux ymoBax HeBucokui [9-11].

Cmauionapni nayienmu: po6o4a rpyrna peKOMeH-
nye, mo6 pimeHHs npo BeeneHHs MBKP npuiimano-
cs 3 ypaxyBaHHsIM octaHHboOi pIIIK®, orpumaHoi He
Mi3Hillle HiX 3a 7 OHIB IO 3aIIAaHOBAHOTO BBEIEHHS
koutpacty. dkmo pIIK® <30 mu/xs/1,73 Mm% aGo
skio € nigo3pa Ha I'TTH, nikap, skuii npu3Hayae 10-
CIIIKEHHS TAallieHTY, MOBUHEH YiTKO BKa3aTW B Ha-
MpaBi€HHI MpPO HOro KPUTUYHY HEOOXiAHICTh s
BCTaHOBJIEHHSI JiarHO3y Ta/abo BUOOpPY METOIY JIiKY-
BaHHs [12].

Xeopi na I'l'lH: y nauientis 3 I'TTH ctpaTudika-
11is pU3UKY BiAMOBIMHO N0 (YyHKIIiT HUPOK HEMOXJIU-
Ba, ocKibky BusHaueHHs plIIK® e Henaniinum [13,
14]. Xoua nauientn 3 'TTH MoxXyTb OyTH GibIll Bpas-
quBumu 10 KA-T'TIH, Hix nmauientu 6e3 I'MTH, koHTp-
OJIbOBAHI TOCITiXKEHHS HE MOBIAOMJISIIOTH TIPO Liel pu-
3uK [5]. TuUM He MeHII, Y IMX MALi€HTIB MOTEHLIIAHUI
pusuk noripuieHHs nepebiry I'TIH cnin cniBBinHecTn
3 KopucTIo YHUKHeHHs BBeneHHss MBKP. [lono Bu-
KOPUCTaHHS iHTpaapTepiaibHOTO BBEIEHHS KOHTpAC-

Ty y TaKUX TMAalli€HTIB, X04a PU3UK MOTipIIEHHS Tepe-
oiry I'TTH Moxe O6yTu 3arajoM BUILUM, 3aCTOCYBaHHS
MBKP onpasnaHe sl 30iliCHEHHS TiarHOCTMYHMX Ta/
a00 JiKyBaJIbHUX MPOLIEAYp, SAKi MOTEHUIHO MOXYTh
BPSITYBaTU KUTTSI.

TakuM YMHOM, BUKOPUCTAHHS KOHTPACTY Yy Malli-
€HTIB i3 Bxe icHytounM ['TTH BuMarae kj1iHiuHOI OLiH-
KU 3arajlbHUX PU3UKiB, IepeBar Ta JOCTYMHUX aJlbTepP-
HaTUB.

Xeopi na XXH VJ: UBKP BUKOPHMCTOBYIOTH IS
obcrexeHb xBopux Ha XXH V]I 3 aHypi€to, oCKibKHU
pU3uK BTpaTu MYHKIIii HUPOK BiacyTHiil. Hemae HeoO-
XiIHOCTI 3MiHIOBaTU rpadiK miatizy; Aianai3 BAKOHYEThb-
¢ BIIMOBiAHO 10 3a3dajieriab BU3HauYeHOro rpadiky.
YacTrHa nauieHTiB, siKi nepedyBatoTh Ha ['Jl abo T1]1,
MaloTh pe3uayanbHy QyHKIiI0 HUpOoK. BBaxasocs, 1o
BHYTpillIHbOCYIMHHe BBeneHHs MBKP moxe Hera-
TUBHO BIUIMHYTH Ha ii piBeHb. OfHAK CUCTEMATUYHUNI
orjsn gociimkeHs [14] mokasye, 110 iCHy€e He3HAYHUI
prinB MBKP Ha 3anuikoBy (yHKIIiI0 HUPOK (3Baxe-
Ha pi3HULA B cepenHix 3HaueHHAX —0,16 mi/xB, 95%
noBipuuii iHTepBa Big —0,66 1o 0,34 mi/xB; P = 0,53)
[12].

TakuM 4YMHOM, HasIBHIiCTb abO BiACYTHIiCTb pe-
3uayanbHoi pyHKUii y xBopux Ha XXH V]I He noBu-
HHO BIUIMBATHU Ha PillleHHS MPO BUKOPUCTAHHS Y HUX
VBKP.

be3neka BBeJeHHS MOBTOPHOr0 KOHTpACTy. Bpa-
XOBYIOUM BiICYTHICTh JOKa3iB 3 LIbOTO MUTAHHS, €KC-
MepTHa Tpyna BBaXae€ AOUITbHUM YHUKATU MOBTOP-
HOTr0 BHYTPILLIHBOBEHHOro abo iHTpaapTepiaibHOTO
3actocyBanHsa IBKP mpotsirom 48 ronuH y pasi mia-
HOBUX JOCJiAXEHb y MaLli€HTIB IPYIX BUCOKOTO PU3U-
Ky KA-TTIH (pIIK® < 30 mn/xB/1,73 M2). EKcriepTHa
rpyIa He peKOMeHAy€e 0OMeXyBaTU MOBTOPHI BHYTpillI-
HBOBEHHI BBEIIEHHSI KOHTpAcTy xBopuM y pasi plIIKD
> 30 mi/x8/1,73 M2 Ta Bincyrrocti I'TIH. ExcnieptHa
rpyra He PEKOMEHAYE BiIMOBISTUCS BiJi MTOBTOPHUO-
ro BeeneHHa MIBKP 11 ekcTpeHux a6o rocmitamizo-
BaHUX MAalli€EHTIB, SIKIIO CUTYaLlisl € 3arpO3JUBOIO JJIsI
XUTTS, OCKiIbKM TIOBTOpHe BBeneHHs1 MIBKP Moxe
OyTU HEOOXiTHUM i BUMpPaBIAHUM [IJISI BCTAHOBJIEHHS
TOYHOTO JiarHo3y Ta BUbopy JikyBaHHs [5, 16-18].

InTpaaprepianbHe BBeleHHs KOHTpPacTy. Pusmk
KA-T'TIH Buiuii 32 yMOBU BHYTPIlIHbOAPTEPiAIbHOTO
BBeneHHs! VIBKP MOpiBHSIHO 3 HOTO BHYTPIilIHHOBEH-
HUM 3actocyBaHHAM MBKP [19]. Pusuk KA-TTIH,
MepIl 3a BCe y KapJioJOTiYHUX XBOPUX, MAa€E OYTH OLli-
HEHUI 3 TOYKU 30py MepeBar 3alporoHOBAHOTO 10CTi-
JUKEHHS Ta pU3UKAMU, TOB’SI3aHUMM 3 aJbTEPHATUB-
HOIO0 MPOLIETyPOI0, IKA HE MOTPedye iHTpaapTepiaibHO-
ro MBKP, sikio Taka icHye. JIist JIiKyBaJIbHUX iHTep-
BeHLLii1, sKi motpe6yors MBKP, anbsTepHaTHBH pinko
JOCTYIHI a60 KJTiHIYHO TIPUITHATHI, i BBeneHHs1 IBKP
MOXe OYyTM HEOOXiTHUM HaBiTh y CUTYyallisIX BUCOKOTO
pusuky (Hanpukian, 3 plIIK® <30 mu/xs/1,73 M2).
Take pinieHHd Mae mpuAMaTUCS JIIKYIOUUM JliKapeM
micasi 0OrOBOPEHHS 3 MALiEHTOM, ab0 CiM’€10 YU ajib-
TEPHATUBHOIO 0CO0010, KA MPUAMAE PillIEHHS.

MpobAeMM OPraHi3aLLi TO eKOHOMIKM
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IIpodinakTuyni 3axoamn. Y nalieHTiB 3 BUCOKUM
pusukoM po3BUTKy KA-T'TIH BaxJinBo 3aCTOCOBYBaTU
npodiTaKTUYHI 3aX0Au, sIKi 0a3yloTbCSd Ha JTOKa3ax.
Xoya 3amponoHOBaHO Oarato crnocobiB mpodilakTu-
KU1, EIUMHUM JIOBEJICHUM BTPYyYaHHSIM [Tl 3a1100iraHHS
KA-TTIH € anmexBaTHe 30UIbIIEHHS BHYTPILIHbOCY-

of Nephrological Care

JTUHHOTO 00’eMy. 3a TaHUMU AOCJiIXeHb, Mpodijak-
TMKa, 3aCHOBaHa Ha iHAMBiAyaJli30BaHOMY ITiIXOi 10
rimparaiii, 1eMOHCTPY€E MO3UTUBHI pe3yabTaTu. Bax-
JIVBO TaKOX BpaxoBYBaTU (hyHKIIOHAJIBHUI CTAaH HU-
POK Talli€eHTa, 110 A03BOJMUTb ONTUMIi3yBaTH rigpara-
LifiHi BTpy4yaHH4 (Taou. 4, 5).

Tabauys 4

Edekrusni ctparerii npesennii KA-T'TTH

Crpareris

KomenTap

1. TlapeHTepasibHa rigpaTailis

3abe3rnevyeHHs afeKBaTHOI BHYTPIlITHBOBEHHOI Timparaliii mepes i micis
BBeneHHs UBKP

2. Onrumizauis 06’emy UIBKP

3acTOCYBaHHS ONITUMATBHOTO 06’ eMy M BKP

BpaxyBaHHST 0CMOJISIPHOCTI
MBKP

IlepeBara HamaeThCsl BUKOPUCTAHHIO HU3BKO a00 izoocMonsipaux UBKP

4. 3actocyBanHs1 PKJI3, ski He
MICTSTh HOJ,

Buxopuctanus PKJI3, siki He MicTsTh 1o

5. BinmMiHa HepOTOKCUUHUX
JIiKapChKUX 3ac00iB

PexomeHnyeThcs BimminuTu ipuiiom HITJI3, amiHorniko3umis,
aMmdoTepuliHy B, BUCOKMX 103 NETILOBUX IiypeTUKiB, MPOTUBIPYCHUX
3aco0i; IX BUKOPUCTAHHS CJIiji TPUTTMHUTHY MPUHANMHI 3a 2 1001 10
BBeneHHst IBKP y nmauieHTiB 3 cepenHiM aGo BUCOKUM PU3HKOM PO3BUTKY

KA-I'TIH.
IIpumiTku: KA-TITH, konmpacm-acouiiiogare cocmpe nowkoodxcerus hupox,; HIIJI3, necmepoioni npomuzananvhi aikapcoki
3acobu; PK3JI, penmeenoxonmpacmui aikapcoki 3acoou.
Tabauys 5
Crpartudikamis Ta npesenuisa pusuxy KA-T'TTH
Crpatudikamnis pusuky IIpodinakruka KA-TTITH

Jlyxxe HU3bKUIA
1. 2-5).

[IpeBeHTUBHI 3aX0Iy 6e3 rimparallil He3alIeXHO Bill IUTIXY BBeneHHs IBKP (Tabn. 4

Huzbkuit puzuk
1. 2-5).

ITpeBeHTHBHI 3ax0I¥ 6e3 TiIpaTalii He3aIexXHo Bil uisixy BBeneHHs1 MBKP (Tat. 4

CepenHilt pu3nK
HasIBHOCTI MTOKa3aHb.

JoseHHe BBeneHHss UBKP — enTepanbHa a60 ToBeHHa Tigparaliist (Tabir. 6) 3a

BHyTpilHboapTepianbHe BBEASHHS — TUIBKU JOBEHHA rigpatauis (Tadi. 6) 3a
HasIBHOCTI Moka3aHb. [IpeBeHTUBHI 3axoau (TabJr. 4 1. 2-5).

Bucokuii pusuk
3axonu (Taoir. 4 1. 2-5).

JlOBeHHa TimpaTallist He3aJexXHo BiI nuisixy BBeneHHst IBKP (ta6u. 6). [TpeBeHTHBHI

Tiopamauia: € noctaTHbO 1OKA3iB BUCOKOI IKOC-
Ti, mwo y mauienTis i3 plIK® >30 mu/xB/1,73 M2,
SKUM BHYTPILIHbOCYIMHHO 3acTocoByBain MW BKP,
CTaHOBJIEHa He3HauHa KOPUCTH BiJ BHYTPilIHHOBEH-
HOI rigparauii MOpiBHAHO 3 BiACYTHICTIO TimpaTailii
[20, 21]. Hemae mocraTHixX 1OKa3iB Ha MiATPUMKY abo
CIIPOCTYBAaHHS MOTOYHOI LIMPOKO MOILIMPEHOI Mpak-
THMKMU TigpaTauii (B/B ab6o nepopajibHoi) y pasi plIIK®
> 30 mu/xB/1,73 M2. Jloka3u, 110 NepopajbHa Tigpara-
1ist MOXe OYTH TaKol0 X e(PeKTUBHOIO, SIK i BHYTpillI-

HBOBEHHA TigpaTalisg HU3bKoi aKocTi [22]. bpakye g0-
KasiB, sKi 0 miaTBepaKyBaiu ab0 CIIPOCTOBYBAJIM BU-
KOpUCTaHHS rigpaTtalii ansa npodinaktuku KA-TTIH
y maui€eHTiB i3 BucokuM pusukom (plIK® <30 mu/
xB/1,73 M?2). OgHak, poboya rpyna peKOMEHIYE BU-
KOHYBaTHU BHYTPIilIHbOBEHHY TiIpaTallilo A0 Ta MiCJs
BHYTpIilIHbOCYIMHHOTO BBeneHHs1 MBKP (oco6iuBo
inTpaaprepianbHoro) 3a plIK® < 30 miu/xB/1,73 M2,
00’€M Ta TPUBAICTH SIKOI BU3HAYAETHCS iHAWBIAYaIb-
Ho (Tab1. 6).
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Tabauys 6

Tiaparania nas npodinakruku KA-TTTH

Meron rizpaTanii

Pekomenpanii

Tinparaliist rpyITy BUCOKOTO PU3HKY HE3aIeXKHO Bix IuLsxy BBeaeHHST MBKP — 1 Mi/xr/
TOJ IpOTsIiroM 6 rox 1o Ta micist PKJI xBopux

Tinparartis 0,9% y pasi B/a BBeneHHs1 MTBKP

TimpaTaliist rpyIm cepeaIHbOro pusruKy — 1 MiT/KT/Tom MpoTsiroM 6 roguH 1o Ta micas PKII,

po3urHoM NaCl

TManientu 3 XCH He3anexxHo Bix rpynu pu3uky (ocodmmso 3 @B < 35%) — 0,5 mu/xr/ron
mpoTsiroM 6 Tox 1o Ta micyst PKI.

Vpreutae PK]/I, y pa3i HEMOXJIMBOCTI BCTAHOBUTH IPYITy PU3HKY i BiICYTHOCTI
MpoTUIToKa3aHb — 6omoc 500-1000 M1 repe Ta 1 Mi1/Kr/Tom MpOTAroM 6 TOJI MicJIs.

IIpumiTku:

Jlixapi moBuUHHI OyTH 0OGi3HAHi 3 MPUHUMUIIAMU
npodimaktuku KA-TTIH Tta gigtu BimmoBigHO 10

PKJI, penmeenxonmpacmue docnioncenns; DB, paxyis euxudy; XCH, xponiuna cepyesa nedocmammuicmo.

peKoMeHaalii 111 MaKCUMaabHOI 0e31eKu Malli€EHTiB
(Tabn. 7, 8).

Tabauys 7

Pekomennanii Jikapio, akuii Hanpasasie Ha PKJI

Pekomenmamii

1 BusnaunTy yHKIIIOHAIBHUM CTaH HUPOK.

PKJI.

BcranoBuTuy HasiBHi (hakropu pusuky po3Butky KA-I'TIH Ta rpyry pusuky, i BKa3aTH iX y HalpaBJeHHi Ha

3a HasIBHOCTI CepeIHhOTO Y1 BUCOKOTO CTYIEeHS pyu3uKy po3BUTKY KA-T'TIH, 3anexxHo Bin LIISIXY BBEIEHHS,
3a0€e3IMeYnTH afeKBaTHY TigpaTarliio 1o Ta Imicist BukoHaHHs PK/I.

4 | 3a0e3neunTy TOTOAMHHUI KOHTPOJIb Aiype3y NpoTsrom 48 roguH micas PKJI.

BusHauuTu hyHKIIiOHATBHWI CTaH HUPOK Yepe3 48 roauH miciis BukoHaHHsT PK]I Ta 3ayexxHo Bif iioro
pe3yabraty 3a0e3neunT HeoOXigHe 00CTeXXeHHS Ta/a00 JIiKyBaHHSI XBOPOTO.

IIpumiTku:

KA-TTIH, konmpacm-acoyiiiosane eocmpe noutkooxcents Hupok, PKJl, penmeenkonmpacmue docaioncenus.

Tabauys 8

Pekomenaaiiii Jikapio-peHTreHOJI0ry

Pekomenpamii

BusHayuTu go1iIbHICTS Ta MOXIIUBICTb TIpoBeAeHHsT PK/I y KoHKpeTHOro XBoporo.

OtpumaTy iH(hOpMOBaHY 3rofy naiieHTa Ha BUKoHaHHs1 PK]I.

BuzHaunTit HeOOXiIHMIT TUTI KOHTPACTY Ta IOTO 00’ €M.
pacty

S lW N =

JTOTIOMOTY,.

3abe3neunTy KOHTPOJIb 32 CTAHOM XBOPOToO I1iA yac npoBeneHHs PK]I, cBoeyacHO IPUIIMHUTHU 1OT0O
BUKOHAHHS Y pa3i MOsIBU HETaTUBHOI CUMITTOMATUKH, a 32 HEOOXiTHOCTi HAIaTH eKCTPEHHY MEIUIHY

IIpumimxu: PKJl, penmeenxonmpacmue docaioxicenHs

N-Auemuayucmein: N-auerniucrein (NAC) e
MYKOJIITUKOM i MOXE JiSITU SIK aHTUOKCUIIAHT, peTeHe-
pytoun riryTaTioH. OCKiJIbKH CTIOYaTKY BBaXKaIoCs, IO
aKTUBHI (DOPMU KUCHIO OepyTh yuyacTh y matoreHe3i KI-
I'TTH, Gyno neBHe OOrpyHTYBaHHS AJisI 3aCTOCYBaHHS
y uii cutyauii. [TouaTkoBe HeBelMKe paHAOMi30BaHE
kiinigne mocrmimkenHs (PKJI) 6ymo obHamiiimuBuMm i
MTOBITOMJISIIO TIPO 3HAYHY KOPUCTD Y 3HMKEHHI 9aCcTO-
™ I'TIH, i BpaxoBylouu Te, mo ueit JI3 jJerko 3acro-
COBYBAaTH, 10r0 BUKOPHMCTAHHSI CTAJIO IIMPOKO ITOIIH -
penuM [23]. 3a ocranHe gecaTniTTd 2 Beaukux PKJ,
gKi pa3oMm 3aryaunu noHan 7000 maiieHTiB, BUPIIWIN
1o TIpobJiemy, - BukopuctaHHsd NAC He 3axuIlac Bif

po3BuTky KA-TTIH [24, 25]. TakuM 4MHOM, iCHYIOTb
MEPEKOHINBI JOKa3Ku NMpoTu BUKopuctaHHsI NAC mig
npodinaktuku KA-T'TIH [26, 27].

00’°em ma xapaxmepucmuxu KOHMPACHY:
Benuki o06’eMm Ta TIOBTOpHE BBEAECHHS KOHTpP-
acty acouitoBanucs 3 BuimuMm pusukom KA-T'TIH
[28, 29]. OmHak, po6oua TpyIa He PeKOMEHIYE 3HU-
KEHHS 00’ €My BHYTPilITHLOBEHHOTO BBEICHHSI KOHTP-
acty 3 MeTtolo nipodinaktnkn KA-T'TIH, ockinbku 1e
3MEHIIUTh SIKiCTh KOHTpacTyBaHHs. PobOoua rpyma
PEKOMEHIYE BUKOPUCTOBYBATH IHAWBIAyaJIbHO BH-
3HAYeHUI 00’€M KOHTpACTY I OTPUMAHHS SKiCHOI
Bisyauizawuii [30].

8 MpobAeMM OPraHi3aLLi TO eKOHOMIKM
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®disuko-ximiuni xapakrepuctuku MBKP BusHa-
YalTh CTYMiHb iX HedpoTokcuuHocTi. e Kiibka ae-
CATUJIITh TOMY BUKOPUCTOBYBAUCS iOHHI BUCOKOOC-
MOJISIDHI KOHTPACTHI PEYOBUHU 3 OCMOJISIIBHICTIO TIO-

of Nephrological Care

Han 1200 MmOcMm/n. 3 Toro yacy Oy/iu CTBOpeHi HEeioHHi
HU3BKOOCMOJISIPHI  (OCMOJISLTBHICTh  3a3BU4Yaii  ~600
MOcMm/), a Takox izoocmoisipai MBKP, siki 3apa3
LIMPOKO 3aCTOCOBYIOThCS (TabI1. 9).

Tabauys 9
Xapaxkrepuctuku TBKP
II I’:: e OcmonspHicTs Tonni B’askicTb 32 B askicTb 32 Tomun
POAYKT KOHIIEHTpawist (Mocw/kr H,0) OHHICTb 25°C (mlla-c) | 37°C (mIla-c) | (mr/mi)
B MI,/MJI)
Omnipaque™ 140 ) )
(GE Healthcare) Tohexol 302 322 Heiommuit 2.3 1.5 140
Conray™ 30 )
(@it Iothalamate (300) 600 lorHMI 2.0 1.5 141
Ultravist™ 150 (Bayer Tohexol 108 Heiosmumit 53 s 0
Healthcare)
Omnipaque™ 180 . .
(GE Healthcare) lohexol 338 408 Heionnuii 3.1 2.0 200
Isovue™ 300 (Bracco) Iopamidol (400) 413 HeionHuit 3.1 2.0 200
(Cloig ™ a3 Tothalamate (300) 1000 ToHHwMit 3.0 2.0 202
(Covidien)
Optiray™ 240 ] )
(Guerbet) lToversol (509) 520 Heionnwuit 4.8 3.0 240
Ultravist™ 240 _ )
(Bayer Healthcare) (il S 524 Heionnmit 5.1 3.0 250
Isovue™ 250 (Bracco) Topamidol (510) 483 Heionnwuii 4.8 2.8 250
Visipaque™ 270 (GE Iodixanol (600) 290 loHHMiA 12.7 6.3 270
Healthcare)
Conray™ (Covidien) Iothalamate (600) 1400 loHHMI 6.0 4.0 282
Isovue™ 300 (Bracco) Topamidol (612) 616 Heionnuit 8.8 4.7 300
Omnipaque™ 300 ] .
(GE Healthcare) Iohexol 640 672 Heionnwmit 11.3 6.2 300
Optiray™ 300 ] )
(Guerbet) Toversol (640) 651 HeiomHuii 8.2 5.5 300
Oxilan® 300 . .
(Guerbet) Iotrolan (623) 610 HeioHHwuii 9.4 5.1 300
Ultravist™ 300 . .
(Bayer Healthcare) Iohexol 300 607 Heionnwuii 9.2 49 300
Hexabrix™ (Guerbet) Iopamidol (589) 600 lonnwuit 15.7 7.5 320
Optiray™ 320 ] )
(Guerbet) Ioversol (680) 702 Heionnwmii 9.9 5.8 320
Visipaque™ 320 . j
(GE Healthcare) Todixanol (652) 290 lonHmii 26.6 11.8 320
Optiray™ 350 ] )
(Guerbet) Toversol (740) 792 Heionnmii 14.3 9.0 350
Omnipaque™ 350 ] j
(GE Healthcare) Iohexol 350 844 Heionnnii 20.4 10.4 350
Oxilan® 350 ] )
(Guerbet) lotrolan (727) 721 Heionnmit 16.3 8.1 350
Isovue™ 370 (Bracco) Iopamidol (760) 796 HeionHnwuii 20.9 9.4 370
D Cnarey) | U i) 1551 ot 16.4 10.0 370
sodium (760)

Ultravist™ 370 . .
(Bayer Healthcare) lohexol 370 774 Heionnuit 22.0 10.0 370
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IcHyIOTh NEpeKOHNUBI AOKa3u MeTa-aHali3y 3
nmanumu 31 PKJl mpo Te, 110 HU3bKOOCMOJSIPHUIA
KOHTPACT MEHII HEeMPOTOKCUYHUI (MEHIIUA PUUK
KA-TTIH BP 0,61, 95% 0,48 — 0,77) nopiBHSIHO 3 BU-
cokoocMosipHuM KoHTpactoMm [31]. o crocyeThes
i300CMOJIIPHUX KOHTPACTiB, AaHi JiTepaTypu € Heo-
JQHO3HauHuMHU [32].

TakuM 4MHOM, BUOip KOHTPACTHOI PEYOBUHU MiX
HU3BKO- Ta i300CMOJIIPHUMU CJIiT pOOUTU HAa OCHOBI
IHIIKUX MipKyBaHb (HAPUKJIaA, BAPTOCTi, JOCTYMHOCTI
iT.m.).

HianizHa HuUpkoBa 3amicHa Tepanisg (AH3T):
JA3HT (remomianiz abo reModinbTpallito) BUBYAIU SIK
MOXJIUBUN MPOdITAKTUYHUNA TiAXiA, 10 € AEUO Ma-
pPaJOKCAIbHUM, OCKIJIbKM MPUYMHOIO 3aroOiraHHs
KA-TTIH € came YHUKHEHHS Miali3y Ta MOB’S3aHOI 3
HUM 3axBopioBaHOCTi. Pi3i00TiYHO BHYTPITHHOBEH-
Ho BBeneHMit MBKP nocsirae HUPKU MPOTSITOM Kislb-
KOX CeplUeBUX LIUKIIIB, i MOAaJbIIE EKCTPAKOPIOPAIb-
HE BUIAJIIEHHS LIUPKYJIOI0YOrO0 KOHTPACTY HaBPSA YU
MaTume Oyab-skuil no3utuBHuit edexrt. JJH3T Takox
3HUXYE piBEHb KPEATUHiIHY B CUPOBATILI KPOBi, TAKUM
YUHOM, MPU3BOASYM A0 XMOHOI 3apeeCcTpoOBaHOI KO-
pUCTi B pe3yibTi 3HMXXEHHST KpeaTuHiHy [33]. ¥ cucte-
MatuaHomy orsai 2006 p. [34] Ta e ogHOMY GibIIO-
My HAcCTyMHOMY JOCimkeHHi [8] moBigomisiocs: mpo
BincyTHicTh KopucTi Bix JA3HT.

Ha nymky pobGouoi rpynu, Oyab SIKMA METOZ,
HN3HT HeaouuibHO 3aCTOCOBYBATU LI MPOdiTaKTUKKU
KA-TTIH.

Cmamunu: CratvHu Oyau BUIIpOOyBaHi mjis 3a-
no6iranHst KA-I'TTH, B ocHOBHOMY, B YMOBaX KOpoO-
HapHOi aHriorpadii Ta 4Yepe3lKipHUX KOPOHAPHUX
BTpyYyaHb. MexaHi3MM, 4yepe3 $IKi CTaTUHU MOXYTh
3a0e3meuyBaTd PEHOMPOTEKILiI0, OKPiM iXHiX IUIeiio-
TponHux eexriB HeBimoMi [35, 36]. Y 3B’43Ky 3 LiuM,
poboua rpyna He peKOMEHAYE BUKOPUCTOBYBATHU CTa-
TUHU 3 MeToto npodinakTuku KA-TTIH.

Inwi aikapcoki 3acoou (JI3): Idexinbka iHIIUX
JI3 6yno BunpobysaHo a5 npodinaktuku KA-TTIH,
pkitouatoun teodinin [37], npocrarmanaun E1[38],
Hikopauaun [39], ackop6inoBy kucioty [40], anomy-
punon [41], anbda-tokodepon [42], deHoamomam,
HarpiilypetnuHi nentuau [35] i TpumMertasunun [43].
Xoua gesiKi 3 UUX OOCHIAXEHb MOBIAOMISIIOTH MPO
e(eKTUBHICTh, BOHU OOMEXEHi HEBEJIMKOIO BUOiIpKOIO
a00 HESICHOIO KOPUCTIO LIOA0 KITiHIYHUX PEe3yabTaTiB.
Otxe, BukopuctanHs 1ux JI3 nis npodinaktuku KA-
I'TIH HemouinbHO.

B3aemonii 3 VIBKP: merdopmin, inriditopu

PAAC, niypetuxku, IH3KTI'-2.

Memdpopmin He € HakTOpOM PUBKMKY PO3BUTKY
KA-TTIH i BuyTpilrHbocynuuHe BBeneHHst IBKP He
MPOTUITOKA3aHEe MalliEHTaM, sIKi HOTO OTpUMYIOTh. O~
Hak MeThopMiH-acouiitoBaHuit 1akToauuaos (MAJIA)
MOXe BUHUKHYTH Y XBOPUX, SIKi MpUIMaOTh MeT(hOp-
MiH Ta y sIKux 3rogoM po3BuBaeTbcst KA-TTIH.

Incrpykuia 3actocyBaHHs MeTdopMiHy (Merck
Sante Corporation, Jlion, ®panuis) [44] pekoMeHIy€

MPUMIMHUTUA TIpUiioM MeT(OpMiHYy nepen Oyab-sKUM
3aIUIAHOBAHUM BBEIEHHSIM KOHTPACTY, i JIUIIE Yepe3
48 rogvH BiTHOBUTU MOro Micjsl TOro, sIK Oyde Mia-
TBEPAXEHO, O (GYHKIIiSI HUPOK cTabiibHaA. 3arajiom
11i BKa3iBKM MOCTYMOBO Oy/IU 3aMiHEHi MEHIII 0OMeX-
YBAJIbHUMU PEKOMEHIALISIMU, OCKiJIbKU HAKOMUYU-
JIUCS IOKA3U TOTO, 110, HE3aJIeXHO Bifl PYHKIIII HUPOK,
3arajbHUi pu3nk MAJIA, cipuuMHEHUT HAKOMUYEH-
HsaMm MeTdopminy BHacainok KA-TTIH, € Hag3Buyaii-
HO HU3bKUM 32 BiICYTHOCTI iHIIIMX CYMYTHiX TOCTPUX
3aXBOpPIOBaHb, HaNIpUKJIan cerncucy Ta/a6o I'TTH.

Y ubomy koHTekcTi IlociobHuk ACR mono
KOHTPACTHMX 3ac00iB [5] pekomeHaye, o6 y mari-
eHriB i3 pIIIK® >30 mi1/xB/1,73 M2 i 6e3 o3nak I'TIH
npuitoM MeTGOPMiHY HEe MPUIMUHSBCS IO BBEICHHS
MBKP i HeMae HeoOXiTHOCTI MPOBOIUTH TECTYBAHHS
IS OLIHKKM (yHKILiT HUPOK micias nporo. [MogioHum
YyruHOM €EBpOMNENchbkKe TOBAPUCTBO YPOTEHITAIBHOI
paaiofiorii, sIKe TaKOX paHille CXBaJalOBaJIO OiJbliI
KOHCepBaTUBHMU minxin [45], Temep peKkoMeHAye
MPOIOBXYBATU MPUKOM MEeT(HOPMiHY Mepea BBEAECH-
HSIM KOHTpACTy MmamieHTam i3 BuximHoto plLIIK®D >
30 mu/xB/1,73 M2 (okpim mauientis 3 T'TTH a6o Tux,
XTO OTPUMYE KOHTpAcCT iHTpaaprepianbHO) [46]. Ha
Hally AYMKY, TaKuMil MeHII oOMeXyBaJbHUI Miaxin
111040 MeT(HOPMiHY € BUMMpaBAaHUM, OCKiJIbKU PU3UK
IUTSL XBOPUX € HU3bKKUM [47].

Mu BBaxkaemo, 1o Tinbku y pasi 'TTH a6o pIIIK®D
< 30 mi/x8/1,73 M2 HEOOXiZHO MPUIIMHUTU MPUIAOM
MeTHOPMiHY, OCKIJTbKU 3aCTOCYBaHHS MET(HOPMiHY Y
it cutyauii Hece BUcokuii pusuk MALA He3alexxHO
Bix BBeneHHst VIBKP. Pexomenmauii momo 3acrocy-
BaHHS MeTdopMiHy 3anexHo Bim plIIK® namieHTiB,
ski notedytoTs PKJI mogaHo Ha puc. 1.

IHriGiTOpU aHTriOTEH3MHIEPETBOPIOIOUOro (ep-
MeHTy (IAT1®) i 6;1oKaTOpU pelienTOPiB aHTIOTEH3UHY
(BPA) MoXyTh CHpOBOKYBaTHM a00 MOTipIIUTU Mepe-
oir I'TTH. ¥ HeulonaBHbOMY CHCTEMATUYHOMY OTJISIIi
Ta MeTa-aHalli3i mpoaHaai30BaHWI BIUIMB BiAMiHM iH-
ricitopiB AI1®/BPA mnepen kopoHaporpadieio [48].
VYV oMy MeTa-aHamizi 3a3Haye€HO, 1O MPUITMHEHHS
nipuitomy iHribiTopiB AII®/BPA He 3MeHIIye pu3uK
I'TIH (OP 1,48, 95% 110,84, 2,60]) [49].

Ha nymKy ekcnepTHOI Ipynu, BUPILIEHHS LbOTO
MUTAaHHS Ma€e 0a3yBaTHUCh Ha 3arajibHUX MPUHLUMAX
3actocyBaHHs IAII® a6o BPA.

BukopuctaHHsl niypeTUKiB € (HaKTOPOM PHU3UKY
po3Butky KA-I'TIH [49], ockinbKu rinoBojiemist cripu-
si€e BUILIN WMOBIpHOCTI Ta OiJblI TSIXKOMY mepediry
KA-TTIH; icHyl0Th TaKOX pU3UKU MPpUIOMY AiypeTH-
KiB y MaL[i€HTiB, SKUM BOHU MOTPiOHi IJISI MiATPUMKU
eyBosieMii. [IpunuHeHHsd TpuitoMy AiypeTUKIB y Ta-
KOMY pa3i MOXe MPU3BECTU A0 MEepPeBaHTAXEHHS pi-
JMUHOIO, 1110, OKPIM PU3UKY HAOPSIKY JIET€Hb Ta iHIIUX
HEraTUBHUX HACiAKiB, MOXe OyTW IWIKiIJIUBUM JJIsI
dynkuii Hupok [50, 51].

Otxe, y KU cOOCiO MiATPUMYBaTA y XBOPOTO
CTaH eyBOJIeMil CJIil BUPIllyBaTU iHAUBIIYyaJIbHO.

MpobAeMM OPraHi3aLLi TO eKOHOMIKM
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Pexomennanii nono npuitomy merdpopminy (MD)

' !

! l

pIIK® >60 <60 pllIK® >45 <45 pIllIK® >30 pHIK®
MII/XB MII/XB MII/XB <30 my1/xB
v l v v
B/B; B/a B/B; B/a e 5/B VMBKP — B/B;UB/a PK
IIponosxysatu MBKP npoIOBKUTH M. Ipuiiom M®
Mo o 1/a IBKP — MPOTUNOKA3aHUI

npunuHATH M@ 3a
48 roaun no PK/I.

e Binnosutu
npuiiom uepes 48
rox B pazi IIK®
>30 MII/XB.

e 3abe3neuynTu
KOHTPOJIb TIIiKeMil

Puc. 1. 3acrocyBanus metdopMiny nepea PKJI 3anexno Big plIIK® nauienra.

IIpumiTku:

M®, memepopmin; HBKP, iiodoemichi konmpacmui pewosunu; pIlIKD, pospaxynkosa weudkicms kay6ouxo6oi

dinompauii; PKJ[, penmeenxonmpacmue docaioyncenus

Jiarnoctuka KA-I'TTH. KA-TTIH niarHoctyeTh-
Ccs Ha OCHOBi BU3HAu€HHSI KOHIIEHTpalii KpeaTUHiHY
cupoBatKu uepe3 48 roauu micns seeneHHs VBKP. Sk
npaBuno, KA-TI'TTH Bu3HavaeThes K MiABUILIEHHS Kpe-
aTUHIHY BUIlEe 26 MKMOJIb Ta/ab0 3MEHIIEeHHs Aiype3y
<0,5mu/kr/ron potsirom 6-12 romuH. Ha nymKy ekc-
MEPTHOI Py BU3HAYCHHS KOHIEHTpAllii KpeaTUHiHY
CHpPOBAaTKM KPOBi PEKOMEHIYETHCS IPOBOAUTHU JIMIIIE
yepe3 48 roguH Ta KOHTPOJIIOBATH MOTOAVMHHUN Jiype3
micst BHYTpilHboCyMHHOTO BBeneHHs: MBKP (oco-
6ymBO iHTpaaprepianbHOro) y xsopux iz plIK® < 30
wi1/xB/1,73 mM2. Ina pewrtn nauientis pusuk KA-TTIH
BBAXA€EThCsl TOCTATHHO HU3BKUM, TOMY BMIILIEC 3rajaHe
TeCTyBaHHSI HeBMUIIpaBaaHe. [Ipore iHIIMM malieHTaM
i3 TPy PU3MKY CJIif TOBIZOMUTH IMPO HEOOXiAHICTb
3BEPHYTUCSI 32 MEIUYHOIO IOINOMOIOIO, SIKILIO Y HUX
PO3BUHETHCS 3aauIlKa abo mepudepuaHuil HaOpsK i/
200 BOHU ITOMITSITh OMIiTHE 3HIDKCHHS BUIUICHHS Cedvi
B HACTYTIHI AHi micisl npoueaypu. st BCTaHOBJIEHHS
niarHo3y KA-T'TIH caim BUKopucTOBYBaTH KpUTEpiaab-
nicts I'TTH, 3anpononosany KDIGO [13]:

® [linBuineHHs piBHSI KpeaTUHIHY Ha 26,5 MKMOJIb/J
MpoTIroM 48 TOIMH IiCJIsl BHYTPilIHbOCYIUHHOTO
BBEJIEHHSI KOHTpAcTy, 3a YMOBM BilICYTHOCTi iH-
IIKX TPUYMH.

IMinBuieHHsT piBHS KpeaTUHiHy B 1,5 pa3u Bia-
HOCHO BUXiTHOTO PiBHSI, BU3HAYEHOTO MPOTSATOM
OoCTaHHix 7 mi0.

3HuXeHHsT mpoaykuii ceui mo <0,5 mu/Kr/rog
npoTtaroM 6-12 roguH micis BBeneHHs PK.

JlikyBanna KA-TTIH. Ockinbku KA-T'TIH moxke
OyTH BUKJIMKAaHA He TUTbKY 3acTocyBaHHsM IBKP, a B

TOMY YUCHi Oyab-saKolo 3 Bimomux nmpuunH I'TIH a6o ix
MOEIHAHHSIM, TO Ha AYMKY €KCIIEPTHOI IpyIu, 00’eM
JIIKyBaHHSI, MOHITOPUHTY Ta IOr0 4acTOTHU, Miclie ioro
NpOBEIEeHHS BUpIllyeE MIKIUCLUILIIHApDHA KOMaHIa
(mikyroumii mikap, Jikap-HedpoJjor, JiKap-iHTeHCH-
BiCT).

Lli pexomeHmallii MalOTh METy 30aJIaHCYBaTU PU-
3uku BUHUKHeHHsI KA-TTIH, 3 cBoeyacHO0 SKiCHOIO
NiaTHOCTUYHOIO Bi3yaizali€to Ta BapTicTio PKI.

PE3IOME.
1. Cmpamudpixauia puzuxy KA-T'ITH
la. Busnauenns epynu pusuky 3a pIIIK®-EPI 3 ypaxy-
ganusam pakmopis pusuky nepeod eeedennim HBKP ¢
0008 ’3K08UM.
Iepesaxcna Ginvwicms nayicnmis, sxum HBKP
6600uUAU BHYMPIUHLOCYOUHHO, He MAaAU 3HAYH020
noeipuienHs QYHKUii HUpoK uu HeobXiOHocmi 3acmo-
cysanus dianizy.
Piwenns npo 3acmocyeanns HBKP mae epynmysa-
muce Ha ouiHyi cniegiOHOWeHHs KOpUCcmi ma wKoou
810 yboeo docaioncennsi, — pIIIKD uu konyenmpayis
KpeamuHiny He MOXNCymb Oymu npomunoKa3auHim
0415 3acMOoCy8anHs KOHMPACMy, ix 6eAU4UHA € Auule
Kpumepiem epynu pusuKy.
Ocnosnum cpaxmopom puzuxy KA-T'TIH e pIlIIK® <
30 ma/xe/1.73 m2.

s cmauionapHux xeopux abo 0as nayieHmis, ki
nompebyroms HegidkaadHoi donomoeu pexomeHoy-
emoca epaxosysamu plIIK® npomsieom ocmanmuix
7 OHie, y pa3i giocymHocmi ye He NOBUHHO 3ampUMy-
samu excmpeHe gizyanizayiiine 00CmMeNCceHHs, K0
80HO HeoOXiOHe.

10.

1s.

Ie.
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2a. 3a nHasenocmi HegidKaadHOi cumnmomamuxu (nido-

3pa Ha iHcyavm, mpomboemooito neeenesoi apmepii,
2ocmpuil aopmanvHuii CUHOpom, iuemiro abo nep-
Gopauyis kuweunuka ma inwi cmauu), caio HeeaiHo
posnouamu 00CAi0NCeHHsT 3 KOHMPACMYBAHHAM, He
uekarouu pezyavmamie pIIIKD.

26. 3acmocysanus éHympiuiHbo8enH020 abo iHmpaap-

10.

11.

mepianbH020 88edeHH KOHMPACMY NPU 8Jice iCHY-
rouomy I'IlH mae 6azysamuce Ha chiggioHOUleHHI
pusuxky noeipuienns nepeobicy I'IlH ma nepesacu
nokpaweHns diaeHocmuKu ma eubopy adeKkeamHo-
20 NIKYBAHHA.

SAxwo pIlIK® >30 ma/xe/1,73 m?2 i nemae o3nax
i cumnmomie I'IIH, cai0 euxkonamu npuzHaueHe
Kowmpacmue docaioncenus. Axuo pIIIKD <30 ma/
x6/1,73 m? abo € nidospa na I'llH, pexomendyemo-
¢ npuiimamu iHOUgiOyaabHe DiuleHHs 34 Y4acmio
KomaHnou, aka oyintoe pusuxu KA-TTIH ma pusuxu
8idcmpouenoi abo HeonmuUManvHoi eizyanizayii.

Bisyanizayito 3a donomoeoro HBKP moxcna nposo-
dumu xeopum na XXHVT]] abo VIII nezanexncro gio
HaséHocmi vu @i0cymHocmi pe3udyarvHoi @QyHKuUii
HUpOK 0e3 3MiHu epagiky dianizy.

Bubip konmpacmy

Pexomendyemocs eukopucmosysamu Hu3wbko abo
i3oocmonspuuii HBKP.

He pexomendyemoca 3menuiysamu 00°em 66edeHHs
Konmpacmy 3anexcto 6id pIIIKD, ockirbku ye 3Hu-
JHcye akicmo gizyanizayii i m.4. nozipuiye diasHoc-
muKy i 6ubip adekeammHozo AiKy8aHHs.

He pexomendyemocs obmedxncysamu nosmopHe 6Hy-
mpiwnvogenne e6eedenns HBKP nayiecnmam i3
pIIIK® >30 ma/xe/1,73 m? 6es T'IlTH abo eocni-
Mmanizo8aHuM Xeopum i3 3aepo3amu 0as dJcumms.
Pekomendyemocs yHukamu noemopHozo KOHMp-
acmyeauHsa npomseom 48 e00un 048 NAAGHOBUX NPO-
uedyp, AKWO RNAYIEHMU MAOMb GUCOKUI DPUUK
KA-TITH (pIIIK®D <30 ma/xe/1,73 M2, inmpaapme-
pianvhe ésedennss MBKP). Oonak y pasi 3axeopio-
BAHHS, SKe 3a2POJACYE HCUMMIO, NOBMOPHE 86€0eHHS
HUBKP mosxuce 6ymu unpagdanum 04s 6cmanoBAeH-
Hs OiaeHO3y ma eusHaueHHs 30epiearo4o2o dcumms
NIKYBAHHA.

Ilpoghinaxmuxa KA-TTIH.

Heobxionicms opanvHoi abo 6HympiuHb08eHHOI 2i-
dpamauii nayicumie cepednvoeo pusuxky KA-TI'TIH,
ii 00°em i mpuganicme suzHauaemvcs iHOU8idyarvHo.
Xeopum 3 pIIIKD <30 ma/xe/1,73 M2, axum naauy-
embcs eHympiunbogenHe ésedennss HBKP, neo0xio-
nicmo eiopamauii 0,9% pozuunom NaCl,

Jns xeopux i3 KD <30 ma/xe/1,73 M2, axum naa-
Hyembcs iHmpaoapmepianvHe a60 0oerHe 66e0eHH s
HUBKP neobxiona enympiwnvosenna 2iopamauis.
Ilpuiimamu piwenns wo00o 3acmocy8anHs HU3bKO-
ocMoaspHO20 abo i300cmonspHoeo eéedentss HBKP
PeKomeHdyemobcsl euxodayu 3 ix eapmocmi ma 00-
cmynHocmi.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

2la

He pexomendyemocsa 3acmocosysamu 6y0b-sKy me-
moouxy JA3HT oas 3nuxcenus pusuxy KA-T'TIH ne-
ped abo nicas 3acmocysanus MBKP.

He pexomendyemucs eukopucmosysamu ayemun
yucmein ons npoginakmurxu KA-T'ITH.

He pexomendyembcsi 3acmocogysamu cmamuHu 04s
npoginaxkmurxu KA-T'ITH.

He pexomendyemocs eukopucmosysamu meoginiu,
npocmaenandun El, nikopanoua, ackop6inogy Kuc-
AOMY, AAONYPUHON, anb@ha-mokogeponr, ¢henosdo-
nam, HampitiypemuyHi nenmuou ma mpumemasuouH
ons npogpinakmurxu KA-T'IIH.

Y pasi HTIK® <45>30 ma/xe/1,73 m?:

¢ B/B PK — mponosxutu MO

e B/a PK — nmpummmantu M® 3a 48 ronun no PKJI

e Binnosutu npuiiom yepes 48 rox B pasi HIK®D
>30 mu1/xB.

e 3abe3neyuTy KOHTPOJb IIiKeMii

Axwo ITKD <30 ma/xe/1,73 M2, — npuiiom MD
npoOMUNOKa3aHuil.

Pexomenoauyii  wodo  npununenuws — npuiiomy
IAII® ma BPA do abo nicaa esedenns MBKP,
Maroms 6a3yeamucs HA 3A2albHUX NPUHUUNAGX iX
3aCcmMocy8anHs.

Pexomenoauyii wodo euxopucmanusa diypemukie 0o
abo nicas ésedenns HBKP nosunni 6azysamucsy Ha
3Q2ANbHUX NPUHUUNAX IX 3ACMOCYBAHHS.
Pexomendyemocsa eusnauenns kpeamuminy cupo-
8amKu Kpoei ma no2odurnHoeo diypesy uepes 48200uH
nicaa eeedenna MBKP y ecix nayienmis iz IIKD
<30 ma/xe/1,73 m?. IIpome 6yOb-sK020 nayicuma 3
2pYNU PU3UKY CAI0 NPOIHCMPYKmyeamu npo Heooxio-
HicMb 36epHYMUCS 34 MeOUHHOI 00NOMO20H, AKU0
Y Hb020 NOCUAUMDBCA 3A0UKA, 3 16AAMbCSA HAOPAKU
20MINOK A00 3MEHUUMbCS 8UQiNEeHHS cedi y Hacmyn -
Hi OHI nicas 8i3yanizauyiiinoeo 00cai0NceHHs.

Hiaenocmuxa KA-TITH mae 6azyeamuce Ha kpume-
pisx T'ITH KDIGO:

ITiosuwenns pisns kpeamuwuiny Ha 26,5 MKMOAb/1
npomseom 48 eodun nicas 6HympiuHb0CYOUHHO2O
86e0eHHs KOHMPACcmy, 3a yMo8U 8i0CYMHOCMI IHUUX
NPUYUH.

216 ITidsuwenns piens kpeamuniny 6 1,5 pasu eionocro

21s

22.

BUXIOHO20 DIGHS, BU3HAYEHO20 NPOMS2OM OCMAHHIX
7 di6.

Snuxcenns npodykuii ceui do <0,5 ma/ke/200 npo-
mseom 6-12 eodun nicas egedenns PK.

Y pasi noseu oszmax KA-TIIH, 06’em aikysan-
HS, MOHImMopuHey, micye 1020 30iliCHeHHs BUPIULYE
MYAbMUOUCUUNAIHAPHA KOMAHOA (AiKyruull aikap,
Aikap-Hegponoe, aikap-inmencugicm). OcKinbKu
KA-TIIH mooce bymu sukaukana He minbKu 3acmo-
cyeaunam UBKP, a 6 momy uucni 6y0s-sKoto 3 8ido-
mux npuyun T'ITH abo ix noeOnaunsam, mo Ha OyMKY
pobouoi epynu, 00°em NIKY8AHHA, MOHIMOPUH2Y MA
iloeo wacmomu, micye 020 npogedeHHs GuUpIULYE
Mixcoucuyunainapua Komaunoa (Aikyrouui aikap, Ai-
Kap-He@poaoe, AiKap-inmeHncugicm,).
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Jonarok 1
Tabauys 11
Cragii I'TTH (Bik 6inbire 18-1H pokiB)
Cragis KpeaTunin kpoBi Hiypes
| 306inbienHs KC B 1,5—1,9 pasiB Bia nomnepeaHboro <0,5 my/KT/TOA
a60 >26,5 MKMOJTb/T TpUBaJIicTIO 6-12 TON
II 306inbieHHs B 2,0—2,9 pasiB Bif monepeaHbOro <0,5 mu/Kr/rox

TpUBAIICTIO >12-24 Ton,

I 36inbmenHst KC B 3 pa3u Bi monepeaHboro <0,3 mi/kr/Tom
a00 >353,6 MKMOJIb/J1, a00 ITOYaTOK TpUBaJicTIO >24 ron, abo
niajtizHOI HUpKOBOI 3amicHoi Teparii (JIH3T) aHypis =12 rox
Tabauys /12

Mapkepu XXH (KDIGO 2012), anantosano

No Mapkep IIpumiTku

1 [Tpoteinypisi/AnbOyMiHypis™ HEB>300 mr/no6, AEA >30 mr/no6, BAK >30mMr/T; >3Mr/MMOJIb

Eputpouutypisi/epuTpoLMTapHi HWIiHAPY, JIEUKOLUTYPisl/

2 3MiHM ocamy cedi . . .
JICMKOLUTAPHI HTTHAPU

3 JlabopaTopHi NposiBY TYOYISIpHUX TTaTonoriuyHi 3MiHM KOHLIEHTpALlil eJIeKTPOJIiTiB CUPOBAaTKH Ta/abo
nucdyHKIIi 400 CHHIPOMIB ceyi, MopyIieHHs KUCIOTHO-TYXXHOI piBHOBAru.

O3HaKM i30J1b0BAHUX MOIIKOMIKEHb KITYOOUKiB, KAHABIIIB,

4 [TaroricTonoriyni 3MiHI . . .
IHTEPCTHIIiIO a00 X TOETHAHHS

CTpyKTYpHi 3MiHU, BCTAHOBJIEHI KawmeHi, rinpoHedpo3s, KicTu, 30i/ibliIeHi 400 3MEHIIIEHI po3MipHn
5 MeTodaMU Bi3yatizallii HUPOK Ta HUPOK, aCUMETPisl pO3MipiB HUPOK, PeTpOIepUTOHEeaIbHII (piOpo3
CEYOBUX LIUISIXiB 1T

[linBuilieHHs KpeaTUHeMii OLIbIIe
6 BEPXHBOI MeXi HOpMH 200 3HIDKCHHS
pIIK® <60 mi/xB./1.73 M2

IToenHaHe 3 MapKepaMM MaTOJIOTIYHMX 3MiH CEYOBOI CCTEMU ab0
0e3 HUX

Tabauuys /13
Xapakrepucruka craziii XXH 3a pisnem IIIK®D
. pIIIK®
Cragis Onmc cranii e
XXH-I VYpaxkeHHs1 HUPOK 3 HOPMaJIbHOIO 200 3011bIIIEHOI0 >90
IIBUIKICTIO KITyOOUKOBOI (isbrpartii
XXH-II VpaxxeHHST HUPOK 3 He3HAYHUM 3HITKeHsiM pLITK D 60-89
XXH-IIIa pIIIK® He3HauHO a60 MOMiIpHO 3HMKEHA 45-59
XXH-II16 [ITK® momipHO a60 BUpaXkeHO 3HIKEHA 30-44
XXH-IV Bupaxkeno sHmkeHa plITK® 15-29
XXH-V HupkoBa HenocTaTHICTh <15
YKPOTHCBKMIM XYPHOA HEPPOAOFT Tal Alanizy N4 (84) 2024 NpoBAeMM OPTraHI3ALLT TA EKOHOMIKK 13

HEDPOAOTIYHOI AOMOMOTIM
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Abstract. End-stage kidney disease (ESKD) is associated with a higher incidence of
renal cell carcinoma (RCC). Here we report a case series of 56 patients with ESKD who
underwent radical nephrectomy for suspected renal masses at a tertiary hospital in Portugal
from January 2017 to January 2024. Patient records were reviewed retrospectively to collect
clinical, surgical, and pathological data. Among these patients, 12 had benign tumors,
while 44 were diagnosed with malignant tumors, accounting for approximately 78.5% of
the cohort. The histological analysis revealed the following distribution: clear cell RCC
(20 cases, 45%), papillary RCC (11 cases, 25%), ACKD-associated RCC (6 cases, 14%),
clear cell papillary RCC (4 cases, 9%), and chromophobe RCC (3 cases, 7%). Notably, the
majority of patients (95.5%) had stage I malignant tumors, yet the prognosis for patients
with ESKD was poorer compared to non- ESKD patients, with 7 patients succumbing during
the follow-up period.

This study underscores the complex relationship between ESKD and RCC, highlighting
the challenges in diagnosis and management. Despite regular monitoring leading to early
detection of tumors, the overall prognosis remains adversely affected by the compromised
immune status and comorbid conditions prevalent in this population. The findings call for
enhanced surveillance and personalized management strategies for RCC in patients with
ESKD.

Keywords: end-stage kidney disease, renal cell carcinoma, acquired cystic kidney disease,
hemodialysis, pathology.
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XKoao @eppeiipa I'eppa, 2Koao Maramssiinm Ilina, Banecca Aunpane,
Miress Bpito Jlanua, Jlyic Kamnoc Iinbeiipy

Kapuynoma HupKM, acouiiioBaHa 3 TepMIHAJbHOIO CTATIEI0
XPOHIYHOI XBOPOOH HUPOK: cepisl KJIiHIYHINX BUNIAKIB
i3 BUCOKOCHeniamizoBanoi gikapui Ilopryranii
Kninika Can-Xoce, LlentpanbHa JlicaboHChKa JiKapHS Ta YHiBepCUTETChbKU LIeHTp, JlicadboH, [TopTyranis

Pestome. Tepminanvna cmadia xporiunoi xeopobu nupok (XXH VII) acoyiitoéana 3 6UCOK0I0 YACMOMOI0 HUPKO-
6o-kaimunnoi kapuunomu (HKK). Y yiit pobomi mu nogidomasiemo npo cepiro sunaokis iz 56 nauienmie 3 XXH VI, axi
nepeHecau paduxKanvHy He@peKmomiro 3 npueody nido3pu Ha HOBOYMBEOPEHHS 8 HUPKAX Y BUCOKOCNeYianizo6aHill AiKapHi
Tlopmyeanii 3 ciuna 2017 no civenv 2024. 3anucu nayienmis Oyau pempocneKmugHo nepeeasHymi oas 300py KAIHIYHUX,
Xipypeiunux i namonoeiunux danux. Ceped exaroueHux nayicumis 12 maau 0o0poskicui nyxaunu, mooi ax y 44 oyiu
diaenocmogati 3105KicHi nyxaunu, wo cmarosunro 78,5% koeopmu. Iicmonoeiunuii ananis eussue maky cmpyKmypy
sunaodkie: ceimaoxaimunna kapuyunoma Hupru (20 eunadkie, 45%), naninapua kapyunoma nupku (11 eunaokie, 25%),
KApuyuHoMa HUpKU, acoyitiogand 3 HAOYMum KiCMO3HUM 3aX80pIoeanHam Hupok (6 eunaokie, 14%), ceimaokaimunna
naninapua kapyunoma nupku (4 eunaoku, 9%) ma xpomogpobra kapyurnoma nupku (3 eunaoxu, 7%). Hpumimno, wo
Oinvuticms navieumis (95,5%) manu 3noakicni nyxaunu I cmadii, ane npoenos 6ye 2ipuum nOpigHAHO 3 nauicHmamu o6e3
XXH V]I: 7 nayienmis nomepau npomseom nepiody cnocmepedceHHs.

Hauwe docaidacenns niokpecaroe ckaaonuii 36’30k mine XXH VI ma HKK, euceimaiorouu npobremu é diacnoc-
muuyi ma aikyeaunni. Hezeaxncarouu na pecyaapuuii MOHIMOpUHe, pe3yabmamom K020 € piHHs 0iaeHOCMUKa HO80YME0-
PEHHS, 3a2aNbHULL NPOSHO3 3AAUUAEMBCSI HECNPUSMAUBUM Yepe3 IMyHOoOeiyum i CynymHti 3axXe0pio8aHHts, NOUUPEHI 8
yiit nonyaayii. Ompumani pe3yabmamu 8UMAaAearOMb NOCUAEHO20 CHOCIMEPENCeHHs Ma NePCOHANI308AHUX cmpameeiil Ai-

kyeanns HKK 'y nayicnmis iz XXH V1.

KimouoBi ciioBa: mepminansna cmadis XpoHiuHoi X60poou HUPOK, HUPKOBO-KAIMUHHUL paK, HAOymMa KiCmo3Hd

X60poba HUpoK, eemodiania, namonoeis.

Introduction. Chronic kidney disease (CKD) is a
progressive condition marked by a gradual decline in
kidney function over time. It involves various patho-
physiologic processes that lead to impaired kidney
function and a reduced glomerular filtration rate. In
advanced stages, CKD can progress to end-stage kidney
disease (ESKD), where kidneys fail to perform essential
functions, resulting in the accumulation of toxins, flu-
ids, and electrolytes in the body. This uremic syndrome
requires renal replacement therapy, typically through
dialysis or kidney transplantation, to sustain life [1, 2].

ESKD is a growing public health concern, affect-
ing millions globally. The prevalence of ESKD has risen
due to increased incidences of diabetes and hyperten-
sion, both primary risk factors for CKD. ESKD patients
encounter numerous complications, including elevated
risks of cardiovascular disease, infections, and various
malignancies, such as renal cell carcinoma (RCC) [3].

RCC is the most common kidney cancer, account-
ing for approximately 85% of kidney malignancies.
ESKD patients, particularly those with acquired cystic

Joao Ferreira Guerra
joaoguerra93@gmail.com

kidney disease (ACKD), are at a significantly higher
risk of RCC. The likelihood of RCC in patients with
ACKD, a condition marked by multiple kidney cysts
from long-term dialysis, is estimated to be 3—24 times
higher than in the general population [4—6].

The development of RCC in ESKD patients is
multifaceted, with chronic inflammation, oxidative
stress, and genetic mutations playing critical roles.
Long-term dialysis contributes to toxin and free radical
buildup, leading to chronic inflammation and oxidative
stress, which can damage cellular DNA and promote
oncogenesis. Genetic mutations, such as changes in the
von Hippel-Lindau (VHL) gene, may also be exacer-
bated by chronic oxidative stress and inflammation in
ESKD patients [6—8].

Advances in RCC classification have highlighted
distinct subtypes of RCC in ESKD patients. The 2016
World Health Organization (WHO) classification in-
troduced new RCC subtypes, including acquired cys-
tic disease-associated RCC (ACD-associated RCC)
and clear cell papillary RCC (CCP-RCC), which have
unique histological and clinical profiles and are particu-
larly relevant to ESKD patients [9].

This case series study describes the clinical and his-
topathological characteristics of renal tumors in native
kidneys of ESKD patients treated at a tertiary Portu-
guese hospital.

Case series. A total of 56 ESKD patients who un-
derwent radical nephrectomy for suspected renal masses
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at a tertiary Portuguese hospital between January 2017
and January 2024 were included in this report. Patient
records were reviewed retrospectively to gather clinical,
surgical, and pathological data, focusing on RCC types
and their association with long-term dialysis. The hos-
pital’s Institutional Review Board approved the study,
waiving informed consent due to its retrospective na-
ture. Patient confidentiality was maintained, with all
data anonymized per the Declaration of Helsinki and
local ethical guidelines.

Of these patients, 12 had benign tumors, including
multilocular cystic renal neoplasm, acquired cystic kid-
ney disease (ACKD), and oncocytomas. Malignant tu-
mors were found in 44 patients, accounting for approxi-
mately 78.5% of those who underwent surgery. The his-
tological types included clear cell RCC (20 cases, 45%),
papillary RCC (11 cases, 25%), ACKD-associated RCC
(6 cases, 14%), clear cell papillary RCC (4 cases, 9%),
and chromophobe RCC (3 cases, 7%) (Fig. 1).

The majority of malignant tumors were classified
as stage I (42 cases), with one case each of stages 11 and
III. The median follow-up period was 40.4 months,
during which 7 deaths were recorded. The median age
of ESKD patients with malignant tumors was 60 years

(IQR 47-73), with a male-to-female ratio of 1.59.
Detailed patient and pathological characteristics are
shown in Table 1.

Clear cell RCC
45%

Papillary RCC
25%

Fig. 1. Distribution of histological subtypes of RCCs in
patients with ESKD from our study.

Table 1
Clinical and pathological features of patients with ESKD and renal tumors
No. of patients 44
60 [IQR 47-73]
Age, years (range) (45-94)
Male 27 (61)
Sex (%) Female 17 (39)
0 26 (59)
ECOG Performance Status (%) 1 16 (36)
>2 2 (5)
Diabetes Mellitus 6 (14)
Hypertension 12 (27)
Nephrotic Conditions 3(7)
Focal Segmental Glomerulosclerosis 2
Membranous Nephropathy 1
Nephritic Conditions 13 (29)
Chronic Glomerulonephritis 3
Etiol f ESKD
iology of ES (%) Lupus Nephritis 3
IgA Nephropathy 1
Membranoproliferative glomerulonephritis 1
Wegener’s Granulomatosis 1
Hemolytic Uremic Syndrome 4
Polycystic Kidney Disease 4(9)
Unknown/Unclear Causes 6 (14)
Median duration from
the onset of renal replacement therapy 14 [IQR 11]
to tumor diagnosis, years
) L <10 18 (41)
Duration of dialysis, years (%) 10 26(59)
Median tumor size, cm (range) 3,5(0,5-16)
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Continuation of Table 1

stage | 42 (96)
Pathological stage (%) stage I1 1(2)
stage I11 1(2)
pla 31 (71)
plb 11(25)
p2a 0 (0)
PT (%) p2b 12)
p3a 1(2)
p3b 0(0)
Clear cell RCC 20 (45)
Papillary RCC 11(25)
Histology (%) ACKD-associated RCC 6 (14)
CCPRCC 49
Chromophobe RCC 3(7)
Median follow-up, months 40.4 [IQR 18]

The median duration from the onset of renal re- tion relative to dialysis duration. Immunosuppressive
placement therapy to tumor diagnosis was 14 years therapy did not appear to significantly influence RCC
(IQR 11). Figure 2 shows the RCC subtype distribu- development in post-transplant patients.

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0% <10 years >10 years
Chromophobe RCC 2 1
CCP RCC 2 2
ACKD-associated RCC 0 6
Papillary RCC 4 7
Clear cell RCC 10 10
m Clear cell RCC Papillary RCC m ACKD-associated RCC
B CCP RCC Chromophobe RCC

Fig. 2. Distribution of histological subtypes of RCCs in patients with ESKD according to dialysis duration

Discussion. The relationship between ESKD and nounced in patients with ACKD. ACKD is character-
RCC is multifaceted, involving both the underlying ized by the development of multiple cysts in the kid-
pathophysiological changes associated with chronic neys, which can undergo malignant transformation
kidney disease and the effects of long-term renal re- over time. The pathogenesis of RCC in ESKD patients
placement therapy. The incidence of RCC in patients is thought to be driven by several factors, including
with ESKD is significantly higher than in the general chronic inflammation, oxidative stress, and genetic
population, and this increased risk is particularly pro- mutations [6, 10, 11].
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Chronic inflammation in ESKD patients is a well-
documented phenomenon, resulting from the accumu-
lation of uremic toxins and the presence of dialysis-re-
lated factors. This chronic inflammatory state can lead
to cellular damage and promote oncogenesis. Oxidative
stress, which is elevated in ESKD patients due to im-
paired renal function and dialysis, further contributes to
DNA damage and the development of RCC. Addition-
ally, genetic mutations commonly observed in RCC,
such as alterations in the von Hippel-Lindau (VHL)
gene, can be exacerbated by the chronic oxidative stress
and inflammation present in ESKD [4, 7].

Recent classifications by the World Health Orga-
nization (WHO) have identified new subtypes of RCC
that are particularly relevant to ESKD patients, includ-
ing ACKD-associated RCC and clear cell papillary
RCC (CCP-RCC). ACKD-associated RCC is almost
exclusively found in patients who have undergone long-
term hemodialysis, as we also observed in our data.
Histologically, these tumors exhibit a cribriform or
sieve-like architecture, with abundant eosinophilic cy-
toplasm and large nuclei with prominent nucleoli. The
presence of calcium oxalate crystals is a distinctive fea-
ture of ACKD-associated RCC, aiding in its diagnosis.
CCP-RCC, on the other hand, is characterized by its
clear cells and papillary architecture, and it is typically
associated with a less aggressive clinical course [12-14].

Patients with ESKD who develop RCC often pres-
ent with smaller, less aggressive tumors compared to
the general population. This can be attributed to the
frequent monitoring and imaging that ESKD patients
undergo as part of their routine care. However, despite
the typically indolent nature of these tumors, the over-
all prognosis for ESKD patients with RCC is poorer
compared to non-ESKD patients. This is due to several
factors, including the compromised immune status of
ESKD patients, which can hinder the body’s ability to
mount an effective anti-tumor response, and the pres-
ence of other comorbidities that complicate treatment
[15, 16]. This was evident in our study, where the vast
majority (95.5%) of patients had stage 1 malignant tu-
mors due to regular monitoring, yet 7 patients died dur-
ing the follow-up period.

The management of RCC in ESKD patients re-
quires careful consideration of their overall health status
and the risks associated with surgery. Nephrectomy re-
mains the primary treatment for localized RCC. How-
ever, the decision to proceed with surgery must balance
the potential benefits of tumor removal with the risks
posed by the patient’s compromised renal function and
overall health. The risk of RCC recurrence in ESKD
patients is influenced by several factors, including tu-
mor stage, histological subtype, and the patient’s overall
health. Studies have shown that while the stage-specific
recurrence-free survival for ESKD-RCC patients is
similar to that of non-ESKD patients, cancer-specific
and overall survival rates are significantly lower. This
underscores the need for vigilant follow-up and moni-
toring in this high-risk population. Regular imaging and

clinical evaluations are essential to detect recurrences
early and to manage them promptly [6].

The immune system of ESKD patients is often
compromised due to both the disease itself and the im-
munosuppressive therapy used in patients with kidney
transplants. This immunosuppression can facilitate the
development and progression of RCC by allowing tu-
mor cells to evade immune surveillance. Furthermore,
metabolic disturbances common in ESKD, such as hy-
perparathyroidism and altered calcium-phosphate me-
tabolism, can contribute to the pathogenesis of RCC
[5, 11].

Further research is needed to better understand the
unique characteristics of RCC in ESKD patients and
to develop targeted therapies that address the specific
needs of this population. Advances in molecular and
genetic profiling of tumors may lead to more person-
alized treatment approaches, improving outcomes for
ESKD patients with RCC. Additionally, the potential
role of novel immunotherapies and targeted therapies
in the treatment of ESKD-RCC warrants exploration,
given the unique immunological environment in these
patients.

Conclusions. RCC in ESKD patients presents
unique challenges and requires a multidisciplinary ap-
proach for optimal management. The increasing inci-
dence of RCC in this population highlights the impor-
tance of regular screening and early detection, as well as
the need for tailored treatment strategies that consider
the patient’s overall health. By improving our under-
standing of the underlying mechanisms and risk factors
associated with RCC in ESKD, we can develop more
effective interventions and improve the prognosis for
these patients.
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Abstract. The hemoglobinuric form of severe malaria can precipitate acute kidney
injury (AKI) and potential multiorgan failure. This report discusses two cases of
fatal AKI due to severe malaria, treated in 2024 at the Borgou-Alibori Departmental
Teaching Hospital in Benin. It examines the pathophysiology, clinical symptoms, and
treatments used, providing detailed insights into the progression of the disease and the
therapeutic interventions attempted. Key takeaways highlight the importance of early,
multidisciplinary care in improving outcomes, with hemodialysis playing a critical role
in managing AKI caused by hemoglobinuria.
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I'emor100iHypisi Ta rocTpe NOMKOIKEHHA HUPOK Y NAIiEHTIB
3 TSRKKOI0 MAJISPIEI0: KJIiHIYHI BUNAJKHU 3 YHIBEPCUTETCHKOI
Jikapui bopry/Anioopi, benin
IKadenpa Hedpoorii, MequuHuii paxyisret, YHiBepcuter I1apaky, Benin

ZKadenpa Hedpoorii, pakyasreT MeINYHUX HAyK, YHiBepcuteT A6omeii-Kanasi, beHin
SHauioHaJbHUIT iHCTUTYT 300POB’ S, MeAULIMHU, YHiBepcuteT A6omeii-Kanasi, benin

Pestome. Iemoecnobinypiuna opma eaxckoi manapii modxce cnposokysamu 2ocmpe noutkooxcerns nupox (I'11H)
3 MOJICAUBOH NOAIOPeAHHON Hedocmamuicmio. Y yiil cmammi nogidomasaromscs 0éa eunaoxku aemanvioeo I'lTH, 0by-
MO8AeHI 8aXCKOH (hoOpMOIO MAAApii y nayicumie, AKi AiKy8aiuce 6 yHigepcumemcovkiil AikapHi bopey-Anibopi ¢ benini
y 2024 pouyi. Cmamms poseasdae namogizionoeiro, KAIHIYHI CUMRMOMU MA 3ACMOCO8AH] MemooU AIKY8AHHS, HA0AYU
demanvHy iHGOpMAYito npo nPoepecy8anHs 3ax60POEAHHA Ma chpobu mepaneemuuro2o émpyuanus. Kirouogi suchosku
nioKpecaooms 8adcAUBICMb PAHHLOI MYALIMUOUCYUNATHAPHOI 00NOMOU 0451 NOKPAUWLEHHS Pe3YAbmamie AiKy8aHHs ma
nidkpecaroe gupiuianvry poasb eemodianizy 6 aikyeanti I'll H, cnpuuunenoeo eemoenobinypieio.

KimouoBi ciioBa: cocmpe nowkodocenns Hupok, eemoanobinypis, marapis, beuin.

Introduction. The World Health Organization
(WHO) has identified acute kidney injury (AKI) as a
major criterion for assessing the severity of Plasmodium
falciparum malaria [1]. The incidence of AKI in malar-
ia cases varies: Esezobor [2] reported 11.4% in general
pediatrics; Kunuanunua [3] found 42.8% in emergency
departments; and Kaul [4] documented 2.5% in com-
munity settings.

AKI associated with severe malaria is primarily
caused by acute tubular necrosis due to hemoglobin-
uria [2]. AKI refers to a sudden decline in kidney func-
tion, resulting in the accumulation of nitrogenous waste
products [3]. Hemoglobinuria is most commonly seen
in individuals who have experienced numerous infec-
tions with various Falciparum strains and several un-
complicated malaria episodes [4]. It results from mas-
sive intravascular hemolysis, overwhelming the hapto-
globin and hemopexin systems that normally capture
free hemoglobin [5]. Unfortunately, hemoglobinuria
is often overlooked as a warning sign of severe malaria
and potential renal damage, despite its strong associa-
tion with AKI risk.

A WHO study on severe malaria in pediatric set-
tings across ten African countries reported a 3.3% in-
cidence of hemoglobinuria secondary to severe malaria
[9]. Other studies have found similar rates: Verma et al.
[10] in India reported 19.6%, Ajetunmobi et al. [11]
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in Ibadan, Nigeria, 19.1%, and Gbadoé et al. [12] in
Togo, 17.2%.

The clinical presentation of AKI secondary to he-
moglobinuria is often atypical, which can delay timely
management. Its progression may be insidious or ful-
minant, requiring specialized treatment. The prognosis
for kidney function and patient survival often depends
on rapid clinical control, a challenge in countries with
limited economic resources.

This report presents two relevant clinical cases
from our hospital in 2024, illustrating the clinical fea-
tures, management, and outcomes of this potentially
fatal complication, and offering insights for improved
management. The macroscopic hemoglobinuria was
identified by the characteristic dark “Coca-Cola”
color of the urine, in the absence of any factors sug-
gesting myoglobinuria or hematuria, aside from severe
malaria.

Case reports. Observation 1. A 32-year-old male
patient was referred for impaired kidney function, with
a serum creatinine level of 142 mg/L, in the context
of severe malaria. Symptoms began one week before
admission, during which he experienced altered con-
sciousness, convulsive seizures, and jaundice.

Upon admission, the clinical examination revealed
the following: altered consciousness with a Glasgow
Coma Scale score of 12, icteric bulbar mucous mem-
branes, mucocutaneous pallor, and hyperthermia
(40.1°C). The patient’s oxygen saturation was 97% in
ambient air, blood pressure was 130/78 mmHg, and he
exhibited anuria, with a urine output of less than 100
mL in 24 hours (<0.3 mL/kg/24 h). Additionally, he
presented with grade 1 hepatosplenomegaly. Urinaly-
sis indicated hemoglobinuria (+++), a pH of 5, and a
urine specific gravity of 1.025.
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Further laboratory investigations showed:

® Biochemical results: Uremia at 2.56 g/L, creatinine
at 227 mg/L, serum sodium at 134 mmol/L,
potassium at 5.2 mmol/L, and chloride at 110
mmol/L.

® Complete blood count: Leukocyte count at 6.7
Giga/L, hemoglobin at 5.7 g/dL, mean corpuscular
volume (MCV) at 83.4 fL, mean corpuscular
hemoglobin concentration (MCHC) at 32.2 g/dL,
and platelet count at 105 G/L.

® Liver function tests: Aspartate aminotransferase
(AST) at 220 IU/L, alanine aminotransferase
(ALT) at 160 1U/L, total bilirubin at 112 mg/L,
direct bilirubin at 76 mg/L, and indirect bilirubin
at 36 mg/L.

® Thick blood smear: Positive for Plasmodium
falciparum, with a parasitic density of 9,550
parasitized red blood cells.

® Renal ultrasound: Revealed normal-sized kidneys
with preserved cortico-medullary differentiation.

The diagnosis was established as severe malaria,
presenting with neurological and hemoglobinuric man-
ifestations, complicated by acute kidney injury.

The patient was admitted to the nephrology inten-
sive care unit, where he received appropriate hydration
and intravenous administration of an artemisinin de-
rivative. Electrolyte intake was adjusted to 100 mL/kg/
day. Due to the persistence of anuria and hyperkalemia
(7.9 mmol/L), the patient underwent hemodialysis, re-
ceiving four sessions in total. He also received anticon-
vulsant treatment with diazepam and phenobarbital,
along with two units of erythrocyte concentrates.

The patient’s condition improved, marked by the
onset of polyuria and resolution of clinical and bio-
logical abnormalities. He was discharged after a 12-day
hospital stay.

Observation 2. A 26-year-old male patient was ad-
mitted following a referral from a peripheral health facil-
ity for acute kidney injury related to severe malaria and
multiorgan failure, with a serum creatinine level of 346
mg/L. Symptoms had begun two weeks prior, character-
ized by intermittent diffuse myalgia and headaches, lead-
ing to self-medication without clinical improvement.

Upon admission, the clinical examination revealed
an altered state of consciousness with a Glasgow Coma
Scale score of 9, hyperthermia (38.7°C), mucocuta-
neous pallor, and icteric bulbar mucous membranes.
His oxygen saturation was 92% in ambient air, and he
presented with hypotension (blood pressure of 90/56
mmHg), mild lower limb edema, and anuria, with a

urine output of approximately 80 mL in 24 hours (<0.3
mL/kg/24 h). Pulmonary examination showed dullness
at both lung bases, crackling rales in both lung fields,
and grade 2 hepatosplenomegaly. Urinalysis indicated
hemoglobinuria (+++), a pH of 5, and a urine specific
gravity of 1.030.

Laboratory findings included:

® Biochemistry: Uremiaat 3.14 g/L, creatinine at 346
mg/L, serum sodium at 124 mmol/L, potassium at
6.5 mmol/L, and chloride at 112 mmol/L.

® Complete blood count: Hemoglobin level at 4.4 g/
dL, mean corpuscular volume (MCV) at 78.2 fL,
mean corpuscular hemoglobin concentration
(MCHC) at 33.4 g/dL, leukocytes at 17.7 Giga/L,
and platelets at 85 G/L.

® Liver function tests: Aspartate aminotransferase
(AST) at 460 IU/L, alanine aminotransferase
(ALT) at 380 IU/L, total bilirubin at 234 mg/L,
direct bilirubin at 178 mg/L, and indirect bilirubin
at 56 mg/L.

® Thick blood smear: Positive for Plasmodium
falciparum, with a parasitic density of 20,550
parasitized red blood cells.

® Urinary sediment analysis: Revealed tubular cells,
numerous bile pigment casts, and granular casts.

® Renal ultrasound: Showed normal-sized kidneys
with good cortico-medullary differentiation and
no dilation of the pyelocaliceal cavities.

The diagnosis was established as severe malaria in
the hemoglobinuria form, complicated by visceral in-
volvement affecting the renal, cerebral, cardiopulmo-
nary, and hydro-electrolyte systems.

Therapeutically, the patient was admitted to the
nephrology intensive care unit, where he received oxy-
gen therapy at 5 L/min, intravenous administration of
an artemisinin derivative, and antibiotic therapy with
ceftriaxone and azithromycin. Additionally, injectable
furosemide and calcium gluconate were administered,
along with appropriate hydration two units of erythro-
cyte concentrates and one unit of platelet concentrates.

After 24 hours, with no clinical improvement in
renal function and persistent hydro-electrolyte imbal-
ances, the patient underwent hemodialysis, receiving
three sessions. Unfortunately, the patient’s condition
deteriorated, and he passed away on the fourth day of
hospitalization.

The clinical, paraclinical, therapeutic, and evolu-
tionary characteristics are summarized in Tables 1, 2,
and 3.

Table 1
Clinical characteristics of the patients with acute kidney injury secondary to severe malaria with hemoglobinuria
Patient 1 Patient 2
Clinical data at admission
Age (years) 32 26
Altered state of consciousness Yes Yes
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Continuation of Table 1

Patient 1 Patient 2
Glasgow score 12 09
Body temperature ( °C) 40.1 38.7
Bulbar mucous membranes Icteric Icteric
Mucocutaneous pallor Yes Yes
Oxygen saturation in ambient air (%) 97 92
Blood pressure ( mmHg ) 130/78 90/56
Diuresis < 0.3ml/kg/24 h Yes Yes
Lower limb edema Absent Present
Pulmonary condensation syndrome Absent Here
Signs of heart failure Absent Present
Hepatosplenomegaly Degree 1 Degree 2
Dipstick
pH 5 5
Urinary density. 1.025 1,030
Hemoglobinuria SR +++
Table 2
Paraclinical characteristics of the patients with acute kidney injury secondary
to severe malaria with hemoglobinuria
Patient 1 Patient 2
Paraclinical data on admission
Blood
Uremia (g/1) 2.56 3.14
Serum creatinine (mg/L) 227 227
Complete blood count
Hemoglobin level (g/dl) 5.7 4.4
VGM (fl) 83 78.2
CCMH (g/dl) 32.2 33.4
Leukocytes (Giga /L) 6.7 17.7
Platelets (g/1) 105 85
Tick drop positive positive
Plasmodium smear falciparum Yes Yes
Parasite density (parasitized red blood cells) 20550
Serum electrolytes
Natremia (mmol /L) 134 124
Serum potassium (mmol /1) 5.2 6.5
Chloremia (mmol /1) 110 112
Transaminases (IU/L)
ASAT 220 460
ALAT 160 380
Bilirubin (mg/L)
Total 112 234
Direct 76 178
Indirect 36 56
26 BrnaAKM 3 KAIHIYHOT NpAKTHKK YKPAIHCBKUIN XYPHOA HEPPROAOTTT Ta Aianizy N24 (84) 2024
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Continuation of Table 2
Patient 1 Patient 2
Urine | (Bullet) Unrealized

Tubular cells Not available +++
Cylinders Not available

Granular Not available AFaFaF

Bile pigments Not available +++
Renal ultrasound
Change in kidney size No No
Conservation of kidney structure Yes Yes

Table 3

Therapeutic and evolutionary characteristics of the patients with acute kidney injury
secondary to severe malaria with hemoglobinuria

Patient 1 Patient 2
Therapeutic and evolutionary data

Antimalarial

Artemisinin derivative Yes Yes
Anticonvulsant

Diazepam Yes No

Phenobarbital Yes No
Antibiotics

Ceftriaxone No Yes

Azithromycin No Yes
Diuretic

Furosemide No Yes
Hypokalemic

Calcium gluconate, Yes Yes

Insulin Yes Yes
Blood transfusion

RBC pellet Yes Yes

Platelet concentrate No Yes
Extrarenal purification

| Hemodialysis Yes Yes
Therapeutic outcome

Length of stay (days) 12 04
Healing / Death Healing Death

Discussion. This study highlights the significant
kidney damage associated with hemoglobinuria in severe
malaria, a condition often overlooked or mismanaged
in clinical practice. Hemoglobinuria can lead to acute
tubular necrosis (ATN), which is primarily caused by
the obstruction of capillaries and post-capillary venules
by parasitized red blood cells. This vascular obstruction
occurs through two main mechanisms: cytoadherence
and rosetting, both of which are particularly associated
with Plasmodium falciparum infections [6, 7].

Hemoglobin itself is toxic to the renal tubules,
contributing to ATN through mechanisms that, while
not entirely understood, involve direct tubular toxic-
ity and micro obstruction [8]. The clinical presenta-
tion of acute kidney injury (AKI) in this context can be
variable and multifaceted, complicating diagnosis and
treatment. In our cases, AKI manifested as oliguria and
anuria a few days following the onset of febrile episodes
[9-11].
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Fluid and electrolyte imbalances are common in
AKI associated with severe malaria, as observed in both
of our patients who presented with hyponatremia and
hyperkalemia. Such imbalances have been documented
in the literature as frequent complications of severe ma-
laria [10, 12]. The diagnosis of hemoglobinuria bilious
fever was established based on the combination of fe-
ver, port-colored urine, jaundice, anemia, and oliguric
AKI. This condition may arise from the dual sensitiza-
tion of red blood cells to both Plasmodium falciparum
and the aminoalcohols that induce hemolysis [13].

Delays in appropriate treatment often result from
self-medication practices, wherein patients resort to
anti-malarial drugs such as quinine, halofantrine, me-
floquine, and artemether-lumefantrine without profes-
sional guidance. This can exacerbate the development
of hemoglobinuria bilious fever and complicate malaria
management [10, 14, 15]. As noted by Savadogo et al.
[16], the emergence of chloroquine resistance has made
quinine the drug of choice for severe malaria, leading to
an increased incidence of hemoglobinuria.

In some instances, hemolytic uremic syndrome or
thrombotic microangiopathy may occur, characterized
by renal impairment, hemolytic anemia, and throm-
bocytopenia [13]. Additionally, glucose-6-phosphate
dehydrogenase (G6PD) deficiency is a recognized con-
tributor to massive intravascular hemolysis and often
overlaps geographically with malaria prevalence [17].

Multisystem failure can also be associated with sep-
sis. In severe sepsis cases, hemolysis may be triggered by
the activation of endogenous phospholipase C and sphin-
gomyelinase, resulting in the uncontrolled production
of various mediators that damage platelets, erythrocytes,
leukocytes, endothelial cells, and muscle cell membranes
[18]. Hemolysis significantly elevates levels of transami-
nases, creatine phosphokinase, and lactate dehydrogenase
due to the release of erythrocyte components into the plas-
ma, thereby promoting acute tubular necrosis.

Timely and adequate treatment is crucial for im-
proving outcomes in these patients. In our study, the
majority received antimalarial therapy based on in-
jectable artesunate or artemether, in line with current
guidelines that prioritize injectable artesunate as the
treatment of choice for severe malaria [19]. Early ini-
tiation of renal replacement therapy is also vital for im-
proving prognosis [13].

Several factors contribute to poor patient out-
comes, including late referrals at advanced disease
stages and a lack of public awareness regarding the se-
verity of symptoms associated with malaria [10]. To en-
hance patient care, more comprehensive investigations
and resources are necessary, particularly for those from
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disadvantaged backgrounds who may face delays in ac-
cessing treatment.

Limitations. Our study’s limitations include the
unavailability of additional diagnostic tests in our hos-
pitals, which could facilitate a more straightforward
etiological diagnosis and help rule out other causes of
hemoglobinuria in patients with severe malaria.

Conclusions. Hemoglobinuria should not be re-
garded as a benign indicator, particularly within the con-
text of malaria. Its implication in the occurrence of ne-
cessitates heightened awareness and prompt intervention
from both diagnostic and therapeutic perspectives.
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Abstract: Polyuria can be a symptom of various conditions, such as diabetes mellitus,
diabetes insipidus, chronic tubulointerstitial nephritis, or primary polydipsia. Effective
management of polyuria requires a thorough differential diagnosis, incorporating
clinical, laboratory, and instrumental evaluations to identify its underlying cause.

The paper presents two clinical cases focused on the differential diagnosis of polyuria
along with a literature review on the topic. The cases involve patients with atypical
causes of polyuria: chronic tubulointerstitial nephritis and primary psychogenic
polydipsia. A detailed diagnostic process is outlined, and different treatment approaches
are discussed. The literature review includes an algorithm for polyuria diagnosis and a
discussion of the pathophysiology of diabetes insipidus (both central and nephrogenic)
and primary polydipsia, which are common causes of polyuria and should be ruled out
as a priority.

The limited body of scientific literature on the differential diagnosis of polyuria
underscores the need for clear diagnostic algorithms. The clinical cases and literature
review presented here aim to deepen the understanding of the complexity involved in
the diagnostic process and emphasize the importance of an individualized approach for
each patient with polyuria.

Key words: polyuria, diabetes insipidus, clinical signs, primary polydipsia, chronic
tubulointerstitial nephritis, osmolarity.
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A.K. T'onoBanona, T.I. Ocranenko

JIndepenniiina aiarHOCTHKA MOJiypil: KJIiHIYHI BUNIAAKY TA OLJIA JiTEpaTypu
Menuunuii uentp TOB «HedpoueHTp», M. 3anopixcks, YkpaiHa

Pe3tome: Cumnmom noaiypii moxce Gymu nposieom wupoxoeo cnekmpa 3axeopioéans, MaKux sk yyKpoguil dia-
bem, Heyykposuil diabem, XpOHiYHUI MYOYA0iHMepcMUyiiHul Heghpum, nepeunna nonsiouncis. Jlikyeanns nayicuma 3
noaiypier sumaeae, 6 nepuiy 4epey, npoeedeHHs pemenvHoi ougepenyitinoi diacnocmuku (KAiHiYHOL, 1a00pamMopHoI, iH-
CMPYMEHMAanbHoi) i3 BCMAHOBAEHHAM ii eeHe3y.

Poboma demoncmpye déa kainiuni sunadku ougepenyiinoi diacnocmuku noaiypii ma oeasno aimepamypu 3 4bo2o
numanusa. OnUCAHO NAYIEHMIE 3 HEMUNOBUMU NPUHUHAMU NOALYPIT — XPOHTUHUM MYOYA0IHMepCMUYIUHUM Hedpumom
ma nepeuHHoOI NCUX02eHHO noaiduncicro. B oensdi aimepamypu HasedeHo aneopumm diaenocmuku noaiypii. Oxpemo
062080prOEMbC Namo@izionoeis HeUyyKpoeoeo diabemy, AK UEHMPAAbHO20, MAK | HePOLeHH020, A MAKONUC NePEUHHOT
noaiduncii, AKi € nowupeHuMu nPU4UHamMu noaiypii i marome Oymu eukaioveHi 6 nepuly yepey. Qbmedcena Kinbkicmo
HayKoeoi aimepamypu 3 numans ougeperyiiinoi diaenocmuku noaiypii nidkpecaroe HeobXioOHicmb po3poOKU ma enposa-
Odocentss wimkux diaeHocmuunux areopummie. Ilpedcmaesneni KaiHiuni unaoku ma oeasd aimepamypu CHpUSMUMYMb
noeAubAeHHIO PO3YMIHHA CKAAOHOCMI Jia2HOCIMUYH020 NPOYecy ma 8axicausocmi iH0ugioyanbHoeo nioxody 0o KOJICH020

nayierma 3 noaiypiero.

KnouoBi cnoBa: noaiypia, neyyxpoesuii diabem, KaiHiuni 03HAKU, NEPEUHHA NOAIOUNCIA, XPOHIUHUL MYOYA0iH-

mepcmuyitinuil Heppum, OCMOASAPHICMb.

Bcetyn. [Touniypist € MOMKMPEHUM CUMIITOMOM, 1O
XapaKTepU3YEThCS HAAMiIpHUM BUAIEHHSIM Cedi — I10-
Han 3000 M1 a6o 50 mi/kr nmpotsiroM go6u [1-4]. Lleit
CTaH MOXe OyTHU MPOSIBOM Pi3HOMAHITHUX TATOJIOTiu-
HUX MPOLIECiB, BKIIOYAIOYU €HAOKPUHHI, HUPKOBi Ta
MeTabosiuHi nopyweHHs [1-4]. 3 omHoro Goky, Io-
JIypisl € BaXJIMBUM NialrHOCTUYHMM MapKepoM y Kili-
HIYHili MpaKTULIi, a 3 iHIIOr0 — YacTO € HEIIPOCTUM 3a-
BIAHHSM JJis1 AM(pepeHLiiiHOI JiarHOCTUKU, BUMaralo-
Yy peTeJIbHOro Ta KOMIUIEKCHOro miaxony [1-3].

JudepeHuiiitHa miarHocTMKa MOJiypii € cKiami-
HUM 3aBIAHHSIM U1 KJIHIIUCTIB, OCKUIBKM BUMAarae
peTeNbHOrO aHalidy aHaMHe3y, (pi3uKaJbHOro 00CTe-
JKeHHs Ta JabopaTopHuX gociimkeHs [1-4]. Baxiauso
BiA3HAYUTHU, 110 MOJiypisl MOXe OYTU K i30JIbOBAHUM
CHMIITOMOM, TaK i YaCTUHOIO KOMIUIEKCY MOpYILIEeHb
CEUYOBMITYCKAHHSI, TAKUX K T0JIaKiypisl, HiKTypist abo
HeTpuMaHH4 cedi [1-5]. Cepen 0OCHOBHUX PUYMH I10-
Jiypii BUOIISIOTH LIYKPOBUIM Ta HELYKPOBUI nialbeT,
XPOHIUHY XBOpPOOY HMPOK, TilepKaabliEMilo, Tirmoka-
JieMilo Ta ncuxoreHHy nomiguncio [6-11]. Koxen
i3 LIMX CcTaHiB MOTpeOye crneludpivyHoro miaxomay mo
IiarHOCTUKM i Tepamii, 10 MiIKpPeCII0e BaXKIUBICTh
KOMILJIEKCHOT'O aHaJlidy KJIiHIYHUX Ta J1abopaTopHUX
JaHUX.

OCMOJISIpHICTh Cedi Bimirpa€e KIIOUYOBY pOJb Y
IudepeHLiiHii giarHOoCTULI Moaiypii, OCKiIbKU A0-
3BOJISIE OLIIHUTU KOHIIEHTpALiifHy 30aTHiCTh HUPOK i

Aunina I'otoBaHoBa
golovanovaalina464@gmail.com

JIoTIOMara€ BiIpi3HUTH Pi3Hi MeXaHi3MU MOPYIIEHHS
BOJHOIO OajlaHCy, 30KpeMa TillOCTeHYpil0 Ta OCMO-
THYHUI aiypes [3, 5, 6, 10]. I'imocTeHypisa € cTaHOM,
3a SIKOTO OCMOJISIpDHICTh Ce€Yi 3HUXYETbCS (MEHIIe
300 MmocMOIb/T), 1110 YACTO CBITYUTH MPO 3HUKEHHS
nii aHTUaiypetuuHoro ropMoHy (AHII) abo pesuc-
TEHTHOCTI HUPOK 10 ¥oro Briusy [6, 10-14]. Llei
CTaH 3a3BUYall acoOLilOETHCS 3 BOAHUM JIiype3oM i €
TUIIOBUM IIPOSIBOM HELYKpoBoOro miabdery [5, 9, 10].
OcMOTUYHM Aiype3, HaBMaKu, BUHUKAE y pa3si repe-
BUIIIEHHS OCMOTHMYHOIO HaBaHTaXXCHHs, 30KpeMa Y
MaIi€eHTIB 3 IYKPOBUM JiabeToM ab0 BHACJiIOK BUCO-
KOTO piBHA (inbTpallii HU3bKOMOJEKYJISIPHUX PEUYO-
BUH (CEYOBMHM, HATPilO) Y HUPKOBUX KaHAIbLIX [3,
5, 10]. Y takux BUIamKax OCMOJAPHICTh cedi cdrae
300 MocMoOJIb/T i Oinbllle Ta CBITYUTH PO MOPYIIEH-
Hsl, TIOB’SI3aHi HE 3 BOOHUM, a 3 OCMOTUYHUM Jiype-
30M [3, 5]. Po3pi3sHeHHS IMX MEXaHi3MiB € BaXKJIMBOIO
CKJIaJOBOI0 IIPAaBUJIBHOTO BUOOPY TepamneBTUYHOI
TaKTUKM Ta KOPEKIii BOGHOIO i €JeKTPOJiTHOTO Oa-
JIAHCY y TIalli€EHTIB 3 MOJIiypi€lo.

YV naniit po0OOTi IIpecTaBIeHO IBa KJIiHIYHUX BU-
NafgKu, SKi TIOCTPYIOTh Pi3HOMAHITHI MPUUUHU TTOJTi-
ypii Ta TpyaHoI1li iX miarHocTuku. KpiMm Toro, rmomaHo
OIJISIJ CydacHOI JliTepaTypu, B IKOMY OCOOJIMBA yBara
npujijieHa airOpUTMaM JiaTHOCTUYHOTO TOIIYKY, iH-
TepIrpeTalii JabopaTOpHUX Ta iHCTPYMEHTAJbHUX 10-
CJIiKEHb.

Kainiunuii éunaoox 1. Tlaumientka C., 60 pokis
3BepHyJacsl 3a KoHcynbTauiero 21.05.2024 poky 3i
cKapraMu Ha BHUpaXkeHY 3arajibHy cJa0KiCTb, 3HUKEH-
HS TOJIEPAHTHOCTI 10 (hi3UYHMX HaBaHTaxKeHb, CYyTOMU
DYK Ta Hir, CXyAHEHHSI, 3aKpelu, MepionuIHy HyI0TY,
yacTe CEYOBUINYCKAHHS, HiKTypilo; H00OBUi1 nmiype3
nepionuuHo 30iabIryBaBcs 10 5-8-10 1/m00y.
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3 aHaMHe3y: BBaxae cebe xBopoto 3 ciuHs 2024 p,
KOJu TiepedyBasia Ha CTalliOHApHOMY JIiIKyBaHHI y Bifl-
JIJIEHHI KapAioJiorii 3 MPUBOMY TiMEPTOHIYHOTO KPU3Y
(poTsAArOoM OCTaHHiX 2 poKiB AiarHocTtoBaHO [imepTo-
HiuHy xBopo0Oy II cTanii, rimepTeH3UBHE ceplie, CTyMiHb
apTepiajibHOI rinepTeH3ii 3, BUCOKOT0o KapaioBacKyasip-
Horo pusuky). [licis 3acrocyBanHs TuBoptuny 42 mr/
mi-100 mut-NeS, Briepiie 3’SIBUJIMCh CKapTy Ha CyXiCThb
B POTi, HYAOTY, 001 B XKMBOTi, M’5130BY cJiabKicTh. ITic-
Jis1 BUKopucTtaHHs Peocopo6inakty 200.0 Tpuui Bimuyna
TMOKPAIEHHSI 3arajlbHOro cTaHy. B Gepe3Hi-noyaTok
KBiTHS1 2024 p — BiIHOBJIEHHSI CKapr Ha HYAOTY, HUIO-
Yyuit 6iJb B MOMEPEKOBIil AiMSHLII, 1110 CYMTPOBOIXKYBaB-
¢ moniypiero no 10 1/mo0y. Yepes cTpax merimpararii
Mali€eHTKa 30iIblIyBaia BXUBaHHS pignHu 10 8-10 1/
100y 6e3 icTUHHUX O3HaK mojiaurncii. CraiioHapHe
JikyBaHHS B oOnacHilt sikapHi 04.04.24 — 15.04.2024.
3a JaHWMU 3arajibHOTO aHali3y KPOBi HE BUSBJIECHO
BiIXWIEeHb BiJ pedepeHTHUX 3HaueHb. bioxiMiuHe q0-
CJIIKeHHI KpOBi: TII0KO03a 5.18 MMOJB/, 3araabHUI
6inmok 73.5 r/n, anbbymin 46.7 r/n, xpeatuHiH 84.8
MKMOJIb/JI, Ce4OBMHA 3.88 MMOJIb/J, IIBUIKICTh KIIy-
60ukoBoi Qinprpauii (IHK®) 65 mi/xs/1.73 M2, Hatpiit
141 mMonb/7, Kamiit 4.57 MMOJIB/J1, 3aTaIbHUI XOJIeC-
TepuH 8.77 MMOJIb/J1. 3araibHUI aHali3 cedi: MUTOMa
Bara-1007, Oinok — HeratuBHUii, eputpouutu 0-1 y

/3, nevikouutu 25 y /3. [Ipoda PebGepra: KpeaTuHiH
KpoBi 84.8 MKMOJIb/J1, KpeaTuHiH cedi 8780 MKMOJIB/ 1,
XBWIMHHUM niype3 6.94 mi/xB (N 0.7-1.4 M/xB), KI1y-
6oukoBa (pinbrpauia 71.9 mn/xs/1.73 M2, KaHaablieBa
peabeop6biiist 90.3% (N 97-99 %), noGoBuii miype3 mia
yac npoBeAeHHs npobu 10 1. Y3/ Hupok: mpaBa HUpKa
113*45mMm, mapeHxima 17 MM, B CTPYKTYpi CUHYyca He-
YUCJIEHH]I TOYKOBi TiMEpPEeXOreHHi BKIIIOUEHHS 3 aKyc-
TUYHOIO TiHHIO; JiBa HUpKa 113*48 MM, mapenxima 17
MM, B CUHYCi HEUUCJIEHHI TilepeXOTeHHi BKIIOUEHHS 3
aKyCTU4YHOIO TiHHI0. MPT rojsioBHoro Mo3ky (22.04.24):
O3HAaKM HE3HAYHOI TiMepiHTEeHCUBHOCTI 0i01 peuyoBU-
HU TOJIOBHOTO MO3KY, O3HaKM LiepedpabHOiI MiKpo-
aHriomnarii, He3HaYHE PO3UIMPEHHSI KOHBEKCUTATbHUX
MiANaByTUHHUX MPOCTOPIB (BUKIIOYEHO YPaKE€HHS Ti-
notajlaMo-rinodi3zapHoi AUISSHKU TOJOBHOTO MO3KY).
Koncynprauisi engpokpuHosnora 08.04.24: Janux 3a
IIYKPOBHUi1 1iabeT Ha MOMEHT OTJISIYy HEMA€E, PEKOMEH-
JIOBAHO NOOOCTEXEHHS: aHali3 cevi 32 3UMHULBKUM
(taba.1), BazompecuH, anpaocTepoH. KoHcynbTallis
ncuxiatpa 09.04.24: Ha momeHT ormisiay 6e3 rocTpux
MCUXIYHUX pO3JamdiB.

OCMOJISIpHICTD ceui (06.05.2024)-499.5
mocMmounb/n (N 300-600 mMocMoib/), MUTOMa Bara
ceui-1015; po3paxyHKOBa OCMOJSIPHICTb KpoBi — 298
MocMoib/1t (N 275-300 mocMoItb/m).

Tabauys 1

AHaJi3 ceyi 3a 3UMHMIBKAM (KTiHiYHMI BUmagoKk Ne 1)

Anani3 ceyi 3a 3umanubkum (13.04.2024) Anani3 ceyi 3a 3umanpkum (13.05.2024)
Yac O0’em (i) | ITuroma Bara Yac 00’em (i) | ITutoma Bara

1-a mopist o (O .
(9:00-12:00) - - 1-a mopuist (9:00-12:00) 0.225 1009
2-a nopuist . . .
(12:00-15:00) 0.180 1013 2-a mopuist (12:00-15:00) 0.640 1004
3-a mopuist : . .
(15:00-18:00) 0.380 1002 3-a mopuis (15:00-18:00) 1.20 1003
4-a nopuist . . .
(18:00-21:00) 0.320 1005 4-a nopuis (18:00-21:00) 1.0 1004
5-a mop1ist : . .
(21:00-24:00) 0.460 1002 5-a mopuist (21:00-24:00) 0.550 1004
6-a rop1ist . . .
(00:00-03:00) 0.350 1010 6-a mopuist (00:00-03:00) 0.660 1010
7-a nopuist .o . : _
(3:00-6:00) 0.730 1004 7-a mopitist (3:00-6:00)
8-a nopiiist o (e .
(6:00-9:00) 0.145 1014 8-a mopitist (6:00-9:00) 0.350 1014
Jo6osuit giype3 (9:00-6:00)- 2.565 ; Jo6osuit giype3 (9:00-6:00)- 4.625;
Hennwii niype3s (9:00-21:00)-1.025 i; Hennwuit niypes (9:00-21:00)-3.065 x;
Hiunwit niypes (21:00-6:00)-1.540 ; Hiunuit niypes (21:00-6:00)-1.560 ;
Jennwnit: Hiyanii= 1:1.5 Hennuii: Hivamii= 1:1.9
KomeHrap: BusBieHa enizoguryHa rinocTeHypisi, aje Hemae CTiiikoi rinoizoctenypii; HikTypis.
V pasi HLIJI: muToma Bara ceui moBuHHa 0ytu< 1005 B ycix 3pa3kax!
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IMauieHTUi Oy/10 BCTAaHOBJIEHO AiarHO3: XpPOHiy-
HUI HEeYCKJIaMHEHWU I MieJOHeMPUT, 3aTOCTPEHHS, aK-
TUBHICTb | cTyneHs, cnopaguyHuii nepeoir.

ITpusnaueHo Ypodyparin 100 mr 3 pa3u Ha 00y
— 10 nuiB, PosyBactatun 20 mr/mo0y. 1o Toro B jiT-
Ky 2023 p., IBiui oTpuMyBaia Kypc aHTUOAKTepiaTbHOL
Teparii TPUBAIICTIO 7 JHIB 3 MPUBOIY TOCTPOTO Cepe/l-
HBOTO OTUTY (AMoOKcukiaB 1000 mr/mo6y). JloboBuit
Jiype3 Ha MOMEHT BUMUCKU csraB 2-2.5 1/no0y. [Mpu-
3HaueHo MiHipiH Menat 30 MKT ABiui Ha 100y 3 METOI0
KOHTPOJIIO HiKTypil Ta 3MeHIeHHs mnojiypii. Ilicas
BUIMUCKU BiTHOBWJIMCS CYAOMHU PYK Ta Hil, Y 3B 3Ky
3 YMM 3a MiClleM MPOXWBAaHHS MPOBOAUIUCS iHDY3il
po3unHiB Pinrepy, Peocop6inakty ta 0,9 % NaCl. 3i
CJIiB MalLliEHTKU, MpoTIroM KBiTHS 2024 poky mnpoBe-

neHo 3 kypcu iHdy3ii 0.9 % NaCl 06 emom 200-400
M Ta TpuBajictio 10, 7 Ta 5 nHiB, BiAMOBIAHO, Yyepes
rinoHarpiemito (127-130 mmonb/). Hamaii maiienTka
nepedyBajia Ha CTalliOHAPHOMY JIiIKYBaHHSI B OTHOMY
i3 engokpuHosioriunux Binginens (06.05.24-16.05.24).
3a maHumMu O6i0XiMiYHOTO aHai3y KpOBi OyJIO BUSIBJIE-
HO: rinokanblieMito (ioHizoBaHuil kanpuin 1.01 (N
1.09-1.35), rinonatpiemito — 134 mmonb/1 (N 136-
145), HBA1C 5.2%, kpeatuHid 62.7 MKMOJIb/JI, CEYO-
BuHa 3.7 MMob/J1. BpaxoByroun MosiBy CXUJIBHOCTI J10
aprepiajibHOI TiMOTEH3il, He3aJleXXHO1 BiJ KiJbKOCTI
Jliype3y, BiACYTHICTh mepudepuyHux HaOpsKiB Ta Ti-
MOHATPIEMIiIO, MALIEHTLI TPOBEAEHO PETEIbHE KOMII-
JIEKCHE OOCTEXKEHHSI 3 METOIO IMiATBEPIKCHHSI/CIIPOC-
TyBaHHS HAIHUPHUKOBOI HEAOCTATHOCTI (TabJI. 2).

Tabauysa 2
JiarHoCTHKA HATHUPKOBOI HETOCTATHOCTI
AKTHBHWMIA A-P
pexin AnbaocTepoH Tz Mertanedpun | Hopmeranedpun Mg Baszomnpecun
L 10.66 ir/mn | 128.95 nir/mn 12,1 11.04 rir/mn 39.90 nir/mn 1.04 8.32 nr/mn
p No (2.5-53) | N (14.21-156.4) | N (0.5-37.8) N (mo 100) N (mo 216) N (0.66-1.07) | N (0.8-28.2)
Ilicns BignmoBiZHOro OOCTEXEHHSI HAaIHUPKOBY Kainiunuii eunaook 2. Ilauientka /1., 25 pokis

HEIOCTaTHIiCTh OyJIO BUKJIIOYEHO Ta BCTAHOBJIEHO Jia-
rHo3: Henykposuii niaber? PekomeHmoBaHO moaaib-
it puitoM MiHipin 30 Mkr Bpanui, 30 MKT B 06if,
60 MKT Ha Hi4. [Tpu3HaueHi peKoMeHalii manieHTKa
BUKOHYBaJIa €Mi30UYHO, OCKIIbKY TiCJIS IOJEHHOTO
MPUAOMY TIPOTSITOM TVXKHS HE BiMivajia TO3UTHB-
HUX 3MiH y 3MEHIIEHHI HiKTypii, 30epiraJiuch cyioMu
B HUXKHiX KiHIIBKax Ta BUpPaXeHa Cl1a0KiCTh; 3MiHU B
00’eMi 1060BOTO Jiype3y He KOPEIoBaJlu 3 MPUitoMOM
MiHipiny, mosiypist > 3 71/100y TakoX MaJia eri30onny-
HUIA XapakTep Ta HE CyMPOBOAXYBajacs MOJigUIICIEIO.

21.05.2024 nauieHTKa 3BepHYyJacs 3a KOHCYJIbTa-
iero 1o MeauuHoro ueHTpy «HedpoueHTtp» y M. 3a-
TMOPiXXKS, € BPaxOBYIOUM aHAMHE3 3aXBOPIOBAHHS,
JJaboOpaToOpHi Ta iIHCTPYMEHTAJIbHI aHi, 1iarHO3 Helly-
KPOBOro AiabeTy 0yJ0 BUKJIIOUEHO Ta 3alPOTIOHOBAHO
MPOBEAEHHS TECTY Ha JACMPUBALLiI0 BOAU 3 MOAATBIIUM
BU3HAYEHHSIM OCMOJIIPHOCTI ceyvi. Bim 3ampomnoHoBa-
HOTO TECTy Mali€eHTKa BinMoBWIach. Cupamyuch Ha
JlaHi aHaMHe3y, MOTIPIIEHHS CTaHy y BUIJISANI MOSIBU
noJiypii, HiKTypii, rimoHaTpieMil Ta TimoKablLiEMil
MiCJsl 4YeproBOTO 3aCTOCYBaHHS KypCy aHTUOaKTepi-
aJIbHUX JIIKapChbKUX 3ac00iB, MAlli€EHTLi BCTAHOBJIEHO
KJIiHIYHWI JiarHO3: XPOHIYHUI MEAUKAMEHTO3HO-iH-
JNyKOBaHU TyOynoiHTepcTUlliiiHuii Hedput. [TpusHa-
yeHO MeTuTpenHi3onoH 16 Mr/no0y 3i 3MeHIIEHHSIM
o3y Ha 4 mr 1 pa3/2 TuxHi (CyMapHa TpUBAJICTh Ji-
kyBaHHs1 8 TmxHiB 3 03.06.24 mo 28.07.24 p). Ilic-
JISl 3aBEpILIEHHST KypCy JIIKyBaHHS JOCSTHYTO MOBHOI
KJIiHiKO-JTabopaTOpHO1 peMicii: KkpeaTuHiH KpoBi §3.1
MKMOJIb/JI, cedyoBuHa 4.26 MMmoib/n, KD 66 miu/
xB/1.73 M2 , Harpiit 143 MMoJIb/11, Kajiii 4.3 MMOJIb/IT;
nutoMa Bara ceui 1010-1015.

3BepHyJacsd 3a KOHCYJbTAIi€l0 OO0 HAILIOr0 LEHTPY
19.06.2024 poky 3i ckapraMy Ha HamagoNOMiOHMI
eMi30AUYHUI aCTEeHIYHMN CUHAPOM (IIPECUHKOIME),
SIKWUI CYMPOBOMXYBaBCSd CyoIOMaMHW B M’S13aX HUX-
HiX KiHIIBOK; m0o0OBUII miype3 > 8 j1/mo0y; mocTiiiHa
crpara; rnmosiBa HabpsIKiB 00JMYYS TPOTSATOM OCTAHHIX
6 Mics1IiB.

3 aHaMHe3y: B AUTUHCTBI ABiYi XBOpiJia Ha Mi€0-
HedpPUT, 3 MPUBOAY YOro MepedyBaja Ha CTallioHapHO-
My JIiKyBaHHi. 3 TOro yacy MarTip Mali€HTKYU 3MylIyBa-
Jla BXXMBATU 3HAYHY KiUJIbKiCTh PiMHU, 3 TaK 3BaHOIO
Ne3iHTOKCUKALIIHHOIO MeTOol0. 3 TUTUHCTBA CHOpMY-
BaJiocsl MOYYTTS MOCTi{HOI chparu Ta HEOOXiTHOCTIi
BXMBAHHS PiIMHU 10 5-6 JiTpiB Ha 100Y.

3 ciung 2024 p 3’9BUNIOCH BiqUyTTS 30iNbLICHHS
3arajibHoOi cJ1aOKOCTi, YaCTiIUX CYTOM B HUXHiX KiH-
1iBKaX, MOsiBa HAOPSIKiB 00JUYYS TepPEBaXXHO y paH-
KOBUM yac. 3a TaHMMM 3arajbHOTO aHali3y KpoBi He
BUSIBJICHO BiIXWJIEHb BiJl pehepeHCHUX 3HaAYeHb. bio-
XiMiYHe IOCIiIKEHHs KPOBi: T0K03a 4.2 MMOJIb/J,
3arajpHuil Oiok 72.8 /7, amsbymin 44.3 1/7,
KpeaTuHiH 63.2 MKMOJIb/JI, ceuoBUHA 4.5 MMOJIb/I,
IOK® 119 ma/xB/1.73 M2, natpiit 140 MMounb/n, Ka-
miit 5.0 MMoJb/N. 3aradbHUI aHaJi3 cedi: MMTOMa
Bara 1025, 6inmok — HeraTuBHUiA, epuTpouutu 0-1
B 1/3, Jelkomutu-1-3 y 1I/3; OCMOJISIpHICTH cedi
420 mocMmonb/n. Ha HacTymHOMY eTami OiarHOCTHY-
HOTO MOIIYKY MPUYXH MOJiypii-MOoJiIUICii mauieHTUi
3aMpPOMOHOBAHO BU3HAYEHHS PiBHS OCMOJSIIBHOCTI
M1a3Mu KpoBi Ta piBHS KonenTuHy (Tadia. 3), aHami3
cedi 3a 3UMHULILKUM (Tab. 4).
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OcMOJISATBHICTD TIA3MH KPOBi Ta KonenTHH (KJIiHiYHMiA BUagoK Ne 2)

Tabauysa 3

IToka3Huk PesyabTar

Onynuni BUMipy

Pedepenthumii inTepsan

KonenTtun (C-terminal pro-

- . 3.9
arginine-vasopressin

TIMOJTb/JT

3HayeHHs B 3aJI€XKHOCTI Bill
OCMOJISTTBHOCTI:

270-280 MocMonb/kr:<11.6
281-285 mocmonb/kT: 1.0-13.6
286-290 MmocMmodb/KT: 1.5-15.3
291-295 mocMonb/kr: 2.3-24.5

OCMOJISUTBHICTh CUPOBATKHU 287

MOcM/KT

Hopocri Bix 18 pokis: 280-296

Anauni3 ceyi 32 3UMHMIBKUM (KJiHiYHMIA BUMagoK Ne 2)

Anaui3 ceui 32 3umaunbkum (21.06.2024)

Yac 00’em (1) ITutoma Bara

1-a mopuist (9:00-12:00) 0.630 -

2-a mopuist (12:00-15:00) 0.760 1013
3-a mopuiist (15:00-18:00) 0.620 1020
4-anopuis (18:00-21:00) 0.530 1015
5-a moptist (21:00-24:00) 0.890 1017
6-a oputist (00:00-03:00) 0.870 1019
7-a mopiist (3:00-6:00) 0.920 1013
8-a mopuist (6:00-9:00) 0.630 1014

Tabauys 4

Ho6osuit miypes (9:00-6:00)- 5.85 i;
Hennuii niype3s (9:00-21:00)-2.54 1;
Hiunmit niypes (21:00-6:00)-3.31 ;

Hennnii: Higawmii= 1:1.3

KowmenTap: [Iuroma Bara cedi B Mexxax pedhepeHCHMX 3HaUYeHb

V3] excrpakpaHianbHux aprepiii (10.04.24): mia-
METp Ta IMIBUIKICHI XapaKTEPUCTUKU eKCTapKpaHiaib-
Hux riok BIIA poctaTHi; 03HaKU HEMPSIMOJiHIMHOTO
XOJly TIpaBoi Ta JIiBoi XA B KiCTKOBOMY KaHaJli Ha PiBHi
C4-C5. Y3/ nupoxk (02.05.2024): npaBa Hupka 115x51
MM, IapeHxima 18 mm; j1iBa Hupka 116x54 MM, rmapeH-
xima 19 MM; mopylIeHHSI eXOCTPYKTYPU HUPOK HE BU-
SIBJICHO.

IIpoaHainizyBaBiiM OTpUMaHi [aHi, BUKIIIOYEHO
rinepHaTpieMito, TinepoCMOJISUIbHICTh MIa3MU KpPOBi,
TiMOCTEeHYPilo, TIMOOCMOJISIBHICTD CeYi, Y Malli€EHTKU
BUKJIIOYEHO JiarHO3 HeLyKpoBoro aiabetry. Ha Ha-
CTYITHOMY eTani nudepeHiifHOi AiarTHOCTUKYU MPOBe-
JIeHO TeCT 3 JeNpuBalli€l0 BOAM TPUBAIICTIO 8 TOAMH,
B PE3YJbTaTi SIKOTO OTPUMAHO OCMOJISUIBHICTh Cedi
675 MmOcMm/Kr, 1110 cTaHoBUIO0 60% TIPUPOCTY Bim BU-
ximHoro piBH4. OTXe, y MNallieHTKU NiarHOCTOBAHO

TMEPBUHHY MCUXOTEHHY IMOJiAUTICiI0 Ta CKEPOBAHO Ha
KOHCYJIBTAIlil0 A0 ICUXOHEBPOJIOTa.

KoHcynbratist HeBpojora 24.06.24: cuHapoM Be-
TeTaTUBHOI MTUCMYHKIIiI, MApOKCU3IMAIbHUI Mepeobir;
YacTi BaxXKi BereTaTMBHi Hamaaud, OUCCOMHisI, BUpa-
XeHUN acTeHiuHull cuHapom. [IpuszHaueHo: Ecuuram
(iHTiGiTOp 3BOPOTHHOIO 3aXOIUIEHHSI CEPOTOHIHY): 2.5
MT 3paHKYy 5 IHiB, 5 MT 3paHKYy 5 IHIB, 7.5 MT 3paHKy 5
aHiB, 10 Mr 3paHky 1 micsib; MeTtiga (Bir B6 30 mr +
Mg 300 wmr) 1 cawe 1 p/noby-2 Micaui; Oninpam (iH-
ribiTOp 3BOPOTHHOTO 3aXOTJIEHHS MOHOaMiHiB) 50 Mr
3p/mo6y 1 micsup. Ha Ti1i mpu3HaueHOro JIiKyBaHHS
JIOCSITHYTO YaCTKOBOI KJIIHIYHOI peMicii: 3MEeHIIEHHS
KPaTHOCTI CyqOM HWXXHiX KiHIIBOK, BiICYTHiCTbh TIpe-
CUHKOMNAJIbHUX CTaHiB, 3MEHIIIEHHS KiJIbKOCTi BUTTUTOL
pinua" 10 4.5-5 1/m00y, H0OOBHMIA Hiype3 A0 S5 1/mo0y,
BiJICYTHICTb HiKTYpil.
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OO0roBopeHHs. Y gaHiit po6OTi MpeacTaBIcHO aBa
KJIiHIYHI BUMAAKU TIOJiypii, AKi MaloTh MOMIOHI KJTi-
HiYHi TIPOSIBU, ajie iIOCTPYIOTh Pi3Hi MaTOreHETUYHi
MEXaHi3MHU IbOTO CUMIITOMY Ta JEMOHCTPYIOTH SIK pe-
TeJIbHUI aHalli3 aHaMHe3y, KIIiHIYHUX Ta Jabopatop-
HUX JaHUX MOXE JOMOMOITH Y BMOOpi MpaBUJIbHOL
TaKTUKU JiKyBaHHs. OmnucaHi BUMAAKM ITiIKPeCTIo-
I0Th BaXXJIMBiCTb KOMIIJIEKCHOTO Ta iHAMBIiZYyaJlbHOTO
migxody OO JiarHOCTUKM moniypii. Takuii KoMrmiek-
CHMI MifgXil BMMAarae, B Ieplly 4Yepry, BUKIIOUEHHS
HaMOiIbII MOIIMPEHUX TPUYHMH TIOJIiypii, IKi HaBeaeHi
HIXYE.

LykpoBuii niabeT € omgHi€I0 3 HAWITOIIMPEHIIINX
MPUYUH TOJiypii. ¥ XBopuX Ha LIYKPOBUM HiabeT mo-
JIiypiss BMHHMKA€ BHACIiJIOK OCMOTUYHOIrO [Iiypesy,
CIIPUYMHEHOTO MiABUIIEHUM PiBHEM IJIIOKO3U B KpO-
Bi. Koy KoHIIEHTpallis TJI0KO31 B KPOBi ITepEeBUILYE
HUPKOBUI Mopir (3a3Buyait 61u3pko 180 Mr/mi a6o 10
MMOJIb/JT), HaIJIUIIOK TJIFOKO3M BUBOIUTHCS 3 CEUelo,
301IbLIyI0YM ii ocMousIpHicTh Ta 00’eM [1, 3]. Tomy
y MAaILli€EHTiB i3 BCTAHOBJICHUM IIYKPOBUM HdiabeToM
Ta HASBHICTIO CUMIITOMY IIOJIiypilo, B IeEpIIy 4Yepry,
HeoOXimHO BU3HAUUTU 00’€M TOOOBOIO Aiype3y Ta BU-
KJIIOYUTHU BOIHUA aiypes [1, 3, 14].

Henykposuii giaber (HLIJI) — 1e eHmokpuHHa
MaToJIoTis, IKa 00yMOBJIeHa Te(DEeKTOM CMHTE3y, TpaH-
cnopTy abo OCMOpPEryJboBaHOI ceKpellil Ba30MpecuHy
(AT ab0 3HMKEHOIO YYTIMBICTIO €MiTeJIi10 HUPKOBUX
KaHaJbIIiB 10 (i3ionoriyHoi aii Ba3ornpecuHy, 1o mpu-
3BOIMUTH 10 HE3AaTHOCTI HUPOK KOHILIEHTPYBATU CEUy
1 IPOSIBJIIETHCSI BUPAXKEHOIO CIIPAroio Ta eKCKPELielo
BEJINKOI KiJabKOCTi rimoroHiyHoi ceui [5, 8-10]. Cra-
TUCTUYHUX JaHUX 11010 3aXBOPIOBAHOCTI Ha HELYKPO-
BUil miabetr B YKkpaiHi Hemae. I[Tommpenicts HILIJL B
nonysuii craHoBuTh 0,004-0,01% -1:25000 HaceneH-
Ha (US Census Bureau, Population Estimates, 2004)
[10]. Bin3HayaeTbcsd cBiTOBa TEHAEHLIS OO POCTY I10-
mupeHocTi neHtpanbHoro HILJI, mo mos’s3yiorh i3
301JIBbIICHHSM YMCIa XipypTiyHUX BTpyYaHb Ha rOJ0B-
HOMY MO3KY 1 Tinoisi, a TakoxX KiJTbKOCTi 4epeIrmHo-
MO3KOBUX TpaBM, y pa3i IKMX BUnaaku po3sutky HII/I
ckinagaroTh 10 30% [5, 8].

Hedporennuit HIIJ € pe3ynbTaToM HeaaeKBaT-
HOI peakliii HUpOK Ha (i3i0/JIoTiuHY Jil0 Ba30IpeCcUHy,
sIKa BUHUKAE yepe3 Io0iuHi epeKTH pi3HUX Ipernapa-
TiB a00 4Yepe3 eNeKTPOJIiTHI IMOpYyILIeHHS-JIiKyBaHHS
JIiTiEM, TinepKanblieMilo, TimoKamieMilo) adbo crmagkoBi
NpUYMH (Yepe3 MyTallii B TeHax, 1110 KOAYIOTh apriHiH-
Ba30IIPECHHOBI PELIENITOPU 2 TUITY, KaHAJIM aKBaropu-
Hy-2) [7].

Kuniniuni nposisu HLJI: momiypist, momigumncis,
3arajibHa JeTiTpaTallisg (3HUXEHHS TYpropy IIKipHUX
MOKPUBIiB, CYXOCTb Y POTi, CXUJIBHICTh 10 apTepiaabHOL
TinmoTeH3ii), po3aaau 3i CTOPOHU IITYHKOBO-KMIIKO-
BOr0 TpaKTy, IMPOTPECUBHE CXYIHEHHS, MOPYIICHHS
CHy (uepe3 mepeBaxkaHHsI HiKTypii), po3apaToBaHiCh
[5, 7-10].

LenTtpanbHuii a6o HedporenHuit HIIJ HeoOXia-
HO IuepeHIliloBaTU Bil MEpBUHHOI MOJIAUIICIT, sIKa

BKJIIOYA€ HAAMipHE CTMOXWBAHHS BEJIUKOI KUTBKOCTI
BOJAM, HE3BaXalouu Ha HOPMAaJIbHY CEKpellilo Ta il
Basonpecuny [11, 12]. [lepBuHHA MOJIAUIICIS BUHK-
Ka€ y Nali€HTIB 3 MCUXiYHUMU PO3aanaMu (MICUXOTEH-
Ha MOJIITUIICiST) CTa€ BCE OUTBII MOLIMPEHOIO B 3arajib-
Hili MOyl Yepe3 KOMITyJIbCUBHE BXUBAaHHS BOIU
[11,12]. HagMipHe criokMBaHHSI BOIU MOXe MPU3BO-
JUTU 10 3MEHIIEHHS OCMOJISIJIBHOCTI KPOBi, 3HUXEHHS
YYTJIUBOCTI OCMOPELENTOPIB TiMOTAJIAMYCY i MPUTHi-
yeHHs1 (iziosoriunoi cexpeuii Bazonpecuny [11,12].
JliarHOCTHMKa TICMXOT€HHOI IIOJiAUIICii BUMAara€ BHU-
KJIIOYEHHSI iHIIMX MPUYMH TOJiypii, 0COOIUBO Hely-
KpoBoro aiabery. KiitouoBUM AiarHOCTUYHUM TE€CTOM
€ npoba 3 JAenpuBalli€l0 BOAU, sIKa J03BOJISIE OLIHUTHU
3MATHICTh HUPOK KOHIIEHTpYyBaTH ceuy [6, 7, 11, 12].

VY npencraBieHOMyY APYroMy KJIiHIYHOMY BUNAAKY
JiarHO3 MCUXOTeHHO1 MoJiauncii 6yB miaATBepAXKeHU
MiCJIs1 IPOBEACHHS TECTY 3 JENPUBALIIEI0 BOAU, SKUN
nokasaB 60% npupicT OCMOJISIPHOCTI cedi Bifi BUXiTHO-
ro piBH4. JIiKkyBaHHSI MCUXOT€HHOI MOJIAMUIICIT YacTo
BUMAara€ MyJbTUAUCIUILIIHAPHOTO TiAXOMy, BKIIIOYA-
04U TCUXoTeparilo Ta, 3a He0OXiqHOCTI, MeIUKAMEH-
TO3HE JIIKyBaHHS CYNYTHIiX MCUXiYHUX po3nauis [6, 7,
11, 12].

Tybynointepctuniansuuit Hebput (TIH) — ue
reTeporeHHa rpyna HecrneuudiyHUX ypakeHb KaHaIb-
1IiB i iHTEepCTULIAIbHOI TKAHWUHU HUPKU 3 HACTYITHUM
MOIIMPEHHSIM 3aMaJbHOTO MPOLIECY Ha BCi CTPYKTYpU
HUPKOBOI TKAHWHU iH(EKIiHHOrO, ajepriyHoro aodo
TokcuuHoro rexesy [13, 15-18]. Anani3 OCHOBHHUX
MPUYUH XPOHIYHOI iIHTEPCTULIIHOI MATOIOTii BCTAHO-
BUB, 10 y 63,4% Bunaakax TIH BUHUKaA€e BHACTIIOK
XpoHiyHOTO BBy MeaukameHTiB (HII33, anTuGi-
OTUKHU, aHAJIbIeTUKH, ypocemMin Ta iH.), y 14,6% —
BHACJIIOK OaKTepiaJbHOrO BIUIUBY (Mi€JOHEDPUT),
y 10,8% — OGCTpYKTUBHOrO BIUIMBY, B TOMY YHCIi
ceyoKaM’siHO1 XBOpOOU, MieopeHaaIbHOro pedJIIoKey,
CTPUKTYPHU Ce4YoBOJa, TOMI IK y 8% mMallieHTiB reHe3
3aXBOPIOBAHHS 3aJIUIIAEThCST He3’sicoBaHuM [15-18].
Hiarnoctuka TIH € cknagHum 3aBaaHHsIM. CyTTeBi
BigMiHHOCTI B mowmupeHocti TIH Bu3HaualoTbcs He-
JIOCKOHAJIICTIO AiarHOCTUKW, HEY3rOJXKEHICTIO [ia-
THOCTUYHUX KPUTEPIiB Ta HeCTELU@IUHICTIO KJIiHi4-
Hux nposisiB TIH [17, 18].

TIH € Baxk1BOl0, ajle 4aCTO HEAOOL[IHEHOIO MPU-
yrHOo noJfiypii. ¥ xsopux Ha TIH BinOyBaeTbcs ypa-
KEHHSI KAaHAJTbLIEBOTO anapaTy HUPOK, 110 MPU3BOIUTH
JIO TIOPYIIEHHS 1X KOHILIEHTPaliiiHOi (PyHKIIi1 Ta 3HU-
KEHHSl YYTJMBOCTI pEeLEeNnTOpiB KaHaJbliB 10 aHTU-
niypernuHoro ropmony (AT [13, 15]. IMopyuieHHs
peabcopOl1iii BOAU Ta eJeKTPOJIiTIB y KAHAIBLSIX MOXE
CIIPUYMHUTH 3HAYHE 30i1blleHHsS 06’emy ceui [18].

Iloniypig y nauientiB 3 TIH yacto cynpoBoaxy-
€TbCS 3HMXKEHHSIM OCMOJISIPHOCTI cedi Ta MOXe acolli-
IOBATUCS 3 €JEKTPOJITHUMU MOPYLIEHHSIMU, 30KpeEMa
rinoHarpieMiero Ta rimokanbliemiero [13, 14, 16]. Jli-
arHocTMYHUMMU o3Hakamu TIH gk mpuynHM nojiypii €
3HIKEHHS KaHaJIbLieBO1 peabcopOuii (Huxue 97-99%),
MOXJIMBE 30ibIIEHHST XBUJIUHHOTO Aiype3y (Buiie 1.4
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MJI/XB) Ta HOpMajbHa ab0 3HIKEHAa OCMOJISIPHICTh
cedvi 3a migBuIeHoro no6osoro aiypesy [13-16]. Bax-
JIUBO Big3HauuTH, o TIH moxe OyTu cipuuyrHeHUi
pi3HUMU (HAKTOpaMU, BKIIOYAIOUYM MEIUKAMEHTO3HY
Teparilo, 1o MiAKPECIIOE HEOOXiTHICTh PETEeIbHOIO
300py aHaMHe3y y TauieHTiB 3 nojiypieio [18]. Tpo-
BellEHHS MPOOU 3 AETPUBALLi€I0 BOJU MOXKE JOMTOMOTTHU
nudepennitoBat TIH Bin HU/ [6, 7]. JlikyBaHHS 10~
qiypii, cnpuunHeHoi TIH, cipsiMoBaHe Ha yCyHEHHS
MPUYMHU 3aXBOPIOBAHHS Ta KOPEKIil0 eJeKTPOJITHUX
nopywenb [18]. ¥V gesakux Bumagkax e®eKTUBHUM
MOXe OyTU MpU3HAYE€HHSI KOPTUKOCTEPOINiB, 30KpeMa
METUJINIPEIHI30JI0HY, IO MOXE MPU3BECTU A0 MOBHOI
KJIiHiKO-JTabOpaTOpHOI peMicii, IK y HalllOMy BUITAIKY.

711 TOUHOTO BCTAHOBJIEHHS AiarHO3Y Ta MOAAIb-
LIIOTO YCITIIIIHOTO JIiKyBaHHS HEOOXiTHO 3BEpPTaTU OCO-
O07MBY yBary Ha aJrOPUTM JTiaTHOCTUYHOTO TMOIIYKY,
iHTepIpeTalilo J1abopaTOpHUX Ta IHCTPYMEHTAJbHUX
MOCTiIKEHb. Y KIiHIUHIM OPaKTULi CIil PO3Pi3HATH
noiypito BiJ mojakiypii — 4acTOro ce4oBUMYCKaHHS
3a 30epexeHoro gobosoro aiypesy [1-3, 5, 10]. Lei
CTaH [MiaTHOCTYEThCS LIJISIXOM KiJbKiCHOTO BUMIipIO-
BaHHS A0O0OBOTO Jiype3y Ta BU3HAYEHHS TUITY Iiype3y
— BOJIHOTO 200 OCMOTHUYHOrO, 30KpEMa y MAlli€EHTIB 3
LIYKPOBUM JNiabeToM, A€ BiIOYBAETHCS TMEPEBUILEHHS
OCMOTUYHOTO HAaBaHTaXEHHS B HUPKOBUX KaHAJbIISIX
[3, 5, 10].

OcMOTUYHUI iype3 MOXHA NiATBEPAUTH LIUTSIXOM
BUMIipIOBaHHS OCMOJISIPHOCTI 4000BOi cedi i obuuc-
JICHHSIM 3arajbHOTO JOOOBOrO OCMOJIIPHOTO BUKHU-

ny 3a (popMyJI010: OCMOJISIPHICTb cedi X 24-ToAMHHUI
00’eM ceui [10]. ITanieHTamM 3 OCMOJISIPHICTIO cedi Bif
300 go 600 MOCMOJIb/JT HEOOXiIHO BU3HAYATU 3aralib-
HUl 10O0BUI OCMOJIIPHUM BUKWI, 110 B Cy4aCHOMY
JITOPUTMi JiaTHOCTUYHOTO MOIIYKY MPUYUH MOJiypil
He € pyTUHHUM obcTexeHHsM [10].

B npencraBieHux KIiHIYHUX BUITaJKaX BCTAHOB-
JIeHa OCMOJISIpHICTB cedui Oyma 499.5 mMocMoib/n Ta
420 MocMoOITb/J1, BiIMOBiAHO, O€3 MOAAIBIIIOT0 BU3HA-
YEHHS 3arajlbHOro A00O0BOrO OCMOJISIPHOTO BUKWUIY
yepe3 BiAMOBY MAlli€EHTIB Bill MOAAJIBIIOTO T0O0OCTE-
KEHHSI.

OCHOBHUMU J€T€PMiHAHTAMU MiATPUMKU BOAHO-
o TOMEOCTa3y € TOPMOH apriHiH- BazonpecuH (ABIT)
[14]. KitouoBa poJib Ba30MPECUHY IOJISITAE Y PEYIIsi-
1T piBHSI BOAU Ta €JeKTPOJIITHOTO CKJIaay KpOBi uepes
eheKT 3HUXEHHS E€KCKpEllil BOAU B AUCTAIbBHUX Ka-
HaJbLSIX Ta 30ipHUX TpybouKax HUpoK [14].

VYcninHa niarHoCTUKAa MPUYUMH MOAiypii B JaHUX
KJIiHIYHMX BUMAaJKaX 3aCHOBaHA Ha 3aCTOCYBaHHI Mi-
HiMaJIbHOTO CIIEKTPY 00CTEXEHb Ta 6a30BOr0 aJTOPUT-
MY MpoBeAeHHS NUdepeHiiiHOI fiarHOCTUKHU (Tad. 5)
[7,10, 11, 14].

BaxnuBy posb y 1IbOMY MiAXOAi BiirparoTh crie-
M @iyHi 1ab0paTopHi Ta iHCTPYMEHTAIbHi JOCIIiI)KEeH-
H$1, 110 JO3BOJISIIOTh OLIIHUTHU MaTOT€HETUYHI MEXaHi3-
MU nouiypii. lani po3rjisiHEMO OCHOBHI MiAXOAW A0
JIaTHOCTUKU Ta MEHEIXXMEHTY LIbOTO CTaHy, CIIUpPAIO-
YHCh Ha HAYKOBIi MyOJTiKallii Ta peKOMeHallil.

Tabauys 5

CriekTp 00CTeKeHHs Mai€HTa 3 CAMIITOMOM NOJIiypii

I. JJabopaTopHa miarHoCTHKA:

BuszHayeHHST OCMOJISIIBHOCTI IJ1a3MU KPOBI;

AL N —

3araabHMI aHaJIi3 cedi; aHajli3 cedi 3a SUMHULILKUM; OCMOJISJIbHICTD Ceui;
bioxiMiuyHe MOCTiMXEeHHS KPOBi: Kalili, HaTpili, ioHi30BaHUI KaJblliil, CCHOBUHA, KPEATUHIH;

BusHaueHHs piBHs BazonpecruHy ABO KonenTtuHy KpoBi;

I1. THcTpyMeHTAIBHI METOM 00CTEKEHHS:

1. Ornapmosa 6iuyHa peHTreHorpadis yeperna;

2. MPT a60 KT romoBHoro Mo3Ky (rirmoraiamMo-rirmodizapHoi JUISTHKN);

I11. TonaTKoBi 00CTEKEHHS:

1. JerimpaTtamiiiHuii TeCT IPU OCMOJSUIBHOCTI T1a3Mu KpoBi 270-300 MOcm/KT;

Tect Ha mernpuBalilo BOAM B IMOEAHAHHI 3 BBE-
IEHHSIM JECMOIIPECHHY € «30JI0TUM CTaHZAPTOM» Iia-
THOCTHKHM MTPUYHWH Tomiypii [6, 7, 14] (puc. 1).

B nepiuy yepry, y naiieHra 3 rnojiypiexo HeoOxia-
HO OLIHUTHU KOHLIEHTpAllil0 HAaTpil0 CUPOBATKU KPOBI
Ta OCMOJISUTBHICTD TIJIa3MM Ta/a00 OOMEXUTHU BXKUBaH-
HsI OyIb-SIKOi piTuHU TIpOTITOM 8 TOAUH, a00 BBEIEH-
HSIM TilIEpTOHIYHOIO COJILOBOro po3uuHy (3% po3unH
NaCl) 3 MeTo10 TOCATHEHHS KOHIIEHTpallii HaTpilo B

cuposarii (> 145 mmonb/n, ane <150 Mmmonb/m) Ta cTU-
MYJTIOBaTH Ba30IPECUH IOCTAaTHBOTO JJISI YTBOPEHHS
MaKCUMaJIbHO KOHIIeHTpoBaHol ceui [6, 7, 10]. Sxio
B pe3yJbTaTi NPOBeIeHHS TeCTy Ha OOMEXEHHSI BXU-
BaHHS PiIMHU — PIBEHb OCMOJISIIBHOCTI C€Yi 3pOCcTae
Ha 60% Big BuUxigHOro 3HayeHHs1 a6o >750 MOcm/Kr,
y Mali€HTa AiarHOCTYEThCS MepBUHHA MOJIAMUIICIS, 110
i OyJ10 MPOIEMOHCTPOBAHO B KJIiHIYHOMY BUTIanKy No2

[10-12].
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CUMIITOM HMOJIYPII-TOJILIUTIICII

FinoToHiuyHa (nuToma Bara< 1005 r/n, ocMonsAnbHicTb < 300MOcm/kr), noniypia (>40 mn/kr macu
Tina 3a 24 roguHu

FinepHaTpiemisa (>145 Mmonb/n), rinepocmonaAnbHicTb KpoBi (> 300MOcm/kr)

TECT 3 AECMOINPECUHOM

MigBuLeHHA
OCMONANLHOCTI cevi
6inbLw Hix Ha 50%

LleHTpanbHui Hell

HecdporeHuun Helll

TECT 3 CYXOI0 KO0

OCMONANbLHICTb
ceui >
750 mOcm/kr

OCMONANbHICTb cevi <
300 mOcm/kr

|

NEPBUHHA
noniguncisa

Puc. 1. Anroput™ nipoBeeHHs AMdepeHITiHHOI 1iarHOCTUKY Y MALIEHTIB 3 MOJIiypi€lo-TOTiIUICIETO.

ITicnsg pgocsrHeHHST piBHS HATpilo B CUPOBATI
KpoBi >145 MMOIB/ Ta OCMOJISUIBHOCTI CHPOBATKH
>300 MOcM/KT mpu3HavYaloTh €K30TCHHUI aHTUOiype-
TUYHUN TOPMOH, 1100 BiIpi3HUTU MEPBUHHY TTOJIANTI-
cilo Bim apriHiH-BasompecuHoBoro posiagy. [6-10].
TecT 3 mecMonpecuHOM-1Ie HAWMOIIUPEHIIINI METO/,
KU 3aCTOCOBYEThCA B KJIiHIYHIN rmpakTuui [6-10,14].
Hatiyacrimre 3actocoByeTbcst MiHipuH (10 MKT iHTpa-
HazaJbHO 200 2—4 MKT MimIIKipHO ab0 BHYTPIllTHHO-
BEHHO) i OIIIHIOETHCS PEaKIlisi, KOHTPOJIIOYN OCMO-
JISITBHICTD cedi KOoXXHi 30 XBUJIMH ITPOTSITOM HACTYITHUX
nBox roguH: [ToBHa AVP-R — BigcyTHiCTh MinBUILIEHHS
OCMOJISIPHOCTI cedi Ta ocMOJIsIbHICTh cedi <300 mMoc-
MoJib/KT; YacTkoBa AVP-R —3pocTaHHST 0cMOJISIIBHOC-
Ti cedi g0 45% Bing BUXiZHOIO piBHS a00 MiXBUILEHHS
OCMOJISIDHOCTI cedi 1o piBHs, KUl 3anumaetbesa <300
MOcwMm/kr; TloBHHUIT AVP-D — migBUIIIEHHS OCMOJISIP-
HocTi cevi Oinbir Hixk Ha 100% Big BUXiZHOTO PiBHSI;
YactkoBuit AVP-D — migBuIieHHST 0CMOISIPHOCTI cedi
Big 15 no 50% Bin BuxinHoro pisHa [6-10, 14].

Ha croronni moctynHa iHdopMallist oao 3acTo-
CyBaHHS Ta BMCOKOI JiaTHOCTUYHOI LIHHOCTI BU3HA-
YeHHS PiBHSI KOMENTHHY IIPU cuMIIToMi tosiypii [19].
OpnHak BU3HAYeHHS PiBHIB KONENTUHY AOCTYITHI JINIIIE
B JOCITHUIIBKUX J1a00paTopisaxX B IesIKMX perioHax Ta
HEOOCTYITHI B paMKax MpoBeleHHS AudepeHLinHOoL
IiarHOCTUKM TIiJl 4Yac 3acTocyBaHHS [lecMorpecuHy
KoxHi 30 XBUIKH rpoTaroM 2 roauH [19].

B nmaniii my0uikalii akiieHTOBaHO yBary Ha KJli-
HIYHUX BUIIaAKax 3 IMposIBAMU IOJiypii Ta pi3HUMU
€TIOJIOTIYHUMM YMHHUKAMU, BEACHHS SIKMX HE BUMa-
ra€ HaJa3BMYallHUX 3ycuib 3 00Ky KiiHiuucrta. IIpore
NOTPUMaHHSI MiHiIMaJIbHOTO CIIEKTPY JiarHOCTUYHOTO

MOIIYKY Ta 6a30BOr0 aNropuTMy AudepeHLiiHOoI dia-
THOCTUKHU MOKe OYyTH IIJIKOM YCITIIITHUM Y BUOOPi TT0-
JIabIIOI TAKTUKY JIiIKyBaHHS.

BucnoBku. Iloiiypist € 6araTtoakTOpHUM CHMII-
TOMOM, 3YMOBJICHUM Pi3HUMHU MeXaHi3MaMH, 110 I0-
TpeOy€e iHAWBIIYyaabHOIO MiAXOMy M0 AiaTHOCTUKU Ta
JikyBaHHS. [ TOYHOT AiaTHOCTUKU TeHe3y MOomiypii
HeoOXimHe KOMIUJIEKCHE OOCTeXEeHHS, BKJII0Yalo4u
aHaJi3 aHaMHe3y, KJIiHiYHi Ta JJabopaTOpHi JaHi, a Ta-
KOX BM3HAYEHHSI OCMOJIIPHOCTI ceyi, IO JoroMarae
BUSIBUTU TNIpUUMHY momiypii. IIpeacraBinenHi y craTTi
KJIiHIYHI BUMOAOKKM TYOYJOIHTEPCTUIIITHOTO HehpUTy
i TIEpBUHHOT NICUXOTEHHOI TOJIINIICIT € BaXKJIMBUMU,
aJie MeHII MOIIMPEHUMHU MPUUMHAMMU TTOJIiypii, 110 TT0-
Tpebye cnenudivyHoTo TMiaxomy no JikyBaHHsA. Hase-
JIeHi TaHi 3 JiarTHOCTUKU Ta JIIKyBaHHS MOJiypil MaloTh
CYITEBE MpaKTUYHE 3HAYCHHS, OCKUIbKU IepeBaXKHa
KiJTBKIiCTh BUMIAIKIB MOMiypil 3aIUIIAETHCS HeaiarHOC-
TOBAHOIO Ta TOTipIIIY€E MPOTHO3 MAIiEHTIB.

[opganpiii moCHiIKEHHS HEOOXigHI O BIO-
CKOHAJICHHSI IiarHOCTUYHUX aJITOPUTMIB i PO3POOKHU
e(PeKTUBHUX METO/IIB JIIKyBaHHS MOJiypil B KIIiHIYHIil
MpPaKTULIi.

Jeknapanis ermku. OmnucaHi KJIiHiYHI BUMaIKu
Oy JOCIHiIKeHi 3 JOTPUMAaHHSIM €TUYHUX CTaHIap-
TiB, BiAMOBiIHUX N0 MPUHUMITIB ['eabCciHCHKOI aeKiIa-
pauii BcecBiTHROI MenmuHoOiI acouianii. ITig gac 300py,
aHaJli3y Ta ONPUIIONHEHHS HAaHUX 3a0e3NeuyeHO KOH-
¢igeHLiHICTh Malli€HTIB: BCi 0COOMCTI aHi OyIM aHO-
HiMi30BaHi 1 3amo0iraHHs igeHTUdIKalliil Mali€eHTiB.
IMauienTn Hamaau AOOPOBiINIBLHY NMHUCHMOBY 3TOAY Ha
y4acTh Y JOCHIIKEHHi Ta Ha BUKOPUCTAHHS iX TaHUX Y
HayKOBilt Imy0Omikaiii.

YKPQIHCKNM XXYPHAA HEPPOAOTIT Ta planizy N4 (84) 2024

BUNOAKM 3 KAIHIYHOT NPAKTUKIA 37



Clinical case reports

Ukrainian Journal of Nephrology and Dialysis, 4 (84)'2024

Konduaikr inTepeciB. AsTopu aekiapyloTh Bia-

CYTHIiCTb KOH(MIIKTY iHTepeciB. ABTOpU Opanu ydyacTb
B CYIPOBO/Ii MALIIEHTIB B SIKOCTi KOHCYJIbTAHTIB.

JI>xepena diHancyBaHHA. ABTOPU 3asBIISIIOTH ITPO

BiACYTHIiCTb (piHAHCOBOI MiATPUMKH Bia >KOAHOI opra-
Hi3alii A1 1oaaHoi poOoTH.

10.
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Indopmanisi npo BHECOK KOKHOTO YYaCHHKA.
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Abstract. Proteus mirabilis isolates have been intensively researched for their capacity to cause
urinary tract infections (UTIs) and their swarming motility, although little is known about this
phenomenon. Probiotic Lactobacillus species, which are beneficial bacteria, are being studied
worldwide as therapeutic and preventative agents against bacterial infections. This study
investigated Lactobacillus supernatants as a potential new treatment against Proteus mirabilis.
In addition to testing their antimicrobial and anti-swarming activities, the research also aimed
to understand the genetic mechanisms behind the observed phenotypic changes.

Methods. A total of 150 urine specimens were collected from UTI patients at various hospitals
in Baghdad. Direct culture was performed by streaking the specimens on differential media.
RNA was extracted and purified from the bacterial isolates, and then reverse transcription and
quantitative PCR were used to evaluate swarming-related gene expression. Gene expression
was assessed relative to a reference gene to reveal how probiotics regulate swarming behavior
at the genetic level. Gene expression patterns varied, indicating complex genomic responses to
Lactobacillus exposure.

Results. UTIs affected 50 males (33.33%) and 100 females (66.66%) of various ages. Proteus
mirabilis was identified in 30 (20%) of the 150 samples. Resistance was observed in 25 (83.33%)
isolates for azithromycin and amoxicillin/clavulanic acid, and in 22 (73.33%) isolates for
meropenem. Real-time PCR showed significant alterations in the expression of four swarming-
related genes (rsbA, umoD, ZapA, and FliL). The rsbA gene showed a notable increase in
expression, while another sample displayed a decrease. The umoD gene exhibited the largest
change, with expression doubling in some cases. ZapA showed the greatest increase, nearly
tripling in expression in one sample. FliL expression also rose in multiple isolates. Swarming
activity was positively correlated with gene expression levels for rsbA (r = 0.8, p = 0.009), umoD
(r=0.635p =0.045), ZapA (r = 0.942, p = 0.001), and FliL (r = 0.894, p = 0.001).
Conclusions. The study reveals a complex gene network regulating the swarming motility of
Proteus mirabilis. It suggests that Lactobacillus acidophilus supernatants can modify gene
expression and bacterial motility, potentially aiding in the treatment of UTIs.
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Myranna Mysadaxk Aoayia, Baxaa Aoaynna Jlagraax Ann-Pyoai

BB cynepuaranry Lactobacillus na ekcnpecilo reHiB, aconiioBaHux
3 poinHaM Proteus mirabilis, i30;J1b0BaHOTO BiJ NALIEHTIB
3 iH()eK1isAMHM Ce40BOI CUCTEMH
Kadenpa Giosorii, hakyabTeT NIpUpoAHUYUX HayK, barnancekuit yHiBepcuteT, barman, Ipak

Pestome. I[z0namu Proteus mirabilis inmencugno 00caioxncyomscs yepes ixuw 30amuicmo GUKAUKAMU IHpeKyil
ceuo6oi cucmemu (ICC) ma eracmugico poinHs, xoua npo ye aguuje mano wo eidomo. Ilpodiomuuni eudu Lactobacillus
BUBHAIOMDBCS 8 YCbOMY CIMI AK mepanesmu4ui ma npogirakmuyri 3acobu npomu 6axmepiarvHux iHgexyii. Y yvomy
docnioxncenni Oyno eusueno cynepnamanmu Lactobacillus ax nomenyiiinuil nosuil 3aci6 aikyeanns ICC, euxaukaunux
Proteus mirabilis. Kpim mecmyeanns aHmumixpooHoi ma anmu-poinbHoi aKkmueHocmi, 00CAI0NCeHHS MAKONC MAA0 HA
Memi GU3HAYUMU 2eHeMUYHI MeXAHI3MU, KT 1e)CaAMb 8 OCHOBI CNOCMEPeNCYy8aAHUX (PeHOMUNIYHUX 3MIH.

Memoou. 3aeanom Oyno 3iopano 150 3paskie ceui 6id nauyienmie 3 ICC. Ilpsme KyabmugysaunHs npoeoousy uwiis-
XOM HaHeceHHs 3paskié Ha dughepenyianvhi cepedosuwa. PHK 6yaa excmpacosana ma ouuwiena 3 bakmepiansbHux i3o-
Aamis, nicas 402o 3a 00NOM02010 360pomHuoi mpanckpunyii ma kinvkicroi I1JIP 6yn0 oyineno excnpeciio eenie, acouyiiio-
6anux i3 poinHam. Excnpeciro eenie oyintosanu 6iOHOCHO peghepeHCHO20 2eHa 0451 moeo, w00 3 Acy8amu, 1K NPoOioMmuKU
pe2ynoomb PoinbHy N0BeOiHKY HA eeHeMUYHOMY DIiGHI.

Pesyavmamu. ICC diacnocmosano y 50uonosixis (33,33%) i 100 xcinok (66,66%) pisroeo 6iky. Proteus mirabilis
oye eusnavenuii y 30 (20%) i3 150 3paskie. Pesucmenmuicmo 0yaa eusenena é 25 (83,33%) izonamie 00 azumpomiyumy
ma amoKcuyuniny/Kaagyaanosoi kucaomu, i 6 22 (73,33%) izonamis 0o meponenemy. Kinvkicna IIJIP nokasasa 3nauni
3MiHU 8 eKcnpecii Yomupbox eeHie, acouitiosanux i3 poinuam (rsbA, umoD, ZapA ma Flil). Ien rsbA npodemoncmpysas
nideuwenHs piens excnpecii, mooi sk 6 inutiii npoobi cnocmepieanocs 3uudcents. Ien umoD npodemoncmpysae Hailibinbuti
3MiHU, NPU UbOMY 6 OesKux eunadkax ekcnpecis nodsoinacs. Excnpecis eena ZapA 30invuiunacs Hailbinvuie, mMaiice
nompoisuiuce 6 00niil 3 npod. Excnpecia FliL maxoic 3pocra é dexinvkox izonasmax. AKmMueHicms pOEHH NO3UMUBHO
Kopearogana 3 pisHamu excnpecii eenie rsbA (r = 0,8, p = 0,009), umoD (r = 0,635, p = 0,045), ZapA (r = 0,942, p =

0,001) ma FIliL (r = 0,894, p = 0,001).

Bucnosxu. Ilpedcmasnene docaidyicenHs 0eMOHCMPYE CKAAOHY eeHeMUYHY Mepedcy, KA Pecyato€ PoilbHy Mo-
muavricms Proteus mirabilis ma npunyckae, wo cynepuamaumu Lactobacillus acidophilus moxcyms moodugixysamu
eKchnpecito eeHie i 6aKmepianvHy pyxaueicmo, uio nomeryitino mosce cnpusmu aixyeantio 1CC.

Kmouosi cnoBa: Proteus mirabilis, Lactobacillus, poinns, ingexuii cewosoi cucmemu.

Introduction. The bacterial genus Proteus consists
of various species, including P. vulgaris, P. mirabilis, P.
myxofaciens, P. penneri, and P. hauseri [1]. These spe-
cies can either exist as saprophytes in the gastrointesti-
nal tracts of animals and humans or act as opportunistic
pathogens in urinary tract infections (UTIs). In UTIs
involving structural abnormalities or indwelling cath-
eters, Proteus mirabilis is typically present [2]. The rise
in drug resistance among Proteus species highlights the
need for regular antimicrobial susceptibility monitor-
ing to ensure effective therapeutic treatment [3]. A sig-
nificant virulence factor of Proteus species, particularly
P. mirabilis, is swarming motility, which is defined as
“a rapid and coordinated movement of bacteria across
surfaces, allowing them to spread quickly and colonize
new areas.” This trait enables the bacteria to rapidly

Bahaa Abdullah Laftaah AL-Rubaii
bahaa.abdullah@sc.uobaghdad.edu.iq

spread across surfaces in a bull’s-eye pattern, increas-
ing their resistance to antibiotics and predation while
providing competitive advantages through the secretion
of surfactants [4].

Non-motile, rod-shaped, Gram-positive Lactoba-
cillus species may offer the potential to treat antibiotic
resistance. Microorganisms in nutrient-rich habitats
contribute to health benefits. According to Salvetti and
O’Toole [5], Lactobacillus supernatants can impact P.
mirabilis gene expression linked to swarming, suggest-
ing a novel avenue for antibacterial treatment. Research
shows that fermentative Lactobacillus species compete
with harmful bacteria. These bacteria, part of the hu-
man gut microbiota, can adjust gene regulation to in-
hibit pathogenic quorum sensing. The antimicrobial
effect of Lactobacillus is attributed to the production
of bacteriocins, hydrogen peroxide, and organic ac-
ids. Lactobacillus supernatants may prevent P. mirabilis
swarming and colonization of the urinary tract by elimi-
nating other harmful bacteria [6—8].

Swarming genes such as rsbA, umoD, ZapA, and
FiiL in P. mirabilis control their movement. The rsbA
gene encodes a sensor kinase in a two-component regu-

40 OpUriHOABHI HOYKOBI POBOTU

YKPAIHCBKUIN XYPHOA HEPPROAOTTT Ta Aianizy N24 (84) 2024



Ukrainian Journal of Nephrology and Dialysis, 4 (84)'2024

Original Papers

latory system that regulates the initiation of swarm-
ing [1, 9]. Mutations in the rshA gene result in early
swarming, demonstrating its role in timing. UmoD, a
key up-regulator of the umo operon, enhances flagellar
gene expression and swarming motility during the tran-
sition from swimmer to swarmer cells. Swarming also
increases the expression of the Zn-dependent metallo-
protease encoded by the ZapA gene, which may degrade
extracellular proteins and enhance movement. The
FliL gene, a flagellar basal body gene, is essential for
proper flagellar function and directly impacts swarming
dynamics [10, 11]. Comparing gene expression during
and after swarming can provide insights into the com-
plex genomic networks controlling swarming in P. mi-
rabilis. This will further elucidate the biology and mo-
lecular mechanisms of swarming [12].

The swarming motility of P. mirabilis accelerates
colonization and involves cell differentiation and col-
lective movement [13]. Swarming enhances antibiotic
resistance; the increased permeability of swarmer cells
and the expression of resistance genes may help these
bacteria survive antimicrobial treatment. Lactobacillus
supernatants may influence P. mirabilis gene expres-
sion, swarming behavior, and antibiotic sensitivity [14,
15]. While the antibacterial capabilities of Lactobacillus
supernatants have been extensively studied, their effects
on P. mirabilis swarming motility, a critical virulence
factor in urinary tract infections, remain largely unex-
plored. Previous investigations into the antibacterial and
probiotic activities of Lacfobacillus have overlooked its
potential to regulate gene expression related to swarm-
ing. This gap in the literature calls for further research
into how sub-inhibitory concentrations of Lactobacillus
supernatants affect critical gene expression.

The present study aimed to examine the antibac-
terial and anti-swarming properties of sub-inhibitory
doses of Lactobacillus supernatant and to evaluate its
influence on the gene expression of swarming-related
genes in P. mirabilis.

Materials and methods. This study was conducted
in accordance with ethical guidelines, and approval was
obtained from the institutional review board of [Insti-
tution Name] (approval no. [xxx]). Written informed
consent was obtained from all participants, and all pro-
cedures adhered to the principles of the Declaration of
Helsinki.

Isolation and identification of Proteus spp. Speci-
men collection. One hundred urine specimens were
obtained from UTI patients at various hospitals in
Baghdad. The specimens were streaked on blood agar
and MacConkey agar, then incubated aerobically at
37°C for 24 hours.

Identification of isolates. Morphological identifi-
cation was performed based on Bergey’s Manual [16],
and biochemical tests were conducted according to
references [11-13]. The identification of P. mirabilis
and Lactobacillus acidophilus was confirmed using the
VITEK 2 compact system. The antibiotic susceptibil-
ity test was applied on Mueller-Hinton agar medium,

and the disc diffusion method was employed [17]. The
inhibition zones formed around the discs were mea-
sured in millimeters (mm) [18]. The antibiotics and
their concentrations (ug/disc) used were: Gentamicin
10 (India), Azithromycin 15 (Germany), Meropenem
10 (United Kingdom), Ceftazidime 30 (Canada), Imi-
penem 10 (Germany), Levofloxacin 5 (U.S.), Cipro-
floxacin 5 (Germany), Amoxicillin/clavulanic acid 30
(India), Trimethoprim 10 (U.S.), and Vancomycin 5
(Denmark).

Swarming motility assay (central spot inoculation
method). Blood agar plates were inoculated with an
overnight broth culture (0.01 ml), and the plates were
incubated at 37°C overnight [19].

Preparation _of Lactobacillus _cell-free culture
supernatants. Agar plates and MRS broth were used
to cultivate Lactobacillus. The optical density of the
standard cell suspension was adjusted using McFarland
standard no. 0.5 turbidity. The supernatant was prepared
by incubating 0.1 ml of the standard cell suspension in
MRS broth at 37°C for 24 hours. Lactobacillus cells
were removed through centrifugation and filtration.
The supernatant stock solution was used to examine its
inhibitory activity [20].

Antimicrobial activity of Lactobacillus isolates.
Various concentrations of Lactobacillus supernatant
were tested for antibacterial activity using the agar
dilution method [21]. Briefly, distilled water (D.W.) was
used to dilute the supernatantby 1/2,1/4,1/8,1/16, and
1/32, to reach a final volume of 10 ml. Proteus mirabilis
was inoculated in nutrient broth for 24 hours. Double-
concentration Muller-Hinton agar was autoclaved, then
mixed with the appropriate supernatant concentrations
in sterile Petri dishes. P. mirabilisisolates were spotted in
microliters onto each plate and incubated at 37°C for 24
hours. The minimum inhibitory concentration (MIC)
was defined as the lowest concentration of supernatant
that inhibited bacterial growth. The swarming potential
of the isolates was re-evaluated using sub-inhibitory
concentrations of Lactobacillus supernatant.

Gene expression analysis. RNA extraction and puri-
fication. RNA extraction was performed using GeneAid
reagents (South Korea), and RNA concentration and
purity were measured with a NanoDrop 1000 spec-
trophotometer. After overnight ulture, bacteria were
centrifuged, lysed, and mixed with ethanol. The su-
pernatant was transferred to an RNA binding column,
followed by washing with Pre-Wash Buffer and Wash
Buffer. The column was dried, and RNase-free water
was added to elute the pure RNA. This process ensured
precise and efficient RNA extraction.

c¢DNA synthesis, RT-PCR, and quantitative RT-PCR.
cDNA synthesis, reverse transcription-PCR (RT-PCR),
and quantitative RT-PCR were performed on RNA
samples, excluding those set aside for RNA sequenc-
ing (RNA-Seq). Dissociation curve analysis confirmed
product specificity. Gene expression levels were quanti-
fied using the relative method with rpoA as the reference
gene. The following primer sequences were used:
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e 1poAF: 5-GCGTGTTATAGCCCAGTTGA-3’,
rpoAR: 5’~- AGGCTGACGAACATCACGTA-3

o rsbAF: 5 -CTATACCTACCGCACCATGT-3’,
rsbAR: 5’-GAAGTCCCATCCGTTGATAC-3’

o FliLF: 5-GGTGATCGCCATTATTGCAG-3’,
FliLR: 5’-AGCGTAACGTGATCCCTATG-3’

o umoDF: 5’-CAAGAGTGCCGTGTTTTCTATA-3,
umoDR: 5’-CGATGATATCGCCCGGTTTAA-3’

e ZapAF: 5’-GGCCAAGCATGGTTTAGTGA-3’,
ZapAR: 5’-GGCGACTATCTTCCGCATAA-3

Results. Isolation proportions of Proteus mirabilis.
The study involved the collection of 150 urine samples
from patients with UTIs admitted to various hospitals.
The patient population consisted of 33.33% male and
66.66% female participants. These samples were culti-
vated on blood and MacConkey agar to identify Proteus
mirabilis. P. mirabilis was isolated in 20% of the samples
(30 samples), with a higher incidence in female patients

(12.66%) compared to male patients (7.33%). The re-
maining 80% (120 samples) were negative for bacteria,
comprising 54% female and 26% male samples. This
data highlights a gender-based variation in the inci-
dence of P. mirabilis in the tested population.

Patterns of antibiotic susceptibility in Proteus mi-
rabilis. The disc diffusion assay revealed the antibiotic
resistance patterns of P. mirabilis isolates. Susceptibility
is indicated by the presence of inhibition zones around
antibiotic-impregnated discs, while resistance is signi-
fied by smaller or absent zones of inhibition. The iso-
lates demonstrated resistance to Amoxicillin/clavulanic
acid, Azithromycin, and Meropenem, with resistance
rates of 25 (83.33%), 25 (83.33%), and 22 (73.33%),
respectively. Resistance rates for Ceftazidime, Genta-
micin, and Vancomycin were 21 (70%), 20 (66.66%),
and 16 (53.33%), respectively. Conversely, sensitivity
rates were 26 (86.66%) for Imipenem, Levofloxacin,
and Ciprofloxacin, and 18 (60%) for Trimethoprim.
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Fig. 1. Test of antibiotic sensitivity for isolates of Proteus mirabilis.

Determination of minimum_inhibitory concentration
(MIC). Sixteen antibiotics were tested using VITEK 2
Compact and an AST card. The antibiotics showed re-
sistance to Piperacillin (=128 pg/ml), Clavulanic acid
(tazobactam/16—64 pg/ml), and Ticarcillin, with MIC
values of 25 (83.33%). Additionally, 66.66% of isolates
demonstrated resistance to Ceftazidime with MICs of at
least 64 pg/ml. Sixteen isolates (53.33%) showed resis-
tance to Imipenem (<0.25 pg/ml), Aztreonam (=64 ug/
ml), Meropenem (1 pg/ml), and Cefepime. Approxi-
mately 50% of samples showed resistance to Amikacin
(<2 ug/ml) and Gentamicin (2 pg/ml). Resistance rates
for Sulfamethoxazole (=320 pg/ml), Trimethoprim,
and Minocycline (8 pg/ml) were around 40% (12 iso-
lates). Fewer isolates (13.33%) showed resistance to
Tobramycin (<1 pg/ml), Ciprofloxacin (<0.25 pg/ml),
and Piperacillin/Tazobactam (<4 pg/ml).

Swarming behavior of Proteus mirabilis on blood
agar. The bacterium exhibits a unique swarming growth
pattern, characterized by tendril-like extensions from
the central inoculation point, demonstrating its rapid
colonization and spreading ability across solid surfaces.
On blood agar, Proteus mirabilis forms these tendrils,
indicating quick diffusion. Initial swarming diameters
were 8.3 cm, 6.7 cm, 7.7 cm, and 6.6 cm. After treat-
ment with Lactobacillus supernatant, these diameters

decreased to 3.1 cm, 2.4 cm, 3.2 cm, and 3.0 cm, in-
dicating reduced swarming. This significant reduction
suggests that chemicals in Lactobacillus supernatants
inhibit P. mirabilis motility on blood agar. The observed
interaction highlights the antagonistic relationship be-
tween Lactobacillus acidophilus and P. mirabilis, sug-
gesting that Lactobacillus products could be used to
treat infections caused by swarming pathogens.

Fig. 2. Swarming activity of Proteus mirabilis on blood agar in
the presence of Lactobacillus acidophilus.

Estimation of gene expression. Real-time PCR re-
vealed changes in the expression levels of four genes—
rsbA, umoD, ZapA, and FliL—in isolates treated with
Lactobacillus acidophilus supernatants compared to
a reference or control. After treatment, the expres-
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sion of the rshA gene in isolate 77 increased by 1.62-
fold, while there was no significant change in isolate
55 (0.96). Isolates 80 and 90 exhibited reductions in
expression, with 0.54 and 0.83-fold decreases, respec-
tively. UmoD expression showed a significant increase
of 2-fold in isolate 77. Isolate 55 was upregulated by
1.25, while isolates 80 and 90 were downregulated by
0.59 and 0.68, respectively. The ZapA gene was up-
regulated in isolate 77 with a 2.93-fold increase, while

isolate 55 showed a fold change of 1 (0.85), and isolates
80 and 90 were downregulated (0.61 and 1.11, respec-
tively). The FIliL gene showed a 1.25-fold upregulation
in isolate 77, with isolate 55 showing a slight increase
(1.05) and isolate 80 downregulated by 0.66. Isolate 90
exhibited a 1.29-fold increase. These changes suggest
that Lactobacillus acidophilus supernatants may influ-
ence the gene expression of swarming-related genes in
P. mirabilis.

Table 1

Gene expression levels of rsbA, umoD, ZapA, and FliL before and after treatment
with Lactobacillus acidophilus supernatants

pre post
Isolate code AACt Fold change
hkg rshA ACt hkg rsbA ACt
80 8.45 13.23 4.78 8.5 14.16 5.66 0.88 0.5433674
77 8.18 15.36 7.18 8.56 15.04 6.48 -0.7 1.6245048
55 13.32 14.74 1.42 10.83 12.31 1.48 0.06 0.9592641
90 8.49 12.68 4.19 10.44 14.89 4.45 0.26 0.8350879
pre post
Isolate code AACt Fold change
hkg umo ACt hkg umo ACt
80 8.45 10.13 1.68 8.5 10.92 2.42 0.74 0.5987394
77 8.18 11.41 3.23 8.56 10.79 2.23 -1 2
55 13.32 15.17 1.85 10.83 12.35 1.52 -0.33 1.2570134
90 8.49 9.55 1.06 10.44 12.04 1.6 0.54 0.6877709
pre post
Isolate code AACt Fold change
hkg ZapA ACt hkg ZapA ACt
80 8.45 10.21 1.76 8.5 10.97 2.47 0.71 0.6113201
77 8.18 12.12 3.94 8.56 10.95 2.39 -1.55 2.9281714
55 13.32 13.92 0.6 10.83 11.67 0.84 0.24 0.8467453
90 8.49 10.24 1.75 10.44 12.04 1.6 -0.15 1.1095695
pre post
Isolate code AACt Fold change
hkg fli ACt hkg S ACt
80 8.45 9.98 1.53 8.5 10.62 2.12 0.59 0.6643429
77 8.18 10.52 2.34 8.56 10.57 2.01 -0.33 1.2570134
55 13.32 14.54 1.22 10.83 11.98 1.15 -0.07 1.0497167
90 8.49 9.87 1.38 10.44 11.45 1.01 -0.37 1.2923528

Gene expression and swarming correlation. Table
2 reveals a strong positive correlation between gene
expression and Proteus mirabilis swarming. Statisti-
cally significant correlations between the expression of
rsbA, UmoD, ZapA, and FliL suggest that these genes
regulate swarming behavior. Although gene activity

increased after Lactobacillus supernatant treatment,
swarming rates decreased, suggesting a complex regu-
latory mechanism involving multiple genes. Investi-
gating these networks is essential for understanding
microorganism motility patterns.
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Table 2
Correlation between gene expression levels and
swarming activity

Gene Pearson’sr p-value

rsbA 0.8 0.009
UmoD 0.635 0.045

ZapA 0.942 0.001

FiiL 0.894 0.001

Discussion. In 2023, Al-Ezzy et al. reported that
63.33% of Proteus mirabilis cases in Iraq occurred in
females, while 36.67% were in males. The 17—23 age
group had a 33.33% infection rate, while the 24—30 age
group had a rate of 16.67% [22]. In 2022, Al-Obaidi and
Al-Hashimy found 22 P. mirabilis isolates among UTI
patients in Baghdad hospitals, with an isolation rate of
21.34% [23]. Similarly, in 2022, Al-Jubouri and Shami
studied UTIs in Iraq and identified microbial growth in
62.3% of 180 urine samples, with no growth in 37.7%.
P. mirabilis was isolated in 2.7% of patients, though the
actual number of cases was not provided [24]. These
studies show that the frequency of P. mirabilis varies by
gender and age. It is most common in individuals aged
17 to 37, but recent research suggests it is more frequent
in boys under 14 [25].

Under the oil immersion lens of a compound light
microscope, the bacterial isolates appeared as reddish-
pink rods, a characteristic typically associated with
Proteus bacteria. This observation aligns with previous
findings [26]. In the present study, Lactobacillus spe-
cies were identified using Gram staining, appearing as
Gram-positive bacilli and cocco-bacilli, either solitary
or paired. Several studies have reported similar results
[27]. This investigation supports both domestic and in-
ternational research findings.

Mohammad et al. found that P. mirabilis isolates
from patients with kidney failure and UTIs in Baghdad
exhibited resistance to ciprofloxacin [28]. Al-Nabhani
and Shami reported P. mirabilis resistance to ceftazi-
dime (86.1%) and gentamicin (76.9%) [29]. Cipro-
floxacin resistance was moderate at 40%, and resistance
to amoxicillin-clavulanic acid was 56.9%. Levofloxacin
(33.8%), imipenem (15.3%), and meropenem (1.5%)
had lower resistance rates [30]. Antibiotic susceptibility
of P. mirabilis isolates has varied across studies. For in-
stance, isolates from Baqubah Hospital were 80% sensi-
tive to ciprofloxacin, 60% sensitive to gentamicin, and
82.6% sensitive to imipenem. Newer carbapenems, such
as imipenem, are more effective against Gram-negative
bacteria due to their lower resistance rates [31]. The in-
creasing resistance to gentamicin in local hospitals un-
derscores the importance of aminoglycosides in treating
UTTIs. The complex structure of Proteus spp.’s outer cy-
toplasmic membrane likely contributes to its resistance
mechanisms. Additionally, improper antimicrobial use
has been linked to antibiotic resistance in Proteus spp.
and other microorganisms [29, 32—34].

Minocycline, a bacteriostatic tetracycline that in-
hibits protein synthesis by binding to the 30S ribosomal
subunit, showed resistance in 71.4% of isolates in re-
cent studies [35]. Meropenem had the lowest resistance
rate at 2.85%, and gentamicin and imipenem were
highly effective against P. mirabilis, with a 97.2% suc-
cess rate [36]. However, Proteus spp.” swarming motil-
ity, a virulence factor, poses challenges for microbio-
logical studies and diagnosis due to its association with
high virulence enzymes. Lactobacillus acidophilus has
demonstrated the ability to displace harmful bacteria on
mucosal surfaces and combat various infections [37].
This study found that L. acidophilus can inhibit P. mi-
rabilis, with implications for antibiotic resistance pro-
files. These results underscore the urgent need for novel
therapeutic approaches and precise diagnostic methods
in the face of increasing antibiotic resistance. Probiot-
ics, particularly Lactobacillus species, may influence
the virulence of P. mirabilis, potentially leading to new
methods for controlling harmful behaviors [38, 39].

Swarming motility, a coordinated and rapid sur-
face movement exhibited by certain bacterial species,
is closely associated with virulence, colonization, and
biofilm formation [40]. In the case of P. mirabilis,
swarming plays a crucial role in urinary tract infections,
especially in catheterized patients, where it facilitates
bacterial colonization [41]. The two samples with the
highest swarming activity on blood agar support pheno-
typic observations that suggest a link between swarm-
ing and the expression of the rshA and Zap genes [42].
The rsbA gene has been associated with bacterial stress
responses, which are believed to play a role in host col-
onization [43]. Its high expression in the most active
swarming samples suggests it may be involved in lim-
iting swarming under harsh or resource-limited con-
ditions, such as the urinary tract [44]. While the exact
role of the Zap gene in swarming remains unclear, its
increased expression in the most active samples suggests
it plays a significant role in this behavior [45].

This study demonstrates that swarming in P. mira-
bilis is influenced by multiple genes, rather than a single
one. Genes like Zap and FliL are involved in flagellar
assembly and extracellular matrix production, which
are essential for swarming. However, the moderate
associations of genes like 7shA4 and UmoD suggest that
regulatory or context-dependent factors may mediate
their roles. This highlights the complex genetic regu-
lation of bacterial swarming behavior, indicating that
other factors or pathways are likely involved. Swarm-
ing regulation is known to be influenced by various
stimuli and interconnected regulatory networks [46].
The moderate association of UmoD may reflect the
complexity of its role, which could be context-specific
or require interaction with other regulatory elements.
Overall, multiple genes contribute to swarming behav-
ior, which is governed by a complex genetic network
[47]. Genes involved in flagellar function, such as Zap,
show a strong correlation with swarming, corroborating
previous studies indicating that these genes are highly
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activated during swarming [48]. FliL genes, linked to
extracellular components, support swarming motility,
aligning with research that suggests swarming is aided
by structures like lipopolysaccharides and other mem-
brane components [49]. The moderate correlations
observed for rsbA and UmoD suggest a more intricate
regulatory network. Studies have shown that regulatory
proteins like RsbA control the timing of swarming, sup-
porting findings that gene overexpression or mutations
can result in premature swarming [49, 50].

Some studies suggest that P. mirabilis coordinates
virulence factor expression with swarming differentia-
tion, including the regulation of toxins, adhesins, and
other virulence genes [51]. The complex genetic regu-
lation observed in this study is consistent with transcrip-
tomic research showing widespread changes in gene ex-
pression during swarming, including both upregulation
and downregulation of various gene sets [48].

When evaluating the effect of Lactobacillus
spp. supernatant on swarming-related genes, the
PCR approach is generally recommended. This
molecular technique is widely applied across various
fields of microbiology. It has been used to diagnose
pathogenic bacteria, including Proteus mirabilis [35,
52], Staphylococcus aureus [53], and Pseudomonas
aeruginosa [54], as well as to assess the severity of
Coronavirus Disease 19 [55]. Additionally, PCR hasbeen
employed to explore the roles of bacterial neuraminidase
and hyaluronidase in cancer cell interactions in vivo [56,
57], investigate mutations in gastric cancer [58], and
measure gene expression levels of biomarkers in a range
of diseases [59, 60]. Furthermore, the PCR technique
has been used to examine small nuclear RNA host
gene 3 as a potential therapeutic target in breast cancer
through metabolic reprogramming [61], evaluate the
significance of mitochondrial DNA quantification for
blastocyst transfer potential [62], and used miRNA-126
as a Biomarker for Cancer Stem Cells [63].
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Several limitations were encountered in this study.
First, the sample size was relatively small, which may
affect the generalizability of the results. A larger, more
diverse sample size would provide a more comprehen-
sive understanding of P. mirabilis swarming and gene
expression. Second, this study focused on isolates from
a specific geographical region (Baghdad), limiting its
applicability to other regions. Future research should
include isolates from different regions to provide a
more global perspective. Third, while gene expression
was analyzed using real-time PCR, additional molecu-
lar techniques, such as transcriptomics or proteomics,
could offer more detailed insights into the regulatory
pathways involved in swarming. Finally, the study did
not explore the long-term effects of Lactobacillus su-
pernatant on swarming behavior, and further research
is needed to determine the sustainability of its inhibi-
tory effects over time.

Conclusions. The study reveals that swarming mo-
tility in Proteus mirabilis is regulated by multiple genes,
including rsbA, UmoD, ZapA, and FliL. Additionally,
Lactobacillus acidophilus supernatants can influence
gene expression and modulate bacterial motility, sug-
gesting potential therapeutic applications for managing
UTls.
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Abstract. The present study aimed to investigate the immunohistochemical characteristics
of the bladder (UB) of rats with infravesical obstruction (IVO) after intraperitoneal
administration of biologically active compositions (BACs) (conditioned media (CM) of native
and cryopreserved cultures of mantle gliocytes (MG) obtained from the spinal ganglia (SG)).
Methods. 1VO was reproduced by surgical ligation. BACs were intraperitoneally injected for 10
days. The relative area of expression of S100 protein and actin, as markers of bladder nerve
and smooth muscle cells, was calculated. The experimental animals were divided into groups as
follows: 1 - intact control (n=15); 2 - CM from the culture of native MG (n=7); 3 - CM from the
culture of cryopreserved MG (n=6); 4 - animals with IVO without treatment (n=15).

Results. BACs obtained from the culture of native and cryopreserved MG were involved in the
remodeling of the bladder structure, which changed during IVO. Visual assessment of the UB
tissue specimens subjected to immunohistochemical labelling with antibodies to S100 protein
and actin revealed an increase in the relative area of positive labelling in animals of groups 2
and 3 compared to group 4 (untreated). Statistical analysis demonstrated an increase in the
relative area of expression of the studied markers of nervous and muscle structures by both
indicators in animals of group 2 by 91.6% and 78.9% (p = 0.004; p = 0.002, respectively)
compared to group 4 (without treatment). A somewhat different trend was observed when
comparing the results of group 3. A statistically insignificant increase in the relative area of
S§100 protein expression in the UB tissues (p>0.05) and a significantly higher expression of
actin by 78.8% (p=0.001) were found compared to the untreated group.

Conclusions. The positive effect of neurotrophic factors contained in the secretions of native/
cryopreserved SG cell cultures on the expression of immunohistochemical markers of nerve
and smooth muscle cells of the bladder in the course of IVO in rats has been found. It has been
determined that cryopreservation affects the nature of the biological activity of the secretions
of SG cell culture. At the same time, the administration of CM of cryopreserved culture has
been proven to be effective in correcting the effects of IVO and similar to the effect of CM of
native culture.

Key words: immunohistochemical markers, S100, actin, protein expression, infravesical
obstruction, spinal ganglion, mantle gliocytes, conditioned medium.
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ImyHoricToxiMiyHa OIiIHKA BIIMBY HeilpoTpodiynuxX haKkTopiB HA CeYOBMIt
Mixyp mypiB 3 iHpaBe3uKaIbHO 00CTPYKILIEIO Mic/ig BBeIeHHS 0i0JI0riYHO
AKTUBHMX KOMIIO3UIIIMH
ITHcTuTyT npo6iemM Kpiobiosorii i kpiomenuuman HAH Yxpainu, m. Xapkis, YkpaidHa
ZXapKiBChKMIi HALIIOHATBEHUI MEIVYHWIA YHIBEPCUTET, M. XapKiB, YKpaiHa

Pe3tome. Mema pobomu — eusuenns imyHocicmoxXiMiyHux xapakmepucmuk ce406020 mixypa (CM) camox wy-
i i3 inghpasesikanvroro oocmpyxuyiero (IBO) nicas 6HympiuiHbo4epesHo20 86e0eHHs 0i0N02IYHO AKMUBHUX KOMNO3UYIL
(PAK) (xonouuitiosanux cepedosuu; (KC) Hamusroi i KpuokoHcepeogaroi Kyasvmyp mawmiinux enioyumie (MI), ompu-
Manux 3i cninanvuux eaneniie (CI)).

Memoou. IBO modentosanru aiecamyprum memooom. BAK esoduru meapunam eéHympiuiHb04epesHo npomseom
10 di6. Pospaxosysaau eidHocHy naouy eionocHoi naouii excnpecii 6iaky S 100 ma akmuny, K mapkepie Hepeosux i
21a0eHbKOM 1308UX KAIMUH ce408020 mixypa. Tsapun nodiauau na epynu: 1 — inmaxkmuuii koumponas (n=15); 2 — KC
6i0 kynemypu namuenux MI' (n=7); 3 — KC id kyasmypu kpiokoncepgoganux MI (n=6); 4 — meapunu 3 IBO 6e3 ai-
KysauHns (n=15).

Pesynomamu. BAK, ompumani 6io Kyaemypu namuseHux i Kpuokoucepgosarux MI, bpasu ynacms y pemodento-
BAHHI CMPYKMYPU Ce408020 Mixypa, sKa 3minrogaaacs nio yac IBO. 3a 8izyanvHoro oyinkoro npenapamie mxanunu CM,
AKI 6Y10 niddano imyHozicmoximiyHoMy miveHHi0 anmumisamu 0o oinky S100 ma akmury, 6cman06AeH0 30inbUleHHS
BIOHOCHOI nAoWi NO3UMUBHO20 MiveHHs y meapur epyn 2 i 3 nopienano 3 epynoio 4 (6e3 nikysanns). Ilisxom cma-
mucmu4H0o20 aHanizy 6ya0 6CMaH08AeH0 30inbleHHs I0HOCHOT naouyi ekcnpecii 00CAI0NCYBaAHUX MAPKepie HepeosuUxX i
M’a308Ux cmpykmyp 3a oboma noxasHukamu y meapun epynu 2 na 91,6% ma na 78,9% (p = 0,004; p = 0,002 gionogio-
Ho), nopisHaHo 3 epynoio 4 (6e3 aikysanns). Aewo inua mendenyis 6yra npu nopieHauHi pezyassmamie epynu 3. Bcma-
HOBAEHO CIAMUCMU4HO He 3Hauyuie 30invueHHs 6ioHocHol naowi excnpecii y mxanunax CM 6inky S100 (p>0,05) ma
3HauHO Oinbuii nokasHuku excnpecii axkmuny na 78,8% (p = 0,001), nopienaro 3 epynoro 6e3 AiKy8aHHs,.

BucHnoeku. Bcmanosaeno no3umueruii 6naue Hellpompoghiunux gpaxmopie, ki MiCmamscs y ceKkpemomax Hamue-
Hoi/kpiokoncepsosaroi kyasmyp kaimun CI Ha excnpecito iMyHO2ICIMOXIMIMHUX MAPKePI8 HepBOBUX i 2A1a0eHbKOM A308UX
Kaimun cew06020 mixypa npu IBO y wypie. Busznaueno, uwo KpiokoHcep8yeanHs enausac Ha xapakmep 6ionoeiuHol ak-
mugnocmi cexkpemomie kyaomypu kaimun CI. Ilpu yvomy ésedenns KC kpiokoHcepsosanoi kynsmypu 6y10 epekmugHuM
ons Kopeeysanns Hacaiokie IBO i cxoxcum Ha enaueé KC namueHoi kKyavmypu.

KnrouoBi cnoBa: imynocicmoximiuni mapkepu, S100, axkmun, excnpecis 0iikie, ingpasesikaivha 00cmpyKyis,
CRIHANbHULL 2aHeATll, MaHMIUHI erioyumu, KoHOUYiiloearne cepedosuuye.

Introduction. Urodynamic disorders due to in-
fravesical obstruction (IVO) are an urgent problem in
modern urology. More than 50% of elderly men are
predisposed to IVO due to benign prostatic hyperplasia
(BPH) [1]. IVO occurs in 8-10% of women as a compli-
cation of surgical treatment of urinary incontinence [2].

In conditions of prolonged chronic bladder (UB)
obstruction and increased urethral resistance, blood
circulation is impaired, and cell ischaemia, detrusor hy-
pertrophy, and inflammatory processes may occur. One
of the consequences of the structural and functional re-
structuring of cell layers is the loss of the receptor ap-
paratus and denervation of the bladder wall, which can
be more than 50% in this pathological condition [3].

Vyacheslav Globa
globa.1978@gmail.com

IVO causes multiple physiological and structural
changes in smooth muscle (SM), transitional cell epi-
thelium, nerves, and vasculature. Ultimately, this can
lead to a loss of smooth muscle function and contrac-
tility, or cause progressive severe hypertrophy and in-
creased contractility of the UB [4, 5].

It has also been morphologically proven that out-
flow obstruction causes neuronal degeneration (partial
denervation) in the smooth muscle of the UB [6, 7, 8].
The loss of functional synapses can reduce the release of
contractile neurotransmitters and thus reduce the mag-
nitude of the bladder contractile response [9]. Studies
using experimental animals have also shown that the
presence of an obstruction to urine outflow affects the
nervous control of the UB activity [3, 7, 10, 11]. IVO
is usually accompanied by a decrease in the innervation
density of the hypertrophied bladder [12]. IVO changes
neural networks in the central nervous system, which
can cause organ dysfunction [6, 10, 13, 14].

At present, reinnervation of the urethra is an urgent
task in urology, reconstructive surgery, and tissue engi-

50 OpUriHOABHI HOYKOBI POBOTU

YKPAIHCBKUIN XYPHOA HEPPROAOTTT Ta Aianizy N24 (84) 2024



Ukrainian Journal of Nephrology and Dialysis, 4 (84)'2024

Original Papers

neering of the urinary tract. According to current data,
cultures of cells of neural origin, in particular Schwann
cells and nerve cells obtained from various sources, are
used to solve such problems [15, 16].

It is known that glia derivatives are able to pro-
duce a number of neurotrophic factors (NFs) that pro-
mote neuronal regeneration and stimulate the directed
growth of nerve cell axons [17, 18]. This is valuable for
the reinnervation of the UB and restoration of the pool
of nerve endings in the bladder wall.

Currently, research is being conducted on the cul-
tivation and cryopreservation of spinal ganglion (SG)
cell culture and the generation of cell-free media con-
taining NFs [19, 20]. However, there has been no at-
tempt so far to use SG cell culture, secretions, and other
biological products to restore the UB receptor pool and
improve its contractility in IVO.

The research aims to investigate the effect of bio-
logically active compositions (conditioned media of
native and cryopreserved cell cultures) obtained from
spinal ganglia on the expression of S100 proteins and
actin in the bladder of rats with infravesical obstruction.

Materials and Methods. Investigations were car-
ried out on 6-month-old white outbred rats (250—320g,
n=43). Manipulations in animals were performed
in accordance with the Law of Ukraine ‘On Protec-
tion of Animals Against Cruelty’ (No. 3447-1V dated
21.02.2006) in compliance with the requirements of the
Committee in Bioethics of the Institute for Problems of
Cryobiology and Cryomedicine of the National Acad-
emy of Sciences of Ukraine (Kharkiv), in accordance
with the provisions of the European Convention for the
Protection of Vertebrate Animals Used for Experimen-
tal and Other Scientific Purposes (Strasbourg, 1986).

Study design. The culture of mantle gliocytes
(MGQG) was obtained from the SG of neonatal piglets
by an enzymatic method [19]. The initial seeding con-
centration of cells in both cases was 6 x 10* cells/cm?2.
On the 21st day of cultivation, the medium was col-
lected from all Petri dishes, and combined; an aliquot
was taken and used in further experiments. Part of the
SG cell cultures after cultivation for 6 days was de-
tached from the substrate with 0.25% trypsin-EDTA
solution with Hanks salts (Biowest, France) and cryo-
preserved as a suspension in cryoprotective medium
with 10% dimethyl sulfoxide (DMSO) with a cool-
ing rate of 1 °C/min to —40 °C and further immer-
sion in liquid nitrogen. The cells were kept at —196 °C
for 1 month, after which they were thawed, washed
from DMSO, and cultured for 20 days. On day 21,
the culture medium was collected from all samples,
combined; an aliquot was taken and used in further
experiments. [IVO was modeled by the ligature method

[21]. After 1.5 months, the ligature was removed and
the next day the animals were started to become in-
jected with the BACs intraperitoneally for 10 days.
Conditioned medium obtained from native and cryo-
preserved MG cultures were injected with 0.6 mL/kg
of body weight. The animals were taken out of the ex-
periment by decapitation under anesthesia on the 56th
day from the start of IVO modeling. The animals were
divided into groups: 1-control (C); 2-the introduction
of conditioned medium from the culture of native MG
(CMCNMG); 3-introduction of conditioned medium
from the culture of cryopreserved MG (CMCCMG);
4-without treatment (UT).

Detection of S100 and Actin expressions in the uri-
nary bladder. A Rady-to-Use test kit with monoclonal
antibodies (MAbs) against Smooth Muscle Actin 1A4
(DAKO, Denmark) was used as a marker of bladder
muscle structures. As a marker of peripheral glia cells,
MADbs against S-100A protein (Thermo Scientific, Ger-
many) at 1:100 dilution was used. To visualise the im-
munohistochemical staining with the first antibodies,
the UltraVision Quanto Detection Systems HRP Poly-
mer (Thermo Scientific) was used. DAB (diaminoben-
zidine) was used as a chromogen.

Stained sections were examined using a Primo
Star microscope (Carl Zeiss) with AxioCam software
(ERc 5s).

The qualitative assessment of immunohistochemi-
cal staining was determined by the presence or absence
of brown staining of cellular structures [22].

For quantitative evaluation, the relative area of
positive labelling was calculated using AxioVision Rel
4.7 image processing software as the ratio of the total
area of stained structures (in um?2) to the standard sec-
tion area (in um2) multiplied by 100% according to the
method [23].

When calculating quantitative characteristics of
structural components in the urinary bladder, in each
case, a micro-photograph was measured 30 times [23].

Statistical analysis. The results were statistically
processed using Excel (Microsoft, USA) and Statis-
tica 10 (StatSoft, USA). Quantitative data were pre-
sented as median (Me) and quartiles (QI; Q3) and
were assessed using nonparametric Kruskal-Wallis
and Mann-Whitney tests with the Dunnett’s test for
post-hoc comparisons. Differences were considered
significant at p<0.05.

Results. /mmunohistochemical studies. Visual as-
sessment of the SM tissue specimens subjected to im-
munohistochemical labelling with antibodies to protein
S100 and actin revealed an increase in the relative area
of positive labelling in animals of group 2 compared to
group 4 (untreated) (Fig. 1).
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Fig. 1. UB tissue of rats of group 2 (injection of CM from native cell culture).
Immunohistochemical study of S 100 (a) and actin (b) expression.

Also, visual assessment revealed an increase in the structures with antibodies to proteins S100 and actin in
relative area of positive labelling of nervous and muscle group 3 compared to group 4 (untreated) (Fig. 2).

a 0

Fig. 2. UB tissue of group 3 rats (injection of CM from cryopreserved cell culture).
Immunohistochemical study of S 100 (a) and actin (b) expression.

Morphometric characteristic of the urinary bladder. A somewhat different trend was observed when
Statistical analysis revealed an increase in the rela- comparing the results of group 3. A statistically insig-
tive area of expression of the studied markers of ner- nificant increase in the relative area of expression of
vous and muscle structures by both indicators in ani- S100 protein in the UB tissues (Fig. 3, p>0.05) and
mals of group 2 by 91.6% and 78.9% (Fig. 3, p = 0.004; significantly higher actin expression by 78.8% (Fig. 3,
p = 0.002, respectively) compared to group 4 (without p=0.001) were found compared to the untreated group.
treatment).

52 OpWUriHOABHI HOYKOBI POBOTH YKPQIHCBKNM XKYPHOA HEPPOAOTIT T pianisy N°4 (84) 2024



Ukrainian Journal of Nephrology and Dialysis, 4 (84)'2024

Original Papers

D
o
1

-9
o
1

]
o
1

F—

B 25%~75%
T Range within 1.51QR
— Median Line
+ Outliers
p = 0.008
|
non-significant
‘ |
| p=0.018
non-significant without treatment
| Actin

=

The relative area of positive labelling with antibdies
to S 100 protein and Actin in the urinary bladder tissue, %

0 —
| non-significant | without treatment
S100 | Actin S100 | Actin S100 | Actin
CMCNMG CMCCMG Control
Groups

Fig. 3. Changes in the relative area (%) of positive labelling with antibodies to S100 protein and actin in the UB tissue of animals
of groups 2, 3 and 4. Blue columns - positive labelling to actin, red columns - positive labelling to S100 protein.

Discussion. The analysis of the works of previ-
ous authors, which studied the effect of BACs obtained
from SG on the morphological and functional param-
eters of the UB of experimental animals and humans
with IVO, showed the existence of a small number of
studies on this subject [24, 25]. Most of the scientific
works used stem cells for tissue engineering [26, 27],
studied the effect of increased contractility of the UB
and endogenous NFs, as well as growth factors on the
morphology and function of the urinary tract [28, 29],
the effect of high hydrostatic pressure on various cell
cultures [30], and the role of NFs at neurodegenerative
diseases [31].

We have suggested that it is possible to improve the
contractile function of the UB by restoring the innerva-
tion of the wall using secretions from cultures of neural
cells. However, up to now, no attempts have been made
to use glial cell culture, secretions, and other biological
products to restore the UB receptor pool and improve
its contractility in the case of IVO.

Infravesical obstruction causes denervation, which
leads to an increase in the mass of the UB, and charac-
teristic changes in contractile activity and morphology.
There is an increase in the number and volume of blad-
der smooth muscle along with a decrease in the density
of nerve endings and contractile proteins in the organ
tissue [32]. These changes demonstrate the occurrence
of the process of remodelling of the UB with the partici-
pation of several cellular compartments, namely transi-
tional cell epithelium, mucosal lamina propria, detru-
sor smooth muscle, connective tissue, and neurons [8].

S100 protein actively affects the functions of the
nervous system, tissue repair and regeneration, inflam-
mation, infections, and cell growth and differentiation
[33]. S100-positive neural structures and nerves are
present in the UB tissues [34].

UB smooth muscle cells contain contractile pro-
teins (myosin and actin) and proteins that regulate their
interaction in response to neuroendocrine stimulation.
These cells also synthesise most of the extracellular ma-
trix surrounding them in the UB tissue. In addition,
smooth muscle cells are involved in remodelling of the
UB in many conditions that affect organ function [35].

Hypertrophy of UB smooth muscle, which occurs
as a result of IVO, may be associated with fluctuations
in the number of different actin isoforms, both in the
direction of increase/decrease and in the absence of any
changes at all. The contraction of the smooth muscle of
the UB is initiated by an increase in the concentration
of free Ca2+ in the cytoplasm of smooth muscle cells
[36].

Actin is a component of the contractile apparatus
and cytoskeleton of smooth muscle cells. Functionally,
it is involved in muscle contraction and other types of
cell motility. Actin in the smooth muscle of the UB
accumulates in conditions when there is a stressful
increase in mechanical work, as a result of which the
muscle mass of the organ increases. Thus, hypertrophy
of the smooth muscle of the UB may be associated with
changes in the composition of contractile proteins [37].

Actin is used as a marker for myoblasts and smooth
muscle cells. Hypertrophic UB muscles with IVO ex-
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press increased levels of actin compared to normal tis-
sues. A sufficient level of actin appears to be a prerequi-
site for the generation of normal SM contraction force
[38, 39].

Neurotrophic factors or similar biologically active
substances prevent nerve cell death at an early stage of
IVO and increase nerve density in the UB tissue, as well
as limit the severity of detrusor hypertrophy. This slows
down the development of functional decompensation
of the organ in the case of long-term obstruction [40].

Low values of the median relative area of S100 pro-
tein and actin expression were found in group 4 (without
treatment) - 0.4 (0.07; 1.04) and 4.9 (2.3; 9.3) compared
to intact animals - 3.3 (1.7; 6.7) and 46.3 (39.7; 53.1),
respectively (Fig. 3, p < 0.05). In contrast, an increase
in the median relative area of S 100 protein expression
was detected in groups 2 and 3 compared to the control.
The aforementioned index in group 2 (CM of the na-
tive culture of SG cells) - 4.2 (3.2; 5.5) was significantly
higher than in rats with IVO without treatment (Fig. 3,
p < 0.05). Higher values of the median relative area of
actin protein expression were found in groups 2 (CM of
native SG cell culture) - 23.2 (17.1; 26.9) and 3 (CM of
cryopreserved SG cell culture) - 23.1 (18.9; 27.1) com-
pared to rats with IVO without treatment (Fig. 3, p <
0.05). However, this indicator in the above groups was
lower than in intact animals. Thus, it was found that
BAC:s obtained from SG affect the expression of S100
proteins and actin in the tissue of the UB of rats with
IVO, which results in changes in the morphological and
functional parameters of the bladder.

NFs-like activity was previously established in CM
obtained from cultures of native and cryopreserved cells
from the SG of newborn piglets [41].

NFs functions include regulation of axonal and
dendritic growth, formation and functioning of syn-
apses, cell migration, cell proliferation, and survival of
adult neurons. It has been established that NFs affect
the restoration of organ innervation of taking into ac-
count these facts [42].

Cryopreservation is an integral part of the technol-
ogy for the production of CM, as cells are stored in a
cryobank before cultivation. In this regard, a natural
question arises about the effect of freezing on cells.
In previous studies, it has been established that cryo-
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Abstract. The present study aimed to evaluate the level of antithrombin (AT)-III in blood serum
in patients with primary glomerulonephritis (GN) and nephrotic syndrome (NS) and to assess its
correlation with markers of NS and hypercoagulation.

Methods. We conducted a cross-sectional observational study involving 76 patients with primary
GN and NS admitted to the Ivano-Frankivsk Regional Clinical Hospital (Ukraine) in 2022—
2024. The inclusion criteria were: age over 18 years, <1 month since the diagnosis of NS, and
glomerular filtration rate (GFR) > 60 ml/min/1.73m?. During the study, all patients underwent a
standard examination, which included general clinical, biochemical, and instrumental research
methods. A photometric assay of AT-111 in serum using a chromogenic substrate was conducted
with a set of reagents from “Granum” (Ukraine).

Results. Normal levels of AT-I11 were identified in 24 patients (31.6%, 95% CI: 21.4—43.3), while
decreased levels were found in 52 patients (68.4%; 95% CI: 56.7—78.6). Correlation analysis
revealed a direct moderate correlation between serum albumin levels and AT-111 levels (r = 0.535,
p < 0.05), an inverse moderate correlation between daily protein excretion (DPE) and AT-111
levels (r =-0.414, p < 0.05), and an inverse moderate correlation between the albumin/creatinine
ratio (ACR) in urine and AT-111 levels (r = -0.467, p < 0.05).

Conclusions. In this cohort of patients with primary GN and NS, 68.4% exhibited decreased AT-
11l levels, indicating that AT-111 deficiency is a common finding. The observed reduction in AT-111
levels was significantly correlated with lower serum albumin levels, higher DPE, and higher ACR
in urine. No significant association was found between AT-I111 deficiency and specific histological
variants of GN, suggesting that the relationship between AT-1I1 levels and hypercoagulopathy
in GN and NS may be independent of the underlying glomerular pathology. The detected AT-
111 deficiency may warrant consideration for anticoagulant prophylaxis in patients with GN and
NS. However, further studies are needed to determine whether AT-111 levels can reliably guide
anticoagulation therapy and reduce thromboembolic risk in this population.

Keywords: glomerulonephritis, nephrotic syndrome, hypercoagulopathy, antithrombin I11.
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CHHIPOMOM: OJJHOMOMEHTHE 00cepBalliiiHe JOCTiIKEHHS

IIBaHO-DpaHKiBCHKMIT HALIOHAIBHUNM MEIUYHUI YHiBepcUTeT, M. IBano-PpaHKiBChK, YKpalHa
2HauioHanbHuii MeguuHuil yHiBepeuTeT imeHi O.0. Boromonbus, M. Kuis, Ykpaina

Pestome. Memoio danozo docaidncenns 6yao oyinumu pigenv anmumpomoiny (AT)-I111 y cuposamui kpoei naui-
enmieg 3 nepeunnum enomepynronedppumom (I'H) ma neppomuunum cundpomom (HC) ma nepesipumu iio2o Kopeasyiio 3
mapkepamu HC ma einepkoaeyasuieto.

Memodu. Mu npoéeau oonomomenmue obcepsauiiine docaioxncerns 3a yuacmio 76 nayicumis iz nepsunnum I'H ma
HC, sxi 6yau eocnimanizosani 6 lIeano-Ppankiecvky obnachy kainiuny aikapuro (Ykpaina) y 2022-2024 poxax. Kpume-
il 0ns éxarouenHs nayicumis y docaioxcenns: éix cmapuie 18 pokie, menwe 1 micsays 6io diaenocmuxu HC, wieudxicme
Kkayboukoeoi ginempayii (ITK®) > 60 ma/xs/ 1,73 m2. ITi0 uac docrioxcenns 6cim nayienmam npoeoouau Cmanoapmie
ob6cmedicel s, siKe 8KAUAN0 3A2ANbHOKAIHIYAHI, OI0XIMIUHI ma IHCMpyMeHmanbHi memoodu docaidncenus. Pomomempuu-
He susHayenHs aumumpomoOiny I11 y cuposamuyi Kpogi 3 XpomoceHHUM cYOCMpamom nposoounu 3a 00NoMo20r HAOOpPy
peakmusie «Ipanym» (Yxpaina).

Pezyaomamu. Hopmanwvnuii pieenv AT-111 diaenocmosano y 24 (31.6%; 95% CI 21.4-43.3) nauienmis, 3Hu-
acenuti — y 52 (68.4%; 95% CI 56.7-78.6) nayicumie. Ilicas nposedenHs KOPeAsyiiHo20 aHaAAi3y MU GUABUAU NPAMULL
cepedHboi cunu KopeasyiliHull 36 130K Midc pieHeM cuposamroso2o arvoyminy ma pienem AT-1I1 (r = 0,535, p < 0,05),
360POMHII cepeOHbOi CUNU KOpeASUiliHU 36 930K Midc 0060600 empamoio Ginka ([IBB) ma pienem AT-I11 (r = -0,414,
p < 0,05) ma 360pomHiti cepedHboi curu KopeasyiiHuil 36 130K Mixc cniggionouweHuam arvoyminy do kpeamutiny (CAK)
y ceui ma pisnem AT-II1 (r = -0,467, p < 0,05).

Bucnosku. Y 68,4% nauicumie 3 nepeunnum IT'H ma HC cnocmepizanoce snuncenns piena AT-111, wo éxasye na
nowupenicmo degiyumy AT-I11 ceped yici kamezopii nayicumis. 3nuxcenus pieus AT-111 docmosipHo Kopearsano 3
HUMCHUMU PIBHAMU CUPOBAMK06020 arvOyminy, euuioro BB ma niosuwenum CAK y ceui. Boonouac, ne 6yno susienerno
cymmegoeo 36 ’a3Ky mioc degpivumom AT-I11 i eicmonoeiunumu éapiaumamu I'H. Busenenuii deghivum AT-I11 moxce no-
mpebysamu ysaeu nio yac po3easndy NUMaHHs aumuxoazyasumuoi npoginaxmuru y nayieumie 3 'H ma HC. Odnak ons
ymounenHst, uu moxcymo pieni AT-II1 cayscumu HadiiHum iIHOUKamMopom 0451 KOPU2y8aHHs AHMUKOAZYASIHMHOI mepanii

Ma 3HUMNCEHHSL PUSUKY MPOMO0eMO0Aiil Y yill nonyasuyii, HeoOXiOHi nooanbuti Q0CAIONCEHHS.
Kmouosi ciioBa. Iiomepynonedppum, negppomuunuii cunopom, 2inepkoaeyasauis, anmumpomoin 111,

Introduction. Nephrotic syndrome (NS), typically
characterised by massive proteinuria (over 3.5 g/day),
hypoalbuminaemia, oedema and hyperlipidaemia, is a
common presentation of many glomerular diseases [1].
NS is associated with an elevated risk of thromboem-
bolic events (TE) leading to increased morbidity and
mortality [2]. The incidence of TE in NS has been es-
timated to be 3—44% depending on the localization of
thrombosis and the extent of the diagnostic screening
[3]. The risk of TE is greatest within the first 3 months,
although the risk remains elevated for more than 5 years
[4].

Membranous nephropathy, minimal change dis-
ease, focal segmental glomerulosclerosis, membranop-
roliferative glomerulonephritis (GN), membranous lu-
pus nephritis with antiphospholipid antibody and amy-

Iryna Mykhaloiko
iralisn@gmail.com

loidosis are glomerular diseases with particularly high
rates of venous thromboembolism [5]. Patients with
an albumin level <25 g/l are at the highest risk, with
a thromboembolic event rate of 8.5 per 1000 patient-
years. Each 1.0 g/l reduction in serum albumin resulted
in doubling the risk of venous thromboembolism [6].

The hypercoagulability in NS is not fully under-
stood but has been ascribed to at least three different
mechanisms. First, elevated thromboxane A2 may
increase platelet activation and aggregation [7]. Sec-
ond, urinary loss of natural anticoagulants such as an-
tithrombin (AT)-III and protein S combined with in-
creased hepatic synthesis of fibrinogen and coagulation
factor V and VIII results in a prothrombotic state [3].
Finally, decreased plasmin levels due to urinary loss, in
combination with increased plasminogen activator in-
hibitor-1 levels, result in decreased fibrinolytic activity
[8].

Marked urinary AT-III loss resulting in acquired
AT-III deficiency has often been proposed as an impor-
tant mechanism underlying NS hypercoagulopathy [9].
Intuitively, this hypothesis is attractive because familial
AT-III deficiency is the most severe heritable thrombo-
philia described to date [10].
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AT-III is a serine protease inhibitor (serpin) that
physiologically inactivates thrombin (factor Ila) and
factor Xa and, to a lesser extent, factors IXa, XIa, XIIa,
tissue plasminogen activator, urokinase, trypsin, plas-
min, and kallikrein. AT-III is an a2-globulin synthe-
sized predominantly in the liver, has a half-life of ap-
proximately 2.4 days and a molecular weight of 58 200
Da, and contains 432 amino acids [11]. AT-III has a
molecular weight similar to that of albumin and is lost
in much the same manner [12]. AT-III physiologically
circulates in a form that has a low inhibitory activity.
The anticoagulant effect of AT-III is accelerated at
least a thousand times in the presence of heparin and
other heparin-like glycosaminoglycans, such as hepa-
ran sulfate [13].

Appropriate anticoagulation prophylaxis and time-
ly treatment of thromboembolic events are crucial in
improving outcomes in patients with NS [3]. The best
anticoagulation for TE prevention in patients with NS
remains unclear, even if the most used drug is low mo-
lecular weight heparin (LMWH) [14]. The therapeu-
tic use of LMWH as an anticoagulant works through
the potentiation of endogenous AT-III. Patients with
AT-III deficiency may have resistance to therapy with
LMWH and may require higher doses for the achieve-
ment of therapeutic-activated partial thromboplastin
time and protective anticoagulation [15].

However, evidence directly assessing the contribu-
tion of AT-III deficiency to NS hypercoagulopathy is
lacking. Some studies have attributed venous TE dur-
ing NS to AT-III deficiency [10]. Others have reported
venous TE despite normal AT-III levels [13]. We thus
analyzed our data on AT-III deficiency in patients with
primary GN and NS to evaluate its influence on NS hy-
percoagulopathy.

The aim of this study was to evaluate the level of
antithrombin (AT)-III in blood serum in patients with
primary glomerulonephritis (GN) and nephrotic syn-
drome (NS) and to check its correlation with markers
of NS and hypercoagulation.

Materials and Methods. We conducted a cross-
sectional observational study involving 76 patients
with primary GN and NS admitted to the Ivano-
Frankivsk Regional Clinical Hospital (Ukraine) in
2022-2024. The research was performed in accordance
with international standards for the coordinated par-
ticipation of respondents, the ethical component of
research, and biomaterial collection (WMA Decla-
ration of Helsinki — “Ethical Principles for Medical
Research Involving Human Subjects” and “Universal
Declaration on Bioethics and Human Rights” (UNES-
CO)). The research protocol was approved by the local
ethics committee of the Ivano-Frankivsk National Med-
ical University. All patients signed a written informed
consent to participate in the study. Also, 40 practically
healthy individuals were selected comprising a compari-
son group and were representative of the main group.

Among the patients, there were 62 men (81.6%;
95% CI 71.0-89.5) and 14 women (18.4%; 95% CI

10.5-29.0). The average age of the patients was 45
(40; 49) years. The criteria for including patients in the
study were: age over 18 years, <1 month from the diag-
nosis of NS, glomerular filtration rate (GFR) > 60 ml/
min/1.73m2. Exclusion criteria were: patient’s refusal
to participate in the study, age <18 years, systemic con-
nective tissue diseases, systemic vasculitis, type 1 and
type 2 diabetes, thromboembolic and cardiovascular
events in history, chronic heart failure I1I-1V functional
class (according to the NYHA classification), informa-
tion about acute infectious processes of any etiology,
oncological diseases, acute and chronic liver failure,
mental disorders.

In all 76 patients the diagnosis of GN was con-
firmed morphologically as follows 23 patients (30.3%;
95% CI 20.2-41.9) were diagnosed with mesangiopro-
liferative GN, 21 patients (27.6%; 95% CI 18.0-39.1)
had membranous GN, 14 patients (18.4%; 95% CI
10.5-29.0) had focal segmental glomerulosclerosis, 11
patients (14.5%; 95% C1 7.5-24.4) had minimal change
disease, and 7 patients (9.2%; 95% CI 3.8-18.1) was
confirmed membrane proliferative (mesangiocapillary)
GN.

Depending on the histological variant of GN, pa-
tients received pathogenetic treatment with glucocor-
ticosteroids and cytostatics. All patients have been re-
ceiving treatment with angiotensin-converting enzyme
inhibitors or angiotensin receptor blockers. 48 (63.2%;
95% CI 51.3-73.9) patients have been receiving treat-
ment with sodium-glucose cotransporter-2 inhibitors.

The clinical diagnosis was determined based on
standard examination methods according to the Classi-
fication of Kidney Diseases and clinical practice guide-
lines for the management of glomerular diseases [16].
During the study, all patients underwent a standard ex-
amination, which included general clinical, biochemi-
cal, and instrumental research methods. Biochemi-
cal tests were performed in the laboratory of Ivano-
Frankivsk Regional Clinical Hospital.

The GFR was determined using a CKD-EPI cal-
culator. Daily protein excretion (DPE) was determined
by the colorimetric method (Dialab, Wiener Neudorf,
Austria). Photometric Assay of AT-III in serum with a
Chromogenic Substrate was conducted with a set of re-
agents Granum (Ukraine).

STATISTICA 8 software (StatSoft, Serial
STA862D175437Q) was used for statistical analysis.
The frequency of qualitative indicators was presented as
absolute (n) and relative (%) frequencies, along with the
95% confidence interval (CI) in the form of «n (%; 95%
CI).» When analyzing quantitative data, the nature of
the distribution of the indicator values was determined
using the Shapiro-Wilk test. For quantitative data with
a normal distribution, the results were presented as the
mean value and standard deviation (M*=SD). For quan-
titative data with an abnormal distribution, the median
and 25-75 quartiles (Me (Q25-Q75)) were used. Quan-
titative indicators with a normal distribution in two
independent groups were compared using Student’s t-
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test. Abnormally distributed data were compared using
the Mann-Whitney test. A comparison of two indepen-
dent groups for the qualitative indicator was conducted
using Fisher’s exact test.

Correlation analysis for quantitative indicators
with normal distribution was performed using Pearson’s
correlation coefficient, while for abnormal distribution,
Spearman’s rank correlation coefficient was used to
examine the relationships between ordinal or interval
qualitative indicators and quantitative variables. The
statistical significance of the correlation coefficients

was established. The critical level of significance (p)
for testing statistical hypotheses in this study was set at
0.05.

Results. Key demographic, clinical, and labora-
tory characteristics of the patients are summarized in
Table 1. The patients were divided into two groups ac-
cording to the level of AT-III, normal levels of AT-III
(80-130 %) and low levels of AT-III (<80 %). Normal
levels of AT were diagnosed in 24 (31.6%; 95% CI 21.4-
43.3) patients, and decreased — in 52 (68.4%; 95% CI
56.7-78.6) patients.

Table 1
Characteristics of patients with GN and NS according to the levels of AT-I11
The group of AT in the The group of
normal range decreased levels of AT p-value
(n=24) (n=52)
Age, years (Me (Q25-Q75) 41 (35;47) 43 (38; 50) p=0.83
Sex, male (%; 95% CI) 79.2 (57.8-92.9) 82.7 (69.7-91.8) p=0.75
Sex, female (%; 95% CI) 20.8 (7.1-42.2) 17.3 (8.2-30.3) p=0.75
GFR ml/min/1.73 m2 (Me . . _
(Q25-Q75) 72 (63; 89) 75 (64; 92) p=0.67
Albumin levels, g /1 (Me . .
(Q25-Q75) 27.4(22.3;29.7) 22.4 (18.1;24.4) p <0.05
DPE g / day (Me (Q25-Q75) 4.2 (3.8;4.6) 5.5(4.9;6.3) p <0.05
ACR mg /g (Me (Q25-Q75) 2376 (2231; 2619) 2885 (2596; 3178) p <0.05
Mesangioprolifera-tive GN _
(%: 95% CI) 33.3 (15.6-55.6) 28.9 (17.1-43.1) p=0.78
Membranous GN _
(%: 95% CI) 33.3 (15.6-55.6) 25.0 (14.0-38.9) p=0.58
Focal segmental
glomerulosclerosis 16.7 (4.7-37.4) 19.2 (9.6-32.5) p=1.00
(%; 95% CI)
GN with minimal changes (%; _
95% CI) 12.5(2.7-32.4) 15.4 (6.9-28.1) p=1.00
Mesangiocapillary GN _
(%: 95% CI) 4.2 (0.1-21.1) 11.5 (4.4-23.4) p=0.42
AT III, % (Me (Q25-Q75) 98 (85; 104) 65 (54;76) p <0.001
D-dimer, mg/L, . )
(Me (Q25-Q75) 0.32 (0.16; 0.43) 1.56 (1.02; 2.23) p <0.05
Platelet Count (*109/L), . . _
(Me (Q25-Q75) 238 (187, 289) 257 (212; 310) p=0.86
INR, (Me (Q25-Q75) 0.9 (0.8;1.0) 1.0 (0.9; 1.1) p=1.00
APTT (s), (Me (Q25-Q75) 43 (38; 48) 46 (41; 50) p=0.78
PT (s), (Me (Q25-Q75) 13 (11; 15) 12 (11;14) p=1.00
Fibrinogen (g/L), . .
(Me (Q25-Q75) 2.3(1.8;3.4) 4.6(3.8;5.2) p <0.05

Abbreviations: ACR — albumin/creatinine ratio, CI — confidence interval, DPE — daily protein excretion, GFR — glomerular
filtration rate; INR — international normalized ratio; APTT — activated partial thromboplastin time; PT —
prothrombin time; Me (Q25-Q75) — median and quartiles
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As shown in Table 1, decreased levels of AT-III
were associated with decreased serum albumin levels,
increased daily protein excretion (DPE), and increased
albumin/creatinine ratio (ACR). Also, decreased levels
of AT-III were associated with increased levels of D-di-
mer and fibrinogen in serum. On the other hand, we did
not observe a statistically significant difference between
the international normalized ratio (INR), activated
partial thromboplastin time (APTT), prothrombin

34

time (PT), and platelet count in two groups of patients
(p > 0.05).

After conducting correlation analysis, we found a
direct average correlation between serum albumin lev-
els and AT-III levels (r = 0.535, p < 0.05) (Fig. 1), an
inverse average correlation between the DPE and AT-
IIT levels (r = -0.414, p < 0.05, (Fig. 2), an inverse av-
erage correlation between the ACR and AT-III levels
(r=-0.467, p <0.05) (Fig. 3).
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Fig. 1. The correlation between serum albumin and AT-III levels in the study cohort.
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Fig. 2. The correlation between daily protein excretion (DPE) and AT-11I levels in the study cohort.
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Fig. 3. The correlation between albumin/creatinine ratio (ACR) AT-1II levels in the study cohort.

We also found an inverse average correlation be-
tween D-dimer and AT-111 levels (r = -0.615, p < 0.05)
and an inverse average correlation between fibrinogen
and AT-III levels (r = -0.524, p < 0.05).

There were more men than women in both groups,
but the difference was not statistically significant
(p>0.05). We did not note the relationship between
AT-III deficiency and the histological variant of GN
(p>0.05), which suggests that other factors contribute
to the increased risk of TE in membranous GN and fo-
cal segmental glomerulosclerosis.

Discussion. The pathophysiology underlying NS
hypercoagulopathy is likely multifactorial, but acquired
AT-III deficiency secondary to urinary AT-III loss has
been postulated to have a prominent mechanistic in-
fluence [12]. However, there are conflicting data link-
ing nephrotic syndrome—associated AT-III deficiency
to both venous TE and hypercoagulopathy [13]. This
study was thus designed to evaluate the relationships
between AT-III deficiency and NS disease markers.

Decreased AT-III level at the onset of NS has
been confirmed by many studies [17]. Wygledowska
et al observed that the activity of protein S and AT-
I1I were significantly decreased at the onset of NS as
compared with the control group and increased during
the remission state [18]. In this study plasma AT-III
levels correlated well with serum albumin, which is
compatible with our findings. This relationship is ex-
plained by the molecular weight and charge of AT-111
that are similar to those of albumin [13]. Elidrissy et
al showed that during relapse NS urine AT-III levels
were increased, while during remission no AT-I1I was
detected in urine [19].

Kauffmann et al. investigated the relationship
between the AT-III value and TE in 48 patients with
varying degrees of proteinuria. Nine of these patients
had clinical signs of thrombosis and the AT-III value
was below 70% in eight cases. There was a significant
negative correlation between the AT-III value and uri-
nary protein excretion. AT-III was noted in the urine of
32 of 42 patients in whom it was measured [10].

An increased incidence of TE has been reported
with AT-III levels lower than 75% [20]. However, TE
complications also occur in patients with normal AT
III levels and NS, indicating that although AT-III is a
major determinant of plasma antithrombin activity, it is
not the only one, because other regulatory proteins of
the coagulation cascade play a role [18].

Abdelghani et al found that AT-III deficiency be-
low a clinically accepted threshold was identified in a
substantial portion of NS patients. However, AT-I11
levels were not strongly associated with either protein-
uria or hypoalbuminemia severity. These data suggest
that while AT-1II levels may be a biomarker of NS hy-
percoagulopathy, AT-III deficiency plays only a lim-
ited role in nephrotic NS hypercoagulopathy [13].

However, emerging evidence suggests that AT-
III may play an important role in maintaining healthy
vascular endothelium via signaling properties that are
independent of its coagulation inhibitor function. It
is thus possible that AT-III deficiency may drive NS-
associated TE risk via vascular mechanisms. Further
exploration of this phenomenon will likely require en-
dothelial cell-specific analyses [9].

Several studies have now shown that thrombin
generation assays are a useful tool to measure hyperco-
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agulopathy and may be helpful in identifying patients

at risk for both incident and recurrent venous TE [21].

Meanwhile, other studies have demonstrated a relation-

ship between thrombin generation and AT-III deficien-

cy [20]. A recent study demonstrated that AT-11I levels
were associated with thromboelastography-determined

hypercoagulopathy in adult NS [13].

It is clear that no single factor can explain the
hypercoagulability state in patients with GN and NS.
The predisposition to thrombosis is probably dependent
on the balance between procoagulant and anticoagulant
factors. If facilities are available, one should perform a
detailed coagulogram including the definition of AT-
11T level.

Limitations. The sample size in this study is small.
Larger sample sizes, long-term clinical trials, and the
consideration of a greater number of procoagulant
and anticoagulant factors are needed to accurately
determine the impact of AT-III on the occurrence of
hypercoagulation and thromboembolic (TE) events in
patients with GN and NS, in order to draw more valid
conclusions.

Conclusions:

1. In the studied cohort of patients with primary GN
and NS, 68.4% demonstrated decreased levels of
AT-II1I, indicating that AT-III deficiency is a com-
mon finding.

2. The observed decrease in AT-III levels was signifi-
cantly correlated with lower serum albumin levels,
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higher daily protein excretion (DPE), and a higher
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The detected AT-III deficiency may warrant con-
sideration of anticoagulant prophylaxis in patients
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needed to determine whether AT-III levels can re-
liably guide anticoagulation therapy decisions and
reduce thromboembolic risk in this population.
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Abstract. Nephrotoxicity is one of the most severe side effects caused by cisplatin, limiting its use
at high, effective concentrations. Dexamethasone, known for its strong anti-inflammatory and
immunomodulating properties, is often used to alleviate cisplatin-induced side effects. However,
dexamethasone also exhibits pro-oxidant properties and has been associated with morphological
impairments and acute kidney injury. Although the mechanisms of cisplatin-induced nephrotoxicity
are complex and involve numerous cellular processes, oxidative stress is widely accepted as the
primary cause of this pathology. This study aims to investigate how dexamethasone, despite having
effects similar to cisplatin, alleviates the side effects caused by this drug.

Methods. The study measured lipid peroxide product malondialdehyde (MDA) levels using the
thiobarbituric acid method and catalase activity using the molybdenum method. For histological
examination, 5-6 um thick tissue sections were prepared from samples processed with formalin and
fixed with paraffin. These sections were stained with hematoxylin-eosin and observed under a light
microscope.

Results. Cisplatin and dexamethasone independently increased MDA levels to varying
degrees. Cisplatin raised MDA by 75% in the homogenate and 38% in the supernatant, while
dexamethasone increased these levels by 41% and 25%, respectively. The combined use of
cisplatin and dexamethasone produced effects similar to those of dexamethasone alone. Catalase
activity decreased following exposure to cisplatin (36% in the supernatant and 14% in the nucleus)
and dexamethasone alone (33% in the supernatant and 24% in the nucleus). Combined use of the
drugs led to a similar reduction in catalase activity. Histological analysis revealed tissue damage,
supporting the pro-oxidant nature of both cisplatin and dexamethasone.

Conclusions. The findings indicate that both cisplatin and dexamethasone exhibit pro-oxidant
effects, as demonstrated by increased malondialdehyde levels, reduced catalase activity, and
histological evidence of tissue damage. The ability of dexamethasone to mitigate cisplatin-induced
side effects is likely attributable to a combination of its anti-inflammatory and immunomodulatory
properties, as well as a “preventive or restraining ” effect.

Key words: cisplatin, dexamethasone, malondialdehyde, catalase, nephrotoxicity, histological
changes.
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Okpewmi Ta KoMOiHOBaHI He()POTOKCHYHI e(PeKTH HUCILIATHHY
i IeKcaMeTa30Hy Yy CAaMOK IIypiB

IMixdakyasreTcbka HayKOBO-IOCIiIHA J1a00paTopis cTpyKTypHOI 6io(dizuku, HaykoBo-nocainHuii
IHCTHUTYT GioJorii, €EpeBaHCHKUI NepxKaBHUM YHiBepcHuTeT, €peBaH, Pecyomika BipMmeris

2JTaboparopis diziosnorii moauHu i TBapuH, HayKoBO-I0CIiIHMIA iHCTUTYT 6i0JIOTiI,
€peBaHCHKUI AepxXaBHUI yHiBepcuTeT, €peBaH, Pecrybiika BipmeHist

Pestome. Hegpomorcuunicmo € 00HUM i3 HaAUBaMcuux NoOMHUX epexmis, CNPUUUHEHUX UUCHAAMUHOM, WO
obmexncye 11020 BUKOPUCMAHHSA 6 ePeKMUBHUX KOHUeHmpayisx. JlekcamemasoH, 6idomuil c6oiMu CUAbHUMU NPOMU3A-
NAAbHUMU MA IMYHOMOOYAIOIOMUMU 8AACMUBOCHSIMU, HACMO BUKOPUCMOBYEMbCS 051 NOAecUeHHsl NODIYHUX eghekmig,
cnpuduHenux yucnaamunom. Ilpome dexcamemaszon maxoic nPos6Ase NPOOKCUOAHMHI 8AACIMUBOCME MA ACOUIIOBAHUTI
3 MOPGHOAOTUHUMU NOPYUIEHHAMU MA 20CMPUM YPANCCHHAM HUPOK. Xoua mexanizmu iHOYKOBAHOI YUCHAAMUHOM Hedpo-
MOKCUMHOCMI € CKAQOHUMU MA 8KAHUAIOMb YUCACHHI KAIMUHHI npoyecu, OKUCAIOBANbHULL CIMpec 8U3HAHUI OOHIEI0 3
OCHOBHUX npu4ur yiei namonoeii. Memoio ybo2o 00CAi0NCeHH OYA0 BUEUUMU OKPeMI Ma KOMOIHOBAHI He@POMOKCUYHI
ehexmu yucnaamumy i deKkcamemasony y camox uypis.

Memodu. Y docnidncernni uznauanu pieni manoHosoeo diaavdeeioy (MDA) npodykmy nepexucy ainidié 3a do-
noM02010 Memody miobapbimypoeoi Kuciomu ma aKmueHOCMi Kamanasu 3a 00nomMo20i0 moaiboenosoeo memody. s
2icmonoeiuHoeo d0CAiONCeHHs I3 3pasKia, 00podaeHux opmaninom i (ikcosanux napaginom, 2omysaiu 3pizu MKAHUH
mosuguroro 5-6 mxm. Li 3pizu papbysanu eemamorcunin-eo3unom i cnocmepieanu nio c8imao8um MikpoCKOnoM.

Pezynvmamu. IHucnaamurn i dexcamemason nHezanexcro niosuugyeanu pieni MIIA piznum cmynenem. Lucnaamun
nideuuiyease MIIA na 75% y eomoeenami ma na 38% y cynepnamanmi, modi sk dekcamemasoH nideuuyyeas yi pieui Ha
41% ma 25% eionogiono. Kombinosane 3acmocysants yuchaamutny ma 0eKcamemasony eUKAUKano egexmu, nooioui
do egexmis okpemoeo 3acmocysants dekcamemasony. AKmuenicmes Kamanasu 3HU3UAACS NICAS BNAUBY YUCHAGMUHY
(36% y cynepramanmi ma 14% y sdpi) ma dexcamemasony oxkpemo (33% y cynepnamanmi ma 24% y sopi). Cninvhe 3a-
CMOCY8aHHA NIKAPCLKUX 340016 NPU3600UA0 00 AHAN02IYHO20 3HUNCEHHS aKkmusHocmi Kkamanasu. Ticmonoeiunuil ananiz
BUABUE NOUKOOICCHHS. MKAHUH, W0 NIOMBEPONCYE NPOOKCUOAHMHY NPUPOOY SK YUCNAAMUHY, MAK | 0eKcamemasony.

Bucnosku. Ompumani pezysbsmamu 8xa3yroms Ha NPOOKCUOAHMHY Oii0 K YUCHAAMUHY, MAK [ 0eKCAMema3oHy,
npo wo ceiduums nideuuenns piens MIIA, 3HuxiceHHs aKmueHoCmi Kamanasu ma 2iCMoA02iMHI 03HAKU NOWKOONCEHHS
HUpK060i mKanun. 30amuicmo 0eKkcamemaszony oM SKulysamu nobiuHi epekmu, CRPUMUHEHT YUCHAAMUHOM, UMOBIDHO,
NOACHIOEMbCA NOEOHAHHAM 11020 NPOMUZANAALHUX MA IMYHOMOOYAIOIOUUX 8AACMUBOCHELL, A MAKONC <NPOPINAKMUYHOO
abo cmpumyeanvbHo20» egpexmy.

KimouoBi ciioBa: yucniamun, oexcamemason, maronoguii diarvoezio, Kamanasa, HepomoKcuHicms, 2icmono-
2IUHI 3MIHU.

Introduction. Cisplatin (cis-diamine dichloro cisplatin experience severe renal dysfunction, and ap-

platinum (II), CDDP) is a chemotherapeutic drug
widely used for the treatment of many solid tumors [1,
2]. However, the clinical application and efficacy of
cisplatin are highly limited due to its severe adverse ef-
fects, including nephrotoxicity [3, 4]. While cisplatin
induces various toxicities, such as neurotoxicity, hepa-
totoxicity, gastrointestinal toxicity, ototoxicity, and
allergic reactions, the most commonly reported and
dose-limiting side effect is nephrotoxicity [2, 3, 5]. It
is estimated that 20% of patients receiving high-dose

Nune Hakobyan:
nhakobyan@ysu.am

proximately one-third of patients develop kidney injury
within days of the initial treatment [3, 5].

Cisplatin accumulates in the proximal tubular re-
gion of the nephron, where its concentration in tubular
cells is higher than in the bloodstream [2, 3]. Addition-
ally, the mitochondria of proximal tubular epithelial
cells are major intracellular sites of cisplatin accumula-
tion [5, 6]. Although the mechanisms of cisplatin-in-
duced nephrotoxicity are complex and involve numer-
ous cellular processes, such as oxidative stress, apopto-
sis, and inflammation, oxidative stress (OS) is generally
considered the primary cause of this condition [5, 7].
Substantial evidence suggests that cisplatin-induced
nephrotoxicity is due to the stimulation of reactive oxy-
gen species (ROS) production, disruption of antioxi-
dant systems, and accumulation of lipid peroxidation
products in the kidney [3, 2, 5, 6]. The generation of
ROS by cisplatin is directly linked to its cytotoxicity [7,
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8]. Moreover, cisplatin negatively affects antioxidant
enzymes such as superoxide dismutase (SOD), gluta-
thione peroxidase, and catalase [5, 9]. Stimulation of
OS is considered an alternative mechanism of cisplatin
action [1, 2].

To alleviate the undesirable side effects caused
by cisplatin, dexamethasone is frequently adminis-
tered in high doses at various times before, during, and
after cisplatin treatment [10, 11]. In addition to its
role in reducing acute toxicity, glucocorticoids (GCs)
have been shown to prevent the late effects of cyto-
toxic therapy on normal tissues [10, 11]. Specifically,
dexamethasone is used as a concomitant agent for its
anti-inflammatory and immunoregulatory properties
[10, 11]. However, it has been established that dexa-
methasone exhibits pro-oxidant properties, stimulates
the formation of reactive oxygen species, and increas-
es the degree of lipid peroxidation [10, 12, 13]. Both
cisplatin and dexamethasone have also been shown to
induce morphological impairments in rat kidney cells
[3—-5, 13].

Thus, both cisplatin and dexamethasone stimulate
the formation of reactive oxygen species, increase the
degree of lipid peroxidation, and induce morphologi-
cal changes in kidney cells, causing nephrotoxicity [7,
8, 10, 12, 13]. In light of the above, it is of interest to
investigate the lipid peroxidation levels, antioxidant
enzyme (catalase) activity, and histological changes in
kidney tissue resulting from the separate and combined
use of cisplatin and dexamethasone.

The aim of this study is to determine how dexa-
methasone, which exhibits effects similar to those of
cisplatin, alleviates the side effects caused by this drug.

Materials and methods. Animal care and design
of experiment. The study was performed on adult
Wistar albino female rats (120-150 g weight, 20 rats).
Experiments were conducted according to the “Inter-
national Recommendations on Carrying out of Bio-
medical Researches with Use of Animals” (CIOMS,
1985; 2016), to the “Human Rights and Biomedicine
the Oviedo Convention” (CE, 1997), to the European
Convention for the Protection of Vertebral Animals
Used for Experimental and Other Scientific Purposes
(CE, 2005), and were approved by the National Cen-
ter of Bioethics (Armenia). Animals were placed in a
controlled environment at a temperature of 25+2°C,
12-hour day and night cycle, fed commercial rat feed
ad-libitum, and given free access to water in the ani-
mal house of the faculty of biology at Yerevan State
University.

For a single injection of cisplatin and dexametha-
sone usually chosen doses near the intermediate doses
of these drugs. The doses we used (8 mg/kg for cispla-
tin and 4 mg/kg for dexamethasone) are consistent with
this principle. The dose of cisplatin was chosen accord-
ing to [15], and the dose of dexamethasone according
[16]. Cisplatin was purchased from Sigma Aldrich,
USA. Dexamethasone (dexamethasone phosphate) 4
mg/ml, solution for injection was purchased from Krka

Sl-Slovenia. 2-Thiobarbituric Acid (TBA) (75241)
(4,6-Dihydroxy-2-Mercaptopyrimidine, 4,6-Dihy-
droxypyrimidine-2-Thiol) SRL India.

The animals were divided into 4 groups, 5 rats in
each group. Group 1 (n=5) served as a control group of
animals without treatment. Animals in group 2 (n=5)
and group 4 (n=4) received a single dose of cisplatin
(8 mg/kg) by peritoneal injection and were decapitated
24 hours after administration. Group 3 (n=5) was treat-
ed with dexamethasone (4 mg/kg, peritoneal injection)
and decapitated 4 hours after administration. Animals
in group 4 (n=5) received the same single dose of dexa-
methasone within 20 hours after the cisplatin injection
(4 hours before decapitation). All animals were eutha-
nized by decapitation at an appropriate time following
inhalation ether anesthesia. Then, animals were sacri-
ficed, and the kidneys were extracted from each group
of animals and used for the isolation of nuclei and his-
topathological examination. Nuclear fraction from the
kidney was isolated by the method of Blobel and Potter
[17].

The malondialdehyde amount estimation. The
malondialdehyde (MDA) amount was estimated in
10% homogenate of rat kidney tissue and in superna-
tant that formed after the first centrifugation of 10 min
at 1000g of this homogenate (centrifuge Sigma 3-18K,
Germany) [18]. The assay was based on a condensa-
tion reaction of two molecules of thiobarbituric acid
with one molecule of MDA, in which the reaction rate
depends on temperature, pH value, and concentration
of thiobarbituric acid. The reaction mixture contains
30% trichloroacetic acid, 5 N HCI, 0,8% solution of
thiobarbituric acid, and an appropriately diluted bio-
logical sample of 1 ml each. After heating for 20 min in
a boiling water bath and after cooling, the solution was
centrifuged at 3000 rpm/min for 10 min and the pre-
cipitate obtained was removed [18]. The absorbance of
the pink supernatant was determined at 532nm against
a blank that contained all reagents without the biologi-
cal sample. The measurements were carried out with
the Chinese-made BK-UV 1800 Spectrophotometer
(Biobase China). The MDA concentration (in nmol/
mg protein) was calculated using the molar extinction
coefficient (g)-of MDA -1.56+10°M-!-cm™! at 532
nm; and the appropriate formula [19].

Catalase enzyme activity assay. Catalase (EC
1.11.1.6) activity in supernatant that formed after the
first centrifugation of 10% homogenate and in the
nuclear fraction of rat kidney tissue was estimated by
method [20]. The method is based on the registra-
tion of the rate of H,0, degradation by the action of
catalase. The activity of catalase was determined by
measuring a decrease in the hydrogen peroxide (H,0,)
concentration at 410 nm. The method of defining
catalase activity was based on the development of a
stable blue-colored complex as a result of ammonium
molybdate reaction with H,O, and subsequent photo-
metric measurement of the recovered complex [20].
The enzyme activity was expressed in pmol H,0, /mg
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protein per min by the formula as described in [20].
The protein amount was determined by the spectro-
photometric method [21].

A _(Do_ DT)VI
Cr o Cv,elt

Where:

A, is the activity of catalase (umol/mg protein,
minute);

D, — is the optical density of the blank sample;

D — is the optical density of the Test sample;

V|, —is the volume of the reaction mixture (3.1 ml);

V, — is the volume of the homogenate (0.1 ml),

C — is the amount of protein in 0.1 ml (mg);

& — is the extinction coefficient of the substrate
H,0,, (0.02 mol.cm™!),

[ — is the thickness of the cuvette (1 cm),

t — is the time (10 minutes).

Histopathological examination. For histologi-
cal examination, the kidneys were removed and fixed
with a 10% formalin solution according to the proto-
col [22]. The fixed material was subjected to standard
histological processing. The tissue dehydration in in-
creasing concentrations of alcohol to remove water was
performed By Spin Tissue Processor STP-120(MYR,
Italy). For embedding tissue samples with paraffin
wax we use Tissue Embedding Center EC-500(MYR,
Italy). Further, about 5-6um thick paraffin sections
were cut with the semi-automatic precision microtome
CUT 5062 (SLEE Medical, Germany). The slides were
stained with hematoxylin-eosin [22]. Hematoxylin-
eosin (Hematoxylin, Sigma-Aldrich, Eosin, Sigma-Al-
drich, USA) stained samples were used to examine the
morphological alterations in rat kidneys. The stained
specimens were mounted with DPX and underwent
light microscopy using trinocular microscope B-293,
OptikamBS5 Digital Camera M- 114(Italy). All captured
images were recorded via OptikaLiteview software with
magnifications x100 and x400.

Hematoxylin and FEosin Staining Procedure.
Deparaffinization and rehydration:

For deparaffinization and rehydration, it is nec-
essary to incubate the slides for 5 minutes in xylene
(2 times). Then transfer to 100% ethanol for 2 minutes
(2 times), after which you should move to 95% etha-
nol for 2 minutes (2 times) and rinse in distilled water.
Slides are ready for Hematoxylin Staining.

Hematoxylin Staining: For Hematoxylin Staining it
is necessary to immerse slides in Hansen’s Hematoxylin
for 5-10 minutes. Then Rinse in running tap water until
the blue color appears.

Rinsing and Differentiation: The washed slides
should be immersed in 1% hydrochloric acid in etha-
nol for 10-30 seconds and rinse immediately in run-
ning water until the blue color returns. Next, for Blu-
ing, soak in an alkaline solution (such as Scott’s Tap
Water Substitute) for 1 minute, then rinse in running
tap water.

Dehydration: For dehydration, the slide should be
kept in 95% ethanol for 1 minute, then transferred to
100% ethanol and kept for 1 minute.

Eosin Staining: For Eosin Staining, it is necessary
to dip the slides into the eosin solution and leave it for
1-2 minutes. After that, rinse in 95% ethanol for 30 sec-
onds, then in Eosin Y Solution for 1-2 minutes. Then
you have to implement dehydration and clearing.

Dehydration_and Clearing: For this purpose, the
slides should be immersed in 100% ethanol for 1 min-
ute and then immersed in xylene, leaving for 5 minutes
(2 times).

Mounting: Apply a few drops of mounting me-
dium (e.g., DPX) to the slide. Place a coverslip over
the tissue section.

Statistical analysis. All results were expressed as
Mean=SE from 5 independent experiments. Statisti-
cal analysis was performed using paired Student’s t-
test for grouped data, where P<0.05 was considered
statistically significant (P<0.05 indicates significant
differences compared with the control group). Statis-
tical comparisons between experimental groups were
performed using Statgraphics Centurion 19 Software
(Stagraphics Technologies, Inc., USA). Statistical
comparisons between all experimental groups were
tested by analysis of variance (ANOVA), and #P< 0.05
considered significant differences in the case of inter-
group comparison.

Results. The data presented in Table 1 show sig-
nificant changes in the concentration of MDA after
the treatment of rats with cisplatin and dexamethasone
alone, as well as after co-treatment with these drugs,
compared to baseline (Table 1). The results indicate
that the MDA level significantly increased in the kidney
homogenate of rats treated with cisplatin by approxi-
mately 75% (P<0.01) compared to the control group
[19].

Treatment with dexamethasone increased the
MDA level by about 41% (P<0.01). Co-injection of
cisplatin and dexamethasone also led to a statistically
significant increase in MDA levels by approximately
50.5% (P<0.02) compared to baseline (see Table 1).

As evidenced by the data, the MDA level in the
kidney homogenates of animals in all experimental
groups was, on average, about four times higher than in
the supernatants from the first centrifugation of these
homogenates (Table 1). Statistically significant chang-
es in MDA levels compared to the control group were
also observed in the supernatants obtained after the first
centrifugation of kidney homogenates from all experi-
mental groups. Specifically, cisplatin exposure led to a
38% increase in MDA levels (P<0.01) [19]. Similarly, a
separate injection of dexamethasone resulted in a 25%
increase in MDA levels in the supernatant compared to
baseline (P<0.01) (see Table 1). The combined use of
cisplatin and dexamethasone resulted in a 27% increase
in MDA levels (P<0.02) (see Table 1).

Statistically significant changes were also observed
in intergroup comparisons of the data. An increase in the
amount of MDA (by 16%, #P<0.05) was recorded in the
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kidney homogenates of rats treated with cisplatin alone
compared to the experimental group of animals receiving
a combined injection of cisplatin and dexamethasone
(see Table 1). Conversely, no statistically significant
difference was found when comparing the data from
the dexamethasone-alone group with the results from
the co-injected experimental group. Cisplatin increased

the amount of MDA by 24% (#P<0.05) compared
to dexamethasone, while dexamethasone decreased
the amount of MDA by 19% (#P<0.05) compared to
cisplatin alone (see Table 1). No statistically significant
changes in MDA levels were observed in intergroup
comparisons of results obtained from the supernatants
of all experimental groups.

Table 1
The amount of MDA in a 10% homogenate of kidney tissue and the supernatant from the first
centrifugation of this homogenate in all experimental groups [19]
Homogenate Supernatant
Experimental groups i i
P group: . MDA quantity . P-value _ MDA quantity ' P-value
(in nmol /mg protein) (in nmol /mg protein)
Group 1 (n=5) | Baseline without treatment t4.36 £0.10 *1.2620.071
Group 2 (n=5) | Cisplatin alone treatment +7.62 £0.33 <0.01 +1.74%0.070 <0.01
Group 3 (n=5) | Dexamethasone alone treatment 6.15 £0.28 <0.01 1.58+0.065 <0.01
Group 4 (n=5) | Cisplatin+Dexamethasone 6.56 £0.15 <0.02 1.60£0.057 <0.02

The next part of the investigation focuses on the
measurement of antioxidant enzyme catalase activity

in the supernatants from the first centrifugation of Table 2.

these homogenates and in the nuclear fractions from
all experimental groups. The data are presented in

Table 2
Catalase activity in supernatants of first centrifugation of kidney tissue homogenates
and nuclear fractions of rats from all experimental groups [23]
Supernatant Nuclear fraction
Experimental groups M /min., Pvalue M /min., P-value
mg protein mg protein

Group 1 n=5) | Baseline without treatment +t%553.27 £9.77 +4213.00£8.70
Group 2 (n=5) | Cisplatin alone treatment *t1354.15+9.66 <0.05 ++182.34% 6.35 <0.01
Group 3 (n=5) |Dexamethasone alone treatment 368.00 £11.16 <0.05 162.11+10.24 <0.02
Group 4 (n=5) | Cisplatin+Dexamethasone 467.00 £ 18.60 <0.01 187.00% 5.78 <0.02

The obtained results showed that cisplatin treat-
ment caused a significant decrease in catalase activity
in the supernatant fraction of kidney tissue by approxi-
mately 36% (P<0.05) compared to the baseline level. In
contrast, the decrease in the nuclear fraction was less
pronounced (approximately 14%; P<0.01) [23] (see
Table 2). In the case of dexamethasone alone, a reduc-
tion in catalase enzyme activity by 33.5% (P<0.05) in
the supernatant fraction of kidney tissue was observed
(Table 2). In the nuclear fraction, dexamethasone alone
caused a 24% reduction in catalase activity (P<0.02)
compared to the baseline level (see Table 2).

The combined injection of cisplatin and dexa-
methasone resulted in a 16% decrease in catalase en-
zyme activity (P<0.01) in the supernatant fraction of
kidney tissue compared to the baseline (see Table 2).
In the nuclear fraction, the combined treatment caused
a reduction in catalase activity by approximately 12%
(P<0.02) compared to the baseline.

Statistically significant changes in catalase enzyme
activity in the supernatant fraction were also observed
in intergroup comparisons. Cisplatin treatment alone
led to a 24% reduction in catalase activity (#P<0.05)
compared to the group receiving combined cisplatin
and dexamethasone treatment (see Table 2). A statisti-
cally significant reduction in catalase enzyme activity
(approximately 21%; #P<0.05) was also observed in the
dexamethasone-alone treatment group compared to the
combined treatment group (see Table 2). However, no
statistically significant differences were recorded when
comparing the cisplatin-alone and dexamethasone-
alone treatment groups.

Intergroup comparisons of the nuclear fraction
data also revealed statistically significant changes in
catalase activity (see Table 2). Dexamethasone alone
caused a 13% decrease in catalase activity (#P<0.05)
compared to the group receiving combined cispla-
tin and dexamethasone treatment (see Table 2). At
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the same time, the data for cisplatin treatment alone
showed no statistically significant differences compared
to the combined treatment group.

A statistically significant increase in catalase en-
zyme activity (by 12%; #P<0.05) was observed when
comparing the cisplatin-alone treatment group to the
dexamethasone-alone group. Conversely, dexametha-
sone treatment alone decreased catalase activity by 11%
(#P<0.05) compared to cisplatin-alone treatment (see
Table 2).

Ne ¥

from rats treated with dexamethasone - C

The histological observation of the kidney tis-
sue of animals from the control group revealed normal
glomerular and tubular structures (Fig. 1-A; 1-4). The
kidneys of the normal group showed normal glomerular
podocytes (Fig. 1-A; 1-4). Histopathology examina-

tion of renal slices from rats treated with cisplatin alone
showed different alterations. (Fig. 1-B; 1-4).

I 7

R

Fig. 1. Photomicrograph of rat kidney section after the staining with hematoxylin-eosin. Photomicrograph of kidney
section of rats from the control group (A; 1-4), animals of the experimental group with cisplatin alone treatment (B; 1-4),
after dexamethasone injection (C; 1-4), after combined use of cisplatin and dexamethasone (D; 1-4).
100x - magnification:100x; 400x - magnification:400x.

Abbreviations: AF-amyloidal foci; NF-necrotic foci; PC-picnic cells; TV-tubular vacuolization; GH- hemorrhagance; DTV-distall
tubular vacuolization; LA- lymphocytes accumulation; GA- glomerular atrophy; PTV- proximal tubular vacuolization;
DTS- distal tubular swelling; TD-tubular dilatation.

In the kidneys of rats treated with cisplatin
alone, distinct regressive phenomena are found. Spe-
cifically, in the epithelium of the proximal and distal
tubules of the nephron, there is cytoplasmic vacuol-

ization of cells (Fig. 1-B; 1). Additionally, in certain
areas, the integrity of the tubule epithelium is com-
promised (Fig. 1-B; 1). The nuclei of most cells ex-
hibit abnormal morphology, with occasional pyknotic
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nuclei also present (Fig. 1-B; 2-4). Furthermore, ne-
crotic foci and amyloidosis are evident in the kidney
(Fig. 1-B; 2-4). In some segments of the Malpighian
coils of the nephron, hemorrhages occur, and the cells
show pyknosis, along with acute tubular necrosis. (Fig.
1-B; 2-4).

Dexamethasone alone injection also caused histo-
morphological alterations of kidney cells (Figure 1-C;
1-4). These changes are characterized by a narrowing
of the lumen in the distal tubules, likely attributed to
cellular swelling (Fig. 1-C; 1-4). This phenomenon
may be due to the effect of dexamethasone on water-
salt metabolism. Histological alterations are evident in
the epithelial cells of both the distal and proximal tu-
bules (Fig. 1-C; 3 and 4). Besides cytoplasmic vacuol-
ization (Fig. 1-C; 3 and 4) the presence of lymphocyte
accumulations in specific regions was also registered
(Fig. 1-C; 1, 2, and 4). Cytoplasmic vacuolization and
the presence of lymphocyte accumulations in specific
regions are likely associated with inflammatory foci
(Fig. 1-C; 2, and 4).

In the kidney of rats with dexamethasone and cis-
platin combined treatment simultaneously hematoxy-
lin and eosin (HE) staining showed severe pathologi-
cal kidney lesions including glomerular atrophy (Fig.
1-D; 1-4), degeneration and necrosis of renal tubular
epithelial cells (Fig. 1-D; 2,3,), amyloidosis is evident
[Fig. 1-D; 3].

All the observed phenomena undeniably point to
the nephrotoxic effects of dexamethasone and cispla-
tin. Furthermore, the retrograde changes are especially
pronounced during the alone injection of cisplatin.

Discussion. It is well known, that the primary tar-
gets of ROS are lipids, which undergo oxidation with
lipoperoxyl radicals and lipid hydroperoxide formation
upon interaction with oxidants [24]. In normal physi-
ological conditions, the presence of ROS is vital for the
normal functioning of cells [24]. Moreover, a certain
physiological amount of ROS is maintained by balancing
the processes of their generation and destruction, that is,
due to the oxidant/antioxidant balance. This imbalance
arises from either increased production of oxidants, de-
creased levels of antioxidants, or both [9, 24].

Cisplatin disrupts the oxidant/antioxidant balance
by inducing ROS formation, oxidative stress, and re-
ducing antioxidant levels [1, 2, 9]. Markers of oxidative
stress are usually classified as molecules that become
modified by interactions with ROS and as molecules
of the antioxidant system that become changed in re-
sponse to increased redox stress [25]. Currently, more
than 20 different markers of oxidative stress have been
identified, but still MDA is accepted as a marker of OS
and lipid peroxide oxidation (LPO) levels [25, 26]. The
amount of malondialdehyde expresses the intensity and
level of oxidative stress and the resulting lipid peroxida-
tion [24, 26]. Malondialdehyde, in turn, disrupts the
functions of various biomacromolecules by directly
binding to them or cross-linking them to each other
through Schiff bases [24, 26].

The amount of MDA in 10% homogenates of rat
kidney tissue after separate and combined exposure to
cisplatin and dexamethasone was determined. The re-
sults confirm that compared to the baseline statistically
significant changes in MDA quantity were revealed in
all experimental groups (Table 1). In fact, both cispla-
tin and dexamethasone when injected separately in-
crease the amount of MDA, thus stimulating both LPO
and OS. This is also evidenced by the data obtained by
different authors [7, 9, 12, 13]. However, it should
be noted that the pro-oxidant properties of cisplatin
are stronger compared to dexamethasone. This is evi-
denced not only by the changes in the amount of MDA
registered compared to the control (75% and 41% in the
homogenate, and 38% and 25% in the supernatant), but
also by the results of the intergroup comparison of the
data. The latter indicates a stronger effect of cisplatin
compared to dexamethasone, both in the homogenate
and in the supernatant.

The result of the joint action of these drugs is not
the arithmetic sum of the effects caused by their sepa-
rate use. Admittedly, co-injection also increased the
amount of MDA, but these data are close to the ef-
fect shown by dexamethasone. It allows us to speculate
about a certain antagonism between the cisplatin and
dexamethasone action. In case of combined use, dexa-
methasone acts as a buffering factor for cisplatin. This
is probably due to the predominance of anti-inflamma-
tory and immunomodulatory properties of dexametha-
sone, which contributes to the mitigation of unwanted
side effects of cisplatin by this hormone.

The pro-oxidant properties of cisplatin and dexa-
methasone are also evidenced by the changes in the
activity of the antioxidant enzyme catalase as a result
of the separate and combined effects of these drugs. In
the supernatant, cisplatin and dexamethasone reduced
catalase activity to an equal extent when applied sepa-
rately, while the effect of co-injection is smaller than
the data obtained when these drugs are used separately.
The same trend is observed in the nuclear fraction of
kidney cells (Table 2).

A reduction in catalase enzyme activity as a result
of both cisplatin and dexamethasone exposure has also
been reported by other researchers [9, 27]. The record-
ed results once again indicate activation of oxidative
stress and LPO processes in rat kidney cells by cisplatin
and dexamethasone. These processes are known to be
the main companions of kidney toxicity. Moreover, it
has been evidenced that OS and LPO products are the
main cause of nephrotoxicity. Although nephrotoxicity
is the result of a complex interaction of various factors,
it has been evidenced that OS and LPO products are the
main cause of nephrotoxicity [2, 28].

Nephrotoxicity is the most common and most seri-
ous of the unwanted side effects caused by cisplatin [5,
29]. This is due not only to the fact that any drug, in-
cluding cisplatin, is removed from the body through the
kidneys but also to the fact that cisplatin accumulates
the most in the kidneys [5, 6, 29]. The level of cisplatin
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in the proximal tubules of the kidney is almost five times
higher than in the serum. Due to this high cisplatin ac-
cumulation, the proximal tubular cells suffer significant
toxicity [5, 29]. In addition, cisplatin can also cause
harm to renal arteries and decrease the glomerular fil-
tration rate [5].

In order to visualize the nephrotoxic effect of ap-
plied drugs, histopathological studies were carried out.
The obtained results show that cisplatin and dexameth-
asone cause different histological changes in kidney
tissue (Figure 1-B-C). Cisplatin caused tubular vacuol-
ization, amyloid foci, necrotic foci, hemorrhaging, and
other degenerative changes. As a result of exposure to
cisplatin, similar changes were recorded also by other
authors, who noted that this drug injection partial shed-
ding of renal tubular epithelial cells, and caused vacuo-
lar degeneration, dilation of proximal tubules, desqua-
mation of tubular epithelium, and acute tubular necro-
sis, atrophy of glomerulus [7, 30, 31]. These changes
lead to cisplatin-induced renal dysfunction including
alterations in glomerular function [7, 30, 31].

Separate injection of dexamethasone also caused
histological changes, including atrophy of glomerulus,
lymphocyte accumulations, amyloid and necrotic foci,
etc. (Figure 1-B-C) [27, 32].

In fact, both cisplatin and dexamethasone com-
pared to the control group, where normal glomeruli
and tubular structures were observed, cause different
changes in kidney cells, which result in acute kidney
injury (AKI).

In the case of combined use these drugs caused the
histological injuries that manifested when they were
used separately. However, it should be noted that these
changes do not have the same strength and depth as in
the case of separate use of these drugs. Literature data
on the combined use of cisplatin and dexamethasone
were not found.

Changes in oxidative stress markers recorded as a
result of separate and combined exposure to cisplatin
and dexamethasone indicate the activation of free rad-
ical formation and lipid peroxidation processes. These
processes underlie cisplatin-induced side effects, es-
pecially nephrotoxicity [4, 6, 7, 14, 33]. Numerous
studies have demonstrated that cisplatin induces dam-
age to an array of renal components, encompassing the
vasculature, glomerular apparatus, and, most preva-
lently, the renal tubules [29-33]. Therefore, it can be
argued that the morphological changes in the kidney
tissue were recorded due to the OS effect induced by
the pro-oxidants we used. However, to understand the
concept of oxidative damage, several factors must be
investigated in order to have a clearer understanding
of these processes.

This study has several limitations. First, it was
conducted on a small sample size of female Wistar al-
bino rats, which may limit the generalizability of the
findings to other populations or species, including hu-
mans. Second, the study focused on specific biochem-
ical and histological markers, such as MDA levels and

catalase activity, without exploring other oxidative
stress markers or pathways that might contribute to
nephrotoxicity. Additionally, while the chosen doses
of cisplatin and dexamethasone were consistent with
existing literature, dose-response relationships and
long-term effects were not investigated. Finally, the
study did not include mechanistic evaluations at the
molecular level to elucidate the observed antagonis-
tic interactions between cisplatin and dexamethasone.
Future research could address these gaps by incorpo-
rating larger sample sizes, additional biomarkers, and
molecular analyses.

Conclusions. The observed alterations in MDA
levels, combined with the decreased catalase enzyme
activity, reaffirm the pro-oxidant nature of both cispla-
tin and dexamethasone. Notably, the oxidative effect of
cisplatin is significantly greater than that of dexametha-
sone when these drugs are administered separately.
However, during combined treatment, dexamethasone
appears to act as a buffering factor, partially mitigating
the oxidative effects of cisplatin.

Histological studies further demonstrate that while
both cisplatin and dexamethasone exhibit pro-oxidant
properties, they induce distinct histological changes in
kidney tissue when used independently. The nephro-
toxic injuries caused by each drug alone differ in na-
ture, yet in combined use, these injuries are noticeably
milder, likely due to the mitigating presence of dexa-
methasone.

These findings unequivocally highlight the neph-
rotoxic effects of both cisplatin and dexamethasone.
However, it is hypothesized that dexamethasone’s abil-
ity to alleviate the side effects of cisplatin may stem
from a combination of its anti-inflammatory and im-
munomodulatory properties, along with a «preventive
or restraining» effect on cisplatin-induced damage.
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Abstract. The accurate detection and quantification of quercetin dihydrate (QRC) are vital for
quality control, pharmacokinetic studies, and bioavailability assessments in pharmaceutical
and biological samples. This study aimed to develop and validate a cloud point extraction
(CPE) method combined with spectrophotometry for the sensitive and environmentally
friendly detection and quantification of QRC in pharmaceutical formulations and spiked urine
samples.

Methods. The CPE method employed Triton X-114 as a non-ionic surfactant to extract QRC
from samples. The extraction process was optimized by evaluating key parameters, including
surfactant concentration, incubation temperature, extraction time, and centrifugation speed.
Spectrophotometric analysis was conducted before and after extraction to assess the sensitivity
and linearity of the method. The method was validated using spiked urine samples and
pharmaceutical formulations of QRC, with recovery rates, limits of detection (LOD), and
linearity evaluated to ensure accuracy and precision.

Results. The optimized CPE conditions included an incubation temperature of 65°C, a
S-minute extraction time, and centrifugation at 3500 rpm. The CPE method significantly
improved the sensitivity of QRC detection, reducing the LOD from 0.0351 ug/mL (without
CPE) t0 0.0234 ug/mL (with CPE). The method exhibited excellent linearity (r? > 0.998) over
a wide concentration range (1—12 ug/mL). High recovery rates (98.88% to 101.6%) and low
relative standard deviations (RSD < 2%) were observed in pharmaceutical formulations and
spiked urine samples, demonstrating the method’s accuracy and precision. The enrichment
factor was 1.75, and the preconcentration factor was 4.6.

Conclusions. The proposed CPE method combined with spectrophotometry provides a simple,
sensitive, and environmentally friendly approach for QRC analysis. It offers significant
advantages over conventional methods, including reduced organic solvent use and waste
generation, making it suitable for routine analysis in pharmaceutical quality control and
pharmacokinetic studies. The method’s adaptability to complex matrices, such as urine, and
its potential for broader applications, including the analysis of other polyphenolic compounds,
were also demonstrated.

Keywords: Quercetin dihydrate, cloud point extraction, spectrophotometry, pharmaceutical
analysis, urine sample, green chemistry, Triton X-114.
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Canim Cyori Adenl, Maiica Mancyp Moxammen?

Metoau cnekTpodoToMeTpii Ta eKCTPaKiii 3a TOYKOK XMAPHOCTI 1,14
KiJIbKiCHOro BU3HAYEHHS KBepPIETHHY JUTIAPaTy y 100aBKaX Ta 3pa3Kax ceyi

IKadenpa ximii, ¢akyasreT HayK, YHiBepcuteT barnana, barnan, Ipak
2Kadenpa ximil, ¢pakyisreT HayK, YHiBepcuTeT Mycrtancupii, barnan, Ipax

Pesiome. Toune susneaenns ma Kinvkicre usnavents keepuemuny oueiopamy (QRC) € eaxcaugumu 015 KOHmMp-
0110 sAKocmi, papmaxkokiHemuuHux docaioxncenb ma oyinku biodocmynHocmi 6 gpapmayeemu4Hux ma 0iono2ivHux 3paz-
Kkax. Memoro yboeo docaioxcenHs 6ya0 pospooumu ma earidysamu memod excmpaxyii 3a mouxoro xmapuocmi (CPE) y
noeoHauHi 3i cnekmpoghomomempieio 045 HyMAUB020 MA €KO0A02IMHO Oe3NeUH020 BUABACHHS MA KINbKICHO20 GU3HAYEHHS
ORC y gpapmauesmuunux gpopmynax ma 3paskax ceui.

Memoou. Memod CPE sukxopucmosysas Tpumon X-114 sk HeioHHULI N08epXHE80-AKMUBHUL a2eHmM 05 eKC-
mpakuii QRC i3 3paskise. IIpoyec excmpakuyii 6y8 onmumiz08anull WASXOM OUIHKU KAHOHO0BUX napamempis, maKux K
KOHUeHmpayisi N08epxHe80-aKmMueHoi pevosuHu, memnepamypa iHkyoauyii, yac excmpaxuyii ma weuokicmo yeHmpugy-
eyeanHus. CnekmpogomomempuuHuil aHaniz npogoouscs 0o ma nicast eKCmparKuyii 043 OUiHKU Yymaugocmi ma AiHiHoCmi
Memody. Memoo 6y10 6ani008aHo 3 8UKOPUCMAHHAM 3pa3Kie ceui 3 dodasanHsm papmayesmuynux gopmys QRC, i3
OUIHKOI0 6i0HO6AeHHS, Mexc eusiieHHs (LOD) ma ainiiinocmi 0as 3a6e3neveHHs: 4Yymaueocmi ma moyHoCmi.

Pesynomamu. Onmumizoeani ymoseu CPE exaouaru memnepamypy inkyoauii 65°C, wac excmpaxuii 5 xeuaun
ma uyenmpugbyeyeanus Ha 3500 06/xe. Memoo CPE 3nauno nokpawue wymausicmo eusenenns QRC, smenwusuiu LOD
30,0351 mre/ma (6e3 CPE) do 0,0234 mxe/ma (3 CPE). Memod noka3zaé eiominny ainiiinicms (r > 0,998) 6 wiupoko-
my dianaszoni konuyenmpauiii (1—12 mxe/ma). Bucoki koepiyicnmu ionosnens (98,88% oo 101,6%) i nuzvki 6ioHOCHI
cmanoapmHi gioxusenuss (RSD < 2%) oyau ompumatni 6 ghapmayeemuunux gopmyasax ma 3pazkax ce4i, wo ciouums
npo mounicme ma npeyusiinicmos memody. Daxmop 36azauenns cmanosus 1,75, a pakmop nepedxonyenmpauii — 4,6.

Bucnosku. 3anpononoeanuii memod CPE y noednauni 3i cnekmpoghomomempicto € npocmum, 4ymausum ma
eKonoeiuno bezneunum nioxoodom oas ananizy QRC y dobaskax ma 3paskax ceui. Bin mae 3Hauui nepeeazu nopieHAHO
3 MpaouyiliHuMu Memooamu, 30Kpema 3MeHUeHY KilbKicmb GUKOPUCIMAHUX OP2AHIYHUX DO3HUHHUKIE MA 3MEHUeHHs
YmeopeHHs 6i0x00i8, w0 pobums ii020 NPUOAMHUM 045 PYMUHHO20 AHANIZY 8 KOHMPOAL AKOCMi hapmayeemuyHux 3aco-
0ié ma 6 ghapmakoxinemuuHUx 00CAi0NCeHHAX. 3anPONOHOBAHUI Memo0 MOMCHA a0anmyeamu 0 CKAAOHUX MaAMPUYb,
maKkux K ce4a, a maxkodic 045 Oinbi WUPOK020 3ACMOCYB8AHHS, BKAIOYAIOYU AHAAI3 IHUUX NOAIGEHOAbHUX CROAYK.

KnrouoBi ciioBa: keepyemun duciopam, excmpakyis 3a moukorw XxmapHocmi, cnekmpogomomempis, hapmayee-
MuUYHUL aHani3, 3pa3ox ceui, senena ximis, Tpumon X-114.

Introduction. The growing worldwide usage of Flavonoids, the most prevalent class of bioactive

medications and their environmental contamination
has become a significant concern [1]. Human urine,
with its varied composition, contains both nutrients
and contaminants that can act as pollutants and re-
sources [2]. Pharmaceuticals often enter the environ-
ment through human activities, as they are excreted
in various forms after administration. Pharmaceutical
contaminants, particularly hormones and antibiotics,
pose risks to the safe use of source-separated urine.
Wastewater treatment plants are recognized as major
contributors to pharmaceutical impurities in the en-
vironment [3]. Therefore, developing a dependable,
straightforward, and sensitive technique for analyzing
quercetin dihydrate (QRC) in pharmaceuticals and real
samples is of paramount importance.

Mayasa Mansour Mohammed:
mayasamansour @uomustansiriyah.edu.iq

polyphenolic phytochemicals, are abundant in the plant
kingdom and various food sources [4, 5]. Comprising a
15-carbon skeleton (C6—C3—C6) [6], flavonoids are con-
sidered safe with a wide therapeutic range [7] and have
attracted significant interest for their biological effects.
Research shows that flavonoids have beneficial impacts on
diabetes, obesity [8, 9], neurodegenerative diseases [10],
cardiovascular diseases [11], autoimmune diseases [12],
and cancer [13]. They also possess potent antioxidant,
antimicrobial, and anti-inflammatory properties [14, 15].

Quercetin, a flavonol, is a plant pigment with a
flavonol-type structure known as 3,3’,4’,5,7-penta-
hydroxyflavone [16]. It is found in green tea, onions,
apples, and other fruits [17, 18]. Quercetin is a small
molecule with strong antioxidant qualities and various
biological activities, including anti-inflammatory, an-
tiviral, and anti-carcinogenic effects [19-21]. In na-
ture, quercetin is often present in glycosidic forms. It
undergoes metabolism in the liver and gastrointestinal
tract before being absorbed into the bloodstream. Its
metabolites, detectable in blood and urine, are impor-
tant for evaluating bioavailability [22, 23].
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Cloud point extraction (CPE) combined with
spectrophotometry is an environmentally friendly and
cost-effective method for extracting and preconcen-
trating compounds [24, 25]. This technique is used
across various domains, including pharmaceuticals,
food samples, and natural materials [26, 27]. CPE
combined with spectrophotometry is an environmen-
tally friendly and cost-effective method for extracting
and preconcentrating compounds [24, 25]. Despite the
effectiveness of methods like high-performance liquid
chromatography-ultraviolet detection (HPLC-UV),
gas chromatography-mass spectrometry (GC-MS),
and others for quercetin analysis [28-30], they are often
time-consuming, reagent-intensive, and produce high
waste, making them less compatible with green chem-
istry principles. Conventional liquid-liquid extraction
methods also have limitations, such as health risks and
environmental concerns.

Therefore, the present study aimed to address the
lack of literature on the CPE approach for extracting
QRC from pharmaceutical forms and urine samples,
introducing a simple extraction procedure using Triton
X-114 as a non-ionic surfactant.

Materials and Methods. Ethical Considerations.
The collection and use of urine samples in this study
were conducted in accordance with ethical guidelines.
Prior to sample collection, informed consent was ob-
tained from the volunteer participant, who was fully
informed about the purpose of the study, the proce-
dures involved, and any potential risks or benefits. The
study protocol was reviewed and approved by Mus-
tansiriyah University, protocol number 5349 dated
13/12/2023.

Instrumentation. A Shimadzu UV-VIS 1800 digital
double-beam spectrophotometer (Kyoto, Japan) was
used to measure the absorbance spectra of the drug.
For the CPE tests, absorbance measurements were
performed using 50 pL quartz cells (Cecil) with a 1 cm
path length. The CPE experiments were conducted
in a thermostatic water bath (Haake, Fe3) monitored
with a mercury thermometer. Separation of the analyte
was carried out in a Hettich EBA 21 centrifuge using
15 mL calibrated centrifuge tubes. For batch analysis,
1 cm silica cells were used with a PD-303 spectropho-
tometer (APEL, Japan). A Sartorius BL 210 S sensitive
electronic balance was employed for all weighing pro-
cedures.

Reagents and standard solutions. All reagents and
chemicals used were of analytical grade and did not re-
quire further purification. A stock solution of quercetin
dihydrate (QRC) at a concentration of 100 pg/mL was
prepared by dissolving 0.01 g of QRC in 5 mL of 0.1
M sodium hydroxide (NaOH) and diluting to 100 mL
with distilled water in a volumetric flask (Carl ROTH,
Germany).

The diazotized sulphadimidine (DSD) solution
(0.005 M) was prepared by transferring 0.45 mL of
sulphadimidine (33%) into a 100 mL volumetric flask,
adding 4 mL of 1 M HCI, followed by 0.0345 g of so-

dium nitrate. The mixture was shaken and allowed to
react for 5 minutes, and then distilled water was added
to reach the 100 mL mark. A 0.1 M sodium hydroxide
solution was prepared by diluting a concentrated 1 M
NaOH solution in a 250 mL volumetric flask. Triton
X-114 (10% v/v) was prepared by dissolving 3 mL of
Triton X-114 in 50 mL of distilled water.

Pharmaceutical Samples. Fifteen Mega Quercetin
capsules (1200 mg, Solaray, USA) were weighed, and
an amount equivalent to 0.01 g of QRC was dissolved
in 5 mL of 0.1 M NaOH. The solution was diluted to
100 mL with distilled water in a volumetric flask, stirred
thoroughly, and filtered. The filtrate was further diluted
with distilled water for analysis.

Spiked Urine Sample. A urine sample was collect-
ed from a healthy female volunteer and refrigerated
without preservatives. Before the extraction process,
the sample was brought to room temperature. To pre-
pare the spiked sample, varying concentrations of pure
QRC were added to 8 mL of urine. The mixture was
centrifuged at 3500 rpm for 10 minutes. The super-
natant was collected and diluted with distilled water
to a final volume of 50 mL. This diluted sample was
then processed using the standard extraction method
for analysis.

General Batch Procedure. Serial dilutions of the
QRC stock solution (100 pg/mL) were prepared in 10
mL calibrated flasks to achieve concentrations ranging
from 2 to 18 pg/mL. To each flask, 2 mL of DSD solu-
tion (0.005 M) and 1 mL of NaOH (0.1 M) were added.
The solutions were then diluted to the mark with dis-
tilled water and thoroughly mixed. At room tempera-
ture (approximately 25°C), the mixtures were allowed
to stabilize for 5 minutes for the azo coupling reaction
to reach maximum stability. The absorbance was mea-
sured at 440 nm using a spectrophotometer.

Cloud Point Extraction Procedure. A 1 mL aliquot
of QRC solution (100 pg/mL) was mixed with 2 mL
of DSD solution (0.005 M), 1 mL of NaOH (0.1 M),
and 2 mL of Triton X-114 (10% v/v) in a 10 mL cali-
brated flask. The flask was then filled with distilled wa-
ter. The mixture was heated to 65°C (above the cloud
point temperature of the surfactant) in a thermostatic
bath for 15 minutes to form a cloudy phase while avoid-
ing the degradation of QRC. After heating, the mixture
was centrifuged at 3500 rpm for 5 minutes to separate
the surfactant-rich phase from the aqueous phase. The
mixture was then cooled in an ice bath to below the
cloud point temperature to facilitate phase separation.
The aqueous phase was discarded, and the surfactant-
rich phase, containing the extracted analyte, was col-
lected for further analysis. The surfactant-rich phase
was diluted with 1 mL of ethanol, and the absorbance
was measured at 455 nm using a PD-303 spectropho-
tometer (APEL, Japan). A schematic of the cloud point
extraction process is presented in Fig. 1.
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Fig. 1. Schematic representation of cloud point extraction process. Aqueous Solution: Contains QRC, DSD,
and Triton X-114. Surfactant Micelles: Formed by the non-ionic surfactant Triton X-114. Heating: The solution
is heated above the cloud point temperature to induce phase separation. Centrifugation: Separates the surfactant-rich phase
(containing QRC) from the aqueous phase. Cooling: The mixture is cooled to room temperature to form
a stable surfactant-rich phase containing the extracted analyte.

Results. The spectrophotometric approach dem-
onstrated high sensitivity and efficiency in analyzing
quercetin dihydrate (QRC) in pharmaceutical for-
mulations and spiked urine samples. The coupling
reaction between QRC and diazotized sulphadimi-
dine (SDM) successfully produced an orange azo-dye
product. Cloud point extraction (CPE) using Triton

X-114 as a surfactant allowed for effective phase sepa-
ration, enhancing the sensitivity of the analyte.

The absorbance spectra of the QRC-SDM cou-
pling product showed peaks at 440 nm before extrac-
tion and 455 nm after extraction, confirming success-
ful extraction (Fig. 2).

2.000

1.500
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1.000

0.500 -

0.000

300.00 400.00 500.00

600.00 700.00 800.00

nm.

Fig. 2. Absorption spectra of the formed dye by coupling reaction of QRC treated with SDM before
and after CPE, measured against a reagent blank.

Optimized conditions for the reaction (Table 1),
including 1 mL of NaOH (0.1 M) and 2 mL of SDM

(0.005 M), were critical for achieving maximum color
intensity and efficient extraction (Fig. 3).
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Designated parameters of the CPE technique

Table 1

. Chosen value
Factor Studied range
Spectrophotometry CPE
Hydrochloric acid volume (mL) 1-4 (1 M) 4
SDM volume (mL) 0.5-3 (0.005 M) 2
Volume of base solution (mL) 0.5-3 (0.1 M) 1
Addition order and reaction time (min) leferle ﬁsorders QRC;R+B
Triton X-114 volume (mL) 0.5-3 1
Incubation time (min) and equilibration 5-25 5
temperature (°C) 40-80 65
Separation time (min) and rate (rpm) e g
1 = 2000-3500 3500
1,2 r
1 -
08 F ___ e HCI
(V)
o e SDM
c 0,6 F
S / NaOH
2 04 |
o]
<
0,2 F
O 1 1 1 J
1ml 3ml 4ml

Volume (mL)

Fig. 3. Effect of volume of (a) HCI, (b) SDM, and (c) NaOH. The volume of HCI can influence the pH of the solution,
which in turn affects the stability of the analyte and the surfactant micelles. Fine-tuning the reagent volume allows
for precise control over complex formation and analyte recovery. The alkaline volume of the solution can significantly

impact the extraction efficiency in cloud point extraction.

The molar ratio of QRC to SDM was determined to be 2:1, as supported by both Job’s and mole ratio methods

(Fig. 4).

0,7
0,6
0,5
0,4
0,3
0,2
0,1

: ;

0 0,5

Absorbance

1

(a)

Absorbance

1,5

mole QRC/(mole QRC + mole SDM)

0,45
0,4
0,35
0,3
0,25
0,2
0,15
0,1
0,05

v

Fig. 4. (a) Job’s method, (b) Mole ratio method.

The study also revealed that Triton X-114 outper-
formed other surfactants in promoting phase separa-

2 4
mole (SDM/ QRC)

(b)

tion, with an optimal volume of 1 mL of Triton X-114
yielding the highest extraction efficiency (Fig. 5).
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Fig. 5. Effect of (a) surfactant type and (b) Triton X-114 volume on extraction efficiency. The surfactant type and volume can
influence micelle formation, phase separation, and analyte solubility in the extraction system. Higher surfactant concentrations
may enhance the formation of micelles and improve extraction efficiency.

Optimal conditions for CPE were identified, with These conditions ensured efficient micelle formation
a temperature of 65°C, an incubation time of 5 minutes, and phase
and a centrifugation speed of 3500 rpm (Figs. 6-8). recovery.

2
1,5
Q
e
€
2
o]
8 05
< 7
0

separation, which were crucial for analyte

10 20 30
Time of extraction (min)

Fig. 6. Effect of extraction time on analyte concentration. Longer extraction times can lead to higher analyte
concentrations in the extracted phase, but excessive extraction times may result in decreased efficiency
or analyte degradation.
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Fig. 7. Effect of incubation temperature on micelle formation and extraction efficiency. Precise control of the temperature
during the cloud point extraction process is essential for promoting phase separation and maximizing analyte extraction. The
cloud point temperature of the surfactant must be reached and maintained to ensure effective extraction.
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Fig. 8. Effect of (a) separation time on phase separation. Proper selection of separation time is essential to achieve successful
separation of the cloudy phase containing the analyte. Longer separation times may lead to improved separation of phases and

higher analyte concentrations in the extracted phase,

Calibration curves constructed for QRC, both with
and without CPE, exhibited excellent linearity, with
correlation coefficients (r2) greater than 0.998, indicat-
ing strong reliability in the analytical method. The limit
of detection (LOD) for QRC after CPE was determined

and (b) Effect of separation rate on phase stability.

to be 0.0234 pg/mL, a significant improvement com-
pared to the non-extracted method, demonstrating the
enhanced sensitivity provided by the extraction process
(Table 2).

Table 2

Analytical features for the analysis of QRC using the proposed methods

Parameter Value
Without CPE With CPE
Calibration equation Y=0.1003x+0.1304 Y=0.1754x-0.0172
Maximum wavelength, nm 430 455
Linearity range (ug/mL) 2-18 1-12
Linearity coefficient, r 0.9986 0.9983
Molar absorptivity, (L/mol.cm) 33928.481 59332.558
Slope, b (mL/pg) 0.1003 0.1754
Intercept, a 0.1304 0.0172
Sandell’s sensitivity, (ug/cm?) 0.0099 0.0057
Average of recovery% 99.568 99.797
LOD (ug/mL) 0.0351 0.0234
LOQ (pg/mL) 0.1170 0.0781
RSD (%) <0.18 <0.19
Sy 0.02167 0.043370
S, 0.01574 0.026692
Sp 0.00139 0.003626
Enrichment factor 1.748754
Preconcentration factor 4.6

The recovery rates of QRC from pharmaceutical
formulations ranged from 98.88% to 101.6%, with rela-

tive standard deviations (RSD) below 2%, confirming
the high precision and accuracy of the method (Table 3).
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Table 3

Assay of QRC in pharmaceutical formulations and spiked urine samples

Spectrophotometric method CPE method
Sample
Conc. (ug/mL) % Rec
Mega quercetin (1200 mg/capsule) Spiked Found + SD*
6 ng/mL 5.998 + 0.001 99.966
8 ng/mL 8.071 £ 0.001 100.897
10 pg/mL 9.862 £ 0.001 98.624
Urine sample 6 ug/mL 5.736 £ 0.002

*  Average of five determinations; SD, standard deviation; Rec%, average of recovery; RSD%, average of relative standard

deviation.

These results validate the effectiveness of the pro-
posed CPE method for the quantitative analysis of QRC
in complex matrices.

The calibration curves for QRC, both before
and after cloud point extraction, exhibited excellent
linearity, indicating strong method reliability. The
post-extraction curve showed a notable improve-

ment in sensitivity, as demonstrated by the higher
slope and lower detection limit when compared to the
pre-extraction curve. This highlights the effective-
ness of the CPE process in concentrating the analyte
and enhancing the overall sensitivity of the method.
The comparison of these calibration graphs is shown
in Fig. 9.

2,5

2 y =0,1754x - 0,0172

R? =0,9983

¥ 15
g —@— before extraction
o .
tg- 1 after extraction
Qo
< os y =0,1003x + 0,1304

’ R2 =0,9986

0

0 5 10 15 20

Concentration of QRC (pg/mL)

Fig. 9. Calibration graph of QRC (a) before extraction and (b) after CPE.

Discussion. The detection and quantification of
quercetin dihydrate in supplement formulations and
urine samples are crucial for quality control, pharma-
cokinetic studies, and bioavailability assessments [30,
31]. Various analytical methods have been developed
and employed for this purpose, each with its own
strengths and limitations [27-31]. The proposed CPE
method combined with spectrophotometry has demon-
strated significant advantages for the analysis of QRC
in pharmaceutical formulations and urine samples. The
CPE technique significantly improved the sensitivity of
QRC detection compared to conventional spectropho-
tometric methods. The LOD decreased from 0.0351 pg/
mL to 0.0234 ug/mL after extraction, indicating a sub-
stantial enhancement in the method’s ability to detect
trace amounts of QRC. This improvement can be at-
tributed to the preconcentration effect of CPE, which

achieved an enrichment factor of 1.75 and a preconcen-
tration factor of 4.6.

Our study investigated various parameters affecting
the CPE process, including surfactant type and concen-
tration, incubation temperature, and separation condi-
tions. Triton X-114 proved to be the most effective sur-
factant, likely due to its optimal cloud point tempera-
ture and micelle-forming properties. The optimized
conditions (65°C incubation temperature, 5-minute
extraction time, and 3500 rpm centrifugation speed)
ensured efficient phase separation and analyte recovery.

The method demonstrated excellent linearity (2>
0.998) over a wide concentration range, both with
and without CPE. The high recovery rates (98.88% to
101.6%) and low relative standard deviations (<2%) in
pharmaceutical formulations and spiked urine samples
validate the method’s accuracy and precision. These
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results suggest that the proposed method is suitable for
routine analysis of QRC in complex matrices.

Compared to traditional extraction methods and
chromatographic techniques, the CPE approach aligns
well with green chemistry principles [24-26]. It reduces
the use of organic solvents and minimizes waste genera-
tion, making it an environmentally friendly alternative
for QRC analysis [24, 27].

In line with our study, several recent advancements
in the field of quercetin analysis have highlighted the
need for more efficient, cost-effective, and environ-
mentally sustainable methods [17, 23, 28]. The CPE
method offers a simpler and greener alternative, with
comparable sensitivity and accuracy. The reduction in
organic solvent consumption and the relatively rapid
extraction process makes CPE a suitable method for
laboratories aiming to reduce environmental impact
without compromising analytical performance.

Moreover, the successful application of the CPE
method to both pharmaceutical formulations and
spiked urine samples demonstrates its versatility. Urine
is a complex biological matrix, often posing challenges
due to the presence of interfering substances [32]. The
high recovery rates observed in the spiked urine samples
suggest that the CPE method efficiently isolates QRC
from such complex matrices, further validating its ap-
plication in pharmacokinetic and bioavailability stud-
ies. The ability to detect low concentrations of QRC in
urine is particularly beneficial for monitoring therapeu-
tic levels, drug metabolism, and excretion in clinical
settings.

Future considerations for this method could in-
clude further automation to enhance reproducibility
and scalability, particularly in high-throughput envi-
ronments. Incorporating automation would streamline
the sample preparation process and allow for even more
precise control over the extraction parameters. Addi-
tionally, further research into the applicability of this
method for other structurally similar compounds could
expand its utility in the analysis of other nutraceuticals
or active pharmaceutical ingredients.

Despite the promising results, this study does have
some limitations that should be addressed in future re-
search. First, the CPE method demands precise con-
trol over experimental conditions such as temperature,
surfactant concentration, and centrifugation speed.
Any deviations from these optimized parameters could
impact phase separation and analyte recovery, poten-
tially affecting the method’s reproducibility in less-

References:

controlled environments or large-scale applications.
Second, while Triton X-114 is effective, its use involves
manual intervention during phase separation, introduc-
ing variability and limiting scalability and automation
potential, especially in high-throughput laboratories.
Third, although the method has been validated for QRC
in pharmaceutical formulations and spiked urine sam-
ples, its applicability to more complex biological matri-
ces, like blood plasma or tissues, remains unexplored.
These matrices often contain higher levels of interfering
substances, which might reduce the method’s efficiency
and require further optimization. Additionally, while
CPE offers environmental benefits, it still involves sur-
factants that may not be fully biodegradable. The long-
term environmental impact of these surfactants should
be considered, and future research could focus on iden-
tifying greener alternatives to Triton X-114. The sug-
gested procedures, with a 95% confidence level, have
been thoroughly validated, showing negligible variance
in outcomes across classical and recently introduced
means, indicating acceptable precision in determin-
ing quercetin. Finally, the study’s focus on quercetin
means that the method’s performance with other poly-
phenols or structurally similar compounds has not been
thoroughly tested, and its broader applicability should
be investigated before generalizing its use.

Conclusions. In conclusion, the proposed CPE
method combined with spectrophotometry provides
a reliable, accurate, and environmentally friendly ap-
proach for the detection and quantification of quercetin
dihydrate in both pharmaceutical and biological sam-
ples. Its sensitivity, precision, and alignment with green
chemistry principles make it an excellent alternative to
more resource-intensive analytical techniques, with the
potential for broader applications in both clinical and
industrial settings.
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Abstract. Restless legs syndrome (RLS) is a common neurological disorder affecting
hemodialysis patients, significantly impacting their quality of life. While traditional treatments
can provide relief, complementary interventions such as Kinesio taping (KT) may offer
additional benefits. This study aimed to evaluate the effectiveness of KT in reducing RLS
symptoms in patients undergoing hemodialysis.

Methods. A quasi-experimental study with a one-group pretest-posttest design was conducted
from June to August 2024 at the hemodialysis unit of Prof. Dr. Margono Soekarjo Regional
General Hospital, Banyumas, Central Java, Indonesia. Thirty-nine patients aged 18 years or
older and experiencing RLS symptoms were selected using simple random sampling. Patients
with diabetes mellitus or those who did not complete the intervention were excluded. RLS
symptom severity was assessed at baseline, three days, and six days post-intervention using
the Assessment Criteria for Diagnostic Restless Legs Syndrome. Data were analyzed using the
Wilcoxon test to assess the effect of KT.

Results. The study found a significant reduction in RLS symptoms after the KT intervention.
Mean RLS scores showed a consistent decrease across three domains: pain, itching, and
crawling sensations. By day six, pain reduced from a baseline of 3.54 to 1.22, itching from
3.32 to 1.43, and crawling sensation from 2.46 to 1.3. Other symptoms, including heat and
muscle stiffness, also showed significant improvement, with p-values < 0.001.

Conclusions. Ourpreliminary findings suggest that KT can be an effective non-pharmacological
intervention for alleviating RLS symptoms in hemodialysis patients. KT may serve as a
beneficial nursing intervention to reduce RLS symptoms in this population. This simple,
non-invasive technique should be considered as part of comprehensive RLS care for patients
undergoing hemodialysis.

Keywords: kinesio taping, restless legs syndrome, hemodialysis, nursing intervention
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CecTpuHCbKe BTpYYaHHS: KiHe3i0TeHIyBaHHS 1/ 3MEHIIIEHHSI CUMIITOMIB
CHHPOMY HECTIOKIHMX HIr y NAIE€HTIB, SIKi JIKYIOTbCS METOJAOM reMoaiaizy

lakynbreT HayK IIpo 310poB’a, YHiBepcuter Myxammanil ITypsokepro, Banbiomac,
LlenTpansHa fBa, IHmoHE3is1
2PerioHasibHA 3arajibHa JikapHs iM. Maprorno Cykapmko, banbiomac, LlentpanbHa dBa, Innonesia

Pestome. Cundpom necnoxiiinux nie (CHH) € nowupenum nespoaoiyHum po3nadom y RauieHmie, ki Aikyiomocs
Memodom eemodianizy (I1), wio cymmeeo enaueae Ha aKicmo ycumms Xeopux. Y moil uac sk mpaouuyiiini memoou aiky-
BAHHS MOJICYMb AUle 3a6e3neuumu noaeeueHHs, 000amKosi empy4ants, maki ax Kineziometinyeanus (KT), moxcymo
sanpononysamu dooamkoei nepesaeu. lLle docaioxncenns manro Ha memi oyinumu egpexmusrnicmo KT'y smeHwenHi cumn-
momie CHH y I'/l nayienmis.

Memoou. 3 uepsensa no cepnens 2024 poky y eiodinenni eemodianizy PecionanrvHoi 3aeanvHoi aikapHi imeni npog.
Mapeono Coekapdico, banromac, Ilenmpanvua Sea, Indonesis, 6y10 npogedero keaziekcnepumeHmanvhe 0ocaioicen-
HS 3 00HO2PYNOBOH cXeMot npemecm-nocmmecm. Tpudysms Oee amv nayienmie y eiyi 18 pokie i cmapuie, aki maiu
cumnmomu CHH, 6yau exaroueni do docaidxncerHs 3a 0onomoezor npocmoi eunaokoeoi eubipku. Ilayienmu 3 yyKpogum
diabemom abo mi, xmo He 3a8epuiué 6mpy4ants, oyau suxaroueni. Taxckicmo cumnmomie CHH ouintosaru na nouamky,
yepesz mpu ma wicmo OHi8 NicAs MPYUAHHS 3 00NOMO20I0 Kpumepiie oyiHKu 0iaecHOCMUKU CUHOPOMY HEeCNOKIUHUX Hie.
Jlani ananizysanu 3a donomoezoro mecmy Binkokcona.

Pezyaomamu. Jocnioxncenns eussuno 3naune smenuiens cumnmomie CHH nicas empyuanns KT. Cepeoni 6anu
MaKux nokasHukie sk 0inb, ceepbidic i 6iOWYymMms NOG3AHHA MYPAULOK NPOOeMOHCMPY8aau nocaidogre 3nuxcents. Ha
wocmuti deHb 0inb 3MeHUUBCA 3 8UXIOH020 pieHsa 3,54 0o 1,22 baau, ceepbixnc 3 3,32 do 1,43 baau, a 8iduymms noe3aHHs
3 2,46 0o 1,3 banie. Inwi cumnmomu, 8xkarouarouu xeap i pueionicme m’s13i6, MaKoic NOKA3aiu CMAamucmu4Ho 3Havyue
nokpawenns (p < 0,001).

Bucnoseku. Hauwii nonepeoni pesyssmamu cgiouams, wo KT mooxce Oymu egpexmueHum HemeOuKkameHmMo3HUM
empy4anuam 045 noaeeuienns cumnmomie CHH y I'/l nayieumis. KT mooice 6ymu KopucHum meocecmpuHcobKuM 8mpy-
YyqHHAM 0as 3menuenHs cumnmomie CHH y yiii nonyasyii. Llro npocmy, Heinea3zueHy mexHiky caio pozeasdamu K 4ac-
mury komnaekcroi donomoeu I/l nauienmam 3 CHH.

Kiro40Bi ciioBa: kineziomeiinysanis, cuHOpom HeCROKIUHUX Hie, 2eM00iani3, MedcecmpUHCcbKe 8MpPY4anHs.

Introduction. Restless legs syndrome (RLS) is a
prevalent and debilitating condition, especially among
patients undergoing hemodialysis. It is characterized
by an irresistible urge to move the legs, often accom-
panied by uncomfortable sensations such as itching,
pain, and tingling. The prevalence of RLS in this
population varies widely, with estimates ranging from
6.6% to 80%, largely due to differences in diagnostic
criteria, study methodologies, and patient populations
[1—4]. Hemodialysis patients, due to the chronic na-
ture of their condition and associated physiological
disruptions, are particularly vulnerable to RLS, which
significantly impacts their quality of life [5]. Despite
its high prevalence, managing RLS in these patients
remains challenging due to complex pathophysiologi-
cal factors, including uremia, iron deficiency, and
chronic inflammation [6, 7].

Agus Santosa
agussantosa@ump.ac.id

Pharmacological treatments such as dopaminergic
agents and gabapentin have shown efficacy in reducing
RLS symptoms; however, these medications often have
side effects and may not be suitable for long-term use in
all patients [8, 9] Non-pharmacological interventions,
including reflexology, massage, and aerobic exercise,
have also shown some success in alleviating symptoms
and improving sleep quality [10, 11]. Nevertheless,
there remains a need for alternative, non-invasive treat-
ments that can be easily applied and integrated into the
daily routines of hemodialysis patients, particularly for
those who continue to experience discomfort despite
current treatments. This presents an empirical gap in
identifying effective, low-risk interventions for manag-
ing RLS in this population.

Kinesio taping (KT) has emerged as a potential
therapeutic approach for a variety of conditions involv-
ing pain and discomfort, yet its application specifically
for RLS remains underexplored. Previous studies have
shown that KT can improve muscle function, enhance
proprioception, and increase circulation, potentially
offering relief for symptoms associated with RLS [12—
14]. Despite these promising mechanisms, a notable
theoretical gap exists in understanding how KT can be
effectively utilized for RLS symptom management in
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hemodialysis patients. Most existing studies focus on
KT’s effects in musculoskeletal conditions, and lim-
ited empirical evidence addresses its use in neurological
conditions such as RLS.

This study aims to address both the empirical and
theoretical gaps by investigating the effectiveness of KT
as a non-pharmacological intervention for reducing
RLS symptoms in hemodialysis patients. This study’s
contribution lies in exploring KT as an underutilized
intervention for RLS in hemodialysis patients, offering
a novel approach in symptom management. The find-
ings highlight KT’s potential utility as an adjunctive
non-pharmacological treatment, with implications for
improving patient quality of life.

Materials and methods. This quasi-experimental
study used a one-group pretest-posttest design [15]
and was conducted from June to August 2024 in the
Hemodialysis Unit of Prof. Dr. Margono Soekarjo Re-
gional General Hospital in Banyumas, Central Java,
Indonesia. The research received ethical approval from
the Ethics Committee of Prof Dr. Margono Soekarjo
Regional General Hospital (Approval No: KEPK/
RSMS/420/05090). All participants provided written
informed consent before inclusion in the study.

The study population comprised patients under-
going hemodialysis. A total of 39 respondents were se-

lected using simple random sampling, with inclusion
criteria of patients aged 18 years or older, regularly
undergoing hemodialysis, experiencing RLS symp-
toms, and willing to participate [16, 17]. Patients
with comorbid diabetes mellitus or those who did not
complete the intervention were excluded to reduce
potential confounding effects, as diabetes is known to
independently affect RLS symptoms. Excluding these
cases allowed a more focused evaluation of the effec-
tiveness of KT in a homogenous RLS patient popula-
tion.

The study’s outcome was RLS symptom severity,
measured using the Assessment Criteria for Diagnostic
Restless Legs Syndrome. This tool provides a multi-di-
mensional assessment, evaluating pain, itching, crawl-
ing sensations, and muscular stiffness on a 0—4 scale,
where 0 indicates no symptoms and 4 denotes the most
severe level [18]. Symptom data were collected at three
points: baseline, three days post-intervention, and six
days post-intervention.

The KT intervention was applied to the affected
lower extremities, targeting muscle activation areas
around the calves and shins. The tape was applied at ap-
proximately 15—25% tension to offer moderate support
without restricting movement (Fig. 1).

Fig 1. Kinesio taping applications.

Each application remained for 3—5 days, with re-
assessment and reapplication as needed. Taping was
conducted by trained practitioners, and participants
received basic instructions on reapplication if required
post-study.

For the statistical analysis, the Wilcoxon test was
used to analyze the effectiveness of KT in reducing RLS
symptoms in hemodialysis patients [19].

Results. Among the study participants, there
were 16 males and 23 females, aged 26 to 81, with most
falling within the 46—55 age range. The majority ex-
perienced RLS with varying severity levels, and a sig-
nificant proportion had moderate to severe symptoms.
When analyzed by gender, both male and female pa-

tients displayed a similar distribution of RLS severity,
with a notable percentage experiencing severe symp-
toms (Table 1).

KT was applied to mitigate RLS symptoms, with
its effectiveness evaluated at three intervals: at baseline
(before intervention), three days post-intervention,
and six days post-intervention. Results demonstrated
substantial improvements in key symptoms, includ-
ing pain, itching, crawling sensations, sensations of
heat, and muscle cramps or stiffness. Pain and itching
showed especially consistent reductions from baseline
through day six, while crawling sensations, heat, and
muscle stiffness also displayed marked improvement
over time (Fig. 2).

88 OpUriHOABHI HOYKOBI POBOTU

YKPQIHCBKNM XKYPHOA HEPPOAOTIT T pianisy N°4 (84) 2024



Ukrainian Journal of Nephrology and Dialysis, 4 (84)'2024

Original Papers

Table 1

Demographic and clinical characteristics of the participants (n=39)

Characteristics Result
Sex
Man 16 (41%)
Woman 23 (59%)
Age, years old
Mean 46-55
Min-Max 26-81
Grade RLS
Mild 0(0%)
Moderat 16 (41%)
Sever 23 (59%)
Grade RLS based on sex
Man Mild 0 (0%); Mild 5 (13%); Sever 11(28%)
Woman Mild 0 (0%); Mild 11 (28%); Sever 12 (31%)

4
35 \ —o—Pain
<]
g 3 N .
B o5 Itching
% ) \ -
2 2 Crawling sensations
515 ,;
cﬁ [ Heat
1
0,5 p < 0.001 —#—Muscle cramps or
p <0.001 stiffness
o]
Baseline Day 3 Day 6

Fig 2. Effectiveness of kinesio taping in reducing RLS symptoms

Statistical analysis confirmed the symptom reduc-
tions were significant, with p-values < 0.001 across all
parameters. Qualitative feedback from patients further
supported these findings, with patients reporting high
comfort levels with KT application during both hemo-
dialysis sessions and daily activities. No adverse effects
or discomfort were noted during the study period, sug-
gesting KT as a well-tolerated intervention. These find-
ings indicate that KT could serve as an effective, non-
pharmacological approach to reduce RLS symptoms
and improve the quality of life for hemodialysis patients
with RLS.

Discussion. The findings of this study demonstrate
that KT effectively reduces RLS symptoms in patients
undergoing hemodialysis. Symptoms such as pain,
itching, crawling sensations, heat, and muscle cramps

or stiffness showed significant improvement after KT
application, with statistical analysis revealing p-values
< 0.001 across all symptom parameters. These results
suggest that KT can be a beneficial non-pharmacologi-
cal intervention for managing RLS in hemodialysis pa-
tients.

Qualitative feedback highlighted patient comfort
with KT, as patients consistently reported ease of ap-
plication and tolerance of the tape both during hospital
hemodialysis sessions and at home. This positive feed-
back aligns with KT’s intended design as a non-invasive
intervention, supporting its feasibility for long-term
use. Additionally, the absence of adverse effects, such
as skin irritation, further reinforces KT’s suitability for
integration into routine care for RLS management in
hemodialysis patients.
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The physiological mechanisms underlying KT’s ef-
fectiveness in alleviating RLS symptoms likely include
improvements in muscle function and pain modula-
tion. KT is known to enhance proprioception, improve
neuromuscular control, and increase local circulation
and lymphatic flow [12, 20]. This enhanced circulation
can help reduce discomfort associated with the urge
to move the legs, a characteristic of RLS [21]. In this
study, reductions in pain, itching, and crawling sensa-
tions support the hypothesis that KT’s circulatory and
neuromuscular effects play a significant role in symp-
tom relief.

Previous studies have shown that KT can reduce
pain and improve functional outcomes in patients with
musculoskeletal and neurological conditions [22, 23].
Although direct evidence of KT’s effect on RLS is lim-
ited, mechanisms observed in other contexts, such as
increased proprioceptive feedback and improved bal-
ance, may explain the positive outcomes in this study.
Enhanced proprioception and muscle activation likely
contributed to better limb control, potentially reducing
the frequency of involuntary leg movements common
in RLS patients [12].

Managing RLS in hemodialysis patients remains a
challenge due to the multifactorial nature of the condi-
tion, with contributing factors such as iron deficiency,
uremia, and imbalances in calcium and phosphorus
metabolism well-documented [6, 7]. Chronic inflam-
mation in end-stage renal disease further exacerbates
RLS symptoms [24]. While pharmacological treat-
ments, such as dopaminergic agents like pramipexole
and gabapentin, have been effective [8, 9], non-phar-
macological interventions like KT provide an appealing
alternative, particularly for patients seeking non-inva-
sive therapies.

Other non-pharmacological approaches, such as
reflexology, massage, and aerobic exercise, have also
shown promise in reducing RLS symptoms and improv-
ing sleep quality [10, 11, 25]. Similar to KT, these in-
terventions may improve circulation and muscle relax-
ation, underscoring the potential of physical function
enhancement to relieve RLS discomfort. However, KT
has the added advantage of being easy to apply, non-in-
vasive, and convenient for long-term use, distinguish-
ing it from other treatments requiring frequent sessions.

Compared to other interventions, KT offers a con-
tinuous and convenient approach that may be particu-
larly suited for hemodialysis patients, who might find
frequent appointments challenging. Reflexology and

References:

aerobic exercise have been effective in alleviating RLS
symptoms, but KT’s prolonged symptom relief and
suitability for long-term use present it as a unique and
valuable option.

The novelty of this research lies in applying KT
to a patient population and condition not extensively
studied in this context. By evaluating KT’s impact on
key RLS symptoms, such as pain, itching, and crawling
sensations, the study contributes to the understanding
of non-pharmacological interventions for RLS and of-
fers a novel approach that could complement existing
therapies. The results may significantly impact qual-
ity of life improvements for hemodialysis patients with
RLS, while also expanding KT’s clinical applications.

Despite promising results, this study has limita-
tions, including the potential for self-report bias, as pa-
tients’ assessments of symptom changes were subjective
and could be influenced by personal expectations. Ad-
ditionally, the small sample size limits generalizability.
Future studies should consider a randomized controlled
trial design with a larger sample size to validate KT’s ef-
fectiveness in this population.

Conclusions. In conclusion, KT shows promise as
an intervention for reducing RLS symptoms in patients
undergoing hemodialysis. Its potential to enhance pro-
prioception, increase circulation, and improve neuro-
muscular control likely underlies the observed symptom
relief. Given its non-invasive nature and potential ef-
fectiveness, KT could be integrated into standard nurs-
ing care practices for RLS management among hemo-
dialysis patients. Future studies should aim to develop
standardized KT protocols, considering individual pa-
tient needs and incorporating multidisciplinary insights
to optimize outcomes.
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BUMOIUN AO POBIT, LLIO NOAAIOTLCA AO NMYBAIKALIT
B “YKPAIHCbKWU XXYPHAA HEOPOAOTII TA AIAAIZY”

VY 3B’I3Ky 3 iHASKCYBaHHSIM >XypHally MiXXHapOIHU-
MU TMOIIYKOBUMM CUCTEMaMH Ta MiABUILEHHSIM BMMOTI 10O
o¢hopMIJIEHHSI HAyKOBOIO MaTepiajy, peakoserist popmaiiszye
BUMOTH 110 BHIAHHS UISI €(PEKTHUBHOIO PO3ITOBCIOIKEHHS
MarepialliB y CBiTOBili Mepexi I[HTEpHeT Ta NMpUeTHaAHHS 10
MiXXHapOIHUX HAYKOBUX 0a3 NaHUX.

[IpaBuna nns aBTOpPiB CKJaAeHi BiAMOBIAHO 10 «Eau-
HUX BUMOT JI0 PYKOIKCiB, 110 MOJAIOTHCS Y OiOMEANYHI Xyp-
Hamm» (Uniform Requirements for Manuscripts Submitted to
Biomedical Journals), siki chopmysnboBaHi MixHaponHUM
KOMITETOM peakTopiB MeAWYHUX XypHaliB (International
Committee of Medical Journal Editors) ta MicTaTbCs Ha pe-
cypci ICMJE.org.

XKYPHAJI CTPYKTYPOBAHO
3A 5 OCHOBHUMMU PO3AVIAMMU:

1. Touxka 30py

2. IlpobiaemMm opranizauii Ta €KOHOMiIKM He(pPOJOTiuHOT
JIOTIOMOTH

3. OpuriHaJabHi HayKOBi poboTH
IlIxona Hedposora

5. Pepmaxuiitna indopmauis, iHdopmatis nmpo HaykoBi ¢o-
pyMHU, KOMEHTapi, peleH3sii, 3HaMeHHi JaTu.

IMepiuwnii po3ain. B ubomy po3aisli ApyKyOTbCS CTATTi,
SIKi BimoOpaxkaloTh TOUKY 30py Ha KOHKPETHY MpolJieMy aB-
TOpa YU aBTOPIB.

Jpyruii po3ais BUCBITIIOE MOXIIMBI IIJISIXU TTOKpaIlleH-
HSI OpTaHi3alliifHOl CKJIagoBOi MisUTbHOCTI He(pPOJIOTidHOI
CJIyX0u B YKpaiHi Ha BCiX eTamax HalaHHs CIelializoBaHi
MEIMYHOI JOMTOMOTH Ta il EKOHOMIYHUWIA aHali3.

Y TpeTboMy pO31IiJli pO3MIILYIOThCS CTATTi, SIKi 3HAOM-
JIATH 3 Pe3yIbTaTaMy OPUTIHAIBHUX JOCIiIKEHb.

Poznin “Illkona Hedpomora” apykye pobOTH, METOIO
SIKUX € MMIBUIIEHHS] HedPOJIOTiYHOI TpaMOTHOCTI YUTAaYiB.

OcraHHiil po3min iHGOpMye MpPO OCHOBHI HAyKOBO-
MpaKTUYHI Mofii, my6ikye peleHsii, penakiiitHy iHdhopMma-
uiro i T.0.

Pykomnuc pa3om 3 103B0JI0M HA i{OT0 BUKOPUCTAHHS HA-
MPaBJISAETHCS A0 PelaKkiii TIbKM B €JIEKTPOHHOMY BapiaHTi
Yyepe3 OH-JIAlH CUCTEMY, SIKA MICTUTbCS HA CaiTi XKypHaTy.
Y penakuii 31iliCHIOETbCSA ABOCTOPOHHE cJine (AHOHIMHICTD
PelleH3€eHTa Ta AaBTOPa) HAYKOBE pPelleH3YBAHHH i JlirepaTyp-
He peJaryBaHHs CTaTeu.

Jl03BiJ1 HA BUKOPHCTAHHS PYKONHCY MOXKHA 3aBAHTA-
2KUTH 32 NOCWJIAHHSM

CratTi, opopMJieHi 0e3 JoAaepKaHHS MpaBUJl HE MPU-
IMalOThCs, aBTOPAaM He MTOBEPTAIOTHCS.

VY pasi HeraTUBHOI HAYKOBOI pelieH3ii, cTaTTi He Iy-
OJIiKYIOTbCSI, aBTOpaM €Jl. TOLUTOK HAaJCUJIAEThCS BiATyK 3
MOXJIMBICTIO JTOOMNpALIOBAHHS CTATTi YM 3aMiHU i1 iHIIUM
MaTepiaJoMm.

Jlo nyO6hikauii mpuiiMalOThCsl OpUTiHANbHI pOOOTH,
OIJISIAM JIiTepaTypu, JeKIlii, KOPOTKi MOBiIOMJIEHHS, PEeKO-
MeHAaLii MpaKTUYHUM JIiKapsiM, OMUMC BUMAAKiB 3 MPAKTUKMU,
iHdopMallis Mpo HayKoBi (hopyMH.

Penakuisi He npuiimMae paHiule omyOGJikoBaHi poOOTHU
a0o0 CcTaTTi, MPUIHATI 10 APYKY B iHIIKMX BUAAHHSIX.

CtaTTi my01iKyl0ThCsl yKPaiHChKOIO, POCifiChKOIO Ta aH-
riiicbkoto MmoBaMu. MDaiin 3i cTaTTero MPEACTABISATH Y pop-
maTti Microsoft Word (po3mupenns *.doc, *.docx, *.rtf).

HHOCJIIAOBHICTD POSMIIIIEHHA
MATEPIAJTY HACTVYIIHA:

1. Iniuianu Ta npi3Builla aBTOPiB aHIJiIICbKOIO MOBOIO;

2. Ha3ssa craTTi aHIJIiiIChKOIO MOBOIO;
3. Ha3zsa ycraHOBU Ta opraHi3ailii, B sIKiil TpalfOlOTh aBTO-
PM aHIIiICbKOIO MOBOIO;

4. Pe3iome cTarTi aHITiICHKOIO MOBOIO;

5. Koouosi cioBa (8-10 ciiB 4M CJIOBOCIIONYYEHb, IO
PO3KpMBAIOTh 3MIiCT CTaTTi) aHIJIIICHKOIO MOBOIO;

6. YIK;

7. IHiuianu Ta mpi3BuIlAa aBTOPiB MOBOIO, SIKOIO HaIlMCa-
Ha CTaTTs;

8. Ha3zsa craTTi (MOBOIO OpHUTiHANY);

9. HasBa yctaHOBM Ta opraHi3zailii, B IKiii TpallOIOTh aB-

TOpH, MiCcTO (MOBOIO CTaTTi);

Kirouosi croBa (8-10 citiB 4M CIOBOCIIONYYEHB, IO

PO3KPMBAIOTh 3MIiCT CTaTTi) MOBOIO CTaTTi;

Pe3tome MoBOIO CTaTTI;

12. Tekcr crarTi;

13. Po3kpuTTS TOTEHIIHUX KOH(IIKTIB iHTEepeciB;

14. InpopMalrist Ipo BHECOK KOKHOI'O YUaCHUKA;

15.Crmmcok  BUKOPMCTAaHMX JKepea Mig  Ha3BOIO

«Jliteparypa (References)», ohopMiIeHUI1 BiAMOBIAHO

[0 cTaHIapTy Vancouver style;

BinoMocTi mpo BigmoBigaapHoro aprtopa: II1Ib, Ha-

YKOBE 3BaHHS, Mocaja Ta Miclie poboTu; e-mail

(000B’s13K0B0O) Ta pobounii TenedoH.

10.

11.

16.

@opMaT TEKCTy PYKOmHCY. TeKCT CTaTTi APyKyeThCS
mpudroMm Times New Roman, po3mip 14 pt, 3 moayTopHUM
MiXpSIIKOBUM iHTepBajioM. BincTynu 3 KOXXHOTO OOKY CTO-
piaku 2 cMm. Ha Bci imocTpaitii, rpadiku i Tabauimi MaioTh
OyTU TTOCUJIAaHHS B TEKCTi.

BunineHHst B TeKCTi MOXXHa poOUTH KypcUBOM abo Ha-
niBxupHuM mpudtoMm, HE minkpecneHHaMm. 3 TeKcTy CItin
BUIAJIUTHU BCi IEpeHECeHHSI, TTOBTOPIOBAaHI MPOIYCKU, 3aiiBi
pO3pUBU PAAKIB (B aBTOMAaTUYHOMY pPEXUMi uepe3 cepBic
Microsoft Word “3Haiiti i 3aMiHUTH ).

®Daiin 3 TEKCTOM CTaTTi MiCTUTh BCIO iH(OpMallito 1st
ny0JtiKallii, y TOMy YMCJIi pPUCYHKHM 1 TaOIULI Micid iX MepIio-
O 3raayBaHHSI.

CTpyKTypa pPYKONHCY Ma€ BiAMOBIiZaTH HABEICHOMY
ma6I0Hy (3aJIeXKHO Bill TUITY pOOOTH).

92 IHPOPMALLS AAS YMTAYIB

YKPAIHCBKUIN XYPHOA HEPPROAOTTT Ta Aianizy N24 (84) 2024
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VK po3mililyeTbcst y BEPXHBOMY JIiBOMY KYTi.

Astopu. IIpisBuiie aBTOpiB BKa3yBaTH IIicls iHiLialiB
(0. C. Ipanos, C. I. IlerpoB), xupHuM mIpudTOM, MO-
BOIO OpUTiHAy Ta aHMIiACbKOIO MOBOIO, BUPIBHIOBAHHS 3a
ueHtpoMm. I1Ib aBTOpiB aHIiICbKOIO HEOOXiZHO BKa3yBaTu
BIIMOBIHO 3 3aKOPIOHHUM TAcMOpPTOM, a00 SIK B paHillie
OITy0JIIKOBaHUX 3apyOixKHMX XYypHAJIbHUX CTAaTTSIX. ABTOpH,
SIKi MyOJIIKYIOThCSI BIIEpIe i HE MalOTh 3aKOPAOHHOTO Iac-
nopra, MalTb CKOPUCTATHCS CTAHIApTOM TpaHCIiTepallii
KMY—-2010.

BaxaHo nomatu mocujaHHS Ha BiacHi odiuiiHi iH-
TepHeT cTopiHku aBTopa(iB) (https://....... ), Scopus ID,
Researcher ID a6o0 ORCID ID pjis po3MileHHs rirneprnocu-
JIaHHSI Ha caiiTi XXypHaiy Ta pdf-Bepcii crarri.

Ha3sga cTaTTi aH1iiicbKOI0 MOBOIO Ta MOBOIO OpUTiHA-
JIy PO3MIIIYEThCS 3a LIEHTPOM ITiCJIsI MPi3BUIL aBTOPIB KUP-
HuMm mpudToM («OniHKa pe3uayaibHoi QYHKHii HHPOK y
xpopux Ha XXH V]I CT. Ta nminxoau no ii 30epexkeHHs»).
AHTJIOMOBHA Ha3Ba Ma€ OYTH rPaMOTHOIO 3 TOUKM 30py aH-
IJificbkOi MOBM Ta TOBHICTIO BiAMoBiZaTH yKpaiHO/pociii-
CbKOMOBHIi#1 Ha3Bi 32 3MiCTOM.

YcranoBa. HeoOxinHo HaBoauTu odilliiiHy MOBHY Ha-
3BY ycTaHOBHU (0e3 ckopoueHb). [Ticsist Ha3BU yCTaHOBM Yepe3
KOMY 3a3HaYMTHU HA3BY MicTa Ta KpaiHM. AKILO y H1OCTiIKeH-
Hi OpaJiv y4yacTbh aBTOPU 3 Pi3HUX YCTAHOB, CJIiJl CITiBBiIHECTU
Ha3BM YCTAHOB i Mpi3BHIlla aBTOPiB 3a AOIOMOIol0 Ludpo-
BUX iHAEKCIiB y BepXHboMy perictpi. [1ig Ha3Bo1o HeOOXiTHO
noaatu iHTepHeT aapecy (https://....... ) odiliiHOI CTOPiHKHU
YCTaHOBM.

Pedepar (six1o po6oTa opuriHaabHa) Ma€ GYTH CTPYK-
TypOBaHUM: M€Ta, MaTepiaau i METOIU, Pe3yJIbTaTh, BUCHO-
BKU. Pedepar mMae mMOBHICTIO BiAIoOBigaTU 3MicTy poOOTH,
oo0csar Tekery He menme 1 800 3HakiB (3 mpomyckamu). Pe-
3l0Me 10 MyOJliKalliif, 1110 MOMalThCs B iHI PO3AUIH Xyp-
Hany (1,2,4,5) opopMIsSIETbCS JOBIILHO, ajie 3 TAKUM CaMUM
00CcsroM.

AHTJIOMOBHA BEPCisl pe3loMe CTaTTi 32 3MiCTOM i CTPYK-
Typoto (Aim, Methods, Results, Conclusions) nmoBHicTIo Biz-
MOBia€e yKpaiHo/poCiiicChKOMOBHI.

Kmouogi ciioBa. HeoGxinHo BKa3aTu KJIIOYOBi CJIOBa —
Big 3 po 10 pis iHOeKCyBaHHS CTATTi B MOLIYKOBUX CUCTE-
max. Ki11o4oBi cjioBa MOBHICTIO BifllIOBiIal0Th yKpaiHCbKOIO/
POCiICBKOIO Ta aHIJiICbKOI0 MOBOIO. /111 BUOOPY KITIOUOBUX
CJIiB aHIIiiChKOI0 BUKOPUCTOBYIOTh Te3aypyc HallioHanbHO1
MmenuyHoi 6i6mioreku CILA (Medical Subject Headings —
MeSH).

TekcT cTaTTi (yKpaiHCHKOIO 260 POCiiiChKOI MOBOIO)
CTPYKTYPOBaHUIA 3a pO3[iJlaMU: BCTYM (aKTyaJIbHICTh), META,
Martepiajv i MeToiu, pe3yJbTaTh, OOrOBOPEHHSI, BUCHOBKH.
Po3nin «O0roBopeHns» € 000B’I3KOBMM Ta MAa€ BKIIOYATH
3000-3500 3naKiB 0e3 npooOiiB.

Po3kpurta norenniiiiux KOHQIIKTIB iHTepecin

ABTOpU TMOBUHHI PO3KPUBATU BCi BiAHOCUHU a00 iH-
TepecH, siKi MOXYTb MaTH MPsIMUI a00 MOTEHUINHUI BIIUB
YU HAaTU yIepeIkXeHicTb B poOoTi. Xoua aBTOp, MOXJIUBO,
He BiluyBae, 1110 iCHYE SIKUI-HeOyab KOHQIIKT, PO3KPUTTS
BiIHOCHH i iHTepeciB 3a0e3meuye OiIblI MOBHUIM i Tpo3opuit
TpoIiec, M0 MPU3BOAUTH JO TOYHOI i 00’€KTUBHOI OLIHKYU
poboTu.

YcBinomieHHs1 peaibHOro abo nepeadayyBaHOro KOH-
GbIikTy iHTepeciB — 1l MepCneKTUBa, Ha IKYy MalTh MPaBo
yutaui. Lle He o3Hauae, 110 iHAHCOBI BITHOCUHMU 3 OpTraHi-
3alli€lo, sIKa CIIOHCOpYBaJja J0CIiIXKeHHsT a00 KOMIIEH allilo,
OTpUMaHY 3a KOHCYJIbTAIliIiHY pOOOTY € HEJOPEYHUMH.

[Mpuknanu NOTeHUiMHUX KOHMIIIKTIB iHTepeciB, sKi
npsiMo a60 TOOIYHO TOB’SI3aHi 3 JOCIIIKEHHSIM, MOXYTh
BKJTIOUATH, aJie He OOMEXYIOThCSI HACTYITHUM:

e HaykoBi rpaHTu Big piHaHCOBUX areHTCTB (IIpOXaH-
HS HaJaTu JaHi Mpo CIIOHCOpa MOCTiIXKEHHS Ta HO-
Mep TPaHTY)

e ToHopapu 3a BUCTYIM Ha CUMIIO3iyMax

e  (dDiHaHcoOBa MiATPMMKA y4acTi B CUMITO3iymMax

e dinancoBa miATpMMKa OCBITHIX IMporpam

e 3aifHATICTb a00 KOHCYJIbTaIlii

¢ TliaTpuMka 3 60Ky CIIOHCOpa MPOEKTY

e [locana B KOHCYJIbTaTUBHI pani a00 pali TMPEeKTOPiB
a00 B iHIINMX BiTHOCWMHAX YIIPaBIiHHSI

e Kinbka diniii

e  @DiHaHCOBi BiZTHOCWHM, HANPUKIal, MailoOBY y4acTb
a0o iHBeCTULIiIHUI iHTEpec

e [lpaBa iHTeNeKTyaJllbHOI BJIAaCHOCTi (HampuKiIaid, ma-
TEHTHU, aBTOPCHKIi MTpaBa i pOsIITI BiJl TAKUX MPaB)

*  VrpumaHHS 4oJIOBiKa i / a0 miTel, IKi MOXYTb MaTh
diHaHcoBUI iHTEpeC A0 podboTH

Kpim Toro, ciig po3KpuBaTH iHTEPECH, 1110 BUXOASTH 3a
paMKu (piHaHCOBHMX iHTEepeciB i KoMmIeHcalii (HehiHaHCOBI
iHTepecu), sIKi MOXYTb OyTH BaxJIUBI 17151 yMTadiB. BoHu Mo-
KYTb BKJIIOYATH, ajie He 0OMEXYIOTbCS, 0COOUCTI BiTHOCUHU
ab0 KOHKYpYIoUi iHTepecu, psiMo abo oOiYHO OB’ A3aHi 3
LM JOCIIKEHHIM, a0o rnmpodeciitHi iHTepecu abo 0coOuCTi
TIepeKOHAHHS, SIKi MOXYTb BIUIMHYTHU Ha BaIlle TOCTiIKEHHS.

BinmoBimanbHuii aBTOp 30Mpae GopMu pO3KPUTTSI KOH-
¢maikTy iHTepeciB Bin ycix aBTopiB. B aBTOpCHKIil criBIparii,
JIe IOIyCKaloThes HOopMaTbHi YTOAW MPO MPEeaCTaBHUIITBO,
IIJISI BiAIIOBiMHOTO yYaCHUKA JOCUTD MiAnmucaT Gopmy po3-
KPUTTS Bil iMEHi BCiX aBTOPiB.

IIpuknaam po3kpurts indopmanii

Hocnimxenns pinancyBamocs X (rpaHt Ne X).

KoHuikT iHTepeciB: aBTOp A OTpUMaB IOCHiAHI rpaH-
TH Bin koMmnaHii A. ABTop B orpumaB roHopap morosigaya
Big koMmnanii X i Bojoxie akuissMu B komnaHii Y. Asrop C €
YJIEHOM KOMITeTY Z.

KoHbaikT iHTepeciB: aBTOpU 3asIBJISIIOTD, 1110 Y HUX HE-
Ma€ KOH()IIIKTY iHTepeciB.

Ilonsika. ABTOpY MOXYTh BUCJIOBUTHU IMOMASKY 0COOaM
Ta OopraHizauisiM, 110 CIIPUsIM IyOJiKalii cTaTTi, ajie He €
il aBTOpamu.

IndopMaliss mpo BHECOK KOXHOTO ydyacHuka (i oci0,
3a3HAaYEHUX Y po3aiJi “romsika™).

Ilpukaao: O.C. IBaHOB — KOHLIEITLIisI Ta AU3AH TOCITi-
mxeHHs1, 1.I1. [TeTpoB — aHaji3 oTpuMaHUX JaHUX, 0(pOpM-
JICHHSI TEKCTY POOOTH.

ABtopu BucioBooTh noasky (IlpizBumie 1. B.) 3a
o¢hOpMIJIEHHS iTIoCTpalliii.

Cmucok jirepatypu. VY 6i6iiorpacdii (mpucrareiiHomMy
CIUCKY JliTepaTypy) KOXHE IKepesio 3a3HayaloTb 3 HOBO-
ro psiaka mia nmopsjakoBUM HomepoM. Bumoru go odopm-
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JIEHHsI JiTepaTypHUX IXepesa 3a Vancouver style meTaibHO
MpeAcTaBleHO Ha caiTi XypHainy. Ilicasa KoxHOro mKepeaa
OBOB’SI3KOBHM € nomaBaHHs iHOro iHTEpHET aapecu
(https://ukrjnd.com.ua/index.php/journal/article/view/22).

Ilepen BiaxnmpaBKOO aBTOPU MalOTh 3IiHCHUTU camMone-

PeBipKy TEKCTY HAYKOBOI CTaTi Ha:

1. IlnariaTt. YkpaiHo Ta pocCiliChKOMOBHiI TEKCTH CTaT-
Ti epeBipsI0ThH HA TIJIariaT 3a TOMOMOTO0 TIpOrpamMu
eTXT Antumnnaruar https://www.etxt.ru/antiplagiat,
III0 € HEOOXiTHOIO YMOBOIO IJIs Ilepenadi CTaTTi IS
MOJAJBIIOr0 pelieH3yBaHHsA. PiBeHb iHAMBiTyab-
HOCTi TOCTiIKeHHST Ma€ OyTH He Huxkuuit 80%.
HaykoBuii cTub BUKJIaAeHHS MaTepiany.

3. TaBrtoJOrito — MOBTOPIOBAaHHS Y TEKCTi.
VYHiBepcallbHiCTh BUKJIaJIeHHS MaTepiany (uutabdesib-
HicTb). TekcT cTaTTi Ma€ Jerko Ta MpPOCTO CIPUIi-
MaTHCs, He OyTU MepeoOTsKeHUM abpeBiaTypaMiu,
CIIeLiaJIbHOI0 BY3bKOIPOMIIbHOIO TEPMiHOJOTIEI0
abo Takolo, 110 He HaOyja MiXKHapOIHOI aJarlTallii.
PeyeHHs1 MalOTh OYTU IPOCTUMMU, JIJAKOHIYHUMM i HE-
CTH 3aBEPIICHUI 3MICT.

5. KinbKicTh mocuaaHb Ha CTaTTi Ta HAyKOBi MaTepiaiu
3 imeHTudikaropom DOI (He meHn1ie 80 %).

6. BimnosigHicTh BUMOTaM BUAAHHS.

TMMOMWJIKM, 1110 HAMYACTIIIE BUHUKIOTh
Y IHOJAHUX PYKOIINCAX:

1. BuKOpHCTOBYIOTH y pEUEHHSIX «3aliBi» CJIOBa i BUpa-
31. Ycbhoro 3aiiBoro Tpeda ynukatu. Kepyiitecs mpa-
BUJIOM: «SIKIIIO CJIOBO 3 pEYEHHSI MOXHA BUKUHYTHU
i IpU LIbOMY 3MiCT He BTpPa4eHO — CJIOBO Tpeba BH-
KuHYyTU». Lle caMe cTocyeThes i OinbIIMX 32 00CsTOM
¢parMeHTiB TEeKCTYy.

2. He BipHO BKa3yoTb onuHU1li BUMipy. CUCTeMHi o~
Huii BuMipy cuctemu Cl HaBomsTh 6€3 Kpanku (M, T,
ra, Mojb), a HeCTaHAapPTU30BaHi OMMHUIII — 3a CKO-
POYEHHSIMU.

3. Tpeba po3pi3HATU CUMBOJIU «—», «—» Ta «-». [lepiuit
i3 HUX Y pyKOMnucax He BUKOPUCTOBYIOTb.

4. DBinblIicTh PEIaKTOPCHKUX MPABOK OOYMOBJICHI HEBi-
PHUM BXUBAHHSIM CJIiB «B», «y», «i», «Ta», «3», «i3», «3i».

5. VY crarrsgx He BUKOPUCTOBYIOTh BUPAa3U «Ha MPOTSI-
3i» — 3aMIiHSIEMO <«IIPOTSTOM», «HAWOUIBII MOTYX-
HU» — «HAUTIOTYXHIIINN» , «IIpU» — «y pas3i» i T. II.

6. 3aiiBe BUKOpPUCTAHHS CclIoBa «O0yn0». Tpeba yHUKATH
clioBa «Oyyo»: 6e3 HbOro, 3a3BUYail, 3MiCT peyeHHSs
He 3MiHUTbCS.

7. CKOpOYEHHSI HayKOBUX TEPMiHiB Y CTaTTi Tpeba 3Bec-
TH 10 MiHIMyMy.

8. HasBu Tabnuib i pUCYHKIB (Ta MPUMITKM [0 HHUX)
MMOBUHHI OyTH «BUWYePIHUMU». YUTauy He MOBUHEH
IIOJATKOBO MepeunTyBaTH «Marepiaj i MeToIu qOCi-
IIXXeHb» 200 Ha3By po0OOTH, 1100 po3idpaTHUCs y 3MiCTi
TaOJIMIIi Y1 PUCYHKA.

9. CratrTi HalyacTille BiIXWUJSIOThCSl PEAKOJIETIE0 ye-
pe3 BilCYTHICTh CTAaTUCTUYHOTO OMpAallOBaHHS Tep-
BUHHUX JaHUX (3arajibHi BAMOTH 10 (axoBUX ITyOJTi-
Kallii1).

10. He pexoMeHI0BaHO BXXMBAaTX B TEKCTi MaCUBHMI 3a-

JIOT: «IIpO0H BilOMpaTUCs», 3aMiCTh IIbOTO — «IIPOOK

BigOMpanu»; «I0CHiIXKEHHS 30iCHIOBAIUCS» — «J10-

CITiIXEeHHS 3IiACHIIN.

11. fxio BUHMKAOTh MUTAHHS II0A0 OGOPMICHHS 4K
MpeacTaBJIeHHs NEBHUX JaHUX Y CTATTi — MOXHa Opa-
TH 3pa30K OCTAaHHLOTO HOMEPY XypHay.

12. BincyTHS MOXIUMBICTHD pemaryBaHHS PUCYHKiB, Ta-
Oomuni, dopmyis, HaBeAeHUX y poboti. HeoOximHo
HaJgaTv pemakliiili 3MOry iX pemaryBaTu, TOOTO HE BU-
KOPUCTOBYBAaTU HECTAHAAPTHI MPOrpaMu.

Crartri, opopmiieni 0e3 momepKaHHA NMPABUJI He MPH-
iiMaOTbCS, aBTOPAM He MOBEPTAIOTHCA.

Y pasi HeraTUBHOI HAyYKOBOI peneH3ii, CTaTTi He my-
OJIIKYIOTbCS, ABTOPAM €J1. MOUITOI) HAJCUJIAETHCS BilryK 3
MOXKJIMBICTIO JOONPALMIOBAHHA CTATTI 4M 3aMiHM ii iHIIAM
Marepiajaom.
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