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WHIMBUTOPbI HATPUA-TTIFOKO3HOIO KOTPAHCIMOPTEPA
YNYYWAIOT NPO®UITb BE30ONACHOCTU NOOCOAEPXALLMX
PEHTTEHKOHTPACTHbIX CPEACTB B 3KCNEPUMEHTE

B. 0. MonTes, M. B. Mokposckun, O. A. Koctuna'

OpHuM 13 BUJOB (apMaKOJIOTHYECKUX BMEIIATEIbCTB, HANIPABICHHBIX HA CHIDKCHUE PH-
CKOB Pa3BUTHsI OCTPOTO MOBPEXICHUS IOYEK, SBJISAIOTCS UHIMOUTOPHI HATPUH-TIIFOKO3HOTO
KOTpaHCIIOpTepa BTOPOTo THIIA, YBEPEHHO MTPOJEMOHCTPUPOBABILIIE B MHOTOYHUCIICHHBIX UC-
CJICIOBAHUSX CBOM HE(PONPOTEKTHBHBIE CBOWCTBA B PA3TIMYHBIX KIMHUIECKUX CHTYALUSIX.
B nanHO# paboTe Mbl H3Y4HIIA BO3MOXKHOCTD (DapMaKOJIOTHUYECKOW KOPPEKIMK TIOCTKOHTpa-
CTHOTO TIOYEYHOT'O TTOBPEKACHHUS 32 CUET MPEIBAPUTEILHOTO HHIMOUPOBAaHHS HATPUI-IIIIO-
KO3HOT'O KOTpaHCIOpTEpa BTOPOro TUNA. bpiiio 0OHapykeHo, 4To NpoduiiakTHueckoe BBee-
Hue panarudrosuHa, KaHarmgaosuHa U smnarmduosnHa B go3ax 0,5 -1, 8,6 —25,7 u
1 — 2 MI/KT KpbIcaM-caMIaM MPUBOJIIIIO K JI0303aBHCUMOMY YMEHBIICHHIO TSDKECTH OCTPO-
IO HOBPEX/IEHUS IOYEK, aCCOLMHUPOBAHHOIO C BBEJCHHWEM PEHTTEHKOTPACTHOIO CPEICTBa.
JlaHHOe 3aKItOueHHE CIeJJaHO Ha OCHOBAaHMM CHIDKEHMS KOHLEHTPALUH CHIBOPOTOYHOIO
KpeaTMHHHA ¥ MOYEBHHBI B cpeHeM Ha 17 — 27 %, p < 0,05, pocra cKopocTH KITyOOUKOBOH
¢bunsTpanuu B cpenHeM B 2,4 — 4,3 pasa, p < 0,01 u cHmKeHHs GppakHOHHON SKCKPELUH Ha-
Tpus B cperHeM Ha 66 — 76 %, p < 0,01. Mexanu3Mm peanuzanuy He(hponpoTEKTUBHOTO JIeH-
CTBHSI MHTHOUTOPOB HATPHUH-IIIIOKO3HOTO KOTPAHCHOPTEPa, MO-BUANMOMY CBSI3aH C aKTHBA-
nueii sxcnpeccun HIF-1a u cHmxenneM skcnipeccun NF-kB B KileTkax pa3inyHbIX CTPYyK-
TYPHBIX 3JIEMEHTOB ITOYEK.

KitroueBnle ci10Ba: ocTpoe MOBpEXkIEHHUE [T0YEK; HoIcoiepKale KOHTPACTHBIE CPEeICTBA;
WHTHOUTOPHI HATPHH-DIIIOKO3HOTO KOTPAaHCHOpPTepa; HanariuIo3nH; KaHarTH(IO3HH; M-

MarTU(IO31H; KPBICHL.

BBEOEHUE CHYHBIX JIEKAPCTBEHHBIX CPEACTB (P HAJIUYUH BO3MOXK-
HOCTH JJIs8 3TOM0) — W TaKuM 00pas’oM, OrpaHHYEHBI

[TOCTKOHTPACTHOE ~ OCTPOE  MOBPEKACHHE  TIOYEK 2. 13]

, 13].

(ITK-OIIIT) MoxeT pa3BUTHCS MOCIE Pa3INIHbIX AHATHO-
CTHYCCKUX W MHTCPBCHIIMOHHBIX MPOIEAYP, BKIIFOUas Ka-
terepHyto anrrorpaduro [2]. [TK-OIIIT crano TpeTheii mo
9aCcTOTE MPHYMHON OCTPOTO IMOBPEKACHUS MTOYEK B JICHEO-
HO-TIPOHIIAKTHIECKHAX YIPEKICHHSX, TTOCIE XUPYyprude-
CKUX TPOLENyp W MOCIEACTBHN IpHEMa ITOTCHINAIBEHBIX
HE(PPOTOKCHYHBIX areHTOB, cocTaBisist okono 10 % ot 00-
mero guciaa Bcex marueHToB ¢ OINII [14]. Jdaxe ommH
SMH30]] TaHHOTO COCTOSHHS aCCOLUUPYETCS C CephEe3HbI-
MH HEOJaronpHsITHEIMH HCXOAaMH, BKITFOYas IIPOTPECCH-
POBaHME [TOYEUHON HETOCTaTOYHOCTH, HEOOXOANMOCTH 3a-
MECTHUTENBHON [TOUEYHON Tepanuu, CEPACUHO-COCYAUCTHIC
COOBITHS, IPOJUICHUE CPOKA MPEOBIBAHUS B CTAIIMOHAPE H
YBEJIMUEHHUE TIOKa3aTeIel JeTaIbHOCTH [6].

Crparernu, HampapieHHBIC Ha MPEAYNPESKACHUE pa3-
Butusa [IK-OII kak mpaBwuiio BKITIOYAIOT: OTPaHHYCHUE
o0beMa pPEHTICHKOHTPACTHOTO CPEACTBA, Pa3IMYHbIC
BUABI THUApATAallid, CBOCBPEMCHHYIO OTMEHY HE(pOTOK-

! ®rAOY BO “Benropoickuii rocyiapCTBEHHBIH HALMOHAILHBIHA
uccnenoparenbekuit yausepeuter”’, Poccust, 308015, benropon,
yi1. ITo6ensr, 85.
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TpaHCIIOPT IIFOKO3bI B IMOYKaX OCYIIECTBISCTCS 2 BU-
JlaMd  TIEPEHOCYMKOB: TJIIOKO3HBIMU  IEPEHOCYHUKAMHU
(GLUT) u HaTpuil-IIIOKO3HBIMH ~ KOTPaHCHOPTEpaMu
(SGLT), naubosee akTMBHBIM W3 KOTOPBIX SBISETCS Ha-
TPUA-IITIOKO3HBIA KOTpaHCHopTep BToporo Tuna. Marunon-
TOPBI HATPUK-TITFOKO3HOTO KOTPAHCTIOPTEpa BTOPOTO THTIA
— OTHOCHTEIFHO HOBBIN KIIACC CaXapOCHWKAIOIINX Jie-
KapCTBEHHBIX CPEACTB, OCHOBHOM MEXaHHU3M JCHCTBUS KO-
TOPBIX CBSI3aH C MOBBIIIEHHEM BBIBEICHUS TIIIOKO3bI U Ha-
Tpus TOYKamMu. MHOTOYMCIIEHHBIE KIIMHUYECKUE UCCIIEA0-
BaHUsI, CHCTEMAaTHYECKHe 0030PhI U METa-aHAIN3bI MPO/Ie-
MOHCTPUPOBAIM HMX CHOCOOHOCTb MNpEeaynpexaarh u
3aMeIISTh MPOTPECCUPOBAHNE XPOHUYECKOW OOJIE3HH TMO-
YeK, CHU)KaTh OOIIHE PUCKH OCTPOTO TIOBPEIKIACHHUS TIOUEK
[11]. OmHako, OTCYTCTBYIOT CBEICHHS O CIIOCOOHOCTH
JIAaHHOW TPYNIBI TMPENapaToB MPeIyNpexaars pa3BUTHE
noctkoHTpactaoro OTIIIL.

TakuM 00pa3oM, IENBI0 HACTOSIICTO HCCIICAOBAHMS
CTaJIO M3yYeHHE BO3MOXKHOCTH (hapMaKOJIOTUIECKOW KOp-
PEKIIMU TIOCTKOHTPACTHOTO MOBPEXKJICHUS TTOYEK 33 CUET
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npeaABaApUTEIILHOTO I/IHFI/I6I/IpOBaHI/Iﬂ HanI/II\/'I-F.]'IIOKOZ%HOI‘O
KOTpaHCIIOPTEPa BTOPOIo THIIA B OKCIICPUMCHTC.

METOAblI NCCNEAOBAHUA

DKCTIEpUMEHTHI BBHIMONMHEHBI Ha 80 IOJIOBO3PENBIX
kpbicax-camiax Becom 200 — 250 r (HUN ®dapmakonoruu
KHUBBIX cHcTeM, benropom) mpu coOMIONEHNN 3THYECKUX
npuHIunoB. Bee sxuBotHbIE (110 10 TONOB) OBUTH paHao-
MHU3HPOBAHEI Ha CIEAYIOIINE SKCIIEPUMEHTANBHBIC TPYII-
TIBI:

prnr[a 1: UHTAKTHBIE JKHUBOTHEIC,

I'pynna 2: MmopenupoBaHue NOCTKOHTPACTHOTO OCTPOIo
TOBPCIKACHUS ITOYUCK;

I'pymma 3: xoppeknums [TK-OIIIl npeaBapuTenbHBIM
BBEJICHHEM Janariugio3una B 1o3e 0,5 Mr/kr;

I'pynna 4: xoppekuus TIK-OIIl mnpeaBapuTeabHbIM
BBEJICHUEM Janariugio3nHa B 103¢ 1 Mr/kr;

I'pynna 5: xoppekuus I[TK-OIIIl npeaBapuTenbHBIM
BBEJICHHMEM SMTarmTugIo3nHa B 103¢ 1 MI/KT;

I'pymma 6: xoppeknums [IK-OIIIl npeaBapuTenbHBIM
BBEJICHHUEM SMIANTU(IO3MHA B 03¢ 2 MI/KT;

I'pynna 7: xoppexuus IIK-OIIl mnpeaBapuTensHbIM
BBEJICHUEM KaHAnM(I031HA B J103€ 8,6 MI/KT;

I'pynna 8: xoppekuus IIK-OIIIl npenBaputenbHBIM
BBeJICHHEM KaHarm(io3uHa B J103€ 25,7 MI/KT.

Beenenune nanarmugio3nHa ocymecTBIsuM 3a 120 MuH
1o monenmpoBanus [TK-OINI1, a kaHarTHU(IO3WH U AMITaT-
mudo3nH — 3a 90 MUH; BCe YKa3aHHbBIC JICKAPCTBCHHBIC
CpelcTBa BBOMIINCH BHYTPHXKETymnouHO. Vccnemyembie
JI03bI HTHTUOUTOPOB HATPHUI-TIIIOKO3HOTO KOTpaHCIopTepa
BTOPOTO THITa OBLTH OCHOBAHBI Ha TepecdeTe 103, PeKO-
MEH/IOBaHHBIX K IPUMEHEHUIO Y YEJIOBEKA, C YIETOM MEX-
BHJIOBBIX KO3(h(HIIMeHTOB. PexkuM BBeIeHHSI OBLT OITpee-
JIeH UCXoIsd WX (apMaKOKHHETHYCCKHX XapaKTePHUCTHK
Mpemnaparos.

Mooenuposanue nocmkoHmpacmnHo2o0 0cmpo2o nospe-
2HcOeHUsL NoYeK TIPOBOIVIIH TTOCIIEA0BATEIEHBIM OTHOKpAT-
HBIM BHYTPUOPIONIMHHBIM BBEICHHEM IHKIO(EHAKA B
no3e 10 mr/kr, 6mokaropa NO-cunTasel, N-HUTpO-L-apru-
HUH MeTtunoBoro s>¢upa (L-NAME) B noze 10 Mr/kr u
BHYTPHBEHHBIM BBEZCHHEM Horekcolsia B j1o3e 3 T Hopja/kr
[8].

Uepes 48 4 mociie MoAenMpOBaHUs ATOJIOTUH IO Hap-
ko30M (xsopairuapar, 300 MI/Kr), POU3BOIUIIA PETUCT-
pannio MUKPOINPKYIISIIUAH B TIOYETHON TKAHHM, a TAKXKE 3a-
00p KpOBH ¥ 00pa3IoB MOYH JJIsi OMOXUMHUECKUX HCCIIe-
noBaHuil. TkaHb MOYEK OTOMpANH JJIS TMOCIESIYHOIIETO
MIPOBECHUS KOTMIECTBECHHOHN MMOJIMMEPA3HON IETTHOH pe-
AKITHH.

s oyenxu hyHKYuOHanbHo20 CoCmosius noYeK ompe-
JIEITSUTA CHIBOPOTOYHYIO KOHIIEHTPALUIO KPEaTHHWHA, MO-
YEeBUHBI, HATPUS, & TAKKE KOHIICHTPAIUH HATPUS U Kpea-
TUHHHA B MOYE C UCTIOJIF30BaHHEM aBTOMATHIECKOTO OHO-
xumuueckoro ananmzaropa AU480 (Beckman Coulter,
Snonus).
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CKopocCTh KIIyOOUKOBOH (PUIBTpalMK BBIYUCIISUIA Clie-
JYIOIIUM 00pa3oM, OCHOBBIBAsICh Ha KIMPEHCE SHAOTEH-
HOTO KpeaTHHHHA, 110 (popmyre (MII/MHUH):
Cr(urea)-V(urea)

Cr(serum)-t

GFR =

e Cr(urea) — KOHIIGHTpAllUsl KpeaTWHHUHA B MO4Ye
(MMob/n); V (urea) — obobem mouu (Mn); Cr (serum ) —
KOHIIEHTPAIIXS CBIBOPOTOYHOTO KpeaTHHHHA (MKMOJIB/I); ¢
— BpeMs (MHUH).

DpaKIMOHHYIO SKCKPEIUIO HATPHUS BHIYUCIISUTH 10 YKa-
3anHO# opmyie (%):

"
Fonda — Na™ (urea)-Cr(serum)

Na™ (serum)-Cr( urea)’

e Na' (urea) — xoHueHTpanus Harpust B Moue; Cr (se-
rum) — KOHUCHTpALUs CHIBOPOTOYHOIO KpeaTHHUHA
(MxMoIb/m); Na* (serum) — KOHIIGHTpAIUs HATPUS B ChI-
BopoTke KpoBH; Cr (urea) — KOHIIEHTpAIHsI KpCaTHHUHA
B MO4Y€ (MKMOJIB/IT).

[Toka3arenu MUKPOLMPKYJISLHN OLIEHUBAIH C UCIIOJb-
30BaHMEeM ammaparHoro komiuiekca MP100 (Biopac
System, Inc., CIIIA) u mnporpaMMHOro 00eCHCUECHUS
AcgKnowledge. M3mepenue npon3BOANIN C UCTIOIB30Ba-
HUEM noBepxHOocTHOTro farunka TSD143, HaknagsiBaeMo-
r0 Ha CPE/HIOK TPETh MOYKH in vivo. Pesymbrarsl npea-
cTasieHs! B nepdy3nonnsix enuanmax (I1E).

s onpenenenus skenpeccun HIF-1a u NF-kB mero-
JIOM KOJIMYECTBEHHOM MOJMMEpPa3HOM LETHOW peakIuu
TKaHb [OYEeK 3a0upaii, TOMOI€HU3UPOBAIN U UHKYOUpO-
Baiu B TeueHue 10 mun mpu 37 °C B pactBope “Extract
RNA”. Tlocne oxoHYaHHsI TPOIECCOB JIM3UPOBAHUS 00-
pasia, ero noasepraiu xjaopodopmuoit unctke. Jlanee ot-
Oupanu HaJOCaJOYHYIO KUAKOCTh U MPOMBIBAJIM PACcTBO-
pamu uzonponuioBoro 70 % stunoBoro cnupra. Konuen-
tpauto PHK m3mepsun Ha ciekrpodoromerpe IMPLEN
NanoPhotometer® (IMPELEN, T'epmanus).

OO6paTHyI0 TPAHCKPUIIMIO MPOBOIMIN C HCIIOIB30Ba-
Huem Habopa MMLVRTSKO021 (Evrogen, Poccus) B co-
OTBCTCTBHM C HPOTOKOJIAMH, pPa3pabOTaHHBIMH (up-
Moii-nipor3BoauTesieM. OCHOBHBIC XapaKTEPUCTUKUA TPO-
TOKOJIa onucaHbl paHee [l]. YpoBeHb skclpeccuu reHa
OLICHUBAIH OTHOCHTENIFHO 3HAYCHHWH 3TAJOHHOTO TeHa
“nomamHero xo3siicrea” Gapdh. B tabn. 1 nmpencraenena
XapaKTepUCTHUKA MPalMEPOB, UCIIOIB3yEeMbIX MPU MPOBe-
nerun konmdectseHHoi ITLIP.

IlonmyyeHHble AaHHBIE MPOBEPSUIM HAa HOPMAIBHOCTH
pacrpeesieHus ¢ ucrosib3oBanueM kpurepus Hlamupo —
VYunka. B ciyyae HOpMaJIbHOTO paciipenesieHus, JaHHbIe
NPEACTaBIsUIN Kak cpenHee (M) u craHaapTHas olIMOKa
cpeanero (m). B ciaydasx HEeHOpMallbHOTO pacmpezaese-
HUSl MIPU3HAKOB, PAacCYUTHIBaIM MeauaHy (Me) U KBap-
TunbHBIA pasmax (QR). st MeXTpyIIoBeIX cpaBHEHUI
ObL1 KMcToNb30BaH f-kputepus CThIONEHTA WIH KPUTEPUN
Manna — YWTHH, B 3aBUCUMOCTU OT THIIA paclpenese-
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B. 1O. IloaTeB u ap.

a)

MKMOJIB/JT

Huraktuete ITK-OTI

MI/Kr

0.7 4

Jana 0,5 Janalmr/kr  Kana 8,6

Omna 1
Mr/Kr

Immna 2
MK

Kana 25,7

Mr/Kr MK

0)

Hurakrneie  ITK-OIII

Mr/kr

Jana 0,5 [Jana 1 mr/kr

Imna
2 mrfkr

Kamna 8,6
Mr/Kr

Kaua 25,7 3mna 1 mr/kr
Mrfkr

Puc. 1. Brusanue HHrHOUTOPOB HATPHUH-TIIIOKO3HOTO KOTPAHCIIOPTEPA HA CHIBOPOTOUHYIO KOHIIEHTPAIMIO KPEaTHHNHA (a ) U CKOPOCTH KITy-
60uKOBOI (uIBTpaLuH (6 ) IPH ITIOCTKOHTPACTHOM OCTPOM MOBPEKICHUH ITOYEK Y KPBIC.

ITpumeuanne: I[TK-OITIT — nocTKoOHTpacTHOE OCTPOE NMOBPEXKACHHIE MOYEK; Jara — AananiiIo3nH; KaHa — KaHaNTH(IO3MH; SMIIa — SMIATIH(IO3HH;

* p < 0,05 nipu cpaBHEHHH € IPYIIION HHTAKTHBIX )KHBOTHBIX;
Y p < 0,05 nipu cpasHennu ¢ rpynmoit ¢ ITK-OTIIT;
* p < 0,05 mpu cpaBHEHHH yKa3aHHBIX TPYIIL.

Hus. p < 0,05 yka3zpiBanmo Ha CTAaTUCTHYECKH 3HAYNMOE
pasnuuue.

PE3YJIbTATblI U X OBCYXOEHUE

[TocTkOHTpacTHOE OCTPOE MOBPEKICHUE TOUEK, KaK U
npyrue Buasl OIIIl, xapaxkTepu3oBaioch CIEAYIOIUMHU
M3MCHCHHSMU: TOBBIIIATIACh CHIBOPOTOUHAS KOHIICHTPA-
st kpeatuauHa ¢ 60,1 + 3.4 1o 97 + 4,3 MkMoITB/1T Yepes
48 1 sxcnepuMeHTa. CKOPOCTh KIIyOOUKOBOM (pUIBTpaIuu
Takxke cHmwkamace ¢ 0,54+ 0,06 go 0,07 £ 0,01 mu/mMun
(puc. 1). JluHaMuka CbIBOPOTOYHON KOHIICHTPAIIMU MOYe-
BUHBI ¥ (DPAKIIMOHHOW SKCKPEIMU HATPHUS TAaKKe CBHIC-
TEIBCTBOBAIN O MIOBPEKICHUH ITOYSUYHON TKaHU (pHC. 2).

W3mepeHne MUKPOUUPKYISIIAA METOIOM JIa3epHOI
JIOTITJIEPOBCKON  (PIIOyMETpUHM TPOIEMOHCTPUPOBAIIM Ha-
PYLICHHS PEryISIIUN TOHYCa MOYEYHBIX COCYIOB, O 4eM

cBUAETENbCTBOBANIO e€ cHmkenue ¢ 913,8 £70,9 IIE nmo
436,2 £ 61,1 TIE.

@dapmakonorudeckass MpOoQUIAKTHKA Janariugiosu-
HOM B J103¢ | MI/KT, BBeZICHHBIM 32 120 MUH 10 MOAETHPO-
BaHUsI MIOCTKOHTPACTHOTO MOBPEKICHUS MMOYEK MPeTyTpe-
JK/Ialia TIOBBIIIICHUE CHIBOPOTOYHOM KOHIICHTpAIMK Kpea-
THHHMHA 70 68,8 + 2,5 MKMOJIB/JI, 9TO CTATUCTUYECKH JOC-
TOBEPHO HE OTIMYAIOCh OT IOKa3aTeliel HMHTAKTHBIX
JKUBOTHBIX. [IpenBapurenbHOe BBEICHHE AaNanin(io3u-
Ha TakXe MPeIyNpexkIano MmajgeHue CKOPOCTH KITyOOdKo-
Boit uasrpanmu g0 0,17 +£0,02 u 0,29 + 0,02 Ma/mMuH
IIPY UCTIOJIb30BAaHUM YKa3aHHOTO Ipemnapara B 1o3ax 0,5 u
1 Mr/kr cootBeTcTBeHHO. JlMHamMuKa (PpaKIMOHHON HKC-
KpelMyu HaTpusi HaOmromanach CIEIyrolnas: IoKa3arelb
mocturan 1,9 £ 0,1 m 1,51 £ 0,14 % cooTBeTCTBEHHO.

Jis smmarugiao3rHa ¥ KaHarIM(Io3WHA OTMEYallach
CXOXKasl JMHAMHUKA: YKa3aHHbIE (papMaKOJIOTHUECKUE arcH-
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MMOJIB/JI

Hurakrusie  TTK-OIIN
Mr/Kr

Jana 0,5 [anal mr/kr Kana 8,6

Kana 25,7 Omma l mr/kr  DOmna 2
MK Mr/KT MI/Kr

0)

Hurakruwe TTK-OIT

Mr/Kr

Jana 0,5 J[danalwmr/kr Kana8,6

Kana 25,7 Omnal mr/kr  Dmna 2
MI/Kr MK MI/Kr

Puc. 2. BiusHue MHTHOMTOPOB HATPUIi-IIIIOKO3HOTO KOTPAHCIIOPTEpa Ha CHIBOPOTOUHYIO KOHLICHTPALIMIO MOYEBHHBI (¢ ) M (PaKLHOHHYIO
9KCKPELHIO HATPHs (6 ) TP ¥ IOCTKOHTPACTHOM OCTPOM ITOBPEXKICHUH TIOYEK y KPEIC.

IMpumeuanne: ITK-OIIIT — nmocTKOHTpacTHOE OCTPOE MOBPEXKACHHIE MOYEK; Aara — AanantiIo3nH; KaHa — KaHANTH(IO3MH; SMIIa — SMIATIH(IO3HH;

* p < 0,05 npu cpaBHEHHH € IPYIIION HHTAKTHBIX )KHBOTHBIX;
Y p < 0,05 npu cpasrennu ¢ rpymmoit ¢ ITK-OTIIT;
* p<0,05 npu cpaBHEHUH yKa3aHHBIX TPYIIIL.

ThI TIPY KCIIOJIL30BAHNHU 00JIee BBICOKHX J103 MPELyITPEkK-
JIJIA TIOBBIIIICHUE KOHIICHTPAIIUKN KpeaTHHUHA OoJiee, YeM
B 1,3 paza. OgHako, B OTJIMYME OT Aanarin¢uio3uHa, He
OBUIH JTOCTUTHYTHI TIOKA3aTEIH, COMTOCTABUMBIE C TPYIIION
HMHTAKTHBIX KUBOTHBIX. Taloke OHU MpeNyNpeKIaln CHU-
JKEHHE CKOPOCTH KIIyOOUYKOBOW (DHIIBTpAIMU, YTO TaKXKe
CBUJICTEJICTBOBAJIO O 3alIUTHBIX 3(dekrax smmarimdiio-
3MHA U KaHarIH(IIO3MHA HA SKCIIEPUMEHTAIBHON MOJEN
MMOCTKOHTPACTHOTO OCTPOro TMOBpEXkAeHus modek. [Ipen-
BapHUTEJIbHOE BBEJICHHE SMIANTU(IO3HMHA U KaHATIU(IIO-
3MHA B 103aX 2 U 25,7 MI/KI OKa3bIBAJIO 3AIlMTHOE JIEHCT-
BHE B OTHOIIICHHE TKaHEH IOYEK, O YeM CBUICTEIILCTBOBA-
Ja JMHAMHKa CKOPOCTH KiyOO4kOBOH (uusrparuy,
nmocrurasmas 0,31 £0,03 u 0,29 + 0,01 ma/MuH COOTBET-
CTBEHHO, ¥ (PAKIMOHHONW OKCKPEUUH HATPUSI —
1,27 £0,08 u 1,39 + 0,07 % COOTBETCTBEHHO.

CocTosiHIEe MHUKPOLUPKYISATOPHOIO PYCIIa, OICHUBAC-
MOE METOIIOM JIA3ePHOM JOMIUICPOBCKOH (ioymeTpun
TaKXXe CBHUIETEIBCTBOBAJIO O 3AIIUTHBIX 3((EKTaxX WHIH-
OMTOPOB HATPHUU-IIIFOKO3HOTO KOTPAHCIIOPTEpa BTOPOrO
tuna. Tak, nmpeaBapuTeIbHOE BBEACHHE Aanmarir(iro3nHa
B Jo3e 1 Mr/kr, sMnarmuguo3nHa B 103 2 MI/KT M KaHar-
muQo3nHa B 103e 25,7 MI/KT Npeaynpex1ano CHIKEHUE
[oKaszaTreledl  MOYEYHOW  MHKPOIMPKYISIIHKA 10
696,7 £ 56,8 I1E, 718 + 45,3 T1IE u 725,7 £ 59,1 I1E coot-
BETCTBEHHO. lcnoJib30BaHME MEHBIINX 03 YKa3aHHbIX
(hapMaKOIOTUYECKUX areHTOB IPHBOIIIIO K MEHEE BBIpPa-
JKCHHOMY M3MEHEHHUIO TOHYCA IMMOYEYHBIX COCYIOB, OTHAKO
CTAaTHCTHYECKH JTOCTOBEPHON pa3HUIBI ¢ 0ojee BBICOKH-
MH JI03aMU Janariugio3una, sMmnariingiIo3nHa U KaHar-
nudII03MHA TOCTUTHYTO HE OBLIO (Tabm. 2).

Becowmplil BkilaJ B maroreHe3 MOCTKOHTPACTHOTO OCT-
pOro MOBPEXKICHHs TIOYEK BOCHANCHUS W (HaKTOpPOB, WH-
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B. 1O. loaTeB u ap.

YpoBeHb IKCpeccHH reHOB

* I HHTaKTHBIE
= NK-0n1
B2 lana 1 mr/kr
ES Kanua 25,7 mr/kr

Omna 2 Mr/Kr

- T
NF-kB HIF-la NF-kB HIF-1la NF-kB HIF-la NF-kB HIF-la NF-kB HIF-la

Puc. 3. BrnusiHue MHrHOMTOPOB HATPHUII-TIIIOKO3HOTO KOTPAHCHOPTEPa Ha 3KCIPECCHIO SAECPHOTO (aKkTopa Kamnmna B 1 runokcued-mHayupo-
BAHHOTO (hakTopa 1o MpH MOCTKOHTPACTHOM OCTPOM MOBPEKICHHHU MOYEK Y KPBIC.

Ipumeuanue: [TK-OII1 — HOCTKOHTPACTHOE OCTPOE MOBPEKICHHE MOYCK; Aara — AanarTi(Io3uH; KaHa — KaHATH(IO3UH; dMIa — SMIArTH(IO3HH;
* p < 0,05 B cpaBHEHUH C TPYIIION HHTAKTHBIX )KHBOTHBIX H TPYIIION KPBIC C TOCTKOHTPACTHBIM OCTPBIM ITIOBPEKACHUEM MOUCK.

JIyLUPYeMX THIIOKCHEH, MOATBEP>KAAETCS MOBBIILIEHUEM
skcnpeccun MPHK sneproro ¢axropa kanmna B u ¢akxro-
pa, uHAyLHpyemMoro rumnokcueit low (puc. 3), oneHuBae-
MO METOIOM KOJIMYECTBEHHOW IOJIMMEPa3HOW ILIEMHOMN
peaKIuu.

Bce usyuaemble (apmMakolOTH4eCKUe areHThI: Jarar-
mu(Io3uH, KaHATUIO3HH U SMNATIU(IO3UH, OKa3bIBa-
JIM CIIefyIOLIee BIMSIHUE HA SKCIIPECCHIO YKa3aHHBIX Te-
HOB: yMeHbluanu 3xcupeccuto NF-xB u nossimamu —
HIF-1a.

DKCIIEpUMEHTAIIbHBIE METOIUKH, HWCIIOJIB3yEeMbIC s
MOJIEJIMPOBAHMS TOCTKOHTPACTHOTO OCTPOTO IOBPEXK/Ie-
HUS TIOYEK Yy JTa0OpaTOPHBIX KHBOTHBIX, MHOTOOOPA3HBI.
Hanbomnee 6mm3kol K KIMHUYECKOH MPAKTHKE SBISETCS
MOJIeNb, HANpaBJIeHHAasl Ha MTOCIIe0BATEIFHOS HHTHOMPO-
BaHHE IUKJIOOKCUTeHa3 M dHAaoTenuaibHO NO-CHHTa3bI
(ManMeHThl, KaK MPaBHIIO, UMEIT coveTaHue (aKkTopoB
pucka [1K-OIIIT 1 KoMopOUAHOCTE) C MOCIEAYIOIINM BBE-
JIEHUEM HOA-Cco/IeprKalliero KOHTPACTHOTO CpeacTna [8].

Kak u mpu npyrux Bugax OIII, 6e3ycioBHO Ba)HBII
BKJIaJl B IIaTOT'€HE3 U MOBPEXKIEHHE TKaHEeH MoueK BHOCUT
UIIEMHUS SITUTENNST KaHAIBIIEB TTOYEK, AUCHYHKINS dHIO0-
TETHS ¥ COMYTCTBYIOMIEe UM Bocranenue [4, 7]. B cBsizu ¢
9THM, HaMH ObLIa TPOBEICHA OIECHKA YKCIPECCHU TEHOB
HIF-1a n NF-xB. Kak u B apyrux skcrepuMeHTaIbHBIX
HCCIICIOBAaHUSX, TIOBBIIIATACH SKCIPECCUS SIEPHOTO (ak-
Topa Karna B, yuacTByro1ero B BOCHaJuTeIbHbIX U OKKC-
JIUTEJIBHBIX MOBPEKICHUAX KAaHAJIBLEB M APYIHX IOYey-
HBIX CTPYKTYp TIPH OCTPOM TOBPEXKICHNHU TIoUeK [5]. Dkc-
npeccust HIF-1 taroke yBenmumBanachk dyepes 48 4 mocie
monenupoBanwust [IK-OIIIL, uro, BeposiTHO, OTpaXkaeT mpo-
LIECCHI alallTUBHOM LIUTONPOTEKLINH.

[IneliorpornHble CBOMCTBA MHTMOUTOPOB HATPUH-IIIIO-
KO3HOT'O KOTPAHCIIOPTEpa B OTHOILIEHHE IOYEK U3BECTHBI U
MOATBEPXKIAIOTCS Pe3yJIbTaTaMHu KPYITHBIX MHOTOLIEHTPO-

Tabnuua 1. Ilpaiimepsl, ucnoab3yemslie s KoanyecTsenHoii TP

BbIX KIIMHUYECKUX UccienoBaHni. OHaKo, TaK KaK KO-
YEeBBIM MEXaHU3MOM HX He()PONPOTEKTUBHOTO JIEHCTBUS
CUMTACTCS aKTUBAIMS TyOyJIO-TIIOMEPYJSPHOW 0oOpaTHOU
CBSI3U, HallpaBJIEHHAas HA YMEHbLICHUE TUnepuIIbTpalyi,
X 3((EKTUBHOCTh MPU OCTPBIX MOBPEXKICHUAX IOUCK
OCTaBaJIaCh COMHHTENBHON. Tak Kak psa KIMHUYECKUX
WCCIIEIOBAaHUN TPOJEMOHCTPUPOBAI CIIOCOOHOCTh TITU(]-
103uHOB cHmwKaTh pucku OIIII [11], Hamu npoBeneH psin
IKCIIEPUMEHTOB 110 H3YYCHHIO UX HE(POIPOTEKTUBHBIX
cBoiicTB Ha Mozenu [TK-OIIII.

B skcriepriMeHTe Moy4YeHbl JaHHbIE, CBUICTELCTBYIO-
LIM€e O TOM, YTO yKa3aHHas rpyIa IpenaparoB 10303aBH-
CUMO TIPeAyNpexXJIacT Pa3BUTUE OCTPOro MOBPEKICHUS
[I0Y€EK, aCCOLIUUPOBAHHOIO C BBEJIEHUEM PEHTIEHKOTPACT-
HOTO CPEJCTBA: CHWXKAJIaCh KOHLUEHTPALHUs CHIBOPOTOUHO-
ro KpearuHuHa (1715 ganarm@iuo3nHa B 703e 1 MI/KT He
OBUTO CTaTUCTUYECKH JOCTOBEPHBIX OTIMYHHA OT TPYIIIBI
MHTAKTHBIX )KUBOTHBIX), U MO4YEBHHBI, Bo3pacTana CKD u
CHIDKaIACh (PAaKIMOHHAS KCKPEI[MH HATPHS 1O CpaBHE-
HUIO C TPYNION KpbIC C IMOCTKOHTPACTHBIM OCTPBIM I10-
BPEXKICHHUEM TTOUEK.

B ofHOM U3 Micce10BaHUM Ha KIICTOYHOW JIMHUH TIOYEK
gyenoeka (HA-2) mporeMOHCTpUPOBAHO, YTO MHKYOAIHsI
KJIETOK B PacTBOpE, COIEPIKAIIUM SMIArTU(IO3HH B TeUe-
HUE 72 9 B YCJIOBUAX BBICOKOM KOHLIEHTPAIMU TIIFOKO3bI,
IPUBOOUT K CTATUCTUYECKU 3HAYUMOMY IIOBBILICHUIO
YPOBHSI THIIOKCUEH-WHAYIIMPOBAHHOTO (hakTopa lol B yka-
3aHHBIX KieTkax [10]. B apyrom mccimemoBanum myceor-
mudro3un yBenmunBai yposenb MPHK dakrop pocra s8-
notenus cocynoB A (VEGF-A), perynupys 3axBar [JIHOKO-
3bl KJIETKAMM HPOKCUMAJbHBIX KaHAJBIEB IOCIE I'MIIOK-
CHUHM-PEOKCUTeHALINH, YTO KIMHUYECKH MOXET CIIO0COOCT-
BOBATh YMEHBIICHUIO MIPOIIECCOB paspexeHus
HEepUTYOYITPHBIX KAIMJULIPOB, KaK OJHOTO W3 (PaKTOPOB
IIPOTPECCUPOBAHUS OCTPOTO MOBPEKIACHUS MOYEK B XPO-

R-npaiimep

I'en F-nipaiimep
HIF-1a AGGTTGCATTGAAGTTAGTCAAGC
NF-xB CTAGCTAGCTACGGCATCGATCG

Gapdh GTCGATGGCTAGTCGTAGCATCGAT

ACTCACTGGGACTGTTAGGC
CGTAGGAGTCGATCGATATAGCTACG
TGCTAGCTGGCATGCCCGATCGATC
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Tabnuua 2. BamsHue MHrHOWTOPOB HATPUII-TIIOKO3HOTO KOTPAHCHOPTEPA HA MOYEYHYI0 MUKPOUUMPKYJSIHUIO MPH MOCTKOHTPACTHOM OCTPOM

NOBpeKIeHUN movYeK y Kpbic (M + m)

DxcnepuMeHTangbHas rpynmna (n = 10)

IToxa3zarenb MUKPOLUUPKYJISIMU HOYEK

HNuTakTHBIE

[TocTkOHCTpacTHOE OCTPOE MOBPEKICHUE TOUEK
Koppexnus nanarmudinosusom, 0,5 Mr/kr
Koppexuust nanarnugno3naom, 1 Mr/kr
Koppexuus smmarnugiao3uaom, 1 Mr/kr
Koppexknus sMnaraudio3uHoM, 2 MI/KT
Koppexuus xanarnuduo3naom, 8,6 Mr/kr

Koppekuus kanarnudiosuHom, 25,7 Mr/kr

ITpumedanue:
¥ p < 0,05 npu cpaBHEHUHM C TPYMIION HHTAKTHBIX KUBOTHBIX;

913,8 £70,9
436,2 £ 61,1%
572,77 £ 39,4*
696,7 £ 56,8%
606,2 + 32,9
718,1 £45,3%Y
584,9 £ 31,5
725,7 £ 59,1%Y

yp < 0,05 1Py CPaBHEHUU C ]'py]'[l'lOﬁ KPBIC C ITIOCTKOHTPACTHBIM OCTPBLIM IOBPEKACHUEM IT0YCK.

HUYecKyto Oosie3Hp movek [15]. Kpome toro, VEGF-A,
SIBISICTCS OTHAM M3 TCHOB, HAXOISAIINXCS TTOJ] TPAHCKPUII-
IIHOHHBIM KOHTPOJIEM THITIOKCHCH-MHIYIIHPOBAHHOTO (aK-
Topa lo, 9TO TaKke KOCBEHHO CBHJCTEIHCTBYET 00 €ro
AKTHBAIMHY MIPU IPUMCHCHHUHN TN (IO3WHOB BTOPOTO THUIIA
IIPY MOJCIIMPOBAHNH HIIIEMHUH-PETICP(y3HH.

OpHako, HECMOTpPS Ha TOATBEPXKACHHE peaTu3aluy
HEePOIPOTEKTUBHBIX A(P(ekToB mamarmugao3nHa, KaHar-
nu}Io3uHa ¥ SMIArU(IO3UHA Yepe3 CUCTEMY T'MIIOKCH-
eH-MHIYIIMPOBAaHHOTO (pakTopa 1o, UMEIOTCS CBEICHUS O
TOM, YTO B YCJIOBHUSAX MOJICIHUPOBAHHS XPOHUYECKOH 60-
JIE3HU TIOUEK, HKCIIPECCHS JaHHOTO (haKTopa Mo AeiicTBU-
eM IIH(IIO3MHOB, HANPOTUB, CHIDKajiach. Tak, Jyceor-
TU(IO3UH MOAABISI CTUMYIHPOBAHHYIO THITOKCHEH 3KC-
npeccuto 6enka HIF-1ow B anuTenuagbHBIX KIETKAX Hpo-
KCHUMaJbHBIX KaHAJbLIEB IIOYEK YEJNOBEKA, a TaKxke
yMEHbLIA IOJIOKUTENbHOE oKpawmuBaHue Ha HIF-la
KOPKOBOTO BEIECTBA MOYEK y MBIIICH C caXapHBIM Juade-
TOM U MPHU3HAKAMHU AHabeTndeckoi Hepponaruu [3].

JpyruM BaKHBIM MOBPEXKAAIOIIUM 3BEHOM I1aTOTeHE3a
noctkonTpactaoro OINIT seasiercst Bocnanenue [S]. Ox-
HUM U3 HA4albHBIX CTUMYJIOB BOCHAIUTEIBLHOTO OTBETA
Ha BBEJICHHE KOHTpACTa sBJISETCS HET IVaroja sAepHbIH
¢axrop kanmna B u cBsi3aHHOE ¢ €ro akTUBaIueil 00paszoa-
HHE aKTUBHBIX (popM kucnopona. Taxk, Horekcon u yporpa-
(UH aKTUBUPOBATM CYOBEAUHUIY POS B AMUTEIHATIBHBIX
KJIETKaX MPOKCHMANbHBIX KaHAJbLEB MOYEK YeloBeKa [5]
OTO uccae0BaHue TO3BOMSIET CIENaTh MPEANONOXKEHUE O
TOM, YTO 3KCIPECCHsS MPOBOCHANUTEIBHBIX LUTOKHHOB,
TakuX Kak (pakTop HEKpo3a OMyXonu aib(a, UHTEpeii-
KMH-0 M MOHOLMTApPHBIA XeMaTTPaKTaHTHBIA Oemnok-1,
onocpenyercs aktubarueit NF-kB.

B HameMm uccnenoBaHUM MPOJEMOHCTPUPOBAHO, YTO
Janari¢IIo3uH, KaHATU(IO3UH 1 SMIArTH(IO3UH 1030-
3aBUCHMO MPEAYNPENKNAT CTUMYIUPOBAHHOE KOHTpPa-
CTOM MOBBIILIEHHE HKCIPECCHH SJEPHOTO (pakTopa Kamma
B. IlpenuecTByromnye UCCIEA0BAHUS TAKKE HOATBEPIKIA-
I0T JOCTHXKECHUE 3aIlUTHBIX CBOUCTB JAaHHOH IpyHIIbI Ye-
pe3 peanu3aluio MPOTUBOBOCHAIUTEIBHBIX 3((HEKTOB.
Tak, sMIarmQIo3uH BBI3BIBAI CHI)KEHNUE WHIYIMPOBAH-

HOM BBICOKHM YpPOBHEM IJIIOKO3bI IKCHPECCHUU TOJII-TIO-
JIOOHOTO perentopa 4 THIIA U UHTEPICHKHUHA-6 B JIOTIOJI-
HeHue Kk noaaBieHuro JIHK-cBsi3biBaroiieil akTUBHOCTH
NF-kB B kieTkax mpoKCUMaIbHBIX KaHAJIBIIEB MOYEK Y-
JIOBEKa, MHKYOUPYEMBIX B Cpe/ie C BBICOKHM COZCPIKaHH-
eM mroko3bl [12]. Kpome Toro, cooOrianock, 4Tto KaHar-
T (IO3UH TaK)Ke TIONABIIACT SKCIPECCHIO BOCTATUTEILHBIX
LUTOKUHOB B SHIOTENIMATIBHBIX KJIETKAaX COCYA0OB ITyTEM pe-
rymupoBanust kuHa3bl IkB/IkB/NF-kB curnaneHoro myrtu
uyepe3 AM®-axkTuBupyeMyo IpoTeuHKUHAa3y [9].

Takum 00pa3zoM, TONyYeHHBIE TaHHBIC AEMOHCTPHPY-
10T OAMH M3 BO3MOXKHBIX ITyTeH HPEeIyNpexJeHUs I0-
CTKOHTPACTHOTO OCTPOTO IOBPEXICHUS MOYEK Yepe3 CUC-
TeMy THIOKCHEH-UHIYLIHPOBaHHOTO (aKkTopa U sAEPHOTO
(akropa kamma B, XapakrtepHble i MHTHOHUTOPOB Ha-
TPHUA-IIIFOKO3HOTO KOTpaHcHoprepa 2 Tuma. HeoOxomuMer
JIOTIOJTHUTENBHBIE HCCIIeJOBAHUS U M3yYeHHs MEXaHU3-
MOB peann3aluy YKa3aHHBIX 3aIIUTHBIX 3((EKTOB.

BbIBObl

1. Imudnosunsl (manarmuduo3ud B go3ax 0,5 u 1 Mr/kr,
KaHATU(IIO3WH B J103axX 8,6 1 25,7 Mr/kr, aMmarmuduio3uH
B 103aX | W 2 MI/KT) CHMKAIOT KOHILIEHTPAIMIO CHIBOPO-
TOYHOTO KpEaTWHWHAa W MOYEBHHBI B CpEIHEM Ha
17 -27%, p < 0,05 0 cpaBHEHUIO ¢ IPYNION KPbIC C HO-
CTKOHTPACTHBIM OCTPBIM ITOBPEKICHUECM TIOUEK.

2. I'madnosunsl (manarmudno3ud B go3ax 0,5 u 1 mr/kr,
KaHarmuGIo3uH B 103aX 8,6 u 25,7 Mr/kr, sMnarudio3nH
B J103ax 1 U 2 MI/KT) CIOCOOCTBYIOT POCTY CKOPOCTH KITY-
0oukoBOHM (uibTpanu B cpeaHeM B 2,4 —43 pasa,
2 <0,01 u cHikennto GpaKMOHHON SKCKPELIMK HATPHS B
cpenHeM Ha 66 — 76 %, p < 0,01 no cpaBHEHNIO € TPyIIION
KPBIC C TIOCTKOHTPACTHBIM OCTPBIM ITOBPEKICHUEM TTOYEK.

3. MexaHm3M peanu3alun He(pOIPOTEKTHBHOTO IeH-
CTBUS MIH(IO3MHOB MPU MOJECIUPOBAHUN TOCTKOHTPACT-
HOTO OCTPOTO MOBPEXICHUS MOYEK, MTO-BHIUMOMY CBS3aH
¢ axrtuBauueil sxcnpeccun HIF-lo u cHuxeHueM 3kc-
npeccun NF-kB B KIeTkax pa3iudHbIX CTPYKTYPHBIX dJIe-
MEHTOB TIOYEK.
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SODIUM-GLUCOSE COTRANSPORTER INHIBITORS IMPROVE THE SAFETY PROFILE
OF IODINE-CONTAINING CONTRAST AGENTS IN EXPERIMENT

V. Yu. Poltev, M. V. Pokrovskii, and D. A. Kostina
Belgorod National Research University, ul. Pobedy 85, Belgorod, 308015 Russia

One type of pharmacological interventions aimed at reducing the risk of acute kidney injury development are the sodium-glucose cotransporter inhibitors of
type 2, which have confidently demonstrated nephroprotective properties under various clinical situations in numerous studies. In the present work, we have
studied the possibility of pharmacological correction of post-contrast acute kidney injury by preliminary inhibition of the sodium-glucose cotransporter type 2.
It was found that prophylactic administration of dapagliflozin, canagliflozin and empagliflozin in doses of 0.5 — 1, 8.6 —25.7 and 1 — 2 mg/kg to male rats re-
sulted in a dose-dependent decrease in the severity of post-contrast acute kidney injury. This conclusion was made on the basis of a decrease in the concentrati-
on of serum creatinine and urea on the average by 17 —27% (p 0.05), increase in the glomerular filtration rate on the average by 2.4 — 4.3 times (p 0.01), and
decrease in the fractional sodium excretion on the average by 66 — 76% (p 0.01). The mechanism of realization of the nephroprotective action of sodium-gluco-
se cotransporter inhibitors is apparently associated with the activation of HIF-1a expression and decrease in NF-kB expression in cells of various structural ele-
ments of the kidneys.

Keywords: acute kidney injury; iodinated contrast agents; sodium-glucose cotransporter inhibitors; dapagliflozin; canagliflozin; empagliflozin; rats.



