YK 616-01 OPUIrMHAJIbHBIE CTATbU

B. B. EJIATUH', [l. A. KOCTUHA?, O. U. BPATYHKOB', M. B. [TOKPOBCKHI¥, T. I. [TOKPOBCKASF

UCCNEAOBAHMUE PEHONPOTEKTUBHbIX CBOUCTB MPOU3BOAHBIX
IPUTPONO3TUHA HA MOAENIU ULLEMUU-PENEP®Y3UU NOYEK

'Kagheopa yponoeuu @edepanvrozo 20cy0apcmeenno2o 6i00i#cemno20 00pazo8amenbHO20 YUPercOeHUs GbLCULe20
obpaszosanus «Kypckuii 2ocyoapcmeennblil MeOuyunckull yHugepcumemy Munucmepcmea 30pagooxpanenst
Poccuiickou @edepayuu, yn. K. Mapxca, 3, Kvpck, Poccus, 30504 1.

’Kagheopa papmaronocuu u knunuueckoi gpapmaronocuu Meduyunckozo uncmumyma dedepanvho2o
20CY0apCmEeHH020 A8IMOHOMHO20 0OPA308AMENLHO2O YUPENCOCHUSL BbICULE20 NPOPECCUOHATLHO2O0 00PA306AHIUSL
Hayuonanvroeo ucciedosamenvcroeo ynusepcumema « bencopoockuii 2ocyoapcmeenuviil yHUSepcumem»,
ya. [lobeowi, 83, beneopoo, Poccus, 308015.

AHHOTALUA

Lenb. V3y4nTb peHONPOTEKTVBHbIE CBOMCTBA MPOWM3BOAHBLIX 3PUTPOMNO3TUHA HA IKCMEPUMEHTaNbHOW MOAeNnu wemu-
n-penepdysnn Novex.

Matepumanbl n metoabl. B cepun akcneprMeHTOB Ha kpbicax-camuax nuHum Wistar nsyvanv peHonpoTekTMBHblE CBOW-
cTBa acuanupoBaHHoro aputponoatuHa (0,4 Mkr/kr n 2,4 mkr/kr 3a 30 MUHYT 0O MHAYKUMU Ullemnmn) 1 kapbamunmposaH-
Horo gap6anoatuHa (50 MKr/Kr 3a 24 yaca A0 ULWEeMUYECKOro CTUMYyra) B CPaBHEHWM C 3PUTPOMOITMHOM U Aap63no3TUHOM
Ha 40-MuHyTHOW BunartepanbHOM Mogenu nweMumn-penepdysnm novek. PEHONPOTEKTUBHbBIE CBOWCTBA OLEHMBANM Mo pe-
3ynsratam BMOXMMUYECKMX MapKEPOB OCTPOrO MOYEYHOrO NOBPEXAEHUS, AMHAMUKN CKOPOCTM KyO0o4koBOW dunsTpaumm
1 OPAKLMOHHON IKCKPELMWN HATPUS, a TakKe BbIPAXKEHHOCTN MUKPOLMPKYNSTOPHBIX HAPYLLUEHWI.

PesynbraTbl. YCTaHOBNEHO, YTO NpodunakTnieckoe NpuMeHeHe acuanmMpoBaHHOIO 3PUTPOMOATMHA ([0303aBUCKMO) U
kapbamunupoBaHHOro 4ap63noaTvHa NPMBOAUT K CHMKEHMIO CbIBOPOTOYHON KOHLIEHTPaLMM MapkepoB OCTPOro NMOYeYHOro
NOBPEXOEHNS, POCTY CKOPOCTM KIyBouKOBOWM OUMbTPALMK, CHDKEHUIO (OPaKLIMOHHOM SKCKPELMM HaTPUS U YMEHbLLEHWIO
MUKPOLIMPKYMATOPHBIX HapyLUEHWIA.

3akntoueHne. ACMannMpoBaHHbIN 3PUTPOMNOSTUH M KapbamunnpoBaHHbI 4apb3noaTnH obnagatoT BbIPaXKEeHHBIMU PEHO-
MPOTEKTUBHBIMW CBONCTBAMM N SIBMAKOTCA NEPCNEKTUBHBIMW areHTamm AN NpoUnakTUKN U fIe4eHUst OCTPOro NOYeYHOro
NoBpeXOEeHNS.

Knroueenie crioga: 3pUTPONO3TMH, acManvMpOBaHHbIA SPUTPONOSTUH, Kap6aMVIJ'IVIpOBaHHbIl7I }J,ap63|'|03TVIH, nuemmn-
ﬂ-penepcbysvm, npekoHaAnUMoHMnpoBaHMe, OCTpoe novyevyHoe nospexgeHne
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ABSTRACT

Aim. The research was designed to study the renoprotective properties of erythropoietin derivatives on the kidney ischemia-
reperfusion experimental model.

Materials and methods. The renoprotective properties of asialo erythropoietin (0.4 pg/kg and 2.4 pg/kg 30 minutes before
the induction of ischemia) and carbamylated darbepoetin (50 ug/kg 24 hours before the ischemic stimulus) were studied in
comparison with erythropoietin and darbepoetin in a series of experiments on male Wistar rats on a 40-minute bilateral model of
renal ischemia-reperfusion. The renoprotective properties were evaluated by the results of biochemical markers of acute kidney
injury, the dynamics of glomerular filtration rate and fractional sodium excretion, as well as the severity of microcirculatory disorders.
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Results. It was found that the prophylactic use of asialo erythropoietin (dose-dependent) and carbamylated darbepoetin
leads to a decrease in the serum concentration of markers of acute renal damage, an increase in the glomerular filtration
rate, a decrease in fractional sodium excretion, and a decrease in microcirculatory disorders.

Conclusion. Asialo erythropoietin and carbamylated darbepoetin have the pronounced renoprotective properties and are
the promising agents for the prevention and treatment of acute kidney injury.

Keywords: erythropoietin, asialo erythropoietin, carbamylated darbepoetin, ischemia-reperfusion, preconditioning,

acute kidney injury

Beepenue

OcTpoe noyeyHoe MOBpEXAEHWNE SABMSETCS OLHOM
13 BegyLLMX MPUYMH MHBANMAU3aumMm U CMEPTHOCTU Y
naLneHTOB OTAENEHNI peaHuMaLmn U UHTEHCUBHOW Te-
panuu [1, 2]. OgHUM 13 BO3MOXHbIX MEXaHN3MOB OCTPO-
O NOYEYHOTO NOBPEXAEHMS SABMAETCS ULLIEMUYECKU-PE-
nepdy3roHHas TpaBma nodek. [atoreHeTnyeckas ponb
OaHHOTO MexaHW3Ma BaXkHa B PasBUTUM OCITOXHEHWUI
KapOMoXMpypruyeckmx —onepaumi, TpaHCnnaHTauum
MOYEK, PEHTTEHOKOHTPACTHbIX MCCNeqoBaHmi, OHKOYpPO-
nornyeckmx BmellatenscTti [1, 2, 3]. OaHako Ao cux nop
He paspaboTaHa eauHasi cTpaternst No 3ddeKTUBHOMN
npodunakTuke OCTPOro NOYEYHOTO NOBPEXKOEHNS.

OCHOBHbIMU MeXaHW3MaMK, fexallMm B OCHOBE
nemMunyeckn-penepdy3voHHON TpaBMbl, SBMSOTCA
MUKPOLMPKYNATOPHbIE HapylUeHusi, aucbanaHc Ba-
30aKTUBHbIX BELUECTB, OKUCIUTENMbHbIA CTPECC, 3H-
JoTtenvanbHas AncyHKUMS U NoKanbHas akTueauus
BOCMasneHusl, YTo NPMBOLUT K CTPYKTYPHBIM U DYHK-
LMOHanbHbIM HapyLleHUsiM B noykax [4, 5].

B cBsA3M € 3TMM NOUCK hapMakonormyeckmx areH-
TOB C He(pOMNpOTEKTUBHbLIMU 3chbhekTaMmn sBnsieTcs
cTpaTernyeckon 3agadert CHUXeHusi 3aboneBaemo-
CTW U CMEPTHOCTWN OT OCTPOro NOYEYHOro nospexae-
Hua. OgHUMK 13 Hanbonee NepcneKkTUBHbBIX Npenapa-
TOB ABMSOTCA NPOM3BOAHbIE 3PUTPONOaTMHA [6, 7, 8].

OputponoatuH (BMNO) He TONbKO CTUMYNMPY-
€T 3pUTPONoa3, HO U ObnagaeT LUMPOKUM CMEKTPOM
NNENOTPONHbIX 3PEEKTOB: aHTUOKCUAAHTHbLIN, aHTU-
anonToTUYECKMIA U NPOTMBOBOCHaNUTENbHbIN [9]. Ana
peanusauum reMaTono3aTU4eCKON akTUBHOCTU 3pUTPO-
MoaTMHa HeobXoamMMOo ero CBsi3blBaHWE C roMoaMMep-
HblMU peuentopamu (BMNOP) B TeveHne 24 yacos, a
ONs peanuaauum NNeroTPonHbIX (LMTOMPOTEKTOPHBIX)
a(phekTOB HEOOXOAMMO KpaTKOBPEMEHHOE CBS3bIBa-
Hue ¢ retepoammepHbiM peuentopom AIMNMOP-BCR, He
yyacTByOLWMM B peanv3aummn IpuTponoaTUYeckon ak-
TBHOCTK [10, 11]. B cBA3M C 3TUM NEPCNEKTUBHBIM Ha-
NpaBrieHVeM MOUCKa HOBbIX JIEKAapCTBEHHbIX CPEACTB
C LMTOMNPOTEKTOPHOW aKTUBHOCTbLIO SIBMSIETCH paspa-
DOOTka NPOM3BOAHLIX 3PUTPOMOITUHA, ObnagarLmx
NPENMYLLIECTBEHHO MAENOTPOMNHbIMU 3dhhekTamu.

OpHUMM 13 TaKNX NPOM3BOAHbBIX CTanu acvanvMpoBaH-
Hble hOpMbl 3pUTPOMNOaTMHa (acnano3l0): acnanod-
MO npencraensieT cobow NONHOCTHI0 AeCUanMpPOBaHHYHO
dopmy 3O ¢ Gonee KOPOTKUM NePOAOM NOSTyBbIBEAE-
H¥s 1 Gonee BbICokUM cpoacTBoM K AINOP B cpaBHEHMN
C apuTponoaTvHom [12]. Jap6anoaTuH, reHHo-Moandu-
LMPOBaHHbIN 3pUTPOMNOITUH, HAMPOTUB, UMEET BOMbLLIYIO
MOJEKYNSIPHYHO Maccy B CPaBHEHUN C SPUTPOMO3TUHOM,
B pe3yrkrare Yero MmeeT 6oMbLUM Nepyo, NonyBbIBeae-

Hus [6]. CyliecTByeT ewle ogHa dhopma JapbanoaThHa,
cofepxallas kapGaMunMpoBaHHbIEe rPyMmbl aMUHOKNC-
NOTHBIX OCTaTKOB: KapbamunnMpoBaHHbIN 4AapO3INO3TVH,
KOTOPbIA He BMUSIET Ha reMOMnO3TUYECKY0 aKTUBHOCTb,
HO COXpaHSIET LIMTONPOTEKTOPHbIE CBOMCTBA N UMEET TOT
Xe OnuTenbHbIn nepuog, nonysbiBeaeHns [6].

Bbicokas ah(peKTUBHOCTb 3pUTPONOITMHA B NMPO-
PUNakTMKe U neYeHnn oCTPOro NOYEYHOro MOBpPEX-
OeHNs nemmyeckn-penepdy3moHHOro reHesa, npo-
OEMOHCTPUPOBaHHAsA Kak B JOKMMHUYECKUX, TaK U B
KNUHWUYECKUX WUCCINEefoBaHUAX, AENaeT akTyalbHbIM
n3yyeHue pPeHONPOTEKTUBHBIX 3PEEKTOB MPOU3BO-
OHbIX 9pUTPOMNO3TUHA: acnanupoBaHHbIX ero opm u
kapbamunnpoBaHHOro 4ap0anoaTmHa.

Lenb uccnedoeaHusi: n3y4eHne peHoNpoTEKTMB-
HbIX CBOMCTB NPOMN3BOAHbLIX 3PUTPONOSTUHA Ha AKCMe-
pUMEHTanbHON Mogenu nwemmmn-penepdy3nm noYex.

Marepuansbi n metopbl

ViccnepoBaHuve 6bino BbINOMHEHO B COOTBETCTBUM
c TpeboBaHuamn TOCT 33044-2014 «[puHUMNBbI
Hagnexallen nabopaTopHoOW MpakTUKM», C cobnto-
neHnem «European Convention for the Protection of
Vertebral Animals Used for Experimental and Other
Scientific Purposes. CETS No. 123». Busucekuumto
NPOBOAMIN B COOTBETCTBUM C 3STUHECKUMW NMPUHLIM-
namy obpalleHnss ¢ nabopaTtopHbIMU KUBOTHLIMU
«European Convention for the Protection of Vertebral
Animals Used for Experimental and Other Scientific
Purposes. CETS No. 123». YcnoBus copepxaHus
XMBOTHbIX: CTaHAApPTHasi aKcrnepumeHTanbHas 6uo-
fornyeckn 4YmcTas KoOMHata, ocBelleHue 12 4/12 y
cBeTNbIN/TeMHbIN umkn, t 20-25°C.

ViccnepoBaHve npoBOAMNM Ha  Kpblcax-camuax
nnHnm Wistar maccon 180-220 r. Bce kpbicbl Obinun
pasgeneHbl Ha criegylolme  9KcrnepuMeHTarnbHble
rpynnbl, N0 10 XXMBOTHBIX B KaXO0W:

| — noxHoonepupoBaHHbIe (24 yaca);

Il — noxHoonepupoBaHHble (72 Yaca);

lll— koHTpomnbHas, mogenupoBaHue 40-MUHYTHOM
nwemmm-penepdysum (MP) noyek (24 yaca penepdpysnm);

IV — KOHTpOnbHas, mogenupoBaHue 40-MUHYTHOW
WP novek (72 4yaca penepdysum);

V — npepBapuTenbHOE BHYTPUOPHOLIMHHOE BBE-
OeHne acManMpoBaHHOIo 3pUTPONO3TMHa (acmanos-
MO) B pose 0,4 mkr/kr 3a 30 MUHYT 4O MOAENMpPOBa-
HWs1 naTonorum (24 yaca penepdysun);

VI — npegBapuTenbHOe BHYTPUOPHOLWMHHOE BBeE-
aenne acnanodl0 B gose 0,4 mkr/kr 3a 30 MUHYT 80
MoaenupoBaHusa natonorum (72 Yaca penepdysunn);

VIl —npegBapuTenbHOe BHYTPUOPHOLIMHHOE BBeE-



nenne acnanodl10 B gose 2,4 mkr/kr 3a 30 MUHYT 80
MoAenvpoBaHus natonorum (24 vyaca penepdysun);

VIII — npegBapuTenbHOe BHYTPUMOPHOLUMHHOE BBE-
aexve acnano3lO B gose 2,4 Mkr/kr 3a 30 MUHYT J0
MoAenupoBaHus natonorum (72 vyaca penepdysun);

IX — npegBapuTensHoOe BHYTPYOPIOLWMHHOE BBeae-
Hue sputponoatiHa (AMNMO) B go3e 50 ME/kr 3a 30 MuHyT
[0 MogenMpoBaHusa natonorim (24 Yaca penepdysun);

X — npegBapuTenbHOe BHYTPMOPHOLWMHHOE BBEAE-
Hue 3IMO B pose 50 ME/kr 3a 30 MuHyT 4O Mogennpo-
BaHMsA natonorum (72 yaca penepdysnn);

X| — npegBaputenbHoe NOAKOXHOE BBEAEHME Kap-
SamunupoBaHHoro gap6anoatnHa (kap6aap63I10)
B fo3e 50 MmKr/kr 3a 24 Yaca Jo MogenvMpoBaHus na-
Tornoruu (24 yaca penepdysun);

Xl — npepBapuTenbHOe MNOOKOXHOE BBEAEHUE
kapbamunupoBaHHoro gap6anoatuHa B Ao3e 50 Mkr/
Kr 3a 24 yaca 0o mogenupoBaHusa naronormm (72
yaca penepdysun);

Xl — npeaBapuTenbHoe MNOAKOXHOE BBeAEHME
napbanoatuHa B pose 0,45 mkr/kr 3a 24 yaca oo Mo-
AenvpoBaHus natonorum (24 yaca penepdysun);

XIV — npegBapuTenbHoe MOOKOXHOE BBeAeHWE
napbanoastuHa B gose 0,45 MKr/kr 3a 24 yaca go mo-
OenunpoBaHua natonoruu (72 yaca penepdysun).

Mopgenunposanue nwemun-penepgysnmn novek

Mocne 12-4acoBoy NULEBOW AenpuBaumm Nog Hap-
KO30M (MHTpPaabaoMMHanbLHbBIM BBEAEHWEM BOOHOTO pac-
TBOpa Xxropanrugparta B gose 300 mr/kr) BbINOMHANACH
cpegvHHasi nanapotomus. [etnmn KuweYHrka oToasu-
ranv B CTOPOHY M C pa3HuLElN B 5 MUHYT Npomn3Bogumm
HarnoXxeHne aTpaBMaTUYHbIX COCYAUCTBIX 3aXKMMOB Ha
noyeyHble HOoXkM Ha 40 MuHYT. JToXXHOOMEPUPOBaHHbIE
XKMBOTHbIE HE NogBepran1ch ABYCTOPOHHEN ULLEMWW MO-
yek. B 6ptowHyto nonoctb BBogwmricst 0,9%-Hbin pacTeop
HaTpus xnopuaa (4-5 mn), n paHa NOCONHO yLLMBanacsk.

UsmepeHune ypoBHS MUKPOLMPKYNaLMU

OcyLuecTBNANM ¢ NOMOLLIbIO annapaTHo-NporpaMM-
Horo komnnekca MP100 (Biopac System, Inc., CLUA)
C Moayrnem nasepHOn AONnrepoBCKOW rioymeTpmm
(J1Od) LDF100C n noBepxHoCcTHOrO Aaatymka TSD143,
KOTOPbIV HaknagblBarncs Ha CPeaHIo YacTb NMOYKM, He
3aTparvBas 0brnactb BOPOT. YpOBEHb MUKPOLMPKYMs-
Lnn N3Mepann cpasy nocne CHATUS COCYaUCTbIX 3aXu-
MOB C MOYKM B TeYeHne 5 MUHYT, Yepes 24 nnn 72 yaca
penepdy3nn B 3aBUCUMOCTY OT IKCMEPUMEHTaNbHON
rpynnbl. Pernctpaumsa n obpabotka pesynsraToB npo-
N3BOAMUNNCE C MOMOLLIbIO NPOrpaMMHOro obecneveHus
AcgKnowledge Bepcun 3.8.1. 3HaueHus nokasartenen
Bblpaxkanuck B nepdy3noHHbix eamHuuax (ME).

UsmepeHune KoHUeHTpayumu KpeaTMHMHA,
MOYEBHHbI, HATPUSA
B 3aBuncUMMOCTM OT 3KCrepUMEHTanbHON rpynmbl Ye-
pe3 12 nnn 48 yacoB penepdy3un KpbiC nomeLlany B
MeTabonmyeckne KneTkm 1 OCyLLEecTBRsn cbop Mouun B
TedeHne 12 unn 48 yacos. [danee nof Hapko3oM Npouns-
BOAWUMN penanapoToMmi0 1 OTOMpanu KpoBb 13 NPaBoro

Xenyaoouka Ans OuoxmMuyeckux uccnegosaHui. sme-
pSncs CyTOuHbIN anypes. KOHLEHTpaLmio YpoBHS KpeaTut-
HUHA, MOYEBVIHbI M HATPKS B CbIBOPOTKE KPOBY U MOYE 13-
MepSnM No OBLLENPUHATON METOAUKE C UCTIONb30BaHUEM
aBTOMAaTUYECKVX U MONyaBTOMAaTUYECKNX aHanM3aTopoB.

Pacuer ckopoctu kny6o4xkoBo# ¢punbTpaymm
M PpaKyMOHHON SKCKpeLun HaTpus
KJ'II/IpEHC OQHOOrNeHHoro KpeatnHmnHa (CKOpOCTb Kny-
6oukoBon unsTpaumm — CK®P) paccuntbiBancs cne-
ayrwum obpasom:

X o6neM Mouu (M)

MKMOJb
KpeaTHHHH MO4H (—)

CK =

(MKMOJ’IB)

KpeaTHHHH CHIEOPOTKH KPOBH X pema (Mun)

®pakuymnoHHas akckpeuns Hatpusa (P3H) paccun-
TbiBanach no crneaywLluen opmyrne:

HaTPHit MOYM X KPeaTHHMH CHIEOPOTKH KPOEH

®3H = X 100%

HATPHIT CLIBOPOTKH KPOBM X KPeaTHHUH MOYH

Crarucruyeckas o6paborTka fJaHHbIX

[ns Bcex AaHHbIX Obina npYMeHeHa onucarenb-
Has cTaTUCTUKA: OaHHble MpOBepeHbl Ha HopMarnb-
HOCTb pacnpegeneHus. B cnyvyae HopmanbHoro pac-
npegenexHns GbinnM NoACYUTaHbl CpeaHee 3HayYeHue
(M) n ctangapTtHas owmnbka cpegHero (m). Mexrpyn-
MoBble pasnUuus aHanuaMpoBanuCb napameTpuye-
ckumn (t-kputepun CTbiogeHTa) unu HenapameTpu-
yecknmn (kputepui MaHHa-YUTHW) MeTogamu, B 3a-
BMCUMOCTM OT TWNa pacnpeaeneHus.

Pe3synbratbl M 06cyxpaeHue

MopenuposaHnve nwemmn-pernepdysum novek npuBo-
O1Io K pocTy BUOXMMUHECKX MAPKEPOB OCTPOIO MOYEHHOMO
NOBPEXOEHVS: KpeaTUHMHA U MOYEBUHBI, MPUHEM YPOBEHD
MOYEBMHbI BO3pacTan B 6OrbLLUEN CTEMNEHM Ha NepBble CyT-
KN 3KCMEPUMEHTA, a KpeaTuHUH — Ha TpeTbk (Tabn. 1). Ma-
parnnenesHO POCTy KpeaTuHMHA MNafara CKopoCTb KiyBouKo-
BOM chursrpaLmK, YpoBeHb KOTOPOW K TPETBUM CyTKaM CO-
craenan mwb 0,0620,01 mn/muH (Tabn. 2). KaHanbuesble
MOBPEXOEHMST TaKKe HapacTanM OT NEPBbIX K TPETbUM
CyTKaM SKCMEPUMEHTA, YTO BbIPaXKarioch B 3HAYUTENbHOM
pocTe (opaKUMOHHOM 3KCKpeLmmn HaTpust (Tabn. 2). Mukpo-
LIMPKYISTOPHbIE HApPYLLEHWS Takke OTMEYanuncb BO BCEX
BPEMEHHBIX TOYKax SKCrepumeHTa (Tadn. 3).

MpodhmnakTuieckoe NOAKOXHOE BBEAEHME acuanu-
POBaHHOIO 3pUTPONOaTMHA 3a 30 MUHYT OO0 MHOYKUMK
UEeMUM MPUBOAMIIO K [O0303aBUCMMOMY CHUKEHUIO
KOHLEHTpaUMM BUOXMMMYECKUX MapKepoB OCTPOro Mno-
YEYHOrO NOBPEXOEHWS, 3HAYUTENBHOMY POCTY CKOPOCTM
Kry©GOYKOBOM (bUNbTPaLMM U YMEHBLLEHNIO NOBPEXae-
HUS1 KaHaNbLEBbLIX CTPYKTYP, BbIPaXKatoLLMMCS B CHIDKE-
HUM (PpPaKLMOHHON 3KCKpeLun HaTpus, npeBocxoad no
3hheKTMBHOCTM NpenapaT CPaBHEHVSA — 3PUTPOMNOSTUH.

MpenBapuTensHOe NOOKOXHOE BBeAeHWE Kapbamu-
nmpoBaHHoro gapbanoatuHa B fose 50 Mkr/kr 3a 24 yaca
00 MOOENMpPOBaHKs NaTonorum Takke NPUBOAMIIO K CHY-
YKEHUIO KOHLIEHTPALMMN KpeaTUHMHA U MOYEBUHbI, POCTY
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Tabnuya 1/ Table 1

[dnHamMuMKa CbIBOPOTOUYHbLIX KOHLEHTPaLUUn KpeaTMHMHA U MOYEBUHbI
npu BBeAeHUU nsydyaembix sewects (Mtm; n=10)

Dynamics of the serum creatinine and urea concentrations upon the administration of the

studied substances (Mtm; n=10)

e TN L e KpeaTnHuH (MkMonb/n) MoueBuHa (Mmonb/n)
24 yaca 72 yaca 24 yaca 72 yaca
JloxxHoonepupoBaHHbIe 55,7+0,8 56+1,52 5,35+0,21 5,4+0,14
P 57,9+2,38 12043,45x 9,7+0,68x 8,33+0,23x
NP + acnanodlO 0,4 mkr/kr 56,4+2,37 73,9+2,7x.y 6,27+0,39x,y 6,86+0,26x,y
NP + acnanodlO 2,4 mkr/kr 54,4+1,83 63,1+2,2x,y 5,97+0,25x,y 6,76+0,33x,y
WP + 3O 56,7+2,43 79,6+3,27x,y 7,38+0,29x,y 7,06+0,28x,y
WP + kap6aap63r10 58,3+2,29 70,8+3,1x,y 6,14+0,31x,y 6,52+0,28x,y
WP + Oap63rio 59,9+1,79 85,1+1,68x,y 7,13+0,27 x,y 7,15+0,37x,y

MpumeyaHue: * — p<0,05 B cpaBHEHMM C IPYMMON JIOXXHOOMEPUPOBAHHbBIX XXMBOTHBLIX; ¥ — p<0,05 B cpaB-
HEeHUW C rpynnon nuwemumn-penepgysmnu.

Note: X — p<0.05 in comparison with the sham group; ¥ — p<0.05 in comparison with the ischemia-reperfu-
sion group.

Tabnuya 2 / Table 2
OuHamMmuka ckopocTu KnybouykoBon hunsTpaumm n ppakLMOHHON IKCKpeLMu HaTpus
npu BBeAeHun nsyyaembix sewects (Mtm; n=10)
Dynamics of the glomerular filtration rate and fractional sodium excretion upon the
administration of the studied substances (Mtm; n=10)

AKkcnepuMeHTanbHas rpynna KL M) telal(fed
24 yaca 72 yaca 24 yaca 72 yaca
Jlo)XHOONEpPMpPOBaHHbIE 0,51+0,03 0,49+0,03 0,38+0,02 0,5+0,02
nP 0,17+0,02x 0,06+0,01x 2,24+0,12x 7,4+0,78x
NP + acrnano3lO 0,4 mKr/kr 0,32+0,04x,y 0,27+0,02x,y 1,03+0,11x,y 1,57+0,09%,y
NP + acnano3lO 2,4 mkr/kr 0,37+0,03x,y 0,36+0,03x,y 0,91+0,09x,y 1,3+0,09x,y
WP + 3MNO 0,27+0,03x,y 0,21+0,02x,y 1,42+0,11x,y 2,5+0,09
WP + kap6a[ap63l10 0,29+0,02x,y 0,33+0,04x,y 1,05£0,05x,y 1,31+0,11x,y
WP + [ap63r1o 0,21+0,02x,y 0,22+0,01x,y 1,37%0,08x,y 2,3610,07x,y

MpumeyaHue: * — p<0,05 B cpaBHEHMM C FPYNMNON NIOXXHOOMNEPUPOBAHHBIX XUBOTHBIX; ¥ — p<0,05 B cpaB-
HEHWK C rpynnon nuwemmn-penepdysmu.

Note: X — p<0.05 in comparison with the sham group; ¥ — p<0.05 in comparison with the ischemia-reperfu-
sion group.

Tabnuya 3 / Table 3

OvHamMuka ypoBHA MUKPOLIMPKYNALUU NPU BBEeAEHUN N3yYaeMbiX BelecTB

(M+m; n=10)
Dynamics of the microcirculation level upon the administration of the studied substances
(M£m; n=10)
OkcnepuMeHTanbHas rpynna 5 MUHYT 24 yaca 72 vyaca
Jlo)XHOONEpMpPOBaHHbIE 904,5+60,43 870,5+98 859+67,98
nP 209+24,42x 418,1+46,02x 315,5+£13,67x

NP + acnano3MNO 0,4 mKr/kr 489,6+33,65x,y 636,4+20,93x,y 521,8+20,78x,y

NP + acnano3MO 2,4 mKr/kr 670,4+54,19x,y 725,6+47,41x,y 689,3+46,52x,y

NP + 3MNO 459,8+24,06x,y 662,9+22,71x,y 490,5+21,81x,y

WP + kap6a[ap63r10 667,9+40,34x,y 738,9+26,77 x,y 696+23,18x,y

WP + [Nap63M0O 483,8+19,21x,y 686+27,39x,y 555,2+25 46X,y

MpumeyaHue: * — p<0,05 B cpaBHEHMM C FPYNMNON NIOXXHOOMNEPUPOBAHHBIX XMUBOTHBIX; ¥ — p<0,05 B cpaB-
HEeHWW C rpynnon nwemmn-penepdysmu.

Note: X — p<0.05 in comparison with the sham group; ¥ - p<0.05 in comparison with the ischemia-reperfu-
sion group.



CKOPOCTY KIiyOOYKOBOW GoMIsTpaLIMN U YPOBHSI MUKPOLIMP-
KynsaLmm, yMEHbLLEHUIO (OPAKLMOHHOM 9KCKPELIMUN HaTpurs
BO BCEX BPEMEHHbIX TOYKaxX 3KCrepUMEHTa, NMPeBOCXOAs
no adcpeKTMBHOCTUN Aapb3anoaTvH B Ao3e 0,45 MK/
3almTHasa porb 3pUTPONO3ITUHA NPOAEMOHCTPU-
poBaHa B MHOMOYMCMEHHbIX OOKMUHUYECKUX MUccre-
OOBaHMAX Ha MoAensx uvwemuu-penepdys3nn pas-
NNYHBIX OpraHoB U TKaHen [13-16]. PeHonpoTekTmB-
Hble 9dheKTbI SPUTPONOSTUHA ObINM NOATBEPKOEHbI
N B KNUHNYECKOM uccnenoBaHun: npumeHenune 3O
B go3e 300 ME/kr y naLMeHTOB nNpv NpoBEAEHMM One-
pauM1M aopTOKOPOHAPHOIO LUYHTMPOBAHUS NPUBOAM-
10 K CHUDKEHUIO YacTOTbl OCTPOro NOYEYHOro NOBPEX-
OEeHWs, yny4dLeHno yHKLMKU nodek (Mo YPOBHIO Kpe-
aTUHMHA N CKOPOCTM knyboukoBor dunetpaumm) [17].
B HacToswem uccnegoBaHUmM Mbl MPOOEMOHCTPU-
poBanu, 4YTO MpOMUNaKTUYeckoe BBEAEHWE MPOU3-
BogHbIX JMMO: acmanvpoBaHHOMO 3JpPUTPOMO3ITUHA WU
KapbamMnnmMpoBaHHOroO 4apb3nosThHa - MOXET 3HaYU-
TEMbHO YNy4yLWnTb PYHKLMOHAMNbHOE COCTOSIHME MOYEK,
npesocxoas no ahPeKTUBHOCTU IPUTPONOSTUH U Aap-
63noaTvH. Bo3amoxHO, nx Bonee Bbicokas adpdekTms-
HOCTb OOYyCrioBrneHa kak 0COBEHHOCTSIMU hapMaKoKu-
HETMKM, Tak 1 6oree BbICOKMM CPOACTBOM K reTepoau-
MEPHbIM 3PUTPONOSTUHOBBLIM peLienTopam, y4acTByto-
MM B peanunsaLmm MeXaHn3MOoB LIUTOMPOTEKLUN.

3aknioueHue
Pesynbtatbl NpOBEOEHHOr0 UCCNenoBaHUs Je-
MOHCTPUMPYHOT, YTO acuanMpoBaHHbIA 3PUTPOMNOITUH B
nose 2,4 MKr/kr n kap6ammnmpoBaHHbIN apb3nosTUH
B go3e 50 MKr/kr obnagarT BblpaXKeHHbIMU NPOTEK-
TMBHLIMW CBOWCTBaMM Ha MOAENU WLEMUN-penep-
dy3nMn NOYEK, BbIPAKAKLUMMUCS B CHUXKEHUM OBUO-
XUMUYECKMX MapKEpPOB OCTPOro MOYEYHOro MoBpex-
OEHUs1, pOCTe CKOPOCTU KIyOo4KoBOWM chmnsTpaumm u
CHUXEHMMN (PpaKLMOHHONM SKCKPELMN HATpKs, a Takke
KOpPEeKLMN MUKPOLIMPKYNATOPHBLIX HApYLLEHWI BO BCE

BPEMEHHbIE TOYKN KCMEPUMEHTA.

JINTEPATYPA | REFERENCES

1. Chatauret N., Badet L., Barrou B., Hauet T. Ischemia-
reperfusion: from cell biology to acute kidney injury. Prog Urol.
2014; 24(Suppl 1): 4-12.

2. Hammad F.T., Lubbad L. The effect of thymoquinone on the
renal functions following ischemia-reperfusion injury in the rat. In-
ternational Journal of Physiology, Pathophysiology and Pharmacol-
ogy. 2016; 8(4): 152-159.

3. Mao H., Katz N., Ariyanon W., Blanca-Martos L., Adybelli Z., Giuliani
A., Danesi T.H., Kim J.C., Nayak A., Neri M., Virzi G.M., Brocca A., Scalzot-
to E., Salvador L., Ronco C. Cardiac surgery-associated acute kidney in-
jury. Cardiorenal Medicine. 2013; 3(3): 178-199. DOI:10.1159/000353134.

4. Legrand M., Mik E.G., Johannes T., Payen D., Ince C. Renal
hypoxia and dysoxia after reperfusion of the ischemic kidney. Mo/
Med. 2008; 14(7-8): 502-516.

5. Hussien N.I, Emam H.T. The potential protective effects of
erythropoietin and estrogen on renal ischemia reperfusion injury in ova-
riectomized rats. Alexandria Journal of Medicine. 2016; 52(4): 325-335.

6. Reznikov KM., Gorbunova N.S., Kolesnichenko P.D., Tverskoy
AV, Kostina D.A., Bashkatova D.A., Nikitina V.A. Search of new pharma-
ceuticals on the basis of darbepoetin in the treatment of ischemic stroke (re-
view of literature). Research result: pharmacology and clinical pharmacol-
ogy. 2017; 3(1): 125-136. DOI: 10.18413/2500-235X-2017-3-1-125-136.

7. Peresypkina A.A. Correction of ischemic optic neuropathy in
rats by carbamylated darbepoetin. Research Result: Pharmacol-
ogy and Clinical Pharmacology. 2018; 4(1): 43-50. DOI: 10.3897/
rrpharmacology.4.25262.

8. KDIGO Clinical Practice Guideline for Acute Kidney Injury
Kidney International supplements. 2012; 2(1).

9. Banaei S., Ahmadiasl N., Alihemmati A. Comparison of the
Protective Effects of Erythropoietin and Melatonin on Renal Isch-
emia-Reperfusion Injury. Trauma Monthly. 2016; 21(3): e23005.
DOI:10.5812/traumamon.23005.

10. Mofidi A., Bader A., Pavlica S. The use of erythropoietin
and its derivatives to treat spinal cord injury. Mini Rev. Med. Chem.
2011; 11(9): 763-770.

11. Zhuchenko M.A., Serebryakova M.V., Seregin Yu.A,,
Cherepushkin S.A., Lobanova N.V., Klishin A.A., Vologzhannikova
A.A., Kazakov A.S., Permyakov S.E. Carbamylated Darbepoetin
Alfa: Structure and Properties. Biotechnology. 2017; 33(4): 28-43.
DOI: 10.21519/0234-2758-2017-33-4-28-43.

12. Okada T., Sawada T., Kubota K. Asialoerythropoietin has
strong renoprotective effects against ischemia-reperfusion injury in
a murine model. Transplantation. 2007; 84(4): 504-510.

13. DomkukoBa W.H., Mokposckuint M.B., Oomkumkos A.A. Mop-
donornyeckoe 1 MMMYHOTUCTOXMMUYECKOE MCCredoBaHne Mnoyek
npy uwemMun U Ha OHe AUCTAHTHOrO U apmMaKonormyeckoro
NPeKOHANUMOHNPOBaHUS. HayyHbit acriekm. 2015; 2(3): 282-308.
[Dolzhikova I.N., Pokrovskii M.V., Dolzhikov A.A. Morfologicheskoe
i immunogistohimicheskoe issledovanie pochek pri ishemii i na
fone distantnogo i farmakologicheskogo prekondicionirovaniya.
Nauchnyj aspekt. 2015; 2(3): 282-308. (In Russ.)].

14. Shabelnikova A.S. Correction of ischemic damage to
the retina on application of pharmacological preconditioning of
recombinant erythropoietin. Research result: pharmacology and
clinical pharmacology. 2016; 2(2): 67-90.

15. Shabelnikova A.S., Peresypkina A.A., Gubareva V.O.,
Levkova E.A., Dolzhikov A.A., Nikolaev S.B., Stepchenko A.A.
Pharmacological preconditioning by recombinant erythropoietin as
the possibility of increasing the stability of tissue of the retina to
reperfusion ischemia in experiment. Research result: pharmacolo-
gy and clinical pharmacology. 2016; 1(2): 25-29.

16. Moore E.M., Bellomo R., Nichol A.D. Erythropoietin as a novel brain
and kidney protective agent. Anaesth Intensive Care. 2011; 39: 356-372.

17. Song Y.R., Lee T., You S.J., Chin H.J., Chae D.W,, Lim C.,
Park K.H., Han S., Kim J.H., Na K.Y. Prevention of acute kidney
injury by erythropoietin in patients undergoing coronary artery
bypass grafting: a pilot study. Am J Nephrol. 2009; 30: 253-260.

lMocmynuna / Received 03.09.2018
lpuHsima e neyamp / Accepted 27.10.2018

Asmopsbi 3aseunu 06 omcymemeuu KoHukma uHmepecos / The authors declare no confiict of interest

KoHTakTHas nHdopmauma: EnasuH Bnaducnae Bukmoposuy; men.: +7 (919) 219-02-85; e-mail: vlad.elagin2014@yandex.ru;

Poccus, 305021, a. Kypck, np-km Mo6eokbi, 44.

Corresponding author: Viadislav V. Elagin; tel.: +7 (919) 219-02-85; e-mail: viad.elagin2014@yandex.ru; 44, Pobedy avenue, Kursk, Russia, 305021.

(9) gz :810Z MuisaA Ixsudipaw [Auyoneu sueqny



