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Pe3tome. Ienr — ompeneneHue oOIUX 3aKOHOMEPHO-
cTeit MOpPOoyHKIIMOHAIBHBIX M3MEHCHUH TMOYEK U W3-
MEHEHHI B CBEPTHIBAIOLICH CHCTEME KPOBU IIPU pa3BU-
THHU SKCTIEPUMEHTAIIBHOTO pernep(y3noHHOTO CHHIpOMA.
Mamepuan u memoouwt. Viccienoanus nposeeHbl Ha 60
OenbIx Kpbicax-camiax jquHun Wistar, Mmaccoit 180-200 r.
Ha Mozenu penepdysuonHoro cunapoma (PC), koTopslit
MOJICIUPOBATIM MYTEM HAJIOKEHUS PE3MHOBBIX JKI'YTOB
Ha 00e 3aJJHue KOHEUHOCTH Ha YPOBHE MaXOBOW CKIIAJIKH.
MarepuasiioM [UIsl HCCIEIOBAHNS CIYXKIJIa KPOBb KpBIC,
KOTOPYIO TOJTy4YajIy ITyTeM BBITIOTHEHHUS KapIUOTyHKITUH,
onHokparHo. [IpoBeseHo mosTamHOoe MOpdoIorHYecKoe
HCCIIEZIOBaHUE, BKIIIOUAIOIIEe CTAHJAPTHOE TUCTOIOTHYe-
CKO€ HCCIIEIOBaHHE C HCTI0JIb30BaHNEM OKPACKH FeéMaToK-
CIJIMHOM ¥ J03WHOM H IOCJIEAYIOLIee NMMYHOTHCTOXH-
muueckoe (MI'X) nccnenosanue. [lomydaennsie B mporiec-
Ce WCCIIe/IOBaHus JaHHbIE 00padaThIBAINCh METOJIOM Ma-
TEMaTU4ECKOU CTaTUCTUKU. Pe3ynvmamul uccnedosanusn:
MOpQOIOTHIeCKHE U3MEHEHHS TTOYEK B TEYCHUE MEPBBIX
cytok pazsutusi PC eliie He HOCSAT KaracTpoQHUIECKOro Xa-
pakTepa 1 IpOSIBISAIOTCS TOJBKO (POPMHUPOBAHHUEM ITyCKO-
BBIX MEXaHU3MOB IMOBPEXICHUS TIOYEYHON TKaHU, BKIIO-
Yasi akKTUBAIIMIO arlorTo3a W 3aIyCK MPOBOCHIATHTEIbHBIX
MyTeld MOBPEXIEHUs. DTH W3MEHEHHs €llle HEe CKa3bIBa-
I0TCSl B TIOJIHOW Mepe Ha (YyHKIHOHAIBHOH aKTUBHOCTH
mouek. BEIIBICHHBIC HApPYIICHHUS B CHCTEME CBEPTHIBA-
HUS KPOBW C TMOTCHIMAIBLHON yrpo3oit passutus [IBC-
CUHZIpOMa B OOJIBIIIEH CTETICHN CBSA3aHbI C YCUIICHHEM I10-
TpeOneHns: pakTOpOB CBEPTHIBAHUS U B MEHBIIIEH Mepe ¢
YTHETEHUEM TeMOCTaTHUeCKOH (QYHKUUH MOuYeK. 3aKjiio-
yenue: B xone sKCTIepUMEHTAIBHBIX UCCIIEIOBAHUI MaTo-
TeHETUYECKUX MEXaHW3MOB CHH/IpOMa CUCTEMHOH perep-
(hy3un B Teuenne 6, 12 u 24 yacoB OBIIIO YCTAHOBJICHO, UTO
npu pa3BuTHr PC B TKaHW TIOYEK MPOUCXOIAT PEaKITHH
MEPEKPECTHBIX MOJIEKYJISIPHBIX U KJIETOYHBIX B3aUMOJICH-
CTBUU XapaKTEPHBIX JJI1 BOCHAIUTEIBLHOTO Mpotecca. Jle-
¢unuT GakTopoB KOATYISIIUA CYUTACTCS OAHUM U3 KITIO-
YEBBIX MATOTEHETUICCKUX MEXAHM3MOB HApYIICHUH CH-
cTeMbl reMocTaza. OH BOZHUKAET BCIEICTBUE YPE3MEPHO-
ro moTpeOieHns] Ha3BaHHBIX ()AKTOPOB B YCIOBHUSAX JIJTH-
TEJIHHOW aKTHBAIUM KACKaJa KOATYISAIWH, a TAaKKe H3-3a
CHIDKEHUS] CHHTETUYCCKOM (DYHKIMM ITOYEK MPU JUIUTEb-

Abstract. The purpose of this work is to determine
the general patterns of morphofunctional changes in the
kidneys and changes in the blood coagulation system
in experimental reperfusion syndrome. Material and
methods. Studies were carried out on 60 white male rats
of the Wistar line, 180-200g of weight in the modelling of
reperfusion syndrome (RS) by applying rubber tourniquets
to both hind limbs at the level of the inguinal fold. The
studying material was rat blood, obtained by single
cardiopuncture. A staged morphological investigation was
conducted, including a standard histological hematoxylin-
eosin staining and a subsequent immunohistochemical
(IHC) study. The obtained data were processed by
mathematical statistics. Results. Morphological changes
of the kidneys during the first day of RS development
were not catastrophic yet and manifested only by the
trigger mechanisms of renal tissue damage, including the
activation of apoptosis and the launch of proinflammatory
damage pathways. These changes did not yet fully affect the
functional activity of the kidneys. The revealed disorders
in the blood coagulation system with a potential threat of
DIC syndrome development were mostly associated with
increased consumption of coagulation factors and to a
lesser extent with inhibition of renal hemostatic function.
Conclusion. In the experimental studies of systemic
reperfusion syndrome pathogenetic mechanisms during 6,
12- and 24-hours reactions of cross-molecular and cellular
interactions characteristic of the inflammatory process
in kidney tissue were found. Deficiency of coagulation
factors is considered one of the key pathogenetic
mechanisms of hemostatic disorders. It occurs due to
excessive consumption of these factors in the conditions
of long-term coagulation cascade activation, as well as
due to a decrease in synthetic kidneys’ function prolonged
load, and in their hypoxic and reperfusion damage.
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[Toukn UTparoT BaXHYIO POJIb B PETYIAINN CHCTEMBI Te-
MocTa3a. B TkaHsX mouek BeIpabaThIBAIOTCS M BBICTISIOT-
csl B KpoBb U Mouy (haktopsl cBepthiBanus VI, VIII, IX,
X ¥ TpOMOOTIIIACTHH; CUHTE3UPYIOTCS POTHBOCBEPTHIBA-
fore GpakTophl: rernaprH, ypOKHHA3a, TKAHEBOW aKTHBa-
TOp TUTA3MUHOTEHA, COSTUHEHUS, HHTHOupytomntue Gudpu-
HOITU3; TIOTJIOMIAIOTCs U KaTabonuzupytorcs dakrop XII u
yacth pubpunorena [1, 2]. B cBsi3u ¢ 3TUM maronoruye-
CKHE COCTOSIHUS, MPHUBOMAAIINE K MOBPEKICHUIO TMOYEK,
COTIPOBOKJAIOTCS B OOJIbIIEH MM MEHbIIEH Mepe Hapy-
MIEHUSIMU B cucTeMe remocTtasa [3]. [loBpexkmenne modek
oco0oe BHUMaHHE TMPHUBJICKAET B Tporiecce hopMUpOBa-
Hus CIIOH, xotopoe siBIsieTCs OTHUM U3 KITFOUEBBIX KOM-
MOHEHTOB MOBPEKICHUSI OPTaHOB-MUIICHUH, BIUSIOLUIUX
Ha Pa3BUTUE M HCXOABl KPUTHUECKUX cOCTosHUU. [lpu
9TOM COCTOSIHHE CBEPTHIBAIOIIEH CHCTEMBI KPOBU paccMma-
TPUBAIOT KaK OJHO M3 KIIOUYEBBIX YCIOBHH ISl PAa3BUTHS
JVCCEMHHUPOBAHHOTO BHYTPUCOCYIMCTOTO CBEPTHIBAHUS
(ABC-curapoM), TpUBOIAIIETO K Pa3BUTHIO CHHAPOMA
MOJIMOPTaHHON HEAOCTATOYHOCTH C JIETaJbHOCTBIO Ooree
50% [4, 5, 6]. [Ipudem ciieqyeT OTMETUTH, YTO, XOTS pa3-
Butue JIBC-cunapoma B kitaccuueckoi hopMme psijioM Uc-
clemoBarenieit moaBepraeTcsl COMHEHHIO [7, 8], mpobieMa
KOAryJIonaTuy MOTPeOIeHHs TPH KPUTHIECKUX COCTOSHU-
SIX HE TepsIeT CBOEH akTyanbHOCTH [8, 9].

Lean nccienoBanus — onpezeieHue o0muX 3aKOHO-
MepHOcTel MOP(PODYHKIIMOHAIBHBIX U3MECHEHUN TTOYEK U
U3MEHEHUU B CBEPTHIBAIOLIEH CUCTEME KPOBH IMPH Pa3BU-
THU DKCTIEPUMEHTAILHOTO pernep(y3n0HHOTO CHHAPOMA.

MarepuaJjibl 1 METOAbI

HUccnenoanust nmposeaeHsl Ha 60 OENbIX KpbIcax-camiax
muaun Wistar, maccoit 180-200 . JKuBOTHBIX comepskain
B CTaHAAPTHBIX WIEHTUYHBIX yCIOBUSX («PyKoBOICTBO 1O
COZEpKaHHUIO M YXOAY 3a Ja0OPaTOPHBIMU KMBOTHBIMID),

The kidneys play an important role in homeostasis
regulation. In kidney tissues coagulation factors VII, VIII,
IX, X and thromboplastin are produced and excreted into
blood and urine; anticoagulant factors: heparin, urokinase,
tissue activator of plasminogen and compounds inhibiting
fibrinolysis are also synthesized; factor XII and part of
fibrinogen are absorbed and catabolized [1, 2]. In this
regard, pathological conditions leading to kidney damage
are accompanied by disorders in the hemostatic system to
a greater or lesser extent [3].

Kidney damage attracts particular attention in the
formation of multiple organ failure (MOF), which is one
of the key components of target organs damage that affects
the development and outcomes of critical conditions. At
the same time, the state of the blood coagulation system is
considered one of the key conditions for the development
of disseminated intravascular coagulation (DIC), leading
to multiple organ failure syndrome with more than 50%
mortality rate of [4, 5, 6]. Moreover, it should be noted
that although the development of DIC syndrome in the
classical form is questioned by a number of researchers [7,
8], the problem of consumptive coagulopathy in critical
conditions still stays important [8, 9].

The aim of'the study was to determine general regularities
of morphofunctional changes in the kidneys and changes in
the blood coagulation system in experimental reperfusion
syndrome.

Materials and methods

Studies were performed on 60 white “Wistar” rats,
180-200 g of weight. The animals were kept in identical
standard conditions (“Guide for the Care and Use of
Laboratory Animals”, Russian National Standard Z 53434-
2009, article No. 5 of the Convention), what is required to
create the structural groups; the approval of V. I. Vernadsky
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I'OCT 33215-2014, cratbst No5 KoHBEHIIMH), 4TO HEOOXO-
JIIMO JUISL CO3/IaHMs CTPYKTYPHOI TPYMIIbI; HA IPOBEICHUE
paboThl OBLIO MOMYUYEHO pa3pelicHIe KOMHUTETA IO STHUKE
OI'AOY BO «K®Y umenn B.W. Bepraackoroy» (ipoToko
No2 ot 11 cenrsa6ps 2015 1.). MccrenoBanus u SBTaHA3Ms
BBIIIOJIHSUINCh B CTPOTOM COOTBETCTBHU C TOCYAAPCTBEH-
HBIMH M MEXIYHapOIHBIMH HOPMaMH O TYMaHHOM OTHO-
LICHUH K XMBOTHBIM M COOJIOICHHEM OCHOBHBIX TTOJIOKE-
HUIl HOpMaTHBHO-TIPaBOBEIX akToB [10, 11, 12].

OKCIepUMEHTaJIbHbIE MCCIIEA0BAHUS 10 U3YUYEHUIO I1a-
TOT€HETHYECKUX MOP(O-PyHKINOHATIBHBIX HapyIICHUH
1 U3MEHEHUH B CBEPTHIBAIOIIEH CHCTEME KPOBH, IIPOBO-
Il Ha Mozenu penepdysuonnoro cuaapoma (PC), xo-
TOPBI MOJENTMPOBAIM MYTEM HAJIOKEHUS PE3UHOBBIX
KTYTOB Ha 00€ 3a/JiHNe KOHEYHOCTH Ha YPOBHE ITaXOBOM
ckmanku [13, 14]. lllupuna mepexarus TKaHEH COCTaBH-
na 2-3 mM. [lokazarenem npaBUILHOCTH HAJIOKEHHUS HKIY-
Ta SIBJISUIOCH OTCYTCTBHE OTEKA KOHEYHOCTEH U OJIEHOCTD
X OKpackH. PeBacKyispH3alyio MPOU3BOAUIN OHOMO-
MEHTHO MyTEM paccedeHus KTyTOB yepe3 6 4acoB Mmocie
nx Hanmoxenus [15]. IlocpeacTBom mpocToil panmommsa-
M OB COPMHUPOBAHEI CIIETYIOIINE YKCTIEPIMEHTAIb-
HBIE TPYIIIBI )KUBOTHBIX: IPyIna KOHTpons (n=15) — un-
TaKTHBIC XXMUBOTHBIE; TpyNIa penepdysuu 6 gacos (n=12);
rpymmna penepdysuu 12 wacos (n=11); rpynna penepdy-
3un 24 yaca (n=10). Matepuasiom 115 HCCIeI0BaHUS CITy-
XKHJIa KPOBb KPBIC, KOTOPYIO HOJIy4Yaad MYyTEM BBIIOJIHE-
HUS KapJHOIYHKIMH, OTHOKPAaTHO, 00bEMOM 4 MII B OJJHO-
pasoBbie pobukK BakyTeinepsl ¢ 0,05 M O[ITA B teue-
nue 10-15 cex. KpoBs nenTpudyruposanu B tedyenue 15
MuHyT nipu 1200 g. DBTaHA3MI0 )KUBOTHBIX OCYIIECTBIS-
JIU TIOCTIE TIPEIBAPUTEIHHON HAPKOTU3ANN THOTIEHTAIOM
Hatpus (40 MI/KT) TIyTeM aekanuTaiiu [16].

buoxumudeckue uccienoBaHUS KPOBH  IPOBOIM-
U Ha aBTomarmdeckoM aHanmzarope «Targa BT 3000»,
Biotecnicalnstruments (Mtanus) ¢ ucnonb30BaHueM CTaH-
JNApTHBIX KOMMEpPYECKHX Ha0OpOB pEaKTHBOB (UPMEI
«DiaSys». brnoxuMmuueckoe ucciae0BaHne KPOBH DKCIIE-
PUMEHTAJIBHBIX KUBOTHBIX MPOBOJMIOCH C LIEJIbIO OLCH-
KM CIIeIyIOUIMX MoKa3aTeNei: Xonuuacrepasa (X3J), aMu-
J1a3a, KpeaTHHUH, MOYEBHHA.

Jl71s1 OLIEHKM COCTOSIHUSI CBEPTHIBAKOLIEN CUCTEMBI OIpPe-
JEJIATN CIIEAYIONINE MOKa3aTelu: MEXIyHapoaHOe HOp-
ManusupoBanHoe otHomenne (MHO), aktuBHpoBaHHOE
gacTuyHoe TpomOoractTuHOBoe Bpemsi (AUTB), pac-
TBOpUMBIe (pUOpUH-MOHOMEpHBIE KOMIUIeKChl (POMK),
mwrasmuHored (1), antummasmun (AILJI). Iloxasare-
JIM TeMOCTa3a U3MEPSAIN Ha aBTOMaTHYECKOM KoaryjaoMe-
tpe «CA 1500» dpupmbr Sysmex, SIMoHNA, ¢ HCITOTB30BA-
HUEM CTaHIApTHHIX KOMMEPUECKHX HaOOpOB PEAKTHUBOB
Simens, I'epmanns. MHO u AUTB wusMmepsiii KIOTTHH-
roBeIMH MeTofaMH. AkTuBHOCTh AIlJI M KOHLIEHTpaLHIO
[I" onpenensny ¢ MOMOIIBI0 XPOMOTeHHBIX MeTo0B. Co-
nepxanre POMK oreHuBamu pydHbIM Mapakoaryssiu-
OHHBIM METOJIOM C HCIIOJIb30BaHHEM HAaOOPOB pearcHTOB
«Texnonorus-crangapt» (Poccus).

Bruto npoBeneHo no3ranHoe Mopdosoruueckoe uccie-

Crimea Federal University, Medical Academy named
after S. I. Georgievsky ethics Committee (protocol No. 2,
September 11, 2015) on the work was received. Research
and euthanasia were carried out in strict accordance with
state and international standards of humanity in attitude to
animals and in compliance with the basic legal acts [10,
11, 12].

Experimental studies of pathogenetic changes in
pathogenetic morphofunctional and blood coagulation
system changes were performed on the model of
reperfusion syndrome (RS), modeled by the applying of
rubber bands to both hind limbs at the level of the inguinal
fold [13, 14]. The width of the cross-clamping of the tissue
was 2-3 mm. An indication of the correct tourniquet was
the absence of extremities edema and paleness of their
color. Revascularization was performed simultaneously
by cutting the bundles 6 hours after their application. [15].
By simple randomization, the following experimental
animal groups were formed: control group (n=15) —
intact animals; 6-hour reperfusion group (n=12); 12-hour
reperfusion group (n=11); 24-hour reperfusion group
(n=10).

The material for the study was rat blood, which was
obtained by single cardiopuncture, with a volume of 4 ml
in disposable samples vacutainers with 0.05 M EDTA for
10-15 seconds

The blood was centrifuged for 15 minutes at 1200 g.
Euthanasia of animals was performed under thiopental
anesthesia (40 mg/kg) by decapitation [16].

Biochemical blood tests were performed on the automatic
analyzer «Targa BT 3000», Biotechnica Instruments
(Italy) with standard commercial kits of reagents
«DiaSys». Biochemical blood study was carried out to
assess the following parameters: cholinesterase (HE),
amylase, creatinine, urea. The following parameters were
determined to evaluate the state of the coagulation system:
international normalized ratio (INR), activated partial
thromboplastin time (aPTT), soluble fibrin monomer
complex (SFMC), plasminogen (PG), antiplasmin (APL).
Hemostatic parameters were measured on an automatic
coagulometer «CA 1500», Sysmex, Japan, using standard
commercial reagent kits Simens, Germany. INR and aPTT
were measured by clotting methods. APL activity and PG
concentration were determined by chromogenic methods.
The content of the SFMC was assessed by paracoagulatie
manual method using «Technology-standard» (Russia)
kits of reagents.

A phase morphological study, including a standard
histological test with hematoxylin and eosin staining and
a subsequent immunohistochemical (IHC) assay was
performed. IHC assay was carried out on serial paraffin
sections with a thickness of 4 microns (automatic rotary
microtome Leica RM 2255, Germany), placed on adhesive
glass (Leica Biosystems, UK). Concentrated antibodies
to regulators of apoptosis bcl-2-protein (NCL-LBCL-2,
Novocastra, UK) at a dilution of 1:100, a marker of Fas-
receptor CD95 (BD Biosciences, UK) at a dilution of 1:100
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JIOBaHME, BKJIIOYAIONIEE CTAaHAAPTHOE THCTOJIOTMYECKOE
HCCIJIEJIOBAaHUE C HCIOJIb30BAHHEM OKpPACKH I'€MaTOKCH-
JUHOM M J03MHOM H IOCIIEIyIoIee HMMYHOTUCTOXHMU-
geckoe (MI'X) uccnemoBanme. UI'X mccnenoBanne mpo-
BOOWJIM Ha CEPUMHBIX Mapa(UHOBBIX Cpe3ax TONLIMHOH
4 MKM (aBTOMaTW4YeCKUI pOTAIMOHHBIH MUKpOTOM Leica
RM 2255, 'epmanust), TOMEIIIEHHBIX HAa aATC3UBHBIC CTEK-
na (LeicaBiosystems, BemukoOpuranus). Mcnonb3osa-
JIM KOHIIEHTPUPOBAHHBIC aHTUTEIA K PErYJISTOPY aIroITo-
3a bel-2-nporenny (NCL-LBCL-2, Novocastra, Bemmxko-
Oputanwus) B pazsenennn 1:100, mapkep Fas-pernentopos
CD95 (BD Biosciences, BenukoOpuranusi) B pasBeze-
Huu 1:100 (Mcmonp30BaIu pacTBOP AJIS pa3BEACHHUS Iep-
BUYHBIX aHTUTeNn LeicaBiosystems, BenukoOpuranus),
a Tak)Xe TOTOBbIE K HCIOJIh30BAHHIO MOHOKIIOHAIBHBIC
aHTUTENa K Mapkepam JeiikorutoB CD45, CD8, CD6S,
CD56 (xnmon MM, Leica, BenukoOpuranus). [Ipumens-
mu cucremy aerekuun Polymer Refine Detection (Leica
Biosystems, BenukoOpuranus). [locTaHOBKY peakuuu
OCYIIECTBIISUIM C TOMOIIBIO aBTOMAaTH3MPOBAHHOM CH-
crembl UI'X okpammuBanus Bond Max (Leica Biosystems
Melburn Pty, ABcTpanus), B KaKI0H CEpUH JOTOTHUTEIb-
HO CTaBMJIM PEAKLHUIO C TKAHSIMHU HEraTUBHOTO ¥ IO3UTHUB-
HOTO KOHTPOJISA K yKa3aHHBIM aHTUTeldaM. Peakuuio ore-
HUBAJIM B CBETOBOM I10Jie TpH yBeauueHun 400X B gecsatu
MoJIsiX 3peHus. Mcrnonp3oBanu ckanep mpenaparoB Aperio
CS2 (LeicaBiosystems, ['epmManus) ¢ mporpaMMHBIM 00€-
cneueHneM AperiolmageScope. IIpocmorp n nmdpossie
¢doTtorpaduy MHKpOIPENapaToB OCYLICCTBILIN LUPPO-
Boil kamepoit OLYMPUSC 5050Z, yctaHoBiIeHHOH Ha
mukpockonie  «OlympusCX-41». Mopdomerpuueckuii
aHAaJM3 MMOTYYCHHBIX JTAHHBIX MTPOBOJMIH C TOMOIIBIO JIH-
IIEH3MHHOTO TTPOrpaMMHOT0 obecriedeHus Imagel.

[lonmy4eHHble B mpoLecce UCCIeA0BaHMs JaHHbIE 00pa-
0aTBIBAJINCH METOAOM MaTeMaTu4eCcKOW CTaTUCTUKU C UC-
MOJb30BAaHUEM CEPTUPHUIHMPOBAHHOTO KOMITBIOTEPHOTO
nakera 00padoTku ganHbix MedStat my1s paboThl B cpesie
Windows. Onpenensuiimch OCHOBHBIC CTAaTUCTUICCKUC Xa-
pakTtepucTuku: cpegree (M), ommbka cpemaero (m). s
CPaBHEHHS TPYIIIOBBIX CPEIHUX B ABYX I'PYIIIAaX MCIOIb-
3oBavics t-xkputepuit CTbiofeHTa. Pe3yiasrarsl craTucTiye-
CKOHl 00pabOTKH IMOKa3aTeNeil CUCTEMBbl reMocTas3a Mmpea-
CTaBJICHBI B BUJIC OTHOCHUTEIBHBIX PAa3JIM4Ui C KOHTPOIIb-
HOM I'pYIIION B MPOIEHTAX.

Pe3yabTartnl u 00cyxaenue

B pesynbTrare BBINOTHEHHBIX NCCIIE0BAHUI yCTaHOBIIE-
HO, YTO MOP(OJIOTHYECKHIE N3MEHEHUS B TKAHH TIOYEK MPH
MozenupoBanuu PC xapakTepu3yIoTcsi HapyIIeHUSIMHU MU-
KPOLUPKY/ISIIUU U JUCTPOPUUECKU-HEKPOTHUECKUMHU 13-
MEHCHUSIMH SIIUTEINUS U3BUTHIX KaHAJIBLIEB PA3HOM CcTere-
HU BBIPAKEHHOCTH. Tak, B Ipymie 3KCIepUMEHTalIbHbIX
KUBOTHBIX C MOJIEJIBIO IIECTUYACOBOM MILIEMHUH BBISBIIE-
HBI TeMOoNepy3uOHHbIC HAPYIICHUS, TPOSBISIONINECS B
BHUJIC TIOJIHOKPOBHUA COCYIAOB U KallWJLIAPOB, MHTCPCTH-
LUaIbHBIM U TIEPUBACKYJISIPHBIM OTEKOM M T'MaJIMHOBO-
KaneabHOH auctpodueld HepOLUTOB NOYEUHBIX KaHAIb-

(for dilution of primary antibodies; Leica Biosystems,
UK) and standard monoclonal antibodies to markers of
leukocytes CD45, CD8, CD68, CD56 (clone MM, Leica,
UK) were used. The system of detection Polymer Refine
Detection (Leica Biosystems, UK) was employed. The
production reaction with an automated IHC assay staining
system Bond-Max (Leica Biosystems Pty Melburn,
Australia) was performed; in each series an additional
reaction with the tissues negative and positive control for
these antibodies was set. The reaction was evaluated in a
light field at 400x magnification in ten fields of view. The
scanner CS2 Aperio (Leica Biosystems, Germany) with
software Aperio ImageScope was used. Browsing and
digital photos of the slides were carried out with a digital
camera OLYMPUSC 50507 installed on the microscope
«OlympusCX-41». Morphometric analysis of the obtained
data was performed on the ImageJ licensed software.

The data obtained during the study were processed by
MedStat (Windows) certified computer program. The
main statistical characteristics were determined: average
(M), mean error (m) and standard deviation. Student's
t-test was used to compare group averages in the two
groups. The results of statistical processing of hemostasis
system parameters are presented in the form of relative
differences with the control group in percentage.

Results and discussion

As a result of the performed studies was stated that
morphological changes in kidney tissue in the modelled
RS are characterized by microcirculatory disorders and
dystrophic-necrotic changes of different severity in the
tubular epithelium. Thus, in a group of experimental
animals with a model of six-hour ischemia, hemoperfusive
disorders were revealed, that manifested by congestion,
interstitial and perivascular edema and hyaline-drip
dystrophy of nephrocytes of the renal tubules. Analysis
of kidney tissue slides in groups with the modeling RS
in terms of 6 and 12 hours showed the progression of
hemoperfusive disorders. Congestion, glomeruli with
foci of petechial hemorrhages, and stasis phenomena take
place. Perivascular interstitial edema and hyaline droplet
degeneration of kidney cells with the destruction of the
brush border, epithelial swelling, condensation of nuclei
were marked (Fig.1A).

In the group of experimental animals, when modeling
ischemia-reperfusionsyndromein24 hours, more expressed
changes were determined, manifested not only by vascular
hyperemia and stasis, but also by sludge with capillary
fibrin blood clot and more extensive foci of hemorrhages.
Perivascullary moderate leukocyte infiltration was
observed. The foci of nephrocyte necrosis were noticed in
tubular epithelium which is a morphological manifestation
of necrotic nephrosis and acute renal failure (Fig. 1B).

The analysis of IGH reactions with inflammatory and
apoptotic markers in the studied terms of reperfusion
development allowed to state some regularities. Thus, the study
of apoptosis markers FAS (CD95) and bcl-2 in kidney tissue
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1eB. AHaJTM3 MUKPONPENaparoB TKAHU MOYEK IPYTIbI KU~
BOTHBIX Npu MozaenupoBanuu PC B cpoku 6 u 12 yacos
MoKa3all TPOrPeccHio TeMonepdy3nOHHBIX PACCTPONCTB.
l'unepemust cocyoB, KallmIIsIPOB, KIyOOUYKOB ¢ OyaraMu
METEXUaJIbHBIX KPOBOU3IMSIHUN, UMEIOT MECTO SIBJICHHS
craza. OTMeYaeTcsl MHTEPCTULHANBHBIN MEePUBACKYIISP-
HBIH OTEK W THAIMHOBO-KamnelbHast TucTpodust Hegpouu-
TOB C pa3pylICHUEM LICTOYHON KaliMbl, HAOyXaHHEM DITH-
Tenus, KoHaeHcaruel saep (puc. 1A).

B rpynme skcneprMeHTaIBHBIX KMBOTHBIX MPH MOZAEIIH-
POBaHMH CHH/IpOMA HIIEMHHU-perniepdy3un B TeueHnn 24 Ja-
COB ONPEACIISIOTCS OoJiee BhIPAKEHHbIE U3MEHEHHS, MIPOSIB-
JSFOLIMECS] HE TOJIBKO MOTHOKPOBUEM M CTA30M COCYAOB, HO
1 HaJIMYMEM CllaJika ¢ popMUpOBaHUEM (PHOPHHOBBIX TPOM-
OOB B Kanmuuiipax, 0ojiee OOIIMPHBIMKU OYaraMd KPOBOM3-
JustHAN. [lepuBacKymnsipHO OTMeEYaeTCsl yMEpEHHas! JIEUKO-
uurapHas nHGuisTpanust. Co CTOPOHBI TyOYIISIPHOTO SIIUTE-
JTIVISL TIOSIBIISIFOTCSL OYark HEeKpo3a He(hPOLIUTOB, UTO SBIISIETCS
MOP(HOIOrHIECKIM IPOSIBICHIEM HEKPOTHYECKOro Hehposa
Y OCTPOH MOYEUHON HEOCTAaTOYHOCTH (puc. 1B).

T

b

OKpacka reMaToKCUAMHOM U 303UHOM. YBenndeHue x200.
A — TKkaHb MOYEK KpbIC B rpynne ¢ MoAeabio CMHAPOMA
nwemumn-penepodysmm 12 u. lmnepemma cocyaa (cTpenka).
Ounctpoduyeckne n o4arosble HEKPOOMOTUYECKUE N3MeE-
HeHWA HedpPOUUTOB NMPOKCMMAJBbHbBIX U AUCTaNbHbIX NO-
YeYHbIX KaHaNbLEeB.

B — TkaHb Mo4YeK KpbiC B rpynne c penepdysuein yepes
24 4. Tunepemusa KanuAnapoBs KaybouKa u neputybynapHoi
KanunnapHoM cetn (TOHKaa cTpeska). OBWMpPHbIN HEKPO3
3NUTENNA NPOKCMMA/IbHBIX KaHa/IbLEB (TONCTAsA CTPESIKA).

Anamu3z UI'X peakiuil ¢ mapkepaMu BOCHaJIEHUS U
aronTo3a B UCCIEyeMbIX CpPOKax pa3BuUTHS perepdy3un

revealed the presence of immunohistochemical inversion of
Pro-apoptotic and anti-apoptotic markers in experimental
groups in comparison with intact animals. Samples of intact
animals’ kidney tissue were characterized by spread intense
nuclear expression of FAS-ligand in epithelial cells in all
cases, mainly distal tubules with an average of 79.43+15.27
cells, which indicated their increased sensitivity to the action
of various pathological factors (table. 1).

Stained with hematoxylin-eosin. Magnification x200.

(A) Rat kidneys tissue in the experimental group after 12
hours of reperfusion. Congestion(arrow). Dystrophic and
focal necrobiotic changes in nephrocytes of the proximal
and distal renal tubules.

(B) Rat kidneys tissue in experimental reperfusion after
24 hours. Hyperemia of the glomerular capillaries and
peritubular capillary network (thin arrow). Extensive
necrosis of the epithelium of the proximal tubules (bold
arrow).

In longer reperfusion periods, a stable decrease in the
number of FAS+ cells were recorded due to both the
increase of necrobiotic changes’ area in the tubules and the
development of necrotic nephrosis. In this case, recorded
rates were high enough due to the redistribution of the
cellular mortal receptor in cells of lymphoid origin.

Tubular epithelial cells abundantly expressed CD95,
reaching maximum data at 12-hour reperfusion. (Fig.2B).
Fine cytoplasmic positive reaction of bcl-2 in control
samples of kidney tissues was stated diffusely in the
parenchyma, both in the cerebral and cortical layers (Fig.
2C.). IGH analysis in experimental groups with ischemia-
reperfusion syndrome revealed a decline in the expression
of the apoptosis blocker marker in tubular epithelial cells
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MTO3BOJIWII YCTAHOBUTh HEKOTOPBIC 3aKOHOMEPHOCTH. Tak,
uccienoBanue mMapkepos aronrosa FAS (CD95) u bel-2
B TKaHH IMMOYEK BBISBHJIO HAJIMYUE UMMYHOTHCTOXHMMHUYC-
CKOW WHBEPCHU TIPOAIMONTOYECKUX M AHTHANONTOTHYE-
CKHX MapKepOB B AKCIEPUMEHTAIBHBIX TPYIIIaX B CpaB-
HEHUH C UHTAKTHBIMH )KHBOTHBIMH. B 00pa3iiax TkaHu 11o-
YEK MHTAKTHBIX KHBOTHBIX BO BCEX CIIy4asX XapaKTepH-
30Bajiach PaCIpOCTPAHEHHON MHTEHCUBHOM SJIEPHOM DKC-
npeccueit FAS-nuranma B 3MUTENIUOIUTAX, MPEUMYIIE-
CTBEHHO IUCTAFHBIX KaHAIBIIEB CO CPEIHUM ITOKa3aTe-
nem 79,43+15,27 xeTku, 9To CBUACTEIHCTBYET 00 WX T10-
BBIIIICHHOW YYBCTBHTEIBHOCTH K JIEHCTBHIO PAa3INYHBIX
MaToJIOrHYeCcKUX GakTopos (Tadm. 1).

Tabnuua 1

KonuuectseHHble NokasaTen UMMYHOTUCTOXMMMUYECKUX
peakuuit Bo dparmeHTax TKaHM NoYeK KPbIC C MOAENbIO
penepdy3noHHOro CUHAPOMA

FAS(D9S)| Bc-2 | CDe8 | cp8 | cD4s | cDs6

lpynna

M+m (A6c.)

Kowtpons | 79,43+ | 16,01% | 10,25+ | 4,16+ | 6,40+ | 6,81+
n=15 1527% | 3,78* | 3,14* | 0,92* | 2,19* | 0,74*
Wwemms 6 | 103,01+ | 10,71+ | 1573+ | 7,29 | 10,01+ | 8,12+
yacos n=12 18,91* | 2,43* 4,01% 1,01* 3,12* 1,01*
:E:Zpitos 147,86+ | 6,18+ | 21,38+ | 10,34+ | 15,78+ | 11,13+
N 19,03* | 1,00 | 516* | 3,17* | 571* | 3,01*
Penepdy- | 101414 | 403t | 2912 | 1501 | 20,22¢ | 14,07+

31s 12 yacos
N 16,25% | 0,92* | 9,01* | 501* | 7,01* | 3,28*
zs:zmca 8804+ | 0,08+ | 3551+ | 19,26+ | 30,04+ | 17,02+
N 1495% | 001* | 10,12% | 6,71* | 9,13* | 4,11*
anMe‘-laHMe: 3Bé3AOLIKaMM OoTMeYyeHa [OOCTOBEPHOCTb

pasnnunii nokasartenem (p) No OTHOLLEHWUIO K KOHTPOJIbHOW
rpynne *MBOTHbIX (¥*p<0,05); N — KONMYECTBO KUBOTHbIX.

[Tpu Gonee MPOJOIKUTENBHBIX pernep(y3nOHHBIX TEPH-
onax (pukcupyercs cTaduabHOE yMeHbIIeHHEe uncia FAS+
KJIETOK B CBSI3M C YBEIIMYCHHUEM TUIOIIA TN HEKPOOHOTHYE-
CKMX M3MEHEHUH KaHAJBIIEB U Pa3BUTHUS HEKPOTHUECKOTO
Hedpo3sa. [Ipy 3ToM J0CTaTOYHO BBICOKHE B LIEJIOM IOKa-
3aTeny (UKCHPYIOTCS 3a CUET NepepacipeieCHus peLen-
TOpa CMEPTH B KIETKU JIMM(POUTHOTO TIPOUCXOXKICHHUSI.

DONUTENNOIMTHI KaHAIBIIEB OOMIBHO JKCIPECCHUPYIOT
CDO935, nocTturasi MakCUMaJIbHBIX MoKazarened mpu 12-tu
yacoBol penepdysun. (puc. 2B). Crnabas untoriazmaru-
Yyeckas MO3UTUBHAsE peakuus bel-2 B KOHTPOJBHBIX 00-
pasuax TKaHel moyek ompenesnsuiack aAuddysHo B mapeH-
XUME, KaK B MO3TOBOM, TaK W KOpKoBoM ciosix (puc. 2C).
NI'X aHanu3 B 3KCIIEPUMEHTAIBHBIX TPYIIaX MPU MOJIe-
JUPOBAaHUH CHHApPOMA HIIEMHUHU-penep(y3uH O3B0
BBISIBUTH IPOTPECCUBHOE CHIKEHHE YKCIIPECCUU MapKepa
0J0KaTropa anonTo3a B AMUTETNOLUTAX KaHAIBIEB BIUIOTh
JI0 TOTaJbHOTO MCYEC3HOBCHHS TPU OJHOBPEMEHHOH WH-
teHcubukauu FAS-nuranaa (puc. 2D).

VYBenuuenne myna MakpodaroB B HIIEMH3NPOBAHHBIX
TKaHSIX COMPOBOXKIAETCs HapacTanueM mnoryisiiun CD8+
KJIETOK BCJIICTBUE UX aHTUTEHHOW aKTUBAIlMH MaKpoda-

up to total disappearance with simultaneous intensification
of the FAS ligand (Fig. 2D.).

The rise of macrophages pool in ischemic tissues
was accompanied by an expansion in the CD8+ cell’s
population due to their macrophagic antigenic activation.
The progression of the CD45 marker also characterized the
prevalence of exudative processes over alterative ischemia.

Table 1
Numerical characteristics of immunohistochemical
markers in rat kidney tissue with reperfusion syndrome
model

FAS(CD9S)| Bc-2 | cDe8 | D8 | cp4s | CDs6
Mztm(abs)
10,2543,14* | 4,168092*

Group

Control n=15

Ischemia 6
hours n=12

79,43£15,27* | 16,01#3,78* 6,40£2,19* | 6,8110,74*

103,01£1891* | 10,7142,43* | 15,73+4,01% | 7,29¢1,01* | 10,01+3,12* | 8,12+1,01*

Reperfusion
6 hours n=12
Reperfusion
12 hours
n=11
Reperfusion
24 hours
n=10
Note: * indicate the reliability of differences in data (p) in
comparison with the control group of animals (*p<0.05);
n — the number of animals

147,86119,03* | 6,18£1,02* | 21,3815,16* | 10,3443,17* | 15,7845,71* | 11,1343,01*

101,41£16,25* | 4,03£0,92* | 29,1249,01* | 15,0145,01* | 20,2247,01* | 14,0743,28*

88,04¢14,95* | 0,08£0,01* | 35,51+10,12% | 19,2646,71% | 30,0449,13* | 17,0244,11*

Thus, the analysis of IGH reactions in kidney tissues
of experimental animals indicated hyperactivation of
proapoptotic factor CD95 in distal tubules and simultaneous
critical inhibition of apoptosis blockers. Probably, this
contributes to the activation of phagocytosis, which is
accompanied by antigenic presentation to lymphoid cells.
This explains the increased expression of CD8+ - specific
marker of T-killers, which indicates the potentiation of
secondary cytotoxic alteration of hepatocytes.

To sum up the results of IGH reactions and
pathomorphological changes in kidneys at the light-
optical level, it can be assumed that in RS there were
reactions of cross-molecular and cellular interactions
typical to the inflammatory process in kidney tissue. There
was a phase of alteration (development of dystrophy and
necrosis with simultaneous inhibition of apoptosis) and
phase of exudation began either (increase in the number
of inflammatory cells in kidney stroma). The maximum
degree of damage was observed in the group with
reperfusion period duration of 24 hours.

Against the background of the described morphological
changes in kidneys tissue, a change in blood biochemical
parameters characterized the functional state of the kidneys
was established.
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ramu. [Iporpeccus mapkepa CD45 taxke xapakrepusyet
MPEBAIMPOBAHUE DKCCYJATUBHBIX MPOILIECCOB HAJ| ajbTe-
paTUBHOM HIlIEeMU3AIUEH.

PucyHoK 2. UTX peakuumn B TKaHM NOYEK KPbIC KOHTPO/Ib-
HOM W 3KCNepMMeHTanbHbIX rpynn. YB. x200.

A — KoHTponbHaa rpynna. Mo3nTUBHAA A4epPHAA IKC-
npeccuna mapkepa CD95 B anuTennoumMTax KaHaNbLEB.

B — 3JKcnepuvmeHTanbHaAa rpynna ¢ MOAENbIO ULWEeMUU-
penepdysun B TeyeHme 12 yacos. Mo3nMTUBHAA AgepHas
aKkcnpeccmna mapkepa CDI5 B anuTennoumMTax KaHaNbLEB.
C — KoHTtponbHas rpynna. No3ntneHas umMtonaasmaTtmye-
CKan peakuma mapkepa Bcl-2.

D — 2KkcnepumeHTanbHaA rpynna ¢ MoAeNblo UWemMnn-
penepdysnn B TeyeHne 6 Yacos. MO3UTMBHAA LUTOMNNA3-
MaTUYecKan peakuma mapkepa Bcl-2.

Fig. 2. IHCreactionin rat kidneys tissue in control and experimental
groups. Magnification x200.

A. The control group. Positive nuclear expression of the marker
CD95 in tubular epitheliocytes

B. The experimental group with reperfusion of 12 hours. Positive
nuclear expression of the marker CD95 in tubular epitheliocytes
C. The control group. Positive cytoplasmic response with marker bcl-2.
D. The experimental group with reperfusion of 6 hours. Positive
cytoplasmic response with marker bcl-2.

CD56 marker of natural killers showed reliable differences with
control samples both 12 and 24 hours after the beginning of
reperfusion despite the absolute increase in the number of
positively colored cells, (Fig. 3A, B)
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CD56 mapkep HaTypalbHBIX KHIIIEPOB, HECMOTpPS Ha
a0COJIFOTHOE TOBBINICHUE KOJUYECTBA MO3UTHBHO OKpa-
IICHHBIX KJIETOK, MPOJAEMOHCTPUPOBAN JIOCTOBEPHBIC OT-
JIAYIHS ¢ KOHTPOJIBHBIME 00pa3IiaMu TaKxke ciycts 12 u 24
yaca rocie Hadana perepdysuu (puc. 3A, B)

PucyHok 3. UTX peakuuna ¢ mapkepom CD56 B TKaHKU no-
YeK KpPbIC 3KCNepMMEHTaIbHbIX *KMBOTHbIX. YB.200.

A — 3KcnepuMeHTaNbHaA FPynna XMBOTHbIX C MOAENbIO
penepdysnn B TeyeHmne 24 yacos. MNo3nTMBHAs membpaH-
HaA peakuma B inmbongHoMm arperaTe.

B — KoHTposibHaA rpynna XMBOTHbIX. EAMHMYHbIE KNeTKU
C NO3UTMBHOM MeMbpaHHON peakumen.

Takum obOpaszom, ananu3z MI'X peakuuil B TKaHsAX HO-
YeK IKCIEPUMEHTANBHBIX JKUBOTHBIX CBUACTEIBCTBYET O
THIIEPAaKTUBALIMU TpoanonToTndeckoro gaxropa CDIS B
JICTABHBIX KaHAJbIIaX U OJHOBPEMEHHOM KPUTHUYECKOM
YTHETCHHUH OJIOKaTOPOB amonTo3a. BeposTHo, 3TO criocoo-
CTBYET aKTHBALMK (aronurosa, YTO CONPOBOKIAAETCS aH-
TUTEHHOH Tpe3eHTalueld KieTkam JUM(OUTHOIO psija.
OrtuM 00BsCHSIETCS MOBBIIICHHE AKcrnpeccun CD8+ —
crenupuueckoro Mapkepa T-KWIJIEpOB, UYTO CBHICTEIb-
CTBYET O MOTEHIIMPOBAHUN BTOPHYHOHN ITUTOTOKCHYECKON
aJIbTepaLuy IrernaToluTOB.

Cymmupys pesyiasrarel UI'X peakunii 1 matomopgoo-
THYECKUE M3MEHEHHUS [T0YEK Ha CBETOONITHYECKOM YPOBHE,
MOYKHO MPEATIONOKUT, 4TO Mpu pazsutuu PC B TkaHH 110-
YeK MPOUCXOAT PEaKIUH MEPEKPECTHBIX MOJCKYISPHBIX
1 KJIETOYHBIX B3aUMOJEHCTBUI, XapaKTEPHbIX AJIs BOCIIa-
JTUTENHHOTO Tporiecca. Bo3Hnkana ¢aza anpreparmn (pas-
BUTHE TUCTPO(UHU U HEKPO3a NPU OJHOBPEMEHHOM yTHE-
TEHHH aronTo3a) ¥ HadYMHaiIack asza sKccynanun (yBenu-
YeHHEe KOIMYEeCTBa KJIETOK BOCTIAIUTENLHOTO psijia B CTPO-
Me 1o4eK). MakcuMalbHasi CTeNeHb MOBPEKACHUS OTMe-
Yajach B IPYIIE C IPOAOJIKUTEIBHOCTBIO penepdy3noH-
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Fig. 3. IHC reaction with marker CD56 in rat kidneys tissue
of experimental groups. Magnification x200.

A. The experimental group with reperfusion of 12 hours.
Positive membrane reaction in the lymphoid aggregate
B. The control group. Single cells with a positive membrane
reaction.

The regular dynamics of changes in hemostasis indices
was proved as a result of the experiment. Against this
background, more significant changes were revealed in the
study of rats’ hemostatic parameters in RS model (Fig. 4).
It was found that at 6-hour ischemia there is a significant
increase in INR, but valid changes in hemostasis were not
reached. Attaching a 6-hour reperfusion injury, significant
changes were detected in the parameters of both external
and internal coagulation pathways. There was a steady rise
in INR and extension of aPTT by 170% compared with
the control group. There was also a marked reduction
in the content of soluble fibrin-monomer complexes-
by 62 % compared with the control. In addition, there
was a decrease in plasminogen levels on a background
antiplasmin level drop. The shown extension of aPTT
indicates excessive consumption of blood coagulation
factors-hypercoagulation,  connected  with  active
prothrombinase‘s complex formation by the internal
coagulative mechanism.

In the prolongation of reperfusion up to 12 hours, the
increase in INR had been continuing, which was almost
2 times higher the control value, and the extension of the
aPTT reached a 5-times higher of the control level. More
intensive cleavage of peptide bonds in fibrin and fibrinogen
by plasmin was accompanied by accumulation of fibrin
degradation products (fibrinogen), which increased by
1.2 times. The increase in the duration of the reperfusion
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HOTO nepuosa 24 yaca.

Ha ¢one onmcanHbIX MOpPQOJIOrHYECKHX H3MEHEHHN
TKaHU TIOYEK YCTAHOBJICHO M3MEHEHHE OMOXMMHYECKUX
[I0Ka3aTeNiel KPOBM, XapaKTEpU3YIOUMX (YHKIHOHAIIb-
HO€ COCTOSIHHE IOYEK.

B munamuke passutust PC B rpymnmne >KMBOTHBIX C IPO-
JOJDKUTEIBHOCTBIO pernepdy3MoHHOro nepuoaa 6 4acoB
MIPOMCXOAUT TOBBIINIEHHEe KpeaTHHHHA Ha 36%. Kpeartu-
HUH JKCKPETHUPYETCS MPENMYIIECTBEHHO IOYKaMH, Ta-
KUM 00pa3oM, €ro ypoBE€Hb MOXKET IOBBILIATHCS P I10-
YEYHOM HOBPEXkKACHUH, a TAK)Ke MAaCCHUBHOM TpaBMaru3a-
LIMU CKEJIETHOM MYCKYJIaTypbl, 4TO, B CBOIO OY€pelb, MO-
KeT MOCITYXUTh MPUUMHON Pa3BUTHsI OCTPOTO MOYEHHO-
'O MOBPEKACHUS IPU TUHAMHYECKOM ITOBBIIIEHUH JAHHO-
IO MOKa3aTels, a Tak)Ke CHIYKEHUH IT0YaCOBOTO TeMIIa JH-
ype3a. [Ipu 5ToM ypOBEeHb MOYEBHHBI IPAKTUYECKH HE OT-
JIMYAJCs OT 3HAUYE€HUH KOHTPOJIBHOM IPYIIIbI, UYTO CBUJE-
TENbCTBYET 00 OTHOCUTEIBHO COXPAaHHOW (HIBTPaLMOH-
HOW (PYHKIMH TIOYEK.

Tabnnua 2
BMOXMMMYECKMNIA COCTAB KPOBM Y KPbIC MPU IKCNEPUMEH-
TaAbHOM penepdy3MoHHOM CUHAPOME

MNokasatenu
Mpynna KpeaTuHuH MouesunHa
MKMOAb/N Mmonb/n
KoHTponb n=15 43,66%2,2 3,94+0,2
Nwemuna 6 yacos n=12 45,442 3% 3.9340,2*
Penepdysusa 6 yacos n=12 66,6%3,6* 3,32+0,1*
Penepdysma 12 yacos n=11 41,13+* 3,72+1,9*
Penepdysua 24 yaca n=10 46,4+2,3%* 2,74+0,1*

MpumeyaHue: 3BE3JO0YKAMW OTMeEYeHa AO0CTOBEPHOCTb
pa3nyMii nokasatenen (p) No OTHOWEHUIO K KOHTPO/b-
HOM rpynne XMBOTHbIX (*p<0,05); N — KOANYECTBO KMU-
BOTHbIX

B pesynbrare mpoBeneHHBIX 3KCIIEPUMEHTAIbHBIX HC-
CJIEZIOBaHUH TPOCIEKUBAETCS 3aKOHOMEpHAasl JMHAMHUKa
M3MEHEHHI Moka3zareseil remocTasa. Ha atom ¢one 0o-
Jiee CYIIEeCTBEHHBIE WM3MEHEHUS BBISABICHBI TPU HCCIIe-
JIOBaHUM ITTOKa3aTele reMocra3a Kphic ¢ Moxaensio PC
(puc. 4). Hamu ycTaHOBIIEHO, YTO TIPH 6-TH YaCOBOM HIIIe-
MHHU OTMeuaeTcst JoctoBepHoe noseimenne MHO, onna-
KO CYIIECTBEHHBIX M3MEHEHHH reMocTa3a He Oonpeneis-
ercs. Ilpu npucoeanHenuu 6-Tu yacoBoro pemnepdy3oH-
HOTO MOBPEKACHAA B TIOKA3aTEJAX BHEIIHETO U BHYTPEH-
HEro IyTH CBEPTHIBAHUS KPOBH OOHAPY)KUBAIOTCA CY-
HIECTBEHHbIE H3MeHeHHs. OTMEYeHO TOCTOBEPHOE IIO0-
Boiienue 3Hadennss MHO u yanunenne AUTB nHa 170%
[0 CpPaBHEHUIO C TPYNIOil KoHTpons. Taxke HaOmona-
JIOCHh BBIPAYKEHHOE CHIDKEHHE COAEPIKAHNS PACTBOPHUMBIX
(hnOpMH-MOHOMEPHBIX KOMITJIEKCOB — Ha 62% 10 cpaB-
HEHUIO ¢ KOHTponeM. Kpome TOro, OTME4EHO CHMKEHHE
YPOBHS IUTa3MUHOTeHa Ha (JOHE YMEHBILCHHS YPOBHS aH-
TUIUIa3MHMHA KpoBH KpbIc. [lokasannoe ynnnnenne AUTB
CBHUJICTEILCTBYET 00 M30BITOYHOM HM3PACXOIOBAHUM (PaK-
TOPOB CBEPTHIBAHUS KPOBU — THIIEPKOATYJISIIH, YTO CBSI-

period up to 24 hours was characterized by a twice higher
level of INR, a 5-times higher excess of aPTT and the
preservation of an increased level of SFMC.

Table 2
Biochemical composition of blood in rats with
experimental reperfusion syndrome
Parameters
Group —
Creatinine mecmol/l | Urea Mmol/I
Control n=15 43.66+2.2 3.94+0.2
Ischemia 6 hours n=12 45.4+2 3% 3.930.2*
Reperfusion 6 hours n=12 66.6+3.6* 3.32+0.1%*
Reperfusion 12 hours n=11 41.13+* 3.72+1.9%
Reperfusion 24 hours n=10 46.4+2.3* 2.74+0.1*

Note: * — indicate the reliability of differences in data
(p) in comparison with the control group of animals
(*p<0.05); n — the number of animals
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Fig. 4. Hemostatic parameters in modeling of reperfusion

syndrome.
Note: | — ischemia, RS — reperfusion syndrome.
INR- international normalized ratio, aPTT -activated

partial thromboplastin time, APL — antiplasmin, PG —
plasminogen, SFMC — soluble fibrin monomer complex

Analysis of the coagulation system dynamics indicates
significant differences and assumptions for the phased
hemostatic system reaction at different times of ischemia-
reperfusion syndrome. Thus, in short-term, 6-hour,
ischemia-reperfusion, there is an activation of blood
clotting factors with a predominance of hypercoagulation,
which can be explained by the systemic activation of
plasma systems in response to acute stress damage. The
prolongation of ischemia-reperfusion syndrome up to
12-24 hours leads to a change in hemostasis indicators
towards hypocoagulation, which may be associated with
the depletion of blood clotting factors and their circulation
entry’s reduction due to a decrease in kidney function in a
case of damage.

Comparison of biochemical parameters of renal functions
with disorders in the coagulation system indicates that
in the blood coagulation system in a case of reperfusion
syndrome, changes become profound. Apparently, the
morphological changes of the kidneys during the first day
of reperfusion syndrome are not yet catastrophic and are

print ISSN 2073-9125
on-line ISSN 2500-0918

vestnikural.ru

JOURNAL OF URAL MEDICAL ACADEMIC SCIENCE 2019, Vol. 17, No. 1 13



Obuwas namonozus

DOI: 10.22138/2500-0918-2020-17-1-5-17

3aHO C MHTEHCUBHBIM 00Pa30BaHUEM aKTHBHOTO IPOTPOM-
OMHA3HOTO KOMIUIEKCA MO0 BHYTPEHHEMY MEXaHH3MY Ie-
MOKOATyJISILIUH.
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PucyHok 4. MNoKasatenn remocTtasa npu moaeimpoBaHun
penepdy3noHHOro CMHAPOMA.
Mpumeyanne: N — umwemnsa, PC — penepdy3nOHHbIN
cuHgpom, AYTB akTMBMpPOBAHHOE YacTuyHoe Tpombo-
nnactmHosoe Bpemsa, POPMK pactBopumbie GUOPUH-
MOHOMepHble KomnaeKebl , NI naasmuHoreH , MHO mex-
AyHapoAHOe HOPMann3MpoBaHHOe oTHoweHue, AMNJT aH-
TUNAA3MUH

[Tpu npononranuu penepdy3rnoHHOTO Mepuoaa a0 12
9acoB MpoAoJDKanock yBenumaeane MHO, xoTophril mou-
TH B 2 pa3a MPEeBOCXOIWI KOHTPOJIbHOE 3HAYCHUE, U Y-
nuHenue AYTB pgocturano 5-kpaTHOro NpeBbILICHUS KOH-
Tpons. bosnee MHTEHCHMBHOE pacUIEIIEHUE IUIa3MHHOM
NENTUAHBIX CBsI3eH B puOprHe u puOpUHOreHe conpoBo-
KJIATOCh HAKOIIJICHUEM TPOAYKTOB Jerpananuu GuopunHa
(¢pubpuHOTEHA), KOTOPBIE YBENUINBAINCH B 1,2 pasa. YBe-
JMYEHHUE [UINTENIBbHOCTH penepdy3nOHHOTO IMEepuoaa o
24 gacoB XapaKTepU30BaJOCh B JIBa pasza 0osee BEICOKUM
ypoBHeM MHO, nsatukarueiM npessitienneM AUTB u co-
XpaHeHHeM MOBBIIIeHHOTo ypoBHSI POMK.

AHanmu3 TUHAMUKH TI0Ka3aTesieil CBEPTHIBAIOIICH CHCTE-
MBI CBHUIETENIBCTBYET O 3HAUUTEIbHBIX OTIMYMAX U CTa-
OUHHOCTH B PEaKLUH CUCTEMbl I'€éMOCTa3a B pa3HbIE CPo-
K1 (OpMHPOBaHMS CUHApPOMa HIeMUH-penepdysun. Tak,
MpU KPaTKOBPEMEHHOMW, 6-4acOBOM, HIIEMUH-penepy3un
HaOmoaeTcst akTuBalys (PaKTOPOB CBEPTHIBAHMUS KPOBH C
peodajaHeM THITIEPKOArysIsIiiY, YT0 MO)KHO OOBSCHUTD
CHCTEeMHOW aKTMBAlMEH IIa3MEHHBIX CHCTEM B OTBET Ha
OCTPOE CTPECCOBOE MOBPEKACHUE. YBEIUUCHNUE UINTEIb-
HOCTH TEUEHHs CUHIApPOMA HieMuu-penepdysuu no 12-24
4yacoB NMPUBOANT K U3MEHEHUIO MOKa3aTelel reMocTasa B
CTOPOHY THIIOKOATYJISIIIH, YTO, MOXKET OBITh CBSI3aHO C HC-
TOIIEHHEM (PaKTOPOB CBEPTHIBAHUS KPOBH M YMEHBIIICHU-
€M UX HOCTYIUICHHSI B CUCTEMHBIIl KDOBOTOK M3-3a CHMIKE-
HUS QYHKIMH TIOYEK B YCTIOBHUSIX MOBPEKICHUS.

Comnocrapnenne OMOXMMHUYECKUX IOKa3arenei, xapak-
TepU3yIUX (QYHKIHUIO MOYEK, C HAPYIICHUSIMHU B CUCTE-
M€ reMOKOaryJisiliii CBUAETEIbCTBYET O TOM, YTO B CBEp-
THIBAIOLIEH CUCTEME KPOBHU IIPU Pa3BUTHU pernepdy3noH-
HOTO CHHJIpOMa U3MEHEHHS HOCAT OoJiee ITyOOKHii Xapak-

manifested only by the formation of trigger mechanisms of
renal tissue damage, including the activation of apoptosis
and the launch of proinflammatory damage pathways.
These changes do not yet affect the functional activity
of the kidneys completely. On the basis of this, it can be
assumed that in reperfusion syndrome, disorders in the
blood coagulation system with a potential threat of DIC
syndrome are more associated with increased consumption
of coagulation factors and to a lesser extent with inhibition
of hemostatic renal function.

Conclusion

In the experimental studies of the pathogenetic
mechanisms of systemic reperfusion syndrome during 6,
12 and 24 hours, it was found that the development of RS in
renal tissue is characterized by cross-reactions of molecular
and cellular interactions typically to inflammation.
Deficiency of coagulation factors is considered one of the
key pathogenetic mechanisms of hemostatic disorders. It
occurs due to excessive consumption of these factors in the
conditions of long-term coagulation cascade activation, as
well as due to the inhibition of kidney synthetic function
in prolonged load, and in its hypoxic and reperfusion
damage.
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tep. [lo Becelt BuaMMOCTH, MOP(OIOTHIECKUE U3MEHEHHS
MOYEK B TEUEHHE MEPBBIX CYTOK Pa3BUTHUS pernepdy3noH-
HOTO CHH/IPOMA €I11¢ He HOCAT KaTacTpo(hUIEeCcKOro Xapax-
Tepa U MPOSBIAIOTCS TOIBKO (JOPMUPOBAHUEM ITyCKOBBIX
MEXaHU3MOB MOBPEXKIEHUS IMOYEYHOW TKAHH, BKIIIOYAS
AKTUBAIMIO aIlOINTO3a U 3allyCK MPOBOCHAIUTEIbHBIX ITy-
Tell MOBPEXAEHUA. DT U3MEHEHHMSI €ll€ HE CKa3bIBAIOTCS
B MOJIHOW Mepe Ha (PyHKIMOHAIBHOW aKTHUBHOCTH IMOYEK.
Ha ocHoBaHnM 3TOr0 MOXKHO TOJNararh, 4TO MPH perep-
(y3MOHHOM CHHAPOME HAapyLICHUS B CUCTEME CBEPTHIBA-
HUS KPOBHM C MOTEHUMAIBHON yrpo3oil pa3sutusi [IBC-
CHUHIPOMA B OOJIbILIEH CTETIEHH CBSA3aHBI C YCUIICHUEM I10-
TpeOneHus (akTOpoB CBEPTHIBAHUS U B MEHBLICH Mepe C
YTHETEHUEM TeMOCTAaTHIeCKOW (DYHKIH TOYEK.

3akaouenue

B xo7e aKCIepUMEHTANIbHBIX HCCIIEIOBAHUI Marore-
HETHMYECKMX MEXaHW3MOB CHHApPOMa CHCTEMHOH penep-
¢by3un B TeueHue 6, 12 u 24 yacoB ObUIO YCTaHOBIICHO,
gto npu pazButuu PC B TKaHU MOYEK MPOUCXOMAT peak-
UM TIEPEKPECTHBIX MOJIEKYJISPHBIX M KICTOYHBIX B3au-
MOJICHCTBHM, XapaKTEepPHBIX JUIsi BOCHAJIUTEILHOIO MpO-
necca. Jepurnur GpakropoB Koarymsiuu CUUTACTCS Of-
HUM U3 KIIOYEBBIX MATOTEHETHYECKUX MEXaHU3MOB Hapy-
mieHuit cucteMbl remoctaza. OH BO3HUKAET BCIIEACTBHUE
Ype3MEepHOro MoTpeOIIeH s Ha3BaHHBIX ()AKTOPOB B YCIIO-
BUSIX JUTUTEIIHHOM aKTHBAIIUH KAacKaJla KOAryJIsIHH, a TaK-
JKE M3-32 CHU)KCHHS CHHTETUYECKOW (DYHKIIMU TOYEK MPH
JUTATEIBHON UX Harpys3Ke, a TAKKe MPH €€ TUITOKCUIECKOM
U penepdy3uOHHOM MOBPEKICHHU.
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