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Placental Cryoextract and Renin-Angiotensin-Aldosterone System
Blockade Mitigate Renal Failure in Rats

Pedbepar: Y poboti BuBYanm BNnvMB BBEAEHHS KpioekcTpakTy nnaueHTn wypa (KEM), megnkameHTo3HOI Grnokagn peHiH-aH-
rioTeH3nH-anbgocTepoHoBoi cuctemn (PAAC) eHananpunoM i CnipOHOMaKTOHOM Ta iX KOMOIHOBaHOI Aii Ha CTPYKTYypYy TKaHWUHK
i BUAINbHY DYHKUiO HMPOK LUYPIB y Pi3Hi TEPMIHW PO3BUTKY XPOHIYHOI HMPKOBOI HepoctatHocTi (XHH) Ha Tni rniueponosoi mo-
Aeni. Yepes 3 TwxkHi nicns BBeAEeHHSA MiLEpony y TBapuH BCiX rPyn BUSBMAANOCS HU3bKE 3HAYEHHS LUBMAKOCTI KIybo4KoBOI inbT-
pauii, NopyLUeHHA KPOBOTOKY B KOPi HMPOK, AUCTPOMis KaHanbLEeBOro enitenit, 3ananeHHs Ta Habpsk iHTepcTuuii, WO CBiAYMTbL Npo
noyatok po3sutky XHH. Yepes 16 TwxHIB y HenmikoBaHWX LLypiB nepeBaxanu ssuwia TybynoiHTepcTuuianbHOro Hedputy Ta Hedpo-
cknepo3dy. 3acTocyBaHHA MeanKaMeHTo3Hoi brniokaan PAAC, a Takox KomnnekcHe nikyBaHHSA Gnokatopamu PAAC Ta KpioekcTpakTom
nnaueHT BUKNMKaNo 3yMWHKY 3anaribHUX NPOLECiB Y TKaHWHI HUPKWU, BiAHOBMEHHS KPOBOOOGIry Ta Hopmanisauito BUAINbHOI dyHKLT,
Ak 36epiranuca Ao 16 TUXKHIB CNOCTEPEXEHHS.

KniouoBi cnoBa: XpPOHiYHA HUPKOBA HEOOCTaTHICTb, KPIOEKCTPAaKT MraueHTW, MeaukamMeHTo3Ha Ornokaga peHiH-aHrioTEeH3UH-
anbAoCTEPOHOBOI CMCTEMU, MOPPONOriYHa CTPYKTYpa, KpeaTuHIH.

Abstract: Here, we have studied the impact of administration of rat placental cryoextract (PCE), drug blockade of the renin-
angiotensin-aldosterone system (RAAS) with enalapril and spironolactone and their combination on the rat kidney tissue structure
and excretory function at different stages of chronic renal failure (CRF) development using the glycerol model. In 3 weeks after glycerol
introduction, the animals from all the groups showed low values of glomerular filtration rate, impaired blood flow in renal cortex,
tubular epithelial dystrophy, inflammation and edema of interstitium, indicating the onset of CRF development. Tubulo-interstitial
nephritis and nephrosclerosis were dominated in untreated rats 16 weeks later. The use of RAAS drug blockade, as well as a comprehen-
sive therapy with RAAS blockers and placental cryoextract stopped the inflammatory processes in renal tissue, restored blood cir-

culation and normalized excretory function, which persisted for up to 16 weeks of observation.
Key words: chronic renal failure, placental cryoextract, drug blockade of renin-angiotensin-aldosterone system, morphology,

creatinine.

Ha choropmHimmHiil J1eHh XpOHIYHA HUPKOBA He-
nocrarHicth (XHH) HanexxuTh 10 HEBHIIIKOBHUX
MaTOJIOT1H, MaTOTeHe3 SIKUX XapaKTePH3YEThCS MOC-
TYIIOBHM, ajlé HEYXWJbHUM pPYHHYBaHHSM HHUPKO-
Bux cTpykryp [11]. Cy4yacHuil miaxig 10 JiKyBaHHS
XHH mnepen6adae BUKOpPUCTaHHS HEPPONPOTEKTHB-
Hoi Tepamii Ha paHHIX eTarnax 3axBoproBaHHs. Exc-
MepUMEHTAIbHI JIaHI CBigYaTh, IO 3aCTOCYBaHHS
TKaHWH 1 KIITHH (ETOIUTAllEHTapHOTO KOMIUIEKCY
3/IaTHE KOPHUTYBATH IUTHI PsJ MATOJIOTIYHUX CTaHIB
1 MO)ke OyTH OJHUM 3 HOBHX HAIPSMKIB JIIKYBaHHS
ta nmpodirakruku XHH [1, 4, 17, 19, 27].

Bigomo, mo mo MexanizmiB marorene3sy XHH, a
TaKOX Pi3HUX (HOpM TyOyIOIHTEPCTUIIAEHOTO Hed-
pUTY 00OB’SI3KOBO 3QJTyYa€ThCSl PEHIH-aHT10TEH3WH-
anpaocteponona cucrema (PAAC) [7, 22]. Ipu 11p0-
MY HEMHHYYE 301IbIIYETHCS CHHTES 1 MiAIBUIYETHCS
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Nowadays, a chronic renal failure (CRF) belongs
to incurable pathologies, the pathogenesis of which
is characterized by gradual, but steady destruction
of renal structures [20]. Current approach to CRF
treatment includes the use of nephroprotective the-
rapy at the early stages of the disease. Experimen-
tal data suggest using the tissues and cells of
fetoplacental complex to be capable of correcting a
large number of pathological states and may be one
of the new directions for CRF therapy and preven-
tion [4, 5, 8, 9, 25].

It is known, that the mechanisms of CRF pa-
thogenesis, as well as various forms of tubu-
lo-interstitial nephritis mandatory involve the renin-
angiotensin-aldosterone system (RAAS)[13, 16]. This
inevitably entails an increased synthesis and acti-
vity of different vasopressors, including the angio-
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AKTHBHICTb Pi3HUX Ba30MPECOPHUX CYOCTaHIIIH, 30K-
pema Heliporopmony anriorensuny Il (AT-1I) [24],
IO MOCHJIIOE IHIEMil0 MEPBUHHOI MiKpPOKAIISIPHOL
MEpeKi HUPOK, 1HIIIIOE CHHTE3 Ta CEKPEIIiI0 albI0C-
TEPOHY, & TAKOXK aKTHBI3y€ MPOLECH ITIOMEPYJO- Ta
He(pOCKIIepO3y, CIIPUSIIOUN XPOHI3aIlil MaToIOTI9HIX
MIPOIIECiB y HUPKaX.

Jlo mikapChKUX IIpernapariB, 30aTHUX 3HATHO BITITH-
Batu Ha akTuBHIcTH AT II, a oTxe, i Ha piBeHb BHYT-
PIITHBOKITYOOUKOBOI TirepTeH3ii, MpoTeiHypii Ta MBHUA-
KICTh PO3BUTKY IJIOMEPYJIOCKIEPO3Y, MOXKYTh OyTH
BiJTHECEHI 1HTIOITOPU AaHTIOTEH3UHIIEPETBOPIOKOYO-
ro gepmenty (1AI1D), 6rokaropu peuentopis AT-I1
i mpsimi 1HTIOITOpH peniny. Kaniiizdepirarounii aiy-
PETHK — CHIPOHONAKTOH — 3JaTHUM OJIOKyBaTtu pe-
LIENITOPHI B3aEMO/IiT aJibJIOCTepOHY [5].

Ho nenmomikiB Tepamii 1AII®D BigHOCUTBHCS BH-
pakeHe mporpecyroue 30uIbIIeHHS iX HE()POTOK-
cuuHocTi B ymoBax po3sutky XHH [8]. Kpim Toro
JOBeJIeHO, 110 micis Tepamii 1AII®D gocuThs mBHIKO
MiABUIIYETHCS PIBEHb aJbIOCTEPOHY, SIKHMHM TaKOX
Ma€ BUPaKEHI1 aHTH]IIyPETHYHI BIACTHBOCTI, OCKiIb-
KM HOTO CEKpeIi0 Ha TJIi BUKOPUCTAHHS IIperapa-
TiB Ii€i Tpynmu B OpraHi3Mi MOYHMHAIOTH aKTHBHO
CTUMYJIIOBATH iHIII, HE TI0B’s13aH1 3 PAAC, YnHHUKH
[18, 25]. KpioekctpakT mnanentu (KEII), skuii mae
MPOTH3AMalbHI Ta IMYHOMOMYJIIOIOUI BIACTHBOCTI
[1], moxe xommeHcyBaru Henmoiiku Tepamii 1AIID
1 CIIPOHOJIAKTOHOM. Y HAIIMX MOMEPEIHIX JOCHTiI-
JKEHHSX II0Ka3aHo, 10 BBeAcHHS ajorenHoro KEII
rypaMm 3 TOCTPOIO HHUPKOBOIO HEIOCTATHICTIO TO-
KpairyBajio MOp(OQyHKIIOHATBHUNA CTaH HHPOK
Ta 3aTPUMYBAJIO PO3BHTOK 1HTEPCTHLIaJbHOTO Hed-
puty [15], a Takok 3MEHIITyBajIo O3HAKHU €H0Teiallb-
Hoi nmucdynkuii [10]. Ha namy mymky, xKoMmOiHy-
BanHs KEII 3 TpaaumiiHUMu MeIWKaMeHTO3HUMHU
METOJaMH JIKyBaHHA MOXKE 3a0e3MeUUTH CTilKy
peMmicito 3axBOpIOBaHHS y BifJIaJieHi TEPMIiHH poO-
3BuTKy XHH.

Meta poOOTH — IOCHTIIKCHHS BIUIMBY aJjlOTCH-
HOTO KpPIOEKCTPAKTY IUIALIEHTH Ta MEIMKaMEHTO3HOI
Onokaau peHiH-aHTI0TEeH3WH-aBI0CTEPOHOBOI CHC-
TEMHU Ha CTPYKTYpy TKaHHHHM HHUPKHU Ta ii BHILIBHY
(GyHKIIIO B TIpoIieci PO3BUTKY XPOHIYHOI HUPKOBOI
HEIOCTAaTHOCTI Y IIyPiB.

Marepiajau Ta MeTOIH

ExcriepuMeHTH MpOBOAMIM BiANOBIAHO 10 3aKo-
Hy Ykpainu «[Ipo 3axucT TBapuH Bil KOPCTOKOTO
noBokeHH (Ne 3447-1V Bim 21.02.2006) 3 mor-
PUMaHHSIM BUMOT KOMITeTy 3 OioeTwkH IHCTHTYTY,
Y3TOKCHHX 13 MOJIOKEHHSIMU «EBpOIEHChKOi KOH-
BEHLII MpO 3axMCT XpeOETHUX TBapWH, L0 BUKO-
PHUCTOBYIOTBCSI [UIsl €KCHEPUMEHTAIBHUX Ta 1HIIMX
HaykoBuX minei» (CtpacOypr, 1986).
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tensin Il (AT-1I) neurohormone [22]. This enhances
the ischemia of primary microcapillary network
of the kidney, initiates synthesis and secretion of
aldosterone, as well as activates glomerulo- and
nephrosclerosis, thereby contributing to pathology
chronicity in kidneys.

Inhibitors of angiotensin-converting enzyme (iACE),
AT-II receptor blockers and direct renin inhibitors
may be referred to the drugs able to significantly
affect the AT II activity, and hence the level of
intraglomerular hypertension, proteinuria and glo-
merulosclerosis development rate. Potassium-spa-
ring diuretic: spironolactone is capable of blocking
the receptor interactions of aldosterone [10].

The limitations of iACE therapy include a pro-
nounced progressive increase in their nephrotoxi-
city under CRF development [17]. Furthermore, quite
a rapid increase in aldosterone level after iATE the-
rapy, which also possesses the pronounced anti-
diuretic properties, has been proven. This is due
to the fact, that against the background of use of
this group drugs, the other non-RAAS factors begin
an active stimulation of aldosterone secretion in
a body [7, 23]. The placental cryoextract (PCE)
which has anti-inflammatory and immune-modu-
lating properties [4] may compensate the limita-
tions of therapy with iATE and spironolactone.
Our previous studies showed the administration
of allogeneic PCE to rats with acute renal failure
to improve the morphofunctional state of kidneys
and delay the development of interstitial nephritis
[27], as well as to reduce signs of endothelial
dysfunction [19]. We believe that the combination
of PCE with the standard drug therapies may en-
sure a sustainable remission of the disease in long
term of CRF development.

The objective herein was to investigate the im-
pact of allogeneic placental cryoextract and drug
blockade of renin-angiotensin-aldosterone system on
the structure of kidney tissue and its excretory func-
tion during chronic renal failure development in
rats.

Materials and methods

The experiments were carried out in accordance
with the Law of Ukraine ‘On the Protection of
Animals Against Cruelty’ (Ne 3447-1V of February
21, 2006) in compliance with the requirements
of the Bioethics Committee of the Institute for
Problems of Cryobiology and Cryomedicine of the
National Academy of Sciences of Ukraine, agreed
with the provisions of the ‘European Convention
for the Protection of Vertebrate Animals Used
for Experimental and Other Scientific Purposes’
(Strasbourg, 1986).
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Marepianom AociipkeHHs Oyau 65 Oinux 4-mi-
csiuHuX Oe3nopoxHux mrypis macoro 180-200 r. J{ns
MOJICTIIOBaHHSI TOKCHMYHOI HHMPKOBOi HEIOCTAaTHOCTI
TBapHWH BUTPUMYBaIH 24 TOAMHU 0€3 1XKi, MICIIsT 40T0o
OIHOKPAaTHO BHYTPILIHBOM 5130B0 BBOAWIH 50%-ii
BOJIHUI po3uuWH Tiirepoiy B 1031 10 M Ha 1 kT Macu
Tina [14, 16, 20].

Teapunu Oynmu po3momiieHi Ha Tpymw: 1 (KOHT-
ponb) — intaktHa (N = 5); 2 (XHH) — Momens XHH
(n =15); 3 (KEII) — monens XHH i3 BHyTpimIHb0-
m’si30BuM BBeneHHAM KEII mo 0,5 mi tpudi mpoTs-
TOM THDKHSI Ha JIPYTrOMY TH)KHI PO3BHTKY MaTOJOTil
(n = 15); 4 (MB) — monen» XHH i3 3acTocyBaHHSIM
MeankameHnTo3Hoi 61okagu PAAC (Mb) enanarpu-
aom (tabneroBana ¢opma «Enam» («KRKA», Cro-
BEHis)) mo 2,5 Mr Ta chipoHONakToHOM (TabneTo-
BaHa ¢opma «Bepowmmipony» («I'emeon Pixtepy,
VYropmnHa) mo 25 Mr, sKi BBOAMIM PEr 0S y J103i
0,5 min cycnensii (10 mr «Enanmy» + 200 mr «Bepo-
mmipory» B 30 M (i3i0M0TiYHOTO PO3YMHY) IIO-
JIEHHO Ha 2—3-My TH)KHAX PO3BHTKY marosorii (N=15);
5 (Mb + KEII) — monens XHH i3 3actocyBannsm Mb
PAAC, sx # y rpymi 4, Ta OTHOYaCHUM BBEICHHSIM
KEII Ha 2-My THXHI pO3BHTKY TATOJIOTIl 32 BUIIEB-
KazaHuMu go3amu (N = 15).

Hua Burorosnenns KEII Tkanmny mypa Bin-
MUBaJH (i3i0JOTIYHIM PO3YNHOM, TOMOTEHI3YyBaJH,
3amopoxxyBaiu 10 —18°C mpotsrom 24 ronuH. Jls
OUTBII 1HTEHCHBHOIO PYWHYBaHHS KIITHH 1 BHXOIY
3 HUX 010JIOTIYHO AaKTUBHUX PEYOBHUH FOMOTEHAT ITiJI-
JlaBajii JIBOKPAaTHOMY 3aMOPOXKYBaHHIO Yy pPiAKOMY
a30Ti Ta BiAIrpiBy, micas yoro 3mimyBaiu 3 ¢izio-
joriyauM po3uuHoM (1 : 2), ueHTpudyryBamu mnpu
4500g. Jlns momasplIoro 3acTOCYBaHHS OTPUMAHUN
cynepHaraHT (KpioeKcTpakT) 30epirajii B piaKoMy
a30Ti.

Ho3u menukameHnTiB st O6mokamu PAAC pos-
paxoByBay 3a ¢opmynoro PuGomosmesa [12]. [lo-
syBanHs KEII mpoBommim BimmoBimHO A0 JaHHUX
B.I I'pumenka Ta cmiBaBT. [1] i T.M. IOpuenko
Ta cmiBaBT. [15]. TBapuH KOkHOI 3 Tpyn (O N = 5)
BHBOJIWJIM 3 €KCIIEpUMEHTy 4epe3 3, 8 Ta 16 Tmxk-
HIB TiCIs BBEICHHA IIIIEPONy IIIIXOM €BTaHa3ii
3a JlupekruBoro 86/609 €C Ta yromoro Paau €Bpo-
mu ETS 123. TictonoriuHi npenaparu BUTOTOBIISLIH
3TiIHO 3 KJIIACHYHHMHU METOJMKaMH, 3a0apBIrOBaH
TeMaTOKCHJIIHOM 1 €03WHOM, aHalli3yBajd B OITHY-
HoMy Mikpockomi R-40 («Granumy, Kurait). ®oto-
peectpanito mpoBoxmin 3a gonomorotro CD-kame-
pu «UCMOS 03100 KPA» («Touptek photonicsy,
Kuraii). Ilnomy HuUpKOBHX KITyOOYKIB BHMipIOBajH
3a foriomoroto nporpam « Toup View 3.7» («ToupTek»,
Kwurait) Ta «Biovision 4.0» («West Medica», ABct-
pist). st enexTpoHHO-MIKpPOCKOIIIYHOTO J0CIiHKEH-
Hs ()parMeHTH TKaHWUHH HUPKHU QikcyBanmu B 3%-My
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Experiments were performed in 65 white 4-month-
old outbred rats weighing 180-200g. To simulate
a toxic acute renal failure the animals were de-
prived of food for 24 hrs, then they were injected
with a 50% aqueous solution of glycerol at a dose
of 10 ml per 1 kg of body weight once intramuscu-
larly [1, 3, 11].

Animals were divided into the following groups:
the group 1 (control) was the intact animals (n = 5);
the group 2 (CRF) consisted of the rats with CRF
model (n = 15); the group 3 (PCE) comprised the
animals with CRF model, injected intramuscularly
with PCE by 0.5 ml thrice within a week at the
second week of pathology development (n = 15); the
group 4 (DB) was the CRF model with RAAS
drug blockade (DB) by enalapril (Enap tablets 2.5mg
(KRKA, Slovenia)) and spironolactone (Verospiron
tablets 25 mg (Gedeon Richter, Hungary)), admi-
nistered per os at a dose of 0.5 ml of suspension
(10 mg Enap + 200 mg Verospiron in 30 ml saline)
daily during weeks 2-3 of pathology development
(n = 15); the group 5 (DB + PCE) included the ani-
mals with CRF model received RAAS DB, as in
the group 4, and a simultaneous administration of
PCE during week 2 of pathology development at
the above doses (n = 15).

For PCE preparation, the rat tissue was washed
with saline, homogenized and then frozen down to
—18°C for 24 hrs. Homogenate was twice frozen
in liquid nitrogen and thawed, then mixed with sa-
line (1:2), centrifuged at 4,500g for more intensive
cell destruction and release of biologically active
substances. The obtained supernatant (cryoextract)
was stored in liquid nitrogen for further use.

The drug doses for RAAS blockade were cal-
culated by Rybolovlev’s formula [21]. The PCE was
dosed according to the data reported by V.I. Grysh-
chenko et al. [4] and T.M. Yurchenko et al. [27].
Animals from each group (n = 5) were sacrificed
via euthanasia in 3, 8 and 16 weeks after glycerol
administration according to Directive 86/609 EEC
and Council of Europe Convention ETS 123. His-
tological specimens were prepared according to the
standard techniques, stained with hematoxylin and
eosin, analyzed with Granum R40 optical microscope
(China). Micrographs were taken with ‘UCMOS
03100 KPA’ camera (Touptek Photonics, China).
The glomerular area was measured using ‘Toup-
View 3.7’ (ToupTek, China) and ‘Biovision 4.0° (West
Medica, Austria) software. For electron microscopy,
the fragments of kidney tissue were fixed in 3%
glutaraldehyde solution with phosphate buffer and
osmium tetroxide and placed in epon-araldite.
Semi-thin sections (0.5 pm) were stained with
methylene blue and fuchsin (basic), analyzed with




PO3YMHI IIyTapoBOTO ajblerigy Ha QochaTHOMy
Oydepi Ta YOTUPHOXOKHCY OCMIiI0 Ta MOMIIAIA B
enoH-apanauT. Hamisronki 3pizu (0,5 Mxm) 3abap-
BIIIOBAJIN METHJICHOBUM CHHIM Ta JY)XHUM (yKCH-
HOM, aHali3yBajl B ONTUYHOMY Mikpockori R-40.
VYbTpaToOHKI 3pi3M TICHS KOHTPACTyBaHHS ypaHiI-
aleraroM 1 LUTPAaTOM CBHMHIIO IOCHIIKYBalId 3a
JIOTIOMOTOIO eJIeKTpOHHOTO Mikpockorma [TEM-125K
(«Selmi», Ykpaina) mpu mpHUCKOPIOBANBHIN HaIpy3i
75 kB, 3a0e31MeYeHOr0 CUCTEMOIO 3HIMAHHS 1 aHATI3Y
300pakenHs: CA3-01A («Selmi») 3 BUKOpUCTaHHIM
CCD-kamepu DX-2 1 mporpamu juist 00poOku 300-
paxenns («KKAPPA», Himeuuuna).

TBapuH ycixX TpyIl MOMIilaIx B OOMIHHI KaMepH
i 30upany cedy B yMOBax CIHOHTaHHOTO Jiype3y
npotsarom 06u 110 3a0010. B mpobax ceui Ta KpoBi
BU3HAYaJIM PIBEHb KpeaTHHiIHYy Ha OioXiMiuHOMY
anamizaropi BTS-350 («Biosistems S.A.», [cnanis) 3
BHKOPUCTAHHSIM JIIarHOCTUYHOTO Habopy (mist ¢orto-
METPHYHOTO KOJOPUMETPUYHOIO0 BU3HAUCHHS Kpea-
TUHIHY KiHETHYHUM METOIOM Oe3 JenpoTeiHiarrii)
(«Cormay», llonpma). Po3paxoByBanm IIBHIKICTH
kiryooukoBoi dinerparii (LLIKD) 3a Pebeprom-Tape-
eBuM [2].

CratucTuaay 0OpOOKYy OTpHUMaHUX pE3yIIbTaTiB
poBOAIIA 3a Aoromororo mporpam «Excel 2007»
(«Microsofty, CIIIA) Ta «Statgraphics 2.1» («Stat
point Technologies Inc.», CIIIA). MixrpynoBy pi3-
HUIIO OI[IHIOBaNM 3a HenapamerpuyHuM U-Kpu-
TepieM ManHa-YitHi. JlaHi B TaOnuili HaBOIWIH
SK cepelHe apU(pMeTHUHEe * CTaHJapTHE BiIXUIICH-
HSl.

PesyabTaTn Ta 00roBopeHHs

Haii0inpm noka3oBuii KpuTepiii po3BUTKY TyOy-
JIIpHOTO He(pOo3y TpH TIIIEPOJOBI MoOJeN HUp-
KOBOi HEJOCTATHOCTI — ITiIBUIIIEHUIA BMICT y CHPO-
BaTIIi KPOBi KPEaTHHIHY, IKAH € KiHIIEBUM ITPOTYKTOM
OLIKOBOTO OOMIiHY, IO PIBHOMIPHO PO3MOILTIETHCS
B PIOKHUX cepeloBHINAX opraHi3Mmy. Haitgacrime
XHH cynpoBomxyetbes 3umkeHHAM LITK®D i Hass-
HICTIO MiKpoaias0yMiHypii. 3B’ 430K M KOHIIEHTpa-
niero kpearuHiny i LIK® wenminiiinuid, Tomy Ha
panHix cranisx XHH npu pysxe OJU3bKUX PiBHSIX CH-
poBarkoBoro kpearuHiny LIK® moxe BinmpizHATHCS
Maitke B ABa pazu. Y 3B’sa3ky 3 uuM [IIK® moxna
BBa)KaTH HAWHOUIbII YYTJIMBHM ITOKa3HUKOM (yHK-
LIOHAJILHOTO CTaHy HUPOK [26].

Yepe3 3 TwkKHI micas BBEOCHHS DIILEPONY Vy
TBapuH TIpynHu 2 CIOCTEpirajiocst MOMIpHE MOpY-
LICHHS BUALIBHOT QYHKLIT HUPOK, PO SIKE CBIIUMIH
OJIiTOypis, TOMIpHA TiMepKpeaTHHIHeMis (KOHIICHT-
pauis KpeaTHHIHYy HE3HAYHO IEPEBHIIYyBaJla IOKa3-
HUK IHTaKTHUX TBapuH), 3MCHLICHHS KOHLIEHTpa-
1ii KpeaTuHiHy B cedi Ta cyTTeBe 3HWKeHHs [IIKD
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Granum R40 optical microscope. After contrast stai-
ning with uranyl acetate and lead citrate, the ultra-
thin sections were examined using an electron
microscope PEM-125K (Selmi, Ukraine) at an ac-
celerating voltage of 75 kV, equipped with a system
of image capture and analysis SAZ-01A (Selmi)
using a DX-2CCD camera and image processing
software (KAPPA, Germany).

Animals of all groups were placed in exchange
chambers and the urine was collected under spon-
taneous daily urine output before euthanasia. The
creatinine level was determined in urine and blood
samples using a BTS-350 biochemical analyzer (Bio-
sistems S.A., Spain) with creatinine assay kit (for
photometric colorimetric determination of creati-
nine by kinetic method without deproteinization)
(Cormay, Poland). The glomerular filtration rate
(GFR) was assessed according to Reberg-Tareev test
[2].

The results obtained were statistically processed
using the ‘Excel 2007° (Microsoft, USA) and ‘Stat-
graphics 2.1’ (StatPoint Technologies Inc., USA) soft-
ware. The difference between groups was evalua-
ted by the nonparametric Mann-Whitney U-test. The
data in the Table were presented as the arithmetic
mean + standard deviation.

Results and discussion

The most indicative criterion for tubular ne-
phrosis development in glycerol model of renal fai-
lure is an increased content of serum creatinine,
being the end product of protein metabolism, evenly
distributed in body fluids. Most often, CRF is accom-
panied by a decreased GFR and microalbuminuria
presence. The relationship between the creatinine
concentration and GFR is nonlinear, therefore the
GFR may differ almost twice at the early stages
of CRF at very close levels of serum creatinine.
Hence, the GFR may be considered as the most sen-
sitive index of renal functional state [24].

Three weeks after glycerol administration, the
group 2 animals had moderate renal excretory dys-
function, as evidenced by oliguria, moderate hyper-
creatininemia (creatinine concentration was slightly
higher vs. the intact animals), decreased urinary
creatinine, and a significant reduction of GFR down
to (0.19 £ 0.06) ml / min (Table). After 8 weeks, the
renal excretory dysfunction was more pronounced
together with a considerably increased creatinine
concentration in blood, its twofold decrease in
urine and a further reduction of GFR due to a decrea-
sed daily urine output (Table). To the week 16 of
observation, serum creatinine levels decreased as com-
pared to previous follow-up period, but remained
above normal. The concentration of urinary creati-
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DyHKUiOHanNbHI NokasHukM HMpoK wypis 3 XHH nicna BeeaeHHsa KEM, meankameHTo3Hoi 6rniokagn PAAC
Ta ix kombiHoBaHOI aii Ha Tni XHH

Functional parameters of kidneys in CRF rats after administering PCE, RAAS drug blockade
and their combined effect against the background of CRF

. KpeaTuHiH Kposi, . . U LLUK®, mn/xs
pyna CTtpok CMOCTEPEMEHHA, TYXHI MKMONbB/ er_aTleH cedi, MMOnb/n ,El(_)éosv_m aiypes, mn Glomerular filtration
Group Observation term, week L Urine creatinine, mM /| Daily urine output, ml .

Serum creatinine, uM/I rate, ml/min
Kowrpone - 46 + 4,24 3,8 + 0,4 10 + 2,1 0,57 + 0,04
Control
3 48,2 + 8,7 2,2 + 0,06"4° 6,2 £ 2,1 0,19 + 0,06’
XHH 8 80,3 + 3,214 1,54 = 0,46' 5,3 = 3,0 0,07 + 0,06'*
CRF 1 X ’ ’ X ’ ’ X ' ’ X ’
16 61,7 £ 2,5 1,44 + 0,3"345 11,2 £ 2,2 0,18 + 0,06"345
3 57,2 + 3,6 3,84 + 0,9*° 6,3 £ 2,3 0,29 + 0,02'2
KEI—I 1,45 1 1
PCE 8 70,3 + 4,0'% 1,59 + 0,4 12,0 = 7,2 0,19 + 0,08
16 58,5 + 0,31 2,46 + 0,5'2 9,6 + 1,1 0,28 + 0,01"25
3 49,2 + 7,6 1,7 £ 0,123 75 + 23 0,18 + 0,09'®
ve 8 60,0 + 2,623 2,32 + 0,50' 10,0 = 3,4 0,27+ 0,112
16 60,1 + 0,81 2,7 + 0,5"2 10,0 = 1,8 0,31 £0,04"25
3 46,6 = 8,5 1,97 + 0,09"23 8,4 + 2,2 0,24 + 0,03’
MB + KEMN
DB+ PCE 8 56,6 + 3,4"23 2,30 + 1,13 9,3 +1,0 0,26 + 0,072
16 50,3 + 0,5 3,2 £ 0,6 9,6 + 2,1 0,41 + 0,05"23%4
MpuMiTkK: ' — 3HaYyLLle MOPIBHAHO 3 IPYNOK KOHTPOMI; 2 — 3Havylle NopiBHsHO 3 rpynoto XHH y Toin camuii TepmiH

CMOCTEPEXeEHHS; ° — 3HadyLle nopiBHAHO 3 rpynoto KEIM y Tol camuii TepMiH CnocTepexeHHs; * — 3HavyLle NOpiBHAHO
3 rpynoto MB y Tol camuii TepMiH CMOCTEPEXEHHS; 5 — 3HadyLle nopiBHAHO 3 rpynoto MB + KEI y Ton camuii TepMiH
crnocTepexeHHs; p < 0,05.

Notes: ' — significant if compared with control group; 2 — significant if compared with CRF group within the same obser-
vation period; ® — significant in comparison with PCE group within the same observation period; * — significant com-
pared to the DB group at the same observation period; 5 — significant in comparison with DB + PCE group within

the same observation period; p < 0.05.

1o (0,19 + 0,06) mu/xB (Tabmuis). Yepes 8 TkHIB
MOPYIICHHSI BUAUILHOI (QYHKIIT HUPOK Oyino Oiibi
BUPQXCHUM Ha TJI 3HAYHOTO IIiJIBUIIICHHS KOH-
LeHTpalii KpeaTHHiHy B KPOBi, TBOKpaTHOTO ii 3HU-
KEeHHS B ceui Ta mojanbiioro 3HmwkeHHs LK 3a
paxyHOK 3MEHIICHHs J00O0BOTo Jiypesy (Taduuis).
Ha 16-ii TmwkaeHb CIIOCTEPEKEHHS KOHIICHTpAIlis
KpEeaTuHiHy B KpPOBi1 3MEHILIWJIACS MOPIBHSHO 3 TO-
MepeHIM TEePMIHOM CIIOCTEPEKCHHSI, alle 3aJvlia-
nacsi BUIlle HopMH. KoHIIEHTpallist KpeaTHHIHY B cedi
HE BiJIpi3HsUIacs BiJ MMOTIEPEIHIX 3HAUEHB, JOOOBUI
niypes HopmaiizyBascs, a IIIK® zanumanacs HA3b-
koto. OTxe, BUAUTbHA (PYHKITISI HUPOK Y HETIKOBAHUX
tBapuH i3 XHH mo 16-ro TmXHS pO3BUTKY ITaTOJIO-
il HE BiJHOBHIACS.

VY tBapun rpynu 3 (BBeaenns KEIT) uepes 3 TixHi
po3eutky XHH KoHIleHTpallisi KpeaTuHiHy B KpOBi
3Hauyie migsuinuiacs, a LIK® 3meHmmiacs mopis-
HSHO 3 KOoHTpojeM. KoHIeHTpalisi KpeaTuHiHy B
ceyi TBapWH ILi€i TPynH AOPiBHIOBalTa KOHTPOJIb-
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nine did not differ from the previous values, daily
urine output was normalized, and GFR remained
low. Thus, the renal excretory function in untreated
animals with CRF remained unrestored to week 16
of pathology development.

The concentration of blood creatinine was sig-
nificantly increased in group 3 animals (PCE admi-
nistration) after 3 weeks of CRF development, but
GFR decreased as compared with the control. The
concentration of urinary creatinine in this group
animals was equal to the control value, which together
with low daily urine output indicated a slight in-
crease in concentration capacity of tubular appara-
tus. After 8 weeks, the concentration of serum crea-
tinine considerably exceeded the control, but GFR
was significantly decreased. The concentration of
urinary creatinine was low and did not differ from
that in untreated rats, but daily urine output was
normal. After 16 weeks, the indices of renal excretory
function in animals from this group showed their
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HUM 3HAYEHHSIM, IO Yy CYKYMHOCTI 3 HHM3BbKHM JO-
0OBUM Jiype30oM CBITUHUIIO TPO JACSKE ITiJBUIICHHS
KOHIEHTPALIHHOI 30aTHOCTI KaHAJIBLEBOIO arapary.
Uepes 8 TMXKHIB KOHIIEHTpAIlisl KPEaTHHIHY B KPOBI
3HaYHO MepeBHIyBana KOHTpoib, a IIK® 3nauy-
mie 3MeHmmnacs. KoHIeHTparisi KpeaTHHiHy B cedi
Oyna HU3BKOIO 1 HE BiJIpi3HsUIACSA Bifl TAakoi y Hei-
KOBaHUX IMypiB, aie NO0OOBWH miype3 HaOIMKaBCs
mo HopMu. Yepe3 16 TKHIB TTOKa3HUKH BHIITHLHOT
(yHKIIi HUPOK TBAapWH IIi€l TPyHH CBIAYMIN TIPO
i MOMIMIIEHHSI TOPIBHAHO 3 TOMEPEIHIM TEPMIHOM
CTIIOCTEPEIKEHHS Ta TPYNOI0 HENIKOBAaHHX TBAPHH
(rpyna 2), aje BOHU HE JOCATaIN HOPMH.

VY kpoBi TBapuH rpynu 4 (MeAMKaMEHTO3Ha 0J0-
kaga PAAC) uepes 3 tTuxHi po3Butky XHH koH1eHT-
paiisi KpearuHiHy B KPOBiI HE3HAYHO IiJBUINMIACS
MOPIBHSIHO 3 KOHTPOJIEM, a KpeaTuHiHy B cedi Ta
HIK® cyTTeBO 3MeHIIMIUCS 1 Oy/IM HAHHMKIYUMH Ce-
pen ycix gocmipKyBaHux rpyn. Uepes 8 THKHIB KOH-
LIEHTpAallisl KpeaTHHIHY B KPOBi Oylia BHUIIOK MOPiB-
HSHO 3 KOHTPOJIEM, ajle 3Hadylle HIDKYOI0, HIXK Y
TBapuH rpynu 2. IlokasHuku KpeaTwHiHy ceui Ta
[IK® cyTrTeBO 30iMbIIyBaNKCS MOPIBHIHO 3 TBapH-
Hamu Tpyn 2 Ta 3, a moOoBU miype3 BiOIOBigaB
HOpMi. JlaHi MOKa3HUKM CBigUaTh MPO CTAOITI3AIIO0
BHIUTBHOT (PYHKIIT HUPOK TBapWH MCIS MEIHKa-
meHTo3HO1 6rmokaau PAAC [21]. Cra0imnizaris 30epi-
rajiacs 10 16 THXKHIB CIIOCTEPEKECHHSI.

VY mypiB 3 KOMOIHOBaHUM JIKYBaHHSM (rpymna 5)
yepe3 3 TmwxkHI po3BuTKy XHH koHIEHTparis kpe-
aTWHIHY B KpOBI HE BiApi3HsIACS BiJ KOHTPOJIBHOT,
a B ceul Oyna HIK4e, HDK y rpynax 2 ta 3. [lpu
upomy HIK® xo04 i Oyna HUKYE HOPMH, ajie 3HAUYIIE
BHUIIIE, HIXK Yy rpynax 2 ta 4. Uepe3 § THKHIB KOHIICHT-
pauis KpeaTHHiHy B KpOBI LIypiB TPyHH 5 HE3HAYHO
MepeBUILyBajia TaKy B KOHTPOJI, ane Oyna HalHIX-
YOI cepesl YCiX TpyH JIIKOBAaHWX TBapWH 1 3HAYYIIIE
HIKYOI0 TIOPIBHSHO 3 TPYTO0 2 (TaOmuIls). 3HaYeH-
Hs KpeaTWHiHy B cedi BiAMOBigano rpymi 4 i 3HaqyIIe
HE BIApi3HAIOCS Bim KoHTpoisHOTO, a LIIK®D Oyna
3HauyIlle HWXK4YE HOPMH, aJie BUILE IOPIBHAHO 3 IPY-
moro 2 (tabmuist). Yepes 16 TwxkHIB y TBapuH mi€i
IPYIU MOKAa3HUKHA BHUIUIBHOI (YHKIIT HUPOK Oynu
HaMKpaluMu cepell yCiX IHIIMX TPyn Ta HaOmwka-
JIUCS 710 KOHTPOJIBHUX.

Mopdornoriune nociiKeHHs] HUIPOK TBApHH Ue-
pe3 3 TKHI Tichs BBEACHHS DIILEPOTY BH3HAUMIIO
THUIOBI 3MiHU B yCIX AOCTIKyBaHuX rpynax. Cro-
CTepiranucsi O3HaKH TMOPYLICHHS TeMOJAMHAMIKH Y
BUVIAI PO3MIMPEHHS! MIKKaHAJIbLEBUX KpPOBOHOC-
HUX KamJsipiB, CIAIKy EPUTPOLHUTIB Y KIIyOOUKOBUX
1 KaHAJIBLIEBUX MIKPOCYANHAX, & TAKOX MEPUKAIILIAP-
HUU Ta iHTepCcTUIliaNbHUN HaOpsaku. KananpieBuid
emiTeNiii XapaKTepu3yBaBCsS SBUIIAMH JTUCTPOPii
Ta pereHepaiii, BPaxOBYIOYM IIOYaTKOBY CTait0

improvement as compared with the previous obser-
vation period and the group of untreated animals
(group 2), but did not reach the normal values.

In blood of animals from group 4 (RAAS drug
blockade) 3 weeks later CRF development, the con-
centration of creatinine slightly augmented vs. the
control, but the urinary creatinine and GFR decreased
significantly and were the lowest among the whole
studied groups. After 8 weeks, the concentration
of serum creatinine was higher than in the control,
but significantly lower than in group 2 animals. The
urinary creatinine and GFR increased significantly as
compared with animals of groups 2 and 3, and daily
urine output was normal. These indices testify to
the stabilization of excretory function of animal kid-
neys after RAAS drug blockade [12], wich persisted
for up to 16 weeks of observation.

In the rats received the combined therapy
(group 5) after 3 weeks of CRF development, the
concentration of serum creatinine did not differ
from the control, but the urinary one was lower than
in groups 2 and 3. Herewith, the GFR, although below
normal, was significantly higher than in groups 2
and 4. After 8 weeks, the concentration of serum
creatinine in group 5 rats was slightly higher than in
the control, but the lowest among the whole groups
of treated animals and significantly lower vs. the
group 2 (Table). The urinary creatinine value cor-
responded to group 4 and did not differ significantly
from the control, and GFR was significantly below
normal, but best as compared with the group 2 (Table).
After 16 weeks, the animals from this group had
the highest indices of renal excretory function among
all other groups and approached the control values.

Morphological examination of animal kidneys
in 3 weeks after glycerol administration revealed
the typical changes in all the studied groups. There
were observed the signs of hemodynamic disor-
ders such as the dilatation of intertubular blood
capillaries, erythrocyte sludge in glomerular and
tubular microvessels, as well as pericapillary and
interstitial edema. The tubular epithelium was cha-
racterized by phenomena of dystrophy and rege-
neration, taking into account the initial stage of
CRF development (restoration of urine output and
transition to chronic phase) (Fig. 1A).

Electron microscopy revealed the dystrophic
changes of nephrocytes as the formation of vacuo-
les, lipid and protein droplets in cell cytoplasm. The
focal necrosis of tubular epithelium and their dilated
lumens with accumulated in it cell detritus, being
the basis for cylinder formation, were observed.
Infiltration of interstitium by leukocytes and lym-
phocytes was pronounced in the untreated rats from
group 2 only. Importantly, that followed RAAS bloc-
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possutky XHH (BigHOBIEeHHS Aaiype3y 1 mepexif
y XpoHiuHY ¢a3y) (puc. 1, A).

3a JaHUMHM €JIEKTPOHHOI MIKPOCKOMii JUCTpO-
¢biuHi 3MiHM HE()POLMTIB BUSBISIMCSA SK yTBOPEH-
HSl BakyoJieH, JiMmigHuX 1 OIIKOBUX Kpamneib y LUTO-
w1a3Mi knituH. Crocrepiranucs GoKaJTbHUNA HEKPO3
eMiTeNil0 KaHAIBINB 1 PO3IIMPEHHS iX MPOCBITIB 31
CKYIUYCHHSIM B HUX KJIITHHHOTO JETPUTY — OCHOBH
(opmyBanHs 1TiHAPIB. [HOINBTpamis iHTEepCTHIIT
JieHKoIuTamMH 1 iiMmporuTaMu Oyiia BUpaKeHa TUTbKH
y HEJIKOBaHUX IIypiB rpynu 2. Baknuo, 1o micis
omokamun PAAC, seemenus KEII ta ix moemmaHoro
3aCTOCYBaHHS 30HM HEKPO3y EIiTeNIONUTIB Yy KOpi
HUPOK Ha I[bOMY TEPMiHI CIIOCTEPEIKCHHSI HE BHUSIB-
nsmes (puc. 1, B). Crig Bii3HAYHMTH, 10 BUKOPH-
cranns OnokaropiB PAAC, ocobmuso iAIlD, moxe
YHOBUTLHUTH PO3BUTOK TIIOMEPYIIOCKIEpO3y [6].

EsekTpoHHO-MIKPOCKOIIYHI  TOCIIIPKeHHSI TKa-
HUHM HHUPOK ULIYypiB yCIX I'Pyn MHiATBEpAXKYIOTh Ha-
SIBHICTh TyOyssipHOi Hedpomarii, sika HpU3BOIMIIA
JI0 PO3BUTKY peadCcopOIiifHOT HEAOCTaTHOCTI Ka-
HAJIBIIB Ta MOJAIBIIOTO TOMIKOKSHHS KITyOOUKiB.

Haii6inbImn cyTTeBUMU BHSBHIIUCS 3MiHU YIBTpa-
CTPYKTYPH TIOJIOIIUTIB T4 ME3aHTIONMUTIB KIyOOUKiB.
[TomonnTi XapaxkTepu3yBaiucs 30UTBIICHHSM €IeK-
TPOHHOI MIIIPHOCTI IHMTOIUIA3MH, ITOCHUICHHIM 1l
(GiOpUISIPHOTO PHUCYHKa, J00pe PO3BUHEHHM CH-
norazmarnyanM  petukyaymom  (EINP), Bemmkoro
KUTBKICTIO prOOCOM, NMpiOHHMX Be3uky’a (puc. 2, A),
IO CBIAYUTH MO iX MiIBUIIEHY (yHKIIOHATIBHY aK-
TUBHICTb, XapakTepHy AJs poteinypii [13, 23].

[MomkomkeHHsT TIIOMEpYIsIpHOTO (DiTbTpa CyNpo-
BO/DKYBAJIOCS aJallTUBHOIO TiNepIUIa3iero Ta MpoJii-
(hbepalliero ME3aHTIONHUTIB, IO TPUBOIUIO JIO 301J1b-
LICHHS ME3aHrialbHOTO MAaTpPHUKCy 1 IOTOBILEHHS
0a3anbHUX MeMOpaH KIIyOOUKOBUX KamiJisipiB (puc. 2,
B, C). Cnin BigzHauuTH, M0 Taki nepedyaoBH HUP-
KOBHX KJITYOOUYKiB HE OyJIM TOTAIbHUMHU.

Uepes 8 THXKHIB MicIs BBEIEHHS TIIIEPOITY B KOPI
HUPKHU HENIKOBaHWX TBapWH (Tpymna 2) 3aJdIIaincs
O3HaKH TOpPYIICHHS TeMo- 1 miMdonmHamiku. Ka-
HaJBIIEBUNA CITITETiH XapaKTepU3yBaBCs SBUIAMHU
ocepenkoBoi auctpodii Ta perenepariii. Kpim Ttoro,
criocrepiraiucs (GokadbHUNA HEKPO3 CIITEINi0 Ka-
HaJNBLiB, JiMdouUTapHO-TUIA3MOLUTapHA 1H(IIBT-
patis iHTepcTHllii, a TakoK Iuy3HUI Heppockie-
pO3, SIKi CBiguaTh MPO PO3BHTOK TyOYIOIHTEPCTHU-
uianbHoro HepuTy. Y HIypiB, SIKUM 3aCTOCOBYBAaJIH
MB PAAC, Beenennss KEII Ta ix komOiHariio, 3a-
MaJIeHHs IHTEPCTHLIT HE CIIOCTEPiranocs, ajne BUSIB-
JSUTACSL OCepeikoBl AMCTpOdiuHi 3MIHM KaHajblie-
BOTO CMiTeNio Ta HePPOCKIEpo3. YIbTPacTPyKTypa
eMiTeNiI0 NPOKCUMAIbHUX Ta MUCTAJIbHUX KaHAJIb-
1B TI03a 30HaMu AucTpo(ii BKasyBaia Ha HampyxKe-
HiCTh (DYHKITIOHYBaHHS IUX KIIITHH, OCOOIMBO MiTO-
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Puc. 1. MopdonoriyHuin cTaH KOpu HUPOK LLypiB 4epes
3 TwxHI nicna BBeAeHHs rmiuepony: A — rpyna 2; B — rpy-
na 5; C — kaHanbuj; * — Hekpo3 eniTenito; CG — KOpKoBi
KIyBouKu.

Fig. 1. Morphological state of renal cortex of rats 3 weeks
after glycerol administration: A — group 2; B — group 5;
C — tubules; * — epithelial necrosis; CG — cortical glomeruli.

kade, PCE introduction and their combined use, no
necrotic areas of epitheliocytes in renal cortex were seen
within this observation term (Fig 1B). It is noteworthy,
that the use of RAAS blockers, especially iACE, may
slow down glomerulosclerosis development [14].

Electron microscopy of renal tissue of rats from
all the groups confirmed the presence of tubular
nephropathy, resulting in development of tubular
reabsorption insufficiency and subsequent damage
to the glomeruli.

Changes in ultrastructure of glomerular podo-
cytes and mesangiocytes occurred to be most signi-
ficant. Podocytes were characterized by an increased
electron density of the cytoplasm, its enhanced
fibrillar pattern, well-developed endoplasmic reticulum
(EPR), a large number of ribosomes, small vesicles
(Fig. 2A), indicating thereby their enhanced functio-
nal activity, specific to proteinuria [15, 26].
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Puc. 2. YnbTpacTpykTypa doparMeHTiB HUPKOBMX KIyboukiB
y wypiB 3 XHH: A — HacnyeHicTb opraHenamy LMTonnasmu
nogoumnTa; B — nponidepauis mesaHriouuTie; C — iHTEp-
noswuisi BiAPOCTKIB Me3aHriounTiB i 36inblUeHHsT Me3aH-
rianbHoro matpukcy. N — aapa nogouuTa, Me3aHrioumTis;
Ms — BigpocTku mesanriounTiB; CL — npocBiT kaninspa.

Fig. 2. Ultrastructure of renal glomerular fragments in
CRF rats: A is saturation of podocyte cytoplasm with
organelles; B is proliferation of mesangiocytes; C is in-
terposition of mesangiocyte processes and mesangial
matrix expansion. N — nuclei of podocytes, mesangiocy-
tes; Ms — mesangiocytes processes; CL — capillary lu-
men.

xoHapiii 1 1wcrepn EIIP. Mitoxouapii yacTuHu
KIITUH BipisHsuiMcs nojiMopdizmom (puc. 3, A),
a Takok rineprpodiero (puc. 3, B), Mo € KoMmIeH-
CaTOPHO-3JIANTUBHOIO PEaKIIi€0 B yMOBaX peadcopo-
iHAHOT HEAOCTATHOCTI.

V BigganeHi TepMiHM PO3BUTKY MATOJOTii, Yepes
16 TwxHIB micas BBEICHHS DIIIEPOIY, HE3aJIC)KHO
BiJ] MPOBEICHOIO JIIKyBaHH:, B KOP1 HUPKH CHOCTEpi-
rajgocs OCEepelKOBE PO3MIMPEHHS MiKKaHaJIbLEBUX
KPOBOHOCHMX 1 JIM(aTHUHUX KamispiB, IO MOXKE
OyTH 03HAKOIO HE3HAYHOTO MOPYIICHHS TeMO- 1 JIiM-
(homuHaMIKH.

VY namiii monmeni XHH mnposigny poxs Bigir-
paBaB TyOyJlOiHTEpCTHIIATbHUNA HEPPUT, pe3ylbTa-
TOM SIKOTO CTaB CTabiTbHUI 00 YaCTKOBO 3BOPOTHHHA
3aMmicHuid Hedpockiepos. [Ipu 1pomMy B iHTEpPCTH-
Ii1 IPOLIECH IePUBACKYIIIPHOTO Ta MEPEIYKTaILHOTO
CKJICPO3yBaHHs IepeBakKajll HajJ MakpodaraibHO-
ricrionuTapHoo iHQiIBTpaniero. Y Kopi HUPKH He-
nmikoBanux TBapuH 3 XHH (rpymna 2) wacro crocre-
piranmcst ocepenku iH(QINBTpamii iHTEpCTULIT Ta
PO3pOCTaHHsI CIIONYYHOT TKAHHHU B MICLSIX HEKPO3Y
KIIyOOUYKIB Ta KaHaIbIiB, & B eMITENil KaHaJb-
LiB — momupeHi auctpodiuni Ta arpodivHi sBHUIIA
(puc. 4, A). Takox BHABISIUCS MOOAMHOKI BH-
NajKu TiajgiHo3y KiIyOOuKiB (yacTimie KOPKOBOTO
mapy) Ta ix arpodii sIK HaclIiZOK NPOrpecyBaHHS
XPOHIYHOT cTaAii naTosiorii.
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Damage to glomerular filter was accompanied
by adaptive hyperplasia and proliferation of mesan-
giocytes, entailing an increase in mesangial matrix
and thickening of basal membranes of glomerular
capillaries (Fig. 2B, C). Notably, that these rear-
rangements in renal glomeruli were not entire.

In 8 weeks after glycerol administration, the signs
of disordered hemo- and lymphodynamics were
kept in renal cortex of untreated animals (Group 2).
The tubular epithelium was characterized by the
phenomena of focal dystrophy and regeneration. In
addition, there were seen a focal necrosis of tubular
epithelium, lymphocytic-plasmacytic infiltration of
interstitium, as well as diffuse nephrosclerosis, in-
dicating the development of tubulointerstitial ne-
phritis. The rats, administered with RAAS DB,

: SR B ‘

Puc. 3. ApanTtauifiHO-KOMMNEHCATOPHI O3HaKM B ynbTpa-
CTPYKTYpi MiToxoHApiK i ElMP HedpouutiB AnctansHUX
KaHanbuiB HUpok wypiB 3 XHH nicna BBegeHHa KEIM i
onokagn PAAC: A — noniMmopdiam MiToxorapin; B — rinep-
Tpocpia MiToxoHAapin. M — mitToxoHapii; EPR — enpgonnas-
MaTUYHUIA PETUKYITYM.

Fig. 3. Adaptive-compensatory signs in ultrastructure of
mitochondria and EPR of renal distal tubular nephrocy-
tes in CRF rats after administering PCE and RAAS
blockade: A — mitochondrial polymorphism; B — hyper-
trophy of mitochondria. M — mitochondria; EPR — endo-
plasmic reticulum.
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C — kananbui; CT — cnonyyHa TkaHuHa; CG — KOPKOBI KITyOO4KH.

Fig. 4. Morphology of renal cortex of rats in 16 weeks after glycerol administration: A — group 2; B — group 5; C — tubules;

CT — connective tissue; CG — cortical glomeruli.

Cril BiJ3HAUUTH, 10 Y JIKOBAaHUX IIypIB JUCT-
podiuHi 3MiHM HEeDPOUHUTIB Majl OCEPEIKOBHIA
XapakTep 1 MOETHYBAIMCS 3 MpoIecaMy percHe-
paii, ski mposiBisIMCcs B rineprpodii KIiTHH Ta ix
oprase’, a iHOJi — B 0araTopsTHOCTI eIiTeNiaabHO-
ro BUCTWIAaHHS KaHaibliB. O3HaKu pereHepauii Ka-
HaJBLEBUX CTPYKTYp HaiuacTilie BU3HAYaIUCA
B IIAPEHX1M1 HUPOK LIyPiB MiCJIsl KOMIUIEKCHOTO JIKY-
BanHs (BBeaeHHs KEII Ha T1i MemukaMeHTO3HOT
onokaau PAAC). CtpykTypa TKaHUHHM HaOnmxanacs
no ctany HopmH (puc. 4, B).

Bimomo, o B HUpIi icHye 1Ba Koja KPOBOOOITY:
KOPKOBHI Ta fokcTamenyisipauit [13]. V ccaBimiB ak-
TUBHY y4acTh Y CEYOyTBOPEHHI OepyTh came iHTpa-
KOpTHKaJIbHI HeppoHu. FOkcTamenyasspHUl KpOBO-
00Ir rpae pojib MIYHTA 33 PAXyHOK KOPOTIIOIO ILIs-
Xy, SKHM MPOXOJIMTh YaCTHHA KPOBI Yepe3 HUPKH B
YMOBax IiJIBUIIIEHOTO THCKY, 1 IKUW CTa€ aKTUBHUM B
MaTOJIOTIYHMX YMOBaX JJIsi TEPMiHOBOTO BiJTHOBJICH-
Hsl TIOKa3HUKIB apTepiajbHOTO THCKY [3].

Jist OLiHKK cTaHy KPOBOOOIrY B TKaHWHI HUPKH
BUKOPHCTOBYETHCS. MOP(GOMETPUYHHUIA aHaIi3 IJIO0MI
MOTIEPEYHOr0 Tepepizy KiIyOouKiB, a 3MiHA IBOTO
noka3Huka Ha 10% MoKe CBITYHUTH NMPO PO3BUTOK
imemizanii Ta NOPYIIEHHS KPOBOTOKY B KOPKOBOMY
mapi [3]. B Hammx mgocnmipkeHHSX BUSABJICHO, IIO0
cepelHsl IJIOMIA KOPKOBHX Ta OKCTaMEIYJISIPHUX
KITyOOYKIB y TPYITi KOHTPOIIO 3HAYYIE HE BiIpi3Hs-
Jlacsi, MO MOYXKE CBIYUTH MPO OAHAKOBY aKTHBHICTH
JBOX KiJT KpPOBOOOITY B HHUPI IHTaKTHUX TBapuH
(puc. 5).

VY TBapuH yCiX JOCHIHKYBAaHUX TPYII IiJl 4ac Po-
3BuTKy XHH mioma nepetuHy HOKCTaMeRyJsIpHUX
KJIyOOUKIB 3HAuyIlle MEPEBUIYBaJa ILJIONLY KOPKO-
BUX HE3QJIC)KHO BiJ BUIY JIIKyBaHHS, 110 € O3HAKOIO
MOpyIICHHsT OaJaHCy MK JBOMa KOJaMH HHPKO-
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PCE and their combination, displayed no interstitial
inflammation of interstitium, but revealed focal dyst-
rophic changes of tubular epithelium and nephro-
sclerosis. The ultrastructure of epithelium of proximal
and distal tubules outside the dystrophy areas indicated
the intensive of functioning of these cells, especial-
ly mitochondria and EPR cisternae. Mitochondria
of some cells differed by polymorphism (Fig. 3A)
and hypertrophy (Fig. 3B), being a compensatory-
adaptive response under reabsorption insufficiency.

In long-term of pathology development, namely
in 16 weeks after glycerol administration, regardless
of therapy performed the renal cortex showed a
focal dilatation of intratubular blood and lymphatic
capillaries, being likely a sign of slight disorder
of hemo- and lymphodynamics.

In our model of CRF, the leading role was played
by tubulointerstitial nephritis, resulted in stable or
partially reversible substitutive nephrosclerosis. He-
rewith, in the interstitium, the perivascular and pre-
ductal sclerosis prevailed over macrophage-histio-
cytic infiltration. The renal cortex of untreated ani-
mals with CRF (group 2) displayed often the foci
of interstitial infiltration and growth of connective
tissue in sites of glomerular and tubular necrosis,
and the extensive dystrophic and atrophic pheno-
mena in tubular epithelium (Fig. 4A). Single cases
of glomerular hyalinosis (more often of cortical
layer) and their atrophy as a result of CRF develop-
ment were also revealed.

It should be noted that dystrophic changes of
nephrocytes in treated rats were of focal nature,
combined with regenerative processes, manifested
in hypertrophy of cells and their organelles, and
multilayered epithelial lining of tubules somewhere.
Signs of regeneration of tubular structures were
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CTpOK CnoCTEpPEXEHHS, TUXKHI CTpPOK CNOCTEPEXKEHHS, TUXKHI
Observation term, weeks Observation term, weeks
Puc. 5. Tictorpama po3noginy nnouy (S) kopkoBux (A) Ta tokcTamenynsipHux (B) kny6ouykiB y TKaHWHI HUPOK LLyPIB Pi3HNX
rpyn: 1 — koHTponb, 2 — XHH, 3 — KEI, 4 — MB, 5 — MB + KET1. Ha pi3Hux TepmiHax JOCNIMKEHHS. * — 3HaYyLLe NOPIBHSAHO
3 rpynoto KOHTporio; # — 3HavyLLe nopiBHsAHO 3 rpynoto XHH y Toi camuin TepMiH cnoctepexeHHs; p < 0,05.

Fig. 5. Histogram of areas (S) distribution of cortical (A) and juxtamedullary (B) glomeruli in renal tissue of rats from
different groups: 1 — control, 2 — CRF, 3 — PCE, 4 — DB, 5 — DB + PCE at different observation terms. * — significant in

comparison with control group; # — significant in comparison with CRF group at the same observation period; p < 0.05.

BOTO KpOBOTOKY. Llst pisHums Oyna HaiOiinpm 3Ha-
Yylla Ha PaHHIX TePMiIHAX PO3BUTKY 3aXBOPIOBAHHS
(3 TwxHI), KOMM B pe3yabrari imemii KOpu HUPKH
KOMIICHCATOPHO TiIBUIIYETHCS AKTHBHICTh FOKCTa-
MeIyJISIpHOTO KoJia KpoBooOiry. Taka TeHaeHIIis 30e-
piranacs no 16 TuxHiB cnoctepeskeHHs. Kpim toro,
y HEJIKOBaHMX TBapHH IUIONIA KOPKOBHX Ta FOKCTa-
MeNyJISIpHUX KIYyOOUKiB Ha IbOMY TepMiHi Oyna
3HauyIle MEHIIEe MOPIBHAHO 3 KOHTPOJEM Ta ycima
rpynamH JiKyBaHHS.

[Iporsirom 16 TWXHIB EKCIEPUMEHTY B TpyIIi
tBapuH 3 BBeneHHsM KEII merpuuni mokazHuku
KOPKOBHX KIyOOUKiB Oynu HaWOLIbIl HaOMMKeHi
JI0 KOHTPOJIHUX 3HaueHb. CIi 3a3HaYUTH, L0 I1JI0-
ma IOKCTaMETySIPHUX KIyOOUKiB HOpMalri3yBalia-
Csl y TBAapHH, SIKUM 3aCTOCOBYBAJIM MEIUKAMEHTO3HY
omokany PAAC, a TakoX MO€eIHYBAIH 1i 3 BBEICHHIM
KEII.

Takum 4MHOM, OJIepKaHi JaHi CBi4aTh, 10 BBE-
nennst KEIT y kommnekci 3 Mb PAAC cnpusie Bin-
HOBJICHHIO KPOBOOOIr'Y B KOPKOBOMY Iapi HHPKH,
[0 3MCHINY€E IIIEMi3allii0 Ta 3yHHHSIE MOAATBIINAN
PO3BHTOK 3amajbHUX MPOLECIB i MOXke OyTH MOB’si-
3aHO 3 HOpMmadmizamiero aktuBHOcTi PAAC. Bigomo,
10 Y JIaHIF31 MOJIiH, 110 iHIMIIOKTh 1 TIATPUMYIOTh
porecu HeppPOCKIEpO3y, BEIUKE 3HAYCHHS MPHIi-
nsat0te PAAC, a 11 ranbMyBaHHS € 3arajlbHOBHM3Ha-
HUM CTaHJapTOM Teparlii, CIpSIMOBaHOI Ha 3HU)KECHHS
MporpecyBaHHA XpOHIUYHOI marojorii [5, 6]. Ha me
TaKOK BKa3yl0Tb MOP(OIOTIUHI JaHi MOI0 yIbTpa-
CTPYKTYPH Ta METPUYHHUX XaPAKTEPUCTHK HATHHP-
HUKIB IIIypiB, a caMe: 3MEHITICHHS O3HAK ITOCHIICHHS
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most pronounced in renal parenchyma of rats after
combined treatment (PCE administration together
with RAAS drug blockade). The tissue structure was
close to normal state (Fig. 4B).

It is known that there are two pathways of re-
nal circulation: cortical and juxtamedullary [26]. In
mammals, namely intracortical nephrons are actively
involved in urination. Juxtamedullary pathway plays
the role of a shunt due to a shorter path across which
a part of blood passes through kidneys under high
pressure, and which becomes active under pathology
conditions for urgent blood pressure recovery [6].

Morphometric analysis of glomerular cross-sec-
tional areas is used to assess the state of blood
circulation in renal tissue. Change of this index by
10% may indicate the development of ischemia
and impaired blood flow in cortical layer [6]. Here,
we have revealed the average area of cortical and
juxtamedullary glomeruli not to significantly differ
in the control group, indicating thereby the same
activity of two circulatory pathways in kidneys of
intact animals (Fig. 5).

In animals of the whole groups during CRF de-
velopment, the area of intersection of juxtame-
dullary glomeruli significantly exceeded the area
of cortical ones, regardless of treatment type, being
a sign of imbalance between two pathways of renal
blood flow. This difference was most significant at
the early stages of the disease development (3 weeks),
when as a result of renal cortex ischemia the acti-
vity of juxtamedullary circulation increased in a com-
pensatory way. This tendency persisted up to 16 weeks
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CTepOoiforeHe3y B KOpi Ta 30UIBLICHHS TOBIIUHU
KJIyOOYKOBOT 30HM HAJHUPHHKIB, OJEP)KAHUX HaAMU
B YMOBaX I[bOTO EKCIEPUMEHTY [9].

Otpumani JaHi MOXYTb OyTH BHUKOPHUCTaHi JUIs
BIIPOBADKECHHS B KIIIHIYHY MPAKTUKY SIK JOTMIOBHEH-
Hs 10 0a30BO1 Tepartii, a TAKOXK TSt OUTBIT TIHOOKO-
ro BUBUEHHS MeXaHi3MiB BBy anorenHoro KEII
Ha pi3HiI MMaTOTEHETUYHI JaHKA HHPKOBOI HEAOCTAT-
HOCTI TTOPIBHSIHO 3 TPATUIIIHHOIO MEIUKAMEHTO3HOIO
Teparti€ero.

BucHoBkn

1. Yepes 3 TuxHI micis BBEACHHS DIILEPOIY y
TBapuH YCIX TPYI BCTAQHOBJICHO O3HAKH PO3BUTKY
XHH: HH3bKe 3Hau€HHS IIBUIKOCTI KIyOOUKOBOI
¢inpTpanii, NopylmeHHs KPOBOTOKY B KOPi HHPOK,
JUCTPO(is KaHAIBIEBOTO CIITEINi0, 3allajeHHS Ta
HaOPSIK IHTEPCTHLII.

2. 3actocyBanng Mb PAAC, a Takok KOMIUIEKCHE
JKyBaHHS 3YIWHWIO IMPOTPECYBaHHS 3aXBOPIOBAH-
HS 1 TOKPAITMIIO BUIAUTBHY (DYHKITiIFO HUPOK Ha 8-My
toxai XHH, a Takoxx npuBesno 10 HopMaiizalii Bu-
IiTbHOT QYHKIIIT Ta pemicii 3axBoproBaHHA A0 16-T0
THYKHS CITOCTEPEKESHHSI.

3. 3a maHnM#u MOP(OJIOTIYHHUX IOCHIHKEHb Ta
MopdomerpruaHoro anaizy BBeaeHns KEIT Bukimmka-
10 edekt, noaiOHuit 10 Mb PAAC, sikuii nposiBIIsIBCs
y BIJTHOBJICHHI KPOBOTOKY B KOPi HHPKH Ta MPH3Y-
MMHEHHI 3alajbHUX TMPOIECIB B HUPKOBIH 1HTEp-
CTHII BKE Ha MOYATKOBUX eTarax po3Butky XHH.
B pesynbrari KOMIUIEKCHOTO JIIKYBaHHSI CTPYKTypa
HUPKOBOT TKAaHWHU HOpMati3yBasacs Ha 1 6-My THKHI
CIIOCTEPEIKEHHS.
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of observation. In addition, at this observation term
the area of cortical and juxtamedullary glomeruli
in untreated animals was significantly lower as
compared to the control and all treated groups.

During 16 weeks of experiment the metric values
of cortical glomeruli were closest to the control
values in PCE animals. Notably, that the areas of
juxtamedullary glomeruli were normalized in the
animals treated with RAAS drug blockade and its
combination with PCE administration.

Thus, our findings testify to the administration
of PCE together with RAAS DB to ensure the res-
toration of blood circulation in renal cortical layer,
thus reducing the ischemia and stopping further
development of inflammatory processes, that may
be due to the normalization of RAAS activity. It is
well-known that in the chain of events, initiating
and supporting nephrosclerosis, a great importance
is paid to RAAS, and its inhibition is a generally
accepted standard of the therapy aimed at reducing
the chronic pathology progression [10, 14]. This
is also suggested by morphological data we obtai-
ned here on ultrastructure and metric characteristics
of rat adrenal glands, namely the decreased signs
of enhanced cortical steroidogenesis and increa-
sed thickness of glomerular zone of adrenal glands
[18].

Our findings may be used for enrolling into cli-
nical practice as a supplement to basic therapy, as
well as for a deeper study of mechanisms of alloge-
neic PCE impact on various pathogenetic links of
renal failure if compared with the standard drug
therapy.

Conclusions

1. In 3 weeks after glycerol introduction, the
animals of all the groups showed the signs of CRF
development, namely low glomerular filtration rate,
impaired blood flow in renal cortex, tubular epi-
thelial dystrophy, interstitial inflammation and ede-
ma.

2. The use of RAAS DB, as well as a comprehen-
sive therapy stopped the disease progress and im-
proved the renal excretory function on the week 8
of CRF, and resulted in normalization of excretory
function and disease remission to the week 16 of
observation.

3. Morphological studies and morphometric
analysis revealed the PCE administration to cause
an effect similar to RAAS DB, manifested in blood
flow restoration in renal cortex and cessation of
inflammatory processes in renal interstitium even
at the early stages of CRF. A combined therapy
resulted in normalization of renal tissue structure to
the week 16 of observation.
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