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EKCNEPHUMEHTA/IbHA NMATONOCIA HAPOK:
MOMOEN TOKCHYHHAX HE®PONATIH

Pestome. [pu nposedeHHi ekcriepumeHmanbHUX AocrioxeHb npobrneMHUM € rumaHHs adeksamHoi Modesi HeghporoaivyHoi
ramornoaii, ockinbku diana3oH eubopy crocobie 8idmeopeHHs € Had3suYaliHO WUPOKUM. Y pobomi 8uceimneHo 0CHOBHI CyyacHi
Memodu moderosaHHs ma npuHyUnu eubopy moderi Heghporamii Anst OOCTiO)eHHST 3MiH QhyHKUIU | Mpouecie HUPOK ma eghek-
mueHocmi ¢hapMaKoso2idHOI KopeKuyji 3a yMoe ernusy ek3omokcukaHmig. 30cepedxeHo ygazy Ha MOOENsX i3 nepesaxHuUM
MOWKOXKeHHsIM 8iddinie HehpoHa 3i 8CMaHOBMeHUMU MamoaeHemuYHUMU 0cobueocmsmu nepebicy 20cmpoi ma XpPOHIYHOT
MOKCUYHOI Heghporami.

Mema. BuceimneHHsi Memodie MOOesito8aHHsI MOKCUYHUX Heghporamili, BUKOPUCMOBYHYU pe3ynbmamu pobomu 8im4usHSIHUX
Hayk080-00cniOHUX nlabopamopiti i cy4acHi daHi nimepamypu w000 eKcriepuMeHmarbHOI Heghpoogii.

Mamepianu ma memodu. Y pobomi sukopucmani aHanimuyHi Memodu: 36ip Haykoeoi iHghopmauii 3a npobremotro, aHasiz 0aHuxX
ma HayKoge y3azarnbHeHHs pe3yrbmamie.

Pe3ynbmamu ma eucHoeku. ExcriepumeHmarbHi MoOeri 3aX80pro8aHb HUPOK Pi3HOMaHIMHI, ujo A0380/15i€ pemeribHO 8ugyumu
ramoaeHe3 HegbporioeiuHoi namonoeii ma po3pobumu diesi mepanesmuyHi cmpameeii. BodHo4ac 6 ekcrepumMeHmarnbHUX
docridxeHHsIX y psidi aunadkie HeObXiOHO ModeIeamu 3axe0pto8aHHs HUPOK i3 OuhepeHyiliosaHUM MOWKOKEHHSIM KiTybO4KO-
8020 YU KaHarnbuegozo 6i00iny HeghpoHa. Po3pobka eghekmugHUX MeOUKaMeMmMO3HUX 8mpyYyaHb Onsl 3HUXEHHST CrpUYUHEHO!
€K30MOKCUKaHmMaMu HeGghpOMOKCUYHOCMI 3HaYHOKO MIpOI0 3anexums 8id 0b6paHoi ekcriepuMeHmaribHoi Moderi 8i0nosioHo 00
PO3yMiHHSI Tamogisionoeii moKcuyHuUX Heghporami.

Knroyoei cnoea: ekcnepumeHmarnbHa Heghposoeisi, dughepeHuitiogaHe MOWKOOKeHHSI HeghpoHa, MOKCUYHI Heghporamil,
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EXPERIMENTAL KIDNEY PATHOLOGY: MODELS OF TOXIC NEPHROPATHIES

Abstract. When conducting experimental studies, the question of an adequate model of renal pathology is problematic, there-
fore, the range of choice of methods of reproduction is extremely wide. The paper highlights the main modern methods of mod-
eling and the principles of choosing a model of nephropathy for the study of changes in kidney functions and processes. It also
investigates the effectiveness of pharmacological correction under the conditions of exposure to exotoxins. Attention is focused
on models with predominant damage to nephron sections with established pathogenetic features of the course of acute and
chronic toxic nephropathy.

Aim of research is elucidation of methods of modeling toxic nephropathies, using the results of our research laboratories and
modern data from the literature on experimental nephrology.

Materials and Methods. Analytical methods are used in the work: collection of scientific information on the problem, data analy-
sis and scientific generalization of results.

Results and Conclusions. Experimental models of kidney diseases are diverse, which allows to carefully study the patho-
genesis of renal pathology and to develop effective therapeultic strategies. At the same time, in experimental studies, in a num-
ber of cases, it is necessary to simulate kidney disease with differentiated damage to the glomerular or tubular part of the
nephron. The development of effective medical interventions to reduce exotoxin-induced nephrotoxicity largely depends on the
chosen experimental model, respectively, on the understanding of the pathophysiology of toxic nephropathies.

Keywords: experimental nephrology, differentiated damage of the nephron, toxic nephropathies.
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EkcnepumeHTansHa naTonoris — Le HayKoBe BUBYEH-
HS XBOPOOMNMBMX NPOLECIB 3a JOMOMOTOK Pi3HOMAHIT-
HUX MeTodiB JocnimpkeHb (bionoriyHmx, BioxXiMiyHMX,
dpizionoriyHmx, natodisionoriyHmx, apmaKkonoriYHumX,
MOPOMOriYHMX, MONEKYNAPHMX TOLLO) KNiTUH, OpraHis,
cuctem abo opraHiamy B Linomy, 30e6inbLioro 3 BUKO-
pucTaHHsIM nabopaTopHUX TBapUH. YHiBepcarbHi Mexa-
Hi3MW Ta 3arasibHi 3aKOHOMIPHOCTI pO3BUTKY XBOpPOOU, ii
nepebir i HacNiaKM HanyacTille BCTAHOBMIOKTLCS B EKC-
nepumeHTi. OTXXe, PO3BMTOK MEOUYHOI Hayku Ta npak-
TVKM SIK B ICTOPUYHOMY, TaK i Cy4acHOMY acnekTi, TiICHO
MOB’sI3aHMWIA 3 EKCNEPUMEHTANIbHUMM AOCTIMKEHHAMN.

Baxnueum ans ekcnepumeHTanbHOl MeauumHu €
MOLIYK afeKBaTHOi Mogeni 3 ycima HeobxigHuMK Bna-
ctueocTaMU. OcobnnBo Lie CTOCYeTbCA MOAENEN TBa-
PUH. BiH MOBMHEH I'pyHTYBaTUCA Ha Takux 3aranbHOBU-
3HaHUX MOKa3HWKax: MPUAATHICTb y SKOCTi aHanora;
MpOCTOTa BiATBOPEHHS Ta adanToOBaHICTb 40 eKcrnepu-
MeHTanbHUX MaHiNynauin; MOXNMBICTb nNepedavi
iHbopmalLlii Ta y3aranbHeHHs pesynbrartis; BapTiCTb Ta
[OCTYMHICTb.

EkcnepvmeHTanbHi mogeni 3axBoptoBaHb HUPOK pis-
HOMaHITHi, BOHW A,O3BOMNSOTb PETENBHO BUBYMTY NaTo-
reHe3 HecpponoriyHoi natomorii Ta po3pobutn aiesi
TepaneBTUYHi cTpaterii. Ane B HayKkOBO-L4OCHIAHIN
poboTi € 00CTaBUHK, SKi yCKNagHwTL BUGIp mMoaeni,
MOPIBHAHHSA OAEePXXaHUX pe3ynsTaTie. TpYOHOLL MOXYTb
OyT 0OYMOBMEHI TUM, LLO EKCNIEPUMEHTATOPY BUKOPU-
CTOBYHTb BRacHi 4u anpoboBaHi B mpouecax focnig-
XEHb OKPEMOi HayKOBOI LUKONM Cnocobn MopentoBaH-
HSl, @ He CTaHgapTU3oBaHy Mogenb. Kpim Toro, 3aBxam
NpPoBNeMHUMM € MUTaHHS LWWOAO MEOMYHOI KOPWUCTI
mozeni, AOUINbHOCTI BUKOPUCTAHHS TBAPWH B eKcrepu-
MEHTI, ekonorivHi Hacnigku. OTxe, 3aBxau akTyarbHi
€TUYHI NOCTynaT Ta AOTPUMAHHS NPUHUMNIB BiOETUKM
NpW NPoBEAEHHI AOCNiMKEeHb Ha TBapUHaX.

MeTa. BucCBiTNEHHS MeTOAIB CTBOPEHHS TOKCUYHMX
Hedpponariii, BUKOPWUCTOBYKOYM AOCBI4 poboTH BiTYK3-
HSIHUX HayKOBO-AOCMiAHUX nabopatopii Ta CyyacHi
[aHi nitepatypu. Takuid nigxig 4ONOMOXe AOCHiAHUKY
B1OpaTu agekBaTHy MOAenb Hedponarii, 30cepeanTu
yBary Ha KOHKPETHMX MOKa3HUKaxX (PyHKLiOHANbHOMO
CTaHy HWPOK, BU3HAYNTN HOBi HaMpPSIMKW NaToOreHeTny-
HOT HedponpoTeKL;i.

Ons mopentoBaHHA HedponaTii  BUKOPUCTOBYHOTb
PsSio TOKCUKAaHTIB (EKOTOKCUKAHTIB) — COMi pTyTi, Kaa-
Mito, NaTUHK, Tanito. [lotenep BBaxaeTbCs, LLIO XBOPO-
OV HMPOK, CMPUYMHEHI TakMMKM MeTanamu, 30Kpema
PTYTTIO, HEAOCTATHLO AOOPE JOKYMEHTYIOTCS, YacTo
HENpaBWIIbHO [iarHOCTYTbCA Ta MOraHo MiKylTbCs
[1]. Cnig 3ayBaxuTy, L0 iHAYKYHOTb NOLWKOAXKEHHS Mpe-
napatu pisHMx apMakonoriyHnx Knacie (y nikysasb-
HUX J03aXx) i3 HEPPOTOKCMYHOK aKTUBHICTIO — HECTEPO-
ioHi npoTM3ananbHi 3acobu; aHTUBIOTVKM aMiHOrMiKo3K-
An, pudamiynHn, aHTpaumKiiHK, aHTUHEONaCTUYHI
3acobu: npenapaTtu nnatuHu, idocdamig Towo [2].
AKTyanbHUMU € Ta aKTUBHO BUKOPVCTOBYKTLCA MOAEN
riNOKCUMYHOTO MOLUKOAXKEHHS! HUPOK i3 BUKOPUCTAHHAM

Experimental pathology is a scientific study of dis-
ease processes using various research methods (bio-
logical, biochemical, physiological, pathophysiological,
pharmacological, morphological, molecular, etc.) of
cells, organs, systems or the organism as a whole,
mostly using laboratory animals. Universal mecha-
nisms and general patterns of the development of the
disease, its course and consequences are mostly
established in the experiment. Therefore, the advances
of medical science and practice, both in the historical
aspect and in modern terms, is closely related to
experimental research.

It is important for experimental medicine to choose
an adequate model — a model with all the properties
necessary for the purposes of this research. The
choice of any model for research, especially animal
models, should be based on such generally accepted
principles as suitability as an analogue; ease of repro-
duction and adaptability to experimental manipulations;
possibility of information transfer and generalization of
results; cost and availability.

Experimental models of kidney diseases are diverse,
which allows to carefully study the pathogenesis of
nephrological pathology and to develop effective thera-
peutic strategies. It should be noted that there are a
number of circumstances in research work that make it
difficult to choose a model and compare the obtained
results. Difficulties may be caused by the fact that exper-
imenters use their own modeling methods or those test-
ed in the research processes of a separate scientific
school, rather than a standardized model. In addition,
questions regarding the medical benefits of the model,
the expediency of using animals in the experiment, and
environmental consequences are always problematic.
Therefore, serious ethical considerations and compli-
ance with the principles of bioethics are always relevant
when conducting research on animals.

Aim of the work is to highlight the methods of creat-
ing toxic nephropathy, using the experience of our
research laboratories and modern data from the litera-
ture, which will help the researcher to choose an ade-
quate model of nephropathy, focus on specific indica-
tors of the functional state of the kidneys, and deter-
mine new directions of pathogenetic nephroprotection.

A number of toxicants (ecotoxicants) are used to
simulate nephropathy — salts of mercury, cadmium,
platinum, and thallium. Until now, kidney diseases
caused by such metals, particularly mercury, are
believed to be poorly documented, often misdiag-
nosed, and poorly treated [1]. It should be noted that
drugs of various pharmacological classes (in therapeu-
tic doses) with nephrotoxic activity, such as nons-
teroidal anti-inflammatory drugs, induce damage;
aminoglycosides, rifamycins, anthracyclines; antineo-
plastic agents: platinum drugs, ifosfamide, etc [2].
Models of hypoxic kidney damage with the use of
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€K30reHHMX MPOTiNOKCUYHUX YNHHUKIB — HITPaTIB, HITpU-
TiB, AVHITpODEHON, fAKi HaMTOYHiWe BigoOpaxarTb
MPUYUHHO-HACMIAKOBI MeXaHi3Mu NOB’A3aHUX i3 KUCHe-
BOK HeOCTaTHICTIO peHarnbHUX AUCEYHKUIN [3].

PoarnsHyTi HKYe MOZENi LUMPOKO 3aCTOCOBYHOTHCA
B eKcrnepuMeHTanbHin Hedpponorii. BoHu wemako Big-
TBOPIOIOTbCS, ane MawTb [OCTaTHbO TpUBaNUA 4ac
PO3BUTKY 3 XapaKTepHUMW NS NEeBHWUX CTafi NocTy-
MOBOrO PO3BUTKY O3HaKaMn HePOTOKCUYHOCTI; MatThb
HU3bKWIA piBEHb NETanbHOCTI EKCNEPUMEHTAbHMX TBa-
puH. OcTaHHIM YacoM NpYBEPTaOTb yBary Mogeni Xpo-
HIYHOTO MOLUKOIPKEHHSI HUMPOK, iHOYKTOPU, SIKi YMHATb
[OBrOTPUBANWUIA BMMMB Ha CTPYKTYPHO-(PYHKLIiOHAb-
HUI CTaH HUPOK Micnsa ogHopasoBoro abo Garatopaso-
BOTO BBEAEHHSI.

Matepianu Ta metogu. Y poGoOTi BMKOpPUCTaHI
aHaniTuyHi metoau: 36ip HaykoBoi iHdhopMmaLlii 3a npo-
Onemoto, aHania JaHuX Ta HayKoBe y3arallbHEHHS
pesynbTaTiB.

Pe3synbrati Ta 06roBopeHHs. B ekcnepumeHTans-
HUX JOCRIMKEHHSX y psdi BUNagKiB HeobxigHo Mogento-
BaTU 3axBOPKOBAHHSA HUPOK i3 AundepeHuiioBaHNM
MOLLUKOKEHHAM KIyOOYKOBOrO YW KaHanbLeBoro Bigai-
ny HedpoHa. EkcneprmeHTanbHa TOKCUYHa CyneMoBa
HedbponaTis € Knacu4HUM NPOTOTMIOM MoZeni Tybyro-
natii 3 NepeBaXHUM YLUKOMKEHHSIM MPOKCUMAarbHMX
KaHanbLiB Ta NoAanbLUMM pO3BUTKOM TyOyno-iHTepCTU-
UiNHOro cuHApOMY. TOKCMYHY CynemoBy Hedponartiio
MOZENIOTb OZHOPA30BUM MIALKIPHUM YBEAEHHSM
nabopaTopHUM HeniHinHUM Ginum wypam 0,1 % posumn-
Hy auxnopuay pTyTi B Aiana3oHi 403 1-5 Mr Ha 1 kr macu
Tina. BogHO-COMNbOBI HABaHTaXEHHS 34INCHIOITL Yepes
1-1,5 roauHun nicns MogentoBaHHs. BapTto 3asHauuTty,
LU0 BITYM3HSHI HAYKOBLI BCTAHOBWIIM MeXaHi3Mu cyne-
MOBOrO YLUKOAXKEHHS HUPOK, NMPOBeNM natodisionoriy-
HUN aHani3 cTafi pO3BUTKY FOCTPOr0 Ta XPOHIYHOrO
npouecy [4]. OpepkaHi HaykoBi BiGOMOCTi MalOTb BaX-
NVBE 3HAYEHHS ANS BU3HAYEHHS YHIBEPCATNbBHMX NaHOK
MexaHi3MiB hopMyBaHHS1 Hedpponariii Ta Bubopy 3aco-
6iB naToreHeTUYHOI hapmakoTepanii 3anexHo Big cTa-
[N pO3BUTKY MOLLKOXKEHHS HUPOK [5, 6].

HedpotokcukaHt cynema 3 100 % TouHicTIO
MOLIKOZXKYE NpPOKCUManbHWA Bigdin HedpoHa [7].
MpoTe BKasaHWW cnocid Mae Luinuii psa  Bag.
YWKOMKEHHS] NPOKCUManbHUX KaHamnbLiB NpU3BOAUTb
[0 3HWKEHHS! NPOKCcMMarbHOI peabcopbuii ioHiB HaT-
pito Ta 30inblUeHHs oro goctaBku Ao macula densa
AucTanbHoro Biaainy HepoHa, Lo BiANoBIAHO iHAYKYE
aKTUBHICTb BHYTPILIHbOHUPKOBOI PEHiH-aHroTeH3NHO-
BOI CUCTEMM 3 BUINEHHAM Y KIHLIEBOMY MOMEHTI aHrio-
TeH3uHy |, Sk Npu3BoAUTbL OO CrasMy MPUHOCHOT
apTepionu HUPOK Ta PO3BMUTKY iLLIEMIT KIDKOBOI pevoBU-
HU HUPKM 3i 3HWKEHHSM KNyOO4YKOBOI hinbTpauii.
Po3BUTOK iLLeMii KipKOBOI pe4OBWHM HUPOK TaKOX Npo-
BOKY€E BTOPMHHE MOLUKOKEHHS MPOKCMAnbHOrO Biagi-
ny HedppoHa Ta YaCTKOBOTO MOLLKOMKEHHS AMCTaNbHUX
KaHanbLiB, BenuunHa sikoro ctaHoBuTb 30 %. Takum
YMHOM, Ha OaHii mogeni HecbponaTtii MU MaEMO HU3b-

exogenous prohypoxic factors — nitrates, nitrites, dini-
trophenol, which most accurately reflect the cause-
and-effect mechanisms of renal dysfunctions associat-
ed with oxygen insufficiency remain relevant and are
actively used [3].

Materials and Methods. Analytical methods are
used in the work: collection of scientific information on
the problem, data analysis and scientific generalization
of results.

Results and Discussion. The models discussed
below are widely used in experimental nephrology.
These models can be reproduced quickly, but have a
sufficiently long development time with signs of
nephrotoxicity characteristic of certain stages of grad-
ual development; have a low level of lethality in exper-
imental animals. Recently, they have attracted atten-
tion as models of chronic kidney damage, the inducers
of which have a long-term effect on the structural and
functional state of the kidneys after single or repeated
administration. In experimental studies, in a number of
cases, it is necessary to model kidney disease with dif-
ferentiated damage to the glomerular or tubular part of
the nephron. Experimental toxic sublimate nephropa-
thy is a classic prototype of the model of tubulopathy
with predominant damage to proximal tubules and sub-
sequent development of tubulo-interstitial syndrome.
Toxic sublimate nephropathy is modeled by a single
subcutaneous injection of a 0.1% mercury dichloride
solution in doses ranging from 1 to 5 mg per 1 kg of
body weight to laboratory non-linear white rats. Water-
salt loads are carried out 1-1.5 hours after modeling. It
is worth noting that the thorough work of our scientists
established the mechanisms of kidney damage by sub-
limate, and a pathophysiological analysis of the stages
of development of the acute and chronic process was
carried out [4]. The obtained scientific information is
important for determining the universal links of the
mechanisms of the formation of nephropathies and the
selection of pathogenetic pharmacotherapy depending
on the stages of development of kidney damage [5, 6].

Nephrotoxicant sublimate with 100% accuracy dam-
ages the proximal part of the nephron [7]. However,
this method has a number of disadvantages. Damage
to the proximal tubules leads to a decrease in the prox-
imal reabsorption of sodium ions and an increase in its
delivery to the macula densa of the distal part of the
nephron, which in turn induces the activity of the
intrarenal renin-angiotensin system with the release of
angiotensin Il at the final moment. It leads to spasm of
the supplying renal arteriole and the development of
ischemia of renal cortex with a decrease in glomerular
filtration. The development of ischemia of the renal cor-
tex also leads to secondary damage to the proximal
part of the nephron, and partial damage to the distal
tubules, the value of which is 30%. Thus, in this model
of nephropathy, we have a low degree of damage to
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KU CTYNiHb YLUKOMXXEHHS AUCTanbHOro Biaainy Hedpo-
Ha, sIKe He € i30MNbOBaHNM, a NOEAHYETHCS 3 MOLLKOA-
XEHHSIM MPOKCUManbHUX KaHanbUiB Ta peanisauieto
TyOyno-rmoMepynsipHOro 3B’A3Ky 3 PO3BUTKOM iLLEMii
KipKOBOi pe4oBMHI HUpOK. Came Le 1 YCKNaaHIE aHa-
ni3 natonorii AMcTanbHUX KaHanbL,iB.

Mpodpecop A.l. ToXeHKO po3pobMB SIKICHO HOBY
Mogenb Hecdponatii 3 NEPBUHHUM i30/IbOBAHNM
YLUKOMKEHHSM AWCTanbHOro Bigainy HegpoHa. 3rigHo
3 MeToauKo nabopaTopHUM BinuM Lwypam y WnyHOK
yepes MeTaneBwii 30HA, YBOAATL OKcanart Kaniio 40300
50 mr/kr macu Tina npotsirom 4 TuxHiB. [icns yoro
LypiB nomiwatoTe B 0OMiHHI kniTku Ansa 36opy cevi 3a
2 rognHn. OuiHKa NoKasHWKIB (OYHKLIOHANbHOTO CTaHy
HUPOK (WwBwmAaKoCTi KnyboukoBoi dinbrpauii (LLIK®),
NpoKcUMarnbHOi Ta aucTanbHoOi peabcopbuii ioHiB HaT-
pit0 TOLLO) Mokasana nepeBaxHy, NokanizoBaHy Hed-
POTOKCUYHY Aito oKcanaTy Kanito B AucTanbHOMY Biggi-
ni HecppoHa 3i 100 % TOYHICTIO MOLIKOMKEHHST 6e3
BKIKOYEHHS O NaToONOrYyHOro Npouecy npokcuMmars-
HUX KaHanbLiB, peanisauii cuctemu Tybyno-rmomepy-
NSIPHOrO 3BOPOTHOTO 3B'A3Ky Ta 0€3 po3BUTKY ilemii
KipkoBOi pe4oBMHM HMpoOK. OkcanaTHa Hecbponartisa —
e aKTyanbHa MeguyHa npobnema, noe’si3aHa 3okpe-
Ma i3 3aCTOCyBaHHsIM BUCOKUX 403 BiTamiHy C [8].

lMoLwKomKEHHS KaHanbLEeBOro i kKny6oykoBoro Biadi-
niB HedppoHa BRacTUBi BNNMBaM iOHIB KagMito.
TokcuyHy kagmieBy Hedbponartito CTBOPHOBaNM BHYTPI-
LWUHbOOYEPEBUHHNUM  YBEAEHHSAM XNOpWUAY KagMito
posoto 0,1 mr ta 1 mMr Ha 1 Kr Mmacu Tina nabopaTopHmx
HeniHinHux Binux wypis macoto 100-130 r. [9]. Yepes 2
[obu nicns BBeAeHHs coni kagmito gosow 0,1 mr/kr
mMacu Tina, Ha Tni BUPaXEHWX O3HAK MOLLUKO[KEHHS
KaHarnbLeBoro Bigainy HedpoHa (HasiBHICTb NpOTEiHy-
pil Ta NiABMLLEHHSA HUPKOBUX BTPAT OCMOTWUYHO aKTWB-
HUX PEYOBMH) Mamno Micle 3HKEeHHS BenuyuHu LUK
Ta 3MEHLLUEHHS eKCKpeLii eHOoreHHMX HiTpaTiB. AHani3
peakLii HUPOK LLYpiB HA BOAHE Ta COMbOBE HaBaHTa-
XeHHs1 Yepes 7 fib nicns BBeAEHHS Anxnopuay KaaMito
B J03i 1 Mr/Kr 3acBig4uMB HeraTuBHy AuMHaMmiky nepebiry
KagMil-iHOyKOBaHHOT HWPKOBOI HEOOCTaTHOCTI, sKa
xapaktepuayBanacb 3HWKEHHAM BUXigHUX piBHiB LLUK®D
i npoteinypieto. OTxe, HEPPOTOKCUYHWIA €CHEKT iOHIB
KagMmito 34ebinblioro 3yMOBMEHWA MOLIKOMXEHHSM
CYOMHHO-KNy6OYKOBOrO anaparty HWMPOK, WO npo-
SBMNSAETLCA 3MEHLUEHUM KMipeHCOM KpeaTWHiHy i Big-
cyTHicTio nigsuweHHs LUK® y Bianosigb Ha conboBe
HABAHTaXEHHS, TOOTO BIOKYBaHHSIM MeXaHi3MiB Hup-
KOBOrO (PYHKLIIOHAIIbHOMO pe3epBy OAHOYACHO 3 Mopy-
LUEHHAM YHKLIT KaHanbLiB.

Ons BUBYEHHA KOMOIHOBAHOrO BMMMBY EK30TOKCU-
KaHTIB 3aM1€XHO Bif (beHOTMNY aLeTuoBaHHs nabopa-
TOpPHUX BinMx LLypiB HaLi HAyKOBLj BUKOPUCTOBYBany
XNopug Kagmito, sIkuii BBOAWIN BHYTPILLHBOOYEPEBH-
Ho go3oto 0,1 mr/kr, wo gopisHioe 1/50 DL50, a Takox
HITpaT HaTpilo — BHYTPILUHBLOLLNYHKOBO A030t0 500
mr/kr, wo popisHioe 1/15 DL50. OuiHeHO peHanbHy
(yHKLit0 B AMHAMILi PO3BUTKY FOCTPOrO MOLLIKOKEHHS

the distal part of the nephron, which is not isolated, but
is combined with damage to the proximal tubules and
the realization of the tubuloglomerular connection with
the development of ischemia of the renal cortex. All of
the above complicates the analysis of the pathology of
the distal tubules.

Professor A. Hozhenko developed a qualitatively
new model of nephropathy with primary isolated dam-
age to the distal part of the nephron. According to the
methodology, potassium oxalate at a dose of 50 mg/kg
of body weight is injected into the stomach of laborato-
ry white rats through a metal probe for 4 weeks. After
that, rats are placed in exchange cages to collect urine
for 2 hours. The evaluation of indicators of the function-
al state of the kidneys (GFR, proximal and distal reab-
sorption of sodium ions, etc.) showed a predominant,
localized nephrotoxic effect of potassium oxalate in the
distal part of the nephron with 100% accuracy of dam-
age without including the proximal tubules in the patho-
logical process, implementation of the tubuloglomeru-
lar feedback system and without the development of
ischemia of the renal cortex. Oxalate nephropathy
remains an urgent medical problem associated, in par-
ticular, with the use of high doses of vitamin C [8].

Damage to both tubular and glomerular parts of the
nephron is inherent to the effects of cadmium ions.
Toxic cadmium nephropathy was created by intraperi-
toneal administration of cadmium chloride at a dose of
0.1 mg and 1 mg per 1 kg of body weight of laboratory
non-linear white rats weighing 100-130 g [9]. In two
days after the introduction of cadmium salt at a dose of
0.1 mg/kg of body weight, against the background of
pronounced signs of damage to the tubular part of the
nephron (the presence of proteinuria and increased
renal losses of osmotically active substances), there
was a decrease in GFR and a decrease in the excre-
tion of endogenous nitrates. Analysis of the reactions
of the kidneys of rats to water and salt stress 7 days
after the introduction of cadmium dichloride at a dose
of 1 mg/kg showed negative dynamics of the course of
cadmium-induced renal failure, which was character-
ized by a decrease in the initial levels of GFR and pro-
teinuria. Therefore, the nephrotoxic effect of cadmium
ions is mostly caused by damage to the vascular-
glomerular apparatus of the kidneys, which is manifest-
ed by reduced creatinine clearance and the absence of
an increase in GFR in response to a salt load, i.e. by
blocking the mechanisms of the renal functional
reserve simultaneously with a violation of the function
of the tubules.

To study the combined effect of ecotoxicants
depending on the acetylation phenotype of laboratory
white rats, our scientists used cadmium chloride, which
was administered intraperitoneally at a dose of 0.1
mg/kg, equal to 1/50 DL50, as well as sodium nitrate
intragastrically at a dose of 500 mg/kg, equal to 1/15
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HUpPOK Ha 7-14 pOeHb JocnigkeHHs. Ha BigMiHy Bia
LLYpIB LUBUAKUX aLEeTUNATOPIB, Y AKUX peakLUil yHKLii
HUPOK Manu aganTUBHWIA XapakTep, y MOBINbHWX ale-
TWUNATOPIB MOpPYLLYBanMCb BOAO-, iOHO-, OCMOPEryrto-
BasibHa PyHKLIii HAPOK, @ TakoX — KIyOO4YKOBO-KaHasb-
LeBmi BanaHc, yHacnigok NOLIKOMKEHHS KaHanbLEeBo-
ro Bigainy HedgpoHa [10, 11]. OTxe, BkasaHy MoZenb
MOXXHa BUKOPWCTOBYBATYW AJ151 BUBYEHHS €DEKTUBHOCTI
npenapariB Kopekuii npu HedponaTisx, CNpUYNHEHUX
KOMOIHOBaHWM BNAMBOM €K30TOKCUKAHTIB.

Hupku BigirpatoTb Baxnuey porb y perynauii Luky
oKcuAy a3oTy Npu BUBEAEHHI i3 OpraHiamy HITPUTIB i
HITpaTiB EHLOreHHOT0 Ta EK30TEHHOTO MOXOMKEHHS.
Micns BBeOeHHS HITpUTY HaTpito gosoto 0,2 mr Ha 100 r
macu Tina rpynam Lypis-camuis macoto 100-200 r y
CKnafi HaBaHTaxyBanbHOI NMpobu (yBeOEHHSI BHYTpi-
LUHBOLLMYHKOBMM 30HAOM BOAM i 3 % po34nHy xnopuagy
HaTpilo 3 po3paxyHKy 5 % Big Macu Tina) nigsuLlyBa-
nacb KOHLEHTpaLlis HITpaTiB (ane He HITpUTIB) y Nnasmi
KPOBI, LLIO CYNPOBOMXKYETLCSA 3MiHAMU (PYHKLiOHAMNbHO-
O CTaHy HWPOK: 3HWKEHHSM KMipPEHCY KpeaTuHIHYy i
30inblUeHHAM ekckpelii Ginka. OTxe, OeToKcuKaLis
OpraHi3aMy Npu HaAXOMXKEHHI EK30reHHUX HITPUTIB 3iNn-
CHIOETbCS 3aBASKM MPUCKOPEHOTO iXHBOTO OKUCHEHHS
[0 HITpaTiB i3 HAaCTyNHUM NiABULLEHHAM TemniB BUAi-
NEHHS HiTpaT-aHioHy Hupkamu [12].

HupkoBa ekckpeuis HiTpaTiB i HITPUTIB MiLHO
MoB’si3aHa 3i CTaHOM HMPKOBOIO KPOBOTOKY Ta KaHaslb-
LieBMM TPaHCMOPTOM iOHIB HaTpito. Takum 4YMHOM
piBEHb €HAOreHHWX HITPUTIB i HITpaTiB y Nnasmi KpoBi
KONMMBAETLCA B JOCTATHBO BY3bKUX MeXaXx, 3MiHN TXHiX
BENTMYMH MOXHa BMKOPUCTOBYBATU SIK AiarHOCTUYHUN
MokasHuk npu GaraTbOX NaTONMOMYHMX npoLecax,
30KpemMa npy MOLIKOKEHHI HMPOK, Gepyun oo ysaru
BMCOKY YYTNMBICTb FOMEOCTaTUYHUX PEHANbHUX peak-
Ui HaBiTb NpW BBEAEHHI HITPMTIB y Manux gosax (0,2
mr/100 r y cknagi 5 % BOQHOTO HABAHTAXEHHS M
BMMAIOBaHHS NabopaTopHUX Binmx LypiB pPO34MHOM
HITpUTY HaTpito (50 mr/n)) [13, 14].

BogHovac TokcuYHa gist HITpaTiB Ha opraHiam nons-
ra€ B FNOKCUYHOMY MOLLUKOKEHI (KUCHEBOMY rorogy-
BaHHi), WO pPO3BMBAETHCSH BHACMIAOK MOPYLUEHHS
TPaHCMOPTY KUCHIO KPOB'HO Ta YTBOPEHHS CTIMKOI Cromny-
K1 — METreMornobiHy, OTKe, BUHUKAE reMivHa rinokcis.

[ns cTBOpeHHs mogeni KoMOiHOBaHOI riNOKCUMYHOI
Hedponarii y nabopaTopHMX HeniHiHUX Ginux wypis
BUKOPUCTOBYIOTb HITPUT HATPIt0 — MigLLKIpHE BBEAEHHS
fo3oto 50 mr/kr, Ta 2,4-anHiTpodbeHon — yepes 30 xBu-
NH BHYTPILUHBOOYEPEBWHHE BBELAEHHS 003010 3 MI/KT
macu Tina. MNoegHaHHs 060X NPOriNOKCUYHNX YMHHUKIB
NPU3BOAUTL [0 PO3BUTKY TMOKCUYHOI FiCTOreMiYHOT
HedbponaTii 3 MNOLIKOAKEHHSM MPOKCUMArbHOMO Ta
auctanbHoro Bigainie HedpoHa [15]. O6uasa ToKcu-
KaHTV BUKOPUCTOBYKOTBECS AMNSi MOAEMIOBAHHS reMiyHOi
Ta riCTOTOKCUYHOI FiNOKCMYHMX Hedoponartin [16, 17].

TokcuyHicTb HebesneyHoro 3abpygHtoBada 30B-
HILUHBOTrO CepefoBMLLIA MeTany NIaTuHK TaKoX Xapak-
TEPU3YoTb 3MiHK (OYHKLIN HUPOK. MNepeBaxHe noLukod-

DL50. Assessment of renal functions in the dynamics
of development of acute kidney injury was carried out
on day 7-14 of the study. In contrast to fast acetylator
rats, in which the reactions of kidney functions were
adaptive, in slow acetylator rats the water, ion, and
osmoregulatory functions of the kidneys were dis-
turbed, as well as the glomerular-tubular balance, as a
result of damage to the tubular part of the nephron [10,
11]. Therefore, the specified model can be used to
study the effectiveness of correction drugs in
nephropathies caused by the combined effect of ecto-
toxicants.

Kidneys play an important role in the regulation of
the nitric oxide cycle in the removal of endogenous
and exogenous nitrites and nitrates from the body.
After the administration of sodium nitrite at a dose of
0.2 mg per 100 g of body weight to groups of male rats
weighing 100-200 g as part of a loading test (injection
of water and a 3% solution of sodium chloride based
on 5% of body weight through an intragastric tube),
the concentration of nitrates increased (but not
nitrites) in the blood plasma. It is accompanied by
changes in the functional state of the kidneys: a
decrease in creatinine clearance and an increase in
protein excretion. Therefore, detoxification of the body
upon the intake of exogenous nitrites is carried out
due to their accelerated oxidation to nitrates with a
subsequent increase in the rate of excretion of nitrate
anion by the kidneys [12].

Renal excretion of nitrates and nitrites is strongly
related to the state of renal blood flow and tubular
transport of sodium ions. Thus, the level of endoge-
nous nitrites and nitrates in blood plasma fluctuates
within fairly narrow limits, and changes in their values
can be used as a diagnostic indicator in many patho-
logical processes, in particular, in kidney damage, tak-
ing into account the high sensitivity of homeostatic
renal reactions even when nitrites are administered in
small doses (0.2 mg/100 g in the composition of 5% of
the water load or perfusion of laboratory white rats with
sodium nitrite solution (50 mg/1)) [13, 14].

At the same time, the toxic effect of nitrates on the
body consists in hypoxic damage (oxygen starvation),
which develops as a result of a violation of oxygen
transport in the blood and the formation of a stable
compound — methemoglobin, therefore, hemic hypoxia
occurs.

To create a model of combined hypoxic nephropathy
in laboratory non-linear white rats, sodium nitrite is
used — subcutaneous injection at a dose of 50 mg/kg,
and 2,4-dinitrophenol — intraperitoneal injection at a
dose of 3 mg/kg of body weight after 30 minutes. The
combination of both prohypoxic factors leads to the
development of hypoxic histohemic nephropathy with
damage to the proximal and distal parts of the nephron
[15]. Both toxicants are used to model hemic and his-
totoxic hypoxic nephropathies [16, 17].

1"
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XXEHHS HUPKOBUX KaHamnbLiB Ha TNi PO3BUTKY TOKCUYHOI
Hecbponarii 3a TMNOBMMMW MEXaHi3MaMu BUKIUKAE CUH-
TETUYHUIA NPOTUMYXMMHHWIA 3acib uucnnaTtvH, sKvid 3a
CBOED XiMIYHOK CTPYKTYpOK € KOMIMMEKCHOK CroMy-
Koo nnatuHu [18]. byno BCTaHOBMEHO, WO HEPOTOK-
CWUYHICTb LMCMNATWHY € [0303aNEXHOK | KyMynsTuB-
Hoto [19]. BoHa MOXe BUKNMKATUCS OAHOKpaTHUM abo
HaraTokpaTHMM 3aCTOCYBaHHAM LUCINATUHY. Y TBApUH
3anexHo Bif [403yBaHHS, YaCTOTH iH KL | KyMynsaTUB-
HOI [03W LMCNnaThHy MOXe PO3BMHYTWCSA TrocTpe Ta
XPOHIYHE MOLLKOMKEHHS HUPOK Pi3HOTO CTYMEHS TSKKO-
cTi. MpmayHam (nabopaTopHUM Liypam i MULam) Luc-
nnaTvH 3a3Buyail BBOAATb BHYTPILLHBOOYEPEBUHHO,
pifLLe BHYTPILLHLOBEHHO ab0o nigLwkipHo Ao3oko 2-10 mr
Ha 1 kr macu Tina [20].

BucHoBku. OTxe, BMOIp iHOYKOBAHOI TOKCMKaHTaMu
eKcrnepumeHTanbHoi HedponaTii FPYHTYETLCS He Tinb-
KV Ha BiANOBIAHOCTI MoAeni LWOoAo AisAnbHOCTI NIOANHM
Yyn 3BMYANHOI HedponoriyHoi npakTuku. Kputepii
BMOOPY/BIOXUMNEHHS 3aranbHOMPUNHATUX MoZenewn
BKIOYAKTb HASABHICTL/BIACYTHICTb MATOMOrMYHMX Mpo-
LieciB, 30kpema be3nocepeHbOr0 TOKCUYHOTO MOLLKOA-
XXEHHS CYOWHHOT CUCTEMMW HUPOK, MPOKCUMAIIbHUX 3BU-
BUCTUX KaHasbLiB ANCTanbHKUX KaHanbLiB. PesynsraTu
eKCrepyMeHTanbHUX OOCNidXeHb, MPOBEOEHUX Ha
MoZensix i3 BigoMMMM natogisionoriyHuMm xapakrepu-
CTUKaMn MOXYTb OYTU KOPUCHUMW NS PO3LUMPEHHS
iCHYIOYOI CYKYMHOCTi (pyHOAAMEHTanbHUX 3HaHb i Ons
NpakTUYHOI Hedponorii.

KoHdonikT iHTepeciB. ABTOpY 3asBnstOTb NPO BiACYTHICTb
KOHAIKTY iHTEpeciB

The toxicity of the dangerous environmental pollutant
platinum is also characterized by changes in kidney
function. Predominant damage to renal tubules against
the background of the development of toxic nephropa-
thy according to typical mechanisms is caused by the
synthetic antitumor agent cisplatin, which by its chemi-
cal structure is a complex platinum compound [18]. It
was established that the nephrotoxicity of cisplatin is
dose-dependent and cumulative [19]. Nephrotoxicity
can be caused by single or repeated use of cisplatin.
Depending on the dosage, frequency of injections and
cumulative dose of cisplatin, animals may develop
acute and chronic kidney damage of varying degrees
of severity. Rodents (laboratory rats and mice) are usu-
ally administered cisplatin intraperitoneally, less often
intravenously or subcutaneously at a dose of 2-10 mg
per 1 kg of body weight [20].

Conclusions. Therefore, the choice of toxicant-
induced experimental nephropathy is based not only
on the appropriateness of the model to human activity
or the usual nephrological practice. Criteria for selec-
tion/rejection of generally accepted models include the
presence/absence of pathological processes, in partic-
ular, direct toxic damage to the vascular system of the
kidneys, proximal convoluted tubules, and distal
tubules. The results of experimental studies conducted
on models with known pathophysiological characteris-
tics can be useful for expanding the existing body of
fundamental knowledge and for practical nephrology.
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