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Aim - compilation of scientific data on the pathogenetic mechanisms of acute kidney injury and chronic kidney disease.

Although the general pathophysiological picture and the main clinical and laboratory signs of renal damage or comorbid
conditions causing CKD have been established, the research of the gradual nephron death mechanisms are still very actual.
To date it is unknown why kidney injury initially causes reversible changes, but with the passing of time irreversible acute
renal insufficiency occurs or chronic process develops. Broadening pathogenesis knowledge is an important step toward
improving early diagnosis and treatment of acute and chronic kidney injury for the maximal postponement of end-stage renal
disease. We have analyzed available scientific literature for the past 5 years that allows formulating the modern concept of
the general pattern and the key links in the mechanisms of kidney dysfunction and loss of nephrons homeostatic functions.
The results, shown in our own experiments, demonstrate the influence of ATP-dependent potassium (K,.,) channel activator
flocalin on renal. Defined nephroprotective effects of flocalin on tubular and glomerular parts indicate the pathogenetic role of
K,.» channels and importance of their pharmacological activation during acute and chronic kidney injury.

Conclusions. Regardless of its etiology acute injury of the nephrocytes proceeds through several mechanisms. The initial
compensatory effects of these mechanisms can change to irreversible destructive influence that finally results in reduction
in the number of the functioning nephrocytes, chronic kidney disease formation and terminal renal insufficiency. Despite
intensive research of pathogenesis and continuous search for the new markers of acute and chronic kidney injury the causes
of kidney pathology progression have not been fully disclosed yet. The important medical, social and economic aspects of
renal diseases substantiate perspective of the key links further study that form a universal pathophysiological picture and
facilitate the pathogenetic directions of pharmacological nephroprotection improvement.

MNaToreHeTUUHi MexaHi3MK1 rocTporo NOLIKOAXKEHHA Ta XPOHIUHOI XBOPOOU HUPOK
(orasp Aitepatypu)

T. M. Boituyk, A. . ToxeHko, H. A. ®inineup, B. M. XopopoBcbkui

MeTa po60Tu — y3aranbHeHHsI HAayKOBWX JaHMX OO MATOTeHETUYHUX MeXaHi3MiB roCTPOro MOLLKOKEHHS Ta XPOHIYHOI
XBOPOOMW HUPOK.

Monpwu BM3HaHHS 3aranbHOi NaToi3ioNOriYHOI KAPTUHK, OCHOBHMX KNiHIKO-NabopaTopHMX O3HAK MOLUKOAXKEHHS HUPOK YK
KoMOpOigHMX CTaHiIB, L0 NPU3BOAATL A0 NPOrpecyBaHHs HePONOriYHOT NaTonorii, He BTPaYatoThb aKTyanbHOCTI JOCHIIKeH-
HSi MexaHi3MiB, KOTPi ClPsIMOBaHi Ha NOCTynoBy 3arnbenb HedhpoHiB. [loCi He 3'ICOBaHNM 3anMLLIAETLCS MUTAHHS: YOMY NpU
MOLLKOZKEHHI HMPOK CoYaTKy BUKMWKaOTb 3BOPOTHI 3MiHK, ane Hagarni HeBiABOPOTHO BUHWKAE rOCTPa HUPKOBA HEAOCTATHICTb
260 pPO3BMBAETLCS XPOHIYHUI MpoLieC. Po3LUMPEHHS YSBMEHb NPO NATOreHes € BaXIIMBIUM HAaNPSIMOM YAOCKOHANEHHS paHHLOT
[iarHOCTUKM, NiKyBaHHS rOCTPOrO Ta XPOHIYHOTO MOLLKOMKEHHS HUPOK A8 MakCUManbHOrO BifTePMiHyBaHHSA TEpMiHanbHOI
HUPKOBOI HegocTaTHocTi. [MpoaHaniayBanu LOCTYNHY HayKOBY NiTepaTypy 3a 0CTaHHi 5 pokiB, LLO Aa€ 3Mory c)opMyBaTH CyyacHi
YSIBMEHHS NPO 3aranbHi 3aKOHOMIPHOCTI Ta KIKOYOBI NaHKWN MexaHi3MiB pO3BUTKY ANCYHKLT HAPOK | BTpaTV roMeocTaTUyHOI
dyHKUiT HedppoHiB. HaBeneHi pesynbrati BNacHUX AOCHIIKEHb BMIIMBY HA HUPKW BITYU3HAHOMO akTueatopa ATP-3anexHux
kaniesux (K,;,) kaHanis doriokaniHy. BusierieHi HedoponpoTekTopHi ecpekTi doriokaniHy B kaHanbLeBoMy Ta Kiy6o4koBoMy
BiflZlinax BKasyoTb Ha NaTOreHETUYHy y4acTb K, kaHanis i Ha JOUINbHICTb iXHBOT (hapMakonoriyHoT akTMBaLii npy rocTpomy
Ta XPOHIYHOMY MOLLKOZKEHHI HUPOK.

BucHoBku. HesanexHo Big eTionorii, cnifgom 3a rocTpuM MNOLLKOZKEHHSM HedpOLMTIB BUHWMKAE HU3Ka MEXaHi3MiB, iXHi
NOYaTKOBI KOMMNEHCATOPHI ePekT MOXYTb 3MIHIOBAaTUCA HA HE3BOPOTHI PYMHIBHI BNAMBW, KIHLEBUM pe3yrbTraTtoM SKuX €
3MEHLLEHHS KifIbKOCTi HEPOHIB, LLO (OYHKLIIOHYOTb, hOpMYBaHHS XPOHIYHOT XBOPOOM HUPOK | TEPMiHANBHOI HUPKOBOT HeZo-
CTaTHOCTI. HeaBaxatoum Ha iHTEHCUBHE BUBYEHHS naToreHe3y i 6e3nepepBHWiA NOLLYK HOBUX MapKepiB rOCTPOro Ta XPOHIYHOMO
NOLLUKOPKEHHS HUPOK, MPUYMHI 3aKOHOMIPHOTO NPOrpecyBaHHs HePPONOriYHOI NATOMOTii LLe OCTAaTOYHO He PO3KPWTI. BaxnuBi
MeauKo-coLliarnbHi Ta EKOHOMIYHI aCneKTV 3aXBOPHOBaHb HUPOK OB PYHTOBYHOTL NEPCNEKTUBHICTb AOCIMKEHD KITKOHOBX JIAHOK
npouecis, Lo opMytoTb yHIBEpcanbHy natodisionoriyHy KapTuHY, CNpUSOTb YAOCKOHANEHHIO NAaTOreHETUYHNX HanpsMiB
MEeAVKaMEHTO3HOT HedpponpoTekLii.
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XPOHMYECKOW BONE3HM NOYeK.

Zaporozhye medical journal. Volume 20. No. 2, March — April 2018

Key words:

acute kidney injury,
chronic kidney
disease, pathologic
processes.

Zaporozhye
medical journal
2018; 20 (2), 259-264

DOl
10.14739/2310-1210.
2018.2.125355

E-mail:
filipec.natalja@
bsmu.edu.ua

KatouoBi croBa:
roctpe
MOLUKOAKEHHS
HUPOK, XPOHi4Ha
XBOpo6a HUPOK,
NaToAOriyHi
npoLecw.

3anopizbkui
MeAUYHUI
XKypHana. - 2018. -
T. 20, Ne 2(107). -
C. 259-264

KnatoueBble caoBa:
ocTpoe
NOBPEXAEH1e
NoYeK, XpoHUYeckas
60Ae3Hb Nouek
NaToAOrMUEecKue
npoLecesl.

ISSN 2306-4145  http://zmj.zsmu.edu.ua 259



0630pbl

3anopoXxxckun
MeAULMHCKUI
XKypHaa. - 2018. -
T. 20, Ne 2(107). -
C. 259-264

260 ISSN 2306-4145 http://zmj.zsmu.edu.ua

HecmoTps Ha BceobLuee npuaHaHWe Natou3norormnyeckon KapTiHbl, OCHOBHBIX KMMHWKO-NabopaTopHbIX NpWU3HaKoB Mo-
BPEXEHWS NOYEK UMM KOMOPBUOHBIX COCTOSIHUIA, CMOCOBCTBYHOLLMX MPOrPECCUPOBAHNI0 HEPONOMYECKOI NaTONOrK, aKTy-
anbHbIMW SBMSOTCS MCCMNEA0BaHUSA MEXaHU3MOB, HanpaBneHHbIX Ha NocTeNneHHy rmbenb HedppoHoB. o cvx nop octaetcs
OTKPbITBIM BOMPOC: MOYEMY MPW MOBPEKAEHUN NOYEK U3HAYASIbHO BO3HUKAKT 0BpaTiMble N3MEHEHWS, HO B JarlbHeLWem
dopmmpyeTcs ocTpas noveyHas He[OCTaTOYHOCTb MW XPOHUYECKUIA NpoLiece. Paclumperve npefcTaBneHnii o natoreHese —
BaXKHOE HanpaBfiEHNe COBEPLUEHCTBOBAHWS paHHe AYarHoCTUKN 1 NEYEHNst OCTPOTO U XPOHWUYECKOTO NOBPEXAEHNS NOYeK
NS MakCMMarbHON OTCPOYKM TEPMMHAMBHOW NMOYEYHOW HeaoCTaToMHOCTW.[IpoaHanmapoBaHa AOCTYNHasA HayyHas nuTe-
partypa 3a nocrnegHue 5 nert, no3sonsitoLLias chopMMpoBaTh COBPEMEHHbIE NPeACTaBneHus 06 0bLLMX 3aKOHOMEPHOCTSIX U
KIKOYEBbIX 3BEHbSIX MEXaHU3MOB Pa3BUTMS AUCYHKLIMM NOYEK U NOTEPU ToMeoCcTaTUYeCcKon (hyHKLMM HedhpOHOB. MpuBeaeHbI
pesynbTaThl COBCTBEHHBIX MCCNIEA0BAHNI BMNSHUA HA NOYKM OTEYECTBEHHOTO akTiaTopa AT®-3aBncumMbIx kannessix (K, )
KaHanoB riokanvHa. BeisiBneHHble HehponpoTeKTUBHbIE A EKTHI (hrioKan1Ha B KaHaNbLEBOM U KIy604KOBOM OTAenax
YKa3blBatoT Ha NaTOreHeTMYeCKyto ponb K, kaHasos 1 LienecoobpasHOCTb 1X hapMakonorI4eckom akT1BaLm npy 0CTPOM
1 XPOHNYECKOM MOBPEXAEHNN NOYEK.

BbiBoAbI. HesaBncyMo oT aTvomnorui, BCrer, 3a oCTpbIM NOBPeXaAeHUEM HeDpOLIMTOB BO3HUKAET Psifi MEXaHU3MOB, HauanbHble
KOMMeHcaTopHble 3dEKTLI KOTOPbIX MOTYT UMEHATLCS Ha HEOBpaTUMble Pa3pyLLMTENbHBIE BAMSIHNS, KOHEYHBIM UCXOLA0M
KOTOPbIX SABMSIETCS YMEHbLUIEHWE KONMMYECTBA (PYHKLMOHMPYHOLLMX HE(hPOHOB, (DOPMUPOBAHIE XPOHUYECKOI GONe3HN NoYeK v
TEPMUHAMNLHOMN NOYEYHO HELOCTATOMHOCTW. HEeCMOTpS Ha IHTEHCUBHOE U3yYeHMe NaToreHe3a U HEeNPEePbIBHbIA MOUCK HOBbIX
MapKepoB OCTPOrO U XPOHUYECKOTO MOBPEXAEHNS MOYEK, MPUYMHBI 3aKOHOMEPHOTO NPOrPECccpOBaHUs HepONOrnyeckomn
MaTororMn OKOHYaTeNbHO He PackpbiThl. BaxHble Meauko-couuanbHble 1 3KOHOMUYECKUE acrekThbl 3a00reBaHui novexk
060CHOBBIBAKOT NEPCNEKTUBHOCTL UCCIIEAO0BAHNIA KITHOYEBBIX 3BEHHEB MPOLIECCOB, KOTOPble HOPMUPYIOT YHUBEPCAmbHYIO
naToM3nONOrMYecKyto KapTyHY 1 CNoco6CTBYIOT COBEPLLEHCTBOBAHWIO MATOEHETUYECKVUX NOAX0A0B COBPEMEHHON Meay-

KaMeHTO3HOMN HePONPOTEKLIUN.

Unfavourable epidemiological indices and a limited arsenal
of medicinal renal protection are the subject of great interest
in scientific research; this in turn broadens the knowledge
of pathogenetic mechanisms of renal injury. The urgency
of the issue is largely due to the natural progression of
nephrological pathology and, accordingly, the need for
early suppression of new chains of damage involvement in
the renal failure formation. In addition, analysis of available
modern data supplements the primary mechanisms of
kidneys homeostatic ability disturbance and outlines new
directions of nephroprotection.

Aim: compilation of scientific data on the pathogenetic
mechanisms of acute kidney injury and chronic kidney
disease.

Acute kidney injury (AKI) is a frequent complication
of critical conditions and chronic somatic diseases, which
increases mortality and is a consequence of both direct
nephrotoxic agents action and other secondary pathoge-
netic factors. Rapid progressive deterioration of kidney
functions leads to various homeostatic disorders, primarily
to water-electrolyte imbalance. AKl is clinically defined as
an abrupt decline in renal function with a rapid (during
48 hours) absolute increase in serum creatinine level up
to 0.3 mg/dL (26.4 pmol/L) and more, relative increase in
serum creatinine level up to 50 % and more or oliguria less
than 0.5 ml/kg/h during 6 hours and longer. These criteria
are likely to be revised in the future because new genetic
markers and biomarkers of tubular and glomerular injury
have been identified, namely interleikin-18 (IL-18) of urine,
neutrophilic gelatin-associated lipocalin (NGAL) of urine and
plasma, cystatin C, kidney injury molecule-1 (KIM-1) [1,2].

According to pathophysiological mechanisms of
development there are three categories of AKI: prerenal,
renal and postrenal [3]. Prerenal injury is not associated
with the pre-existing structural pathology in kidneys, but it's
actually a functional response to renal hypoperfusion. The
latter occurs in any diseases or pathologic conditions with
hypovolemia, low cardiac output, systemic vasodilation and
decrease of blood pressure (BP) or renal vasoconstriction,
that further leads to hypoxic damage of renal parenchyma.

The adequate therapeutic tactics in prerenal AKI aims to
normalize renal blood flow with regard to the initial etiologic
factor of hypoperfusion.

Postrenal kidney injury is a result of the mechanical
obstruction of upper or lower urinary tract, which at the very
beginning leads to the increase of pressure inside the tu-
bules and reduction of glomerular filtration rate (GFR). In
the structure of AKl its rate is less than 5 %.

Unlike pre- and postrenal AKI, renal injury occurs on
the ground of pre-existing acute and mainly prolonged
intrarenal pathology. In this connection, the removal of
etiologic agents won't always lead to the renal functions
normalization. So, renal AKI may be a consequence of
various etiology glomerular apparatus damage, as well as
tubular lesion resulting from continual renal ischemia or
endogenous and exogenous toxicants, or acute pathology of
interstitium (acute nephritis) in allergic, infectious, infiltrative
processes etc. There are also vascular causes of renal injury
like large vessels pathology (bilateral renal artery stenosis,
renal vein thrombosis) and microcirculation disturbances
(vasculitis, atheroembolic renal disease, thrombotic micro-
angiopathies etc.).

Thus, about 90 % of renal AKI causes are ischemia,
nephrotoxins or combined influence of both agents. Renal
AKl rate is 2-5 % in the total number of hospitalized patients
and 10-15 % among the intensive care unit patients. The
in-hospital AKl is characterized by unfavorable prognosis
and high case fatality rate — up to 50-70 % that hasn’t
changed significantly for the last decades. In the majority
of patients who survive the renal functions improve, but
they never normalize and more often transform into chronic
kidney disease (CKD) [4].

In clinical practice the number of primary toxic renal
injury makes 50 % of all AKI and CKD cases. The cells
of the tubular part of nephron are extremely sensitive to
the toxin mediated injury due to a long-lasting contact with
circulating chemical compounds and their high concentra-
tion in the tubulocytes because of reabsorption and secre-
tion processes. Renal blood flow intensity, hypersensitivity
of renal vessels to imbalance between vasoconstrictors and
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vasodepressors, high ability of toxicants to biotransforma-
tion in renal epithelium cells with the formation of active
intracellular and circulating metabolites are also significant.
There’s a generally accepted opinion that the toxin (or its
metabolite) initiates its own destructive action by linking with
biologically important cellular macromolecules or by the ac-
tive forms of oxygen production. In both cases the activity of
macromolecules (plasmatic membrane proteins and lipids,
nuclei, lysosomes, mitochondria) is disturbed that finally
results in tubular cells injury [5,6].

Mitochondria, the key generators of cellular ATP often
become toxins’ critical target [7,8]. Violation of oxidative
phosphorylation and ATP insufficiency results in the change
of the cellular ion balance with lowering of intracellular K*,
rising of Na* content and membrane depolarization. At
the same time there is an increase of free cytosol Ca?* that
can occur both at early and late stages of cellular damage
and is a decisive factor for cellular destruction. The in-
creased Ca? content activates calcium-dependent neutral
proteases (calpains), which take part in intracellular proteol-
ysis. The intensification of lipid peroxide oxidation processes
and formation of its final products activate other enzymes
responsible for cell destruction (phospholipase A2 etc.).
These enzymes hydrolyze cellular membrane phospholipids
and intracellular cysteine proteases (caspases), the key
components of apoptosis [9]. Hydrolysis of the membrane
substrate causes elevation of extracellular chlorine ions
inflow that accelerates terminal swelling of cells.

Nephrotoxic agents can cause various clinical variants
of renal injury, particularly acute tubular necrosis, acute
or chronic interstitial nephritis, medullary (papillary) renal
necrosis, glomerulonephritis, membranous nephropathy
and further lead to arterial hypertension [10].

The mechanism of AKI development is complicated
and in most cases combines toxic, immunoallergic renal
parenchyma damage and obligatorily hemodynamic
disturbance with kidney hypoxia. In medical practice this
pathology can be caused by antibacterial drugs: antibiotics
(aminoglycosides, cephalosporins, penicillins, polymyxins),
sulphanilamides (sulfadimezine, sulfadimethoxine), fluoro-
quinolones (norfloxacin), cytostatics (doxorubicin, cisplatin,
methotrexate, nitrosourea derivatives), radiocontrast sub-
stances (iohexol), immunosupressors (cyclosporine A), an-
tiviral drugs (acyclovir, valacyclovir, foscarnet), nonsteroidal
anti-inflammatory drugs (NSAIDs) (indometacin, diclofenac,
ibuprofen, naproxen, acetylsalicylic acid, acetaminofen),
angiotensin-convertive enzyme (ACE) inhibitors (captopril,
enalapril, lisinopril), angiotensin Il (Ang Il) receptor blockers
(losartan), and some other medical drugs — lovastatin,
mannitol, penicillamine, thiazide diuretics [11,12]. The
nephrotoxic effect is well known for different exogenous
chemical agents, particularly salts of heavy metals (mer-
cury, cadmium, cobalt), organic solvents (ethers, ketones,
nitro compounds), and also endogenous compounds like
myoglobin, hemoglobin, calcium ions, uric acid, oxalates,
cystine, homocysteine [13,14]. Aminoglycoside antibiotics
and radiocontrast agents are more often associated with
nephrotoxic injury among hospitalized patients. Intravenous
contrast agents can cause AKI not more than in 5 % of
cases but this rate can rise to 50 % in risk factors presence
which are CKD, diabetes mellitus, heart failure, usage of
nephrotoxic drugs, hypovolemia [15].

Zaporozhye medical journal. Volume 20. No. 2, March — April 2018

Nephrotoxic substances are characterized by selectivity
of different nephron parts or renal vessels damage. Thus,
NSAIDs, ACE inhibitors, cyclosporine A and radiocontrast
dye induce vasoconstriction, so they can cause hemo-
dynamic-induced AKI. Interferon-alpha and penicillamine
cause glomerular damage. Aminoglycosides, cadmium
chloride and potassium dichromate damage S1 and S2
segments of the proximal tubules, and cisplatin and mercuric
chloride destruct S3 segment. Cephalosporins, cadmium
chloride and NSAIDs initiate inflammatory reaction in
the interstitium while acetaminofen leads to renal papillary
Necrosis.

Nephrotoxins can decrease GFR by one or several
mechanisms which are renal vasoconstriction; obstruction
as a consequence of drug precipitation or endogenous
substance inside of the renal medullary collecting ducts; a
direct obstruction and dysfunction of tubules that leads to
the increase of intratubular pressure and reverse glomerular
filtrate flow; imbalance between vasoactive mediators which
results in decrease of renal perfusion pressure, lowering of
afferent arteriolar tone, increasing of efferent arteriolar tone,
decrease in glomerular capillaries hydrostatic pressure.

AKI to a certain extent is a reversible process that
depends on the degree of nephron damage. In the sub-
lethally injured cells there can be restoration and adaptation
processes or on the contrary, cell death. In the uninjured
cells there is dedifferentiation which is a temporary loss of
structure specialization signs, as well as proliferation, mi-
gration, differentiation and compensatory hypertrophy [16].
In the reversibly damaged tubular cells there are changes in
cytoskeleton and normal distribution of membrane proteins,
such as Na*/K*-ATPase and 31 integrins [17]. The latter are
connected with the components of cytoskeleton and provide
a signal transmission in the cell. These changes lead to
polarity loss in the cell membrane, decrease of integrity
of tight junctions and disorders of cell-substrate adhesion.
The lethally damaged cells die by one of the mechanisms,
either apoptosis, or necrosis.

Despite intensive study of AKI pathogenesis and con-
tinuous search of early diagnostics new markers many of
its mechanisms remain unidentified. Thatis why today there
is no effective specific pathogenetic treatment of this con-
dition and the existing treatment strategies require further
investigation. The key question is why the persistent kidney
injury or repeated exacerbations of the existing disease are
the first cause of reversible changes which further inevitably
lead to kidney failure or chronic process development.

Numerous renal disorders can cause CKD. The concept
of CKD comprises a group of pathologic conditions that
are characterized by stable decrease of renal excretory
function and usually structural renal changes. The National
Kidney Foundation (NKF) has classified CKD into 5 stages
according to severity of kidney dysfunction and injury, as
well as symptoms and required therapy [18]. CKD defini-
tion is based on measured or estimated GFR <60 ml/min
normalized to an average surface area of 1.73 m? which
persists for at least 3 months or higher levels of GFR with
the evidence of kidney injury, like hypercreatininemia, hy-
peruricemia, proteinuria or by visual methods of analysis.

The overwhelming majority of CKD forms are irrever-
sible and progressive and they finally result in the loss of
nephrons and require substitution therapy like dialysis or
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kidney transplantation. The pathological process can start
as tubular-interstitial, glomerular or renovascular disease
and may arise due to systemic diseases (diabetes mellitus,
arterial hypertension), autoimmune processes and kidney
transplant rejection; influence of drugs, toxins and metals;
infectious processes; mechanical damage; ischemia;
obstruction of urinary tract; primary genetic anomalies; un-
identified (idiopathic) causes. Most of these diseases have
both specific and general pathophysiological features which
enable to outline the general mechanisms of CKD progres-
sion [19]. Regardless of the etiology CKD is characterized by
gradual loss of renal functions and excessive accumulation
of extracellular matrix in glomeruli and tubular interstitium.
CKD progression is associated with the appearance of a
general fibrotic phenotype when the cause of the disease
can be determined only by characteristic morphological
signs. This is due to the fact that tubular-interstitial disease
leads to the damage of glomeruli which results in the lesion
of interstitium. In both cases there is loss of the nephrons
and replacement of kidney cells with scar-like tissue, as well
as progressive GFR decrease and deterioration of excretory
renal function. It is important to note that the severity of
functional and morphological changes strongly correlates
with the severity of tubular-interstitial fibrosis without refer-
ence to its etiology [20]. So it is possible that the damaged
tubules have a greater impact on the excretory function than
the damaged and sclerotized glomeruli at least at the initial
stages. Owing to the renal functional reserve (RFR) the fil-
tration process is maintained and this generally positively
affects the activity of the kidneys. Nevertheless, moderate
disorder of tubular reabsorption by the reverse tubular-glo-
merular connection mechanism may induce GFR decline,
sometimes to the catastrophic level to keep water-electro-
lyte balance [21]. The decrease or significant reduction of
filtration can also be caused by the destruction of tubular
epithelium and complete obstruction of the tubules by tissue
detritus with the further disorder of renal hemodynamics.

Tubules are a main structural and functional component
of renal parenchyma. In case of tubulopathy tubular cells
produce profibrotic and proinflammatory factors (comple-
ment factors 3 and 4, asymmetric dimethylarginin, TGF-
(transforming growth factor 8), Ang II, endothelin, factors
of platelets activation and growth, IL-6, prostaglandin (PG)
E2 etc.), which at first play a regenerating role but further
turn into paracrine mechanisms of glomerular lesion. The
final process is fibrosis development when the inflammation
phase is substituted by fibrogenesis in glomeruli and in renal
interstitium [22]. A number of cytokines, growth factors and
proteins of complement system potentiate mesangial cells
to release chemotactic factors by the ways connected with
nuclear factor NF-kB [23].

One of the main effectors involved in resident cells activa-
tion in nephropathies, particularly in hypoxic one is Ang II. For
a short period of time Ang Il affects mesangial cells, induces
the elevation of calcium ions and inositol phosphate in cytosol,
synthesis of PG and contraction of cells. In the distant period
Ang Il induces proliferation and hypertrophy processes and
intensifies the production of intercellular matrix. Ang Il causes
vasoconstriction and further potentiates the decrease of renal
blood flow and, apart from GFR reduction, generates even
greater oxygen deficiency and hypoxia. Hypoxia gives rise
to cell destruction and activates hypoxia-induced factor (HIF)

that contributes to fibrosis [24]. Besides, hypoxia decreases
intracellular ATP reserve and in this way induces cell necrosis.

In most variants of CKD the selectivity and permeability
of glomerular filtration barrier change. It is believed that
in conditions of glomerular damage the main mechanism
of tubular-interstitial area involvement into pathological
process is increased protein reabsorption in the proximal
tubules resulting from glomerular hyperfiltration. It leads
to activation of cytokines synthesis in the tubules that
supports infiltration of the interstitium with the immune
cells and activation of immunoinflammatory response [25].
Abnormal hyperfiltration provokes interaction of bioactive
macromolecules with the epithelial cells of the proximal
tubules and activates the signal ways including NF-kB type.
The megalin-cubilin complex mediates the capture of pro-
teins, including albumin and participates in the interaction
of albuminuria with proinflammatory and profibrotic signals.
The neonatal Fc-receptor (the receptor Fc of IgG fragment,
human gene’s FCGRT product) and CD36 (membrane
protein) of gene mutation are likely to play a certain role.
Moreover, the addition of albumin or transferrin to the tubular
cells decreases their ability to bind factor H and counteract
the activation of complement system. Albumin can also be
a source of potential antigenic peptides in kidney injury. Pro-
teinuria isn’t simply a marker but an effector of nephropathy
as well. It is confirmed by the facts which indicate a direct
interrelation between protein excretion level and the disease
development, and also of pharmacologic antiproteinuric
effect with the reversal of renal pathology [26].

The possible result of the kidney vessels damage is
CKD. Renovascular diseases can directly change renal
structure and function at the expense of oxidative stress
initiated by atherosclerosis, as well as endothelial dysfunc-
tion and inflammation which progressively leads to fibrosis
and reduced filtration. It also facilitates hypoperfusion,
ischemia of the glomeruli and tubules and development of
arterial hypertension. Sclerosis nuclei initially come from
the confluence sites between capillaries and Bowman'’s
capsule of the glomerulus in the area of basal membrane
with insufficient podocytes number that finally results in
the formation of paraglomerular space. The content of
the paraglomerular space which is the ectopic filtrate and
capillary loops detritus is suggested to play a significant
role in the damage initiation and is the key link between
glomerular and tubular lesions. There’s growing evidence
that even in case of such traditional glomerulopathies as
diabetic nephropathy certain tubular damage can be found
before the first signs of glomerular pathology are revealed
[27]. These facts encourage efforts to revise the concept of
glomerular and tubular diseases differentiation into favor of
more integrative ideas of nephropathy.

Regardless of renal dysfunction etiology, the com-
pensatory mechanisms activate and also participate in
the formation of a vicious circle in the nephropathies patho-
genesis. Among such reactions are arterial hypertension
and hyperactivity of peripheral or renal sympathetic nervous
system that is usually observed in patients with CKD. The
increased tone of the renin-angiotensin-aldosterone system
(RAAS) initiates vasoconstriction and reduction of mesan-
gium, as well as collagenosis which leads to diminution of
ultrafiltration coefficient and GFR and also to cell death and
loss of the nephrons [28].
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CKD progression creates an universal pathophysiologi-
cal picture with inflammation, fibrosis, loss of the nephrons,
and scarring of the parenchyma. In the majority of cases
modern methods of drug therapy are effective enough only
for postponing the terms of renal replacement therapy. It
should be mentioned that clear pathological signs of CKD,
in particular creatinine elevation in blood plasma manifest
only when the function of more than 50 % of nephrons is
lost. It hampers significantly timely diagnosis of the disease.
At the same time, not only the search of early diagnostic
biomarkers for renal pathology is the subject of active
research. Of great importance is the problem of improving
the therapeutic approaches in nephroprotection based on
new scientific knowledge of adaptive, compensatory and
pathophysiological mechanisms pharmacological modu-
lation in kidneys for renal diseases or their regression
prevention.

Kidneys are characterized by high intensity of blood
circulation and oxygen consumption. Hypoxia is the patho-
genetic ground for various pathological processes and
in conditions of the natural supportive reactions insuffi-
ciency it leads to the suppression of energy generation
systems in renal tubules mitochondria. The development
of acute and chronic kidney pathology is currently being
considered through the prism of the main energy-depen-
dent process violation which is proximal reabsorption
of sodium ions. The most important sensors of energy
metabolism are ATP-dependent potassium (K,,) chan-
nels that open in case of intracellular ATP decrease and
provide the adaptation of the organism to hypoxia and
ischemia. The pathogenetic role of this type of chan-
nels in the mechanism of AKI and CKD is confirmed by
the nephroprotective effects of K,., channels activator
(opener) flocalin which we have revealed in experimental
nephropathies.

A single flocalin prescription in acute sublimate rat
kidney injury increased diuresis, GFR and creatinine ex-
cretion; decreased the elevated indexes of creatininemia
and proteinuria [29]. The 7-day use of flocalin led to anti-
proteinuric effect and reduction of retentional azotemia. We
also observed the normalization of natremia level which was
increased in the rats with acute sublimate nephropathy [30].
Flocalin using in rats on the day of acute hypoxic histohemic
nephropathy (HHHN) modeling contributed to activation
of volume regulating, ion regulating and excretory renal
functions at the expense of tubular and mainly glomerular
processes modification. The GFR increased, energy-de-
pendent distal sodium reabsorption restored, natriuresis
and proteinuria decreased [31]. After 7-day flocalin usage
the acid regulating kidney function in the rats with HHHN
was characterized by the reduction of acidogenesis, main-
tenance of the electrolyte balance due to the decrease in
sodium and potassium ions excretion, decrease in pro-
teinuria index calculated per 100 pl of glomerular filtrate. It
has given evidence of K., channels pathogenetic role in
the kidney damage development [32].

Conclusions

1. Although the general pathophysiological picture and
the main clinical and laboratory signs of renal damage or
comorbid conditions causing CKD have been established,
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the research of the gradual nephron death mechanisms
are still very actual. Homeostatic renal function loss is
the result of the pathological process in tubules, interstitium,
glomeruli, and renal vessels. The rate of kidney diseases
progression is mainly dependent on their etiology. Regard-
less of the specific cause, the initial nephrocyte damage
is followed by a chain of adaptation mechanisms. Their
compensatory effects can turn into irreversible destructive
influence which finally results in the reduction in the num-
ber of the functioning nephrons, CKD and terminal renal
insufficiency formation.

2. A deeper understanding of CKD development
and progression mechanisms is a key to pathogenetic
substantiation of the basic nephroprotection principles
for maximal postponement of renal replacement therapy
that proves the perspective of the further research in this
scientific direction.

References

[1] Duan, S. B, Liu, G. L., Yu, Z. Q., & Pan P. (2013) Urinary KIM-1,
IL-18 and Cys-c as early predictive biomarkers in gadolinium-based
contrast-induced nephropathy in the elderly patients. Clin Nephrol.,
80(5), 349-354. doi: 10.5414/CN107829.

[2] Singer, E.,Marké, L., Paragas, N., Barasch, J., Dragun, D., Miller, D.N.,
et al. (2013) Neutrophil gelatinase-associated lipocalin: pathophysi-
ology and clinical applications. Acta Physiol (Oxf), 207(4), 663-672.
doi: 10.1111/apha.12054.

[3] Makris, K., & Spanou, L. (2016) Acute Kidney Injury: Definition, Patho-
physiology and Clinical Phenotypes. Clin Biochem Rev., 37(2), 85-98.

[4] Chawla, L. S., Eggers, P. W., Star, R. A., & Kimmel, P. L. (2014) Acute
kidney injury and chronic kidney disease as interconnected syndromes.
N Engl J Med., 371(1), 58-66. doi: 10.1056/NEJMra1214243.

[5] Boichuk, T. M., Rohovyi, Yu. Ye., & Popovych, H. B. (2012) Patofiziolo-
hiia hepatorenalnoho syndromu pry hemichnii hipoksii [Pathophysiology
of the hepatic-renal syndrome at the hemic hypoxia]. Chemnivtsi. [in
Ukrainian].

[6] Boichuk, T. M., Hordiienko, V. V., & Rohovyi, Yu. Eu. (2016). Khro-
norytmy nyrok: vikovyi aspekt metalotoksykozu [Circadian rhythms
of the kidney: age aspect in conditions of toxicosis with metals].
Chernivtsi. [in Ukrainian].

[7] Parikh, S. M. (2013) Therapeutic targeting of the mitochondrial dysfunc-
tion in septic acute kidney injury. Curr Opin Crit Care., 19(6), 554-559.
doi: 10.1097/MCC.0000000000000038.

[8] Ishimoto, Yu., & Inagi, R. (2016) Mitochondria: a therapeutic target
in acute kidney injury. Nephrol Dial Transplant, 31(7), 1062-1069.
doi: 10.1093/ndt/gfv317.

[9] Mcliwain, D. R., Berger, T., & Mak, T. W. (2015) Caspase Functions in
Cell Death and Disease. Cold Spring Harbor Perspectives in Biology,
7(4), a026716. doi: 10.1101/cshperspect.a026716.

[10] Gansevoort, R. T., Correa-Rotter, R., Hemmelgarn, B. R., Jafar T. H.,
Heerspink, H. J., Mann J. F,, et al. (2013) Chronic kidney disease
and cardiovascular risk: epidemiology, mechanisms, and prevention.
Lancet, 382(9889), 339-352. doi: 10.1016/S0140-6736(13)60595-4.

[11] Derymedvid', L. V., Drogovoz, S. M., Matveeva, E. V., Kireyev, I. V., &
Vereitinova, V. P. (2014) Nefrotoksychnist yak proiav pobichnoi dii likiv
[Nephrotoxicity as the manifestation of drugs side effect]. Ukrainskyi
farmatsevtychnyi zhurnal, 5, 59-61. [in Ukrainian].

[12] Shahrbaf, F. G., &Assadi F. (2015) Drug-induced renal disorders. Jour-
nal of Renal Injury Prevention, 4(3), 57-60. doi: 10.12861/jrip.2015.12.

[13] Vlasyk, L. I., Andriychuk, N. J., Davydenko, I. S. (2014) Osoblyvosti
patomorfolohichnykh zmin u nyrkakh shchuriv vnaslidok pidhostroho
vplyvu sribnykh nanodekaedriv [Peculiarities of pathomorphological
changes in internal organs of rats as a result of subacute effect of
silver nanodecahedrons]. Klinichna ta eksperymentalna patolohiia,
13(3), 33-36. [in Ukrainian].

[14] Petejova, N., & Martinek, A. (2014) Acute kidney injury due to rhabdo-
myolysis and renal replacement therapy: a critical review. Critical Care,
18(3), 224. doi: 10.1186/cc13897.

[15] Azzalini, L., Spagnoli, V., & Ly, H. Q. (2016) Contrast-induced nephro-
pathy: from pathophysiology to preventive strategies. Can J Cardiol.,
32(2), 247-255. doi: 10.1016/j.cjca.2015.05.013.

[16] Sancho-Martinez, S. M., Lopez-Novoa, J. M., & Lopez-Hernandez, F. J.
(2015) Pathophysiological role of differenttubular epithelial cell death
modes in acute kidney injury. Clin. Kidney J., 8, 548-559. doi: 10.1093/
ckj/sfv069.

ISSN 2306-4145  http://zmj.zsmu.edu.ua 263

Review



264

0630pbl

ISSN 2306-4145  http://zmj.zsmu.edu.ua

[17] Lee, K., Boctor, S., Barisoni L. M., & Gusella G. L. (2015) Inactivation
of integrin-B1 prevents the development of polycystic kidney disease
after the loss of polycystin-1. J Am Soc Nephrol., 26(4), 888-895.
doi: 10.1681/ASN.2013111179.

[18] Inker, L. A., Astor, B. C., Fox, C. H., Isakova, T., Lash, J. P., Peral-
ta, C. A, et al. (2014). KDOQI US Commentary on the 2012 KDIGO
Clinical Practice Guideline for the Evaluation and Management of CKD.
Am J Kidney Dis., 63(5), 713-735. doi: 10.1053/j.ajkd.2014.01.416.

[19] Noone, D., & Licht, C. (2014) Chronic kidney disease: a new look at
pathogenetic mechanisms and treatment options. Pediatr Nephrol.,
29(5), 779-792. doi: 10.1007/s00467-013-2436-5.

[20] Kuzmin, O. B. (2015). Khronicheskie bolezni pochek: mekhanismy
razvitiya i progressirovaniya gipoksicheskogo glomeruloskleroza i
tubulointerstitsialnogo fibrosa. [Chronic kidney disease: mechanisms
of hypoxic glomerulosclerosis and tubulointerstitial fibrosis development
and progression]. Nefrologiya, 19(4), 6-16. [in Russian].

[21] Gozhenko, A. 1., Kravchuk, A. V., Nikitenko, O. P., Moskalenko, O. M., &
Sirman, V. M. (2015) Funktsionalnyi nyrkovyi rezerv [Functional Renal
Reserve]. Odessa: Feniks. [in Ukrainian].

[22] Kawakami, T., Mimura, I., Shoji, K., Tanaka, T., & Nangaku, M. (2014)
Hypoxia and fibrosis in chronic kidney disease: crossing at pericytes.
Kidney Int. Suppl., 4(1), 107-112. doi: 10.1038/kisup.2014.20.

[23] Zhang, H., &Sun, S. C. (2015) NF-kB in inflammation and renal diseas-
es. Cell & Bioscience, 5(63), 1-12. doi: 10.1186/s13578-015-0056-4.

[24] Haase, V. H. (2013) Mechanisms of hypoxia responses in renal tissue.
JAm Soc Nephrol., 24(4), 537-541. doi: 10.1681/ASN.2012080855.

[25] Kanasaki, K., Taduri, G., & Koya, D. (2013) Diabetic nephropathy:
the role of inflammation in fibroblast activation and kidney fibrosis.
Front Endocrinol (Lausanne), 4, 7. doi: 10.3389/fendo.2013.00007.

[26] Erkan, E. (2013) Proteinuria and progression of glomerular diseases.
Pediatr Nephrol., 28(7), 1049-1058. doi: 10.1007/s00467-012-2335-1.

[27] Tang, S.C., Yiu, W. H., Lin, M., & Lai, K. N. (2015) Diabetic nephrop-
athy and proximal tubular damage. J Ren Nutr., 25(2), 230-233.
doi: 10.1053/j.jm.2014.10.020.

[28] Carlstrdm, M., Wilcox, C. S., & Arendshorst W. J. (2015) Renal Autoreg-
ulation in Health and Disease. Physiological Reviews, 95(2), 405-511.
doi: 10.1152/physrev.00042.2012.

[29] Filipec, N. D., & Gozhenko, A. I. (2014) Sravnitelnaya ocenka nefro-
protektivnykh svojstv modulyatorov kalievykh i cal’cievykh kanalov pri
e’ksperimental’nom porazhenii pochek [A comparative assessment of
nephroprotective properties of potassium and calcium channel modu-
lators in experimental renal injury]. E’ksperimental’naya i klinicheskaya
farmakologiya, 77(1), 10-12. [in Russian].

[30] Gozhenko, A. ., & Filipec, N. D. (2013). Nefrotropnye e’ffiekty pri aki-
vacii adenozintrifosfatchuvstvitel'nykh kalievykh kanalov v zavisimosti
ot funkcional’'nogo sostoyanya pochek krys [The renotropic effects
of adenosine triphosphate-sensitive potassium channel activation
depending on the functional state of kidneys]. Nefrologiya, 17(2),
87-90. [in Russian).

[31] Gozhenko, A. 1., & Filipets, N. D. (2014) Funktsionalnyi stan nyrok pislia
aktyvatsii adenozyntryfosfatchutlyvykh kaliievykh kanaliv pry ekspery-
mentalnii hostrii hipoksii [The functional state of kidneys after adenosine
triphosphate sensitive potassium channels activation in experimental
acute hypoxia). Fiziolohichnyi zhurnal, 60(4), 22-29. [in Ukrainian].

[32] Filipets, N. D., Sirman, V. M., & Gozhenko, A. I. (2014) Vliyanie
modulyatorov ionnykh kanalov na funkciyu pochek v nachal’noj stadii
razvitiya gistogemicheskoj gipoksii [Effects of modulators of ion chan-
nels on renal function at the initial stage of development of histohemic
hypoxia]. Zhurnal Natsiaonalnoi akademii medychnykh nauk Ukrainy,
20(4), 483487 [in Ukrainian].

Information about authors:

Boychuk T. M., MD, PhD, DSc, Professor, Rector, Higher State
Educational Institution of Ukraine “Bukovinian State Medical
University”, Chernivtsi.

Gozhenko A. I., MD, PhD, DSc, Professor, Director of the State
Enterprise “Ukrainian Research Institute of Transport Medicine
of the Ministry of Health of Ukraine”, Odesa, Honored Worker
of Science and Technology of Ukraine.

Filipets N. D., MD, PhD, DSc, Associate Professor, Department
of Pharmacology, Higher State Educational Institution of Ukraine
“Bukovinian State Medical University”, Chernivtsi.
Khodorovskyy V. M., MD, PhD, Associate Professor, Department
of Pathologic Physiology, Higher State Educational Institution

of Ukraine “Bukovinian State Medical University”, Chernivtsi.

Bipomocrti npo aBTopiB:

Boriuyk T. M., A-p MeA. Hayk, Npodecop, pektop

BAH3 «ByKOBHHCBKWI AEPXaBHWUIA MEANYHUI YHIBEPCUTED,
M. YepHiBLj, YkpaiHa.

ToxeHKo A. I, A-p MeA. Hayk, npodecop, anpektop All
YkpaiHcbkuit HAI MeanumHm TpaHenopty MO3 Ykpaituy, M. Opeca,
3aCAYXEHUI AIfY HayKK | TEXHIKK YKpaiHu.

dinineup H. A., A-p Mea. HayK, AOLEHT kad. dapMakonorii

BAH3 «ByKOBUHCbKUI AepXaBHUI MEANUYHUI YHIBEPCHUTET»,

M. YepHiBuj, YkpaiHa.

X0AOPOBCbKMIA B. M., KaHA. MeA. HayK, AOLEHT Kad. NaToAOriyHOT
oisionorii BAH3 «ByKOBUHCBKWI AEPXaBHUI MEAUUHMIA
yHiBepcuTe™, M. YepHiBLi, YkpaiHa.

CBepeHus 06 aBTopax:

Boruyk T. H., A-p Mea. Hayk, npodeccop, pektop

BIY3 «ByKOBUHCKI FOCYAAPCTBEHHbIM MEAULIMHCKMIA
YHUBEPCHUTE, I. YepHOBLbI, YKpauHa.

oxeHko A. U., A-p Mea. Hayk, npodeccop, AMpeKTop

[T YkpanHckuin HUA meanumHbl Tpasenopta M3 YkpanHbl»,

r. Opecca, 3aCAyXeHHbI AESTEAb HayKW W TEXHUKK YKpauHbI.
Ouanney H. A., A-p MeA. Hayk, AOLIEHT Kadeapbl GapMaKkoAoruu
BIY3 «ByKOBUHCKH# FOCYAAPCTBEHHbIM MEAULIMHCKMIA
YHUBEPCHUTE, I. YepHOBLbI, YKpauHa.

X0AOPOBCKMIA B. M., KaHA. MEA. HayK, AOLEHT Kad. NaToAOrMyeckom
dusnonornn BIry3 «bykoBUHCKMI rOCYAAPCTBEHHBIN MEAULIMHCKUI
YHUBEPCUTET, . YepHOBLbI, YKpanHa.

Conflicts of Interest: authors have no conflict of interest to declare.
KoHOAIKT iHTepeciB: BiACYTHIl.

Haailwaa po peaakuii / Received: 25.08.2017
Nicas poonpaliosakHs / Revised: 12.09.2017
MpuitHaTo Ao ApyKy / Accepted: 19.09.2017

3anopoxckuii MeguumHekui xypHan. Tom 20, Ne 2(107), mapT — anpenb 2018 .



	Review // Обзоры
	Boychuk T. M., Gozhenko A. I., Filipets N. D., Khodorovskyy V. M. [The pathogenetic mechanisms of acute kidney injury and chronic kidney disease (a literature review)]
	Article info
	Zaporozhye medical journal 2018; 20 (2), 259–264
	DOI: 10.14739/2310-1210.2018.2.125355
	УДК UDC: 616.61-085.99-092:612.466
	Key words: acute kidney injury, chronic kidney disease, pathologic processes.
	E-mail: filipec.natalja@bsmu.edu.ua

	Abstract
	Патогенетичні механізми гострого пошкодження та хронічної хвороби нирок (огляд літератури)
	Патогенетические механизмы острого повреждения и хронической болезни почек (обзор литературы)

	Introdiction
	Conclusions
	References
	Information about authors
	Відомості про авторів
	Сведения об авторах

	Conflicts of Interest // Конфликт интересов





