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AND URETEROPELVIC JUNCTION AFTER THE CONTRALATERAL NEPHRECTOMY

e-mail: pivtorakv@gmail.com

To date, there is no single concept on the pattfrnsorphogenesis of a single kidney compensatgpetirophy. The
purpose of the work is to give macroscopic and asicopic characteristics of the single kidney areluteteropelvic junction
structure after nephrectomy in the experiment. &kgerimental study was performed on 84 sexuallyunsdt white male rats
weighing 180-200 g. All animals of the experimengabup underwent surgery: nephrectomy of the ledhdéy. Statistical
processing of the obtained results was carriedpuheans of the “Statistica 5.5” license packageguson-parametric methods
of assessing the results. It is established thasingle kidney there are processes of gradualdeivng compensatory hypertrophy
of the organ. The sequential periods of postoperathanges were identified.
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Today it is proved that in patients with a singigney the rates of filtration-excretory functior] [1
and glomerular hyperfiltration [2] are significantiower, which prognostically indicates a high risk
rapid progression of chronic kidney disease. Redatat indicate that after unilateral nephrectorng rtsk
of chronic renal failure is by 3-5 times highernhia people with two kidneys [9]. Patients withiagie
kidney are most vulnerable to end-stage renalrail8]. A potential risk of developing renal faiuhas
also been established in donors, especially thdgelost the kidney at a young age (18-24 years)A4]
single kidney after contralateral removal may beenalnerable to additional stress than congesitejle
kidney forms. Researchers [10] have shown thaeptiwith a congenital single kidney with a kidney
length of less than 120 mm or with proteinuria bhadgher risk of renal failure.

We have found that the deterioration of the nitrogecretion function in the single kidney and the
increase in blood pressure correlated with theestdigenal ptosis [3], which is naturally due t@nbges in
the topography of the single kidney after conteakatremoval.

The pathogenesis of renal failure in patients witkingle kidney may be significantly different
from the pathogenesis of renal failure in the absesf nephrectomy. During the compensatory renal
reaction remaining after nephrectomy, a greateddeay to develop chronic kidney disease and
progression of terminal renal failure was dete¢®d

However, to date, there is no single concept orptterns of morphogenesis of a single kidney
compensatory hypertrophy.

The purposeof the study was to establish the macroscopicnaicdbscopic characteristics of the
single kidney and the ureteropelvic junction stuvetafter nephrectomy in the experiment.

Materials and methods. The experimental study was performed on 84 aduitemmale rats
weighing 180-200 g, which were kept on a standatiat the vivarium of Vinnytsya Pirogov Memorial
National Medical University. The keeping and matapion of animals was carried out in compliancehwit
the “General Ethical Principles of Animal Experinteion”, approved by the First National Congress on
Bioethics (Kyiv, 2001), and was also guided byrt@mmendations of the “European Convention for the
Protection of Vertebrate Animals Used for Experitaéand Other Scientific Purposes” (Strasbourg5}98
and the provisions of the “Preclinical PharmacatayBafety Assessment (GLP) Rules”.

All animals were divided into two groups (42 in kadhe first was the control, the second was the
experimental group. In the control group underkb&mine analgesia opening of the abdominal cavity
was performed, after which the abdominal wall watsiieed in layers.

All animals of the experimental group were perfodmephrectomy of the left kidney. Rats under
general intramuscular analgesia (aminazine 10 mayikiketamine 20 mg/kg) underwent left nephrectomy
by cutting the renal hilum between the two ligasunath subsequent removal of the organ. Animalsewer
sacrificed by intra-pleural administration of sadithiopental at the dose of 50 mg/kg in 7, 14,12d 30,

60 and 90 days after the nephrectomy. Macroscggsessment and description of the animals' kidneys
were performed after their removal. Their weighswigtermined with VLR-200 laboratory scales to the
accuracy of 0.1 mg, the length, width and thicknefsthe organ were measured using a caliper to the
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accuracy of 0.05 mm. The kidney volume was caledldty the formula: V=0.523 x ax b x s, whers a i
the length, b - the width, c - the thickness ofkluney.

A single kidney was removed for histological exaation together with the ureteropelvic junction
to detect compensatory and pathological changiese structures that occurred within the specifiad
intervals. Pieces of 1 x 1 cm were cut from theatgrarenchyma, and pieces of the same size were cut
from the ureteropelvic junction so that 1/3 of kidney pelvis and the ureteral section up to 1 chength
got into the histological section. The material iiged in 10% neutral formalin solution (pH 7.2-Y fér
24-48 hours, then it was treated with alcoholseféasing concentration and embedded in paraffie. T
resulting sections were stained with hematoxylisiedSemifine sections were stained with toluidihes.

Study of the ureteropelvic junctions and renal palgma microscopic structure was performed
using an OLIMPUS BX41 light microscope at 100, 2000 and 800 magnifications. The morphometric
parameters of structural changes were determinix) @ microscope graticule and Image Tools 3.6
software.

In the course of histometric studies, a seriesnaiges were obtained, which were used for linear
measurements of each layer in the walls of ure@vapjunctions. The thickness of the walls, peliens
and diameters of different sections of the uretelop junctions’ walls were determined. The peregat
of structural elements in the muscular layer wae determined.

Statistical analysis of the obtained results watopmed by means of “STATISTICA 5.5” software
using non-parametric methods of the obtained resisitessment.

Results of the study and their discussiorin the morphological study it was found that in the
control group rats at the optic level in the rec@itex renal corpuscles were observed, which waewad
or oval structures. They have a vascular glomerahg a Shumlyansky-Bowman capsule. The capsule
consists of two epithelial leaflets, with a smalhse between them. Vascular glomerulus is formed of
capillaries between the afferent and the efferdetiales. The organ’s stroma is represented byl#yiers
of loose connective tissue, which is located bebhatbe tubules and surrounds the vessels.

The outer leaflet of the renal corpuscle’s capsifermed by flat cells that had elongated nuclei
and narrow cytoplasmic areas. The inner capsuftetdaghtly covered the glomerular capillaries akh
sides. It is formed by irregular shaped epitheliesy- podocytes. From their bodies several longdbro
processes proceeded - cytotrabecules. The latteriweontact with the basement membrane, anden th
opposite side of this membrane there were endattwdils of the glomerular hemocapillaries, whicuh
narrow cytoplasm (fig. 1).

Morphometrically, the mean values of renal corpesschreas in the control group of white rats on
the seventh day of the experiment were 48134ii9 the mean values of vascular glomeruli - 4308+94
um?, and the mean values of the capsule’s lume®+BBum?. After experimental nephrectomy, changes
in all the nephron’s components are present irkifieeys of immature animals against the backgraafnd
vascular reorganization. In the cortex, most of rieal corpuscles are hypertrophied, blood fillwfg
vascular glomeruli hemocapillaries was observedhiem. The capsules’ lumens are also increased
compared to renal corpuscles of the control grouimals.
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Fig. 1. Microscopic organization of nephron compusen the Fig. 2. Microscopic changes of the renal nephrampuscle’s
renal cortex of a mature animal in the control grdsemifine section, cortex on the 7th day after contralateral nephragtoSemifine
staining with toluidine blue. x 800. section, staining with toluidine blue. x 800.

Morphological examination of the ureteropelvic jtion revealed that in the control group rats,
the wall of the ureter was formed by the mucousscular, and serous (adventitial) layers. The stratt
features of each layer and their ratio were esthetl in microscopic examination. The mucous mengbran
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of the ureter is formed by two layers - the epitdelnd proper mucous plate of the mucous membidne.
peculiar features were noted.

Macroscopically, in the experimental group animals the 7th day after removal of the
contralateral kidney, the single right kidney wataeged, the normal anatomical shape and surfatieeof
kidney was preserved. The kidney weight was by 4&%er than the kidney weight of the control group
in the same period and amounted to 0.98+0.01gkithrey cubic capacity enlarged by 19.9% compared
to the data at the beginning of the study and ameouf46.04+15.05 minRenal parenchyma retained
differentiation into cortical and medullar zoneseTtopographic structure of the ureteropelvic jiomct
was similar to that in the control group. It wasrid that the mean value of renal corpuscles aree lme
15.8% higher than in the control group animals. giwvth rate was an average of 2.3% per day.

The mean values of vascular glomeruli and capsutteehs’ areas also increased significantly by
14.9% and 25.3%, respectively, compared to therabgtoup animals with the mean growth rate of 2.1%
and 3.6% per day, respectively. The mean areaegirtbximal renal nephron tubules increased to 1875+
um?, and the mean lumen area was 428#12. The mean values of the areas of the distal resghron
tubules in this period of the experiment were 8?2, and the mean values of their lumen areas were
395111 um?2. These values were by 52.5% and 45.8%, resgdgtitigher than in the control group
animals. Microscopically, hypertrophied renal cagas were observed in semifiine sections of thalre
cortex. In their vascular glomeruli, some of theda capillaries had wide lumens (fig. 2).

The convoluted tubules of the nephrons are enlairgsite, both proximal and distal. The nuclei
of the epitheliocytes had a circular, light kanegh with small basophilic blobs of heterochromatin.
Protein inclusions in the form of rounded, darkfedent size structures were observed in the cyplof
proximal cells. They are located mainly in the lbgmats of the epitheliocytes cytoplasm. Closethi®
basement membrane, there is striation, and thelapieas are optically lighter and have a brusé-lik
border.

Two weeks after removal of the contralateral kidmagicroscopically, the single kidney was even
larger than 7 days after, its capsule was shimgeeThe kidney’s weight was by 13.6% greater thah
of the control group in the same period and amaltde .08+0.02 g, the kidneys cubic capacity inseela
by 47.7 % compared to the data at the beginnirigeostudy and made 989.61+18.24imm

Histological studies showed that on the 14th dagrathe experimental nephrectomy in the
animals’ kidneys there were greater changes ofdlseular bed and parenchyma than in the previoos te
of the experiment. Hypertrophied renal corpusclemidated the cortex. Lumens of the capsules was
increased compared to the renal corpuscles of dmérad group animals. The area of the vascular
glomerulus increased by 15.7% in comparison witt th the control group, and by 4.1% in comparison
with the seven-days term, which made 0.6% perTag lumen area of the Shumlyansky-Bowman capsule
increased by 23.4% compared to the control and.8% ompared to the seven-days term. The growth
rate during this period averaged 0.3% per day.

In the course of the compensatory response inithek remaining after unilateral nephrectomy,
the area of the proximal convoluted tubules alsosased. After 14 days it was larger by 11.67% @egb
to the animals of the seven-days experiment. Tteeafithe proximal convoluted tubules’ area inceeas
was 1.7%.

Three weeks after the surgery, the kidney weighg twa 25.5% larger than that of the control
kidney in the same period and amounted to 1.174§,0@Hke kidney’s cubic capacity was greater by 55.5
% compared to the data at the beginning of theysand was 1162.73+27.80 mm3.

Histologically, in addition to hypertrophied remalrpuscles in the cortex, the number of atrophied,
diminished renal corpuscles increased. The capsuiens were enlarged and uneven (fig. 3).

Destructive changes in the proximal and distal otuted tubules of nephrons increased. Tubules
with significant lumens were detected. Morphomelhg it was found that the mean value of the renal
corpuscles area during this period of study wasléy4% larger than in the control group animals.
Compared to the previous term of the study, tha afg¢he renal corpuscles was only by 2.9% largke
mean daily growth was 0.4%. Indices of the proxiomadvoluted tubules area in the single kidney iaseel
by 7.5% compared to the animals on the 14th ddlyeostudy.

The performed histological studies showed that be 80th day after the experimental
nephrectomy, the destructive changes in the kidaegssimilar to the previous term of the experiment
Edema of the stroma connective tissue was accomanyifocal leukocyte infiltration. In the cortéhere
are both hypertrophied and atrophied, reducedze snal corpuscles. The lumens of the capsules are
enlarged and uneven (fig. 4).
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Flg 3. Mlcroscoplc condmon of the kldney cortew the 21st 7 Flg 4. Microscopic condmon of the renal cortex me 30th
day after the contralateral nephrectomy. Renalusuies and nephron day after the contralateral nephrectomy. Renalusaies and nephron
tubules are altered. Staining with hematoxylin andin. x 200. tubules are altered. Staining with hematoxylin ansin. x 200.

On the 30th day postoperatively, the mean rengdusmies area increased by 15.2% compared to
the control group animals. Compared to the previets of the experiment, the area of the renaluwsoies
was only by 2.1% larger. The mean daily growth @&86. The mean values of vascular glomeruli are by
13.5% higher than in the animals of the controugrand by 1.6% higher than in the previous peridak
mean daily growth was 0.2%. The lumen area of H@sule was reliably greater by 5.5% than in the
animals of the previous experimental period. Corgdo the animals in the control group it was great
by 26.4%. The mean daily growth in this period Wa&%. The proximal convoluted tubules area was
larger by 3.1% compared to the animals on the @dgbf study, but the rate of increase was smaller.

On the 60th day of the postoperative period afeggrhmectomy, besides hypertrophied, atrophied,
reduced renal corpuscles are observed. In theawasglomeruli, the blood capillaries had mostiyadi
lumens, made by erythrocytes. In the Shumlyansky#Ban capsules small lumens were noted. The mean
value of the renal corpuscles area during thisoplenif study is by 17.1% larger than in the congraup
animals. Compared to the previous term of the expart, the renal corpuscles area was by 3.9% larger
The mean daily growth was 0.1%.

The mean values of vascular glomeruli area wergdx% higher than in the control group animals
and by 6.4% higher than in the previous period. iftean daily growth was 0.2%. The lumen area of the
capsule was reliably larger by 8.0% than in thenaits of the previous experimental period. Comptoele
animals of the control group it was by 28.5% higFfidére mean daily growth during this period was Q.3%

On the 90th day after the experimental nephrectamyas found morphometrically that the mean
value of renal corpuscles area was by 16.6% hitltaer in animals of the control group. Comparecdo t
previous term of the experiment, the area of thalreorpuscles was only by 1.8% larger. The medy da
growth was 0.06%. The mean values of vascular glolngrea were by 15.7% higher than in the control
group animals and by 2.8% higher than in the previperiod. The mean daily growth was 0.09%. The
lumen area of the capsule was reliably larger R¢6than in the animals of the previous experimental
period. The mean daily growth in this period we&0.

Thus, the morphometric analysis showed that thiedsiggrowth rate of the structural components
of the renal corpuscles in the single kidney atter contralateral nephrectomy was observed in &a n
postoperative period until the seventh day, andagiently it decreased. The growth rates of theinad
and distal convoluted tubules were greater thasetlod the renal corpuscles components.

In the later period after the kidney removal (6@ &9 days), more pronounced destructive and
sclerotic changes occurred. Morphological changehe wall of the ureteropelvic junction and urster
lied in the increased amount and expansion ofnmiscular collagen fibers.

Atrophic processes were followed by further fibcotiegeneration. Against the background of
progressing sclerosis, phenomena of deep destrueaiial dissociation were observed in the elastic
frame, particularly in the submucous membrane. Jéréormed microscopic studies of the renal cortex
in semifine sections showed that on the 60th antl @ays (long terms after nephrectomy) there were
signs of compensatory hypertrophy and destructivanges were revealed in the components of
nephrons. Many renal corpuscles are hypotrophiogspodocytes have basophilic, pycnotically altered,
irregular nucleus. In their vascular glomeruli, ddocapillaries have mainly small lumens that altedi
with red blood cells.
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According to the literature, intraglomerular hygetion caused damage to podocytes and loss of
selective permeability of the slit diaphragm filtoa function between the processes of podocytassing
proteinuria [5], which led to renal failure progsem [6]. Studies on the animals kidneys have shihah
glomerular hyperfiltration was a key risk factor @ronic kidney disease in nephrectomy-exposex|rht

In the single kidney there were processes of tlgards compensatory hypertrophy gradual
development. Sequential periods were establishesl:.period of early postoperative changes (in the
experiment - 7-14 days after the contralateral &jdremoval); the recovery period (from 14 days to 1
month in the experiment). In these terms, ther& f@ace the initial compensatory changes, theaihiti
phenomena of hypertrophy, which testified to thrersgthening of all functions in the single kidnéy.
later periods of the study (60-90 days postopezhtly some nephrons developed destructive changes.
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MAKPOCKOIIIYHUI I MIKPOCKOIITYHUI
CTAH €IMHOI HUPKH I MUCKOBO-

MAKPOCKOIIMYECKOE U MUKPOCKOIIMYECKOE
COCTOSIHUME EJUHCTBEHHOM IMMOYKHA U

CEYOBIJITHOT'O CErMEHTY HICJIs
HE®PEKTOMIi KOHTPAJIATEPAJIBHOI
HiBropak B.I., Monactupcbkuii B.M., OxkaeBuu O.A.,
Byasko 1.B., Cmiloxa O.A.

Jlo TenepiliHbOro 4Yacy HEMae €IUHOT KOHIETIIiT

PO  3aKOHOMIPHOCTI MOp(OreHe3y KOMIICHCATOPHOL
rineptpodii eauHoi Hupku. Meroto pobotu Oyno aatu

MaKpOCKOIIIYHYy 1 MIKPOCKOIIUHY XapaKTCPHCTHUKY
CTPYKTYpU €IWHOI HUPKH 1 MHCKOBO-CEYOBiTHOTO
CerMEHTa  ICJIsi  HePpPEeKTOMil B  EKCIEPHMEHTI.

ExcniepuMeHTanbHE JOCHIPKCHHS BHKOHaHO Ha 84
CTaTeBO3piMX OiMMX mIypax-camipgix macow 180-200
rpaMiB. BciM TBapuHaM IOCIHIAHOI TpyNH BUKOHYBAJIH
onepaTHBHE BTPydYaHHS - He(pekToMiro JiBOi HUPKH.
CratuctuyHa  00poOka  OTPHMaHUX  Pe3yJIbTaTiB
npoBeJeHa B JneHsifiHomy makeri "Statistica 5.5"3
BUKOPHCTAHHSIM HEMAapaMeTPUYHHX METOJiB  OLIHKH
pe3ynbraTiB. BcTaHoBieHO, MmO B €AWHIA  HHPIL
BiOyBalOTBCSI ~ TPOIECH  IOETallHOTO  PO3BHUTKY
KoMIieHcatopHoi  rinmeprpodii  opramy.  Bumimmm
MOCJTiTOBHI Tepioau MicsionepaniiHuX 3MiH HUPKH.
KiwouoBi ciaoBa: equHa HHMpKAa, MHCKOBO-
CEYOBIIHHI CErMeHT, He(peKToMisi, MOp(OJIOTis.
Crarrs Hagiiinoia 18.03.201%.

JJIOXAHOYHO-MOYETOYHUKOBOI'O CETMEHTA
MOCJE HE®@PIKTOMHUHN KOHTPAJIATEPAJIBHOM
ITustopak B.M., Monacteipckuii B.H., OkaeBuu A A,
Byabko U.B., Cmuioxa A.A.

K mHacrosimieMy BpeMEHHM HET COMHOW KOHLECIIHUH O
3aKOHOMEPHOCTSIX MOp(doreHe3a KOMIIEHCATOPHOW rUnepTpobun
eIMHCTBeHHOM  mouku. llenpto  paborel  ObUIO  HaTh
MaKpOCKOMHMYECKYI0 W MHKPOCKOIHUYECKYIO XapaKTEPUCTUKY
CTPYKTYPbI €ANHCTBEHHOH MOYKH U JIOXaHOYHO-MOYETOYHUKOBOTO
CerMeHTa nocJe HEe(PIKTOMUH B 9KCHEPUMEHTE.
DKCIEpUMEHTAJIbHOe  KCCJICAOBAaHHE  BBINONHEHO Ha 84
MOJIOBO3PEJIBIX OeNbIX Kpbicax-camiax maccoii 180-200rpammoB.
BceM KHBOTHBIM OIIBITHOW TPYMIbI BBIMOJNHSIN OHEPATUBHOE
BMEIIATENBCTBO - HE(PPIKTOMHIO JIeBOH mouku. CTaTHcTHYecKas
00paboTKa MOIy4eHHBIX PE3yIbTaTOB IPOBEACHA B TULCH3HOHHOM
nakere "Statistica 5.5"c ucnons3oBaHHEM HemapamMeTpPUUECKUX
METO/IOB OL[CHKH Pe3yJIbTATOB. Y CTAHOBIICHO, YTO B €IUHCTBEHHON
MOYKEe  MPOUCXOAAT  MHPOLECCHl  IOJTAMHOTO  Pa3BUTHS
KOMIICHCATOPHOM runepTpoduu oprasa. Beigenuwin
[OCJICZI0BATEIIbHBIC TIEPHOBI TIOCICONEPALIMOHHBIX H3MEHEHHIT
MIOYKH.

KiroueBble c¢J10Ba: COMHCTBEHHAs II0YKa, JIOXaHOYHO-
MOYETOYHHKOBBIH CerMeHT, HepIaKTOMHUST, MOPDOITOTHSL.

Penenzent €pomenxko I'.A.
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