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® Objective. To study the adaptive capacity of a single remaining kidney in the early postoperative period of nephrec-
tomy in an experiment. Materials and methods. The experiment involved 35 laboratory white rats, which were divided
into three experimental groups. Group 1 (n = 5) intact animals, group 2 (n = 15) animals underwent nephrectomy on the
left; group 3 (n = 15) animals underwent nephrectomy and additionally were created 90 minute hypoxic hypoxia. Histo-
logical material was collected on the 5%, 21 and 60" days after surgery. Results. Characteristic morphological changes in
the only remaining kidney were an increase in the size of the glomeruli and a decrease in their number. Nephron fibrosis
was detected, accompanied by increased production of antigens by the tubular epithelium, which is likely a response to a
cascade increase in oxidative stress and increased release of cytokines that stimulate the production of intrarenal collagen.
Conclusion. Nephrectomy and hypoxia are provocateurs for the development of systemic distress syndrome, the result of
which is the formation of a “vicious pathogenetic circle”, which reduces the functionality of the renal tissue. This can be
considered as one of the early preclinical mechanisms for the initiation of single kidney disease in the future.
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@ Henp nccnepoBanudA. VsydeHne afanTaliOHHBIX BO3MOXXHOCTEN €IMHCTBEHHOJ OCTaBIIENCA NMOYKM B PaHHEM
HOCTIeOIIePAllIOHHOM Iepuofie mocie HepIKTOMUN B IKCIepuMeHTe. MaTepuansl M MeTOABI. B akcreprmenTe y4a-
CTBOBaO 35 11abOpPaTOPHBIX GENMBIX KPBIC, KOTOpbIe OBUIM pasfielieHbl Ha TPU SKCIIepYMeEHTalIbHble IPYNIbL Ipym-
ma 1 (n=5) — MHTaKTHBIE >XMBOTHBIE; Ipynmna 2 (n = 15) — KpbIChL, KOTOPBIM BBIIONHAIN HEe(PPIKTOMUIO CIEBA;
rpymma 3 (n = 15) — KpbICBI, KOTOPBIM BBIIIOTHAIY HePPIKTOMMIO C/IeBa U JOIOIHUTEIBHO cO3faBamy 90-MUHYTHYIO
TUIIOKCUYECKYIO TUIIOKCHIO. 3a00p TMCTOMOTMYeCKOro MaTepuaa IpousBoamnu Ha 5, 21 u 60-e cyTKu mocje omepa-
nyn. Pesynprarel. XapakTepHbIMM MOPQONOTMYECKMMY M3MEHEHUAMM) B eIMHCTBEHHOI OCTaBIIENCSA MOYKe ObIIM
yBelIM4YeHue pa3MepoB KIyOOUYKOB M yMeHbIIeHMe UX KonudecTBa. Boiasnen ¢puopos HepoHOB, COIPOBOKIAIOLINIICH
HOBBIILIIEHHOI BBIPAOOTKOI QHTUTE€HOB SIINTE/IVEM KAHA/IbIEB, KOTOPas, BEPOSATHO, SIB/SIETCSI OTBETOM HAa KACKafHOe
yCuIeHIe OKUCTUTeIBHOTO CTPecca 1 MOBBIIIEHHOE BBICBOOOXK/IeHIE IUTOKIHOB, CTUMY/IUPYIOIINX BHIPAOOTKY MHTPa-
peHanbHOro KoutareHa. Beisopgbl. HepakToMus 1 I'MIOKCHS — TIPOBOKATOPBI Pa3BUTHA CUCTEMHOTO AMCTPeCC-CUH-
IpOMa, B pe3y/lbTaTe KOTOPOro GopMUPYeTCs «IOPOYHBII ITaTOTeHETUYeCKMIT KPYT», CHIDKAIOMINIT (PYHKIIMOHATbHBIE
BO3MOYXHOCTY IIOUY€YHOI TKAaH!. DTO MOXKET PacCMATPUBATHCA KaK OFVH 13 PaHHMX JOKIMHIYECKMX MeXaHN3MOB MHH-
LAy 3a00/IeBaHUI eUHCTBEHHOI IIOYKY B OyAyIIeM.
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INTRODUCTION

The first successful human nephrectomy was
performed by Gustav Simon in 1869. Currently,
the main indications for the kidney removal are
tumors and traumatic injuries. Since the end of
the nineteenth century, the restoration timing and
mechanisms for a solitary kidney function after the
removal of the other kidney as well as the nature
of adaptation processes and the quality and lon-
gevity of the patients’ lives with a solitary kidney
have been well studied. According to the available
data, in the first few h after nephrectomy, an in-
tense venous congestion of the renal parenchyma
occurs, which is extremely similar to acute inflam-
mation. This event is immediately followed by leu-
kocyte infiltration of the interstitium and vascular
dilatation. After 72 h of nephrectomy, the tubular
epithelium enlarges, and intense mitotic division
occurs, which practically covers the tubular lumen.
After 4-10 days of the surgery, the hyperemia gets
resolved, but the glomeruli and tubules with the
surrounding large epithelial cells remain abnormal-
ly dilated in some places. During the course of mor-
phological studies, the dependence on the rate and
degree of compensatory renal hypertrophy on the
patient’s age was demonstrated, as in patients aged
<30 years, and a significant acceleration in renal
hypertrophy was registered radiographically after
1 month of nephrectomy. In terms of the functional
capabilities, a solitary kidney in a 30-year-old pa-
tient corresponds to the functioning of 2 kidneys in
a person aged >60 years. The function of the tubules
of a healthy solitary kidney reaches the normal level
within a short period of time after nephrectomy ir-
respective of the degree of anatomical hypertrophy;
however, its complete recovery occurs much later
relative to the time required to eliminate anatomi-
cal disorders of the renal tissues. Renomegaly in pa-
tients aged >50 years is barely noticeable even after
a year of nephrectomy [1-3]. The glomerular filtra-
tion function of the remaining solitary kidney also
deteriorates with age. Schlichter et al. [4] indicated
a proportional relationship between the function-
ing of the remaining kidney with age. The reserve
capacity of the kidney depends on the number of
hibernating nephrons. In a solitary kidney, after
contralateral nephrectomy, no new glomeruli and
tubules are formed, rather hypertrophy of the func-
tioning nephrons occur. Despite this, regardless of
the patient’s age and the time elapsed since the sur-

gery, the functional capacity of the solitary kidney
generally reduces [5, 6]. At the same time, it is the
volume of the functioning parenchyma (glomeruli
and tubules of the kidney) that predetermines the
level of filtration in the kidneys, which is consid-
ered by several researchers as the key predictor of
functional disorders in the kidney during the post-
operative period irrespective of the duration of the
disorder of the direct renal blood supply during
surgery [7-10]. The lack of complete recovery of
the filtration capacity of a solitary kidney predeter-
mines potential high frequency (of up to 87%) of
kidney diseases in the future, which develops in the
presence of an annual progressive loss of glomerular
filtration of approximately 2% within 1-7 years and
by >5%/year after the period of >7 years of nephrec-
tomy [11, 12]. A decrease in the functional capacity
of the only remaining kidney is generally accompa-
nied by a decrease in the general adaptive capacity
of the person [13].

The present study aimed to investigate the adap-
tive capabilities of a solitary kidney during the early
postoperative period after nephrectomy.

MATERIALS AND METHODS

The present experiment involved 35 laboratory
white rats categorized into 3 groups. Group 1 (n = 5)
included intact animals; group 2 (n = 15) included
rats that underwent left nephrectomy; and group 3
(n = 15) included rats that underwent nephrectomy
and anadditional 90-min hypoxic hypoxia. The patho-
morphological experimental study was performed
for duration of 60 d. The sampling of histological
material was performed on the day 5, 21, and 60 of
the study. The structural components of the nephron
along its entire length were the subject of the targeted
study. The amount and average size of renal glomeru-
li were determined, and the integrity and structure of
the glomerular basement membranes were assessed.
In addition, the severity of sclerotic changes in glom-
eruli, the degree of renal vascular endothelial change
in response to injury, proliferative activity depending
on the experiment stage, the degree of damage to the
epithelium of the proximal and distal tubules, the in-
tegrity of the basement membranes, and the severity
of inflammatory infiltration were also assessed. The
sample preparations were stained with hematoxylin
and eosin, followed by that with Masson’s trichrome
for histochemical analysis (for the identification of
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the connective tissue component and the degree of
maturity of collagen fibers) and periodic acid-Schiff
(PAS; for the assessment of the structure of basement
membranes and vascular wall). The vascular endo-
thelium and the epithelium of the renal tubules are
primarily the most sensitive areas to the toxic effects
and hypoxia. The degree of damage to the vascular
wall, such as swelling, endothelial edema, and disso-
ciation of its elements, was assessed by the level and
intensity of podoplanin and the CD34 expression on
the endothelium of lymphatic and blood vessels, re-
spectively. To identify and determine the line of dif-
ferentiation of the inflammatory infiltrate elements,
immunohistochemical examinations with monoclo-
nal antibodies to CD3 (T-line of differentiation) and
CD20 (B-line of differentiation) were performed.
The level of proliferative activity in response to the
damage was assessed by reactions with Ki-67 based
on the count of cells with a positive nuclear expres-
sion per 100 elements of a similar morphological se-
ries. To visualize the preservation and changeability
in the epithelium of the renal tubules, a reaction with
panCK (AE1/AE3) was performed.

RESULTS AND DISCUSSION

The average size of the rat kidney in group 1
was 1.5 cm longitudinally and 1.0 cm transversely.
The structure of the renal tissues was clearly traced.
The glomeruli were located in the cortex. In a field
of view of 1 mm?® area, the number of glomeruli
ranged from 8 to 13 (average: 10.6). The size of the
glomeruli/100 pieces was 57.0-108.6 u (average:
75.6 p). The glomeruli showed the correct histologi-
cal structure. PAS-positive basement membranes of
the capsule were non-split and unilamellar. The cap-
illaries (CD34*) were plethorical and formed a dense
network. No signs of mesangium proliferation were
noted. The epithelium of the proximal and distal tu-
bules was unilamellar, without any signs of metabolic
damage. The organization of chromatin in the nuclei
and cytoplasm was homogeneous without any signs
of necrobiotic changes. The basal membranes of the
tubules were closed and thin throughout. Both the
types of tubules were tightly adjacent to each oth-
er and the distance between them did not increase.
The lumen of the tubules was empty or slit-like, with
no inclusions. Both the types of tubules expressed
panCK, with a more intense proximal response.
No fibrosis of the nephrons was detected on staining
with Masson’s trichrome. Inflammatory infiltration

was not significant; 1-2 lymphocytes (CD3/CD20)
were visualized in the section without epithelial tro-
pism. The arterioles (CD34*) showed no signs of
endothelial proliferation, and the wall was neither
hyalinized norsclerosed (Fig. 1).

On the day 5 after nephrectomy in group 2, the
size of the kidneys was 1.6-1.7 cm longitudinally
and 1.0-1.1 cm transversely. In one field of view of
1 mm? area, the number of glomeruli ranged from
7 to 12 (average: 9.2). The size of the glomeruli per
100 pieces was 50.6-128.6 p (average: 78.8 p). In oth-
er terms, the histological structure and the results
of histochemical staining and immunohistochemical
examination were found to be similar to those of the
intact kidneys of the group 1 rats.

In group 3 rats, the size of the kidneys was
1.7-1.8 cm longitudinally and 1.1 cm transversely.
In one field of view of 1 mm? area, the number of
glomeruli ranged from 7 to 10 (average: 8.5). The
size of the glomeruli per 100 pieces was 63.5-107.7 u
(average: 94.2 p). Thus, there was a tendency toward
decrease in the glomerular density and an increase
in size. The decrease in the number of glomeruli
can be attributed to moderate edema of the intersti-
tium with dilated arteriolar lumen. The latter were
characterized by scarcely swollen CD34-positive
endothelium and insignificantly thickened walls.
The glomeruli were plethorical, with no signs of
the mesangium proliferation. The basement mem-
branes both in the glomeruli and in the tubules of
both the types were intact throughout. The distal
tubule epithelium showed a tendency to increase
the volume of the cytoplasm, and its apical vacuol-
ization was noted. No signs of condensation in the
cytoplasm and chromatin in the nuclei were noted.
The lumen of the proximal tubules was dilated, and
their epithelium was flattened. Some of the proxi-
mal tubules were elongated and compressed due to
edema. No inclusions were visualized in the lumen
of the tubules. The epithelium was panCK-positive
with displacement in the intensity of the reaction to-
ward the proximal region. No distinct inflammatory
infiltration was noted. The proliferative activity was
increased in the zone of collector tubule formation
to approximately 15% (Fig. 2).

On the day 21 after nephrectomy in group 2 rats,
the size of the kidney was 1.8 cm longitudinally and
1.3 cm transversely. In one field of view of 1 mm?
area, the number of glomeruli ranged from 4 to 7 (av-
erage: 5.2). The size of the glomeruli per 100 pieces
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was 54.8-119.0 u (average: 93.9 n). As compared with
that on day 5, significant changes were noted only in
an increase in the size of glomeruli and a decrease in
their numbers per section of the surface area. Dam-
age to the epithelial cells in the tubules was marked in
the distal sections in the form of vacuolization with
condensation of the cytoplasm focal. These changes
were supported by the decreased immunoreactivity
of the epithelium to panCK in comparison to that
of the epithelium of the proximal tubules, where the
reaction was vivid and intense. No necrotic changes
were noted. Inflammatory infiltration due to CD3*
solitary lymphocytes in the interstitium showed no
tendency to epithelial tropism. In addition, there
were no signs of vascular endothelial proliferation
(CD34). The basement membranes of both the glom-
eruli and the tubules were intact along the entire
length and throughout the entire section area. The
proliferative activity was approximately 20% in the
collecting system of the kidneys (Fig. 3).

In the group 3 rats, the size of the kidneys aver-
aged 2.1 cm longitudinally and 1.3 cm transversely.
In one field of view of 1 mm? area, the number of
glomeruli ranged from 5 to 8 (average: 6.5). The si-
zes of the glomeruli per 100 pieces were 72.5-115.1
(average: 93.4 u). No structural changes in the kid-
ney tissues were noted in comparison to that on
day 5. A plethora of interstitial capillaries without
any signs of dystrophic changes in their endothelium
was recorded. Focal perivascular (around the arteri-
oles) and periglomerular fragile fibrosis, as visual-
ized by Masson’s trichrome staining, was registered
in the individual fields of vision (Fig. 4).

After 60 d of nephrectomy in the group 2 rats, the
longitudinal dimension of the only remaining kid-
ney was 2.0-2.1 cm, while the transverse dimension
was 1.3 cm. In one field of view of 1 mm? area, the
number of glomeruli ranged from 6 to 8 (average:
6.9). The size of the glomeruli per 100 pieces was
55.13-122.7 p (average: 86.73 p) (Fig. 5).

The morphological characteristics of the glom-
eruli remained unaltered, considering that the capil-
lary network was abundant, without any signs of the
mesangium proliferation; and the basement mem-
branes were single-circuit. Fibrosis and sclerosis
were unmarked. In the tubular system, the changes
were distinct only in the epithelium of the proximal
tubules, in comparison with those on day 5 and 21.
The changes included dilated lumen, high epithe-
lium, and increased cytoplasmic volume. The epi-

thelial cells develop a shape ranging from cubic to
nail-head (that imparts the epithelium a cobblestone
appearance). Sinusoids and arterioles are plethori-
cal. The endothelium was intact. Reactivity toward
panCK was reduced in both the distal and proximal
tubule epithelium. In the distal tubules, the reaction
was weak and focal, while, in the proximal tubules,
it was diffuse in all structures, with the intensity
less pronounced in comparison to that on day 21
of the experiment. The proliferative activity at this
stage was noted in all single elements of the epithe-
lium of the distal tubules. Non-specific binding was
achieved on the proximal tubular epithelium.

In the group 3 rats, on day 60 after nephrectomy,
the longitudinal dimension of the remaining kidney
was 2.1-2.2 cm, while the transverse dimension was
1.4-1.5 cm. In one field of view of 1 mm? area, the
number of glomeruli was 2-9 (average: 5.3). The si-
zes of the glomeruli per 100 pieces were 63.9-126.2
(average: 97.9 u). The morphological characteristics
and immunophenotype were similar to those on
day 21 of the experiment (Fig. 6).

Our study results revealed that the characteristic
morphological changes in the only remaining kidney
were an increase in the size of the kidney glomeruli
and a decrease in their numbers. These changes tend
to increase over a period of time after nephrectomy. In
case of deficiency in the amount and quality of glom-
eruli, intrarenal nephron fibrosis can develop. In fact,
the latter causes an impairment of the renal tissue ar-
chitectonics and is often accompanied by an increase
in the production of antigens by the epithelium of
the tubules in response to a cascading increase in the
oxidative stress and an increased release of cytokines
(particularly, in the transforming fibroblast growth
factor) that stimulate the production of intrarenal col-
lagen. These changes were most pronounced in the
group 3 rats, which, under the unfavorable conditions
of systemic distress syndrome, were induced by ne-
phrectomy and hypoxia. Thus, a “vicious pathogenetic
circle” is developed that can be considered as one of
the early preclinical mechanisms of initiation of po-
tential diseases of the solitary kidney in the future.

CONCLUSIONS

Nephrectomy and hypoxia induce changes in the
remaining kidney after nephrectomy, which increas-
es the risk of a decrease in the functionality of the
renal tissues that are manifested by several charac-
teristic morphological signs. These changes can be
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Fig. 1. The histological structure of the tissue of a single kidney
and the size of the glomeruli of the intact rat (1*' group). Hematoxy-
lineosin, x200

Puc. 1. Tucrosornueckas cTpyKTypa TKaHW W pasmep [JIOMepyJl eIHH-
CTBEHHOM MMOYKH MHTAKTHON KpbIchl (1 -5 rpynma). Okpacka reMoTOKCH-
JIMHOM U 303uHO0M, X200

Fig. 3. Histochemical examination of the kidney of the rat of the 2" group,
the 21 day of the experiment. PAS reaction, x200

Puc. 3. Tucroxnmuueckoe Hcc/ieoBaHHe TMOYKH KPbIChI 2-i TPyMIIbI,
21-e cytku skcnepumenta. PAS-peakuus, x200

e,

Fig. 5. The histological structure of the tissue of a single kidney and the
size of the glomeruli of the rat of the 2™ group, on the 60 day of the experi-
ment. Hematoxylin-eosin, x100

Puc. 5. Tucrosornueckasi CTpyKTypa TKaHH U pa3Mep JIOMepyJl eHH-
CTBEHHOH MOYKH KPbIChl M3 2-# rpynnel, 60-¢ CyTKH 3KCIepUMEHTA.
Oxpacka reMaToKCHIMHOM U 503HHOM, %100

considered as one of the early preclinical mecha-
nisms indicating initiation of potential diseases of
the solitary kidney in the future.
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