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Abstract. The research aimed to study the morphological characteristics of kidneys after intraperitoneal
administration of biologically active compositions (BACs) in rats with infravesical obstruction (IVO).
Methods. IVO was reproduced by surgical ligation. BACs were injected intraperitoneally for 10 days.
The morphometric parameters of the kidneys were determined by examining their structure (the areas
of renal corpuscle, glomerulus, the cavity of the glomerular capsule, outer and inner diameters of the
tubules, the tubular index, the outer diameter and area of the vascular lumen). The experimental
animals were divided into the following groups: Group 1 was saved as an intact control group, Group
2 received “Cortexin”, Group 3 was given CMCNMG, Group 4 received BCM, and Group 5 was not
treated (U).

Results. BACs obtained from a culture of native mantle gliocytes (MG) and BCM were involved in the
remodeling of the kidneys’ structure being changed during IVO. The renal corpuscle area was found
to be increased in groups 2, 4, and 5 by 42.3%, 193.9%, and 72.3%, respectively, compared with the
control group. At the same time, the extent of renal corpuscle hypertrophy in group 3 was minimal and
approached the control values. The glomerulus area expanded by 35.4%, 181.1%, and 34% in animals
of groups 3, 4, and 5, respectively, compared with the control group. However, the difference in the
index between group 5 and BAC-treated animals was not significant, except for group 4. The Bowman’s
capsule area increased by 117.6%, 235.8%, and 186%, in groups 2, 4 and 5, respectively, compared
with the control group. Interestingly, the values in groups 1 and 3 were in agreement but differed from
group 5. The lowest values of outer and inner diameters of renal tubules were determined in group 3,
which were close to those in the control group but significantly different from those of other groups. An
increased tubular index (by 1.35 and 1.4 times) was revealed in groups 3 and 4, compared with other
groups. The lowest values were found in groups 2 and 5. The maximum values of the average diameter
and area of the vessel lumen were determined in groups 3 and 4, and the minimum values were obtained
in group 5. It is noteworthy that the indices of these groups were significantly different from those of
group 5.

Conclusions. The research results suggest that the phenomena of glomerulosclerosis, tubular atrophy,
and renal interstitial fibrosis in rats can be alleviated, as well as the morphological structure of rat
kidneys can be partially restored against the background of 1VO after administration of CMCNMG and,
to a lesser extent, BCM due to the multidirectional action of neurotrophic factors.

Keywords: morphological parameters, infravesical obstruction, obstructive uropathy, renal fibrosis,
spinal ganglion, mantle gliocytes, conditioned medium.
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Mopddoaoriunmii naTepH HUPOK MIYPiB 3 iHPpaBe3NKAJIbHOI 0OCTPYKIIEIO
micJ1A BBeIEHHS 0i0J10TiYHO0 AKTUBHMX KOMIIO3MILiii, 1[0 MiCTSTh
HelipoTpogiuni (pakTOpH

THCTUTYT TTpOGJIEeM KpioGiosorii i kpiomenuiiman HAH Ykpainu, M. XapkiB, YkpaiHna
2XapkiBchKa MeIMYHA aKaaeMist MiCASAUIIZIOMHOI OCBiTH, M. XapKiB, YKpaiHa

Pesiome. Memoto docaidncenns 6yno euguerHs Mopghosociunux ocobausocmeii HUPOK Nicas HYMPIHbOOYEpe-
BUHHO020 88edenHs Oionoeiuno akmusrux komno3uyiit (bAK) y wypie 3 ingpasesuxarvroro oocmpykuicro (IBO).

Memoou. IBO 6yaa siomeopena wirsxom aicyeanns. bAK eeoduau enympiwinvouepeerno npomseom 10 0i6. Bu-
3Hauanu Mopghomempu4Hi NOKA3HUKU HUPOK WASIXOM GUBYEHHS IX cmpyKmypu (naousy HUPK0B020 minvysa, NAouLy Kay-
bouKa, naougy NOPOJICHUHU KAncyau Kayoouka, 308HiWHill ma 6HympiuHii diamempu KaHanbyie, KAHAAbYbOBUIL iHOeKC,
306HIWHII diamemp ma naouyy npoceimy cyour). Iliodocaioni meapunu 6yau po3nodineri Ha epynu: 1 — iHmakmHui
Koumpoas (K); 2 — eéedenns «kopmekciny»; 3 — koHduyitiosane cepedosuuie Kyabmypu HAMUBHUX MAHMIUHUX 2nioyu-
mie (KCKHMT); 4 — 6azose cepedosuuije kynomusysants (bCK); 5 — 6e3 aikyeanns.

Pezyaomamu. BAK, ompumani 6id kyasbmypu HamuseHux maumiinux enioyumie (MI) ma bCK, 6pasu yuacmo y
PemMo0ento8anHi CMpyKmypu HUpoK, Ka asminoemocas nio ywac IBO. Buseneno 30inbulenHs naoui HUpKosux mineysb y 2-i,
4-ii ma 5-ii epynax na 42,3%, 193,9% ma 72,3 % 6i0nogiono, nopieHsaHo 3 KOHMPOALHOK epynoro. Y moii jce uac cmynins
einepmpoghii HupK06o2o minvysa y 3-il epyni 6yaa MIHIMAALHOW Ma HAOAUNCAAACA 00 KOHMPOAbHUX 3HA4eHb. Y meapuH
3-1, 4-i ma 5-i epyn naowa kayboukie 36irouunacs 6ionogiono na 35,4 %, 181,1 % ma 34 % nopigHsaHo 3 KOHMPOALHOK
epynoro. O0Hak pizHuys 6 inoekci Mixc 5-to epynoro ma meapuxnamu, aki ompumyearu bAK, 6ysa necymmesoro, 3a eu-
Hamiom 4-i epynu. Iliowa npocmopy kancyau boymena 3binvumunaca y 2-i, 4-i ma 5-ii epynax na 117,6%, 235,8%
ma 186%, 6ionogiono, nopienano 3 konmpoaem. Llixaeo, wo 3uavenus 1-i ma 3-i epyn 36ieasucs, ane idpiznsaucs 6io
5-i epynu. Haiinudicui nokasHUKU 306HIWHb020 Ma 6HYMPIUHbORO Jiamempie HUPKOBUX KAHAAbYI6 OYauU 8U3HAYeH] Y 3-1i
epyni, ki 6yau 6au3bKi 00 NOKA3HUKIE KOHMPOAbHOI 2pynuU, ane 8ipo2iOHo GiOpi3HANUCA 8i0 NOKA3HUKIE iHuwuX epyn. Y 3-ii
ma 4-ii epynax suseaeHo nioeuuienHs myoyaaproeo indexcy (v 1,35 ma 1,4 paszu) nopienauo 3 inwumu epynamu. Haii-
HUXMCHi NOKA3HUKU euseneHi y 2-ii ma 5-ii epynax. MakcumanvHi 3Ha4eHHs cepedHboeo diamempa ma nAouwji npoceimy
cyouHu eu3Haueni y 3-ii ma 4-i epynax, minimanvi y 5-ii. Caio 3a3nauumu, w0 NOKA3HUKU UUX ePYN 3HAYHO 8iOpIi3Hs-
aucs 6id 5-i epynu.

Bucnoeku. Pezyasbmamu exchnepumeHmy ciouams npo MONCAUBICIb 3MEHULEHHS ABULY, 210MePYA0CKAePO3Y, Ka-
Haavyesoi ampogii ma HUpKogoeo inmepcmuyiarvioeo Giopozy (HID), a makoxc yacmrko6oeo 6i0H08AeHHI MOPPHOA0-
eiunoi cmpyxmypu nupku wiypie Ha mai IBO nicas eéedenns KCKHMI ma menworo miporo bCK 3a paxyrok piznocnps-
Moearoi 0ii Helipompoghiunux paxmopie (HD).

Kio4uoBi ciioBa: mopgponoeiuni noxasnuxu, ingppasesixaivia obcmpykyis, 00cmpyKkmuena yponamis, HUpKoeuii
@ibpo3, chinanvHuil eaneniil, Manmiini erioyumu, KoHOuyillosare cepedosuuye.

Introduction. The term ‘obstructive uropathy’
(OU) refers to a complex of changes in the structure
and functions of renal parenchyma, predominantly of
the tubulointerstitial type, which develops as a result of
the disordered urine passage of functional or organic
origins at the level of the pyelocaliceal, ureteropelvical,
vesicoureteral segments or is the consequence of infra-
vesical obstruction (IVO) [1-3].

Chronic tubulointerstitial nephritis develops as a
result of the progression of epithelial to mesenchymal
transition (EMT) and it is characterized by tubular at-
rophy, RIF, and inflammation, which is also a constant

I'no6a Bsavecaas IOpiiioBuy
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component of chronic kidney disease (CKD) in general
and OU, in particular [4-6].

CKD is one of the most prevalent diseases that
pose a threat to human health and life, affecting more
than 10% of the world’s population. By 2030, 14 out of
every 100,000 people could die from CKD [7, 8]. CKD
is a global pandemic that is growing rapidly [1, 9, 10],
and in some cases, the progression of the disease cannot
be prevented with modern treatments [2, 7, 11].

Among the tools of regenerative medicine, cell
therapy is primarily considered a therapeutic interven-
tion that improves the outcomes of kidney diseases.
This approach has shown promise in terms of improv-
ing renal function, but some safety issues remain to be
resolved before the clinical application. These include
immune rejection, pulmonary embolism and teratoma
formation due to uncontrolled proliferation of pluripo-
tent stem cells (SC) [7, 11-14].
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Stem cells can also act in a paracrine manner by
secreting the growth factors and cytokines that can pro-
mote regeneration [2, 15, 16].

Renal interstitial fibrosis is an important patholog-
ical sign of renal aging and CKD, which can be regu-
lated by SC through their secretion [3, 7, 16].

Neurotrophic factors (NFs) play several key roles
in renal physiology, including immune modulation, tis-
sue proliferation/regeneration, microbiota and electro-
lyte balance, which contribute to the maintenance of
renal homeostasis. However, under pathological condi-
tions, the NFs can stimulate inflammation, fibrosis, co-
agulation, and oncogenesis. Recently, both in vivo and
in vitro studies have shown explosive advances regard-
ing the protective role of NFs in various renal diseases
[8, 15-18].

Evidence suggests that the NFs derived from the
glial cell line are necessary for the development of
parasympathetic, intestinal, and motor neurons during
spermatogenesis and kidney morphogenesis, and may
also be the factors in the survival of damaged kidneys
cells [6, 15, 19, 20].

For this purpose, neurotrophic drugs are used in-
cluding Cortexin, which acts mainly on the nervous sys-
tem. The idea of using the mantle gliocytes (MG) and
their secretome may be promising in the rehabilitation
therapy of kidneys in OU due to IVO.

The present study aimed to evaluate the morpho-
logical characteristics of the kidneys after intraperito-
neal administration of biologically active compositions
in rats with IVO.

Materials and Methods. The study was carried
out on 6-month-old white outbred rats (250—320g,
n=48). Manipulations of animals were performed
in accordance with the Law of Ukraine ‘On Protec-
tion of Animals Against Cruelty’ (No. 3447-1V dated
21.02.2006) in compliance with the requirements of
the Committee in Bioethics of the Institute for Prob-
lems of Cryobiology and Cryomedicine of the Na-
tional Academy of Sciences of Ukraine (Kharkiv)
and accordance with the provisions of the European
Convention for the Protection of Vertebrate Animals
Used for Experimental and Other Scientific Purposes
(Strasbourg, 1986).

Study design. The culture of MG was obtained
from the spinal ganglia (SG) of neonatal piglets by an
enzymatic method [21]. The BCM contained — MEM
with the addition of 10% fetal bovine serum (FBTS,
BioSera, France). Cells were cultured in plastic Petri
dishes with an area of 9 cm?, which were treated with
poly-D-lysine (Orange Scientific, Belgium) at 37°C in
an atmosphere with 5% CO2. The initial seeding con-
centration of cells in both cases was 6 104 cells/cm?. On
day 21 of cultivation, the medium was collected from all
Petri dishes and pooled; an aliquot was taken and used

in further experiments. IVO was reproduced by surgical
ligation [22]. After 6 weeks, the ligature was removed
and the next day, the animals began to be injected in-
traperitoneally with the BACs for 10 days. Conditioned
medium obtained from the culture of native mantle
gliocytes (CMCNMG) and BCM were injected at 0.6
ml/kg of body weight. Cortexin (Geropharm, Russia)
was administered at a dose of 1.0 ml/kg of body weight
[23]. The animals were removed from the experiment
by decapitation under anesthesia on day 56 after the
start of IVO modeling. The experimental animals were
divided into the following groups: Group 1 was saved
as an intact control group, Group 2 received “Cortex-
in”, Group 3 was given CMCNMG, Group 4 received
BCM, and Group 5 was not treated.

Morphologic analysis of kidneys. For morpho-
logical assessment, the kidney fragments were histo-
logically processed and stained with hematoxylin and
eosin according to the standard method [24]. Micro-
photography was carried out using an AmScope light-
optical microscope, model XYL-403 (China), and a
digital camera. Morphometric analysis of micrographs
of serial sections of kidneys was performed using the
AxioVision Rel 4.7 image processing software (Carl
Zeiss, Germany). The areas of the renal corpuscle,
glomerulus, glomerular capsule cavity, outer and inner
diameters of tubules, the tubular index (the ratio of the
tubule wall thickness to its lumen diameter), the outer
diameter, and the area of the vessel lumen on histolog-
ical specimens were measured in cross-sections. When
calculating the quantitative characteristics of structur-
al components in the kidney, one micro-photograph
was measured 30 times in each case [25].

Statistical analysis. The results were statistically
processed using Excel (Microsoft, USA) and Statistica
10 (Statsoft, USA). Quantitative data were expressed
as median (Me) and quartiles (Q1; Q3) and assessed
using nonparametric Kruskal-Wallis and Mann-
Whitney tests with the Dunnett’s test for post-hoc
comparisons. Differences were considered significant
atp <0.05.

Results. General histological characteristic
of kidneys. Morphological examination of kidneys
of intact control rats revealed the renal corpuscles
with elliptical and spherical glomeruli in the cortex.
The glomeruli were of normal size, with thin unfolded
loops, no evidence of the proliferation of glomerular
cells, and an increased mesangial matrix. The vessels
were consistent without signs of pathological changes.
The kidney stroma consisted of loose, unaltered con-
nective (interstitial) tissue. Intact distal and proxi-
mal renal tubules were noted in the renal parenchy-
ma, forming nephrons together with blood capillaries
(Fig. 1A, 1B).
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Fig. 1. Histopathological examination of the different groups examined (H and E stain; scale bar, 50 pm).
(A), (B): intact control; (C): Cortexin drug; (D): conditioned medium obtained from the culture of native mantle gliocytes;
(E): basic culture medium; (F): no treatment.

In group 2 kidneys (Cortexin), the renal corpuscles
with glomeruli of various shapes were found in the corti-
cal layer. The glomeruli were moderately enlarged, with
evidence of segmental cell proliferation of the glomeru-
lus. GS and partial atrophy of the glomeruli with the
expansion of Bowman’s space were often detected. De-
fragmentation of the glomerular capillary network with
single areas of mesangiolysis was multifocal. Altered
renal tubules were determined (partially with tubular
degeneration and atrophy, signs of regeneration of col-
lecting ducts and tubules, everywhere expanded in di-
ameter with desquamated epithelial cells in the lumen,
sometimes with tubular hyperplasia, also single cysts).
Tubular necrosis areas were identified. The vessels were
changed throughout: enlarged in diameter with a nar-
row lumen. Multifocal interstitial fibrosis, segmental
inflammatory infiltrates, single infarcts, and hemor-
rhages were detected (Fig. 1C).

In group 3 animals (CMCNMG), the renal cor-
tex was found to have nonenlarged renal corpuscles
with spherical and elliptical glomeruli, the latter pre-
dominating. The glomerular capillary network largely
retained its normal structure. The glomerular capil-
lary network largely retained its normal structure. The
glomeruli were enlarged, with evidence of cell prolif-
eration and a moderate increase in the mesangium.
The phenomenon was multifocal in nature. In most
cases, the Bowman’s space was unaltered, not expand-

ed. Most tubules were not enlarged, not dilated. The
expressed hyperplasia of the tubule epithelium was
found. Everywhere there was evidence of regeneration
of the nephron structural elements (tubular basophilia
and cell hyperplasia in the cortex and medulla without
hypertrophy accompanying them, cell hyperplasia of
the glomerulus basement membrane, absence or mini-
mal diffuse peritubular and interstitial cell infiltrate,
the vascular network restructuring). The diameter of
the vessels was practically unchanged, their lumen
was sufficient, sometimes expanded. Focal interstitial
fibrosis and isolated inflammatory infiltrate were de-
tected (Fig. 1D).

In group 4 rats (BCM), the enlarged renal cor-
puscles with elliptical, focally rounded, and polygonal
glomeruli were determined in the cortical substance.
The glomeruli were sharply enlarged with evidence of
cell hyperplasia/hypertrophy. Defragmentation of the
glomerular capillary network with the mesangiolysis ar-
eas was segmental. GS and partial glomerular atrophy
were detected focally. Severe enlargement and expan-
sion of the Bowman’s space, which was frequently filled
with cylinders, desquamated cells, and erythrocytes,
was noted. Multifocally hyperplastic renal tubules are
sharply enlarged and dilated in diameter, and the lumen
is filled with cellular content. Areas with signs of de-
generation and regeneration, partial atrophy, and single
necrosis were identified. The diameter of the vessels was

16 OpWUriHOABHI HOYKOBI POBOTH

YKPQIHCBKUM XKYPHOA HEPPOAOTIT T aianizy N23 (75) 2022



Ukrainian Journal of Nephrology and Dialysis, 3 (75)’2022

Original Papers

increased, and the lumen was moderately sclerotic and
narrowed. Focal interstitial fibrosis, single infarctions
and inflammation occurred (Fig. 1E).

Microscopic assessment of the kidneys of group
5 rats (U) revealed enlarged renal corpuscles with
glomeruli of various shapes in the cortical zone: of-
ten rounded or flattened, rarely ellipsoidal. Moderate
enlargement of glomeruli with defragmentation of the
glomerular capillary network and mesangiolysis was
multifocal. Total and segmental destruction of renal
corpuscles occurred. GS and atrophy with enlarge-
ment of the Bowman’s space were frequently identi-
fied. Mostly it was filled with cell masses and cylin-
ders. Focal glomerular and interstitial amyloidosis was
detected. In the kidney parenchyma, multiple dilated
tubules with tubular atrophy, degeneration (basophil-
ia, nuclei accumulation, loss of the lining epithelium,
single cell necrosis, pigment accumulation), and vacu-
olization of the epithelium were noted. Desquamated
epithelial cells and cylinders were frequently noted in
the lumen of the tubules. Regeneration of the tubular
epithelium after degeneration in the form of hyperpla-
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sia and cell hypertrophy was focal in nature. Multiple
cysts were found. The vessels were altered throughout
sclerosed, greatly reduced in diameter with a narrow
lumen. Multifocal interstitial fibrosis and inflammato-
ry infiltrate, segmental infarctions, and hemorrhages
(Fig. 1F).

The vessels were altered throughout sclerosed,
greatly reduced in diameter with the narrow lumen.
Multifocal interstitial fibrosis and inflammatory infil-
trate, segmental infarcts, and hemorrhages were found
(Fig. 1, F).

Morphometric characteristics of the kidneys.
Measurement of the renal corpuscle area revealed an
increase in groups 2, 4, and 5 by 42.3%, 193.9%, and
72.3%, respectively, compared with the intact control
group (Fig. 2A). At the same time, the extent of renal
corpuscle hypertrophy in group 3 was minimal and
approached the control values, and it was maximal in
group 4. The indices of both groups were significantly
different from those of group 5 (U) (Fig. 2A, p>0.05),
except for group 2.
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Fig. 2. Renal corpuscle area (A), glomerular area (B), capsular (Bowman’s) space area (C),
and outer diameter of tubules (D) of the examined groups.
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The glomerulus area was increased in the animals
of groups 3,4 by 35.4%, 181.1%, and 34%, respectively,
compared with the intact control group (Fig. 2B).
However, the difference in this index between group 5
and BACs-treated animals was not significant except
for group 4 (p>0.05).

Bowman’s capsule area was enhanced by 117.6%,
235.8%, and 186% in groups 2, 4, and 5, respectively,
compared with the intact control group (Fig. 2, C).
Interestingly, the values of groups 1 (C) and 3 were in
agreement but differed from those of group 5 (U).

Measurement of the outer diameter of tubules
revealed an increase of 28.9% and 71% in groups 2

>
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and 4, respectively, compared with the intact control
group (Fig. 2D). At the same time, the extent of tubular
enlargement in group 3 was minimal and approached
the control values, and in group 4 it was maximal, which
distinguished them from the corresponding indices of
group 5 (U).

An increased inner diameter of tubules by 72.8%,
37.5%, and 31.2% was detected in groups 2, 4, and 3,
respectively, compared with the intact control group
(Fig. 3A). But the difference in this index between
group 5 and BACs-treated animals was not significant,
except for group 3 (Fig. 3A, p>0.05).

B
|
o
24
% p=0.000000
© —_
£
=
©
F] o
el
2
Z 14
©
c
Q
m %
° % il
p=0.000000
p=1e-6 |
| [ [ B
Group
D
250 -
p=0.000009
o 200
£
=
N" o
2 1501
o
c
£
2 100 °
°
7]
7]
(4
> 50
\—FO-OOUZ p=0.0005] — p=0.01

0 T T T T
| | | | | |

Group

Fig. 3. Inner diameter of the tubules (A), renal tubular index (B), mean vessel diameter (C),
and vessel lumen area (D) in the examined groups.

Examination of the renal tubular index revealed an
increase of 1.35- and 1.4-fold in groups 3 (CMCNMG)
and 4 (BCM), respectively, compared with the other
groups (Fig. 3B). Groups 2 (Cortexin) and 5 (U) had
the lowest index values.

Morphometric analysis revealed an increase in the
mean vessel diameter in all groups except group 5 (U)
by 9%, 10.3%, and 27.1%, respectively, compared with
the intact control group (Fig. 3C). Besides, the size of
the vessels in groups 2, 3 and 4 was significantly higher
than in group 5 (U).

The vessel lumen area decreased by 45.7% and
43% in groups 2 and 5, respectively, compared with the
intact control group (Fig. 3D). The vessel lumen area
in group 3 was maximum and greater than the control
values, and in group 4 it did not differ significantly from
the latter. Interestingly, the scores of both groups were
significantly different from those of group 5 (U), except
for group 2 (Cortexin) (Fig. 3D, p>0.05).

Discussion. We searched for the papers that stud-
ied the effect of BACs obtained from SG on the mor-
pho-functional parameters of kidneys of experimental

18 OpUriHOABHI HOYKOBI POBOTU

YKPQIHCBbKUIN XYPHOA HEPPROAOTIT TO Aianisdy N23 (75) 2022



Ukrainian Journal of Nephrology and Dialysis, 3 (75)’2022

Original Papers

animals and humans after IVO. The results of such a
search were meager [6, 14, 19, 26]. Basically, in most
scientific reports the SCs and conditioned medium
(CM) isolated by them were used for cell therapy and
tissue engineering [7, 8, 11, 12, 15, 18]; and investi-
gated the effect of high hydrostatic pressure on the re-
nal tissue [1, 2, 5] or examined the role of endogenous
NFs and growth factors in the morphology and kidney
function [9, 10, 16, 17, 19, 27]. Moreover, the is-
sue was evaluated in neurodegenerative diseases [6,
20, 23, 28], embryonic development of various organs
[14, 19, 29], and the pathogenesis of various patho-
logical conditions [3, 26]. The greater interest in this
subject was triggered by our own previous flings. Previ-
ously, we have studied the morphology and functions
of the urinary bladder (UB) as well as biochemical pa-
rameters of the rats’ blood after IVO, the histological
features of the uterus and its contractile activity in rats
of all ages after the administration of BACs derived
from SG. Animals injected with cryoextract of SG and
CM obtained from the culture of cryopreserved MG
were found to have the lowest UB weight and mass co-
efficient, normal values of the average thickness of the
myometrium and endometrium, as well as increased
contractile activity and the maximum amplitude of
contractions of the UB and uterus in response to dif-
ferent stimuli [30-34].

Our findings in the current study were likely due
to the fact that NFs mediate a decrease in the phenom-
ena of GS and the extent of renal tubules expansion;
increase the tubular index due to the protective and re-
generative effects on the tubular epithelium and angio-
genesis; reduce the severity of interstitial inflammation
and RIF, including due to the modulation of immuno-
logical processes [6, 14, 16]. Also, NFs improve urody-
namic parameters of the UB and regulate the water-salt
balance while maintaining renal homeostasis, which re-
duces the severity and negative consequences of OU [5,
8, 31]. The effect of BACs on the conversion of mac-
rophages into renal glomeruli or interstitium cells was
revealed. At the same time, macrophages can enhance
kidney damage under the action of NFs, playing a dual
role in kidney pathology [1, 14, 26].

NFs play a crucial role in the survival and differ-
entiation of visceral neurons during the development
of an organism and can regulate the cell plasticity of
adult neurons and non-neuronal visceral systems [11,
20, 29].

Interestingly, different types of growth factors and
NFs can be both mitogens and growth inhibitors de-
pending on the cell type and the state of cell differentia-
tion, and can also express each other in the kidney and
UB tissues [10, 28].

Established tubular indices are also indicative,
which have been shown to demonstrate a reduction in
the progression of the EMT in kidneys due to IVO [3, 6,
12]. NFs are responsible for the transmission of signals
that can alter the behavior and physiology of target cells
(19, 28].

Our previous report has confirmed the versatile ef-
fects of NFs, together with increased hydrostatic pres-
sure due to IVO, on the growth, differentiation, and
apoptosis of kidney and UB cells [33]. At the same
time, the use of neurotrophic drugs such as Cortexin
is less justified because they act mainly on the nervous
system.

This study was experimental. Sufficient data re-
garding the effects of BACs administration is still re-
quired to translate this therapy into effective clinical
treatment.

Conclusions. IVO leads to an increase in the area
of the renal corpuscle and the Bowman’s capsule space,
an increase in the size of the renal tubules, and a de-
crease in the tubule index and diameter of the renal
vessels. The administration of CMCNMG against the
background of IVO normalizes the area of the renal
corpuscle and the Bowman’s capsule space, the outer
and inner diameter of the renal tubules, and increases
the tubular index, diameter, and vessel lumen of the
kidney. The use of “Cortexin” against the background
of IVO slightly decreases the area of renal corpuscle and
glomerulus, does not affect the area of the Bowman’s
capsule space, increases the outer and inner diameter of
the renal tubules, decreases the tubule index, and mod-
erately enhances the diameter and lumen of the renal
vessels.

Based on the above, the results of the experiment
indicated the possibility of reducing the phenomena
GS, tubular atrophy and RIF, as well as partially re-
storing the morphological structure of the rat kidneys
against the background of IVO by introducing CMC-
NMG and, to a lesser extent, BCM due to the multidi-
rectional effect of NFs. However, the mechanisms by
which BACs containing NFs regulate physiological and
pathological responses in kidneys are not yet clear and
require further study.

Conflict of interest statement. The authors have
no competing interests to declare.

Funding sources. The study was carried out within
the framework of the scientific research work “Mor-
phofunctional characteristics, cryopreservation and
therapeutic potential of 2D and 3D cultures of cells
derived from neural crest derivatives” (Ne 2.2.6.134,
Research Code 2.2.6.134, State Registration Number
0121U109133).

Author Contributions:

Vyacheslav Globa: experiment and methodology,
analyzed and interpreted the data, and was a major con-
tributor to writing the manuscript;

Galyna Bozhok: conceived the presented concept,
designed the study, experiment and methodology;

Evgeniy Legach: final manuscript editing and re-
search management;

Mykola Chyzh: histopathological evaluation and
data interpretation;

Yana Samburg: analyzed and interpreted the data,
edited the final manuscript;

YKPOTHCBKUI XKYPHOA HEPPOAOTIT T AlaAidy N23 (75) 2022

OpUriHOABHI HOYKOBI POBOTU 19



Original Papers

Ukrainian Journal of Nephrology and Dialysis, 3 (75)’2022

Olga Godlevska: histopathological evaluation and

data interpretation;

10.

References:

All authors discussed the results and commented

on the manuscript.

Zaikova N, David V, Nigulianu P, Ciavdar N,
Nedbailo E. Clinicopathomorphologic changes in
rat kidneys in non-infected reflux-nephropathy af-
ter experimental simulations of urethral stenosis.
The Journal Medical Courier. 2010;5(317):65-71.
Available from: http://moldmedjournal.md/wp-
content/uploads/2016/09/9.pdf.

Ucero AC, Gon alves S, Benito-Martin A, Santamar a
B, Ramos AM, Berzal S, Ruiz-Ortega M, Egido J,
Ortiz A. Obstructive renal injury: from fluid me-
chanics to molecular cell biology. Open Access J
Urol. 2010 Apr 22; 2:41-55. doi: 10.2147 /rru.s6597.

Brigstock DR. Extracellular vesicles in organ fibro-
sis: mechanisms, therapies and diagnostics. Cells.
MDPI AG; 2021 Jun 25; 10(7):1596. doi: 10.3390/
cells10071596.

Truong LD, Gaber L, Eknoyan G. Obstructive urop-
athy. Contrib Nephrol. 2011;169:311-326. doi:
10.1159/000314578.

Shirazi M, Soltani MR, Jahanabadi Z, Abdollahifar
MA, Tanideh N, Noorafshan A. Stereological com-
parison of the effects of pentoxifylline, captopril,
simvastatin and tamoxifen on kidney and bladder
structure after partial urethral obstruction in rats.
Korean J Urol. 2014 Nov; 55(11):756-63. doi:
10.4111/kju.2014.55.11.756.

Li S, Wang Y, Wang Z, Chen L, Zuo B, Liu C, et
al. Enhanced renoprotective effect of GDNF-
modified adipose-derived mesenchymal stem
cells on renal interstitial fibrosis. Stem Cell Res
Ther. Springer Science and Business Media LLC;
2021 Jan 7; 12(1):1-12. doi: 10.1186/s13287-020-
02049-z.

Liao C, Chen G, Yang Q, Liu Y, Zhou T. Potential
therapeutic effect and mechanisms of mesenchymal
stem cells-extracellular vesicles in renal fibrosis.
Front Cell Dev Biol. Frontiers Media SA; 2022 Mar
11; 10: 824752. doi: 10.3389/fcell.2022.824752.

Lee SA, Yoo TH. Therapeutic application of ex-
tracellular vesicles for various kidney diseases: a
brief review. BMB Reports. Korean Society for
Biochemistry and Molecular Biology — BMB
Reports; 2022 Jan 31;55(1):3-10. doi: 10.5483/
BMBRep.2022.55.1.141.

Maeshima A, Nakasatomi M, Nojima Y. Regenerative
Medicine forthe Kidney: Renotropic Factors, Renal
Stem/Progenitor Cells, and Stem Cell Therapy.
BioMed Research International. Hindawi Limited;
2014; 2014:1-10. doi:10.1155/2014/595493.

Aparicio-Trejo OE, Aranda-Rivera AK, Osorio-
Alonso H, Mart nez-Klimova E, S nchez-Lozada LG,

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Pedraza-Chaverri J, et al. Extracellular vesicles in
redox signaling and metabolic regulation in chron-
ic kidney disease. Antioxidants. MDPI AG; 2022
Feb11;11(2):356. doi: 10.3390/antiox11020356

Sun DZ, Abelson B, Babbar P, Damaser MS.
Harnessing the mesenchymal stem cell secretome
for regenerative urology. Nat Rev Urol. Springer
Science and Business Media LLC; 2019 Mar 28;
16(6):363-75. doi: 10.1038/s41585-019-0169-3.

Kim MW, Ko IK, Atala A, Yoo JJ. Cell-derived
secretome for the treatment of renal disease.
Child Kidney Dis. Korean Society of Pediatric
Nephrology; 2019 Oct 30; 23(2):67-76. doi.
10.3339/jkspn.2019.23.2.67.

Birtwistle L, Chen X-M, Pollock C. Mesenchymal
stem cell-derived extracellular vesicles to the rescue
of renal injury. Int J Mol Sci. MDPI AG; 2021 Jun
20; 22(12):6596. doi: 10.3390/ijms22126596.

Wang Z, Li S, Wang Y, Zhang X, Chen L, Sun D.
GDNF enhances the anti-inflammatory effect of
human adipose-derived mesenchymal stem cell-
based therapy in renal interstitial fibrosis. Stem Cell
Research. Elsevier BV; 2019 Dec; 41:101605. doi:
10.1016/j.scr.2019.101605.

Bruno S, Porta S, Bussolati B. Extracellular vesi-
cles in renal tissue damage and regeneration. Eur J
Pharmacol. Elsevier BV; 2016 Nov; 790:83-91. doi:
10.1016/j.ejphar.2016.06.058.

Lee SA, Choi C, Yoo T-H. Extracellular vesicles in
kidneys and their clinical potential in renal diseases
Kidney Res Clin Pract. 2021 April 13; 40(2):194-
207. doi: 10.23876/j.krcp.20.209.

Miyasaki DM, Senegaglia AC, de Moura SAB, Leitolis
A, Capriglione LGA, Fracaro L, et al. Treatment of
chronic kidney disease with extracellular vesicles
from mesenchymal stem cells and CDI133+ ex-
panded cells: a comparative preclinical analysis. Int
J Mol Sci. MDPI AG; 2022 Feb 25; 23(5):2521. doi
:10.3390/ijms23052521.

Tran C, Damaser MS. Stem cells as drug delivery
methods: application of stem cell secretome for re-
generation. Adv Drug Deliv Rev. Elsevier BV; 2015
Mar; 82-83:1-11. doi: 10.1016/j.addr.2014.10.007.

Tsui CC, Shankland SJ, Pierchala BA. Glial cell
line—derived neurotrophic factor and its receptor
ret is a novel ligand-receptor complex critical for
survival response during podocyte injury. J Am Soc
Nephrol. 2006; 17(6):1543-52. doi: 10.1681/asn.
2005080835.

Jha MK, Seo M, Kim J-H, Kim B-G, Cho J-Y,
Suk K. The secretome signature of reactive glial

20

OpWUriHOABHI HOYKOBI POBOTH

YKPQIHCBKUM XKYPHOA HEPPOAOTIT T aianizy N23 (75) 2022


http://moldmedjournal.md/wp-content/uploads/2016/09/9.pdf
http://moldmedjournal.md/wp-content/uploads/2016/09/9.pdf
http://moldmedjournal.md/wp-content/uploads/2016/09/9.pdf
http://moldmedjournal.md/wp-content/uploads/2016/09/9.pdf
http://moldmedjournal.md/wp-content/uploads/2016/09/9.pdf
http://moldmedjournal.md/wp-content/uploads/2016/09/9.pdf
http://moldmedjournal.md/wp-content/uploads/2016/09/9.pdf
https://www.dovepress.com/obstructive-renal-injury-from-fluid-mechanics-to-molecular-cell-biolog-peer-reviewed-fulltext-article-RRU
https://www.dovepress.com/obstructive-renal-injury-from-fluid-mechanics-to-molecular-cell-biolog-peer-reviewed-fulltext-article-RRU
https://www.dovepress.com/obstructive-renal-injury-from-fluid-mechanics-to-molecular-cell-biolog-peer-reviewed-fulltext-article-RRU
https://www.dovepress.com/obstructive-renal-injury-from-fluid-mechanics-to-molecular-cell-biolog-peer-reviewed-fulltext-article-RRU
https://www.dovepress.com/obstructive-renal-injury-from-fluid-mechanics-to-molecular-cell-biolog-peer-reviewed-fulltext-article-RRU
https://www.mdpi.com/2073-4409/10/7/1596
https://www.mdpi.com/2073-4409/10/7/1596
https://www.mdpi.com/2073-4409/10/7/1596
https://www.mdpi.com/2073-4409/10/7/1596
https://www.karger.com/Article/Abstract/314578
https://www.karger.com/Article/Abstract/314578
https://www.karger.com/Article/Abstract/314578
https://icurology.org/DOIx.php?id=10.4111/kju.2014.55.11.756
https://icurology.org/DOIx.php?id=10.4111/kju.2014.55.11.756
https://icurology.org/DOIx.php?id=10.4111/kju.2014.55.11.756
https://icurology.org/DOIx.php?id=10.4111/kju.2014.55.11.756
https://icurology.org/DOIx.php?id=10.4111/kju.2014.55.11.756
https://icurology.org/DOIx.php?id=10.4111/kju.2014.55.11.756
https://icurology.org/DOIx.php?id=10.4111/kju.2014.55.11.756
https://stemcellres.biomedcentral.com/articles/10.1186/s13287-020-02049-z
https://stemcellres.biomedcentral.com/articles/10.1186/s13287-020-02049-z
https://stemcellres.biomedcentral.com/articles/10.1186/s13287-020-02049-z
https://stemcellres.biomedcentral.com/articles/10.1186/s13287-020-02049-z
https://stemcellres.biomedcentral.com/articles/10.1186/s13287-020-02049-z
https://stemcellres.biomedcentral.com/articles/10.1186/s13287-020-02049-z
https://stemcellres.biomedcentral.com/articles/10.1186/s13287-020-02049-z
https://www.frontiersin.org/articles/10.3389/fcell.2022.824752/full
https://www.frontiersin.org/articles/10.3389/fcell.2022.824752/full
https://www.frontiersin.org/articles/10.3389/fcell.2022.824752/full
https://www.frontiersin.org/articles/10.3389/fcell.2022.824752/full
https://www.frontiersin.org/articles/10.3389/fcell.2022.824752/full
https://koreascience.kr/article/JAKO202208933296620.page
https://koreascience.kr/article/JAKO202208933296620.page
https://koreascience.kr/article/JAKO202208933296620.page
https://koreascience.kr/article/JAKO202208933296620.page
https://koreascience.kr/article/JAKO202208933296620.page
https://koreascience.kr/article/JAKO202208933296620.page
https://www.hindawi.com/journals/bmri/2014/595493/
https://www.hindawi.com/journals/bmri/2014/595493/
https://www.hindawi.com/journals/bmri/2014/595493/
https://www.hindawi.com/journals/bmri/2014/595493/
https://www.hindawi.com/journals/bmri/2014/595493/
https://www.mdpi.com/2076-3921/11/2/356
https://www.mdpi.com/2076-3921/11/2/356
https://www.mdpi.com/2076-3921/11/2/356
https://www.mdpi.com/2076-3921/11/2/356
https://www.mdpi.com/2076-3921/11/2/356
https://www.mdpi.com/2076-3921/11/2/356
https://pubmed.ncbi.nlm.nih.gov/30923338/
https://pubmed.ncbi.nlm.nih.gov/30923338/
https://pubmed.ncbi.nlm.nih.gov/30923338/
https://pubmed.ncbi.nlm.nih.gov/30923338/
https://pubmed.ncbi.nlm.nih.gov/30923338/
https://www.researchgate.net/publication/336921590_Cell-derived_Secretome_for_the_Treatment_of_Renal_Disease
https://www.researchgate.net/publication/336921590_Cell-derived_Secretome_for_the_Treatment_of_Renal_Disease
https://www.researchgate.net/publication/336921590_Cell-derived_Secretome_for_the_Treatment_of_Renal_Disease
https://www.researchgate.net/publication/336921590_Cell-derived_Secretome_for_the_Treatment_of_Renal_Disease
https://www.researchgate.net/publication/336921590_Cell-derived_Secretome_for_the_Treatment_of_Renal_Disease
https://europepmc.org/article/med/34202940
https://europepmc.org/article/med/34202940
https://europepmc.org/article/med/34202940
https://europepmc.org/article/med/34202940
https://www.sciencedirect.com/science/article/pii/S1873506119302351?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1873506119302351?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1873506119302351?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1873506119302351?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1873506119302351?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1873506119302351?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0014299916304277
https://www.sciencedirect.com/science/article/pii/S0014299916304277
https://www.sciencedirect.com/science/article/pii/S0014299916304277
https://www.sciencedirect.com/science/article/pii/S0014299916304277
https://www.krcp-ksn.org/journal/view.php?doi=10.23876/j.krcp.20.209
https://www.krcp-ksn.org/journal/view.php?doi=10.23876/j.krcp.20.209
https://www.krcp-ksn.org/journal/view.php?doi=10.23876/j.krcp.20.209
https://www.krcp-ksn.org/journal/view.php?doi=10.23876/j.krcp.20.209
https://www.mdpi.com/1422-0067/23/5/2521
https://www.mdpi.com/1422-0067/23/5/2521
https://www.mdpi.com/1422-0067/23/5/2521
https://www.mdpi.com/1422-0067/23/5/2521
https://www.mdpi.com/1422-0067/23/5/2521
https://www.mdpi.com/1422-0067/23/5/2521
https://www.mdpi.com/1422-0067/23/5/2521
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4398586/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4398586/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4398586/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4398586/
https://jasn.asnjournals.org/content/17/6/1543
https://jasn.asnjournals.org/content/17/6/1543
https://jasn.asnjournals.org/content/17/6/1543
https://jasn.asnjournals.org/content/17/6/1543
https://jasn.asnjournals.org/content/17/6/1543
https://jasn.asnjournals.org/content/17/6/1543
https://www.sciencedirect.com/science/article/abs/pii/S1570963912002865
https://www.sciencedirect.com/science/article/abs/pii/S1570963912002865

Ukrainian Journal of Nephrology and Dialysis, 3 (75)’2022

Original Papers

cells and its pathological implications. Biochim
Biophys Acta Proteins Proteom. Elsevier BV;
2013 Nov; 1834(11):2418-28. doi:10.1016/j.bba-
pap.2012.12.006.

21. Ali SG, Sidorenko OS, Bozhok GA. Influence of nutri-
ent medium composition on the morphological char-
acteristics of culture of dorsal root ganglion cells of
neonatal piglets. Visnik Harkivskogo Nacionalnogo
Universitetu Imeni V N Karazina Seria Biologia.
2018;30(30):49-59. doi:10.26565/2075-5457-2018-
30-6. [In Ukrainian].

22. Zhang N, Ma L, Zhang J, Chen J. Improved model for
the establishment and evaluation of detrusor overac-
tivity in female Wistar rats. International braz j urol.
FapUNIFESP (SciELO); 2014 Jun; 40(3):414-22.
doi: 10.1590/s1677-5538.ibju.2014.03.17.

23. Shavlovskaya OA. Clinical efficacy of neuropep-
tides in cerebrovascular pathology. Zhurnal nev-
rologii i psikhiatrii im SS Korsakova [Internet].
Media Sphere Publishing Group; 2016; 116(8):88-
93. [In Russian].

24. Bahrii MM, Dibrova VA, Popadynets OH, Hryshchuk
MI. Metodyky morfolohichnykh doslidzhen:
monohrafiia. Vinnytsia: Nova knyha; 2016. 328 p.
[In Ukrainian].

25. Avtandilov GG. Osnovy Kkolichestvennoj pato-
logicheskoj anatomii. M.: Medicina; 2002. 240 p.
[In Russian].

26. Priante G, Gianesello L, Ceol M, Del Prete D, Anglani
F. Cell death in the kidney. Int J Mol Sci. 2019 Jul;
20(14):3598. doi: 10.3390/ijms20143598.

27. Nowak N, Yamanouchi M, Satake FE. The
Nephroprotective properties of extracellular vesicles
in experimental models of chronic kidney disease:
a systematic review. Stem Cell Rev Rep. Springer
Science and Business Media LLC; 2021 Jun 10;
18(3):902-32. doi: 10.1007/s12015-021-10189-9.

28. Dinescu S, Dobranici A, Tecucianu R, Selaru A,
Balahura R, Ignat S, et al. Exosomes as part of the
human adipose-derived stem cells secretome-open-

29.

30.

31.

32.

33.

ing new perspectives for cell-free regenerative appli-
cations. Cell Biology and Translational Medicine,
Volume 11. Springer International Publishing;
2020;139-63. doi: 10.1007/5584 2020 _588.

Lommatzsch M, Quarcoo D, Schulte- Herbr ggen O,
Weber H, Virchow JC, Renz H, et al. Neurotrophins
in murine viscera: a dynamic pattern from
birth to adulthood. Int J Dev Neurosci. Wiley;
2005 Jun 22; 23(6):495-500. doi: 10.1016/j.
ijdevneu.2005.05.009.

Globa V, Samburg Y, Bozhok G, Legach E.
Biochemical blood parameters of rats with infravesi-
cal obstruction with the introduction of biologically
active compositions containing neurotrophic factors.
EM. 2021 Sep. 30 [cited 2022 Jun. 16]; 16(4):115-
20. doi:10.22141/2224-0586.16.4.2020.207940. [In
Ukrainian].

Globa V, Bondarenko T, Bozhok G, Samburg Y,
Legach E, et al. Biologically active composi-
tions containing neurotrophic factors change the
contractile activity of detrusor of rats with infra-
vesical obstruction. Problems of Cryobiology and
Cryomedicine. National Academy of Sciences of
Ukraine (Co. LTD Ukrinformnauka); 2020 Jun 30;
30(2):188-98. doi: 10.15407/cryo30.02.188.

Nesteruk H, Ustichenko V, Alabedalkarim N,
Padalko V, Protsenko O, et al. Impact of dorsal
root ganglia cryoextract on histological stea-
tures in dices and contractility of uterus in dif-
ferently aged rats. Problems of Cryobiology and
Cryomedicine. National Academy of Sciences
of Ukraine (Co. LTD Ukrinformnauka)
(Publications); 2021 Sep 25; 31(3):258-67. doi:
10.15407/cryo031.03.258.

Globa V, Bozhok G, Legach E. Morphological
parameters of bladder rats with infravesical obstruc-
tion with the introduction of biologically active
compositions.  Journal of Pharmacy and
Pharmacology. David Publishing Company;
2020 Oct 28; 8(11): 327-33. doi: 10.17265/2328-
2150/2020.11.001.

YKPQIHCKNM XXYPHAA HEPPOAOTI Ta Alaaizy N23 (75) 2022

OpWUriHOAbHI HOYKOBI POBOTH 21


https://www.sciencedirect.com/science/article/abs/pii/S1570963912002865
https://www.sciencedirect.com/science/article/abs/pii/S1570963912002865
https://www.sciencedirect.com/science/article/abs/pii/S1570963912002865
https://www.sciencedirect.com/science/article/abs/pii/S1570963912002865
https://periodicals.karazin.ua/biology/citationstylelanguage/get/modern-language-association?submissionId=11895
https://periodicals.karazin.ua/biology/citationstylelanguage/get/modern-language-association?submissionId=11895
https://periodicals.karazin.ua/biology/citationstylelanguage/get/modern-language-association?submissionId=11895
https://periodicals.karazin.ua/biology/citationstylelanguage/get/modern-language-association?submissionId=11895
https://periodicals.karazin.ua/biology/citationstylelanguage/get/modern-language-association?submissionId=11895
https://periodicals.karazin.ua/biology/citationstylelanguage/get/modern-language-association?submissionId=11895
https://periodicals.karazin.ua/biology/citationstylelanguage/get/modern-language-association?submissionId=11895
https://www.scielo.br/j/ibju/a/FS6jQQ3mDtcjjrtZKXKg6rm/?lang=en
https://www.scielo.br/j/ibju/a/FS6jQQ3mDtcjjrtZKXKg6rm/?lang=en
https://www.scielo.br/j/ibju/a/FS6jQQ3mDtcjjrtZKXKg6rm/?lang=en
https://www.scielo.br/j/ibju/a/FS6jQQ3mDtcjjrtZKXKg6rm/?lang=en
https://www.scielo.br/j/ibju/a/FS6jQQ3mDtcjjrtZKXKg6rm/?lang=en
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6679187/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6679187/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6679187/
https://link.springer.com/article/10.1007/s12015-021-10189-9
https://link.springer.com/article/10.1007/s12015-021-10189-9
https://link.springer.com/article/10.1007/s12015-021-10189-9
https://link.springer.com/article/10.1007/s12015-021-10189-9
https://link.springer.com/article/10.1007/s12015-021-10189-9
https://link.springer.com/article/10.1007/s12015-021-10189-9
https://link.springer.com/chapter/10.1007/5584_2020_588
https://link.springer.com/chapter/10.1007/5584_2020_588
https://link.springer.com/chapter/10.1007/5584_2020_588
https://link.springer.com/chapter/10.1007/5584_2020_588
https://link.springer.com/chapter/10.1007/5584_2020_588
https://link.springer.com/chapter/10.1007/5584_2020_588
https://link.springer.com/chapter/10.1007/5584_2020_588
https://onlinelibrary.wiley.com/doi/abs/10.1016/j.ijdevneu.2005.05.009
https://onlinelibrary.wiley.com/doi/abs/10.1016/j.ijdevneu.2005.05.009
https://onlinelibrary.wiley.com/doi/abs/10.1016/j.ijdevneu.2005.05.009
https://onlinelibrary.wiley.com/doi/abs/10.1016/j.ijdevneu.2005.05.009
https://onlinelibrary.wiley.com/doi/abs/10.1016/j.ijdevneu.2005.05.009
https://onlinelibrary.wiley.com/doi/abs/10.1016/j.ijdevneu.2005.05.009
https://emergency.zaslavsky.com.ua/index.php/journal/article/view/1266
https://emergency.zaslavsky.com.ua/index.php/journal/article/view/1266
https://emergency.zaslavsky.com.ua/index.php/journal/article/view/1266
https://emergency.zaslavsky.com.ua/index.php/journal/article/view/1266
https://emergency.zaslavsky.com.ua/index.php/journal/article/view/1266
https://emergency.zaslavsky.com.ua/index.php/journal/article/view/1266
https://emergency.zaslavsky.com.ua/index.php/journal/article/view/1266
http://cryo.org.ua/journal/index.php/probl-cryobiol-cryomed/article/view/1628
http://cryo.org.ua/journal/index.php/probl-cryobiol-cryomed/article/view/1628
http://cryo.org.ua/journal/index.php/probl-cryobiol-cryomed/article/view/1628
http://cryo.org.ua/journal/index.php/probl-cryobiol-cryomed/article/view/1628
http://cryo.org.ua/journal/index.php/probl-cryobiol-cryomed/article/view/1628
http://cryo.org.ua/journal/index.php/probl-cryobiol-cryomed/article/view/1628
http://cryo.org.ua/journal/index.php/probl-cryobiol-cryomed/article/view/1628
http://cryo.org.ua/journal/index.php/probl-cryobiol-cryomed/article/view/1628
http://cryo.org.ua/journal/index.php/probl-cryobiol-cryomed/article/view/1744
http://cryo.org.ua/journal/index.php/probl-cryobiol-cryomed/article/view/1744
http://cryo.org.ua/journal/index.php/probl-cryobiol-cryomed/article/view/1744
http://cryo.org.ua/journal/index.php/probl-cryobiol-cryomed/article/view/1744
http://cryo.org.ua/journal/index.php/probl-cryobiol-cryomed/article/view/1744
http://cryo.org.ua/journal/index.php/probl-cryobiol-cryomed/article/view/1744
http://cryo.org.ua/journal/index.php/probl-cryobiol-cryomed/article/view/1744
http://cryo.org.ua/journal/index.php/probl-cryobiol-cryomed/article/view/1744
http://cryo.org.ua/journal/index.php/probl-cryobiol-cryomed/article/view/1744
https://www.researchgate.net/publication/346335656_Morphological_Parameters_of_Bladder_Rats_with_Infravesical_Obstruction_with_the_Introduction_of_Biologically_Active_Compositions
https://www.researchgate.net/publication/346335656_Morphological_Parameters_of_Bladder_Rats_with_Infravesical_Obstruction_with_the_Introduction_of_Biologically_Active_Compositions
https://www.researchgate.net/publication/346335656_Morphological_Parameters_of_Bladder_Rats_with_Infravesical_Obstruction_with_the_Introduction_of_Biologically_Active_Compositions
https://www.researchgate.net/publication/346335656_Morphological_Parameters_of_Bladder_Rats_with_Infravesical_Obstruction_with_the_Introduction_of_Biologically_Active_Compositions
https://www.researchgate.net/publication/346335656_Morphological_Parameters_of_Bladder_Rats_with_Infravesical_Obstruction_with_the_Introduction_of_Biologically_Active_Compositions
https://www.researchgate.net/publication/346335656_Morphological_Parameters_of_Bladder_Rats_with_Infravesical_Obstruction_with_the_Introduction_of_Biologically_Active_Compositions
https://www.researchgate.net/publication/346335656_Morphological_Parameters_of_Bladder_Rats_with_Infravesical_Obstruction_with_the_Introduction_of_Biologically_Active_Compositions

	_Hlk110231789
	_Hlk110059802
	_Hlk110060124
	_Hlk109810530
	_Hlk110434347
	_Hlk112668119
	_Hlk112668737
	_Hlk112750976
	_Hlk112776421
	_Hlk112777929
	_Hlk112778383
	_Hlk112779255
	_Hlk112788411
	_Hlk109822002
	_Hlk109832079
	_Ref14670753
	_Ref468189595
	_Ref384709992
	_Ref106979353
	_Ref468190941
	_Ref106979394
	_Ref77177718
	_Ref106979427
	_Ref106979718
	_Ref396905818
	_Ref106979748
	_Ref39250810
	_Ref106979762
	_Ref384722696
	_Ref39250821
	_Ref106979776
	_Ref18944530
	_Ref106979793
	_Ref30577286
	_Ref39251179
	_Ref106979820
	_Ref106979933
	_Ref39251303
	_Ref30569437
	_Ref106979942
	_Ref39251423
	_Ref106980042
	_Ref106980018
	_Ref39250963
	_Ref30572210
	_Ref106980055
	_Hlk112820770
	bau1
	_Hlk103167993
	_Hlk104711010
	_Hlk110432192
	_Hlk103592574
	_Hlk105149146
	_Hlk105076833
	_Hlk104719911
	_Hlk104556513
	_Hlk103606022
	_Hlk110001156
	_Hlk103607638
	_Hlk104820753
	_Hlk105322966
	_Hlk105323449
	_Hlk110176636
	_Hlk114907156
	Експертна група: М.О. Колесник1,2, І.О. Дудар1,2,4, Н.М. Степанова1,2, В.В. Новаківський2,3, 
Ю.І. Гончар1,2,4, Е.К. Красюк2,4, І.М. Шіфріс1,2, Р.О. Зограб’ян2,5, М.Б. Величко1,2,
О.М. Лобода1,2, С.П. Фоміна1,2
	Рекомендації Комітету з надзвичайних ситуацій Української асоціації нефрологів і фахівців з трансплантації нирки щодо 
надання cспеціалізованої медичної допомоги пацієнтам 
нефрологічного профілю в умовах воєнного стану 

	В.Ю. Глоба1, Г.А. Божок1, Є.І. Легач1, М.О. Чиж1, Я.Ю. Самбург2, О.М. Годлевська2
	Морфологічний патерн нирок щурів з інфравезикальною обструкцією 
після введення біологічно активних композицій, що містять 
нейротрофічні фактори

	І.С. Михалойко1, Р.І. Яцишин1, І.О. Дудар2
	Ефективність застосування глікозаміноглікану у хворих на гломерулонефрит: проспективне поздовжнє когортне дослідження

	Музаміл Латієф1, Манджуша Ядла1, Фархат Аббас2
	Статеві гормони та їх асоціація з якістю життя у чоловіків, 
які лікуються гемодіалізом

	О.С. Вороняк, Р.О. Зограб’ян
	Перший досвід використання стовбурових клітин у реціпієнтів 
ниркового алотрансплантата: описове дослідження

	C.В. Базалицька1, Г.Г. Нікуліна1, В.А. Кордюм2, І.Я. Дубей 2, С.О. Возіанов1, А.М. Романенко1, 
Я.О. Похоленко2, С.В. Нікітаєв1, І.Є. Сербіна1, Л.Я. Мигаль1, ￼
	Експериментальна терапія хронічної ішемії нирки з використанням препарату основного фактору росту фібробластів 

	О.Ф. Возіанов1
	А.О. Несен, П.С. Семенових, К.О. Савічева, В.Ю. Гальчінська
	Маркер вазопресину копептин і розвиток ниркових та метаболічних порушень у хворих на цукровий діабет 2 типу

	І.О. Дудар1, О.М. Лобода1, Е.К. Красюк2, С.Л. Дудар3  
	Корекція гіперфосфатемії у хворих, які лікуються гемодіалізом: 
результати 12-місячного рандомізованого дослідження 

	О. Б. Сусла1, О. В. Буштинська1, С. В. Данилів1, Л. С. Логойда1, А. І. Гоженко2
	Роль вітамінів К і D у процесах ектопічної кальцифікації у хворих на хронічну хворобу нирок: сучасний стан проблеми


