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Abstract

Background Animal models of chronic kidney disease are important experimental tools used to validate new mechanisms
and potential innovations, as well as to investigate therapeutic interventions before clinical trials in humans. This study aimed
to determine the chronic changes occurring in the obstructed kidneys (OK) and the contralateral (CL) kidneys in unilateral
ureteral obstruction (UUO) in rats.

Methods and results In the study, three groups (n:6) were formed. It was observed that dilated tubules decreased at 28 days
compared to 14 days, while mononuclear cell infiltration and fibrosis increased. In the CL kidneys, glutathione (GSH) was
lower compared to the control group (CG) at 14 days; at 28 days, malondialdehyde (MDA) was elevated, and GSH and
catalase (CAT) levels were reduced. Nuclear factor erythroid 2—related factor 2 (NRF-2) protein expression was lower in
the OK compared to the CL kidneys at both 14 and 28 days. NRF-2 gene expression was lower in the OK only at 28 days
compared to the CG. However, in the CL kidneys, NRF-2 gene expression was higher at both 14 and 28 days compared to
the CG. Cyclooxygenase-2 (COX-2) protein levels showed a significant increase in both the OK and CL kidneys at 14 days.
COX-2 gene expression increased in the OK at 14 days compared to the CG. BAX protein levels were lower in the OK at
28 days compared to both the CG and CL kidneys. BCL-2 protein levels were lower in the OK compared to the CL kidneys
at both 14 and 28 days.

Conclusion This study has identified changes in both the OK and CL kidneys, providing significant data for potential thera-
peutic, supportive, or protective research aimed at treating these kidneys.
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Introduction

Chronic kidney disease is one of the fastest-growing causes
54 Tuncer Kutlu of death, characterized by increased oxidative stress and
tuncerkutlu83 @ gmail.com chronic inflammation [1, 2]. The high prevalence of chronic
kidney disease is due to the insufficiency of effective treat-
ments for halting, preventing, and reversing renal fibrosis
[1]. Animal models of chronic kidney disease are important
experimental tools used to validate new mechanisms and
potential innovations, as well as to investigate therapeutic
E Zizltﬁjs?;‘;;egfgl%fl‘ll\llzlrr:i Dflpi’mgelrgo‘:)f ST“r‘iery’ interventions before clinical trials in humans [1, 3, 4].
Y y. Rty - urkey The unilateral ureteral obstruction (UUO) model is
a widely used method for elucidating the mechanisms of
progressive kidney fibrosis [5—7]. Intensive research on
the molecular mechanisms of UUO-induced renal fibrosis,
inflammatory response, and oxidative stress continues and
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leads to a series of pathophysiological changes in the kidney,
including fibroblast proliferation and activation, inflamma-
tion, oxidative stress, cytokine release, epithelial-mesenchy-
mal transition, and extracellular matrix accumulation [4, 8].

Renal fibrosis frequently occurs not only in the obstructed
kidneys (OK) but also in the contralateral (CL) kidneys in
obstructive kidney disease, leading to renal dysfunction. The
mechanisms of damage in the OK have been studied for
years, and although its mechanisms are well understood, the
pathogenesis of fibrosis in the CL kidney remains largely
unknown [9]. Compensatory hypertrophy, similar to that
seen in patients undergoing nephrectomy, occurs in the con-
tralateral kidneys concurrent with the obstruction induced
by experimental UUO [10]. The severity and duration of the
obstruction induced by UUO determine the compensatory
changes in the CL kidney [11].

Understanding the molecular mechanisms underlying
obstruction-induced renal fibrosis and identifying novel
therapeutic strategies is crucial; however, further stud-
ies are needed to prevent, slow, and treat the progression
of kidney fibrosis [2, 4]. This study aimed to identify the
changes occurring in both the OK and CL kidneys during
the chronic phase using histopathological, biochemical, and
molecular methods. Unlike many studies that focus only on
early (7 days) or intermediate (14 days) changes, this study
extends the timeline to 28 days, providing insights into pro-
gressive kidney damage [1, 3, 11].

Materials and methods
Animals and experimental protocol

In the study, 18 male Wistar Albino rats, aged 3 months and
weighing 300-350 g, were used. This study was conducted
with the approval of the Animal Experiments Local Eth-
ics Committee of Hatay Mustafa Kemal University, under
permission number 2022/06-14. Experimental procedures
were conducted in accordance with the conditions for the
care and use of laboratory animals (12 h light: 12 h dark
and 24 + 3 °C). During the experimental procedures, the rats
were provided with standard commercial rat chow (pellet
feed) and tap water ad libitum.

Three groups were formed, each consisting of six rats.
The first group served as the control group (CG) and was
euthanized on day 29 without any intervention. UUO sur-
gery was performed on the other two groups to induce
hydronephrosis, with the second group euthanized on day
15 and the third group on day 29.

In the UUO surgery performed to induce hydronephro-
sis, all rats were anesthetized with xylazine HCI (10 mg/kg,
intraperitoneally [IP]) and ketamine HCI (50 mg/kg, IP).
The abdominal areas of the anesthetized rats were shaved.
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The incision areas of the rats, positioned on their backs on
the table, were aseptically prepared. After the midline inci-
sion, the abdominal cavity was accessed. After exposing
the left kidney, the left ureter was identified. Two ligatures
were placed on the midpoint of the left ureter using 5/0 non-
absorbable sutures, and the ureter was transected between
the ligatures. Subsequently, the peritoneum, muscles, and
skin were routinely closed using 3/0 absorbable sutures [6,
12, 13].

Finally, the rats were euthanized under anesthesia by
using xylazine HCI (10 mg/kg, IP) and ketamine HCI
(50 mg/kg, IP). Following necropsy, the kidneys were
excised, and the changes occurring in both the left kidneys
and the compensatory right kidneys were investigated using
pathological, molecular, and biochemical methods. The kid-
ney of the ligated ureter is termed the Obstructed Kidney
(OK) and the contralateral second kidney is termed con-
tralateral (CL) kidney [6].

Histopathologic examination

At the end of the experiment, the kidneys were excised and
placed in 10% buffered formalin for pathological examina-
tion. For histopathological examinations, the tissues were
processed through alcohol and xylene series using routine
methods, embedded in paraffin, and sectioned at 4 pm thick-
ness. The sections were then deparaffinized in xylene, passed
through 100, 96, 80, and 70% alcohol series, and stained
with Hematoxylin and Eosin (H&E). Additionally, Masson’s
trichrome staining was performed for connective tissue,
and Sirius red staining was applied for collagen. All micro-
scopic findings were examined under a light microscope, and
microphotographs were taken. Histopathological alterations
in the kidneys, were assessed in five randomly selected areas
(at 100x magnification), adhering to the criteria described
by Otunctemur et al. [14], Hassan et al. [15] and Kutlu et al.
[13]: 0 denoting no change, 1 indicating changes affecting
<25% of the area, 2 signifying changes affecting 25-50%
of the area, and 3 representing changes affecting > 50% of
the area.

Biochemical examination

To determine oxidative damage and antioxidant activity
in kidney tissue, levels of malondialdehyde (MDA) and
glutathione (GSH), as well as the activities of glutathione
peroxidase (GSH-Px) and catalase (CAT), were evaluated
spectrophotometrically.

For oxidative stress and antioxidant activity analyses, tis-
sue samples were diluted at a ratio of 1/10 with Tris buffer
(pH 7.4) and homogenized in a homogenizer. Total protein
determination in the tissue was performed using the Lowry
method [16].
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The amount of MDA produced in the tissue was used as
an indicator of lipid peroxidation levels. The MDA level was
determined using the spectrophotometric method described
by Placer et al. [17]. The pink-colored complex formed by
MDA with thiobarbituric acid was measured spectrophoto-
metrically at 532 nm, and the MDA level was expressed as
nmol/g protein.

Tissue GSH levels were determined using the method
described by Sedlak and Lindsay [18]. The color intensity of
the yellow complex formed by the reaction of 5,5'-dithiobis
(2-nitrobenzoic acid) with sulfhydryl groups was directly
proportional to the GSH concentration in the sample. There-
fore, the samples were measured spectrophotometrically at
412 nm, and the GSH level was expressed as nmol/g.

CAT activity in the tissue was determined using the
method described by Goth [19]. When the tissue was incu-
bated with a hydrogen peroxide (H,0,) containing substrate,
H,0, is broken down into H,O and O, by catalase activity.
Ammonium molybdate added to the medium reacts with
H,O to terminate the reaction. The color change occurring
during this period was measured spectrophotometrically at
405 nm against a blank, and catalase enzyme activity was
expressed as kU/g protein.

The activity of GSH-Px in the tissue was determined
using the method described by Lawrence and Burk [20].
The yellow-colored complex formed by the samples with
DTNB solution was read spectrophotometrically at 412 nm,
and the GSH-Px enzyme activity level was expressed as [U/g
protein.

Molecular examination

The tissues quickly frozen with liquid nitrogen were brought
to the laboratory in liquid nitrogen and stored at —80 °C
until the analyses were performed. Total RNA isolation
from kidney tissues was performed using a modified Trizol
method with a commercial kit [21]. For this purpose, tissue
samples stored at — 80 °C were exposed to 1 mL of TRIzol
Reagent (Thermo Fisher, USA) and homogenized. After
homogenization, the samples were left at room temperature
for 10 min, and then 250 ul of chloroform was added fol-
lowed by centrifugation. Then, the samples were sequen-
tially treated with isopropyl alcohol and ethanol, and the
RNA pellets were left to air-dry at room temperature for
10 min [22]. After drying, the RNA pellets of samples were
diluted with 20 pl of nuclease-free water, and their purity
and concentration values were determined using a nucleic
acid spectrophotometer (Merinton SMA-1000, China). RNA
quality of the samples were also checked by 1% agarose gel
electrophoresis.

Following RNA isolation, a DNA digestion protocol
(ENO0521, DNase I, RNase free, Thermo Fischer Scientific,
USA) was applied to eliminate potential genomic DNA

before cDNA synthesis. Subsequently, cDNA synthesis
was performed using the Onescript Plus cDNA synthe-
sis kit (G236, ABM, USA) at 50 °C for 15 min, followed
by 5 min at 85 °C through thermal cycler (T100, Biorad,
USA). After cDNA synthesis, the samples were completed
to 100 ul with nuclease-free water and stored at —20 °C until
further analysis.

Amplifications of target genes tumor necrosis factor-
alpha (TNFa), COX-2, NRF2, BAX, and BCL-2, as well as
the ACTB housekeeping gene, were determined by Real-
Time PCR (Rotorgene Q MDx 5plex, Qiagen, USA) in the
samples. For this purpose, a commercial kit (EnTurbo™
SYBR Green PCR SuperMix, EQO014, ELK Biotechnology,
China) containing SYBR Green dye was used. The qPCR
reaction was set up with an initial denaturation at 95 °C for
10 min, followed by 40 cycles of 15 s at 95 °C, 60 s at 60 °C,
and 30 s at 72 °C. In the study, the samples were loaded in
duplicates. The primer sequences used for amplification of
target genes were checked through Primer BLAST (NCBI)
(Table 1).

In the study, the amounts of proteins encoded by target
genes in the kidneys were determined using the ELISA
method. For this purpose, the levels of the targeted proteins
were determined using rat-specific TNFa (E-EL-R2856_
ELABSCIENCE, USA) COX-2 (E-EL-R0792-ELABSCI-
ENCE, USA), NRF2 (E-EL-R1052-ELABSCIENCE, USA),
BAX (ER0512-FineTEST, China), and BCL-2 (ER762-Fine-
TEST, China) ELISA kits. The total protein levels in the
samples were measured using the BCA Assay Kit (23227,
Thermo Fisher, USA). The protein levels in the target tissue
were determined by normalizing to the total protein levels.

Statistical analysis

Before proceeding to significance tests, the variables were
examined for normality using the Shapiro—Wilk test and for

Table 1 Forward and reverse sequences of studied genes

Gene Forward and reverse sequences References

ACTB  F:5'-GCAGGAGTACGATGAGTCCG-3' [22]
R:5-ACGCAGCTCAGTAACAGTCC-3'

TNF-a F:5'-GGCATGGATCTCAAAGACAACC-3"  [23]
R:5-CAAATCGGCTGACGGTGTG-3'

COX-2 F:5'TGTATGCTACCATCTGGCTTCGG-3' [23]
R:5-GTTTGGAACAGTCGCTCGTCATC-3'

NRF-2  F:5-TTGTAGATGACCATGAGTCGC-3' [23]

R:5-TGTCCTGCTGTATGCTGCTT-3'
BAX F:5"TGGCGATGAACTGGACAACAA-3’ [24]
R:5-GGGAGTCTGTATCCACATCAGCA-3'
F:5"-TGGCCTTCTTTGAGTTCGGT-3’ [25]
R:5-GATGCCGGTTCAGGTACTCA-3'

BCL-2
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homogeneity of variances using the Levene test. In the study,
the differences in histopathological findings between the
groups were evaluated using the Kruskal-Wallis test with
multiple Dunn test. The differences in oxidative damage and
antioxidant activity variables and protein levels determined
by the ELISA among the groups were determined using
one-way ANOVA. For these parameters with statistically
significant, Duncan’s test was used as a post-hoc test. Gene
expression analyses were calculated using the 2744 method
reported by Livak and Schmittgen [26] and presented as fold
change. All statistical analyses were performed using the
IBM SPSS 23.0 statistical software, and results was evalu-
ated based on the criterion of p<0.05.

Results

Macroscopically, the kidneys in the CG and the CL kidneys
in the other groups had a normal structure. However, in the
groups with UUQ, it was observed that the volume of the
obstructed kidneys had increased and they appeared pale in
color. In these kidneys, it was observed that the renal pelvis
had significantly dilated and hydronephrosis had developed.

Microscopically, the histopathological findings and their
scores observed in the groups are presented in Table 2.
In the CG, the kidneys exhibited a normal histological
structure (Fig. 1a). In the UUO-induced OK, moderate
cystic dilated tubules, mononuclear cell infiltration, and
mild fibrosis with collagen accumulation were observed
at 14 days, with statistically significant result (Fig. 1b—d).
Cystic dilated tubules significantly decreased at 28 days
compared to day 14, while mononuclear cell infiltration
and fibrosis significantly increased (Fig. 1e—g). However,
although the collagen amount increased, the increase was

not significant (Fig. 1h). No lesions were observed in the
contralateral kidneys, except for mild hyperemia, at both
14 and 28 days.

The levels of oxidative stress and antioxidant activity
markers obtained at the end of the study are presented in
Fig. 2. The MDA level in the OK showed an increase com-
pared to the CGat both 14 and 28 days, although the increase
was not statistically significant. In the CL kidneys, the MDA
level showed a significant increase at 28 days compared to
both the CG and OK. The GSH level, compared to the CG,
showed a non-significant decrease in the OK at both 14 and
28 days, while a significant decrease was observed in the CL.
kidneys. No significant change was observed in the GSH-
Px level. No significant decrease was observed in the CAT
levels in the OK at both 14 and 28 days. In the CL kid-
neys, a non-significant decrease was observed at 14 days.
At 28 days, a significant decrease was observed in the CL
kidney.

Aygo/Ayg ratio (> 1.80) and concentration (> 500 ng/uL)
of the isolated samples were suitable for cDNA synthesis
and qPCR applications. Significant changes in the expres-
sion levels of target genes were detected at both 14 and
28 days compared to the CG. In the OK, the COX-2 was
approximately twofold upregulated at 14 days compared to
theCG. Moreover, NRF-2 was found to be down-regulated by
an average of twofold at 28 days compared to the CG, while
the expression levels of TNF-a, BAX, and BCL-2 at 28 days
were observed to be similar to those of the CG (Fig. 3).

In the CL kidneys, the TNF-a gene expression level
at 14 days was found to be significantly downregulated
compared to the CG (P <0.05). On the other hand, NRF-
2 gene expression levels were found to be up-regulated
more than twofold at both 14 and 28 days compared to
the CG. Moreover, the BCL-2 gene expression levels were

Table 2 Histopathologic

findi d . Parameters Group Mean Standard Median Minimum Maximum p
ndings and scoring were error of
observed in the groups OK mean
Mononuclear cell infiltration Control  0.17€¢  0.17 0.00 0.00 1.00 0.001
14 Days 2.33% 021 2.00 2.00 3.00
28 Days 3.00* 0.00 3.00 3.00 3.00
Cystic dilated tubules Control  0.00¢ 0.00 0.00 0.00 0.00 0.001
14 Days 2.17% 0.17 2.00 2.00 3.00
28 Days 1.33B 021 1.00 1.00 2.00
Fibrosis Control  0.00¢ 0.00 0.00 0.00 0.00 0.001
14Days 1.178 0.17 1.00 1.00 2.00
28 Days 2.17% 0.31 2.00 1.00 3.00
Collagen Control  0.008  0.00 0.00 0.00 0.00 0.003
14 Days 0.67% 021 1.00 0.00 1.00
28 Days 1.17% 0.17 1.00 1.00 2.00

ABCLDifferent capital letters in rows indicate statistical significance between groups (P<0.05)

@ Springer



Molecular Biology Reports (2025) 52:413

Page50f10 413

Fig. 1 Histopathological
changes in the in the groups,

a CG; normal kidney tissue.
H&E. b 14 Days OK; moder-
ate cystic dilated tubules (stars)
and mononuclear cell infiltra-
tion (arrows), H&E. ¢ 14 Days
OK; mild fibrosis, Masson’s
trichrome. d 14 Days OK;

mild collagen accumulation
(arrows), Sirius red. e 28 Days
OK; Severe mononuclear cell
infiltration (stars). H&E. f A
28 Days OK; Severe mononu-
clear cell infiltration. H&E. g
28 Days OK; moderate fibrosis,
Masson’s trichrome. h 28 Days
OK; mild collagen accumula-
tion (arrows), Sirius red

found to be significantly upregulated compared to the CG
(P <0.05) (Fig. 4).

The protein expression levels detected in the groups are
presented in Fig. 5. In our study, NRF-2 protein expres-
sion was significantly lower in the OK of the same groups
compared to the CL kidneys at both 14 and 28 days. The
protein expression level of TNF-a in the OK showed a
significant decrease compared to the CG and CL kidneys

N
*
N
“ *
(V4
*
b N
v
*
*
A
N
N

at both 14 and 28 days, while no significant change was
observed in the CL kidneys.

The COX-2 protein level showed a significant increase
in both the OK and CL kidneys at 14 days. However, at
28 days, values close to those of the CG were observed.
The BAX protein level was lower in the OK at 28 days
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Fig.2 MDA, GSH, GSH-Px,

and CAT levels in groups
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compared to both the CG and CL kidneys. The BCL-2
protein level was lower in the OK at both 14 and 28 days
compared to the CL kidneys.
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UUO model studies are conducted for chronic kidney dis-
eases, typically in the early phase at around 7 days or in
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Fig.5 The protein levels of, TNF-a, COX-2, NRF2, BAX and BCL2

later phases at 14 days or longer [1, 3, 11, 27]. In this study
we investigated both the OK and CL kidneys, providing
a holistic view of the impact of UUO including oxida-
tive stress markers and gene expression alterations up to
28 days.

In UUO, a progressive increase in interstitial inflam-
matory cell infiltration occurs from 12 h to 14 days post-
obstruction. This inflammation plays a significant role
in the repair of obstruction-induced kidney injury and
in the process of fibrosis [4, 7, 27]. Sulistiyowati et al.
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[27] reported that by day 14, atrophic tubules and exten-
sive interstitial areas filled with inflammatory cells and
connective tissue cells were observed. In our study, an
increase in mononuclear cell infiltration and fibrosis was
observed at 14 days compared to the CG. Additionally, it
was noted that this increase continued at 28 days compared
to 14 days. Guo et al. [28] also stated that interstitial fibro-
sis emerges between 5 and 12 days and peaks at 19 days.
In our study, it was also observed that the cystic dilated
tubules present at 14 days decreased by 28 days. It was
concluded that this condition resulted from the atrophy of
tubules due to increased inflammatory cell infiltration and
connective tissue cells.

In the UUO model, oxidative stress contributes to the pro-
gression of kidney damage from the early stages, and MDA
levels, a marker of lipid peroxidation, increase following
UUO [6, 15]. In this study, MDA levels increased in the OK
kidneys, but the increase was not statistically significant. A
significant increase in MDA levels was observed in the CL
kidneys at 28 days.

It has been determined that UUO reduces renal antioxi-
dant enzyme activation; in OK, antioxidants such as CAT
and GSH, which protect against ROS-induced damage, were
found to be lower compared to CL kidneys [15, 29]. Mar-
tinez-Klimova et al. [6] reported that in UUO, the antioxi-
dant enzymatic system decreased and CAT levels declined
by 14 days. However, in our study, it was observed that CAT
levels in the OK remained similar to the CG at 14-28 days,
while a significant decrease was noted only in the CL kid-
neys at 28 days. It was also observed that there was no
change in GSH levels in the OK, but a significant decrease
occurred in the CL kidneys compared to the CG. Based on
these findings, it was concluded that oxidative stress occurs
more significantly in the CL kidneys compared to the OK
in such conditions. Additionally, it was concluded that the
increase in MDA levels and the decrease in CAT and GSH
levels in the CL kidneys were due to adaptation and com-
pensation mechanisms.

NRF-2 is a transcription factor that plays a key role in
protection against oxidative stress and the regulation of
inflammatory responses. Preclinical and clinical studies have
shown that strategies targeting NRF-2 activation prevent the
progression of chronic kidney disease and protect against
acute kidney injury [2]. In the UUO model, RAS activation
and increased Nuclear Factor kB (NF-xB) can downregu-
late NRF2 expression in rat kidneys [30]. RAS activation
is likely the inducer of increased ROS production by Nox
and the suppression of NRF-2 [6, 31]. In our study, NRF-2
protein expression in OK was significantly lower compared
to CL kidneys in the same groups at both 14 and 28 days. In
terms of NRF-2 gene expression, it was lower in OK com-
pared to the CGonly at 28 days. However, in CL kidneys,
NRF-2 gene expression was significantly higher compared
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to the CG at both 14 and 28 days. It was concluded that this
also contributed to the adaptation process in CL kidneys.

Renal TNF-a levels increase in the early phase of UUO
[29]. Prud’homme et al. [32] determined that plasma levels
of TNF-a significantly increased in the UUO model, reach-
ing a maximum peak at 28 days. Additionally, increased
macrophage infiltration and cytokine production, along with
the upregulation of TNF-a, promote severe renal inflamma-
tion and fibrosis, indicating that inflammation plays a sig-
nificant role in obstruction-induced kidney injury [7, 33].
Furthermore, RAS activation stimulates the production of
factors such as TNF-a, which trigger leukocyte migration
and the inflammatory process [6]. However, in our study,
it was notable that TNF-a protein expression decreased in
OK compared to both CG and CL kidneys at both 14 and
28 days. In terms of gene expression, a significant decrease
was observed in CL kidneys only at 14 days.

UUO in rodents is a widely used experimental model
of renal fibrosis. In obstructed kidneys, increased produc-
tion of prostaglandin E2 (PGE2) has been reported [6, 34].
Increased PGE2 synthesis is associated with elevated COX-2
expression in the UUO model [35]. In vitro evidence shows
that COX-2 expression in renal medullary interstitial cells
increases in response to pressure, dependent on endogenous
reactive oxygen species (ROS) production [36]. It is stated
that COX-2 plays a protective role against tubulointerstitial
fibrosis during UUO [34]. In our study, COX-2 protein levels
showed a significant increase in both OK and CL kidneys
at 14 days. In OK, COX-2 gene expression also showed an
approximately twofold upregulation compared to the CG at
14 days. Other studies have also shown that ureteral obstruc-
tion significantly increases COX-2 expression [34, 37, 38].

UUO results in widespread tubular apoptosis in
obstructed kidneys of both adults and neonates. The onco-
protein BCL-2 inhibits several forms of apoptosis, while the
related protein Bax promotes apoptosis. It has been stated
that chronic UUO inhibits BCL-2 expression in selected
tubules of the obstructed kidney, which contributes to the
activation of apoptosis and progressive kidney damage in
both neonatal and adult kidneys. The activation of apoptosis
is dependent on the relative balance between BCL-2 and
BAX[309, 40].

In our study, BCL-2 protein levels were lower in OK com-
pared to CL kidneys at both 14 and 28 days. In CL kidneys,
BCL-2 gene expression levels were significantly upregulated
compared to the CG. BAX protein levels were lower in OK
compared to both CG and CL kidneys only at 28 days.

In our study effectively examinated both OK and CL
kidneys, providing a holistic view of the impact of UUO.
Although molecular and histopathological markers were
studied, functional assessments (e.g. renal function tests,
blood urea nitrogen, creatinine) were not included, which is
a missing detail of this study.
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Conclusion

The high prevalence of chronic kidney disease is due to the
insufficient availability of effective treatments for halting,
preventing, and reversing renal fibrosis [1]. This research
will provide insights into the pathophysiology of fibrosis
in OK and contribute to investigations aimed at protec-
tion and treatment in OK. Additionally, changes occurring
in the compensation of CL kidneys have been identified,
providing valuable data for research aimed at supporting
or protecting these kidneys. Finally, this study adds some
uniqueness by evaluating histopathological, biochemical
and molecular markers together in a chronic setting.
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