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Abstract

This study was designed to investigate the pathological, molecular, and biochemical
changes subjected to experimental unilateral ureteral obstruction (UUO) during the
acute phase, specifically within a seven-day period. The kidney’s reaction to obstructions,
such as unilateral ureteral obstruction (UUO), is highly complex and involves a dynamic
interplay of various molecular processes. A total of 72 Wistar Albino rats were divided
into nine groups, each consisting of eight rats. The left kidneys of the first seven groups
underwent UUO surgery, with one group being necropsied daily. All left kidneys were
examined using histopathological, immunohistochemical, biochemical, and molecular
methods. On the first day of unilateral ureteral obstruction (UUO), significant
pathological and biochemical changes were observed in the kidneys. These included
the formation of cystic dilated tubules, a decrease in cyclooxygenase-2 (COX-2) gene
expression, and a reduction in glutathione peroxidase (GSH-Px) levels. By the second
day, hyperemia, increased tumor necrosis factor-alpha (TNFa«) gene expression, and
elevated malondialdehyde (MDA) levels were evident. In the third day; there was mild
interstitial mononuclear cell infiltration roteinaceous filtrate in tubules, heightened
transforming growth factor beta 1 (TGF-B1) gene and protein expression, and increased
angiotensin II (ANG-II) and interleukin-10 (IL-10) protein expression. By day five,
kidneys subjected to UUO exhibited hydropic degeneration, TNF-a protein expression,
and anti-RELA antibody expression. On the sixth day, significant increase in IL-10 gene
expression was noted. In conclusion; these results provide valuable insights for future
studies on UUO pathogenesis and research into potential treatment modalities.
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These infiltrating cells further exacerbate the disease by
synthesizing transforming growth factor beta 1 (TGF-f1),
diminishing renal blood flow, and reducing glomerular

INTRODUCTION

Ureteral obstructions results in kidney enlargement due to
urine accumulation in the renal pelvis or calyces '*). When
left untreated, these highly complicated obstructions
can lead to hydronephrosis and gradual deterioration of
kidney function 4],

filtration rates 1",

Proinflammatory cytokines, Nuclear factor kappa B
(NF-kB) activation, and oxidative stress are key drivers
in progressive renal damage caused by obstructive
nephropathy. They induce tubular cell apoptosis and
interstitial fibrosis. Increased angiotensin II (ANG-II)

The UUO model serves as a standard for comprehending
the origins and mechanisms of renal interstitial fibrosis in
mice and rats, with manifestation in mice within a week

and rats within 2-3 weeks *¢.. In response to mechanical
stress, ligated kidney tissses in the UUO model synthesize
chemoattractants within the first 4 h, triggering
interstitial monocyte and T lymphocyte infiltration.

production, heightened oxidative stress, and elevated pro-
inflammatory cytokines contribute to NF-«xB activation.
This, in turn, prompts the expression of adhesion
molecules and chemokines responsible for leukocyte

@ OO ‘ ‘ This article is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0)
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recruitment, along with an overexpression of cytokines

that intensify the inflammatory response in the damaged
kidney [©5],

The UUO model has been studied in the context of
chronic kidney diseases, typically spanning around 7
days or extending to 14 days or more "*l. The present
study investigated the daily changes occurring in rat
kidneys subjected to experimental UUO, employing
histopathological, immunohistochemical (Anti-RELA),
biochemical [oxidative stress, angiotensin II (ANG II),
NF-kB, interleukin-10 (IL-10), TGF-B1, tumor necrosis
factor-alpha (TNF-a)], and molecular [expression levels
of cyclooxygenase-2 (COX-2), TGF-1, TNFa, IL-10
genes] methods over a week.

MATERIALS AND METHODS
Ethical Statement

This study was approved by the Hatay Mustafa Kemal
University Animal Experiments Local Ethics Committee
(Approval no: 2022/03-02).

Animals and Experimental Protocol

In this study, 72 male Wistar Albino rats, aged 3 months
and weighing between 300-350 g, were utilized. Rats were
kept under constant environmental conditions (12 h day/
night cycles, 24+3°C), received the standard commercial
rat food (pellet feed) and had free access to tap water. The
rats were divided into 9 groups, each comprising 8 rats. To
induce hydronephrosis, the first seven groups underwent
UUO surgery, with necropsies conducted on one group
daily (day 1: Group 1; day 2: Group 2; day 3: Group 3;
day 4: Group 4; day 5: Group 5; day 6: Group 6; day 7:
Group 7). The sham group (Group 8) had their abdominal
cavity opened and closed without creating UUO and was
euthanized on the 1 day. The control group (Group 9)
was euthanized on the 1 day without any intervention.

During the UUO procedure for hydronephrosis induction,
all rats were anesthetized using xylazine HCL [10 mg/kg,
intraperitoneal (IP)] and ketamine HCL (50 mg/kg, IP).
The abdominal areas of the anesthetized rats were shaved,
and the incision areas were made aseptic while the rats
were positioned supinely. Following a midline incision,
access to the abdominal cavity was achieved. After
exposing the left kidney, the left ureter was identified. Two
ligatures with 5/0 non-absorbable thread were placed on
the midline of the left ureter during the procedure, and the
ureter was cut between the two ligatures. Subsequently,
the peritoneum, muscles, and skin were closed routinely
using 3/0 absorbable sutures ©.

Finally, the rats were euthanized under xylazine HCI (10
mg/kg, IP) and ketamine HCI (50 mg/kg, IP) anesthesia,
and kidney tissues were collected after necropsy.

Histopathological Analysis

Following the experiment, a portion of the left kidney
was preserved in 10% buffered formalin for subsequent
pathological examination. The samples were washed
under tap water, dehydrated in ascending grades of
ethanol (70, 80, 90, 96 and 100%), cleared in xylene, and
embedded in paraffin. Kidney sections of 4 um thickness
were prepared and stained with haematoxylin and eosin
(H&E) for morphological changes. Histopathological
alterations, such as mononuclear cell infiltration and
cystic dilated tubules in the kidneys, were assessed in five
randomly selected areas (at 100x magnification), adhering
to the criteria described by Otunctemur et al.'” and
Hassan et al.”’: 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.

Immunohistochemical Analysis

For immunohistochemical analysis, tissue sections
were derived from the same blocks utilized in the
histopathological examination and placed on adhesive
slides. Avidin-Biotin Peroxidase Complex (ABC) technique
was performed according to the manufacturer guidelines
(SensiTek HRP, ScyTek Laboratories, Logan, UT) to show
the expression and localization of anti-RELA in tissues.
Paraffin-embedded kidney sections were deparaffinised,
hydrated and incubated with 3% H,O, to block peroxidase
activity. Proteinase K (Abcam, ab64220) was applied as
antigen retrieval to the paraffin sections. Afterward, the
sections incubated with anti-RELA antibody [ST.Johns
Laboratories, STJ94473-100, Anti-RELA antibody (220-
300), 1/100 dilution, 45min/45°C]. The binding sites of
antibody were visualized with 3,3’-diaminobenzidine
tetrahydrochloride (DAB, ScyTek Laboratories, Logan,
UT). The samples were counterstained with H&E.
Immunohistochemical grading of kidney tissues followed
the methodology established by Hassan et al.”), utilizing a
scoring system of 0, 1, 2, and 3.

Molecular Analysis

Post-sacrifice, kidney tissues were promptly washed
with PBS solution (pH: 7.4), then placed in nuclease free
tubes and frozen in liquid nitrogen. Upon arrival at the
laboratory, the frozen samples were stored at -80°C until
molecular analysis. For gene expression analyses, total
RNA was isolated from kidney tissues using the modified
Trizol method through the Hibrizol kit (Hibrigen,
TURKIYE) " For this purpose, approximately 50 mg
of tissue was homogenized in 1 mL Hibrizol in 2 mL
nuclease-free tubes using the Bioprep-6 homogenizer
(AllSheng, CHINA). The RNA pellet was obtained through
successive steps involving chloroform, isopropyl alcohol,
and ethyl alcohol, following the kit protocol. The resulting
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RNA pellets were diluted with 20-50 pL of nuclease-free
water after approximately 10 min of incubation at room
temperature. Purity (A260/A280) and concentration
values of the isolated RNAs were assessed via SMA-1000
Spectrophotometer (Merinton, CHINA), and their quality
was electrophoretically validated through 1% agarose gel
electrophoresis.

Theisolated RNA samples were adjusted to a concentration
of 1000 ng/uL with nuclease-free water and subsequently
treated with DNase I (EN0521, Thermo Scientific, USA)
to eliminate potential DNA contamination. cDNA
synthesis was carried out using the Onescript Plus cDNA
Synthesis Kit (G236, ABM, CANADA) following the kit
protocols. For this process, samples were incubated in a
thermal cycler (BioRad T100, USA) at 55°C for 15 min
and at 85°C for 5 min. After the reaction, the samples were
completed to 200 pL with nuclease-free water and stored
at -80°C until gPCR analysis.

Expression levels of TNFa, COX-2, TGFS-1, and IL-10
genes were determined by qPCR (Rotorgene Q MDx 5plex
HRM, Qiagen USA) with the EnTurbo™ SYBR Green PCR
SuperMix kit (EQ014, ELK Biotechnology, China). The
ACTB were used as the housekeeping gene to determine
the expression levels of the target genes, and all samples
were analyzed in duplicate. qQPCR reaction conditions
were set at 15 sec at 95°C, 60 sec at 60°C, and 30 sec at
72°C for 40 cycles, following a 10 min incubation at 95°C.
The forward and reverse sequences of the primers used
for gene amplification are detailed in Table 1.

Biochemical Analysis

Protein analyses for ANG-II, NF-kB, IL-10, TGF-B1, and
TNF-a in kidney tissue were conducted using an ELISA
plate reader (Bio-Tek, Winooski, VT) and commercial
kits (ELK BIOTEK), as per the manufacturer’s specified
protocol.

For analyses related to oxidative stress and antioxidant
activity, tissue samples underwent a 1/10 dilution with Tris
buffer (pH 7.4) and were subsequently homogenized using
a homogenizer. The determination of total protein in the
tissue followed the Lowry method ['7..

The assessment of lipid peroxidation (LPO) levels relied
on measuring the amount of malondialdehyde (MDA)
produced in the tissue. MDA levels were determined
according to the spectrophotometric method described
by Placer et al."®l. The pink complex formed by MDA with
thiobarbituric acid was measured spectrophotometrically
at 532 nm, and the MDA level was expressed as nmol/g
protein.

The of glutathione (GSH) levels was determined using
the method described by Sedlak and Lindsay !"”. The
color intensity of the yellow complex formed as a result
of the reaction of 5,5-dithiobis [2-nitrobenzoic acid] with
sulfhydryl groups was measured spectrophotometrically at
412 nm and GSH levels were expressed as nmol/g, with
the color intensity being directly proportional to the
GSH concentration in the medium.

Catalase (CAT) activity in the tissue was assessed according
to the method established by Goth, . Tissue incubation
with a substrate containing hydrogen peroxide (H,O,)
resulted in the breakdown of H,0, into H,O and O, through
catalase activity. The addition of ammonium molybdate to
the medium terminated the reaction. The color change
during this process was measured spectrophotometrically
against a blank at 405 nm, and catalase enzyme activity was
expressed as kU/g protein.

Glutathione peroxidase (GSH-Px) activity in the tissue was
determined using the method described by Lawrence and
Burk 2!, The yellow color complex formed by the samples
with DTNB solution was measured on a spectrophotometer
at 412 nm, with GSH-Px enzyme activity expressed as
IU/g protein.

Table 1. Forward and reverse sequences of studied genes
Genes Forward and Reverse Primer Sequences Product length References
F: 5-TGACAGGATGCAGAAGGAGA-3’
ACTB 104 2l
R: 5-TAGAGCCACCAATCCACACA-3’
F: 5-ACTGAACTTCGGGGTGATCG-3’
TNF-a 153 (3]
R: 5-GCTTGGTGGTTTGCTACGAC-3’
F: 5-TGTATGCTACCATCTGGCTTCGG-3’
COX-2 94 ()
R: 5-GTTTGGAACAGTCGCTCGTCATC-3’
F: 5-ATTCCTGGCGTTACCTTGG-3’
TGFp-1 117 1is)
R: 5-CCTGTATTCCGTCTCCTTGG-3’
F: 5-TTGAACCACCCGGCATCTAC-3’
IL-10 91 el
R: 5-CCAAGGAGTTGCTCCCGTTA-3’
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Statistical Analysis

Before performing the statistical analysis, the parameters
were assessed for parametric test assumptions. The
Shapiro-Wilk test was used to assess the assumption of
normality, and the Levene test was used for homogeneity
of variances. Differences in ELISA parameters, histo-
pathological and immunohistochemical findings between
groups were determined using the Kruskal-Wallis test.
In instances where a significant difference was observed,
the multiple Dunn test was used as a post-hoc test.
Differences in stress parameters between groups were
evaluated with one-way analysis of variance (ANOVA).
When a significant difference was revealed, the Tukey
test was performed as a post-hoc test. The Spearman
correlation coefficient was used to determine the strength
and direction of relationships between ELISA and stress
parameters. All statistical analyses were performed using
the IBM SPSS 23.0 statistical software, and the significance
threshold was set at P<0.05.

The 2-AACt method was used to calculate the relative
expression levels of target genes in the study and the change
in gene expression levels in the groups was presented as
fold change compared to the control group 2.

RESULTS

Macroscopically, the kidneys in the control and sham
groups appeared normal. However, as the duration of
obstruction increased in the UUO groups, the color
of these kidneys became lighter, and their volume
increased. Particularly on the 6" and 7 days, a significant
enlargement of the renal pelvis and the development of
hydronephrosis were evident (Fig. I).

Fig 1. Enlargement of the renal pelvis on the 6" day

Microscopically, the histopathological findings and their
scoring are in Table 2. Kidneys in the control and sham
groups maintained a normal histological structure (Fig.
2-A). In contrast, those subjected to experimental UUO
showed statistically significant cystic dilated tubules with
mild severity on the 1% day, progressing to moderate
severity by the 6™ day (Fig. 2-B,C). The vascular hyperemia
became less pronounced from the 2™ day onwards (Fig.
2-D). Mononuclear cell infiltration and proteinaceous
filtrate in the tubules were evident on the 3" day (Fig. 2-E).
Notably, degenerative changes like hydropic degeneration
were observed only on the 5" day, with a statistically
significant difference in severity (Fig. 2-F).

Table 3 presents the levels of anti-RELA antibody
expression in the groups. Anti-RELA antibody expression

Table 2. Histopathological findings and scoring observed in the groups
Cystic Dilated Tubules Hyperemia Hydropic Degeneration Moi‘sgﬁ:ﬁ;‘;}fdl Proteiryl;:y;liielstrate in
Groups
Arithmetic | Standard | Arithmetic | Standard | Arithmetic | Standard | Arithmetic | Standard | Arithmetic | Standard
Mean Error Mean Error Mean Error Mean Error Mean Error
Control 0.144 0.14 0.00 4 0.00 0.00 4 0.00 0.00 4 0.00 0.00 4 0.00
Sham 0.00 4 0.00 0.00 4 0.00 0.00 4 0.00 0.00 4 0.00 0.00 4 0.00
Day 1 1.00® 0.22 0.25 AP 0.16 0.144 0.14 0.00 4 0.00 0.144 0.14
Day 2 1.00 B¢ 0.31 1.00® 0.27 @334 0.21 0.294 0.18 0.294 0.18
Day 3 1.29 BeP 0.18 1.00 ® 0.31 0.29 4 0.18 1.00 ® 0.22 R4S 0.34
Day 4 7 0.29 1.00 8 0.22 0.714 0.29 1.298 0.29 1.00 B¢ 0.22
Day 5 1.71 Bep 0.18 0.88 % 0.23 1.57 8 0.20 1.14 8 0.14 1.14 B¢ 0.14
Day 6 2.14° 0.14 0.38 4B 0.26 1.718 0.18 1.57 8 0.20 1.14 B¢ 0.14
Day 7 2.00 P 0.22 0.43 AP 0.20 1.71 ¢ 0.18 1.14% 0.14 1.29¢ 0.18
P <0.001 <0.001 <0.001 <0.001 <0.001
ABC Different capital letters in rows indicate statistical significance between groups (P<0.05)
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. Fig 3. Inmunohistochemical staining for Anti-RELA antibody. A- Control
group; Anti-RELA antibody expression negative; B- Day 1; Anti-RELA
2 antibody expression negative; C- Day 3; Anti-RELA antibody expression
T negative; D- Day 5; slight Anti-RELA antibody expression in glomeruli
and intertubular regions
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Fig 2. Histopathological changes in the kidneys, H&E. A- Control group;
normal kidney tissue; B- Day 1; slightly cystic dilated tubules (stars);
C- Day 6; cystic dilated tubules (stars) and mononuclear cell infiltration
(arrows); D- Day 2; mild hyperemia of the kidneys (arrows); E- Day 3;
proteinaceous filtrate (stars) and mononuclear cell infiltration (arrows) in
tubules; F- Day 5; hydropic degeneration (stars) in tubular epithelium

nmeol/mg protein

Table 3. Anti-RELA antibody expression levels in groups

N T T TR
:ﬁ“ %‘{FQQ Q‘i‘ 0”* 0"“ Qrs! Oé 0@
of

Groups

GSH-Px

L N A S S R
ba*‘é F & P P G P ot P

Groups

CAT

Groups Arithmetic Standard
P Mean Error
Control 0.144 0.14
Sham 0.00 4 0.00
Day 1 0.00 0.00
Day 2 0.14 4 0.14
Day 3 0.144 0.14
Day 4 0.00 4 0.00
Day 5 0.86° 0.14
Day 6 1.14° 0.14
Day 7 1.00® 0.00
p <0.001

(P<0.05)

ABC Different capital letters in rows indicate statistical significance between groups

was negative in the control and sham groups (Fig. 3-A,B).

The first statistically significant positivity was detected in

the glomeruli and intertubular regions on the 5% day (Fig

3-CD).

| P<0.05
0 o . ]
P<0.001 » ) B A3 PB AR
8 A e

IU/g protein
IU/g protein

CR N

Sk B B A & N s s s B A
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Groups Groups

Fig 4. MDA, GSH, GSH-Px, and CAT levels in groups

Fig. 4 summarizes the levels of oxidative stress and
antioxidant activity markers obtained as a result of the
study. The MDA level was significantly elevated on the 2™
day, as well as on the 6" and 7 days, when compared to

the control and sham groups. GSH-Px level consistently
showed a statistically lower value compared to the control
group from the first day. After the 3™ day, it was also
lower than the sham group. No significant differences
were observed in terms of GSH and CAT compared to the
control and sham groups.

Expression levels of the studied genes were significanly
changed in different days of experiment. While TNF«
gene expression levels were consistently higher than in
the control and sham groups after the 2™ day, COX-2
gene expression levels were decrased from dayl to day 5
compared to control (P<0.05). On the other hand, TGF-f1
gene expression levels were incresed from day 3 (P<0.05).
Notably, IL-10 gene expression was significantly higher on
the 6™ and 7" days compared to the control (Fig. 5).
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Fig 5. Expression levels of TNFa, COX-2, TGF-f1, and IL-10 genes
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Fig 6. The protein expression levels of TNFa, NF-«B, IL-10, TGF-p1, and ANG-II
Table 4. Correlation between biochemical parameters and proteins
Parameters IL-10 NF-«xB TGF-1 TNF-a ANG-II MDA GSH GSH-Px CAT
IL-10 1 0.353" 0.927™ 0.935™ 0.970™ -0.476™ 0.128 0.485™ -0.090
NF-xB 1 0.259 0.381" 0.338" -0.118 0.049 0.271° 0.016
TGF-f1 1 0.954™ 0.955™ -0.596™ 0.189 0.523™ -0.257
TNF-a 1 0.940™ -0.575™" 0.183 0.518™ -0.166
ANG-II 1 -0.514™ 0.142 0.512"" -0.127
MDA 1 -0.259 -0.397" 0.215
GSH 1 0.073 0.005
GSH-Px 1 -0.062
CAT 1
*P<0.05; **P<0.01; ***P<0.001
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Fig. 6 presents the protein expression levels of the groups.
There was no significant change in NF-kB protein levels
between the groups. However, ANG-II and IL-10 protein
expression levels commenced an increase on day 1
compared to the control and sham groups, becoming
significantly elevated compared to the control group on
the 3 day and compared to the sham group on the 4™
day. TGF-B1 protein expression level began to rise on
the first day, with a significant increase on the 3™ day
compared to both the control and sham groups. TNF-a
protein expression level started to increase on the 1st
day, becoming significant on the 5" day compared to the
control and sham groups. Table 4 illustrates the correlation
between biochemical parameters and proteins

Di1sCcuUsSION

The UUO model is highly effective, inducing multiple
pathophysiological changes within a week of
obstruction ). Hassan et al.”) reported observations
in rats subjected to the UUO model over two weeks,
including interstitial edema, cystic dilated tubules,
atrophy in the glomeruli, thickening of the Bowman
capsule, and mononuclear cell infiltration. Similarly, our
study revealed distinct histopathological changes in the
UUO model, with cystic dilated tubules on the 1* day,
hyperemia on the 2™ day, mononuclear cell infiltration,
and proteinaceous filtrate in the tubules on the 3™ day,
and statistically significant hydropic degeneration in the
tubule epithelium on the 5" day.

In acute UUQ, it has been reported that mononuclear
cell infiltration, particularly by macrophages, follows a
biphasic increase starting four hours post-obstruction. The
first phase involves a continuous increase in mononuclear
cell infiltration over the initial 24 hours, followed by a
second phase where the infiltration rises to ten times the
normal level within three days and continues to increase
for up to 14 days . In the current study, mononuclear
cell infiltration began on the 2™ day, reached statistical
significance on the 3" day, and maintained similar levels
until the 7 day.

Oxidative stress has been identified as a crucial player in
the pathogenesis of UUO, with many markers like MDA
showing increased levels. Additionally, major protective
antioxidant enzymes such as GSH, GSH-Px, and CAT
have been found to decrease 1***. Similarly, in the current
study, MDA levels increased on the 2™ day and on the 6"
and 7" days, while GSH-Px levels consistently remained
low from the 1% day. However, no significant changes
were detected in terms of CAT and GSH compared to the
control and sham groups over the 7 days.

Klahr ' indicated that ANG-II levels increased with
oxidative stress in the UUO model. Consistent with this,

the present study found a significant increase in ANG-
IT levels. The protein expression of ANG-II displayed
significant increases on the 3" day compared to the control,
on the 4™ day compared to the sham, and continued
to rise significantly on the 6™ day compared to the
preceding days.

The heightened expression of ANG-II can trigger NF-«xB
activation, inducing both direct and indirect oxidative
stress. NF-«xB can also be activated by various cytokines
such as TNF-a and oxidative stress ["*. However, in our
study, no significant change was observed in the NF-xB
protein level. Previous immunohistochemical studies have
demonstrated the presence of activated NF-kB complexes
in various cells within obstructed kidneys, including
glomerular, tubulointerstitial, and infiltrated cells ¢!,

The NF-xB transcription factor family comprises
p50 (NF-kB1), p52 (NF-kB2), p65 (RelA), c-Rel, and
RelB 1. In our study, the first statistically significant
anti-RELA expression positivity was detected in the
glomeruli and intertubular regions on the 5" day during
immunohistochemical examination.

TGF-P1 is a cytokine that plays a crucial role in tissue
damage and inflammation in obstructive nephropathy 251,
In the present study, TGF-f1 gene expression was
significantly higher than in the control and sham groups
every day from the 3™ to the 7 day. The protein expression
level of TGF-B1 started increasing on the 1% day, with a
significant elevation on the 3 day compared to both the
control and sham groups. Subsequently, on the 5%, 6,
and 7" days, protein expression levels continued to rise
significantly compared to the preceding days. TGF-p1 is
recognized as a potent chemoattractant, and a noteworthy
correlation has been identified between the number of
interstitial macrophages and cortical TGF-p1 expression
in the UUO model ™. In our study, TGF-B1 exhibited
positive correlations with TNF-a, ANG II, and GSH-Px,
while a negative correlation was observed with MDA.

It is well-documented that renal TNF-a levels increase
in the early stages of UUO !**l. Prudhomme et al.’*”!
reported a significant increase in plasma levels of TNF-a
and IL-10 in the UUO model, reaching a peak at 28 days.
The upregulation of TNF-a is associated with severe renal
inflammation %!, In our study, TNF-a gene expression
was consistently higher than in the control and sham
groups every day after the 2" day. The increase in protein
expression levels of TNF-a in the control and sham
groups was significant on the 5™ day. Furthermore, in the
subsequent days, protein expression levels continued to
rise significantly compared to the previous days.

IL-10 plays a crucial role in suppressing inflammatory
processes by inhibiting the activation of inflammatory
pathways 2. In the renal context, IL-10 has demonstrated
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efficacy in suppressing the progression of both acute
and chronic kidney injury in vivo B*¥l Jin et al.l¥
proposed in their study that IL-10 deficiency exacerbated
inflammation and fibrosis in obstructive kidney disease.
This exacerbation was attributed to the loss of IL-10’
inhibitory effects on inflammatory pathways, including
the TGF-P1 signaling pathway and the NF-«B signaling
pathway. Consequently, IL-10 emerges as a critical
negative regulator of renal inflammation and fibrosis #**.
In our study, IL-10 gene expression was significantly
higher on the 6* and 7% days compared to the control,
sham, and other groups. Additionally, the IL-10 protein
expression level showed a significant increase compared
to the control group on the 3™ day and the sham group
on the 4™ day.

In vitro evidence suggests that renal COX-2 expression
increases in response to pressure, potentially due to
endogenous ROS production during ureteral obstruction .
However, in our study, COX-2 gene expression was
statistically lower between the 1st and 5th days compared
to the control and sham groups.

The UUO model closely mirrors obstructive nephro-
pathy, a condition often encountered in clinical settings
due to factors such as benign prostatic hypertrophy or
kidney stones, resulting in acute and chronic urinary
obstruction 3. A comprehensive understanding
of kidney’s response to such obstructions holds the
potential to refine our comprehension of kidney diseases’
pathogenesis and facilitate the development of innovative
treatments to mitigate kidney damage . For instance, in
our study and consistent with prior research, an increase
was observed in oxidative stress marker levels during
UUO, coupled with a concurrent decrease in enzymes
safeguarding the kidney against oxidative stress. Oxidative
stress is associated with many factors that trigger the
development of kidney diseases, and eliminating oxidative
stress in the acute period is an alternative strategy for
treating subsequent chronic kidney diseases.

Anti-TNF-a therapy is a well-established intervention
for numerous immunoinflammatory diseases, such as
rheumatoid arthritis #*. Investigating the impact of anti-
TNF-a therapy on the pathogenesis of UUO against
TNF-a, which elevates even in the early stages of UUOQ,
as indicated by our study, warrants further exploration.

IL-10, with its pivotal role in suppressing inflammatory
processes, demonstrated significant increases in protein
expression on the 3™ day of our study. This suggests that
IL-10 may hold therapeutic potential for chronic kidney
diseases, a notion supported by similar results reported by
Jin et al.3?,

In conclusion, this study day by day documented the
molecular, biochemical, and histopathological changes

occurring during the first 7 days of the acute period in
rats subjected to UUO. These results are poised to guide
future investigations into the pathogenesis of UUO and
contribute valuable information to ongoing research
aimed at developing treatments for UUO.
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