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ABSTRACT

Objective: This study aimed to evaluate the effects of NADPH oxidase-2 (NOX-2) inhibitor apocynin (APC) on high-fat diet (HFD)-

induced renal and bladder injury.

Materials and Methods: Wistar albino rats were divided into 4 groups: Control, HFD, HED+dimetyl sulfoxide (DMSO), and HFD+APC.
Rats in HFD, HFD+DMSO, and HFD+APC groups were fed with HFD for sixteen weeks. In the last 4 weeks of the experiment, either
DMSO or APC (25 mg/kg, dissolved in DMSO) was applied to the HFD+DMSO or HFD+APC groups. Lipid profiles and leptin
values were measured in blood serum. Renal and bladder oxidant/antioxidant parameters, histological changes in the tissues, NOX-2-,
nuclear factor kappa B (NF-kB)-immunopositive and apoptotic cells were evaluated.

Results: At the end of the experiment, leptin, cholesterol, and triglyceride levels were higher and high-density lipoprotein levels were
lower in the HFD and HFD+DMSO groups compared to controls. In these experimental groups, an increase in malondialdehyde,
8-hydroxy-deoxyguanosine and myeloperoxidase levels and a decrease in glutathione levels, as well as an increase in collagen, NOX-2
- and NFk-B-immunopositive and apoptotic cells were found. Also, a deterioration in kidney and bladder morphology was observed.
All these biochemical and histopathological findings improved in the HFD+APC group.

Conclusion: High-fed diet causes renal and bladder injury by increasing NOX-2 activity and inflammation via oxidative stress. APC

might alleviate tissue injury by inhibiting oxidative stress.
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1. INTRODUCTION

Obesity, an increasing health problem over the last thirty years, is
defined by excessive fat accumulation in adipose and nonadipose
tissues [1]. Common causes of obesity are insufficient physical
activity and energy-dense foods [2, 3]. High-fat diet (HFD)-
induced obesity is related to many metabolic diseases, chronic
kidney disease (CKD), and bladder obstruction [3, 4]. Moreover,
obesity has been shown to damage the kidneys even without
hypertension or diabetes [1, 5].

Obesity-induced kidney and bladder injury mechanisms are
unclear, but increased circulating fatty acids [6] and leptin-
induced excessive formation of reactive oxygen species (ROS)
directly damage the morphology and function of the urinary
system [7]. NADPH oxidase (NOX) is a multicomponent

transmembrane enzyme family with 7 isoforms, NOX-1-5 and
DUOXI1-2, that generate ROS [8]. NOX-2 activation is involved
in pathologies of the kidney [7] and bladder [9], inducing the
inflammatory response [10] and fibrosis [11].

Apocynin (APC), which acts as a NOX-2 inhibitor [12], has
been shown to attenuate bladder damage caused by arsenite
[9], ischemia/reperfusion-induced testicular injury [13], HFD-
induced testis injury [14] and suppresses leptin from adipose
tissue in HFD-induced obesity [10]. Therefore, the present
study goaled to study the effects of APC on HFD-induced renal
and urinary bladder damage by histological and biochemical
methods.
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2. MATERIALS and METHODS

Animals and experimental design

Wistar albino rats (male, 8-week-old, 200-250 g) were obtained
from the Marmara University Experimental Animals Research
and Implementation Centre. They were kept under a standard
laboratory environment (12-h light/dark cycle, 50-60% relative
moisture, and 23-25°C heat) with ad libitum reach to water and
chow. This study was endorsed by Marmara University, Animal
Care and Use Ethical Committee for Experimental Animals
(date: 10.02.2020, approval number: 09.2020.mar).

The rats (n=32) were randomly divided into 4 equal groups and
fed with a standard diet (8% fat, 24% protein, 68% carbohydrate,)
or HFD (45% fat, 20% protein, 35% carbohydrate,) for 16
weeks. In the last 4 weeks, either dimethyl sulfoxide (DMSO)
or 25 mg/kg APC dissolved in 15% DMSO (5 days a week)
was administered to the HFD+DMSO or HFD+APC groups
respectively by orogastric gavage [13]. The body weight of the
rats was measured weekly throughout the experiment. At the
end of the study, rats were decapitated and blood, kidney, and
bladder samples were collected.

Measuring serum high-density lipoprotein, total cholesterol,
triglyceride, and leptin levels

Serum high-density lipoprotein (HDL), total cholesterol,
triglyceride, and leptin levels were measured using ELISA
kits (Elabscience Biotechnology, USA) according to the
manufacturer’s directives.

Measuring tissue malondialdehyde, glutathione, 8-hydroxy-
deoxyguanosine, and myeloperoxidase levels

The malondialdehyde (MDA) and 8-hydroxy-deoxyguanosine
(8-OHAQG) levels for oxidative stress, glutathione (GSH) levels
for antioxidant activity, and myeloperoxidase (MPO) activity for
inflammation were measured in renal and bladder homogenates
using ELISA kits (MyBiosource, Inc., San Diego, USA) according
to the manufacturer’s directives.

Histological preparation and histopathological scoring

Kidney and bladder samples were fixed in 10% formalin and
processed for paraffin embedding. Five — um-thick paraffin
sections were stained with hematoxylin and eosin (H&E)
for morphological evaluation and stained with Sirius red for
evaluation of collagen distribution and acidified toluidine blue
(pH: 2-3) for evaluation of mast cells.

In the H&E stained sections, 5 random areas that did not coincide
were examined, and a semiquantitative histopathological score
was given (severe damage: 3; moderate damage: 2; mild damage:
1; no damage: 0). Kidney samples were evaluated for enlargement
of Bowman’s space, glomerular congestion, cell debris in the
tubular lumen, and tubular damage [15]. Bladder sections
were evaluated for urothelial damage, mucosal inflammatory
cell infiltration, and mucosal and muscular inflammatory cell
infiltration [16]. The highest histopathological damage score

was determined to be 9 for each tissue. Sirius red-stained kidney
and bladder sections were measured as a percentage of areas
by using Image ] Software. Mast cell counts were performed in
five non-overlapping fields on toluidine blue stained bladder
sections under the 40x objective of the light microscope.

Immunohistochemical Methods

NOX-2, nuclear factor kappa B (NF-xB), and transforming
growth factor (TGF)-pl immunohistochemistry procedures
were applied to the deparaffinized and rehydrated sections. They
were incubated in 3% H,O, solution, boiled in citrate buffer
solution for antigen recovery, washed with phosphate-buffered
saline (PBS), and dripped with blocking solution (Abcam,
Cambridge, UK). NOX-2 (1:200; Bioss, Massachusetts, USA)
and NF-kB (1:1000; Cell Signalling Technology, Massachusetts,
USA) primary antibodies were applied to both kidney and
bladder sections, and TGF-P1 primary antibody (1:200; Santa
Cruz, Texas, USA) was applied only to kidney sections at
4°C overnight. After washing with PBS, sections were placed
in a biotinylated secondary antibody (UltraTek Hrp Anti-
Polyvalent, ScyTek, Utah, USA). After washing with PBS, the
sections were placed in streptavidin peroxidase and then washed
with PBS. 3,3-diaminobenzidine tetrahydrochloride (DAB)
was applied and counterstained with hematoxylin. Five similar
areas from each NOX-2-, NF-kB-, and TGF-f1-stained sections
were evaluated. The percentage of immunoreactivity (IR) was
estimated by using the Image J Software program.

Terminal deoxynucleotidyl transferase-mediated dUTP
nick-end labeling method

The terminal deoxynucleotidyl transferase-mediated dUTP
nick-end labeling (TUNEL) technique was performed in the
renal and bladder tissues according to a kit (Apoptag Plus, In
Situ Apoptosis Detection Kit, Millipore, Darmstadt, Germany).
TUNEL-positive cells were counted in five similar areas in each
section under the 40x objective of the light microscope.

All stained sections were evaluated under a photomicroscope
(Olympus BX51, Tokyo Japan). The experimental design
and evaluated biochemical and histological parameters were
summarized in Figure 1.

Wistar Albino Male rats (n=32)

Control group (n=8) HFD group (n=8) HFD+DMSO group (n=8) HFD+APC group (n=8)

l l l l

Feeding with standart diet  Feeding with HFD for  Feeding with HFD for 16 weeks, Feeding with HFD for 16 weeks,
for 16 weeks 16 weeks 15% DMSO administration in the 25mg/kg APC administration in the
last 4 weeks (5 days/week) last 4 weeks (5 days/week)

| | |

Blood serum

Biochemical analysis in kidney and bladder i i ion in kidney bladder
“HDL “MDA «Histopathology (H&E, sirius red, toluidin blue
«Cholesterol ~GsH staining)

«Triglyceride +8-0HdG *NOX-2, NF-kB, TGF-B1 immunohistochemistry
*Leptin *MPO *TUNEL method

Figure 1. Experimental design, lipid profile and leptin analysis in blood
serum, biochemical and histological analysis parameters in kidney and
bladder samples.
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Statistical analysis

Histological and biochemical data were analyzed by using
an instant statistical analysis package (Prism 8.0 GraphPad
Software, San Diego, CA, USA). The statistical analysis was
performed using one-way or two-way ANOVA and Tukey’s
multiple comparison tests. The data were given as mean *

standard error of the mean (SEM). A p value <0.05 was accepted
as significant.

3. RESULTS

Body weight change

The body weights of rats in the HFD, HFD+DMSO, and
HFD+APC (p<0.01-p<0.001) groups increased significantly
compared to the control group at the end of the experiment
(Figure 2).
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Figure 2: Body weight changes in the experimental groups. ** p<0.01 and
% p<0.001 versus control group.

Serum HDL, total cholesterol, triglyceride and leptin levels

HDL level was lower and total cholesterol, triglyceride, and
leptin levels were higher in the HFD and HFD+DMSO groups
compared to the control group (p<0.001) at the end of the study.
These values were alleviated in the HFD+APC group compared
to the HFD and HFD+DMSO groups (p<0.001; Figure 3).
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Figure 3: Serum HDL (A), total cholesterol (B), triglyceride (C) and leptin
(D) levels are seen in the experimental groups. *** p<0.001 versus control
group, +++ p<0.001 versus HED group, AAA p<0.001 versus HEFD+DMSO

group.
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Tissue MDA, GSH, 8-OHAG, and MPO levels

In renal samples, MDA, 8-OHdG, and MPO levels were higher
and GSH levels were lower in the HFD and HFD+DMSO
groups compared to the control group (p<0.01 - p<0.001).
MDA, 8-OHdG, and MPO levels were higher in the HFD+APC
group compared to the control group (p<0.05 - p<0.001). But,
MDA, 8-OHdG, and MPO levels (p<0.05-p<0.001) were lower
and GSH levels (p<0.05) were higher in the HFD+APC group
compared to the HFD and HFD+DMSO groups (Figure 4A-D).

In bladder samples, MDA, 8-OHdG, and MPO levels were higher
and GSH levels were lower in the HFD and HFD+DMSO groups
compared to the control group (p<0.001). MDA and 8-OHdG
levels were higher and GSH levels were lower in the HFD+APC
group than in the control group (p<0.05-p<0.01). However,
MDA and MPO levels were lower and GSH level was higher in
the HFD+APC group compared to the HFD and HFD+DMSO
groups (p<0.05-p<0.001; Figure 4E-H).
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Figure 4: MDA (A, E), GSH (B, F), 8-OHdG (C, G), and MPO (D,
H) levels in renal (A-D) and bladder (E-H) samples are seen in the
experimental groups. * p<0.05, ** p<0.01 and *** p<0.001 versus control
group; + p<0.05 and +++ p<0.001 versus HFD group; A p<0.05 and AAA
p<0.001 versus HFD+DMSO group.

Histopathological findings

Regular kidney morphology was seen in the control group.
Dilatated Bowman’s space, mild glomerular and interstitial
vascular congestion, degenerated tubules, and inflammatory
cell infiltration were seen in the HFD and HFD+DMSO groups.
However, these histopathological findings were ameliorated in
the HFD+APC group (Figure 5A-D,). The histopathological
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score was higher in both the HFD and HFD+DMSO groups than
that of the control group (p<0.001). APC treatment lowered this
score compared to the HFD and HFD+DMSO groups (p<0.05;
Figure 5E ). Normal collagen distribution was observed in the
control group. However, an increase in collagen distribution
was observed around the renal corpuscles and tubules in the
HFD and HFD+DMSO groups. Collagen distribution was
quite regular in the HFD+APC group (Figure 5A,-D,). The
percentage of collagen deposition was higher in both the HFD
(p<0.001) and HFD+DMSO (p<0.01) groups than that of the
control group. This value was lower in the HFD+APC group
than in the HFD (p<0.01) and HFD+DMSO (p<0.05) groups
(Figure 5E).

H&E

_ Sirius red

Figure 5: Representative light micrographs of H&E (A1-D1) and Sirius
red (A2-D2) stained kidney samples, the histopathological score (EI)
and percentage of collagen amount (E2) are seen in the control (A1, A2),
HFD (B1, B2), HFD+DMSO (C1, C2) and HFD+APC (D1, D2) groups.
BI1-DI: Arrow: damaged tubules with debris in the lumen; *: vascular
congestion in glomeruli and interstitium; arrowhead: cellular debris in
glomeruli (insert B1) and fibrotic glomeruli (insert C1); i: inflammatory
cell infiltration in the interstitium. B2-D2: Arrow: collagen distribution. **
p<0.01 and ** p<0.001 versus control group; + p<0.05 and ++ p<0.01
versus HFD group; A p<0.05 versus HFD+DMSO group.

Regular bladder morphology was observed in the standard diet-
fed rats. Mild urothelial damage, moderate vascular congestion
in the lamina propria, and inflammatory cell infiltration were
seen in the HFD and HFD+DMSO groups. Quite normal
morphology was observed despite local urothelial damage in
the HFD+APC group (Figure 6A,-D,). The histopathological
score was higher in both the HFD and HFD+DMSO groups
than the control group (p<0.001). APC treatment lowered this
score compared to the HFD and HFD+DMSO groups (p<0.01;
Figure 6E ). Regular distribution of the collagen fibers in

bladder samples was observed in the control group. Disrupted
muscle fiber organization and an increase in collagen fibers
in the muscle layer were seen in the HFD and HFD+DMSO
groups. Quite a regular collagen distribution was found in the
HFD+APC group (Figure 6A,-D,). The percentage of collagen
amount in the muscle layer was higher in both the HFD
(p<0.001) and HFD+DMSO (p<0.01) groups when compared
to the control group. The percentage of collagen amount was
lower in the HFD+APC group than in the HFD (p<0.01) and
HFD+DMSO (p<0.05) groups (Figure 6E,). A few numbers of
granulated mast cells were seen in the lamina propria of the
control group. Migration of mast cells to the urothelium and
increase of mast cells in the lamina propria and muscle layer
were found in the HFD and HFD+DMSO groups. However, a
decrease in the number of mast cells was observed in the lamina
propria and muscle layer of the HFD+APC group (Figure 6A.-
D,). The total number of mast cells per area was higher in both
the HFD (p<0.05) and HFD+DMSO (p<0.01) groups compared
to the control group. A decrease of mast cells was observed
in the HFD+APC group compared to the HFD (p<0.05) and
HFD+DMSO (p<0.01) groups (Figure 6E,).

Toluidine blue

Figure 6: Representative light micrographs of H&E (Al-D1), Sirius
red (A2-D2), and toluidine blue (A3-D3) stained bladder samples,
histopathological score (E1), percentage of collagen deposition (E2) and
total mast cell count (E3) are seen in the control (A1-A3), HFD (B1-B3),
HFD+DMSO (C1-C3) and HFD+APC (D1-D3) groups. B1-D1: Arrow:
mild epithelial damage; *: vascular congestion; arrowhead: inflammatory
cell infiltration. A2-D2: *: muscle bundles; arrow: collagen distribution.
A3-D3: Arrow: granulated mast cells; arrowhead: degranulated mast
cells. * p<0.05, ** p<0.01 and ** p<0.001 versus control group; + p<0.05
and ++ p<0.01 versus HFD group; A p<0.05 and AN p<0.01 versus
HFD+DMSO group.
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NOX-2, NF-«B and TGF-f1 immunohistochemistry
findings

In kidney samples, a few NOX-2 - and NF-kB-immunopositive
tubular epithelial cells and glomerular cells, and some TGF-f1
mesangial and interstitial-immunopositive cells were found in
the control group. An increase of NOX-2-, NF-kB-, and TGF-
B1l-immunopositive cells was found in both the HFD and
HFD+DMSO groups. The number of NOX-2-, NF-xB, and TGF-
B1l-immunopositive cells decreased in the HFD+APC group
compared to the HFD and HFD+DMSO groups. The percentage
of NOX-2 IR (p<0.05), NF-xB IR (p<0.001), and TGF-f1 IR
areas was higher in the HFD group than in the control group.
But, the percentage of NOX-2 IR (p<0.01), NF-xB IR (p<0.01),
and TGF-B1 IR areas (p<0.05) was lower in the HFD+APC
group than in the HFD group (Figure 7A,-E,).

NOX-2 ~ NFKB TGF-p1 TUNEL

Pe
¥

Figure 7: Representative light micrographs of NOX-2 (A1-DI), NF-
kB (A2-D2), TGF-f1 (A3-D3) immunostained and TUNEL (A4-D4)
stained kidney samples, and NOX-2 (E1), NF-kB (E2) and TGF-f1 (E3)
IR areas and apoptotic cell counts (E4) are seen in the control (AI-A4),
HFD (B1-B4), HFD+DMSO (C1-C4) and HFD+APC (DI-D4) groups.
NOX-2 - and NF-xB-immunopositive tubular epithelial cells (arrow) and
glomerular mesangial cells (arrowhead), TGF-f1-immunopositive cells
(arrow) and TUNEL-positive cells (arrow) are seen in the experimental
groups. * p<0.05 and ** p<0.001 versus control group; + p<0.05 and
++ p<0.01 versus HFD group; AL p<0.01 and AL p<0.001 versus
HFD+DMSO group.

In bladder samples, a few numbers of NOX-2 and NF-xB
immunopositive cells in the urothelium and muscular layer
were observed in the control group. Increased NOX-2 - and
NE-xB-immunopositive urothelial and inflammatory cells were
found in both the HFD and HFD+DMSO groups. The number
of NOX-2 - and NF-kB-immunopositive cells was reduced

in the HFD+APC group compared to the HFD group. The
percentage of NOX-2 and NF-kB IR areas was higher in the
HFD group compared to the control group (p<0.05). However,
the percentage of NOX-2 (p<0.05) and NF-kB (p<0.001) IR
areas was lower in the HFD+APC group than in the HFD group
(Figure 8A -E,).

NOX-2 TUNEL

E:

Figure 8: Representative light micrographs of NOX-2 (A1-D1) and NF-xB
(A2-D2), immunostained, and TUNEL (A3-D3) stained bladder samples
and NOX-2 (E1) and NF-xB IR (E2) areas and apoptotic cell counts (E3)
are seen in the control (A1-A3), HFD (B1-B3), HFD+DMSO (C1-C3) and
HFD+APC (D1-D3) groups. NOX-2-immunopositive urothelial (arrow),
inflammatory (*) and smooth muscle cells (arrows: inserts AI-D1);
NF-«B-immunopositive (arrow), inflammatory (arrowhead: insert B2)
and TUNEL-positive (arrow) cells are seen in the experimental groups.
* p<0.05 versus control group; + p<0.05 and +++ p<0.001 versus HFD
group; A p<0.05 versus HEFD+DMSO group.

TUNEL findings

In both kidney and bladder samples, the TUNEL-positive cells
were higher in the HFD group (p<0.05) than in the standard diet
fed-control group. However, TUNEL-positive cells were lower in
the HFD+APC group (p<0.05) than in the HFD group in both
kidney (Figure 7A,-E,) and bladder samples (Figure 8A,-E,).

4. DISCUSSION

Obesity has been shown to be the underlying cause of many
problems, such as cardiovascular diseases, CKD, and bladder
dysfunction [1, 2, 6]. Obesity can result from a sedentary
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lifestyle and high carbohydrate, protein, or fat diets [2-4]. In
many studies, HFD feeding causes weight gain in experimental
animals [2, 3, 14, 17]. In this study, we found that the body weight
of rats increased in the HFD, HFD+DMSO, and HFD+APC
groups compared to the control group. APC treatment of HFD-
fed C57BL/6 mice decreased leptin and insulin resistance, thus
contributing to weight reduction [10]. However, in our study,
serum leptin levels decreased with APC treatment, no weight
reduction was observed. This may be due to the difference in
experimental animal species or the duration of treatment.

Obesity is characterized by increased free fatty acids [2, 14, 18]
in the blood and the associated accumulation of white adipose
tissue [1]. When the capacity of adipocytes is exceeded, ectopic
accumulation is observed in peripheral tissues [4, 19]. Researches
have shown that obese animals have an increase in blood glucose
[4, 6], serum triglyceride and cholesterol levels, and a decrease in
HDL levels [2, 4, 14, 18]. It was shown that HFD feeding caused
an increase in serum lipids, resulting in severe lipid accumulation
in the kidney, glomerulomegaly, and dilated tubule damage
[4]. In addition to lipid toxicity, hyperleptinemia has also been
observed in obesity [1]. Leptin, one of the adipokines released by
hypertrophic fat tissue [10], not only controls appetite through the
central nervous system but also activates NF-kB via a paracrine
effect in peripheral tissues where its receptor is located in
peripheral tissue [20]. High serum leptin levels caused increased
inflammation in both renal tubule epithelial and mesangial cells,
while leptin and NOX-2 knockout mice had no inflammation in
these cells despite high serum cholesterol and triglyceride levels
[7]. In this study, serum HDL levels decreased in the HFD and
HFD+DMSO groups as a result of HFD feeding. Triglyceride,
total cholesterol, and leptin levels increased, as did histological
tissue damage and NOX-2-immunopositive cells in the renal and
bladder samples. The APC treatment showed an antioxidant effect
by inhibiting NOX-2 and resulted in histological improvement in
the kidney and bladder by bringing serum leptin and lipid profiles
to the level of the control group.

Free fatty acids are important substances that cause oxidative
stress. Antioxidant compounds provide stability against ROS
damage. In a previous study, obesity was shown to decrease
serum antioxidant levels, increase serum leptin levels, and result
in podocyte and tubular epithelial damage, inflammatory cell
infiltration, interstitial congestion, and fibrosis [1]. HFD-induced
obesity leads to lipid peroxidation due to an increase in ROS,
an increase in MDA, which is a lipid peroxidation product, and
a decrease, in the level of GSH, an antioxidant compound in
both kidney and bladder samples [21]. In ischemia-reperfusion-
induced testicular damage, 20 and 40 mg/kg doses of APC
treatment have been shown to decrease MDA levels and increase
GSH levels [13]. Moreover, it has been shown that APC treatment
ameliorated HFD-induced testis damage [14] and monosodium
glutamate-induced kidney damage [22] with a reduction in MDA
and an increase in GSH levels. In our study, increased MDA
levels and decreased GSH levels were found in renal and bladder
samples of the HFD and HFD+DMSO groups. On the other
hand, it was observed that these two parameters were reduced in
the HFD+APC group in comparison with the HFD group.

It was reported that ROS targets DNA to stabilize itself.
Faulty DNA replication has been shown to cause mutation,
cell apoptosis, or cancer formation [9]. The 8-OHdG is one
of the most common markers of oxidative damage of DNA
[23]. In the study of diabetic nephropathy induced by HFD
and streptozotocin, increased MDA, 8-OHdG, caspase-3 and
apoptotic cell numbers have been shown to be due to oxidative
damage and apoptosis in kidney tissue [24]. Increased urothelial
apoptosis in bladder biopsies from patients with CKD has been
thought to be associated with barrier defects [25]. It has been
shown that arsenic-induced NOX-mediated ROS production
causes bladder epithelial hyperplasia and an increase in
8-OHdG, while APC treatment prevents apoptosis without
affecting regenerative proliferation [9]. Similar to the previous
studies, the tissue 8-OHdG level and TUNEL-positive cell count
increased in the renal and bladder tissues of HFD groups in the
present study. APC treatment decreased these parameters by
inhibiting oxidative stress in the kidney and bladder.

The persistence of ROS has been shown to activate inflammation
and exacerbate organ damage. In a study on obesity, it was
shown that an increase in monocyte chemoattractant protein-1,
interleukin-6 (IL-6), and leptin levels in fat tissue caused the
development of systemic insulin resistance and an increase
in NF-«kB activity in hepatic tissue; however, APC treatment
suppressed leptin, insulin resistance, and NF-kB with its anti-
inflammatory effect [10]. In the lipopolysaccharide-induced
chronic cystitis model in mice, increased NF-xB-mediated
inflammation has been shown to cause fibrosis and loss of function
in the bladder [26]. In our study, an increase in NOX-2 - and NF-
kB-immunopositive cells and histopathological tissue injury were
found in the kidney and bladder in parallel with the high serum
leptin level. APC treatment resulted in a decrease in serum leptin,
tissue NOX-2, and NF-kB activity, as well as an improvement in
histological findings. It has been stated that hyperfiltration is seen
due to podocyte damage and volume increase in obesity [1], as
well as inflammation of insulin resistance and activation of renin-
angiotensin-aldosterone [5]. The specific staining of NF-xB in
the macula densa, which is responsible for blood pressure and
electrolyte regulation, was remarkable. However, the limitation of
this study is that no correlation with renal function tests could
be established. MPO, a neutrophil-derived enzyme, initiates the
acute inflammatory response and has a role in the propagation
of chronic inflammation through the ROS formation of such as
NOX [12]. It has been reported that HFD feeding is associated
with neutrophil and macrophage infiltration in the epididymal
white adipose tissue and an increase in proinflammatory cytokines
with the MPO enzyme, whereas these effects were not observed
in MPO knockout mice [27]. APC has been shown to inhibit
the translocation of p47phox, a subunit of NOX-2 activated by
ROS and MPO, in endothelial and various leukocyte cells [12].
HFD has been shown to cause high oxidative damage, nitric
oxide levels, infiltration of inflammatory cells, and activation of
mast cells in the heart of obese rats, leading to a degeneration of
myofibrils of the cardiac muscle [2]. Additionally, it was shown
that HFD led to oxidative damage, an increase of IL-6, and tumor
necrosis factor-a (TNF-a) levels with histopathological damage
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in both kidney and bladder in rats [21]. In a model of ketamine-
induced interstitial cystitis, severe mast cell infiltration has been
shown to be associated with TGF-f signaling, an inflammatory
and profibrotic cytokine, resulting in fibrosis and apoptosis [28].
In the current study, the number of mast cells in the bladder,
inflammatory cell infiltration, histopathological tissue damage
score, and MPO level increased in both the kidney and bladder
in the HFD and HFD+DMSO groups in comparison with
the control group. However, we observed that APC treatment
decreased MPO levels in both the renal and bladder samples
and the number of mast cells in the bladder thus repairing the
histopathological damage.

Fibrosis is a prognostic factor for CKD [4]. TGF-B1 is the
main factor of tissue scarring and has been shown to induce
the transformation of fibroblasts into myofibroblasts [29].
Pathological collagen deposition can be demonstrated by
picrosirius red staining that selectively stains type 1 and type
3 collagen [30]. Studies in obesity have shown that NOX-2-
mediated ROS production damages the urinary system by
activating inflammatory and profibrotic pathways such as
NF-«B, IL-6, and TGF-P1 [4, 26]. Free fatty acids induce fibrosis,
impair bladder muscle contraction [3, 6], and increase collagen
between bladder muscle bundles in HFD-induced obesity
[17]. Fayed et al., have shown that APC treatment ameliorates
NOX-induced liver fibrosis by reducing a-smooth muscle actin
(a-SMA) and TGF-f [11]. We showed that increased interstitial
and glomerular collagen, increased TGF-B1 immunopositivity
in kidney tissues, and increased collagen in the muscle layer
of bladder tissue were observed in the HFD groups. These
collagen deposits and TGF-B1 immunopositivity decreased in
the HFD+APC compared with the HFD groups.

In conclusion, our results showed that HFD increased
oxidative stress, inflammation, and fibrosis as well as decreased
endogenous antioxidant levels and histopathological damage in
both renal and bladder samples. Additionally, a NOX-2 inhibitor
APC alleviates HFD-induced renal and bladder injury via
inhibiting oxidative stress, inflammation, and fibrosis.
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