RESEARCH ARTICLE / ARASTIRMA MAKALES| soiars Dnivrstes o o e ST e o

BASIC MEDICAL SCIENCES / TEMEL TIP BILIMLERI

Immunoreactivity of NOS2 and NF-«B in Kidney Tissue in

Experimental Alcohol Consumption Model
Deneysel Alkol Tiiketimi Modelinde Bobrekteki NOS2 ve NF-kB’nin Immuinreaktivitesi

@ Asli Okan1, ® Abdulhadi Cihangir Uguz2, ® Osman Oztiirk3, ® Ece Eroglu4, ® Seher Yilmaz5, ® Ziileyha Doganyigit!

IYozgat Bozok University Faculty of Medicine, Department of Histology and Embryology, Yozgat, Turkey
2Karamanoglu Mehmetbey University Faculty of Medicine, Department of Biophysics, Karaman, Turkey
3Yozgat Bozok University Faculty of Medicine, Department of Pediatrics, Yozgat, Turkey

4Yozgat Bozok University Faculty of Medicine, 4" Grade Student, Yozgat, Turkey

>Yozgat Bozok University Faculty of Medicine, Department of Anatomy, Yozgat, Turkey

Abstract

Objectives: The negative effects of alcohol on health have attracted attention in recent years. The most devastating complications of alcoholism,
such as kidney damage, can be seen due to the continuous consumption of alcohol. Possible mechanisms by which alcohol may increase renal
dysfunction have been expressed in the literature. Among these mechanisms, oxidative stress is thought to be a potential mechanism that affects
kidney function. Nitric oxide synthase (NOS) and nuclear factor kappa B (NF-kB) levels, which have roles in oxidative stress and inflammation, may
be at abnormal levels in the kidney in alcohol use disorder. This study aimed to evaluate the role of NOS and NF-kB molecules in the mechanism
of kidney damage caused by alcohol use.

Materials and Methods: The immunoreactivity of NOS2 and NF-kB in kidney tissue was evaluated in an experimental model of acute and
chronic alcohol intake in male and female rats (n=56). Groups, control female, control male, sham female, sham male, acute male model, acute
female model, chronic female model and chronic male model. The acute and chronic model groups were given ethanol to induce alcohol intake.
Immunohistochemical analyzes were performed for NOS2 and NF-kB expressions along with histopathological analysis in kidney tissues.

Results: It was observed that glomerulation degeneration, bleeding, vacuolization, and inflammation were increased in kidney tissues in all groups
compared to control groups. In addition, NF-kB and NOS2 expressions were found to be significantly higher in the acute and chronic model groups
compared to the control groups.

Conclusion: The presented findings reveal that the expression of NOS2, which is involved in oxidative stress, and NF-kB, which is involved in
inflammation, increases kidney damage in acute and chronic alcohol intake. Therefore, NFkB and NOS2 proteins, which play a role in tissue damage,
inflammation, and oxidative stress response, may be associated with alcohol-induced renal damage.
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Amac: Alkoliin saglik tizerindeki olumsuz etkileri son yillarda dikkatleri lizerine cekmektedir. Kronik alkol tiiketimi nedeniyle bobrek hasari gibi yikici
komplikasyonlar goriilebilir. Alkoliin bobrek fonksiyon bozuklugunu artirabilecegi olasi mekanizmalar literatiirde ifade edilmistir. Bu mekanizmalar
arasinda oksidatif stresin bobrek fonksiyonlarini etkileyen potansiyel bir mekanizma oldugu disiiniilmektedir. Oksidatif stres ve enflamasyonda
rolii olan nitrik oksit sentaz (NOS) ve niikleer faktor kappa B (NF-kB) seviyeleri, alkol kullanim bozuklugunda bobrekte anormal diizeylerde
gorilebilmektedir. Bu ¢alismada alkol kullanimina bagli bébrek hasarinin mekanizmasinda NOS ve NF-kB molekiillerinin rolliniin degerlendirilmesi
amaclanmistir.
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Gereg ve Yontem: Bobrek dokusunda NOS2 ve NF-kB'nin immiinoreaktivitesi, erkek ve disi sicanlarda (n=56) deneysel bir akut ve kronik alkol alimi
modelinde degerlendirildi. Gruplar, kontrol disi, kontrol erkek, sham disi, sham erkek, akut erkek model, akut disi model, kronik disi model ve kronik
erkek model olarak ayrilmistir. Akut ve kronik model gruplarina alkol alimini tesvik etmek icin etanol verildi. Bébrek dokularinda histopatolojik analiz
ile birlikte NOS2 ve NF-kB ekspresyonlari icin immiinohistokimyasal analizler yapildi.
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Bulgular: Kontrol grubuna gore tiim gruplarda bébrek dokularinda glomeriilasyon dejenerasyonu, kanama, vakuolizasyon ve enflamasyonun arttigi
gorildi. Ayrica NF-kB ve NOS2 ekspresyonlari akut ve kronik model gruplarinda kontrol gruplarina gére anlamli olarak yiiksek bulunmustur.

Sonugc: Sunulan bulgular, akut ve kronik alkol aliminda oksidatif streste yer alan NOS2 ve enflamasyonda rol oynayan NF-kB ekspresyonunun bobrek
hasarini artirdigini ortaya koymaktadir. Bu nedenle, doku hasari, enflamasyon ve oksidatif stres yanitinda rol oynayan NF-kB ve NOS2 proteinleri,

alkoliin neden oldugu bobrek hasari ile iliskili olabilir.

Anahtar Kelimeler: Alkol Tiiketim Modeli, NF-kB, NOS2, Bobrek, Oksidatif Stres

Introduction

Alcohol consumption is one of the leading causes of
preventable deaths worldwide, with 3 million deaths per year
attributable to alcohol. Alcohol-related morbidity and mortality
are largely due to the high rates of alcohol use disorder in
the population (1). Chronic alcohol consumption can often
be associated with clinical diseases such as breast and colon
cancer, pancreatic disease, liver cirrhosis, diabetes, osteoporosis,
arthritis, kidney disease, immune system dysfunction, and
hypertension (2). In addition, a relationship between kidney
diseases due to alcohol use disorder has been shown in the
literature (3).

Studies in the literature report that the incidence of kidney
disease is lower in heavy alcohol drinkers (more than 210 g/week
alcohol consumption) compared to moderate alcohol drinkers
(70-210 g/week alcohol consumption) (4,5). The possible
relationship between alcohol consumption and kidney damage
has not yet been fully elucidated. In the literature, it has
been suggested that oxidative stress resulting from increased
production of reactive oxygen species (ROS) may play a role in
pathogenesis. Increased ROS can trigger excessive amounts of
free radicals, triggering tissue damage in the kidney. In addition,
the effect on other major organs (liver, heart, intestines and
skeletal muscle) in alcohol use disorder can trigger adverse
pathological processes that damage the kidneys (3).

Aclinical study conducted in 2018 showed itsassociation with
alcohol use disorder due to the development of chronic kidney
disease. An approximately two-fold increase in the incidence of
newly diagnosed chronic kidney disease has been reported in
alcohol use disorder (6). Alcohol addiction may be a risk factor
for the development of chronic kidney disease, especially in
the younger population. A study in 2022 also investigated the
mortality rate, disease progression, and disease burden of acute
kidney injury in the alcohol use disorder population. It was stated
that the subpopulation of patients with alcohol use disorder
had a higher number of patients with acute kidney injury and
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a higher mortality rate than the subpopulation without alcohol
use disorder (7). Therefore, determining the pathogenesis of
kidney damage in individuals with alcohol use disorder may be
important in preventing alcohol-related mortality.

Nitric oxide synthase (NOS), a molecule associated with
oxidative stress, may be involved in alcohol dependence (8).
Nitric oxide (NO), the smallest known signaling molecule,
is produced by three isoforms of NOS. All use I-arginine and
molecular oxygen as substrates (9). The NO pathway is involved
in the regulation of glomerular hemodynamics. The net effect
in the kidney is to support natriuresis and diuresis, to adapt
to changes in dietary salt intake, and to contribute to the
maintenance of normal blood pressure (10). In a study, the
effect of the NOS cofactor tetrahydrobiopterin during chronic
alcohol consumption was investigated. Sprague-Dawley rats
fed alcoholic or non-alcoholic liquid diets for 2-3 months
have demonstrated impaired NOS-induced vasodilation during
alcohol consumption (11). In this context, NOS in chronic alcohol
consumption may affect kidney damage about oxidative stress.

NF-kB, which is involved in tissue damage and inflammatory
processes, are inducible transcription factors (12). NF-kB
stimulates two major signaling pathways, canonical and non-
canonical (or alternative) that are responsible for regulating
immune and inflammatory responses (13). The most important
function of NF-kB is the regulation of inflammatory responses.
NF-kB, mediates the induction of various proinflammatory
genes in innate immune cells (14). Activation of the NF-kB
signaling pathway is associated with the expression of NOS and
cyclooxygenase-2 enzymatic proteins (15,16). In this context,
NF-kB may act by triggering ROS and oxidative stress in alcohol
dependence. In a study conducted in 2020, an agent trial was
conducted that affects the NF-kB signaling pathway in chronic
alcoholic liver disease. It has been shown that andrographolide
can reduce alcohol-induced liver pathological damage and
oxidative stress by reducing the expression of NF-kB and TNF-a
in mice exposed to ethanol (17). Thus, the NOS-mediated NF-«kB
signaling pathway may be activated in the liver and kidney in
alcohol-induced tissue injury.
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In this study, the immunoreactivity of NOS and NF-«B
molecules was investigated for the mechanism of kidney
damage in alcohol dependence. NOS and NF-«kB expressions
were determined by immunohistochemistry in rats with alcohol
dependence through ethanol. In addition, the pathology of
kidney damage in alcohol dependence was evaluated by H&E
staining.

Materials and Methods

Experimental Groups

This study was carried out with ethical approval from
Erciyes University Animal Experiments Local Ethics Committee
(HAYDEK) (approval no: 21/059, date: 07.04.2021). Experimental
groups were designed as follows.

Control Group (n=7): Animals in this group were not treated.

Sham Group (n=7): Animals in this group were given only
the volume (2 mL) of distilled water given to the animals in the
acute model and chronic model by oral gavage.

Acute Model Group (n=7): Animals in this group were given
18% v/v ethanol (prepared in distilled water) in a total volume
(2 mL) and a total dose of 1 g/kg body weight by oral gavage
(18). It is planned to have at least two days between two gavage
applications. In other words, it is aimed to create a model of
alcohol exposure for a period of approximately two weeks in
total. Thus, it was intended to represent a consumption habit
reported in the majority of rats, typically referred to as acute,
low-moderate alcohol intake (19,20).

Chronic Model Group (n=7): Animals in this group were
administered 20% v/v ethanol (prepared in distilled water) in a
total volume (2 mL) by oral gavage at a total dose of 4.5 g/kg
body weight (21).

Gavage was applied to the rats every day between 9.00-
10.00 in the morning (daylight). Body weights were measured
every week and it was observed whether they gained weight
or lost weight. No restrictions were applied on feed and water
consumption. After the experimental protocol was completed,
the experimental animals were decapitated and the kidney
tissue was taken.

Histological Analysis

After 10% formaldehyde fixation, kidney tissue samples
were cleared in xylene and embedded in paraffin after passing
through increasing alcohol series (70%, 80%, 96%, and 1000%%).
Sections were taken as 5 pm for hematoxylin and eosin (H&E)
staining and immunohistochemical staining (22). It was
examined under a light microscope at different magnifications.
Lesions in glomerular degeneration and tubulointerstitial
injury (such as vacuolization, bleeding, and infiltration of
inflammatory cells) were evaluated separately for each animal

and were graded from 0-3: 0 absent, 1 mild, 2 moderate, and
3 severe in each category. Quantification was performed on 30
glomeruli randomly selected by two investigators and randomly
selected cortical areas per 20 sections, and statistical analysis
was performed on mean values from each animal group, n=7
rats per group (23).

Immunohistochemical Analysis

Immunoreactivities of NF-kB (BT-MCA1291, Bioassay
Technology Laboratory) and NOS2 (E-AB-70051, Elabscince)
proteins were determined by immunohistochemical analysis in
sections taken from kidney tissues of experimental groups using
the Avidin-Biotin peroxidase method (22). In summary, after
deparaffinization of 5um thick sections, citrate buffer was used
to open epitopes (pH: 6.0; Thermo Fischer Scientific, UK, AP-
9003-500). Then slides were placed in a 3% hydrogen peroxide
solution in methanol to inhibit endogenous peroxidase activity.
Ultra V block solution (Thermo Fischer Scientific, UK, TA-125-
UB) was applied to prevent non-specific staining. Then, it was
incubated with primary antibodies (NF-kB was used at dilution
ratios of 1:50 and NOS2 at 1:300 dilution ratios) overnight at 4
°C. After, it was incubated with biotinylated goat anti-polyvalent
secondary antibody (Thermo Fisher Scientific, UK, TP-125-BN)
for 40 minutes in a 37 °C oven. After washing several times
with PBS, it was incubated with streptavidin peroxidase (Thermo
Fisher Scientific, UK, TS-125-HR) for 30 minutes in a 37 °C
oven. The antibody complex was visualized by incubation with
diaminobenzidine (DAB) chromogen (Thermo Fisher Scientific,
UK, TA-125-HD). Sections were then counterstained with Gill Ill
Hematoxylin (Merck, Germany, 1.05174.1000). It was dehydrated
by passing through a series of increasing alcohol and covered
with a sealant called entellan. Sections were examined with an
Olympus BX53 light microscope. Evaluation of immunoreactivity
levels was done with ImageJ Version 1.46 (National Institutes of
Health, Bethesda, Maryland).

Statistical Analysis

GraphPad Prism 8.0 software program was used for all
statistical analysis and graph drawing. Two-way ANOVA analysis
of variance and Tukey's multiple comparison tests were applied
to analyze the numerical data obtained from the observed
damage rates in the kidney. P<0.05 was considered statistically
significant.

Histological Results

It was observed that glomerulation degeneration, bleeding,
vacuolization, and inflammation were increased in kidney
tissues in acute and chronic models of both sexes compared to
control groups (Figure 1, Table 1). Especially in the acute male
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group, glomerular degeneration, bleeding, and vacuolization
were found to be significantly increased compared to the
acute female group (*p<0.001, *p<0.05; Table 1). While there
was a significant decrease in vacuolization in the chronic male
group compared to the chronic female group, an increase in
inflammation was observed (**p<0.0001; Table 1).

Immunohistochemical Results

NF-kB and NOS2 expressions were significantly higher in the
acute and chronic model groups compared to the control groups
(Figure 2). While NF-kB expression increased 3.6 times in the
acute female group and 4.9 times in the chronic female group
compared to the control female group, it was observed that it
increased 4.2 times in the acute male group and 4.4 times in the
chronic male group compared to the control male group. While
the NF-kB expression observed in the chronic female group was
found to be significantly higher than in the acute female group,
no difference was observed between the acute male and chronic
male groups.

While NOS2 expression increased 3.08-fold in the acute
female group and 3.1-fold in the chronic female group
compared to the control female group, it was observed that it
increased 3.6-fold in the acute male group and 4.3-fold in the

Control
RIS

chronic male group compared to the control male group. It was
determined that there was no difference between the acute and
chronic model groups.

When the female and male acute models were compared
within themselves, no difference was observed in terms of
NF-kB and NOS2 expression. While NOS2 expression increased
significantly in the chronic male group compared to the chronic
female group, there was no difference in NF-kB expression.

In recent years, the negative effects of alcohol on health
have reached remarkable dimensions. Mortality and morbidity
rates resulting from alcohol consumption are increasing every
year. Complications such as kidney damage and liver failure can
often be seen due to the continuous consumption of alcohol.
Chronic alcohol consumption can seriously affect kidney
damage. In our study, we found that the immunoreactivity of
NF-kB and NOS2 in the kidney was increased in both acute and
chronic alcohol intake models compared to control groups.
While the NF-«kB expression observed in the chronic female
group was significantly higher than in the acute female group,
no difference was observed between the acute male and chronic

Figure 1: H&E staining images of kidney tissues of the experimental groups. The black arrow indicates hemorrhage, the yellow arrow indicates
glomerular degeneration, the light blue arrow vacuolization, and the dark blue arrow inflammation. Magnification 20X, scale bar= 50 pm

Table 1: Kidney damage rates by groups

Tubulointerstitial lesions

Glomerular

Groups degeneration Hemorrhage
Control female 0.38+0.05 0.34+0.05
Sham female 0.36+0.04 0.31+0.05
Acute female 1.21+0.12% 1.40+0.322
Chronic female 1.98+0.18%%¢ 2.01+0.26%*
Control male 0.40+0.07 0.35+0.14
Sham male 0.41+0.06 0.23+0.08
Acute male 1.62+0.16%" 1.84+0.319"
Chronic male 2.20+0.134%f 2.06+0.19%

Vacuolization Inflammation

0.44+0.06 0.20+0.05
0.50+0.08 0.25+0.03
1.06+0.18%° 0.73+0.04%
2.09+0.39%¢ 0.80+0.07%°
1.10+0.22 0.33+0.08
0.40+0.04 0.37+0.18
1.42+0.29% 1.08+0.30%
1.55+0.40%™ 1.49+0.30%™

Two-way analysis of variance and Tukey's multiple comparison tests were applied. Data shown in the table are expressed as mean + standard deviation. ®: p<0.05 compared to the
control female group; °: p<0.05 to the sham female group; ¢: p<0.05 compared to the acute female group; ¢: p<0.05 compared to the control male group; ¢: p<0.05 compared to the
sham male group; " p<0.05 shows that there is a statistical difference compared to the acute male group, *p<0.05, *p<0.001, **p<0.0001
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Figure 2. NF-kB and NOS2 immunostaining images in the kidney tissues of the experimental groups. A) NF-kB immunostaining images. B) NOS2
immunostaining images. Magnification 20X, scale bar=50 pm. C) Bar graphs showing immunostaining intensities. Data shown in bar graphs are
expressed as mean + standard deviation. Two-way analysis of variance and Tukey's multiple comparison tests were applied. a: means p<0.05 from the
control female group, b: p<0.05 from the sham female group, c: p<0.05 from the acute female group, d: p<0.05 from the control male group, e: from

the p<0.05 sham male group, and f: p<0.05 from the acute male group

male groups. When the female and male acute models were
compared within themselves, no difference was observed in
terms of NF-kB and NOS2 expression. While NOS2 expression
increased significantly in the chronic male group compared
to the chronic female group, there was no difference in NF-
kB expression. Therefore, NF-kB and NOS2 proteins, which
play a role in tissue damage, inflammation, and oxidative
stress response, may be associated with alcohol-induced renal
damage.

Chronic alcohol consumption can affect kidney damage
to a certain extent. A 2017 study showed that acute
alcohol poisoning exacerbated acute renal failure due to
rhabdomyolysis in rats. The renal tissue injury parameters NF-
kB and inducible NOS (iNOS) were evaluated by giving rats
intravenous injections of 5 g/kg ethanol for 3 hours (24). In
this context, acute alcohol intoxication may exacerbate renal
failure through pro-oxidant and inflammatory effects such

as iNOS and NF-kB. In correlation with our results, NF-kB and
NOS2 expression increases due to damage to the mechanism
of alcoholic nephropathy. In addition, new studies on kidney
damage due to acute and chronic alcohol intake are needed in
the literature.

iNOS mediates ethanol-induced redox imbalance and
upregulation of inflammatory cytokines in the kidney. Renal
damage was investigated by administering ethanol (20% v/v)
to C57BL/6 wild-type and iNOS gene-deficient (iNOS-/-) mice
for 10 weeks (25). iINOS may play a role in ethanol-induced
oxidative stress and proinflammatory cytokine production in
the kidney. In another study, it was determined that inhibition
of NF-kB reduced glycerol-induced kidney damage. Wistar rats
were given 8 ml/kg of 50% glycerol intramuscularly and their
renal parameters were evaluated (26). In the context of these
data, decreased NF-kB expression may reduce alcohol-induced
kidney damage.
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In the literature, the role of CYP2E1 in the regulation
of NOS and NF-kB is emphasized. Therefore, a 2015 study
observed that CYP2E1 was induced in the renal tubules
of mice on a chronic alcohol diet (27). Therefore, it can be
stated that kidney damage due to chronic ethanol intake
can be induced by CYP2E1 in the liver. In addition, induction
of CYP2E1 can lead to the generation of ROS and oxidative
stress (28). NOS, a molecule involved in the oxidative stress
mechanism and shown to be induced by CYP2E1 (29), has
been reported to stimulate the production of proinflammatory
cytokines through the activation of redox-sensitive NF-kB by
exerting the pathological effects of CYP2E1 in alcohol damage
by increasing nitroxidative stress and lipid peroxidation (30).
Therefore, enzymes such as CYP2E1 may have a role in the
mechanism that triggers the activation of NOS2 and NF-«B
in acute and chronic alcohol consumption-induced kidney
damage. Determination of molecules that trigger oxidative
stress and inflammatory processes in renal damage due to
alcohol dependence is considered important in pathogenesis.

Study Limitations

Our data show increased expression of NOS2 and NF-
kB in acute and chronic alcohol consumption-induced
kidney damage. However,
immunohistochemical changes can be considered as the

limitation of the study. In future studies, a comprehensive

only the demonstration of

characterization can be revealed by investigating the protein
and mRNA expressions of NOS2, NF-kB and other inflammatory
mediators in the same tissues.

Our data show increased expression of NOS2 and NF-«xB
in the kidney in the acute and chronic alcohol intake model
induced in rats. On the other hand, only the demonstration of
immunohistochemical changes can be considered a limitation
of our study. In future studies, a comprehensive characterization
can be revealed by examining the protein and mRNA expressions
of NOS2, NF-«B, and other inflammation and oxidative stress
parameters in similar tissues.
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