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ABSTRACT

Background: Acute kidney injury develops as a result of various etiologies and
pathological mechanisms, with a high mortality rate. This study aimed to investigate
the efficacy of Anatolian syrup on histopathological variables in experimentally induced
acetaminophen and lipopolysaccharide associated acute kidney injury.

Methods: In this study, 5 groups were formed using 40 male Wistar albino rats (200-
220g, 2-4 months old), as follows: Sham, acetaminophen (1 g/kg intraperitoneal (ip)), 3)
lipopolysaccharide (5 mg/kg ip), acetaminophen (1 g/kg ip) + Anatolian syrup (15 days
orally), and lipopolysaccharide (5 mg/kg ip) + Anatolian syrup (15 days orally).Tubular
atrophy, tubular dilatation, cytoplasmic vacuolization in tubular epithelial cells, tubular
epithelial cell necrosis, interstitial inflammation, congestion, hemorrhage, glomerular
damage and loss of brushy border were evaluated histopathologically semiquantitatively
using scoring from O to 5.

Results: In histopathological variables, tubular atrophy, tubular dilatation, cytoplasmic
vacuolization, necrosis, congestion, hemorrhage, glomerular damage, and loss of
brushy border were significantly reduced in the acetaminophen + Anatolian syrup group
compared to the acetaminophen group and in the lipopolysaccharide + Anatolian syrup
group compared to the lipopolysaccharide group (p<0.001).

Conclusions: The Anatolian syrup was shown to protect histopathological variables in
kidney damage caused by acetaminophen and lipopolysaccharide.

Keywords: Acute kidney injury, Anatolian syrup, acetaminophen, lipopolysaccharide,
histopathology, herbal therapy

Oz

Giris ve Amag: Akut bobrek hasari ylksek 6lim oranmna sahip olup farkli etiyoloji ve
patolojik mekanizmalar sonucunda gelismektedir. Bu calismada Anadolu surubu’nun
deneysel olarak olusturulan parasetamol ve lipopolisakkarit iliskili akut bébrek hasarinda
histopatolojik parametreler {izerindeki etkinligini arastirmak amaclanmaktadir.

Yontem ve Gerecler: Bu calismada 40 adet Wistar albino cinsi 2-4 ayhk 200-220 gr
erkek sicanlar kullanilarak Sham, asetoaminofen (1 g/kg ip), lipopolisakkarit (5 mg/kg ip),
asetoaminofen (1 g/kg ip) +Anadolu surubu (15 gtin oral) ve lipopolisakkarit (5 mg/kg
ip) + Anadolu surubu (15 gtin oral) olmak tizere 5 grup olusturulmustur. Tubuler atrofi,
tubuler dilatasyon, tubul epitel hiicrelerinde sitoplazmik vakuolizasyon, tubul epitel hiicre
nekrozu, interstisyel inflamasyon, konjesyon, hemoraji, glomertiler hasar ve fircamsi kenar
kaybi semikantitatif olarak O’dan 5’e kadar skorlama ile histopatolojik degerlendirilmistir.
Bulgular: Histopatolojik parametrelerde tubuler atrofi, tubuler dilatasyon, sitoplazmik
vakuolizasyon, nekroz, konjesyon, hemoraji, glomeriler hasar, fircamsi kenar kaybi
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acisindan asetoaminofen + Anadolu surubu grubunda asetoaminofen grubuna gore ve lipopolisakkarit + Anadolu surubu grubunda
lipopolisakkarit grubuna gére anlamli derecede azalma izlenmistir (p<0.001).
Tartisma ve Sonug: Asetoaminofen ve lipopolisakkarit iliskili bobrek hasarinda Anadolu surubu’nun histopatolojik parametreler

izerinde koruyucu etkisi oldugu gosterilmistir.

Anahtar kelimeler: Akut bobrek hasari, Anadolu surubu, asetoaminofen, lipopolisakkkarit, histopatoloji, bitkisel tedavi

INTRODUCTION

Acute kidney injury (AKI) is an acute disease
that develops as a result of different etiologies
and pathological mechanisms, with a high
mortality rate (1). Although the pathogenesis
of AKI has not been fully understood,
renal inflammation, hypoxia, oxidative stress,
mitochondrial dysfunction, and venous congestion
play an important role (2,3). Since there is no
effective treatment for acute kidney injury, new
treatment approaches are needed (2).

The kidney contains many xenobiotic enzymes
and has important roles in drug metabolism (4).
Acetaminophen-N-acetyl-para-aminophenol
(APAP) is an analgesic-antipyretic anti-inflammatory
drug widely used in many countries around the
world, and its overdose or frequent use causes
hepatotoxicity and nephrotoxicity (5-7). Oxidative
stress and reactive oxygen derivatives play an
important role in APAP-associated hepatorenal
damage in humans and animals (5,6). Although
there are many publications on APAP-associated
hepatotoxicity, there are few publications on
nephrotoxicity (7). For this reason, it has been
reported that natural compounds with antioxidant
effects can be used as alternative treatment
methods in APAP toxicity (5).

Sepsis is a systemic inflammatory response
syndrome that occurs after microbial infections,
and one of its major complications is acute kidney
injury (1-3). Lipopolysaccharide (LPS), which is
widely used in experimental sepsis-associated
animal models, is a pathogenic endotoxin
found in the outer membrane of gram-negative
bacteria (1,2). LPS increases the production of
proinflammatory cytokines such as tumor necrosis
factor a (TNF-a), interleukin (IL-1p), and IL-6, as
well as contributes to the formation of oxidative
stress which has a key role in kidney injury (2,8).

Medicines obtained from plant extracts are widely
used in the treatment of clinical diseases due to
their natural antioxidant properties (4,9,10). Since
drug toxicity causes serious cellular degeneration,
it is thought that herbal combination products
with fewer side effects and higher efficacy can be
used as alternative treatment methods to protect
the kidneys (9,11).

Anatolian syrup (AS) is a compound containing
herbal oils (such as black cumin, ginger, cinnamon,
grape seed, garlic, and rosemary). The beneficial
effects of the vegetable oils and the primary
compound in AS have been observed in many
diseases such as hypertension, asthma, diabetes,
inflammation, tumor, headache, diarrhea, skin
diseases (1,5,10,12,13). There are many studies
on the use of oils in AS in traditional treatment
(14,15). Black cumin is a traditional medicine with
antihypertensive, hypoglycemic, hypolipidemic,
diuretic, antioxidant, and antibacterial properties,
which is widely used in many diseases such
as asthma, hypertension, diabetes mellitus,
inflammation, tumors, bronchitis, headaches,
fever, diarrhea, skin diseases, etc. (5,10). Few
studies have demonstrated its protective effect
against APAP-associated nephrotoxicity (6).
Ginger has antioxidant properties along with
hepatoprotective and nephroprotective effects
(16). Grape seed, garlic, and rosemary have
antioxidant, antimicrobial, anticancer, anti-
inflammatory, and cardioprotective effects
(4,13,17). It has been reported that pomegranate
has antioxidant, antifungal, and anti-inflammatory
effects (18). Oleuropein is the most dominant
polyphenolic content of olive tree leaves, and it
has antiviral, antioxidant, anti-inflammatory, anti-
apoptotic, neuroprotective, and renoprotective
effects (1,12,19).

The study aimed to demonstrate the protective
effect of AS on histopathologically occurring
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tissue damage in APAP and LPS-associated acute
kidney injury. Histopathological variables like
tubular atrophy, tubular dilatation, cytoplasmic
vacuolization in tubular epithelial cells, tubular
epithelial cell necrosis, interstitial inflammation,
congestion, bleeding, glomerular damage, and
brush border loss were used to measure the
damage to the tissue.

MATERIALS AND METHODS

1-Animals

In this study, 40 male Wistar albino rats (200-
220 g, 2-4 months old) were used because they
have a more toxic response to acetaminophen.
Bolu Abant Izzet Baysal University, Experimental
Animals Application and Research Center
(DEHAM) provided animals, and feeding was
performed with ad libitum water and pelleted
feeds under 19+2°C and 50-70 degrees relative
humidity using UNTES brand ventilation system.
The laboratory methods and systems with which
the study was going to be conducted were
optimized for rats. Ethics committee approval
was obtained from The Institutional Animal Care
and Use Committee of Bolu Abant Izzet Baysal
University (Bolu, Turkey) (Number: 2021/33). All
procedures complied with the Guide for the Care
and Use of Laboratory Animals (1996).

2-Preparation of Anatolian Syrup

AS is a compound produced by Muhammet Efe
in Turkey, which contains essential oils of olive oil
maceration and oil with oleuropein. The minimum
and maximum concentrations of the oils in AS are
as follows: Wormwood oil 1-3%, mint oil 0.5%
-1.5%, black cumin oil 1-3%, pumpkin seed oil
1-3%, St. John’s Wort oil 1-3%, African geranium
oil %0.1-0.6%, grape seed oil 1-3%, oregano
oil 1-3%, eucalyptus oil 0.5-1.5%, cinnamon oil
0.5-1.5%, garlic oil 1-3%, clove oil 0.5-1.5%,
bitter almond oil 1-3%, ginger oil 1-3%, potency
pomegranate oil 3-9%, pomegranate oil 0.5-
1.5%, walnut oil 1%-3, orange peel oil 1-3%,
horseradish oil 1-3%, rosemary 0.5-1.5%. The
total of olive oil maceration essential oils is 18.1-
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54.6%. The ratio of olive oil with oleuropein is
45.9-81.9%.

3-Creation of groups

In the study, there were 5 groups in total: Sham
(control) group (n=8): (0.3 ml/day distilled water,
orally for three days), acetaminophen (APAP)
group (n=8): (1 g/kg paracetamol single dose
intraperitoneal) (7), lipopolysaccharide (LPS) group
(n=8): (5 mg/kg Lipopolysaccharide single dose
intraperitoneal) (20), acetaminophen+Anatolian
syrup (APAP + AS) group (n=8): (oral administration
of anatolian syrup 1g/kg for 15 days, then
1 g/kg APAP single dose intraperitoneal),
lipopolysaccharide+Anatolian  syrup (LPS+AS)
group (n=8): (after 15 days of oral administration
of Anatolian syrup 1 g/kg, 5 mg/kg LPS single
dose, intraperitoneal).

4-Histopathological examination

For histopathological examination, rat kidney
tissues were fixated in 10% formalin. The samples
taken from the tissues were taken into tissue
follow-up and embedded in paraffin blocks after
the follow-up. Sections of 3 pm thickness were
taken from the prepared paraffin blocks and stained
with hematoxylin-eosin stain. The pathologist
examined sections under the LEICA brand DM
2000 LED light microscope. Microscopically in
kidney tissue, tubular atrophy, tubular dilation,
cytoplasmic vacuolization in tubular epithelial
cells, tubular epithelial cell necrosis (luminal
debris),
vascular congestion, hemorrhage and glomerular

necrotic interstitial  inflammation,
damage, and loss of brush border were scored
from O to 5 semiquantitatively (0-5%=score O,
6-20%=score 1, 21-40%=score 2, 41-60%=score
3, 61-80%=score 4, 81-100%=score 5) (5).
Hematoxylin-eosin-stained sections were imaged
at different magnifications with the INFINITY 3

ANALYZE Release 6.5 imaging system.

Statistical analyses

Descriptive statistics were obtained for the
variables. Before statistical analyses, distributional
properties of the continuous variables were
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evaluated using the Shapiro-Wilk test. Groups
were compared using the Kruskal-Wallis test,
and Mann-the Whitney U test was employed
as a post-hoc test for non-normally distributed
variables. Bonferroni correction was applied due
to multiple comparisons. A p-value of <0.05
was considered to be statistically significant. All
statistical analyses were carried out using the R
software (version 4.1.0).

RESULTS

As a result of the Shapiro-Wilk test, it was
understood that the variables demonstrating
continuous variation did not show normal
distribution. As a result, the descriptive statistics
were given as median (min.-max.) Kruskal Wallis
test in multiple group comparisons and Mann—
Whitney U test as a post-hoc test were used.

The analysis of the histopathological data of the
groups can be found in Table 1, and the distribution
of the groups is shown in Graphic 1. There was
a statistically significant difference between the
groups in tubular atrophy (p<0.001). There was a
statistically significant increase in the APAP, LPS,
and LPS+APAP groups compared to the sham
group. A statistically significant decrease was
observed in the APAP+AS group compared to the
APAP group. There was no statistically significant
difference between the sham and APAP+AS
groups. A statistically significant decrease was
observed in the LPS+AS group compared to

Table 1. Descriptive statistics* of histopathological variables.

the LPS group. LPS+AS group was statistically
significantly higher than the sham group.

There was a statistically significant difference

between the groups in tubular dilatation
(p<0.001). There was a statistically significant
increase in the APAP and LPS groups compared
to the sham group. There was a statistically
significant decrease in the APAP+AS group
compared to the APAP group. There was no
statistically significant difference between the
APAP+AS, and the Sham group. There was a
statistically significant decrease in the LPS+AS
group compared to the LPS group. There was
no statistically significant difference between the

LPS+AS and the Sham group.

There was a statistically significant difference
between the groups in cytoplasmic vacuolization
(p<0.001). A statistically significant increase was
observed in the APAP group compared to the
sham group. There was a statistically significant
decrease in the APAP+AS group compared to the
APAP group. There was no statistically significant
difference between the APAP+AS and sham
groups. A slight increase was observed in the
LPS group compared to the sham group, which
was not statistically significant. A statistically
insignificant decrease was observed in the
LPS+AS group compared to the LPS group. There
was no statistically significant difference between
the LPS+AS and sham groups.

Variables Sham (n=8) APAP (n=8) LPS (n=8) APAP+AS (n=8) LPS+AS (n=8) p
Tubular atrophy 0.0(0.0-1.0)* 3.0(2.0-4.0)° 3.0(2.0-4.0)° 1.0(0.0-1.0)* 1.0(1.0-2.0)c 0.000
Tubular dilation 1.0(1.0-2.0) 3.0(3.0-5.0) ® 3.0(2.0-4.0)° 2.0(1.0-2.0)2 2.0(1.0-2.0) 0.000
Cytoplasmic 2.0(1.0-3.0) 3.0(3.0-5.0) © 3.0(2.0-3.0)*® 2.0(1.0-3.0)* 2.0(1.0-3.0)* 0.000
vacuolization

Necrosis 1.0(0.0-2.0) 3.0(2.0-4.0) ° 4.0(4.0-5.0)¢ 1.5(0.0-2.0) 1.750(0.0-3.0)* 0.000
Inflammation 0.0(0.0-2.0) 0.0(0.0-0.0) 0.0(0.0-0.0) 0.0(0.0-0.0) 0.0(0.0-0.0) 0.084
Congestion 1.0(1.0-3.0) 3.0(2.0-4.0)® 3.5(2.0-5.0)° 2.0(1.0-3.0)2 1.5(1.0-3.0)® 0.000
Hemorrhage 0.0(0.0-3.0)* 1.5(1.0-3.0)* 2.5(1.0-5.0) 0.0(0.0-0.0)° 0.0(0.0-3.0)* 0.000
Glomerular damage 0.0(0.0-1.0)® 1.5(0.0-3.0)* 3.0(1.0-4.0) 0.0(0.0-0.0)® 0.0(0.0-1.0)® 0.000
Brushy edge loss 1.0(0.0-2.0) 4.0(3.0-5.0)° 4.0(3.0-5.0)° 2.0(2.0-3.0)¢ 2.0(1.0-3.0) 0.000

*: Values are medlian (min-max). P-value was obtained as a result of Kruskal Wallis analysis. Mann Whitney U test was used to determine the different
group(s). Bonferroni correction was performed for multiple comparisons. There was a statistically significant difference between the group(s) that did

not have the same letter for each variable (P<0.05).

APAP: Acetaminophen, LPS: Lipopolysaccharide, AS: Anatolian syrup
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Graph 1: Distributional properties of each variable are presented as boxplot graphic.
A) Tubular atrophy, B) Tubular dilatation, C) Vacuolization, D) Necrosis, E) Inflammation, F) Congestion, G) Hemorrhage, H) Glomerular injury, I) Brush
border loss. There was a statistically significant difference between the group(s) that did not have the same letter for each variables (P<0.05)
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There was a statistically significant difference
between the groups in necrosis (p<0.001). A
statistically significant increase was observed
in the LPS and APAP groups compared to the
sham group. There was a statistically significant
decrease in the LPS+AS group compared to the
LPS group. There was a statistically significant
decrease in the APAP+AS group compared to the
APAP group.

A statistically significant difference was observed
between the groups in congestion (p<0.001).
A statistically significant increase was observed
in the LPS group compared to the sham group.
Although an increase was observed in the APAP
group compared to the sham group, it was not
statistically significant. Although a decrease was
observed in the LPS+AS group compared to
the LPS group, it was not statistically significant.
Although a decrease was observed in the
APAP+AS group compared to the APAP group,
was not statistically significant. There was no
significant difference between the sham group
and the LPS+AS and APAP+AS groups.

A statistically significant increase was observed
in hemorrhage in the LPS, and APAP groups
compared to the sham group (p<0.001). There
was a statistically significant decrease in the
LPS+AS group compared to the LPS group. There
was a statistically significant decrease in the
APAP+AS group compared to the APAP group.
There was no statistically significant difference
between the Sham group and the LPS+AS and
APAP+AS groups.

There was a significant difference between the
groups in glomerular damage (p<0.001). A
statistically significant increase was observed
in the LPS group compared to the sham group.
There was a statistically significant decrease in
the LPS+AS group compared to the LPS group.
There was no statistically significant difference
between the LPS+AS and the sham groups.
Although the increase was observed in the APAP
group compared to the sham group, it was not
statistically significant. There was a statistically
significant decrease in the APAP+AS group

compared to the APAP group. There was no
statistically significant difference between the
APAP+AS and the sham groups.

Loss of brush border demonstrated a statistically
significant  difference between the groups
(p<0.001). Loss of brush border in the LPS and
APAP groups was statistically significantly higher
than in the sham group (median (min-max,
respectively). There was a statistically significant
increase in the LPS group compared to the
sham group. There was a statistically significant
decrease in the LPS+AS group compared to the
LPS group. However, the decrease in the LPS+AS
group was not as much as in the sham group.
A statistically significant decrease was observed
in the APAP+AS group compared to the APAP
group. However, the decrease in the APAP+AS
group was not as much as in the sham group.
Inflammation was observed only in the control
group, and no inflammation was observed in
other groups. Microscopic images of the groups
are given in Figure 1 and Figure 2.

DISCUSSION

Acute kidney injury is characterized by impaired
renal function, fluid volume and electrolytes
changes, and an increase in serum creatinine levels
(12). Since drug toxicity causes serious cellular
degeneration, it is thought that herbal products
with fewer side effects and higher efficacy can
be used as alternative treatment methods in the
prevention and treatment of acute kidney injury
(11,12).

Anatolian syrup is a herbal compound containing
many oils, and many studies have been
conducted on the efficacy of vegetable oils in its
content (9,21). Parkar et al.?" showed that orange
reduces renal damage and fibrosis in diabetic
nephropathy. Barakat et al.?? demonstrated
that pumpkin seeds have hypolipidemic and
immune system regulatory effects. Extracts or oils
obtained from eucalyptus leaves have antifungal,
antibacterial, anti-inflammatory and antioxidant
effects (14).
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Figure 1. 1a: Sham x100, 1b: Sham x400, 1c: APAP x100 vascular congestion (arrow), tubular dilatation (arrowhead), 1d: APAP
x400 tubular epithelial cell necrosis (arrow), 1e: APAP+AS x100, 1f: APAP+AS x400 no significant necrosis in tubular epithelial

cells (arrow).

It has been reported that APAP and LPS can have
nephrotoxic effects (2,5,6). LPS plays a role in the
pathogenesis of sepsis-associated acute kidney
injury by increasing inflammation and oxidative
stress (2). Acute APAP overdose increases lipid
peroxidation concerning increased radical oxygen
species (ROS) and weakens antioxidant defense
mechanisms and causes histopathological
damage on the renal structure (14). Inflammatory
cytokines play an important role in APAP toxicity,
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and elevated levels of serum TNF-alpha, and
IL-1-B have been reported (6). Canayakin et
al.®) demonstrated in their studies that black
cumin has an important role in the nephrotoxic
damage of APAP. It has been shown that black
cumin reduces necrosis, congestion, and tubular
dilatation in kidney tissue (5). In our study, our
histopathological results were consistent with this
study.
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Figure 2. 2a: Sham x100 2b: Sham x400, 2c: LPS x100 glomerular damage (arrow) and apparent vascular congestion (arrowhead),
2d: LPSX400 tubular dilatation (arrow), necrosis and luminal necrotic debris in tubular epithelial cell (asterisk), 2e: LPS+AS

x100, 2f: LPS x400.

In the study by Albarakati'”, garlic extract
reduced apoptotic and necrotic changes in kidney
tissue in ethephon-associated kidney injury.
Rosemary oil (4), mint (23), and wormwood oil
(15) have been shown to reduce histopathological
damage in the kidney. The study by Mousavi!'®
showed that pretreatment with black cumin
histopathologically improved hemorrhage in renal

ischemia-reperfusion injury, tubular necrosis,
cytoplasmic vacuolization, interstitial edema,
hyperemia, and glomerular changes. Hassan et
al.’® stated in their study on rats that grape seed
has a hepatonephroprotective effect by showing
that it reduced tissue damage and inflammation
histopathologically.
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Abdeen et al.” investigated the efficacy of
cinnamon in APAP-associated kidney injury,
and it was shown that the loss of brush border,
hydropic degeneration, tubular vacuolization and
lymphocytic inflammation in the kidney were
reduced in the APAP group. It has been stated that
cinnamon has this effect by protecting the lipid
peroxidation caused by high-dose APAP from
DNA damage and apoptosis (7). Bakir et al.!'®
showed that in cisplatin-associated nephrotoxicity,
pomegranate is protective against kidney damage
by providing improvements in morphological
variables such as swelling in tubular epithelial
cells, loss of brush border, and loss of tubular
epithelial cells. Dhibi et al.'¥ demonstrated that
pretreatment with eucalyptus improves changes
in the proximal tubule, glomerular atrophy, and
dilatation in acetaminophen associated kidney
injury. Yin et al."? reported that oleuropein inhibits
tubular dilatation, vacuolization, glomerular
hypertrophy in kidney tissue, and debris and
inflammation in the renal tubule lumen in glycerol
associated with kidney injury. It has been stated
that oleuropein can be used in the treatment
of acute kidney injury (12). Cui et al.!’ applied
oleuropein to lipopolysaccharide-associated
kidney injury in mice and histologically improved
tubular epithelial cell swelling and deformation.
Alsharif et al.® showed that oleuropein reduces
tubular degeneration, glomerular congestion, and
inflammatory infiltration in LPS damage. Koc et
al."" showed that oleuropein improves tubular
degeneration, tubular vacuolization, tubular
dilatation, inflammation, and congestion in rat
kidney tissue, which are caused by indomethacin,
a nonsteroidal anti-inflammatory drug. It showed
an antiapoptotic effect by suppressing renal
caspase-3 expression (11). Oleuropein has been
shown to reduce both tubular and glomerular
damage in cisplatin-associated kidney injury (19).
Lee et al.?® showed that in colistin-associated
kidney damage, garlic reduces renal tubule
damage through apoptosis and has antioxidant
and anti-inflammatory effects.
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In our study, increased tubular atrophy, tubular
dilatation, cytoplasmic vacuolization, necrosis,
vascular congestion, hemorrhage, glomerular
damage, and loss of brush border were seen in
the APAP and LPS groups, resulting in histologic
damage. In the APAP+AS and LPS+AS groups,
these variables were improved in line with the
literature (1,11,12,18). Since inflammation was
seen only in the sham group, a comparison could
not be made. The nephroprotective effect of AS
was observed.

CONCLUSIONS

It was shown that AS has a protective effect
on histopathological variables in APAP and
LPS-associated kidney damage. We Dbelieve
that by investigating the antioxidant and anti-
inflammatory effects of AS on the kidney with
more comprehensive clinical studies involving
the use of different doses of AS, AS can be a
potential therapeutic agent that can be used in
the treatment of acute kidney injury.

Limitations of the study: The limitations of
the study were the inability to examine kidney
functions, antioxidant, and anti-inflammatory
effects.
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