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ABSTRACT

The aim of the present study was to evaluate the treatment potential of Punica granatum L. peel powder in an
experimentally induced sepsis model in rats. Sepsis was induced in 10-week-old, male, Wistar Albino (n=24) rats. The
animals were divided into four groups: Sham-operated (S) Group, Control (C) Group, Treatment-1 (T1) Group, and
Treatment-2 (T2) Group. To induce the sepsis model, the cecal ligation and puncture procedure was performed. The
P. granatum peel powder (200 mg/kg; per os) was applied one hour before (T1) and 10 hours after (T2) surgery in a
volume of 2 mL. At the end of the experimental procedure, microbial and histopathological analyses were performed.
The histopathological scores on the liver, lungs, heart, kidney, spleen, and pancreas were evaluated. Escherichia
coli, Staphylococcus aureus and E. coli + S. aureus were isolated from blood cultures. Severe bacteria were detected
in the blood of the group C animals. It was found that there were fewer bacteria in groups T1 (n=2) and T2 (n=4)
compared with group C. There were no lesions in the pancreas tissues of any groups. Vascular changes, degeneration,
and necrosis were common in the organs in all cases of group C compared to group S. The findings in group T1
were similar to those in group C, however, it was seen in fewer animals. It was determined that there was a general
improvement in group T2, and in addition the existing lesions were moderate in severity. In conclusion, P. granatum
L. peel powder prevented CLP-induced lung injury in experimental rats. Thus, P. granatum L. peel powder may be an
alternative therapeutic agent against lung tissue injury induced by sepsis. The recovery from inflammation was better
in group T2 than in the other groups. According to the results of the current study, P. granatum peel powder was found
to be effective in the treatment of sepsis with antimicrobial and anti-inflammatory functions.
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Introduction

Sepsis is a disease with a high incidence and
mortality, resulting in death as a result of immune
response disorder and circulatory and/or organ
dysfunction due to infection. The original source of
sepsis is an infection, and the path from infection to
sepsis is a complicated pathophysiological process
that includes invasion by pathogens, cytokine
release, capillary leakage, and microcirculation
disorder (KAUKONEN et al., 2014). Sepsis is the
primary cause of death from infection, especially
if not recognized and treated promptly. Diagnosis
is important and urgent. Sepsis is a syndrome that
is shaped by pathogen factors and host factors
(sex, race and other genetic determinants, age, and
environment) and its features develop over time.
What distinguishes sepsis from infection is the
presence of an abnormal or irregular host response
and organ dysfunction. Sepsis-induced organ
dysfunction may be occult, therefore, its presence
should be considered in every patient presenting with
an infection (SINGER et al., 2016). The underlying
mechanism of tissue and organ dysfunction in
sepsis is decreased oxygen delivery and oxygen use
in cells as a result of hypoperfusion. Hypoperfusion
occurs due to the cardiovascular dysfunction seen
in sepsis. Impairment of the barrier function in the
endothelium, vasodilation and increased leukocyte
adhesion occur. This causes edema fluid to
accumulate in the interstitial spaces, body cavities,
and subcutaneous tissue (POELAERT et al., 1997,
JONES and PUSKARICH, 2011; VIEILLARD-
BARON, 2011). There is a disruption of the
alveolar-endothelial barrier, with an accumulation
of protein-rich fluid in the lungs, interstitial lung
spaces and alveoli. In extreme cases, this can
cause a ventilation-perfusion mismatch, hypoxia
and decreased lung compliance, resulting in acute
respiratory distress syndrome (ARDS). Decreased
renal perfusion, acute tubular necrosis and varying
degrees of acute kidney injury occur in the kidneys.
In the liver, the clearance of bilirubin is suppressed,
which produces cholestasis. Endothelial changes
weaken the blood-brain barrier, causing the entry
of toxins, inflammatory cells, and cytokines.
Cerebral edema, neurotransmitter disruption,
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oxidative stress and subsequent changes in white
matter damage lead to a clinical spectrum of septic
encephalopathy, ranging from mild confusion to
delirium and coma. Sepsis is known to produce
a catabolic state. Rapid and significant muscle
breakdown occurs to produce amino acids for
gluconeogenesis to nourish immune cells. In
addition, increasing insulin resistance causes a
state of hyperglycemia (SINGER et al., 2016).
It is reported that more than 30 million people
worldwide are affected by sepsis every year, and 6
million people die. As a result, Chinese emergency
medicine specialists introduced the concept
of “prevention and prevention” of sepsis, and
conducted the “Campaign for Sepsis Prevention in
China” (PSCC) throughout China. In addition, they
put forward the principles of performing targeted
diagnosis, examination and treatment in the “early
stage of sepsis” and “peri-sepsis period” in order to
realize early prevention, early discovery and early
intervention, and reduce morbidity. Research on
the prevention of sepsis-related deaths, and thus
the diagnosis and treatment of patients with acute
severe infection is important (LEVY et al., 2012).

Recently, natural resources have been
investigated for the treatment of many diseases.
Punica granatum L., a member of the Punicaceae
family, is one of the oldest edible fruits. It is
known that Punica granatum is known to possess
pharmacological properties, such as antioxidant,
radical scavenging and anticancer properties
(LERMAN et al. 2005). However, previous studies
demonstrated that various parts of P. granatum
also showed anti-oxidant, anti-bacterial, anti-
diarrheal, anti-viral, anti-diabetic, antihelmintic,
hypolipidemic, hepatoprotective, anti-neoplastic
and protective activity for vessel and digestive
systems (MIGUEL et al. 2010). Although P
granatum has been used against various diseases,
there are no studies on the anti-microbial and
histopathological effects of the peel powder of
P granatum. Therefore, the aim of this study
was to investigate the potential anti-microbial
and histopathological effects of P. granatum peel
powder on cecal ligation and puncture-induced
(CLP) sepsis in rats.
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Materials and methods

Preparation of P. granatum peel powder. The
extraction procedure was conducted according to
our previously published data (STOJANOVIC et
al., 2017). P. granatum peel powder (100 g) was
extracted with 50% ethanol in an ultrasonic bath for
40 min at 60°C. The obtained extract was filtered
and evaporated to dryness using a rotary evaporator.

Animals. Twenty-four, healthy, 10-week-old
male Wistar Albino rats were used in this experiment.
The rats were housed in polysulfone cages at 21-24
°C and 40-45% humidity, and with light-controlled
(12 h light/12 h dark) conditions at the Laboratory of
the Animals Breeding and Experimental Research
Center of Etlik Central Veterinary Control and
Research Institute (Ankara, Turkey). The animals
were fed with a standard pellet diet and water ad
libitum throughout the experimental procedure.
The rats were maintained in accordance with the
directions of the Guide for the Care and Use of
Laboratory Animals. All experimental protocols
were approved by the Experimental Animal Ethics
Committee of Etlik Central Veterinary Control
and Research Institute (EDAM/2020-4). After
acclimation for one week, all the rats were randomly
divided into four groups consisting of six rats in
each group, as follows: Sham-operated (S) Group,
Control (C) Group, Treatment-1 (T1) Group, and
Treatment-2 (T2) Group.

Induction of rat sepsis model. Sepsis was
induced by cecal ligation and puncture (CLP)
as previously described (HU et al., 2019). The
rats were intraperitoneally anesthetized with
xylazine hydrochloride (10 mg/kg) and ketamine
hydrochloride (50 mg/kg). Abdominal shaving
was performed after the anesthesia procedure.
The rats were placed in the supine position. After
routine disinfection of the abdomen, a 3-cm
midline vertical incision was performed. The
subcutaneous and muscle layers were separated,
and the abdominal cavity was opened. The cecum
was exposed, and the ileocecal region was ligated
with USP 4/0 polyglactin (Lactasorb PGLA, Orhan
Boz, Turkey). The cecum was perforated with an
18-gauge needle and gently squeezed to remove a
small amount of feces. The cecum was then placed
back into the abdominal cavity. The muscle layers
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of the abdomen and skin were closed with USP 4/0
polyglactin (Lactasorb PGLA, Orhan Boz, Turkey).
In the sham-operated group, the same procedures
were performed, however, cecal ligation and
puncture were not applied.

The treatment procedure. The 50% ethanol
extract of Punica granatum peel powder (200
mg/kg; FADDLADDEEN and OJAIMI, 2019)
prepared in distilled water was administered one
hour before (group T1) and 10 hours after (group
T2) the operation in 2 mL volume per os. The sham-
operated and control groups were given distilled
water at 2 mL dose by oral gavage.

Termination of the experimental procedure. 72
hours after the treatment procedure, all the rats were
sacrificed by taking blood from the heart under
general anesthesia (10 mg/kg xylazine hydrochloride
and 50 mg/kg ketamine hydrochloride). Blood
samples were collected by cardiac puncture for
bacterial culture analysis. The liver, lung, heart,
kidney, spleen, and pancreas were dissected. The
blood samples were collected in heparinized tubes
for bacterial culture analysis, and added to nutrient
agar. In addition, blood agar, MSA agar, and EMB
agar were used to identify the isolated bacteria.

Histopathological evaluations. The liver, lung,
heart, kidney, spleen, and pancreas were sampled
from rats in all groups (n=6 for each group). These
organs were examined according to macroscopic
evaluation criteria, and all tissue samples were fixed
in 10% buffered formalin for 48 hours. After the
fixation, the tissues were treated with graded alcohol
and xylene series (Leica, TP1020, Germany) and
blocked in paraffin (Thermo Shandon, Germany).
Five um thickness sections were cut by rotary
microtome (Shandon). From paraffin blocks,
sections were stained according to the hematoxylin-
eosin (H&E) staining procedure (LUNA, 1968) and
evaluated under a digital optical light microscope,
and images were taken with a camera attachment
(Olympus BX51 digital microscope, DP25 Japan).
For scoring histopathological findings, a number
was obtained by counting 10 fields at 400x
magnification (10 HPF). The counted fields were
calculated as proportions and expressed as (%)
percentages. According to the density of findings
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(inflammation, vascular changes, degeneration
and necrosis), the mean results per animal in each
group were calculated. Then, the total mean results
were analyzed statistically.

Statistical analysis. Statistical analyses were
performed using Graphpad Prism 8.4.2 The results
are expressed as the mean + standard error of the
mean (SEM). The two-way analysis of variance
test and post-hoc Bonferroni multiple comparison
test were used to determine the significance of
differences between groups. Statistical significance
was assumed at the level of P<0.05.

Results

Survival rate. The survival rate was 83.33%
(5/6 rats) in group T2, whereas the survival rate
was 100% for the other groups. There was no

statistically significant difference in survival
between the P. granatum -treated CLP groups and
the distilled water-treated CLP group.

Blood bacterial culture. After the cecal ligation
and puncture were performed, sepsis occurred due
to fecal spillage in this model. The blood culture
results are given in Table 1. At the end of the
experimental procedure, a bacterium (E. coli) was
isolated in only one case from group S. Bacteria
colonies were detected in all cases in group C.
While E. coli and Staphylococcus aureus were
identified in four cases, the presence of E. coli
was noticed in two cases in group C. Bacteria (S.
aureus and E. coli + S. aureus) were determined
in fewer cases (n=2) in group T1 when compared
with groups C and T2. In group T2, S. aureus and
E. coli + S. aureus were isolated in two case each,
but there were no bacteria in two cases.

Table 1. Blood culture results according to groups

Groups E. coli S. aureus E. coli + S. aureus

S group 1 case - -

C group 2 cases - 4 cases

T1 group - 1 case 1 case

T2 group - 2 cases 2 cases
Histopathological  findings.  Inflammation,  the lungs and liver, showed microhemorrhages and

degeneration, necrosis, and vascular changes
were the main lesions in the organs mentioned.
However, the inflammatory cells were mainly
composed of neutrophils and macrophage-
inflammatory proteins. In degenerative changes,
cells lost their nuclei and their cytoplasms shrank
into a dark pink color. Cells that underwent
degenerative changes had vacuoles with clear
pronounced edges. In some areas, degeneration of
parenchymal cells increased in many areas, and
necrotic areas were observed. In the necrotic areas,
cellular borders were lost. Vascular changes were
also prominent in the histopathological findings.
Some vessels, including veins and arterioles, were
enlarged with many erythrocytes. In some areas,
hemorrhage also occurred. Some areas, especially
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blood extravasations. Edema was also present in
these dense vascular disturbances. Edema was seen
densely in the alveolar lumina of lungs, sinusoids
and portal region of the liver, and the interstitium
of the kidney.

In group C, only vasculature changes, which
constituted predominantly mild hyperemia,
were observed in each case. Acute cell swelling
and vacuolar degeneration and necrosis in the
hepatocytes of the liver, the alveolar epitheliums
of the lungs, and cortical tubule epitheliums of the
kidneys were encountered in many areas in all cases.
Degeneration and necrosis were found less often in
the islet cells of the pancreatic glands. Parenchyma
degeneration was seen densely in myocardiocytes.
In the spleen, hyperplastic lymph follicles were
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present. Some of them included free erythrocytes
along with hyperemia. There were no inflammatory
cells in any of the organs mentioned in this group.
In group T1, the findings were localized in the

Liver

Sham

Fig. 1. Vacuolar degeneration (arrows) in liver, hyperemia

same organs in many cases. Lesion distribution, in
terms of degeneration and necrosis, was less than
the control group findings in these cases.

Pancreas

Spleen

and vascular changes (arrows) in lungs, parenchymal

degeneration in myocardiocytes (arrows) in heart, vacuolar degeneration in cortical tubule epitheliums (arrows)
in kidney, hyperplastic follicle in spleen, x100, degeneration and necrosis (arrows), x100, H&E staining
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Comparative lesions according to groups
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Liver
Lungs
Heart
Kidney
Spleen
Pancreas

Fig. 2. Comparative evaluation of lesions
in organs between experimental groups
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Table 2. Histopathological score of organs in experimental groups

Liver Lungs Heart Kidney Spleen Pancreas
Groups 1| v|p|N v | b ]|N vipo [~ Ji|v|[Dp | N]|] 1|V |D|[N[I]V][D]|N
Control group
1 S| | | | | e B I A B o e e P s - +H+ |+ - - -] -
2 S| | | ++ | A | e I B e R B B e e A - + |+ - - - -
3 | | | ++ | | ++ | ++ | - | | - | ] - -+ +
4 e ++ | | Rl el B N ST B - +++ | + - + |+ |+
5 e ++ | | Sl Bl B N R B I - +++ | + - + |+ | -
6 - + ++ | ++ | | ++ - - - - ++ | | - - - N I
T1 group
1 - + | | - | B e e I e I e B e e I - - -
2 - + ++ | ++ - ++ | - o+ -+ | e I S B A - - -
3 -+ ++ | ++ - ++ | ++ - o+ -+ | e I S I A + | + | -
4 -+ + | ++ ++ + | ++ - + |-+ | ++ - | | - - -
5 - |+ + | ++ ++ | ++ ++ ++ | ++ - -+ | + ++ - - - + |+ | -
6 - + ++ ++ ++ |+ ++ - ++ - - - - - - - - - - -] -
T2 group
1 - + + - + - - + - - -+ - - - - + - - -] -
2 - - + - + - - - - - - - - - - - - - - - -
3 - - + - - - - - + - - - - - - - - - - - -
4 - - + - - - - - |+ - - + + - - - - - - -
5 - + - - - - - - ++ - -+ + - - + + - - - -
6 - - + - - - - - + - - - - - - - - - - - -
Sham group
1 - - + - ++ + - - - - - - - - - - - - - - -
2 - - + - ++ - - - - - - - - - - - - - - -] -
3 - - - - - - - - - - . - - - - - - . -
4 - - - - - - - - - - . - - - - - - . -
5 - - - - - - - - - - . - - - - - - - - -
6 - - - - - - - - - - - - - - - - - - - .

I: inflammation, V: vascular changes (Hyperemia, hemorrhage and edema), D:

degeneration, N: necrosis

Vet. arhiv 93 (6), 719-730, 2023
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Lymphoid follicles were hyperplastic in some
areas. Islet cells were not affected by degeneration
in any case in this group. Lesions were generally
restricted to certain areas. They were not widespread
in every field. When the histopathological findings
of group T2 are examined, they show similarities
with the findings of group T1. Likewise, the
density of inflammatory cells differed less when
comparing groups T1 and T2. In group T2, these
findings were observed in the same organs, while
the number of affected cases was found to be low.
In the liver, fewer degeneration and vasculature
changes were found in four cases. In the kidney and
spleen, milder lesions were found with the same
appearance. In the lungs, mild vasculature changes,
including hyperemia and edema, were found in two

cases. In the heart, there were moderate changes
in three cases. There was no inflammatory cell
infiltration in this group as in previous groups. In
group S, the findings were localized in the liver,
lungs, heart, spleen, and kidneys in general. There
was no inflammatory infiltration. Vascular changes
and cellular alterations, including degeneration and
necrosis, were common in every field of the organs
in almost all cases. No lesions were found in the
pancreas in group S, even though there were severe
degenerative and necrotic changes in group C, and
milder or less degeneration in groups T1 and T2
(Fig. 1.). The histopathological scores of the liver,
lungs, heart, kidneys, spleen, and pancreas are
given in Tables 2, 3 and 4 and Fig. 2.

Table 3. Statistical correlation between groups by Two-way ANOVA

Two-way RM Matching: both
ANOVA factors
ASSqunE.t Yes
sphericity
Alpha 0.05

0,
Soqrcg of o Of tgtal P value P Valu.e Significant F (DFn, DFd)
variation variation correlation
Organs 7.452 0.0190 * Yes F (5.15)=3.857
Histopathological 40.44 0.0061 = Yes F (3.9) = 8.176
findings
Organs x
Histopathological 10.07 0.0077 ok Yes F (15.45)=2.558
findings

Vet. arhiv 93 (6), 719-730, 2023
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Table 4. Comparative group results according to histopathological findings in organs by post- hoc Bonfererroni’s
multiple comparison test

Bonferroni’s multiple comparisons test di?f{c[eizﬁce Significant Summary | Adjusted P value
Liver

Control group vs. T1 group 11.65 No ns 0.9930
Control group vs. T2 group 35.40 Yes HAK 0.0006
Control group vs. Sham group 39.57 Yes HAK 0.0001
T1 group vs. T2 group 23.75 Yes * 0.0370
T1 group vs. Sham group 27.92 Yes *x 0.0091
T2 group vs. Sham group 4.165 No ns >0.9999
Lungs

Control group vs. T1 group 34.58 Yes HAK 0.0008
Control group vs. T2 group 56.66 Yes oAk <0.0001
Control group vs. Sham group 56.66 Yes ool <0.0001
T1 group vs. T2 group 22.08 No ns 0.0628
T1 group vs. Sham group 22.08 No ns 0.0628
T2 group vs. Sham group -3.553e-015 No ns >0.9999
Heart

Control group vs. T1 group 22.92 Yes * 0.0483
Control group vs. T2 group 32.50 Yes wox 0.0017
Control group vs. Sham group 44.58 Yes ook <0.0001
T1 group vs. T2 group 9.583 No ns >0.9999
T1 group vs. Sham group 21.66 No ns 0.0714
T2 group vs. Sham group 12.08 No ns 0.9045
Kidney

Control group vs. T1 group 22.84 Yes * 0.0495
Control group vs. T2 group 40.42 Yes oo <0.0001
Control group vs. Sham group 46.67 Yes okl <0.0001
T1 group vs. T2 group 17.58 No ns 0.2335
T1 group vs. Sham group 23.83 Yes * 0.0361
T2 group vs. Sham group 6.248 No ns >0.9999
Spleen

Control group vs. T1 group -6.665 No ns >0.9999
Control group vs. T2 group 24.17 Yes * 0.0323
Control group vs. Sham group 28.75 Yes *x 0.0068
T1 group vs. T2 group 30.83 Yes *E 0.0032
T1 group vs. Sham group 35.41 Yes R 0.0006
T2 group vs. Sham group 4.580 No ns >0.9999
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Table 4. Comparative group results according to histopathological findings in organs by post- hoc Bonfererroni’s
multiple comparison test (continued)

Bonferroni’s multiple comparisons test dié\f/zgce Significant Summary | Adjusted P value
Pancreas

Control group vs. T1 group -0.8325 No ns >0.9999
Control group vs. T2 group 3.335 No ns >0.9999
Control group vs. Sham group 7.498 No ns >0.9999

T1 group vs. T2 group 4.168 No ns >0.9999

T1 group vs. Sham group 8.330 No ns >0.9999

T2 group vs. Sham group 4.163 No ns >0.9999

Statistical correlation degree: ns not significant * mild ** moderate ***high

Discussion

In the management of sepsis, providing
tissue oxygenation and perfusion, and applying
appropriate antimicrobial therapy against the
causative organism are some of the therapeutic
goals. For this purpose, the appropriate antibiotic
use, at the right time, fluid therapy, vasopressors
and inotropes, airway support and oxygen, and
cortisone are used for sepsis treatment (KEELEY
et al.,, 2017). Although there are many treatment
options used in sepsis cases, specific therapy,
targeting the sepsis mediators has not yet been
proven to be effective (EVANS, 2018). Therefore,
new drug candidate molecules, including
promising natural products, have been investigated
for the treatment of sepsis. The effectiveness of
medicinal plants in the treatment of many diseases
has been investigated for many years. The use
of polyphenols in the treatment of inflammatory
diseases has become increasingly important
due to their anti-inflammatory effects. Phenolic
compounds are generally found in the fruit, leaves,
seeds, bark, and roots of plants (COLOMBO et
al., 2013; MANSOURI et al., 2016) According to
previous studies, many plants such as Ferulago
pauciradiata (KUTLU et al., 2020), Andrographis
paniculata, Zingiber officinale, Curcuma longa,
Piper nigrum, Syzygium aromaticum, Momordica
charantia, and Centella asiatica (LIEW etal.,2020)
are used for the treatment of sepsis due to their
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anti-inflammatory and antioxidant properties. The
antibacterial, antioxidant, and anti-inflammatory
effects of P. granatum have been revealed in
previous studies (AVIRAM et al., 2004; LANSKY
and NEWMAN, 2007; DE NIGRIS et al., 2007).
Therefore, in the present study, we investigated
the preventive and therapeutic effects of the peel
powder of P. granatum in a rat sepsis model. The
results showed that the peel powder of Punica
granatum used in group T2 displayed beneficial
effects in the sepsis model in rats, considering the
histopathological changes when compared to the
control and T1 groups.

The  endotoxic  model induced by
lipopolysaccharide (LPS) mimics poisoning
rather than infection. The cytokines peak early
in the LPS model, whereas in the CLP model,
the pro-inflammatory response is delayed and
continues over time. In the LPS model, mortality
is thought to occur early, most likely due to the
effects of the intense inflammatory response on the
cardiovascular system (RUIZ et al., 2016). In the
CLP model, mortality is delayed by multi-organ
failure complicating induced peritonitis. The most
widely used CLP model for experimental sepsis is
currently considered as the gold standard in research
because it mimics the nature and evolution of severe
sepsis in humans (RUIZ et al., 2016). The timing
of antibiotic administration is directly related to
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overall survival. When antibiotic administration is
12 hours after CLP, mice with IL-6 concentrations
higher than 14,000 upg/mL have 0% survival, while
administration of antibiotics at 6 hours to mice with
similar IL-6 concentrations is reported to increase
overall survival to 25% (LEWIS et al., 2016).
When choosing an experimental animal species in
experimental sepsis models, it is important for the
purpose of the study that the animal species is easily
accessible and cost-effective. For these reasons,
small experimental animals, such as mice, rats, and
guinea pigs are frequently used. These species are
also used in survival studies, and histopathological
examinations (ISKIT, 2005). In the present study,
the survival rate of the rats in group T1 was higher
than that of rats in group T2. It was considered that
the administration of P. granatum L. peel powder 6
hours before CLP may increase the survival rate in
the treatment of sepsis.

A literature search showed that antimicrobial
therapy 1is an essential factor for sepsis
management. Therefore, bacterial identification
should be performed in the treatment process
(MONTRAVERS et al, 2009; VAITTINADA
et al., 2020). In a study of 16 rats, blood cultures
after CLP found E. coli 88% (14/16), Enterococcus
faecalis 81% (13/16), and Enterobacter cloacae
75% (12/16) (VAITTINADA et al., 2020). In this
CLP-induced study, blood cultures (£ coli and S
aureus) were determined to be compatible with
common polymicrobial infections in humans with
stercoral peritonitis. It was observed that bacteria
were isolated in fewer animals in group T1 (n=2)
than in C (n=6) and T2 (n=4). It was thought that
the administration of P. granatum L. peel powder 6
hours before CLP may have a beneficial effect on
blood bacterial elimination in sepsis.

In conclusion, the present study using a rat sepsis
model, induced by cecal ligation and puncture,
showed that inflammation, vascular changes,
degeneration, and necrosis of visceral organs,
especially the lungs, were caused by S. aureus and/
or E. coli. However, it was indicated that blood
cultures could be used as a diagnostic marker in the
pathogenesis of sepsis. In addition, pomegranate
peel powder administration was determined to

728

be effective in the treatment of sepsis, with its
antimicrobial and anti-inflammatory functions.
Thus, ellagic acid may be an alternative therapeutic
agent against sepsis.

Conflicts of Interest

The authors declare that there are no conflicts of interest.

References

AVIRAM, M., M. ROSENBLAT, D. GAITINI, A. HOFFMAN,
L. DORNFELD, T. HAYEK (2004): Pomegranate juice
consumption for 3 years by patients with carotid artery
stenosis reduces common carotid intima-media thickness,
blood pressure and LDL oxidation. Clin. Nutr. 23, 423-433.
DOI: 10.1016/j.cInu.2003.10.002

COLOMBO, E., E. SANGIOVANNI, M. DELL’AGLI (2013):
A review on the anti-inflammatory activity of pomegranate
in the gastrointestinal tract. Evid. Based Complement.
Alternat. Med. 2013, 247145.

DOI: 10.1155/2013/247145

DE NIGRIS, F., M. L. BALESTRIERI, S. WILLIAMS-
IGNARRO, F. P. D’ARMIENTO, C. FIORITO, L.
J. IGNARRO, C. NAPOLI (2007): The influence of
pomegranate fruit extract in comparison to regular
pomegranate juice and seed oil on nitric oxide and arterial
function in obese Zucker rats. Nitric Oxide 17, 50-54.
DOI:10.1016/j.ni0x.2007.04.005

DENIGRIS, F., S. WILLIAMS-IGNARRO, L. O. LERMAN, E.
CRIMI, C. BOTTI, G. MANSUETO, F. P. D’ARMIENTO,
G. DE ROSA, V. SICA, L. J. IGNARRO, C. NAPOLI
(2005): Beneficial effects of pomagranate juice on oxidation-
sensitive gensand endothelial nitricoxide synthase activity
at sites of perturbedshearsstress. Proc. Natl. Acad. Sci.102,
4896-4901.

DOI: 10.1073/pnas.0500998102

EVANS, T. (2018): Diagnosis and management of sepsis. Clin.
Med. (London) 18, 146-149.

DOI: 10.7861/clinmedicine.18-2-146

FADDLADDEEN, K. A., A. A. OJAIMI (2019): Protective
Effect of Pomegranate (Punica granatum) Extract against
Diabetic Changes in Adult Male Rat Liver: Histological
Study. J. Microsc. Ultrastruct. 7, 165-170.
DOI:10.4103/IMAU.JMAU 6 19

HU, J., Z. TANG, J. XU, W. GE, Q. HU, F. HE, W. TANG
(2019): The inhibitor of interleukin-3 receptor protects
against sepsis in a rat model of cecal ligation and puncture.
Mol. Immunol. 109, 71-80.

DOI: 10.1016/j.molimm.2019.03.002

ISKIT, A. B. (2005): Experimental models in sepsis. Yogun
Bakim Dergisi, 5, 133-136.

Vet. arhiv 93 (6), 719-730, 2023



U. Ulker et al.: Preventive and therapeutic effect of Punica granatum in sepsis

JONES, A. E., M. A. PUSKARICH (2011): Sepsis-induced
tissue hypoperfusion. Crit. Care Nurs. Clin. North Am.
23,115-125.

DOI: 10.1016/j.ccell.2010.12.007

KAUKONEN, K. M., M. BAILEY, S. SUZUKI, D. PILCHER,
R. BELLOMO (2014): Mortality related to severe sepsis
and septic shock among critically ill patients in Australia
and New Zealand, 2000-2012. JAMA 311, 1308-1316.
DOI: 10.1001/jama.2014.2637

KEELEY, A., P. HINE, E. NSUTEBU (2017): The recognition
and management of sepsis and septic shock: a guide for
non-intensivists. Postgrad. Med. J. 93, 626-634.

DOI: 10.1136/postgradmed;j-2016-134519 Abstract

KUTLU, Z.,M. CELIK,A.BILEN, Z.HALICI, S. YILDIRIM,S.
KARABULUT, P. AYDIN (2020): Effects of umbelliferone
isolated from the Ferulago pauciradiata Boiss. & Heldr.
Plant on cecal ligation and puncture-induced sepsis model
in rats. Biomed. Pharmacother. 127, 110206.

DOI: 10.1016/j.biopha.2020.110206

LANSKY, E. P, R. A. NEWMAN (2007): Punica
granatum  (pomegranate) and its potential for
prevention and treatment of inflammation and cancer. J.
Ethnopharmacol.109,177-206.

DOI: 10.1016/j.jep.2006.09.006.

LEVY, M. M., A. ARTIGAS, G. S. PHILLIPS, A. RHODES,
R. BEALE, T. OSBORN, R. P. DELLINGER (2012):
Outcomes of the Surviving Sepsis Campaign in intensive
care units in the USA and Europe: a prospective cohort
study. Lancet Infect. Dis. 12, 919-924.

DOI: 10.1016/81473-3099(12)70239-6

LEWIS, A. J, C. W. SEYMOUR, M. R. ROSENGART
(2016): Current Murine Models of Sepsis. Surg. Infect. 17,
385-393.

DOI: 10.1089/sur.2016.021

LIEW, K. Y., M. F. HAFIZ, Y. J. CHONG, H. H. HARITH,
D. A. ISRAF, C. L. THAM (2020): A review of
malaysian herbal plants and their active constituents with
potential therapeutic applications in sepsis. Evid. Based
Complement. Altern. Med. 2020, 8257817.

DOI: 10.1155/2020/8257817

LUNA, L. G. (1968): Manual of histologic staining methods
of the Armed Forces Institute of Pathology. 3rd Edition,
McGraw-Hill, New York.

MANSOURI, E., J. BASGEN, S. SAREMY (2016): The
effects of pomegranate extract on normal adult rat kidney:
A stereological study. Vet. Res. Forum 7, 1-6.

Vet. arhiv 93 (6), 719-730, 2023

MIGUEL, M. G., M. A. NEVES, M. D. ANTUNES (2010):
Pomagranate (Punica granatum L.) a medicinal plant with
myriad biological properties—a short review. J. Med. Plants
Res. 425, 2836- 2847.

MONTRAVERS, P, A. LEPAPE, L. DUBREUIL, R. GAUZIT,
Y. PEAN, D. BENCHIMOL, H. DUPONT (2009): Clinical
and microbiological profiles of community-acquired
and nosocomial intra-abdominal infections: results of
the French prospective, observational EBIIA study. J.
Antimicrob. Chemother. 63,785-794.

DOI: 10.1093/JAC/DKP005

POELAERT, J.,, C. DECLERCK, D. VOGELAERS, F.
COLARDYN, C. A. VISSER (1997): Left ventricular
systolic and diastolic function in septic shock. Intensive
Care Med. 23, 553-560.

DOI: 10.1007/s001340050372

RUIZ, S., F. VARDON-BOUNES, V. MERLET-DUPUY, J.
M. CONIL, M. BULEON, O. FOURCADE, 1. TACK,
V. MINVILLE (2016): Sepsis modeling in mice: ligation
length is a major severity factor in cecal ligation and
puncture. Intensive Care Med. Exp. 4, 22.

DOI: 10.1186/s40635-016-0096-z

SINGER, M., C. S. DEUTSCHMAN, C. W. SEYMOUR,
M. SHANKAR-HARI, D. ANNANE M. BAUER, D.
C. ANGUS (2016): The third international consensus
definitions for sepsis and septic shock (Sepsis-3). JAMA
315, 801-810.

DOI: 10.1001/jama.2016.0287

STOJANOVIC, 1, K. SAVIKIN, N. BEDOVIC, 1I.
ZIVKOVIC, T. SAKSIDA, M. MOMCILOVIC, N.
MENKOVIC (2017): Pomegranate peel extract ameliorates
autoimmunity in animal models of multiple sclerosis and
type 1 diabetes. J. Funct. Foods 35, 522-530.

DOI: 10.1016/j.jff.2017.06.021

VAITTINADA AYAR, P, H. JACQUIER, B. DENIAU, F.
AZIBANI, A. MEBAZAA, A. BLET (2020): Analysis of
blood culture in a rat model of cecal ligation and puncture
induced sepsis. Intensive Care Med. Exp. 8, 18.

DOI: 10.1186/s40635-020-00310-6

VIEILLARD-BARON, A. (2011): Septic cardiomyopathy Ann.
Intensive Care 1, 6.

DOI: 10.1186/2110-5820-1-6

Received: 8§ May 2022
Accepted: 23 August 2022

729



U. Ulker et al.: Preventive and therapeutic effect of Punica granatum in sepsis

ULKER, U., M. A. DEMIREL, B. BAYRAKTAR, M. E. ALCIGIR, A. AKSOY: Preventivni i terapijski u¢inci
praha kore pitomog Sipka (P. Granatum) na modelu sepse u Stakora. Vet. arhiv 93, 719-730, 2023.

SAZETAK

C1lj je rada bio procijeniti potencijal lijeCenja prahom kore pitomog Sipka Punica granatum L. kod eksperimentalno
izazvane sepse u Stakora. Ukupno 24 muzjaka Wistar Albino Stakora, u dobi od 10 tjedana, ukljuceno je u istrazivanje.
Zivotinje su podijeljene u &etiri skupine: placebo-skupinu (S), kontrolnu skupinu (C), pokusnu skupinu 1 (T1) i pokusnu
skupinu 2 (T2). Kako bi se potaknula sepsa, provedena je cekalna ligacija i punkcija. Prah kore pitomog Sipka (200
mg/kg peroralno) dan je jedan sat prije (T1) i 10 sati poslije (T2) kirurSkog zahvata u dozi od 2 mL. Na kraju pokusnog
postupka provedena je mikrobna i histopatoloska analiza jetre, pluca, srca, bubrega, slezene i gusterace. 1z krvi su
izolirane bakterije Escherichia coli, Staphylococcus aureus i E. coli + S. aureus. TeSka bakterijemija otkrivena je u
krvi zivotinja u kontrolnoj skupini. Uocena je manja prisutnost bakterija u skupinama T1 (n=2) i T2 (n=4) u usporedbi
s kontrolnom skupinom. U tkivu gusterace nije bilo lezija ni u jednoj skupini. U svih Zivotinja u kontrolnoj skupini u
usporedbi s placebo-skupinom uocene su krvozilne promjene i degenerativne promjene te nekroza. Vrijednosti nalaza
u skupini T1 bili su sliéni onima u kontrolnoj skupini, no u manjeg broja zivotinja. Zapazeno je opée poboljSanje u
skupini T2, osim toga su postojece lezije bile umjerene tezine. Zakljucuje se da je prah kore pitomog Sipka sprijecio
ostecenje pluca uzrokovano ligacijom i punkcijom cekuma u pokusnih Stakora. Stoga bi prah kore P. granatum L.
mogao biti alternativno terapijsko sredstvo kod ostecenja plu¢nog tkiva uzrokovanog sepsom. Oporavak od upale bio
je brzi u skupini T2 nego u drugim skupinama. Prema rezultatima ovog istrazivanja prah kore P. granatum ucinkovit
je u lijeCenju sepse s obzirom na svoja antimikrobna i protuupalna svojstva.

Kljuéne rije€i: cekalna ligacija i punkcija; upala; Punica granatum, sepsa
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