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Abstract: The ameliorated impact of punicalagin was studied in mice exposed to nephrotoxicity caused by cisplatin
(5 mg/kg/, i.p.). Punicalagin treatment (9 mg/kg/day, p.o.) was given for 5 days, administered on the same day as
cisplatin. Punicalagin greatly ameliorated the cisplatin-induced elevations of serum creatinine, renal nitric oxide,
malondialdehyde, tumor necrosis factor-o, and caspase-3, and significantly increased kidney glutathione peroxidase
in mice that received cisplatin. In addition, punicalagin markedly attenuated the histopathological changes, and
significantly decreased nuclear factor-kB expression in the kidneys of mice that received cisplatin. We concluded
that punicalagin protected against acute kidney injury caused by cisplatin in mice through its antioxidant, and anti-
inflammatory effects.
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1. Introduction: induced nephrotoxicity in mice was investigated in the
Some cancers such as head and neck, gonadal, present study.

thyroid, breast and lung cancers are commonly treated

by the antitumor agent cisplatin [1, 2]. However, the 2. Materials and Methods:

optimum clinical efficacy of cisplatin is usually Chemicals

limited by its dose-dependent nephrotoxicity [3]. Both punicalagin and cisplatin were provided by

Acute kidney injury with various degrees of renal Sigma-Aldrich, USA, and were dissolved in

dysfunction occurs in about 20% of patients following physiological saline. In this study selected doses were

the initial dose of cisplatin [4]. The exact mechanism based on previous studies [5, 14].

underlying this toxicity is not well understood. Laboratory animals

However, oxidative stress, exhaustion of endogenous The animals used were male albino mice,

antioxidants, as glutathione peroxidase (GPx), and weighing 25-30 g, they were given free access to

membrane lipid peroxidation with enhanced standard food and water, and housed at 24°C, 12 h

generation of malondialdehyde (MDA) are implicated light-dark cycle, and humidity of 45%. They were left

in the pathogenesis of this condition. In addition, to acclimatize for 7 days before the beginning of the

activation of nuclear factor-kB (NF-xB), and experiments. All experimental procedures were

increased production of inflammatory cytokines, as approved by University Ethics Committee and carried

tumor necrosis factor-a (TNF-a), seem to play an out in accordance with Animail Welfare Committee

important role [4, 6]. This leads finally to renal cell (IRB NO 2019-034-Sci).

necrosis and apoptosis. Several antioxidants and anti- Study design

inflammatory agents significantly protected the The mice were divided into 3 clusters (n = 12,

kidneys against the harmful effects of cisplatin [7, §]. each). Group one served as control, receiving
Punicalagin is the main active polyphenolic physiological saline through i.p. injection. The mice

constituent of pomegranate extract. It has, anti- of group two and three were given a single injection

inflammatory [9,10], antioxidant and anti-apoptotic of cisplatin (5 mg/kg, i.p.). The mice of group two and

activities [l11]. Previous studies showed that three received a daily physiological saline or

pomegranate extract significantly ameliorated kidney punicalagin (9 mg/kg/day), p.o., respectively, for 5

damage in rats exposed to gentamicin, and hypoxia- days beginning on the same day of cisplatin

reoxygenation [12, 13]. Therefore, the possible administration.

ameliorated effect of punicalagin against cisplatin-
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Sample collection and biochemical examination

The mice were euthanized 5 days after cisplatin
administration. The left ventricle of the heart was
punctured to collect blood samples, the blood was left
to clot for 60 min, then centrifuged for 10 min at 500
rpm. The serum creatinine level was measured using a
colorimetric kit (Stanbio Laboratory, USA).

Cold potassium phosphate buffer (0.05 M, pH
7.4) was used to homogenize the collected right
kidneys, after which centrifugation at 5000 rpm for a
duration of 10 min at 4 °C was conducted to the
resulting homogenate samples, the supernatant was
used to detect levels of: malondialdehyde (MDA) and
glutathione peroxidase (GPx) using (BioVision, USA)
colorimetric assay kit, and nitric oxide (NO) was
assayed using (Sigma-Aldrich, USA) colorimetric
assay kit. In addition, kidney tissue levels of tumor
necrosis factor-a (TNF-o), and caspase-3 were
measured by ELISA kits (R & D Systems, USA). All
kits were used as directed by manufacturers.
Histopathology examination

Fixation of left kidneys occurred in 10%
formalin solution, after which ascending grades of
alcohol dehydrated the tissues, and finally paraffin
was used to embed the samples. 5 pm-thick sections
were stained I in hematoxylin and eosin (H & E) and
examined using a light microscope.
Immunohistochemistry examination

Sections were deparaffinised, rehydrated, and
H,O, in methanol blocked endogenous peroxidase
activity. Citrate buffer was used to pre-treat the
sections at (pH 6.0) using a microwave. After which
sections were incubated with rabbit polyclonal
antibody against mice nuclear factor-kB (NF-kB) at
room temperature (Thermo Scientific, USA, dilution
1:100). Sections were incubated with biotinylated goat
anti-polyvalent, streptavidin peroxidase and DAB plus
chromogen respectively. Hematoxylin was used to
counterstain the slides, after which they were
examined by light microscope.
Statistics

The data is presented as mean + S.E.M. The
results were analyzed by one-way ANOVA, thereafter
were analyzed by Tukey test for post hoc comparisons
using GraphPad Prism software program (version 6).
Statistical significance was considered at P < 0.05.

3. Results:
Biochemistry

Cisplatin administration caused a significant
increase in serum creatinine, and renal MDA, NO,
TNF-a, and caspase-3, and a noticeable decrease in
renal GPx, when compared to control. On the other
hand, punicalagin treatment significantly decreased
serum creatinine, and renal MDA, NO, TNF-a, and
caspase-3, and significantly increased GPx in the

kidneys of mice received cisplatin (Figures 1, 2, and
3).
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Figure 1. Effect of punicalagin (PN) on serum
creatinine level in mice that received cisplatin (CIS).
P < 0.05 vs. control group, 7P < 0.05 vs. cisplatin

group.
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Figure 2. Effects of punicalagin (PN) on renal MDA,
NO, and GPx in mice that received cisplatin (CIS). P
< 0.05 vs. control group, “P < 0.05 vs. cisplatin group.



Cancer Biology 2021;11(1) http://www.cancerbio.net

60- Figure 3. Effects of punicalagin (PN) on renal TNF-a,
* L] TNF-a and caspase-3 in mice that received cisplatin (CIS). P
50+ . Caspase-3 < 0.05 vs. control group, “P < 0.05 vs. cisplatin group.
o0

E 4 . Histopathology
= 30- Histopathological damage of kidney tissue was
S caused by cisplatin, it was apparent in the form of
20 z desquamation of epithelial cells, tubular dilatation,
vacuolization, coagulative necrosis and interstitial
104 edema. Punicalagin markedly attenuated kidney tissue
injury, and improved the histopathological picture of

=]

© the kidneys in mice received cisplatin (Figure 4).

Figure 4. Histological sections: (A) control group revealing normal histology of kidney tissues; (B) cisplatin group
revealing tubular necrosis, dilatation, epithelial desquamation, vacuolization, and interstitial edema; (C) punicalagin
plus cisplatin group revealing histological similarities to the control group. (H & E, 200x)

Immunohistochemistry control group. Contrarily, punicalagin caused clear
Immunohistochemical examination revealed that decrease in NF-kB expression in mice that received
cisplatin caused a marked increase of NF-xB cisplatin (Figure 5).

expression in the kidney tissue when compared with

Figure 5. Immunohistochemical staining of NF-kB (200%) in mice kidneys from: (A) control group revealing low
NF-«xB levels; (B) cisplatin group revealing a marked addition in NF-kB immunoreactivity; (C) punicalagin plus
cisplatin group showing a marked decrease in NF-kB immunostaining,.

12



Cancer Biology 2021;11(1)

http://www.cancerbio.net

4. Discussion:

In agreement with the present study, recent
evidence suggests that cisplatin-induced kidney injury
results from oxidative stress and increased p of
reactive oxygen species [15, 16]. The depletion of the
endogenous antioxidant enzymes, are caused by the
increased production of reactive oxygen species, as
GPx, and enhances membrane lipid peroxidation in
renal tissue with increased production of MDA [17].
Punicalagin has marked antioxidant effect, scavenges
reactive oxygen species, and protects against lipid
peroxidation. This is in agreement with our results,
which indicated that punicalagin decreased MDA, and
enhanced GPx activity in the kidneys of mice that
received cisplatin. In addition, cisplatin nephrotoxicity
increases NO production because TNF-o can activate
inducible nitric oxide synthase enzyme [18]. Excess
NO reacts with superoxide anion to generate
peroxynitrite, which oxidizes and nitrates cellular
macromolecules causing further cell damage.
Cisplatin also enhances NF-kB pathway with elevated
production of inflammatory cytokines, mainly TNF-a,
responsible for further renal tissue damage [19]. In

consistence with the present results, previous
investigations showed similar antioxidant, anti-
inflammatory, and antinitrosative activities of

punicalagin [20, 21].

Besides, it was reported that cisplatin causes
apoptosis of renal cells by inducing caspase family of
protease enzymes. Caspase-3 is the major apoptotic
executioner responsible for DNA fragmentation,
chromatin condensation, and protein denaturation
[22]. In the present work, punicalagin significantly
prevented apoptosis by inhibiting caspase-3 activity in
the kidneys of mice exposed to cisplatin. Similarly,
previous investigations showed that punicalagin
exerted a significant anti-apoptotic effect [23, 24].
The antioxidant, anti-inflammatory, and antinitrative
effects are the main factors responsible for anti-
apoptotic activity of punicalagin.

Histopathological examination revealed that
cisplatin caused widespread injury in the kidney
tissues in the form of tubular cell necrosis, tubular
dilatation, epithelial desquamation, vacuolization, and
interstitial edema. Similar injuries were observed in
previous studies [25, 26]. This study showed that
punicalagin protected the integrity of kidney tissue in
cisplatin-challenged mice.

It was concludled by  biochemical,
histopathological, and immunohistochemical
examinations that punicalagin exerted a significant
ameliorated effect against kidney injury caused by
cisplatin in mice through its antioxidant, anti-
inflammatory, antinitrative and anti-apoptotic
properties, giving punicalagin an important role as a
naturally occurring therapeutic agent that may be
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administered during the course of treatment with
cisplatin.
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