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Abstract

Cisplatin is an effective chemotherapeutic agent that displays dose-limiting nephrotoxicity.
In the present study, the efficacy of grape seed proanthocyanidin extract (GSPE: 100 mg/kg/day)
and fish oil (FO: 5 mL/kg/day) against cisplatin-induced nephrotoxicity was evaluated in terms
of DNA damage, histopathological changes and expression levels of molecular markers of
apoptosis. The administration of cisplatin (CP) (7 mg/kg) results in an increasing percentage of
S-phase, G2/M and apoptosis. Furthermore, CP induces apoptosis as indicated by an elevation
of renal caspase-3 and reduction in the expression of BCL-2. In addition to occurred renal
histopathological changes as manifested by tubular degeneration, degenerative glomerulus,
necrotic tubular cells, and cell debris. On the other hand, the administration of GSPE or FO pre-
cisplatin treatment can be ameliorated the current DNA cell cycle alterations by the restoration
of expression of proteins related to apoptosis and reduced the undesirable renal histopatho-
logical changes. So, it can be concluded that the consumption of GSPE or FO might be useful
for minimizing nephrotoxicity caused by cisplatin chemotherapy through their anti-apoptotic
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and antioxidant properties.

Introduction

Cisplatin and other platinum derivatives are among the most
effective chemotherapeutic agents widely used in the treat-
ment of a variety of solid tumors including ovarian, testicular,
head and neck carcinomas, and germ cell tumors.,1 However,
the full clinical utility of cisplatin is limited by its nephro-
toxicity.” The mechanism of cisplatin nephrotoxicity remains
to be fully elucidated. In addition to direct tubular toxicity in
the form of apoptosis and necrosis,3 vascular factors,4 and
inflammation® that have been implicated in the pathogenesis
of cisplatin-mediated nephrotoxicity. These complications are
associated with cisplatin-induced oxidative stress."*® Cisplatin
chemotherapy induces a reduction in plasma antioxidant
levels, leading to a failure of the antioxidant defense against
free radical damage generated by antitumor drugs.” It has
multiple intracellular effects, causing direct cytotoxicity with
reactive oxygen species, activating mitogen-activated protein
kinases, inducing apoptosis® and stimulating inflammation,
but its major dose limiting side effect is nephrotoxicity.
Cisplatin selectively damages proximal tubular epithelial
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cells.” Its concentration in proximal tubular cells is about five
times the serum concentration,'® this disproportionate accu-
mulation of cisplatin in renal tissue contribute to cisplatin-
induced nephrotoxicity.> Continued aggressive high-dose
cisplatin chemotherapy necessitates the investigation of
ways for prevention of the dose limiting side effects that
inhibit the cisplatin administration at tumoricidal doses. There
is a continuous search for agents that provides nephroprotec-
tion against CP and other platinum drugs.’

Recent studies suggested that diet supplemented with
natural agents, such as grape seed extracts that have a high
concentration of vitamin E, flavonoids, linoleic acid, poly-
phenols, including oligomeric proanthocyanidins recognized
as antioxidants, which are naturally occurring polyphenolic
compounds widely available in fruits, vegetables, nuts, seeds,
flowers, and bark.'! GSPE has been shown to serve as one of
the most potent free radical scavengers and provides signifi-
cant protection against damage of oxidative stress.'* Also, a
number of investigations have also demonstrated that fish oil
(FO) enriched in «-3 fatty acids has profound beneficial
health effects against various pathologies'® including cardio-
vascular diseases, respiratory diseases, diabetes, depression,
cancers, inflammatory, and immune renal disorders.'* Thus, it
was thought worthwhile to investigate the role of the
supplementation of GSPE as a plant product or fish oil as
animal product in alleviating the nephrotoxicity and other
adverse effects of cisplatin in rats.
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Materials and methods
Chemicals and drugs

Cisplatin (CP) was purchased from Mayne Pharmaceuticals
(Warwickshire, UK), Fish oil (FO) [Menhaden, Sigma
Chemical Co., Los Angeles, CA] and a dried powdered
grape seed proanthocyanidin extract (GSPE) commercially
known as Noxylife was obtained from Pharco
Pharmaceuticals (Mansoura, Egypt).

Animals

Healthy male albino rats (Rattus rattus), 8 weeks old (150-
170 g) were purchased from Institute of Ophthalmic Disease
Research, Cairo, Egypt. Rats were housed in a stainless steel
cages in a windowless room with automatically regulated
temperature (22-25 °C). They were kept under good ventila-
tion under a photoperiod of 12 h light:12 h darkness schedule
with lights-on from 06.00 to 18.00. They received a standard
laboratory diet composed of 60% ground corn meal, 15%
ground beans, 10% bran, 10% corn oil, 3% casein, 1% mineral
mixture, and 1% vitamins mixture, purchased from Meladco
Feed Company (Aubor City, Cairo, Egypt) and supplied with
water ad libitum throughout the experimental period. Animals
were provided with humane care and the present study
complies with the instruction’s guidelines. The local com-
mittee approved the design of the experiments, and the
protocol conforms to the guidelines of the National Institutes
of Health (NIH).

Experimental design

After two weeks of acclimatization, the animals were divided
at random into six groups (six animals each group): group I
served as control, group II was orally received GSPE (100 mg/
kg BW/day) dissolved in water for six weeks.'> Group III was
orally received fish oil (5mL/kg BW/day) for six weeks.'®
Group IV treated with a single intraperitoneal dose of cisplatin
(7.5 mg/kg BW)."” Group V received GSPE (100 mg/kg BW/
day) dissolved in water orally for six weeks in addition to
cisplatin treatment (7.5 mg/kg BW) as a single intraperitoneal
dose after five weeks of the experiment. Group VI was orally
received fish oil (5 mL/kg BW/day) for six weeks in addition to
cisplatin treatment (7.5 mg/kg BW) as a single intraperito-
nealdose after the Sth week of the experiment. All the animals
were sacrificed after one week of cisplatin administration.

Sample collection and tissue preparations

Animals were sacrificed and blood was withdrawn from left
jugular vein and put into chilled non-heparinized tubes, which
were centrifuged for separation of serum. The sera were
frozen at —20 °C for future measurements. Then animals were
dissected and the kidneys were removed and decapsulated,
then they buffered to remove blood and other materials. One
of the two kidneys was fixed with 10% formalin solution. The
other was minced and homogenized (10% w/v), separately, in
ice-cold sodium, potassium phosphate buffer (0.01 M, pH 7.4)
containing 1.15% KCI in a Potter—Elvehjem type homogen-
izer. The homogenates were centrifuged and used for further
analysis.
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Flow cytometric DNA cell cycle analysis

The flow cytometry analysis was performed in the Mansoura
University Hospital using flow activated cell sorter (FACS)
Calibur Flow Cytometer (Becton Dickinson, Sunnyvale, CA)
equipped with a compact air-cooled low power 15 mWArgon
ion laser beam (488 nm). The average number of evaluated
nuclei per specimen was 20.000 and the number of nuclei
scanned was 120/s. DNA histogram derived from flow
cytometry was obtained with a computer program by Dean
and Jett mathematical analysis.'® Data analysis was conducted
using DNA analysis program MODFIT (Verity Software
House, Inc., Topsham, ME, version: 2.0 powers Mac with
131,072 kb; Registration No: 42000960827-16193213; Date
made: 16 September 1996). This software calculated the
coefficient of variation (CV) around the GO/G1 peak and the
percentage of cells in each phase (GO/G1, S and G2/M) of the
DNA cell cycle for each sample. The analysis of apoptotic cell
death was performed by measuring the DNA contents using
FACS Calibur Flow Cytometer.'” Flow cytometry P53 and
Bcl2 protein expression was performed using fluorescence
threshold using FACS Calibur Flow Cytometer (Becton
Dickinson, Sunnyvale, CA) as described by Brotherick et al.??

Histological analysis

The kidneys were excised after sacrifice and fixed in 4%
paraformaldehyde, prior to being embedded in paraffin.
Paraffin sections (5 pum thick) were prepared according to
routine methods and were stained with hematoxylin and eosin
according to the standard procedures.”’ All sections were
examined under a light microscope.

Immunohistochemical staining to determine
caspase-3 and Bcl-2 expression

Kidney sections (5pum thick) were prepared according to
routine methods. Immunostaining (Maryland Chemical
Company, Inc., Los Angeles, CA) was performed according
to previously described methods.*® Briefly, sections were
deparaffinized in xylene and rehydrated by immersion in
descending concentrations of ethanol. After routine antigen
retrieval procedures, sections were treated with 3% hydrogen
peroxide to block endogenous peroxidase and were then
incubated with a primary antibody raised against caspase 3 or
Bcl-2 overnight at 4 °C. After washing with phosphate buffer
saline (PBS) (PH 7.4), the sections were incubated with a
secondary antibody-linked to horseradish peroxidase (HRP) at
room temperature for 30 min. Then, the immunoreactivity of
the cells was visualized using diaminobenzidine (DAB). The
cells that displayed brown precipitation were considered to be
positive for caspase 3 or Bcl-2 expression. Scoring was
determined by the percentage of the positivity and negativity
to the stain.

Statistical analysis

All data were statistically analyzed by one-way ANOVA
(analysis of variance) test and post comparison was carried
out with Waller—Duncan k ratio using SPSS program
(Statistical Package for Social Science) version 11 (Chicago,
IL). The results are presented as mean + SE. The values of
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p <0.05 were considered statistically significant based on
least significant difference (LSD) probability.

Results
Flow cytometric DNA cell cycle analysis

The data showed no significant change in the percentage of
GO0/1, S-phase G2/M, and apoptosis in GSPE or FO admin-
istered rat groups compared with control rats group. However,
there was a significant decrease in the percentage of G0/1 and
a significant increase in S-phase, G2/M and apoptosis
percentage in cisplatin-treated rats group compared with the
control group. Meanwhile, there was a significant increase in
the percentage of GO/1 but significant decrease in G2/M,
S-phase and apoptosis percentage in case of rats administered
with GSPE or FO pre-cisplatin comparing with cisplatin only
(Table 1; Figures 1 and 2).

Histopathological findings

The cisplatin-nephrotoxicity was characterized by degenera-
tive glomerulus (DG), necrotic tubular cells (N), and cell
debris (CD). The intake of GSPE or FO to cisplatin-treated
group ameliorated the undesirable renal histopathological
changes produced after cisplatin-intoxication (Figure 3).

Immunohistochemical findings

The immunohistochemical investigation showed more intense
expression of caspase-3 and poor expression of Bcl2 in rats
subjected to cisplatin comparing with control rats. However,
these changes are reversed in GSPE or FO treated rats’ pre-
cisplatin compared with cisplatin only treated rats (Figures 4
and 5).

Discussion

Cisplatin is a potent antitumor drug. The therapeutic effects of
cisplatin are significantly improved by dose calculation.
However, high-dose therapy with cisplatin is limited by its
cumulative nephrotoxicity and neurotoxicity.>> Cisplatin is
toxic to the renal proximal tubules.** Although several studies
have been carried out to elucidate the molecular mechanism
that causes cisplatin nephrotoxicity; however, the factors
responsible for this are not fully understood. Recently, it has
been postulated that oxidative stress and reactive oxygen
species (ROS) are involved in the pathogenesis of cisplatin-
induced nephrotoxicity.”> The nephrotoxicity induced by
cisplatin is characterized by morphological destruction of
intracellular organelles, cellular necrosis, loss of microvilli,
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alterations in the number and size of the lysosomes, and
mitochondrial vacuolization, followed by functional alter-
ations including inhibition of protein synthesis, GSH deple-
tion, lipid peroxidation, and mitochondrial damage.'’

The observed DNA damage and arresting of the cell cycle
of kidney cells due to CDDP treatment is in agreement with
the work by De Martinis and Bianchi,”® Chang et al.,*’ Satoh
et al.,”® and Hassan et al.?This damage may be due to that
cisplatin binds to DNA to form covalent platinum DNA
adducts and also acts as a DNA alkylator. In addition,
cisplatin generates reactive oxygen species (ROS), which are
known as one of the pathogenic intermediates triggering DNA
damage following chemotherapy. Through these mechanisms,
cisplatin triggers cellular responses involving multiple path-
ways, including DNA repair, transcription inhibition, cell
cycle arrest, cellular transport system impairment, ATPase
activity reduction, and mitochondrial damage.30 Furthermore,
cisplatin is a DNA damaging agent which forms cisplatin
DNA adducts that destroys cells via numerous mechanisms
resulting in apoptosis.®”-!

The degradation of cellular DNA by endonucleases is an
important component of renal tubular epithelial cell death
induced by ischemia or nephrotoxins.*? Renal tubule cell
apoptosis has recently been observed in an increasing array of
renal disorders and is emerging as a final common pathway in
response to a wide variety of cellular stresses applied at
intensity below the threshold for necrosis.*® This observation
also holds true for cisplatin nephrotoxicity, in which necrotic
cell death is encountered with higher doses, whereas lower
concentrations induce apoptosis.>*

The improvement in DNA by administration of GSPE or
FO is in accordance with the finding of Bagchib et al.,>>which
reported that GSPE is a better as free radical scavenger and
inhibitor of oxidative tissue damage, DNA fragmentation, and
subsequent apoptosis than all the antioxidant vitamins. Thus,
the results suggest that GSPE is bioavailable, and its
significant potential to prevent CDDP-induced acute renal
failure may be attributed to the attenuation of renal tubular
damage and enhancement of the regenerative response of the
damaged tubular cells.*® This beneficial effect may also be
due to scavenging activities especially for hydrolytic radical,
such as peroxyl radical®® and also scavenge superoxide
radicals, quenches singlet oxygen.®’

In this study, the histopathological observations of cis-
platin-treated rats displayed a model of acute renal failure
represented in necrosis of the renal tubular cells, pyknotic
nuclei, degeneration of the glomeruli, intertubular hemor-
rhage, desquamation of the tubular epithelium forming cell

Table 1. Renal DNA cell cycle and apoptosis % in control and different treated rat groups.

Animal Groups C GSPE FO CP GSPE + CP FO +CP
Mean +SE
G0/1% 78.41+2.28" 80.96 + 1.41* 79.22 £2.44% 42.62 +0.92° 62.96 +1.61° 63.66 +1.61°
S-phase% 15.64 +0.64" 1371« 1.11* 14.30 £ 0.79* 34.38+0.72° 25.78 +£1.63° 22.18 +0.57°
G2/M% 6.72+0.55" 6.59 +0.45" 6.17£0.37" 23.59+£0.99" 14.55 £ 1.04° 12.79 £ 0.47°
Apoptosis% 5.57+0.13" 4.50+0.13" 5.51+£0.27" 32.07 £5.50° 10.42 +0.66° 8.57 +£0.64°

Notes: Data are expressed as mean + SE of six rats. Within each row, means with different superscript (a, b, ¢) were significantly different at p <0.05.
Where means superscripts with the same letters mean that there is no significant difference at (p>0.05). C: control GSPE: grape seed

proanthocyanidin extract.
FO: fish oil; CP: cisplatin.



DOI: 10.3109/0886022X.2015.1073528

& Control =

Renoprotective agent of grape seed extract and fish oil against cisplatin-induced renal

GSPE

1359

=
(=N
L=
[r]
o
e

3

(=]
-
E;

3
-

(=]
& ®
E =
= =]
o -
] =
= |
R »S
~ T
: E
= o8
1
- 3 &
8] 5
5
8 ‘L‘v—rrﬂ-v-rrv—n—rﬁ-ﬂ-rv-rﬂ—r =

1
0 2IJD 400 600 BIJD 1000
FL2H

200 4E0 GUU 300 1000

0 200 400 500 800 1000 B
o CP o GSPE+CP ? FO+CP
ot i &
@f 3 2
=1 o ,
ek 321 §
el W& Mz S I
LF E - 1 - 1
i 5 I#*ﬁ ® |_143 £ T
. l- T T T T (=] » e ——— &
20 AR B0 10 0 20 40 600 80 1000 0 200 400 600 800 1000
o FL2H

Figure 1. Renal DNA cell cycle analysis in control and different treatment groups of rats. Note: M1: GO/1%, M2 S phase %, M3 G2/M%.

&y Control @ GSPE 2 4 FO
oL [ ~
] ] 8
[H] =
s 0 g
g & &g
ik - ”
it g g
;|’_rv]1 L I—ML T l_ML
m*'266";6"]"'56'0“'866”;0'0” e2’-:,'h‘.|”..|....,....,..... = IR R R R AR O PR LR
0 200 400 600 8OO 4000 0 200 400 GO0 200 1000
FL2H FLoH FL2H
i CP @ GSPE+CP 2 FO+CP
1] {El &1 ]

=t

(5]

L L R LR L L |
0 200 400 ©00 800 1000 0
FL2H

LB L L L |

200 400 600 200 1000 0
FL2H

200 400 600 800 1000
FL2H

Figure 2. Renal apoptosis % in control and different treatment groups of rats. Note: M1: apoptosis %.

debris in the lumen, and leukocytic infiltration. These
histopathological changes are parallel to the findings of
many investigators.”® These changes may be due to that
cisplatin provokes a loss of tubular epithelial cells by necrosis
and apoptosis, followed by inflammatory cell infiltration and

fibroproliferative changes.’*° Also, Fouad et al.*' reported
that cisplatin administration caused severe and wide
spread necrosis with dilatation of proximal tubules, vacuoli-
zation, tubular cell desquamation, and intraluminal cast
formation.
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Figure 3. Representative photomicrographs of kidney by staining with hematoxylin and eosin of control and different treated rat groups. Notes: [A]
Normal control untreated rats (normal glomerular architecture and normal proximal and distal convoluted tubules with cuboidal epithelial cells); [B]
GSPE-treated rats; [C] FO-treated rats (normal glomerular architecture and normal proximal and distal convoluted tubules with cuboidal epithelial
cells); [D] Cisplatin-intoxicated rats (tubular degeneration degenerative glomerulus, necrotic tubular cells, and cell debris); [E] Cisplatin-GSPE-treated
rats and [F] Cisplatin-FO treated rats (amelioration the undesirable changes produced after cisplatin-intoxication).

Figure 4. Representative photomicrographs of caspase-3 expression determined by immunohistochemistry. Notes: [A, B and C] There are 26, 23, and
21% of caspase-3 expressions in the cortical regions of kidney of control rats and in GSPE- or FO-treated rats, respectively. [D] Cisplatin administration
increased strongly caspase-3 expression about 70% in inner cortical and outer medullary areas especially in the proximal convoluted tubules, whereas in
the glomerular structure there was less caspase-3 expression. [E, F] There was inhibition of caspase-3 expression as evidenced by weak immunostaining
about 45 and 49% in the distal tubules in the cortical regions of rat kidneys treated GSPE or FO, respectively.

On the other hand, the administration of proanthocyanidin
caused significant histopathological improvement in kidney
tissue. This result is in agreement with Dulundu et al.’s*
work. This is may be due to reduction of extensive
hemorrhage, necrosis and disruption of tissue architecture
by administration of proanthocyanidins.**** This also may
be related to the reduction of lipid peroxidation by its
antioxidant activity.*> Moreover, it can exert its effect by
scavenging ROS.* Additionally, fish oil pretreatment
improved the histopathological changes of kidney. This
improvement may be due to «-3 fatty acid-rich fish oil that

enhanced resistance to free radical attack generated by
cisplatin administration.*®

Furthermore, the occurred data demonstrated that treat-
ment with cisplatin decreased the expression of Bcl-2
anti-apoptotic protein in renal glomeruli of rats. Apoptosis
is a physiologic form of cell death, occurs in the individual
cell in an endogenously programmed pattern.*’ It can be
triggered by a variety of physiologic stimuli; however, the
pathologic factors also affect the apoptotic pathways and then
contribute to the induction or progression of many dis-
eases.”’ ™ Among the factors affecting apoptotic pathways,
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Figure 5. Representative photomicrographs of Bcl-2 expression determined by immunohistochemistry. Notes: [A, B, and C] There is normal
expression of Bcl-2 in the cortical regions of kidney in control, GSPE, and FO treated rats about 80, 82, and 79%, respectively. However, cisplatin
administration decreased strongly Bcl-2 expression which is about 30% in inner cortical and outer medullary areas especially in the proximal
convoluted tubules [D]. On the other hand, there was an increase of Bcl-2 expression as evidenced by strong immunostaining in the distal tubules in the
cortical regions of rat kidneys treated with GSPE or FO before cisplatin which are about 50 and 53% [E, F]. Brown color indicates immunopositivity.

Bcl-2 is a protein encoded by Bcl-2 proto-oncogene and one
of the molecular members of the cell survival factors in the
Bcl-2 family.”® Bcl-2 is an important regulator of apoptosis
and can block programmed cell death.

Moreover, caspases are crucial mediators of programmed
cell death (apoptosis). Among them, caspase-3 is a frequently
activated death protease, catalyzing the specific cleavage of
many key cellular proteins. Pathways to caspase-3 activation
have been identified that are either dependent on or
independent of mitochondrial cytochrome c release and
caspase-9 function. Caspase-3 is also required for some
typical hallmarks of apoptosis, and is indispensable for
apoptotic chromatin condensation and DNA fragmentation in
all cell types examined. Previous studies have indicated that
cisplatin-induced apoptosis in cultured renal proximal tubular
cells proceeds via both caspase-dependent and caspase-
independent pathways.”>' In our study, cisplatin increased
the caspase-3 expression in renal tubular cells in the same
manner as in earlier studies. This induction in caspase-3
expression in renal tubular cells by cisplatin may be due to its
direct cytotoxicity with reactive oxygen species activating
mitochondria-activated protein kinases and then inducing
apoptosis.® Caspase-3 mediate most of the events in the
execution phase of apoptosis, including cytoskeleton disrup-
tion, membrane blebbing, externalization of eat-me signals
(such as phosphatidylserine), chromatin condensation, inter-
nucleosomal DNA fragmentation, nuclear rupture and cell
dismantling into membrane-sealed apoptotic bodies.>?
Furthermore, cisplatin is a DNA damaging agent which
forms cisplatin DNA adducts that destroys cells via numerous
mechanisms resulting in apoptosis.®!

However, pretreatment with GSPE or fish oil decreased the
apoptosis, which manifested by increasing the expression of
Bcl-2 and decreasing the expression of caspase-3. This may

be attributed to scavenging activities especially for hydro-
philic radical, such as peroxyl radical®® and also scavenge
superoxide radical.>” Moreover, grape seed extract can block
cell death signaling mediated through the proapoptotic
transcription factors and genes, such as c-jun.”

Therefore, it was concluded that GSPE or fish oil offered
sufficient protection against nephrotoxicity caused by cis-
platin chemotherapy through their free radical scavenging,
antioxidant activity and membrane stabilizing by mechanisms
that include up-regulation of the key apoptotic regulators and
modulate the cytotoxic effects of cisplatin.
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