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ABSTRACT

Background: 5-Fluorouracil (5-FU) is one of the extensively used chemotherapeutic agents for different
human malignancies. It has severe side effects and is considered a nephrotoxic agent. Captopril is one of the
angiotensin-converting enzyme inhibitors (ACEI) used in treatment of hypertension and congestive heart
failure. It is also an effective radical scavenger and antioxidant due to its free thiol group. Grape seeds extract
is one of the effective radical scavengers with antioxidant, anti-proliferative and anti-inflammatory
properties.

Objective: The present study was designed to assess the probable protective role of captopril and grape seeds
extract against 5-FU-induced nephrotoxicity in adult male albino rats.
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Materials and Methods: Forty eight adult male albino rats were divided into 8 equal groups;

Group | kept as the control group, Group Il (grape seeds consumed group), received aqueous grape seeds
extract (500 mg/kg/day) orally by gastric tube. Group Il (captopril group), injected intraperitoneally by
captopril solution (60 mg/kg) once daily. Group IV (grape seeds & captopril), Group V (5-Fluorouracil
group), injected intraperitoneally by 5-FU solution (20 mg/kg) once daily. Group VI (grape seeds/5-FU),
Group VII (captopril/5-FU) and Group VIII (grape seeds & captopril/5-FU). Treatment was continued at the
same time daily for 4 weeks. At the end of the experiment, final body weight, blood urea nitrogen (BUN),
creatinine (Cr) and uric acid levels were measured. Also, specimens of right kidneys were taken for
histological and immunohistochemical studies with anti-inducible nitric oxide synthase (iNOS).

Results: 5-FU resulted in a significant reduction in final body weight and a significant elevation of (BUN),
(Cr) and uric acid levels. Moreover, glomerular and tubular distortion, vacuolated epithelial lining,
intraluminal acidophilic hyaline casts, congested peritubular capillaries, interstitial inflammatory infiltration,
and increased fibrosis within the renal interstitium. The immunohistochemical expression of iINOS supported
kidney impairment in the 5-FU group. Treatment with either grape seeds or captopril revealed some
improvement in the final body weight, biochemical markers and histological changes. The best effect was
encountered when grape seeds and captopril were combined.

Conclusion: and Recommendation: Grape seeds and captopril succeeded in ameliorating 5-FU induced
nephrotoxicity with a better effect by their combination. So, it is recommended to use grape seeds extract and
captopril during chemotherapy with 5 fluorouracil to reduce its renal toxicity.

Keywords: Chemotherapy; 5-Fluorouracil; grape seeds; captopril; nephrotoxicity.

INTRODUCTION

Cancer is the subsequent driving

distributed throughout the body and
metabolized in the liver giving rise to its
active metabolite that is being eliminated

reason for death in the world. .
. by several mechanisms (Woloch et al.,
Chemotherapy is the  commonest
2012).  Although  5-FU  generates
treatment.  However,  chemotherapy, . -
. . acceptable outcome, it exhibits severe
induced severs unfavorable impacts.

toxicity and undesirable side effects

Hence, it is critical to develop effective .
P (Narimatsu et al., 2019).

management strategies against

chemotherapy and radiotherapy-induced
adverse effects (Zhang et al., 2018).

A widely antineoplastic drug used is
the fluorinated uracil molecule 5-
Fluorouracil (5-FU). This molecule is an
antineoplastic  antimetabolic of the
pyrimidine base uridine. It acts as a false
substrate in the synthesis process of the
essential constituents of nucleic acids,
causing synthesis of an anomalous DNA
(Casanova et al., 2017).

5-Fluorouracil  (5-FU) has  been
commonly prescribed for patients with a
large variety of tumors (Marjaneh et al.,
2019). It is used orally or intravenously,
absorbed in the intestine, rapidly

Captopril is one of the angiotensin-
converting enzyme inhibitors (ACEI) used
in treatment of hypertension and
congestive heart failure. It is also an
effective radical scavenger and
antioxidant due to its free thiol group
(Kancirova et al., 2016).

In addition to its ability to reduce blood
pressure, captopril has several other
biological activities. Zhou et al. (2015)
have suggested that captopril protects the
kidney against progressive long-term renal
damage.

Retrospective  studies on  cancer
patients showed that cardioprotective
interventions with ACEIl lead to a
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recovery of myocardial function and
reduction of cardiac events, thus allowing
patients to complete cancer therapy
(Morbidelli et al., 2016).

Grapes are one of the most consumed
fruits in the world and are very rich in
antioxidants. Polyphenols are the most
precious phytonutrients of grape that have
several health-promoting effects as chemo
preventive and chemotherapeutic effects
in various cancer animal models and cell
cultures (Singh et al., 2016).

DE Moura et al. (2019) demonstrated
the chemopreventive activity of grape
seeds extract in oral carcinogenesis assays
in male Wistar rats as depicted by its
antioxidant, anti-proliferative and anti-
inflammatory properties.

So, this study was designed to assess
the probable protective role of grape seeds
extract and captopril against 5-FU-
induced nephrotoxicity in adult male
albino rats.

MATERIALS AND METHODS

Animals:

Forty eight adult male Wistar albino
rats aging 8 weeks and weighing 150-180
g were chosen for the study. Rats were
purchased from Helwan Breeding farm,
Egypt. Animals were settled under normal
laboratory  conditions  with  room
temperature of 23 +£2°C, humidity of (54 £
5%) and alternating light/dark cycles in
conventional clean properly ventilated
wire-mesh cages (25%30%25 cm-3 rats per
cage) at the animal house, Faculty of
Medicine (Girls), Al-Azhar University,
Cairo, Egypt. Rats were acclimated, one
week for adaptation before beginning the
experiment. They were fed on normal

chow diet and allowed free access to
water throughout the experiment. All the
ethical protocols for animal treatment
were followed in accordance with the
Research Ethics Committee (FMG-IRB),
Faculty of Medicine (Girls), Al-Azhar
University.

Drugs and chemicals:

Fluorouracil (Biosynth Company): It
was provided in 5 ml ampoules
packaging, each containing 250 mg 5-
Fluorouracil. Each ampoule was dissolved
in 80 ml of normal saline, and 1 ml (3
mg/ml) was given intraperitoneally (i.p) at
a therapeutic dose of 20 mg/kg/day, for 4
weeks (Rashid et al., 2014).

Captopril: A commercially available
formulation (Captopril 50 mg scored
tablet, Egyptian International
Pharmaceutical Company  "EPICO",
Egypt) was used. 50 mg was dissolved in
5 ml of normal saline, then 1 ml of the
prepared solution (10 mg/ml)
administered intraperitoneally (i.p.) in a
daily dose equivalent to 60 mg/kg/day, for
4 weeks (Gad et al., 2016).

Grape seeds extract (GSE): A
commercially  available  formulation
(Gervital capsules, each contained 150 mg
GSPE (Vitis Vinifera) with 96% purity of
proanthocyanidin, Arab Company for
Pharmaceuticals and Medicinal Plants
(MEPACO), Cairo, Egypt. Each capsule
was dissolved in 2 ml distilled water, then
1 ml of the aqueous solution (75 mg/ml)
was given by gastric intubation in a daily
dose equivalent to 500 mg/kg, for four
weeks (Jhun et al., 2013).
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Experimental design
Rats were divided into 8 equal groups:

» Group I (control group): Six adult male
albino rats received equivalent volume
(3 ml) of normal saline by
intraperitoneal injection once daily, for
4 weeks.

» Group Il (grape seeds extract group):
Six adult male albino rats received 1 ml
of grape seeds extract solution orally at
a dose of (500 mg/kg/day) by a gastric
gavage, in the early morning for four
weeks.

» Group Il (captopril treated group): Six
adult male albino rats received 1 ml of
the prepared captopril solution (60
mg/kg) once daily by intraperitoneal
injection, for 4 weeks.

e Group IV (grape seeds extract and
captopril treated group): Six adult male
albino rats received grape seeds extract
solution orally + intraperitoneal
injection of captopril by the same doses
and duration.

* Group V (5-Fluorouracil group): Six
adult male albino rats were injected i.p.
by 1 ml of 5-FU solution (20 mg/kg)
once daily, for 4 weeks.

« Group VI (grape seeds/5-FU group):
Six adult male albino rats received
grape seeds extract solution orally 1
hour prior to intraperitoneal injection
of 5-FU solution by the same doses and
duration.

« Group VII (captopril/5-FU group): Six
adult male albino rats received the
prepared captopril solution i.p. 1 hour
prior to intraperitoneal injection of 5-
FU solution by the same doses and
duration.

* Group VIII (grape seeds extract &
captopril / 5-FU group): Six adult male
albino rats received grape seeds extract
solution orally + intraperitoneal
injection of captopril 1 hour prior to
i.p. injection of 5-FU by the same
doses and duration.

All rats were weighed individually at
the Dbeginning of the experimental
protocol, and at the end, just before
collecting samples.

At the end of the experiment (4
weeks), animals were overnight fasted,
blood samples were withdrawn from
retro-orbital sinuses by capillary tubes
under ether anesthesia, centrifuged at
3000 round per minute to separate the
serum that was maintained in a freezer at -
80°C until analysis for detection of blood
urea nitrogen (BUN), creatinine (Cr) and
uric acid levels. These parameters were
estimated by the conventional colorimetric
method using Quanti Chrom TM assay
Kits (Abdel Aziz et al., 2011) according to
the manufacturer’s instruction (Bio Assay
Systems, CA 94545, USA). These
biochemical studies were done in El Nour
Global Lab, Cairo, Egypt. A midline
incision was done on the anterior aspect of
the abdomen, and the right kidney
samples were excised and processed for
light microscopic and
immunohistochemical examination.

Preparation of specimens for light
microscopic and immunohistochemical
studies:

Samples from the right kidney were
immediately fixed in 10% buffered
formalin for 72 hours, dehydrated in
ascending grades of ethyl alcohol,
followed by clearance in  xylene,
impregnation and embedding in paraffin
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wax to obtain paraffin blocks. Sections of
Sum thickness were cut, mounted on
slides and stained with the following:
(Bancroft and Layton, 2013).

1. Hematoxylin and Eosin (H&E) stain
for studying the general histological
structure.

2. Masson’s Trichrome stain for
staining the collagen fibers.

3. Periodic Acid-Schiff (PAS) reaction to
demonstrate the presence of
mucopolysaccharides and detection of
tubular  apical brush  borders,
glomerular and tubular basement
membrane of the renal tissue.

4. The immunohistochemical technique
was used to evaluate nuclear inducible
nitric ~ oxide  synthase  (iNOS)
expression in deparaffinized formalin-
fixed renal sections using an avidin-
biotin-peroxidase complex
immunohistochemical method against
iINOS (1:200 dilution; Thermo Fisher
Scientific, catalogue # PA1-036, RRID
AB_325773). Briefly, 5 pm
deparaffinized renal sections were
obtained on positive charged slides,
heat-induced antigen retrieval was
performed using citrate buffer pH 6 (10
Mm, 20 min) (cat number AP 9003) for
antigen retrieval, followed by blocking
endogenous peroxidase activity using
0.3% H202 in methanol for 20
minutes, and tissues were then probed

at a dilution of 1:200 with a rabbit
polyclonal primary antibody
recognizing iNOS overnight at 4°C in a
humidified chamber according to the
manufacturer’s instructions. Tissues
were  washed  extensively  with
phosphate-buffered saline (PBS) and
endogenous peroxidase activity was
quenched with a peroxidase suppressor.
Using a universal detection Kit
(Dakocytomation), few drops of
biotinylated secondary antibodies were
applied for 15 min, formed a complex
with peroxidase-conjugated
streptavidin molecules. Sections were
rinsed and followed by colorimetric
detection using  the prepared
diaminobenzidine tetra-hydro chloride
(DAB) substrate chromogen solution
for 15 min until the desired brown
color obtained. Finally, sections were
counterstained with Mayer’s
hematoxylin and prepped for mounting
(Yurdakan et al., 2012). Negative
controls were processed by incubating
the sections with PBS instead of
primary antibody (Fig.1a). Positive
staining was defined microscopically
by wvisual identification of brown
stained immunoreactive cells (Fig.1b).
Immunohistochemistry was performed
at The Cancer Institute, Cairo
University.
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Primary antibody is omitted
(Negative control)

Positive iINOS immunoreaction

Figure (1): A photomicrograph of iNOS staining in the testicular tissue sections: (a)
primary antibody is omitted (negative control). (b) Positive immunohisto staining for
INOS (arrows) after secondary antibody. (iINOS immunoreaction, x 400).

Histo-morphometric measurements:

All  sections  were  examined,
photographed by Leica DM2500 optical
microscopes (Leica microsystems,
Nussloch, Germany) coupled to a Leica
digital camera, and transferred to the
screen using a computerized image
analyzer Leica Q500 MC program (Leica
Microsystems Ltd, Cambridge, UK). The
data were calibrated automatically to
convert the measurement units (pixels)
produced by image analyzer program into
actual micrometer units. Ten different non
overlapping randomly selected fields from
five different renal sections in each group
from all experimental groups were
examined to quantitatively evaluate the
following:

» The glomerular and tubular diameters
of round or nearly round renal
glomeruli, proximal convoluted tubules
(PCT) and distal convoluted tubules
(DCT) in H&E stained sections at X
200 magnification (Kotyk et al., 2016).

» The mean area percentage of the green
stained collagen fibers in Masson's
trichrome stained sections at X 400
magnification (Abdel-Aal et al., 2016).

« The mean optical density of PAS
reaction in PAS stained sections at X
400 magnification (Salib et al., 2019).

« Finally, the mean area percentage of
the INOS immunopositive expressed
cells were estimated at X 400
magnification (Bayomy et al., 2017).

All histomorphometric measurements
were carried out at the Regional Center
for Mycology and Biotechnology
(RCMB), Al-Azhar University, Cairo,

Egypt.
Statistical Analysis:

All data were statistically expressed as
means + SD, and compared using the one-
way analysis of variance (ANOVA)
followed by Tukey’s post hoc test. Level
of probability (P-value) less than 0.05 was
used as the criterion of significance.
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Statistical analysis was performed using
the Statistical Package for the Social

Sciences, Version 20 for Windows (SPSS
Inc., Chicago, Illinois, USA).

RESULTS

The statistical comparison between the
control, grape seeds, captopril and
combined grape seeds with captopril
revealed no significant  difference
(p>0.05). Therefore, all comparisons were
referred to the control group.

Effect on body weight:

The mean values of initial body weight
(IBW) of all studied groups at the
beginning of the experiment were nearly
similar with no statistically significant
difference between them.

At the end of the experiment, the least
recorded mean of final body weight was
among 5FU-treated rats as compared to
the control rats. Combined GSE & Cap
with 5FU recorded the highest mean value
followed by GSE/5-FU and Cap/5-FU
groups respectively on comparable to the
5FU-treated group. All these values were
of statistically significant difference [P<
0.001] (Table 1).

Table (1): One-way ANOVA comparative statistical analysis of the mean initial and
final body weight in rats of different groups

roups GSE& GSE Ca GSE&Ca|
PS | corol | GSE | Cap cn | 5FU | Ry /5Fl§’ P Lf
Parameter (n=6) (n=6) (n=6) (n=6) (n=6) (n=6) (n=6) (n=6) P
I B W 159 154 160 1614 168 166 164 1 70 > 0.05
(g+SD) +9.2 +4.9 +7.1 +6.7 +9.9 +8.6 +11 +10.1 )
FBW 230 220 218 226 1+§55 %_1%3 24-1(;)]_]6_; 2+$50
(gtSD) | #8.9 | 6.3 | #4.1 | £12 | 5 | SV | SWp | e | <o

n: number of rats; GSE: grape seeds extract; Cap: captopril; 5FU: 5Fluorouracil; SD: standard deviation; a: in

comparison to all groups referred as the control; b: in comparison to the 5SFU—treated group.

Effect on serum BUN, Creatinine and
uric acid:

Table (2) revealed that the highest
recorded mean values of BUN, creatinine
and uric acid were among 5FU treated rats
[P < 0.001] as compared to the control
rats. Inversely, these  parameters
significantly improved in combined GSE
& Cap with 5FU group that recorded the
least mean values followed by GSE/5-FU

and  Cap/5-FU  pretreated  groups
respectively comparable to the 5FU-
treated group. All these values were of
statistically significant difference [P <
0.001]. However, improvement in the all
measured parameters could not reach to
the control values as there was a
significant difference when compared to
the corresponding groups (GSE,Cap and
GSE& Cap).
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Table (2): One-way ANOVA comparativestatistical analysis of the mean blood urea
nitrogen, creatinine, and uric acid in rats of different groups

Groups | Control GSE Cap GSE&Cap 5FU GSE/ Cap/ GSE& Cap P
(n=6) (n=6) | (n=6) (n=6) (n=6) 5FU 5FU /SFU
Paramete (n=6) (n=6) (n=6)
BUN 10.1 10 12.5 10 26.1 13.9 14.9 12.2 <0.001
(mg /dl) 0.4 +0.2 0.8 +0.4 +1.9 0.4 +0.7 +0.6
ax a*b* a*b* a*b*
Cr. 0.6 0.6 0.7 0.5 31 0.9 1.2 0.8 <0.001
(mg /dl) +0.02 +0.03 | +0.04 +0.1 +0.5 | 0.1 a*b* +0.4 +0.1
a* a*b* a*b*
Uric acid 0.6 0.7 0.7 0.7 5.8 0.9 1.1 0.9 <0.001
(mg /dl) 0.1 +0.1 0.1 +0.04 +0.9 +0.3 +0.4 +0.1
a* a*b* a*b* a*b*

n: number of rats; GSE: grape seeds extract; Cap: captopril; 5FU: 5Fluorouracil; BUN : blood urea nitrogen,
Cr: creatinine , SD: standard deviation; a: in comparison to all groups referred as the control; b: in
comparison to the 5FU-treated group.

Histological and immunohistochemical Inversely, H&E stained sections of the
results: 5-FU treated rats, revealed severe renal
Hematoxylin &Eosin staining: histopathological alterations with areas of
Histological examination of the renal glomerular and tubular degeneration in the
sections of the control groups revealed form of expanded renal corpuscles
normal histoarchitecture of the renal surrounded the congested glomerular
parenchyma in the form of normal renal capillaries with narrowing of Bowman’s
Malpighian corpuscles, contained tuft of a spaces. Moreover, congestion of the
glomerular capillaries surrounded by interstitial blood capillaries as well as
Bowman’s capsule. The proximal extensive interstitial mononuclear
convoluted tubules (PCTs) had narrow inflammatory  cell infiltration  was
lumen lined by a single layer of pyramidal frequently detected. Some PCTs and
cells with acidophilic cytoplasm, central DCTs appeared dilated with epithelial
rounded vesicular nuclei with prominent lining exhibited vacuolated cytoplasm and
nucleoli. The distal convoluted tubules darkly stained nuclei. Some tubules
(DCTs) had a relatively wider lumen and showed exfoliated epithelial cells with
were lined by cuboidal epithelial cells acidophilic casts and cellular debris in
with less acidophilic cytoplasm and their lumina (Figs.3a-b).
rounded nuclei (Fig.2a). Moreover, the GSE/5-FU (Figs.3c-d) and Cap/5-FU
renal medulla revealed wider thin wall (Figs.3e-f) groups manifested clear signs
collecting tubules lined by low cubical of renal tissue recovery where the renal
cells and separated by minimum Malphigian corpuscles, PCTs, DCTs and
interstitial tissue (Fig.2Db). collecting almost restored the usual
Interestingly, the GSE (Figs.2.c-d), organization of their lining epithelium, in

Cap (Figs.2.e-f) and the combined GSE & spite of some vacuolated cells and little
Cap (Figs.2.g-h) groups exhibited a high cell debris had dark stained nuclei in the

similarity to the normal renal tissue lumina of few tubules among apparently
comparable to the control. Peritubular normal ones. Moreover, the Cap/5-FU dis-
congestion of renal blood vessels in played congested peritubular blood
between collecting tubules in the Cap capillaries at some areas in the renal

group was also observed (Fig.2f). medulla (Fig.3f).
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Strangely, dramatical improvement of induced rats in spite of apparent widening
the renal histoarchitecture was detected in of urinary spaces and few deeply stained
the co-administration of both grape nuclei in the same sections (Figs.3g-h).

seeds extract and captopril with 5-FU

GSE
&
Cap
. = LXL o ~ 1R "_\& o el oY
Fig.2 Hematoxylin &Eosin (H&E)

Figure (2): (a-b) Control, (a) Normal renal corpuscles consists of glomerulus (G),
contains a tuft of capillaries bounded by parietal simple squamous epithelial
(black arrow) and visceral layers (arrowhead) of Bowman's capsule, regular
urinary space in between (U). Narrow proximal convoluted tubules (P) and
wider distal convoluted tubules (D). (b) Low cubical cells of collecting tubules
(C) with minimum interstitium (black arrow) in the renal medulla. GSE (c-d),
Cap (e-f) and the combined GSE& CaP (g-h) groups showing normal pattern
of renal tissue as the control. Notice, peritubular congestion of blood
capillaries in between collecting tubules in the Cap group (H&E X400, Scale
bar; S0pm).
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Figure (3): 5-FU treated rats (a-b), demonstrating: Congestion of intraglomerular (G),

intertubular blood capillaries (white star). Proximal (P) and distal (D)
convoluted tubular epithelial cells have vacuolated cytoplasm (V) with darkly
stained nuclei (arrowhead), cell exfoliation into the lumen (black arrow).
Interstitial Inflammatory cell infiltrations (curved arrow) and homogenous
intratubular acidophilic casts (black star) in some tubules. GSE/5FU (c-d) and
Cap/5FU (e-f) groups showing: a potentially alleviated renal architecture in
spite of vacuolated (v) and darkly stained exfoliated cells (thin arrow) in some
regions. Notice, peritubular blood capillaries congestion (white stars) in
between collecting tubules in Cap/5FU (f). Co-treatment with GSE&Cap/5-FU
(g-h) showing: mostly normal renal corpuscles, glomeruli (G) with an apparent
widening of the urinary space (U). Proximal (P), distal (D) and collecting.
tubules (C) appear with normal structures. Few darkly stained nuclei
(arrowheads) are also observed (H&E X400, Scale bar; 50pum).
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Masson’s trichrome stain:

In masson’s trichrome stained renal
sections of the control group (GI), scanty
fine scattered collagen fibers were
concentrated  mainly  around  the
Bowman'’s capsule, among the glomerular
capillaries and in the interstitium between
renal tubules (Figs.4a-b). Masson's
trichrome stained sections from the GSE
(Figs.4c-d), Cap (Figs.4e-f) and the
combined GSE&Cap (Figs.4g-h) were
closely similar to that of the control group.

5FU treated rats revealed increasing
the density and distribution of collagen

fibers  intraglomerular  around  the
congested blood vessels and peritubular
within the interstitial spaces in between
the renal tubules (Figs.5a-b).

On the contrary, there was a nearly
normal dispersion of fine collagen fibers
intraglomerular and at the boundary of
renal tubules in each of GSE/5FU
(Figs.5c-d), Cap/5FU (Figs.5e-f) and the
combined grape seeds extract and
captopril with 5-FU pretreated rats
(Figs.5g-h) that appeared more or less
similar to that of the control.
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4 _SOpa™
Masson trichrome stain

Figure (4): Control (a-b) showing: fine intraglomerular (G) collagen fibers between the
glomerular tuft of capillaries (black arrow) and a scattered fine collagen fibres
in the interstitium in-between the renal tubules (black arrowhead). GSE (c-d),
Cap (e-f) and the combined GSE& Cap (g-h) groups showing: nearly normal
distribution of collagen fibers as the control (Masson's trichrome X 400,
Scale bar; S0pm).
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Fig.5 richrome stain]

Figure (5): 5-FU treated rat (a-b) showing: increased deposition of collagen fibers
intraglomerular (black arrows), pericapsular and peritubular (arrowhead) in the
interstitium around the renal corpuscles. GSE/5FU (c-d), Cap/5FU (e-f) and
the combined GSE&Cap/5FU (g-h) groups showing: normal distribution of
collagen fibers among the glomerular capillaries (black arrow), around the
renal corpuscles and tubules (black arrowhead) nearly more or less as the
control (Masson’s trichrome X 400, Scale bar; 50pm).

= AR -
[Masson t
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Periodic acid Schiff (PAS) reaction:

PAS stained sections of the control
renal cortex revealed obvious
intraglomerular  strong ~ PAS-positive
reaction that was evident at the well-
circumscribed thin, regular glomerular
basement membranes and tubular
membranes invested the renal tubules in
addition to strong reaction at the luminal
brush border of the PCT. Faint PAS-
positive reaction at the apical tubular cells
of DCT was also noticed (Fig. 6a). GSE
(Fig.6b), Cap (Fig.6¢c) and the combined
GSE&Cap (Fig.6d) revealed the same
findings as that of the control.

However, 5-FU treated group revealed
faint intraglomerular PAS-positive
material and even negative PAS reaction

at the disintegrated brush borders of the
PCTs. Focal areas of the destructed
basement membrane of some tubular cells
were also detected (Fig.6e).

Either captopril or GSE with 5-FU
showed intraglomerular and tubular strong
PAS reactions at the glomerular and
tubular basement membranes, except focal
areas of tubules with weak reaction at
their discontinuous brush border (Figs.6f,
50).

Interestingly, high restoration of the
strong PAS-positive reaction was obvious
in the combined grape seeds extract and
captopril with 5-FU pretreated rats that
appeared closely similar to that of the
control group (Fig.6h).
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Periodic Acid-Schiff(PAS) reaction

Figure (6): Control group (a) showing: strong periodic acid-Schiff (PAS) reaction in the
glomeruli (G), at the capsular (thick arrow), tubular (arrowhead) basement
membranes and at the intact apical brush borders (thin arrow) of the PCT (P).
Notice, weak PAS-positive reaction at the apical borders of DCT (D). GSE (b),
Cap (c) and the combined GSE&Cap (d) groups showing: strong PAS-positive
reaction nearly similar as that of the control. In 5-FU (e): Marked decrease in
the positive reaction with no brush border (notched white arrows) in most of
PCT (P), faint intraglomerular (G) PAS reaction and destructed tubular
basement membrane (white arrowhead) are also noticed. GSE/5FU (f) and
Cap/5-FU (g) demonstrating: strong intraglomerular (G) PAS reaction,
glomerular (thick arrow), tubular membranes (arrowhead) and at the apical
brush border (thin arrow) of the PCT (P) with focal interruption (notched white
arrows). GSE&Cap/5-FU (h) showing: strong intraglomerular (G) PAS-
positive reaction at the glomerular (thick arrow) and tubular membranes
(arrowhead) and at the apical brush border (thin arrows) of PCT (P) closely
similar to that in the control (periodic acid-Schiff reaction x 400, Scale bar;
S50pm).
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Immunohistochemical results:

The expression of INOS
immunopositivity was undetectable in all
proximal &distal convoluted tubules, and
within the glomeruli of the renal cortex in
the control group (Fig.7a). Interestingly,
GSE (Fig.7b), Cap (Fig.7c) and the
combined GSE& Cap (Fig.6d) groups
gave the similar results compared to the
control group.

Conversely, INOS immunoreactivity
was markedly detected in 5FU group that
showed strong dark brown cytoplasmic
immunoreaction in cells of all cortical
tubules and glomeruli (Fig.7e).

Inversely, GSE/5-FU (Fig.7f), Cap/5-
FU (Fig.7g) and GSE&Cap/5FU
pretreated rats (Fig.7h) revealed nearly
undetectable iINOS immunopositive cells
that appeared closely similar to that in the
control group.
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Figure (7): control (a) showing: negative iINOS immunoreaction with undetectable
immunohistostaining cells in all proximal (P) & distal (D) tubules and
glomerulus (G). GSE (b), Cap (c) and the combined GSE& Cap (d) groups
showing: tubular and glomerular immunoreactions are closely similar to that in
the control. 5-FU (e) showing: strong dark brown cytoplasmic immunoreaction
in cells (thick arrows) of all proximal and distal (P&D) tubules. GSE/5FU (f),
Cap/5-FU (g) and GSE&Cap/5-FU (h) showing: undetectable iNOS
immunopositive cells in the glomeruli (G), all proximal (P) and distal (D)
tubules closely similar to the control group (iNOS immunoreaction, x 400,
Scale bar; S0pm).
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Histo-morphometric results:

In Table 3, 5FU treated rats recorded
the highest mean values of the glomerular
diameter (GD), proximal convoluted
tubule (PCT-D) and distal convoluted
tubule (DCT-D) diameters in H&E stained
sections [P < 0.001] versus the control
group. Similarly, the highest mean area %
of collagen in Masson's trichrome stained
sections, was among the 5-FU treated rats,
when compared to the control rats [P <
0.001]. On the other hand, the least mean
optical density of PAS in PAS stained
sections, was observed in 5-FU treated
rats when compared to the control rats [P
<0.001].

Inversely, co-administration of either
GSE or captopril with 5-FU ameliorated
the destructive effect of 5-FU on the renal
tissue as demonstrated by significant

reduction in the glomerular and tubular
diameters , the mean area % of collagen
and in the mean area % of the iNOS
immunoreactive  cells coupled  with
significant increase in the mean optical
density of PAS . Marked improvement in
the all measured parameters was among
the combined GSE & Cap/5-FU pretreated
group that recorded the least mean values
in glomerular and tubular diameters, in the
mean area % of collagen and in the mean
area % of the INOS coupled with the
highest mean value in the optical density
of PAS when compared to the 5FU-treated
group [P < 0.001]. This improvement in
the measured parameters could nearly
reach to the control values as there was no
significant difference when compared to
the corresponding groups (GSE,Cap and
GSE& Cap) (Table 3).

Table (3): One-way ANOVA comparative statistical analysis of the mean Glomerular
diameter, diameters of proximal convoluted tubule, distal convoluted tubule, the
mean optical density of PAS, the mean area % of collagen and the mean area %
of iINOS immunoreactivity in rats of different groups

GSE&
oupsS | control | GSE | cap | CSE& | spy | GSE | Cap o
(n=10) | (n=10) | =10) | . | (n=10) | PF | BFY | Eey P
Parametexs (n=10) (n=10) | (n=10) (n=10)
GD(um) | 9302 | 925 | 980 | 942 140 | 921 93 0 | _ oot
+ 38 | +44 | 4438 | +27 | +43a* | +alb* | +44b* | +17px | <O
PCT-D 376 | 378 | 416 39 58 a5 | 429 | 392 | _ooor
um)( +18 | 24 | +15 | 25 | 4p4a* | +24b* | +39b* | x26b* | ="
DCT-D 524 | 518 | 566 | 5L9 | 763 | 526 | 568 | 548 | _ o
um)( £09 | #13 | +11 | 26 | +39a* | +39b* | +16b* | +2.7b* | =%
Area%of | 6.4 6.4 6.7 6.8 271 8.1 85 73 | o001
collagen | 1.2 | 11 | 07 | +10 | +23a* | +07b* | 20.7b* | +10b* | <™
Optical 0.8 0.7 0.7 0.8 0.3 0.6 0.5 0.1
density of . ' ' ' +0.01 - . | *0.04 | <0.001
o 201 | 2004 | 2004 | 2002 | 0 | s01b% | 201b -
Area % of 39
iNOS 22 49 : 0.4
immuno +43a [ £03bx | %0 |xo3pr | <000
reactivity

n:10 non overlapping fields from renal sections; GSE: grape seeds extract; Cap: captopril; 5FU:
5Fluorouracil; GD: Glomerular diameter, PCT-D: proximal convoluted tubule diameter, DCT-D: distal
convoluted tubule diameter; iNOS: anti-inducible nitric oxide synthase; PAS: periodic acid-schiff reaction;
SD: standard deviation; a: in comparison to all groups referred as the control; b: in comparison to the 5FU —
treated group.
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DISCUSSION

Kidneys are extremely susceptible to
drug-induced toxicity, as they are
involved in filtering and concentrating
different chemicals and substances
(Pazhayattil and Shirali, 2014).

5-FU is one of the extensively used
chemotherapeutic agents for different
human malignancies. It has severe side
effects and is considered a nephrotoxic
agent (Narimatsu et al., 2019).

Angiotensin-converting enzyme
inhibitors (ACEI) such as captopril are
effectively used as antihypertensive agents
and to protect the kidney (Gelen, 2018).

Natural products from medicinal plants
can ameliorate oxidative stress. Grape
seeds extract (GSE), is considered an
effective antioxidant compound as it is
rich in catechin, epicatechin and
procyanidin. Its antioxidant activity is
greater than vitamins C and E (Zhang et
al., 2014).

So, this study aimed to assess the
probable protective role of captopril and
grape seeds extract against 5-FU-induced
nephrotoxicity in adult male albino rats.

In the present work, 5-FUtreated rats
showed a significant decrease in the body
weight that might be due to loss of
skeletal muscles and adipose tissue as
suggested by Badawoud et al. (2017).
Song et al. (2013) attributed the decrease
in the body weight to the activation of
inflammatory responses that followed by
the gastrointestinal malfunction.

The disturbance in serum BUN,
creatinine and uric acid levels, recorded in
5-FU treated group that implied
glomerular and renal dysfunction as

compared to those of the control group,
were parallel to those obtained by Rashid
et al. (2014) who reported that 5FU
caused alterations of intraglomerular
blood flow and disturbance of the
glomerular filtration rate (GFR). They
added that 5-FU resulted in hemodynamic
imbalance between vasoconstrictive and
vasodilator mediators and alterations of
endothelial  permeability leading to
increased creatinine and urea in plasma.
Gelen et al. (2018) explained this
disturbance by increased generation of
reactive oxygen species (ROS) that has
been reported in renal toxicity induced by
5-FU.

These biochemical parameters were
well correlated with the renal histological
results that confirmed nephrotoxicity
induced by 5-FU. The most prominent
signs of kidney deterioration in H&E
stained sections were in the form of
glomerular hypertrophy with congested
glomerular capillaries, severe tubular
degeneration, cytoplasmic vacuolation,
necrosis, desquamation and sloughing of
tubular epithelial cells, with pyknotic
nuclei and deterioration of the brush
borders of the PCTs, intraluminal cast |,
inflammatory cell infiltration and inter-
tubular hemorrhage.

These observations were following
those of Yousef and Aboelwafa (2017)
who reported that 5-FU is catabolized
primarily in the liver into dihydrouracil
which is then cleaved to a-fluoro-p-
alanine, ammonia, urea, and carbon
dioxide that lead to nephrotoxicity.

Because of their role in concentrating
and reabsorbing glomerular filtrate, renal
tubules are more vulnerable to toxicity as
they have high metabolic rate and their
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environment is relatively hypoxic causing
increase the risk of hypoxic injury of the
tubular cells (Perazella, 2012).

The exact mechanism by which 5-FU
exerts its cytotoxic effect is not fully clear.
However, Chang et al. (2012) and Adela
et al. (2015) reported that 5-FU resulted in
high expression of inducible nitric oxide
synthase (iNOS), immune cells migration
concomitant with the production of
numerous  proinflammatory  cytokines.
Moreover, 5-FU induced formation of
highly reactive oxidant peroxynitrite
(ONOO-), which lead to DNA damage,
necrosis and renal parenchymal damage.
This was consistent with the significant
increase in the area percentage of positive
INOS immunoreactive cells within the
glomeruli and at the renal tubules that was
detected in the 5FU-treated group in
comparison to control.

Shubin et al. (2016) attributed the
cytoplasmic  vacuolation, apoptotic
changes and sloughing of tubular
epithelial cells to the free radicals that
facilitate the release of lysosomal
enzymes and subsequent oxidation of the
protein architecture of the cells causing
their fragmentation.

The rapid loss of brush border and the
disturbance of cytoskeletal integrity as
well as the disturbance of the cell
junctions with miss localization of
receptors involved in cell-cell adhesion
may induce epithelial sloughing, apoptosis
and necrotic cell death of tubular
epithelium and contribute to the
progressive renal tubular damage in the
5FU-treated group (Pazhayattil and
Shirali, 2014).

Perazella (2012) attributed damage
and deterioration of the brush borders of

the PCTs to the leakages of gamma-
glutamyl transferase (GGT) and alkaline
phosphatase (AP) enzymes that are
associated with these brush borders as a
result of toxin binding to them. This was
consistent with the current reduction in the
PAS-positive reaction with loss of the
brush border and detachment of tubular
cells from the basement membrane that
was observed in 5-FU treated group.

El-Achkar et al. (2013) reported that
the combination of the damaged brush
borders of the PCTs, the sloughed tubular
cells with polymerization of Tamm-
Horsfall protein and fibronectin which
present in the lumen of the tubules, as a
result of increasing luminal sodium
concentration forms a gel-like material
and could be related to intraluminal
acidophilic hyaline cast formation that
was observed in this study.

In the current research, the increased
density and distribution of the collagen
fibers within the renal interstitium of the
5FU-treated group was attributed to
increase activity of mesangial cells, matrix
remodeling and  locally  produced
transforming growth factor beta (TGF-B)
in the kidney as a consequence of the
inflammatory infiltration and release
numerous cytokines by ROS involved in
the pathogenesis of renal fibrosis and
could induced transformation of tubular
epithelial cells to myofibroblast, that is the
major source of extracellular matrix
secretion ending up with tubular
degeneration (Kendall and Feghali-
Bostwick, 2014). This was consistent with
the significant increase in the area
percentage of collagen at renal
interstitium in the 5-FU group.
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In the present study, either captopril or
GSE  co-administration  with  5-FU
succeeded to improve body weight,
kidney  function and histological
structure. These results were in accordance
with those of Cheah et al. (2014) and Lian
et al.(2016).

Cheah et al. (2014); Bao et al. (2015)
and Lian et al.(2016) reported that GSE is
a combination of biologically active
bioflavonoids  including  oligomeric
proanthocyanins, and they explained the
effect of GSE in alleviating renal injury
through its high antioxidative effect in
vivo by restoring level and activity of
superoxide dismutase (SOD), -catalase
(CAT) and decreasing the free radicals’
level, malondialdenyde (MDA), lipid
peroxidation levels and inflammatory
cytokines which make it a more potent
radical scavenger than other known
antioxidants such as vitamin C and E.

Additionally, it has been shown that
GSE has endothelial nitric oxide synthase
(eNOS) activating and inducible nitric
oxide synthase (iNOS) inhibiting effects
(Cui etal., 2012).

Regarding the captopril, Morbidelli et
al. (2016) attributed its cytoprotective
effects through inhibition of ACE which
reduces the expression of nuclear facture
kappa-B (NF-kB) and the inflammatory
cells infiltration that delays the
progression of chronic renal failure.

Zamani et al. (2016) and Gelen et al.
(2018) added that the captopril
antiapoptotic capacity might be a function
of its antioxidative and anti-nitro-active
stress activities of its thiol group and its
ability to potentiate the free radical
scavenging action and antioxidant effects.

Moreover, the interference of captopril
with the binding of 5-FU to DNA may
explain its cytoprotective effect against
undesirable side-effects of 5-FU induced
nephrotoxicity (Morbidelli et al., 2016).

Presently, co-administration of
captopril and GSE with 5-FU in the
current study produced better effect than
each one alone and synergistically
restored kidney function markers to near
normal.

This result was supported by Hassan et
al. (2017) and Ghlissi et al. (2018) who
suggested that combination of
antioxidants gives better protection for the
animal cell than the single drug as these
antioxidants with different chemical
properties synergist each other.

CONCLUSION

Co-administration of captopril and
GSE has a more protective effect against
5FU-induced nephrotoxicity than either
captopril or GSE alone. This effect may
be mediated through antioxidative stress,
as well as anti-inflammatory potentials.
So, it is recommended to use grape seeds
extract and captopril during chemotherapy
with 5 fluorouracil to reduce its renal
toxicity.
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