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Abstract

Background and Objective: Cisplatin is an effective chemotherapeutic agent, while its usage is limited due to its nephrotoxicity.
Olive Leaf Extract (OLE) possesses anti-inflammatory and antioxidant effects. This study aimed to investigate if OLE can protect against
cisplatin-nephrotoxicity. Materials and Methods: Six groups were used, group 1: Control, group 2: Received 1000 mg kg~' b.wt.,
OLE daily for 10 days via oral tubes, group 3: Received a single dose of cisplatin (7 mg kg~' b.wt.) intraperitoneally on the 5th day and
group 4-6: Received 250, 500 and 1000 mg kg~' b.wt., OLE daily for 10 days, respectively and a cisplatin intraperitoneal injection
(7 mg kg~ b.wt.) on the 5th day. The ratio of kidney weight to body weight was calculated. Renal function tests, histopathology, level
of renal malondialdehyde (MDA) and glutathione,immunohistochemical detection of NF-kB and cytochrome ¢, the renal level of TNF-q,
caspase-9 and DNA fragmentation were determined. Results: Cisplatin induced a significant elevation of kidney weight to body weight
ratio, serum Blood Urea Nitrogen (BUN) and creatinine, MDA, TNF-a and caspase-9 in kidney. Cisplatin increased the NF-kB activation,
cytochrome C expression and DNA fragmentation were also detected. However, cisplatin decreased serum albumin and renal
glutathione content. The OLE pre-treatment significantly ameliorated cisplatin nephrotoxicity with the highest dose nearly normalized
all measured parameters. Conclusion: The OLE is a promising nephroprotective agent against cisplatin nephrotoxicity possibly through
antioxidant, anti-inflammatory and anti-apoptotic activity.
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INTRODUCTION

Human being suffer from several diseases, most of them
have a treatment. Unfortunately, some medicals have side
effects that limit the clinical application of these drugs.
Recently, several studies have been done to explore the role
and the possible use of natural products and dietary
components as potential chemopreventive agents, to
minimize the side effects of chemotherapeutic such as,
curcumine’, ginseng?, thymogquinone® and berberine.

Cisplatin (CP) is one of the most widely used and most
potent chemotherapeutic drugs. Itis considered as one of the
most remarkable successes in the war on cancer. Since the
accidental discovery over four decades ago, CP has been
widely used for chemotherapy®. It is used for the treatment of
a variety of human cancers types, such as head, neck, colon,
testis, breast, ovary, cervix, lung, bladder and many other
tissuesS”’. It most probably acts by binding to DNA, leading to
the formation of inter and intrastrand cross-links resulting in
defective DNA templates and arrest of DNA synthesis and
replicationd,

The cytotoxic activity of CP targets not only tumor cells,
but also targets normal somatic cells, particularly in kidneys.
Kidneys are the main route of CP excretion and proximal
tubule cells serve as a primarily site of CP accumulation®. Thus,
it is not surprising that nephrotoxicity is the most serious
dose-limiting side effect in CP chemotherapy today, with a
severe renal dysfunction that occurs in 20-30% of patients*.
Oxidative stress, inflammation, apoptosis, necrosis, activate
several signal transduction pathways involving in cell
apoptosis, mitochondrial damage, decreased ATPase activity
and impaired cellular transport mechanisms are suggested as
the major mechanisms of CP-induced nephrotoxicity'®'.

The CP accumulates in the human kidney cells, resulting
inthe enhanced production of Reactive Oxygen Species (ROS)
and the decrease in the antioxidant enzymes'. During CP
nephrotoxicity, oxidative stress via ROS has been implicatedin
renal injury under various pathological conditions'. The ROS
are produced during normal metabolism or as a consequence
of the response to abnormal stress. It has been implicated in
the pathogenesis of ageing and diseases including cancer,
atherosclerosis, liver, lungs and kidney injury'#'>. The ROS
initiate inflammation and mediate the activation of NF-kB
which upregulates the expression of several genes involved
in the inflammatory response’®. It may be one of the early
signals that are at least partially responsible for the activation
of various signaling pathways that culminate in renal cell
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injury and death during CP nephrotoxicity. Thus, the
antioxidant activity or the inhibition of the generation of free
radicals is important. Some of the antioxidants are naturally
present in the body, while others have to be provided as
supplements. Hence, their administration in the form of
supplements may augment the function of endogenous free
radical scavengers and consequently decrease the deleterious
effects of the reactive metabolites'. Several antioxidants have
shown its protective effect against renal dysfunction and
tissue damage in CP-treated mice or rats".

Moreover, previous studies showed that CP treatment
stimulated the expression of proinflammatory chemokines
and cytokines such as interleukins (IL-1B, IL-18 and IL-6) and
tumor necrosis factor-a (TNF-a)?. The production of these
inflammatory agents plays an important role in the
pathogenesis of CP-induced renal injury and damage
regulator'®. The TNF-a appears to be a key upstream. Binding
of TNF-a to the TNF-a death receptors (TNFR) 1 and 2 leads to
the recruitment and activation of caspase-8, which further
activates downstream caspases to induce apoptosis via
extrinsic pathway. On the other hand, the intrinsic or
mitochondrial pathway has emerged as the major apoptotic
pathway in CP nephrotoxicity. The activation of NF-kB
upregulates the production of TNF-at and the expression of
the apoptotic genes*.

In mediterranean area and some other countries around
the world, olives and its industrial derivatives were
recommended traditionally as natural plants with health
benefits because they are rich with polyphenolic
compounds'. Extracts from the fruits and leaves of the
olive tree (Olea europaea) are known to have antioxidant,
anti-inflammatory, antiapoptotic  properties and a
cancer-preventive activities?®?2. The majority of these
properties are attributed to the presence of varying
concentrations of phenoliccompoundsincluding oleuropein,
verbascoside and ligstroside, which change gradually during
maturation of the fruit to hydroxytyrosol and other simple
phenolics?.

Olive Leaf Extract (OLE) and its active constituent,
oleuropein has shown protective activity against toxicity of
several compounds. It showed hepatoprotective activity in
CCl,treated  mice?*,  cardioprotective  activity in
doxorubicin-treated cardiomyocytes®, neuroprotective and
nephroprotective activity against gentamycin?® and
cyclosporin induced nephrotoxicity?”. This study aimed to
evaluate the role of OLE as a promising protective remedy
against the CP-induced nephrotoxicity treatment.
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MATERIALS AND METHODS

Fresh olive tree leaves were collected from Jordan. Plant
material was identified and authenticated by botanical survey.

Preparation of olive leaves extract: Five hundred grams of
olive tree leaves obtained from Jordan; washed, air-dried and
ground with a mixer to a fine powder. Olive leaves were then
consecutively macerated for three days in 2 L of methanol
with shaking. The resulting extract was filtered daily and 2 L
fresh methanol were added. The methanolic extract was found
to berich in terms of chemical constituents and therefore was
selected for the experiment. Collected fractions were put
together. The methanolic solution was evaporated by using
rotary evaporator (Rotavapor) to obtain a semisolid mass of
methanolic olive leaves extract. The extract was then stored in
-20°C until used?.

Chemicals: The CP was obtained as commercially used vials;
product of Hospira (USA). Ether, methanol, n-butanol,
1,1',3,3-tetramethoxypropane,  potassium  dihydrogen
phosphate, reduced glutathione (GSH), Ellman's reagent
(5,5'-dithio-bis-(2-nitrobenzoic acid)), trichloroacetic acid (TCA)
and thiobarbituric acid (TBA) were purchased from
Sigma-Aldrich (St. Louis, MO). Urea, creatinine and albumin kit
were obtained from Sigma-Aldrich (St. Louis, MO). Rat Tumor
Necrosis Factor-alpha (TNF-a) and caspase-9 ELISA kits were
purchased from Raybioech (Norcross, USA) and Cloud-Clone
corp (Houston, USA), respectively. Immunohistochemistry
(IHC) antibodies for NF-kB and cytochrome C were obtained
from Thermo Scientisic (USA). The DNA extraction kit was
obtained from Qiagene (Hilden, Germany). Other chemicals
were of high analytical reagents or grade.

Experimental design: Adult healthy male Wistar rats (Sprague
Dawley) weighing (150-200 g) were obtained from the animal
farm at King Saud University, Saudi Arabia, Riyadh. Animals
were housed as four per cage in standard polypropylene
cages. Therats were acclimatized for 1 week before beginning
the experiments. The animals were provided with water and
standard basal diet ad /ibitum and were maintained under
controlled conditions of temperature, humidity and light
(1212 h lightdark cycle). Handling of animals was in
compliance with the guidelines for the care and use of animals
for scientific purposes with ethical approval in 12-1-15 for
animal trial according to King Saud University instructions.
Forty eight adult rats were randomly divided into
6 groups, 8 rats per group. The experiment was carried out
for 10 days. Group 1 (Control) served as untreated control,
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received vehicle daily via oral tube. Group 2 (OLE) received an
oral administration of 1000 mg kg~' b.wt.,, OLE daily for
10 days via oral tube. Group 3 (CP) rats received vehicle
daily and a cisplatin was injected intraperitonealy
(7 mg kg™ b.wt.) at 5th day. Group 4-6 OLE (250, 500 and
1000 mg kg=' bwt)+CP received orally 250, 500 and
1000 mg kg~ OLE daily for 10 days, respectively and were
also treated with a single dose of CP intraperitoneal injection
(7 mg kg™" b.wt.) on the 5th day of the experiments 1 h prior
to OLE dose.

The animals of all groups were sacrificed by fast
decapitation on the 11th day, animals were anesthetized
with ether and sacrificed on the 6th day after cisplatin
administration. Blood samples were collected, allowed to
stand for half an hour and then centrifuged at 3000 rpm for
15 min at 4°C to separate serum and stored at -80°C for the
different biochemical assays. The kidney was immediately
removed, dried and weighed. Part of the kidney tissue was
transferred immediately in 10% phosphate buffered
formaldehyde for histological and immunohistochemical
studies. Second part was weighed and homogenized
immediately to give 50% (w/v) homogenate in ice-cold
medium containing 50 mM tris-HCl, pH 7.4, to be used for the
various biochemical determinations. Third part stored at
-80°C for DNA extraction.

Estimation of kidney weight to body weight ratio: Rats were
weighed on last day of experiment, kidney of each rat was
dried and weighed to estimate kidney weight to body weight
ratio:

Kidney weight x100
Body weight

Ratio =

Kidney function tests: Serum levels of Blood Urea Nitrogen
(BUN), creatinine and albumin were estimated using
diagnostic spectrophotometric kits; according to the standard
procedure to assess the renal failure.

Histopathological examination: The kidney samples were
fixed with 10% phosphate buffered formaldehyde for 24 h
and then washed in tap water. Serial dilutions of alcohol
(methyl, ethyl and absolute ethyl) were used for dehydration.
Specimens were cleared in xylene and embedded in paraffin
at 56°C in a hot air oven for 24 h. Paraffin bees wax tissue
blocks were prepared for sections of 5-6 um thickness were
cut using a slidge microtome. The tissue sections obtained
were collected on glass slides, deparaffinized and stained
with hematoxylin and eosin stains for histopathological
examinations with a light microscope?.
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Determination of oxidative stress markers: Twenty percent
kidney homogenate was used for determination of lipid
peroxidation as a marker of oxidative stress. Lipid peroxides
were determined spectrophotometrically as thiobarbituric
acid-reactive substances (TBARs) according to the method of
Uchiyama and Mihara®. The colorimetric determination of
TBARs based on the reaction of malondialdehyde (MDA) with
thiobarbituric acid at low pH and at high temperature. The
resultant pink colored product was extracted by n-butanol
and the absorbance is determined spectrophotometrically at
535 nm.

Twenty percent kidney homogenate was used for
determination of reduced glutathione (GSH). The assay
procedure involves the estimation of GSH using
spectrophotometer according to Ellman's method®'. An
aliquotof 0.5 mL of tissue homogenate was used. Precipitation
of protein thiols by TCA was carried out and samples were
centrifuged at 3000 rpm for 10 min. The resulting supernatant
was used for determination of GSH using Ellman’sreagent. The
absorbance was measured at 412 nm.

Detection of TNF-a and caspase 9 using ELISA kits: Tumor
Necrosis Factor-a (TNF-a) and caspase 9 (Raybioech and
Cloud-Clone corp) were detected in kidney tissue
homogenate samples using standard sandwich enzyme-linked
immunosorbent assay (ELISA) kit according to the
manufacturer’s instruction.

Total DNA preparation extraction and fragmentation:
Thirty milligrams of each tissue was homogenized in RTL lysis
buffer (Qiagen) containing 1% 2-mercaptoethanol. Total
DNA was extracted using All Prep DNA/RNA Mini kit
(Qiagen, Cat# 80204), following the manufacturers manual
and the DNA was eluted with 50 pL elution buffer.
Quantification of the extracted DNA was determined using
NanoDrop-8000 and its integrity was assessed by agarose gel
(1.5%) electrophoresis. Gels were illuminated with 300 nm UV
light and a photographic record was made2,

Immunohistochemical detection of NF-«B and
cytochrome c: Formalin-fixed tissues were embedded in
paraffin and cut into 5 um sections. The kidney sections were
fixed overnight, deparaffinised in xylene, rehydrated in a
graded series of ethanol and boiled in antigen unmasking
solution (Vector Laboratories, Burlingame, CA, USA) for 5 min.
Sections were immersed in peroxidase-blocking reagent
(Dako, Botany Bay, NSW, Australia) for 10 min and incubated
in a humidified chamber with blocking goat serum (Dako) for
30 min. Sections were incubated with anti-NF-kB antibody
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(rabbit polyclonal) (1:500) in blocking solution for 12 h at
4°C for NF-kb detection or cytochrome c¢ antibody
(Clone 7H8.2C1) (mouse monoclonal) for cytochrome ¢
detection. They were then re-equilibrated to room
temperature and washed with PBS, incubated with Horse
Radish Peroxidase (HRP) antibody conjugates (1:2500) in
blocking solution without tween-20 for 2 h at room
temperature.

Specimens were washed with PBS and incubated with
0.2% solution of 3,3-diaminobenzidine (DAB) until desired
stain intensity develops followed by washing in distilled
water. Sections were counterstained with hematoxylin,
dehydrated in a graded series of ethanol and
mounted with di-n-butylphthalate-polystyrenexylene (DPX).
Immunoreactivity was quantitated in a blinded manner by
three independent observers and the total number of
positively stained cells was quantitated.

Statistical analysis: Results are reported as mean=standard
error of the mean (SEM). Statistical analysis was performed
using one-way analysis of variance (ANOVA). If the overall
p-value was found statistically significant (p<0.05), further
comparisons among groups were made according to
post hoc Tukey's test. All statistical analyses were performed
using Graph Pad In Stat 3 (Graph Pad Software, Inc. La Jolla,
CA, USA) software. Graphs were sketched using Graph Pad
Prism version 4 software (Graph Pad Software, Inc. La Jolla, CA,
USA).

RESULTS

Kidney weight/body weight ratio: Kidney weight/body
weight ratio of CP treated group significantly increased
(p<0.01) compared to control group. The OLE pre-treatment
with different concentrations administered with CP
showed a significant decrease (p<0.05, p<0.01 and p<0.01,
respectively) in the ratio as compared to CP administered to
animals alone (Fig. 1a).

Levels of serum BUN, creatinine and albumin: The levels of
serum BUN and creatinine were significantly higher in the
CP-treated animals when compared to control group.
Treatment with OLE+CP significantly decreased levels of
BUN and creatinine at all different doses except at OLE
(250 mg kg~ b.wt.) regarding creatinine level (Fig. 1b, ).
While, the levels of serum albumin was significantly lowered
in the CP-treated animals when compared to control group,
animals treated with OLE+CP maintained normal albumin
level at all doses (Fig. 1d).
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Fig. 1(a-d): (a) Kidney weight/body weight ratio (%) in different animal groups, (b) Serum BUN (mg dL="), (c) Serum creatinine
(mg dL™") and (d) Albumin (g dL™") in different animal groups. Each value represents the mean of 8 records+SE,
3p<0.05 significant change with respect to control group, °p<0.05 significant change with respect to CP group

Treatment with OLE (1000 mg kg~ b.wt.) alone did not
reveal any changes in the levels of the tested parameters; as
compared to control group (Fig. 1a-d).

Kidney histopathology: Control group (Fig. 2a) and rats
treated with OLE (Fig. 2b) showed normal glomeruli and
tubules and no significant differences were found between
the two groups. The CP administration resulted
histopathologic changes of kidneys including cellular

in

679

degeneration in lining epithelium of renal tubules and
desquamation of degenerated cells present in the lumen of
the tubules, vacuolization, apoptosis, sever necrosis, loss of
brush border, blood congestion and debris of the
intratubular and flattening of the tubular epithelium. It also
caused tubular dilatation in the corticomedullary junction of
rats kidneys. In necrotic tubules, eosinophilic amorphous
material as well as pyknotic and karyorrhectic debris was
observed (Fig. 2¢).
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Fig. 2(a-f): (a) Histological examinations by hematoxylin and eosin staining demonstrating the effect of OLE on CP induced renal
damage in rats. Light micrographs showing group treated with vehicle, (b) OLE 1000 mg kg~' b.wt., showing the
normal glomruli (1) and renal tubules lined by tubular cells with vesicular nuclei (A), (c) CP showing the necrotic
glomeruli (1), the renal tubules with marked vacuolation of its lining epithelium and dens nuclei (A) and (d-f)
Congested blood vessels (%), OLE (250, 500 and 1000 mg kg~' b.wt.)+CP showing decreased renal damaged in a
dose-dependent manner; evidenced by normal glomruli (1) and renal tubules (A), that in rats receiving the highest
dose of OLE was relatively resembling control group. Representative results from 8 similarly treated rats. Original

magnification is 40X

Treatment with OLE dose-dependently reduced
pathological changes in the kidneys including extensive
glomerular necrosis and degenerated cells (Fig. 2d, e),
with visible mitosis and regeneration of tubular epitheliumin
group treated with OLE at the dose of 1000 mg kg™ b.wt.
(Fig. 2f). These results show that OLE administration
protected kidney from renal injury after cisplatin injection.
A significant improvement in kidney morphology and overall
renal injury score was noticed (Fig. 2d-f).
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Oxidative stress markers

Effect of CP and OLE treatment on LPO level: The CP
treatment significantly enhanced (p<0.01) the LPO
in kidney tissues as compared to control group, as
evidenced by increased TBARS. Groups pre-treated with
different concentrations of OLE with CP showed a
significant  decline  (p<0.05, p<0.01 and p<0.01,
respectively) in LPO level as compared to CP alone
(Fig. 3a).
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Fig. 3(a-b): TBARS (nmol g~! tissue protein) and kidney GSH (umole g~ tissue protein) in different animal groups. Each value
represents the mean of 8 records+SE, 2p<0.05 significant change with respect to control group, ®p<0.05 significant

change with respect to CP group

Effect of CP and OLE treatment on GSH level: The CP
treatment significantly (p<0.01) reduced the level of GSH as
compared to control group (Fig. 3b). The OLE pretreated
animals supplemented with CP showed a significant (p<0.01)
maintenance of GSH level comparable to that of control
group.

The OLE (1000 mg kg~" b.wt.) alone did not reveal any
changes in the levels of LPO and GSH as compared to control
group (Fig. 3a, b).

Inflammatory response markers
Nuclear factor kappa B: Immunohistochemical analysis of
NF-kB expression in the kidneys of control group (Fig. 4a) and
rats treated with OLE (Fig. 4b) showed low NF-kB
immunoreactivity.In contrast, strong NF-kBimmunopositivity
was found in renal tubular cells of CP-treated animals,
with numerous positive nuclei (Fig. 4c). Treatment of
CP-intoxicated rats with OLE reduced NF-kBimmunopositivity
in a dose-dependent manner (Fig. 4d-f).

Renal expression of NF-kB in rats receiving the highest
dose of OLE was similar to control group (Fig. 4f), without
nuclear immunopositivity.

Tumornecrosis factor-a: Figure 5 shows the level of cytokine
TNF-o quantitation by ELISA were markedly increased
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(223% of control) in kidney of rats treated with cisplatin. On
the other hand, OLE alone slightly decreased the levels of
TNF-a compared to control. Rats treated with OLE at different
doses prior to cisplatin exhibited a significant (p<0.01)
suppression in the level of TNF-a compared to rats that
treated with cisplatin alone (Fig. 5).

Apoptosis

Genomic DNA fragmentation: Figure 6 shows the qualitative
changes in the integrity of the renal genomic DNA which
indicated the apoptosis. Agarose gel electrophoresis
shows that cisplatin treatment resulted in a dramatic
oligonucleosome-length damage of DNA, characterized by
smearing of DNA fragments. On the other hand, DNA isolated
from control samples and OLE (1000 mg kg~' b.wt.) alone
exposed tissues showed no DNA smearing, suggesting no
DNA fragmentation. The DNA of rats treated with OLE
(1000 mg kg™") prior to cisplatin showed improvement in the
DNA damage with mild smearing.

Caspase-9 activity: The apoptosis induced in the cisplatin
group correlated with the elevation in caspase-9 activity,
which also known as index of apoptosis. While, the group
treated with OLE prior cisplatin significantly reduced the
caspase-9 activity (Fig. 7).
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(b)

Fig.4(a-f): Immunohistochemistry was performed for NF-kB expression in rat kidneys in different animal groups. (a) Rats treated
with vehicle, (b) OLE 1000 mg kg~' b.wt., (c) CP and (d-f) OLE (250, 500 and 1000 mg kg~ b.wt.)+CP. Arrows show

NF-kB immunopositive nuclei. Representative results from 8 similarly treated rats. Immunohistochemistry staining,

original magnification 40X
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Fig. 5: Kidney TNF-a ELISA (tissue protein pg g7') in different animal groups. Each value represents the mean of 8 records+SD,
3p<0.05 significant change with respect to control group, °p<0.05 significant change with respect to CP group
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Fig.7: Caspase9activity ELISA (tissue protein pg g') in differentanimal groups. Each value represents the mean of 8 records+SD,
3p<0.05 significant change with respect to control group, ®p<0.05 significant change with respect to CP group

DISCUSSION

The CP is an effectively important chemotherapeutic
anticancer agent'®, However, several studies have shown that
its administration is associated with nephrotoxicity, which
occurs through overproduction of Reactive Oxygen Species
(ROS), tubule interstitial inflammation and apoptosis'?3*, This
study investigates the possible protective effect of OLE against
cisplatin-induced nephrotoxicity in rats.
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Inthe current study, the administration of a single dose of
CP (7 mg kg™ b.wt.) resulted in significant changes in kidney
weight/body weight ratio and renal function tests. The blood
urea nitrogen and serum creatinine were increased in the CP
treated group which serum albumin was decreased due to
loss of albumin in urine compared to control group (Fig. 1).
Changesinkidney function tests may occur due to glomerular
damage and decreased glomerular filtration rate3,
Nephrotoxicity was also evident by these histopathological



Int. J. Pharmacol, 12 (7): 675-688, 2016

(b)

Fig.8(a-f): Immunohistochemistry was performed for expression of cytochrome cin the rat kidneys. (a) Rats treated with vehicle,
(b) OLE 1000 mg kg~' b.wt., (c) CP and (d-f) OLE (250, 500 and 1000 mg kg~" b.wt.)+CP. Arrows show cytochrome c
immunopositive expression. Representative results from 8 similarly treated rats. Immunohistochemistry staining,

original magnification 40X

examination (Fig. 2c) that showed obvious tissue damage
in kidney, including vacuolization, severe necrosis,
degenerative changes in lining epithelium of renal tubules
and desquamation of degenerated cells present in the lumen
of the tubules. Pretreatment with different doses of (OLE)
maintained the ratio of kidney weight/body weight and
protected the kidney against cisplatin-induced nephrotoxicity,
as evidenced by maintaining normal kidney function tests and
histopathological examination showing preserved renal
tissue integrity in a dose-dependent manner (Fig. 2d-f). No
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significant differences were found between the control and
OLE treated group whose showed normal renal structure
(Fig. 2a, b).

The degradation of cellular DNA by endonucleases is an
important component of renal tubular epithelial cell death
induced by ischemia or nephrotoxins®. Cisplatin binds to DNA
to form covalent platinum DNA adducts and also acts as a
DNA alkylator. In addition to the adduct-forming direct DNA
interaction, cisplatin appears to induce ROS generation that
leads to oxidative stress in several types of cells®®. The excess
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of free radicals are directly involved in kidney injury®, the
antioxidant system act as powerful protecting agents against
oxidative stress which leads to acute renal failure. All these
findings were consistent with the results obtained from the
present study. The CP induced oxidative stress and affected
antioxidant defense system as it increased the level of kidney
malondialdehyde; the end product of the lipid peroxidation
(Fig. 3a) and decreased the level of GSH (Fig. 3b) in rats
treated with CP. The decrease of GSH may occur due to the
formation of cisplatin-GSH conjugation products®. These
results are in agreement with Chirino et a/*'.

Pretreatment with OLE protected cells against CP-induced
oxidative stress as it maintained GSH level comparable to that
of controland decreased MDA levels significantly as compared
to CP group. This can be attributed to antioxidant activity of
OLE (Fig. 3b). Many researchers have demonstrated the
ability of the OLE to scavenge free radicals due to the presence
of several phenolic antioxidant compounds; including
p-coumaric, ferulic and sinapic acids, flavonoids and
procyanidins*43,

Acute kidney injury is associated with a robust
inflammatory response. It was found that inflammation plays
a master role in the pathogenesis of cisplatin-induced
nephrotoxicity>. The inflammatory process is a key contributor
to acute kidney damage. In order to study the
anti-inflammatory effect of OLE in this experimental model,
the expression of NF-kB and the TNF-a level in renal tissues
was determined. Both were significantly increased in cisplatin
treated rats suggesting the implication of inflammation in
mediating nephrotoxicity (Fig. 4, 5). These findings are
consistent with 4445,

The TNF-a appears to be a key upstream regulator in
the inflammatory response triggered by cisplatin. The
TNF-a is a known proinflammatory cytokine involved in the
inflammatory responses such as differentiation, maturation
and activation of inflammatory cells such as neutrophils,
T cells, macrophages and natural killer cells*. The TNF-a as a
cytokineisincreased in the kidney after CP intoxication which
induces the inflammation and directs cellular toxicity'™.
Therefore, the reduction of TNF-a production results in lower
CP-mediated nephrotoxicity*!. The production of TNF-a after
CP administration is considered as the direct result of ROS
formation and activation of NF-kB. The TNF-a itself can
activate IkB kinase, leading to NF-kB activity®. The NF-«B
activation is pivotal in the expression of proinflammatory
cytokines like TNF-a and other mediators involved in acute
inflammatory responses and other conditions associated with
increased ROS generation.
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The toxicity and inflammation of CP in rat tissues were
significantly ameliorated by OLE through the inhibition of
NF-kB expression and TNF-a production (Fig. 4, 5). The ability
of OLE to suppress the NF-kB pathway demonstrates its
anti-inflammatory activity, which is in agreement with
previous studies in different experimental models®.

Apoptosis plays an important role in the development
and maintenance of homeostasis in most of the multicellular
organisms. This type of cell death can be triggered by the
activation of ROS, pro-inflammatory cytokines that ultimately
culminate in the activation of caspase family of proteases.
Apoptotic process induced by CP is through the release of
cytochrome C and then generates superoxide®®. Apoptosis
play important role in the pathophysiology of high doses
of CP-induced renal injury’®. The mechanism of CP
chemotherapeutic activity depends on the high doses of CP
which induce apoptosis in response to cellular stresses and
DNA damage®®. The CP results in the apoptosis via the
activation of p53 which induces the transcription of apoptotic
genes, including caspase-dependent or independent
pathways®'»2,

In the present study, the increase in DNA fragmentation,
caspase-9 activation and cytochrome c expression were
observed in CP-treated rat kidneys (Fig. 6-8). It has been
hypothesized that oxidative damage can occurin DNA during
the peroxidative breakdown of membrane polyunsaturated
fatty acids. The DNA damage affects homeostasis of various
cells leading to induced signal transductions associated with
apoptosis and cell proliferation®**. Administration of OLE
extracts prior to CP treated rats protected the renal tissues and
markedly decreased the percentage of fragmented DNA
(Fig. 6), through reduced all the previous apoptotic factors
(Fig. 7, 8). These results agree with the most recent findings
on the antiapoptotic effect of OLE>>®,

These results suggest that antioxidant activity and the
decrease in inflammatory mediators and apoptotic factors
expression could be the key mechanism for nephroprotective
activity of OLE against CP-induced nephrotoxicity. These
findings are in accordance with growing evidence on free
radical scavenging properties of natural phenolic
compounds®’28,

CONCLUSION

In conclusion, to the best of our knowledge, this is the
first study to demonstrate the nephroprotective effect of OLE
against kidney injury induced by CP.
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