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Abstract

Background and Objective: Cisplatin (CIS) is known to cause nephrotoxic effect, depression in erythrocytes (anemia), leukocytes
(leukopenia) and platelets (thrombocytopenia) in a dose-dependent manners which limits its clinical use. This study was designed to
investigate the efficacy of Ginkgo biloba(GB) extract against hematological and pathological disorders, oxidative stress and nephrotoxicity
induced by single or repeated injection cycles of cisplatin in rats. Materials and Methods: Animals were divided into six equal groups
(n = 10). Negative and positive control groups (received vehicle, GB 150 mg kg™, respectively), cisplatin intoxicated groups (received
24mgkg~'asasinglei.p.injection, or as three repeated injection cycles; each cycles consists of 4 daily low dose 2 mg kg~ b.wt., followed
by 10 days recovery period) and GB preventive groups (received the same treatment as intoxicated groups in concomitant
with daily 150 mg kg™ b.wt, of GB orally, started 5 days before first CIS injection). The possible ameliorative effect of GB was
determined on CIS-induce alterations in Relative Kidney Weight (RKW), Blood Urea Nitrogen (BUN), creatinine, blood picture, tissue
oxidative parameters, histopathologic and histo-morphometric analysis and quantification of TUNEL positive cells. Results: The study
revealed significantincrease in RKW, serum creatinine and BUN, renal malondialdehyde (MDA), quantitative and semi-quantitative grading
of renal pathology and number of TUNEL positive cells/HPF in CISintoxicated groups. Moreover, significant decrease was reportedin renal
glutathione (GSH), Hb concentration, RBCs, WBCs and platelets count in CIS intoxicated groups. Significant improvements in some of
these parameters were reported with GB prior-treatment. Conclusion: Prior-treatment with GB partially attenuated the CIS induced
anemia, leukocytopenia, thrombocytopenia and nephrotoxicity through its antioxidant and anti-apoptotic properties.
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INTRODUCTION

Cisplatin (CIS) is an effective antineoplastic drug that is
commonly used for treatment of varieties solid tumors
including head, neck, lung, testicular, ovarian and breast
cancers'. The possible mechanisms involved in the anticancer
activity of CIS may discuss by its ability to binds directly to
DNA of tumor cells, forming a cross-link leading to the
arrest of DNA synthesis and replication. Treatment with CIS
frequently cause nephrotoxicity, acute depression in
erythrocytes (anemia), leukocytes (leukopenia) and platelets
(thrombocytopenia) inadose dependent mannersinrats?and
mice®. Unfortunately, the previous toxicity of CIS are an
inherent adverse effects*®, where more than one third of
patients develop acute renal injury during CIS treatment. The
major nephrotoxic effect of CIS is mainly exerts in the renal
proximal tubular cells where itis preferentially accumulated”®.
Despite the mechanisms of this renal injury has been the focus
of several studies for many years, it still not fully elucidated.
However, oxidative stress, in ammation and apoptosis
seem to play a crucial role®'". There is no precise treatment
for cisplatin-induced nephrotoxicity. Therefore, many
investigations have been designed to assess the potential
renoprotective effects of several antioxidants and
anti-inflammatory agents against the adverse effects of CIS'>°,
However, the comparative study for the effect of these
protective agents against the potential renal damage induced
by single injection or repeated injection cycles (a typical
clinical dosing regimen) of CIS with an equivalent cumulative
dose has not been previously investigated.

Ginkgo biloba (GB) is a common traditional popular
medicine which used for treatment of wide range of
disorder including cognitive deficiencies, vestibular vertigo,
tinnitus and Alzheimer disease?®?'. It is well known for its
anti-inflammatory, anti- apoptotic and antioxidant properties
which contributes its ability to scavenge free radicals.
Previous investigation reported the crucial prophylactic
role of GB in the prevention of several diseases associated
with oxidative tissue damage?*?4. This preventive role may
attribute to its active components, namely, avonoglycoside
and terpene lactones???. Therefore, GB may have the
ability to protect against CIS-induced nephrotoxicity. This
was encouraging to design the current study in order to
assess the ameliorative role of GB in rats exposed to single
intraperitoneal (i.p.) injection of CIS and was compared to rats
receiving an equivalent cumulative dose of CIS in three
repeated injection cycles. Moreover, quantification of TUNEL
positive cells (asan indicator for apoptosis) and the possible
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biochemical, hematological and histopathological CIS-induced
alteration and mechanisms underlying this alteration were
investigated.

MATERIALS AND METHODS

Animals: Sixty adult male albino rats weighing 150-200 g were
obtained from Animal Facility, Alexandria University, Egypt.
The animals were kept in galvanized metal cages with
standard housing facilities (24 = 1°Cand 12 hlight/dark cycle).
They were supplied with a standard rodent chow diet with
ad libitum water access and allowed 2 weeks acclimatization
period before the experiments. The experimental procedures
were carried outin accordance with the animal care guidelines
of the National Institute of Health and the experimental
protocol was approved by local ethical committee.

Cisplatin and Gingko biloba: Cisplatin (CIS) was obtained
from Oncotic Pharma Production GmbH, Am Pharmapark,
Germany. Gingko biloba (GB) dry leaves extract was obtained
from Nature's Bounty, Bohemia, USA. The extract is
standardized to contain 24% Ginkgo flavonoglycosides,
14.4 mg and terpene lactones (6%) which represent the major
active contents of GB.

Experimental design: Rats were randomly divided into six
equal groups (n = 10, each). Rats in group 1 received distilled
water and normal saline (vehicle of GB and CIS) and served as
negative control. Rats in group 2 received daily oral GB water
extract (150 mg kg™ b.wt,, volume 5 mL kg~' b.wt.)? and
served as positive control. Group 3 received single i.p.injection
of CIS (24 mg kg™ 72 h before rat’s euthanasia)?’. Group 4
received three repeated injection cycles of CIS (each cycle
consists of four daily low dose treatment 2 mg kg~' b.wt,,
followed by 10 days recovery period, with cumulative dose
24 mg kg™ b.wt.). Rats in groups 5 and 6 received the same
treatment used in groups 3 and 4 in concomitant with daily
intra-gastric administration of GB (150 mg kg™ b.wt.). The
prior treatment with GB started 5 days before thefirstinjection
of CIS and continued up to the end of the experiment. To
overcome the possible drug interaction, the treatments with
CISand GB were separated by 60 min. Rats in each group were
weekly weighed.

Sample preparation and evaluated parameters: After 72 h
of the last CIS administration, rats were anesthetized with
light ether; blood samples were collected from the rat’s
retro-orbital plexus. All rats were weighed before sacrification.
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Blood sampling: Two blood samples from each control and
treated rats were taken before sacrifying them from the
retro-orbital plexus under light ether anesthesia using
hematocrit tubes. One sample was taken with EDTA for
making blood picture while the other sample was collected on
clean dry centrifuge tubes for making sera samples.

Hematological studies: Red blood cells, white blood cells,
platelets count, hemoglobin concentration and packed cell
volume were measured?®,

Serum analysis: The blood was centrifuged at 3000 rpm for
15 min to obtain clear serum that was stored frozen at -20°C
until assayed for BUN urea and creatinine using commercial
kits from Diamond Diagnostic Co., Egypt.

Index weight of kidneys: After blood collection, rats were
immediately euthanized; the kidneys were removed, grossly
examined and weighed. The Index Weight (IW) for kidney was
calculated according to Matousek?®:

W= Organ Wg ght <100
Body weight

Preparation of renal tissue homogenate: The right kidney
was separated from each rat, kept at -80°C and then
homogenized in cold potassium phosphate buffer (0.05 M,
pH 7.4). The homogenates centrifuged at 5000 rpm for 10 min
at 4°C. The resulting supernatant was used for measuring of
malondialdehyde (MDA) and reduced glutathione (GSH) levels
using colorimetric assay kits according to the manufacturer’s
instructions (Bio-diagnostic, Egypt).

Estimation of lipid peroxidation in kidney tissue: Lipid
peroxides as malondialdehyde (MDA) were measured by a
Spectrophotometer (UV-VIS Systronics) after the reaction with
thiobarbituric acid reactive substances®.

Measurement of glutathione in the kidney tissue: Reduced
glutathione (GSH) was assayed by spectrophotometric
technique®' using Ellman’s reagent. This method is based on
thereductive cleavage of 5,5-dithiobis-2-nitrobenzoic acid by
sulfhydryl group to yield a yellow color with maximum
absorbance at 412 nm.

Table 1: Histopathological criteria used for tissues scoring system

Histopathological examination and semi-quantitative
scoring of renal tissue: The left kidney was collected from
each rat then immediately fixed in 10% buffered formalin for
48 h. After fixation, the tissues were processed through the
conventional paraffin embedding technique®. Sections of 5 u
thicknesses were stained with hemotoxylin and eosin (HE) and
then examined by light microscope. The severity of renal
damage was scored semi-quantitatively according to
previously determined criteria®. Tissue deterioration was
quantified in 10 microscopic fields from each group using a
scale (0: None, 1: Mild, 2: Moderate and 3: Severe) for each
criteria with a maximum score of nine (Table 1).

Morphometric analysis (Computer image analysis):
Quantitative histo-morphometric analysis was performed
on high quality images obtained from light microscopy
of HE stained sections wusing image J software
(The program was originally developed by Wayne Rasband
(wayne@codon.nih.gov) at the Research Services Branch of
the National Institute of Mental Health (Bethesda, MD, USA).
Five blindly selected High Power Fields (HPF) from each
section were evaluated (10 sections from each experimental
group).

Quantification of TUNEL positive cells: Sections of 4 p
thicknesses were prepared from control and treated rat's
kidneys. Tissue sections were stained for apoptotic cells using
TUNEL (terminal deoxynucleotidyl transferase-mediated dUTP
nickend labeling) assay kit according to the recommendations
of the manufacturer (Trevigen, TACS® TdT). This assay relies
on detection of DNA nicks by terminal deoxynucleotidyl
transferase (TdT), an enzyme that will catalyze the addition of
dUTPs thatare secondarily labeled with a marker as previously
described by Gavrieli et a/**. The TUNEL positive cells was
visualize under the light microscope as a dark brown color,
other non-reactive cells were stained by hematoxylin to gives
a blue shade. Results were expressed as the mean number of
TUNEL-positive apoptotic cell/HPF.

Statistical analysis: All values are expressed as Mean+SEM
The obtained results were analyzed by one-way analysis of
variance (ANOVA) followed by Duncan’s multiple range test
using SAS®. The p-value was represented as p<0.01 and
p<0.05 to determine the strength of statistically significance.

Tissue

Criteria

Kidney (At least 10 microscopic fields were examined from each group)

Deterioration in glomerulus and bowman space
Deterioration in proximal and distal tubule
Vascular congestion and inflammatory cell infiltration

237



Asian J. Anim. 5ci, 10 (4-5): 235-246, 2076

RESULTS

Effects of CIS and/or GB on Final Body Weight (FBW) and
Relative Kidney Weight (RKW): Final body weight was
significantly decreased (p<0.05) in rats treated with three
repeated cycles of CIS (with or without GB prior-treatment)
compared to control rats. The relative kidney weight was
significantly increased (p<0.05) inall CIS treated rats compared
to control rats. While, the pretreatment with GB significantly
decreased the RKW compared with the repeated CIS
administration alone (Table 2).

Effects of CIS and/or GB on RBCs, WBCs, Hb, PCV and
platelets: The single or repeated administration of CIS alone
induced a significant decrease in the counts of RBCs, WBCs
and platelets, Hb concentration and PCV percent (p<0.05) as
compared to control groups. While, the rats treated with GB
alone showing non-significant difference in the previously
mentioned hematological parameters compared to the
negative control rats (Table 3). However, pre-treatment of GB
significantly increased the counts of WBCs in rats given single
or repeated administration of CIS compared with CIS alone.
Pre-administration of GB to rats given single doses of CIS

insignificantly increased the counts of RBCs and platelets, Hb
concentration and PCV percent compared to CIS alone
(p<0.05). Meanwhile, Pre-administration of GB to rats given
repeated doses of CIS significantly increased the counts of
RBCs and platelets, Hb concentration and PCV percent
compared to CIS alone (p<0.05).

Effects of CIS and/or GB on BUN, serum creatinine: Rats
received CIS in both administration manners showing
significant increase (p<0.05) in serum BUN and creatinine
levels compared to control rats. However, the pretreatment
with GB significantly decreased serum BUN and creatinine
levels compared to CIS alone (Table 4).

Effects of CIS and/or GB on renal MDA and GSH: Rats
treated with CIS alone showing significant increase
(p<0.05) in MDA level and significant depletion (p<0.05) in
GSH level compared to control rats. However, rats
pretreated with GB showing significant decrease (p<0.05) in
MDA level compared to those intoxicated with CIS alone
(Table 5). Meawhile, the GSH level was not significantly
differed in rats pretreated with GB compared with CIS alone
(Table 5).

Table 2: Effects of CIS and/or GB on Final Body Weight (FBW), Relative Kidney Weight (RKW)

Groups
Parameters G1 G2 G3 G4 G5 G6
IBW (g) 176.83+1.74 177.33+£1.96 176.50+1.77 180.33+4.14 178.17£2.09 173.50+1.52
FBW (9) 233.17£1.30° 235.83+2.20° 225.50%£1.952 156.83+5.21° 227.33+2722 153.83+£1.97°
RKW (%) 0.46£0.01< 0.42+0.02¢ 0.53£0.02¢ 0.80%0.032 0.52£0.02¢ 0.71+0.02°

Means bearing different letters within the same row are significant at p<0.05, initial body weight (IBW), G1: Negative control, received distilled water and normal saline
(vehicle of GB and CIS), G2: Positive control, received daily oral GB water extract (150 mg kg~ b.wt.), G3: Received single i.p., injection of CIS (24 mg kg~' b.wt) 72 h
before rat’s euthanasia, G4: Received repeated injection cycles of CIS (each cycles consists of four daily low dose treatments 2 mg kg™ b.wt., followed by 10 days
recovery period, G5 and 6: Received the same treatment used in groups 3 and 4 in concomitant with daily intra-gastric administration of GB (150 mg kg~' b.wt.)

Table 3: Effects of CIS and/or GB on RBCs, WBCs, Hb, PCV and platelets in male albino rats

Groups
Parameters G1 G2 G3 G4 G5 G6
RBCs X< 10° C (mm) 10.47+1.64° 11.12+0412 543+1.43¢ 2.661+0.02¢ 7.43%0.30° 6.87£0.19>
WBCs X103 C (mm) 12.631+1.972 11.52£1.04%® 1.10£0.31¢ 0.80%0.06¢ 9.45+0.70° 5.15%£0.32¢
Hb (g dL™") 17.631+3.112 16.85+0.66° 10.731+2.00¢ 5.30%0.06¢ 12.89+0.61%¢ 12.80%0.72
PCV (%) 37.67£6.67° 35.75%£1.30° 22.37+5.05° 9.97%0.03¢ 29.88+2.58% 28.251+1.49%
Platelets X 10° C (mm) 382.67+24.59° 379.00+22.58° 213.50+13.98° 26.00+1.73¢ 232.00%+32.15° 128.671+9.28¢

Means bearing different letters within the same row are significant at p<0.05, RBCs: Red blood cells, WBCs: White blood cells, Hb: Hemoglobin, PCV: Packed cell volume

Table 4: Effects of CIS and/or GB on Blood Urea Nitrogen (BUN) and serum creatinine in male albino rats

Groups
Parameters G1 G2 G3 G4 G5 G6
BUN (mg dL™") 33.00%+1.53¢ 27.00+0.86° 158.33+9.46° 219.33%+16.42° 85.331£3.52¢ 154.83+1445°
Creatinine (mg dL™") 0.6010.04¢ 0.524+0.04¢ 2.88+0.13° 3.57+0.252 2.30%0.17¢ 3.22+0.18®

Means bearing different letters within the same row are significant at p<0.05
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Fig. 1(a-f):

Representative photomicrographs of rat kidney (HE) from (a) Control group showing normal renal architecture,

(b, ¢) Rat received single injection of CIS showing, (b) Extensive glomerular and vascular congestion, tubular necrosis
(star) and dilated proximal tubules, (c) Atrophied glomerulus (arrow), tubular necrosis (¥) and cellular crescent in
bowman'’s space (star) (d-f) Rat received 3 repeated injection cycles of CIS showing, (d) Massive tubular necrosis (star)
and mineralization of tubular epithelium (arrows) (e) Interstitial mononuclear cells infiltration (star), tubular necrosis
and degeneration (arrows) with glomerularand vascular congestion and (f) Marked dilatation of proximal tubules lined
with attenuated or necrotic epithelium (thick arrow), atrophied glomeruli (thin arrow) and mild interstitial edema

infiltrated with mononuclear inflammatory cells

Effects of CIS and/or GB on renal pathology and scoring
system: The renal tissues from control and GB treated rats
showing normal histological morphology (Fig. 1a, 2a). While,
the renal tissues from rats intoxicated with single injection of
CIS showed extensive glomerular and vascular congestion,
vacuolar degeneration, proximal tubular epithelial necrosis
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and desquamation, intraluminal cast formation, atrophied
glomerulus and epithelial cast formation in bowman'’s space
(Fig. 1b, ¢). On the other hand, rats received single injection of
CIS and co-treated with GB showing mildest degrees of
previously mentioned lesions reflecting mild ameliorative
effect of GB (Fig. 2b). Moreover, the kidney tissues from rats
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Fig. 2(a-d): Representative photomicrographs of rat kidney (HE) from (a) Rat received GB showing normal renal morphology,
(b) Ratreceived single injection of CIS+GB showing mild tubular injury, cellular cast in bowman’s space (star) and mild
vascular congestion (arrows), (c and d) Rat received 3 repeated injection cycles of CIS+GB showing, (c) Degenerative
and necrotic change of proximal tubules, vascular and glomeruli congestion (arrow), interstitial and perivascular
mononuclear cells infiltration (star) and (d) Tubular injury and intraluminal cast formation (thin arrows), glomerular
and vascular congestion, atrophied glomerulus (star) and regenerated epithelium (thick arrow)

Table 5: Effects of CIS and/or GB on renal MDA and GSH in male albino rats

Groups
Parameters G1 G2 G3 G4 G5 G6
MDA (nmol g~ tissue) 55.07%£2.33¢ 52.11%£1.33¢ 83.99+1.62¢ 99.03+1.30° 69.841+0.76° 93.67+291°
GSH (nmol g~' tissue) 6.27£0.19° 5.97+£0.212 3.271+0.42° 1.68+0.08° 3.621+0.30° 1.85+0.04¢

Means bearing different letters within the same row are significant at p<0.05, MDA: Malondialdehyde, GSH: Glutathione

treated with CIS in three repeated injection cycles showed  administration manners, significantincrease (p<0.05) in kidney
massive tubular necrosis and mineralization, intraluminalcast ~ damage scores was still recorded in CIS treated and preventive
formation, marked dilatation of cortical tubules lined with rats compared to control rats. However, significant reduction
necrotic epithelium, interstitial edema infiltrated with in kidney damage score (p<0.01) was recorded in rats of
mononuclear cells (Fig. 1d-f). While, rats pre-treated with GB group 5 (received single injection of CIS and pretreated with
and intoxicated with CIS in three injection cycles showed  GB) compared to rats of group 3 (intoxicated with single
similar pattern of lesions without any noticeable histological ~ dose of CIS alone). Furthermore, significant decrease in renal
improvement associated with using of GB except for mild damage scores (p<0.05) was recorded in rats of group 6
regeneration of tubular epithelium (Fig. 2¢c, d). Regarding (treated with three injection cycles of CISin concomitant with
the semi-quantitative scoring of renal damage, despite the ~ GB) compared to rats from group 4 (intoxicated with three
addition of GB to groups 5 and 6 which received CIS in both injection cycles of CIS alone) (Fig. 3).
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Effects of CIS and/or GB on quantification of
histo-morphometricanalysis: By quantitative morphometric
analysis, Glomerular Area (GA) and Glomerular Volume (GV)
were significantly decreased in acute and chronic CIS
intoxicated groups compared to negative and positive control
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Fig. 3: Severity of kidney tissue damage. €: Significant at
p<0.05 compared to control group, a: Significant
p<0.01 compared to group 5 received single injection
of CIS+GB, «: Significant at p<0.05 compared to group
6 received 3 repeated injection cycles of CIS+GB
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groups. While, prior-treatment with GBimproved the situation
in rats intoxicated acutely with CIS resulted in non-significant
difference in GA and GV compared to control groups. On the
otherhand, application of GB prior-treatment with chronic CIS
administration failed to improve these parameters which
show significant decrease compared to control groups
(Fig. 4b, d). Regarding the diameter of renal tubules,
significant increase was detected only in rats treated with
repeated dose of CIS either with or without GB prior-treatment
in comparison with control groups (Fig. 4a). Furthermore, the
thickness of tubular epithelium showing significant decrease
in CIS intoxicated and GB protective groups compared to
control groups. While, the rats pretreated with GB before the
acute and chronic CIS treatment exhibited significant increase
in tubular epithelium thickness compared to rats received CIS
alone (Fig. 4c).

Effects of CIS and/or GB on quantification of TUNEL positive
cells: The number of TUNEL-positive cells was significantly
increased in rats treated with CIS in both administration
manners as compared to the control and GB treated groups.
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Fig. 4(a-d): Histo-morphometric analysis of renal pathology. Data are presented as the Means*SEM, (a) Tubular diameter
estimated by the morphometry of line between the two points on the tubule perimeter, (b) Glomerular area estimated
by calculates the glomerular perimeters, (c) Epithelial thickening estimated by calculate the difference between the
line morphometry of renal tubules and the line morphometry of itsinner lumen and (d) Glomerular volume calculated
using spherical approximation formula (GV = 1.2545 (GA) 1.5). G1: Control positive, G2: Control negative, G3: Rats
received single CIS injection, G4: Rats received repeated injection cycles of CIS, G5: Rats received single CIS
injection+GB, G6: Rats received repeated injection cycles of CIS+GB
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Fig. 5(a-f): Representative photomicrograph of TUNEL assay, TUNEL-positive cells is denoted by arrows, (a) Proximal convoluted
tubules (PCT) of control rats, (b) Distal convoluted tubules (DCT) of GB treated rats, (c) PCT from rats treated with
repeated injection of CIS, (d) DCT of rats received single dose of CIS, (e) DCT from rats treated with repeated injection
of CIS+GB and (f) DCT from rats received single dose of CIS+GB

However, the renal tissue from rats exposed to single dose or
three repeated injection cycles of CIS in concomitant with
GB prior treatment showing significant reductions in the
CIS-induced overexpression of TUNEL positive cells as
compared to rats received CIS alone (Fig. 5, 6).

DISCUSSION

The clinical use of anti-neoplastic drug cisplatin (CIS) is
limited by its severe nephrotoxic, anemia, leukopenia
and thrombocytopenia effects®3. About 20-30% of CIS
treated patients suffered acute renal failure’”3. The
pathophysiological mechanism underlying CIS nephrotoxicity
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is still unclear, it includes some complicated factors such
as DNA damage, oxidative stress, inflammatory response,
activation of apoptotic pathways and accumulation of CIS
where it converts into nephrotoxins®. Therefore, cisplatin
associated nephrotoxicity increases according to dose,
frequency of administration and cumulative dose*.Hence, the
present study was assigned to induce nephrotoxicity in two
different model of rats using an equivalent cumulative dose of
CIS and different frequency of administration (as a single
injection or three repeated injection cycles), structural and
functional alterations in experimental rats kidney was
evaluated by hematologic, biochemical, pathologic and
histo-morphometric analysis to investigate the potential
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Fig. 6: Quantification of apoptotic cells in kidney sections,
identified by TUNEL assay. Data are presented as the
Means £ SEM. Groups treated with CIS alone or with GB
prior-treatment (G3, G4, G5 and G6) had significant
increase (p<0.05) in TUNEL positive cells compared to
control groups (G1 And G2). Groups treated with
CIS+GB (G5 and G6) had significant decrease (p<0.05) in
TUNEL positive cells versus groups treated with CIS

alone (G3 and G4)

beneficial effects of Ginkgo biloba (GB) on cisplatin-induced
nephrotoxicity. The GB is a natural herbal antioxidant; the
ameliorative effect of GB contributed to its anti-inflammatory
and antioxidant properties and its ability to scavenge free
radicals, that could be attributed to its active components,
namely, avonoglycoside and terpene lactones?*,
Animportantindicator in the toxicological investigations
is organ weight*! in this study, significant increase in kidneys
weight was recorded in all CIS treated groups which may
contributed to congestion of intertubular and glomerular
blood capillaries and interstitial inflammatory cells infiltrations.
This result was in agreement with other earlier investigators*.
Anemia, leukopenia and thrombocytopenia are major and
frequent complications for treatment with anti-neoplastic
drugs®.Hence, differenthematological parameters should be
evaluated during the chemotherapy*. In this study, significant
decrease in the counts of RBCs, WBCs and platelets, Hb
concentration and PCV percent in rats received CIS were
reported. These results were agreed with the previous
investigator who concluded a pronounced depression in
erythrocytes (anemia), leukocytes (leukopenia) and platelets
(thrombocytopenia) in a dose dependent manners after
cisplatin treatment in rats? and mice?. These findings may
attributed to the suppressive effect of antineoplasticdrugson
hematopoiesis of the host*. Additionally, the pretreatment
with GB ameliorated the previously mentioned hematological
disorders although it notidentical to control rats, these results
revealed a beneficial effect of GB on the hemopoietic system.
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These findings are in accordance with those reported by
Aruna and Naidu®, Abdel-Baieth*® and Zhou et a/¥
confirming the beneficial effects of GB on the blood picture.

Moreover, several markers can be used in diagnosis of
Acute Renal Failure (ARF), among these markers are Blood
Urea Nitrogen (BUN) and creatinine®. In the current study,
significant increase in serum BUN and creatinine levels was
reported in CIS treated rats compared to control rats. While,
rats treated with CIS and GB exhibited significant reduction in
these parameters compared to CIS treated rats reflecting the
ameliorative effect of GB, this finding was in harmony with the
previous investigator®*4°5°who concluded the renoprotective
effect of GB against CIS-induced nephrotoxicity and with
Sener et al* who reported the ameliorative effect of GB
against renal damage induced by ischemic reperfusion.
Furthermore, lipid peroxidation (LPO) is an indicator of the
oxidative stress, which plays a major role in the toxicity of
many drugs including CIS. Most of the previous investigations
concluded that CIS administrations resulted in severe
oxidative stress and increased formation of free radicals®'>2.
The MDA is a known stable end product of LPO which used to
measure the cumulative LPO indirectly. Therefore, MDA and
GSH in renal tissues were evaluated as a marker of LPO and
oxidative enzymes. Levels of MDA were significantly increased
and level of GSH was significantly reduced in CIS treated rats
compared to the control rats probably due to impairment of
cellular oxidant defense system. However, renal MDA was
significantly reduced in rats pretreated with GB and
intoxicated with CIS compared with rats received CIS alone,
this significant attenuation in MDA level probably because of
ability of GB to scavenge oxygen free radicals in the renal
tissues of rats. Similar results were previously reported by
other earlier researcher433490,

In commitment with biochemical and oxidative analysis
of serum and renal tissues, the histopathological examination
of renal tissues from CIS treated rats revealed acute tubular
necrosis indicate irreversible renal injury, marked dilatation of
proximal convoluted tubules, necrosis and desquamation of
tubular epithelium, intraluminal cast formation, severe
glomerularatrophy and epithelial cast formation in bowman'’s
space, interstitial edema and mononuclear cells infiltration.
These changes may be explained by the ability of CIS to
induced LPO, DNA damages, inflammatory responses and
activation of apoptotic pathways. The obtained lesions run
parallel with the previous investigation conducted by
Okuyan et a/*, Song et a/*® and Pan et a/*. On the other
hand, similar pattern of lesions was observed in rats received
CIS after GB prior treatment but in low distribution manner.
Semi-quantitative scoring confirmed the ameliorative role of
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GB in reduction of severity of the CIS induced renal damage
compared to CIS intoxicated groups albeit it was not identical
to control tissues, these findings are in agreement with earlier
investigations*335%, who concluded the renoprotective role of
GB against CIS. While, the quantitative reno-morphometry
revealed significant increase in diameter of renal tubules
(indicating severe dilatation of proximal tubules), which only
reported in rats treated chronically with CIS alone or with GB
prior-treatment. Moreover, significant decrease in glomerular
area and volumes (indicating glomerular atrophy) was
reported in CIS treated groups as well as in rats received
repeated doses of CIS with GB prior-treatment, while
non-significant atrophy was reported in rats treated with
single injection of CIS after GB treatment which reflect the
ability of GB to ameliorate the nephrotoxic effect of acute
injection of CIS but not in repeated injection cycles. On the
other hand, the morphometric analysis of tubular epithelial
thickening showing significant decrease (due to necrosis and
desquamation of tubular epithelium) in all CIS intoxicated and
protective groups compared to control rats, while it showed
significant difference between the CIS intoxicated and GB
protective rats which may attributed to the renoprotective
effect of GB on renal epithelium. Cisplatin is DNA damaging
anti-neoplastic drug, it reacts with DNA of tumor cells forming
different types of functional adducts resulting in theinduction
of apoptosis®. In our study, apoptosis was confirmed with
TUNEL assay, TUNEL positive cells were significantly increased
in CIS treated and preventive groups compared to positive
and negative control groups, where as it is significantly
decreased in kidney tissues from rats pre-treated with GB and
intoxicated with CIS compared to those received CIS alone,
which implied that the apoptotic cascade might play a key
role in GB nephroprotective effect. This result was in
consistent with other investigator®®>>* who reported
significantincrease in TUNEL positive cells after CIS treatment
in rats.

CONCLUSION

This study provides evidence that CIS adversely induce
anemia, leucocytopenia, thrombocytopenia, renal structure
and function through increasing the oxidative damage and
activation of apoptotic pathways. However, the severity of
damage was more pronounced in repeated injection cycles of
CIS than in case of single injection, which could explained by
the cumulative effect of CIS and its conversion to toxic
product. Moreover, the prior-treatment with GB attenuated
the damaging effect of CIS-treated rats-albeit it not identical
to control rats.
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SIGNIFICANCE STATEMENTS

Cisplatin (Cis) cause nephrotoxicity, acute depression in
erythrocytes, leukocytes and platelets

Ginkgo biloba (GB) is a common traditional popular
medicine

Intoxication with cisplatin increased relative kidney
weight, serum creatinine and blood urea nitrogen,
renal malondialdehyde (MDA), quantitative and
semi-quantitative grading of renal pathology and number
of TUNEL positive cells/HPF

Intoxication with cisplatin decreased renal glutathione
(GSH), Hb concentration, RBCs, WBCs and platelets count
Prior-treatment with GB partially attenuated the CIS
induced anemia, leukocytopenia, thrombocytopeniaand
nephrotoxicity through its antioxidant and anti-apoptotic
properties
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