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ABSTRACT
Background: Cisplatin has a major antitumor effect against a broad range of solid tumors. Yet, its clinical use is limited by 
its harmful effects especially on the nervous system.
Aim of the Work: Assessment of the effect of cisplatin on histological structure of cerebellar cortex and the possible 
protective role of granulocyte colony stimulating factor (G-CSF) versus citrullus lanatus juice. 
Materials and Methods: Forty adult male albino rats were assigned to a group of four: Control group, group I: received 
cisplatin (10 mg/kg) on the 6th and 13th days of the study via intraperitoneal (IP) injection, group II: received G-CSF (50 
µg/kg) for five consecutive days via subcutaneous injection then received as group I, group III: received cisplatin as group 
I as well as citrullus lanatus juice (4 ml/kg) daily for 16 days via oral gavage. Blood samples were taken to measure plasma 
malondialdehyde (MDA) and reduced glutathione (GSH) levels. Cerebellar biopsies were processed for light microscopy 
using H&E and immunohistochemical stains (glial fibrillary acidic protein (GFAP) & caspase-3) as well as for electron 
microscopy. Morphometric and statistical studies were done for number of Purkinje cells, thickness of granular layer, area 
percent of GFAP positive cells and optical density of caspase-3 positive cells.
Results: Group I showed significantly high MDA and significantly low GSH levels, shrinkage, distortion, deep staining of 
disarranged Purkinje cells with nuclear pyknosis, swollen mitochondria with destroyed cristae and dilated Golgi apparatus. 
Separated granule cells were shrunken with dark irregular nuclei. Results were confirmed by morphometric and statistical 
studies. These changes were ameliorated in both group II and III with great extent in group II than in group III. 
Conclusion: G-CSF could improve cisplatin induced cerebellar cortical changes better than citrullus lanatus juice.
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INTRODUCTION                                                                    

Cisplatin is one of the best and first metal-based 
chemotherapeutic medication, utilized for treatment of 
many malignancies like malignant tumors of the testis, 
ovaries, bladder, lungs, stomach, head and neck[1]. It 
exerts its anticancer activity by binding with genomic and 
mitochondrial deoxyribonucleic acid (DNA). This action 
creates DNA lesions, arrests its replication, production 
of messenger ribonucleic acid (mRNA) and proteins. In 
addition, it activates many transduction pathways which 
in turn induce cell necrosis or apoptosis[2]. The usage of 
cisplatin for chemotherapeutic purposes is hindered by 
its numerous side effects which include nephrotoxicity, 
ototoxicity, and neurotoxicity[3].

Granulocyte colony stimulating factor (G-CSF) 
is a glycoprotein that binds to a single homodimer 
receptor, G-CSFR in order to perform its actions. It is 
mainly produced by hematopoietic cells like monocytes, 
macrophages and lymphocytes. It could be also produced 

by some other cells, like fibroblasts, endothelial cells, 
astrocytes, neurons, and bone marrow stromal cells[4].

It has been reported that G-CSF has been considered as 
an important neurotrophic factor that can induce peripheral 
nerve protection and regeneration. Moreover, it enhances 
angiogenesis and has anti-apoptotic effect[5]. 

Citrullus lanatus (watermelon) belongs to the 
Cucurbitaceae family. It has been extensively studied 
for its pharmacological and therapeutic activities such as 
antibacterial, antiulcer, antioxidant, anti-inflammatory, 
analgesic, hepatoprotective, and against prostatic 
hyperplasia and atherosclerosis[6]. Previous studies reported 
that citrullus lanatus had the ability to prevent oxidative 
injuries which could explain the mechanism of the action 
of this fruit in preventing and treating cardiovascular and 
neurodegenerative disorders[7].

This work was performed to study the effect of cisplatin 
on the histological structure of cerebellar cortex of adult 
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albino rat and the possible protective role of G-CSF versus 
citrullus lanatus (watermelon) juice.

MATERIALS AND METHODS                                                           
Drugs
1. Cisplatin

Generic name: Cisplatine, in the form of a vial                                  
(50 mg/ 50 ml), Mylan S.A.S, France.

2. Granulocyte Colony Stimulating Factor (G-CSF) 
Generic name: Neupogen, in the form of 0.5ml 

prefilled syringe containing 30 MU (equal 300 µg) 
filgrastim (a recombinant-methionyl human granulocyte 
colony stimulating factor, r-metHuG-CSF, derived from 
Escherichia coli), F. Hoffmann-La Roche Ltd, Basel. 
Kirin-Amgen Inc.

3. Citrullus Lanatus (watermelon) Juice
It was freshly prepared daily from watermelon fruits 

(green skin and red flesh). They were bought from a fruit 
seller in a local market in Al Abour City, Cairo, Egypt. 
Preparation started by peeling the skin of the fruit and 
removing the seeds followed by chopping the mesocarp 
into thin slices and transforming it into juice using an 
electrical blender then a fine mesh was used to strain the 
liquid and get a clear fresh watermelon juice[8]. 

Animals
This study was conducted on 40 adult male albino 

rats about 12 weeks old and weighing an average of 200 
grams. They were bought from the Animal House of Kasr 
Al-Ainy and housed in hygienic stainless-steel cages in a 
clean well-ventilated room, at room temperature with free 
access to food and water. The study protocol followed the 
guidelines and was approved by the Institutional Animal 
Care and Use Committee of Cairo University. Approval 
Number of this experiment was CU III S 86 17.

Experimental Design

Rats were randomly allocated into control and 
experimental groups:

Control Group
Included 16 rats that were subdivided equally into the 

following subgroups (4 rats each):
•	 Subgroup 1: serving as negative control, did not 

receive any intervention throughout the study 
duration. 

•	 Subgroup 2: serving as control for group I. Each 
rat was given 2 ml of saline intraperitoneal (IP) on 
day 6 and day 13 from the start of the experiment.

•	 Subgroup 3: serving as control for group 
II. Each rat was given 0.5 ml of glucose 5%                                
(dissolving vehicle for G-CSF) subcutaneous (SC) 
once daily for 5 consecutive days from the start 
of the experiment and then injected with 2 ml of 
saline IP on day 6 and day 13.

•	 Subgroup 4: serving as control for group III. 
Each rat received 0.8 ml of distilled water by 
oral gavage once daily throughout the whole 
experimental period (16 days) and injected with 2 
ml of saline IP on day 6 and day 13 from the start 
of the experiment.

Experimental Groups
Twenty-four rats were equally divided into the 

following 3 groups (8 rats each):

•	 Group I (cisplatin treated group): rats were 
injected with 10 mg/kg of cisplatin IP on the 6th 
and the 13th days of the study[9]. 

•	 Group II (cisplatin & G-CSF treated group): 
rats received G-CSF (50 µg /kg) diluted in 0.5ml 
glucose 5% SC once daily for 5 consecutive days[10] 
from the start of experiment then received cisplatin 
as in group I. 

•	 Group III (cisplatin & citrullus lanatus juice 
treated group): rats received watermelon juice by 
oral gavage at a dose of 4 ml/kg body weight once 
daily throughout the whole experimental period 
(16 days)[8]. Cisplatin was given on days 6 and 13 
as in group I.

•	 The experiment ended 3 days after the last cisplatin 
injection[11]. 

Blood samples were collected from all rats, at the 
end of study period, from the tail vein to detect levels of 
malondialdehyde (MDA) and reduced glutathione GSH[12]. 
Blood samples were centrifuged at 3000 rpm for 10 minutes 
at room temperature and stored at -20°C until they were 
assayed. These measurements were done at Biochemistry 
and Molecular Biology unit of Medical Biochemistry 
department, Faculty of Medicine, Cairo University.

After blood collection, all rats were euthanized by 
IP injection of sodium pentobarbital (100 mg/kg)[13]. 
Then received an intracardiac injection of 1ml of 10% 
formalin. Skull of each animal was opened and cerebellum 
was immediately dissected out and divided into two 
hemispheres: 

The right cerebellar hemisphere was subjected to 
fixation in 10% buffered formalin solution, dehydration 
in ascending grades of ethanol, embedding in paraffin and 
finally cutting into serial 5 µm-thick sections which were 
used for the following procedures: 

1.	 Hematoxylin and Eosin staining for studying the 
histological structure of cerebellum[14].

2.	 Immunohistochemical staining[15] by avidin biotin 
peroxidase complex technique for the detection of:

•	 GFAP: to demonstrate astrocytes. Using 
anti-GFAP antibody, a mouse monoclonal 
antibody (Lab Vision Corporation 
laboratories, CA94539, USA, catalog 
number MS-1376-P0). 
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•	 Caspase-3: to demonstrate cell apoptosis. 
Using anti-caspase-3 antibody, a rabbit 
polyclonal antibody (Lab Vision Thermo 
Fisher Scientific, USA, catalog number                
RB-1197-R7). 

The sections for immunohistochemical stains were 
allowed to boil for 10 min in 10 mM citrate buffer (AP9003) 
at pH 6 for antigen retrieval then incubated for 1h with 
the primary antibodies. Ultravision detection system                                                                                                  
(TP-015-HD) was used to complete immunostaining 
and Mayer's hematoxylin (TA-060-MH) was used for 
counterstaining. Citrate buffer, Ultravision detection 
system and Mayer's hematoxylin were purchased from Lab 
vision Thermo Scientific, Fremont, California, USA. 

Negative controls were subjected to the same steps 
except the addition of the primary antibodies. 

Positive immunoreaction for GFAP appeared in 
cytoplasm and processes as brown color and for caspase-3 
appeared in cytoplasm and in some nuclei as brown color.

The left cerebellar hemisphere was processed for 
preparing semithin and ultrathin sections for transmission 
electron microscopic examination[16]. Small pieces of 
cerebellar cortex, approximately 1 mm3, were subjected 
to fixation in 2.5% phosphate buffered glutaraldehyde 
(pH 7.4) at 4˚C for two hours, rinsing in 0.1M phosphate 
buffer and post fixation in 1% phosphate-buffered osmium 
tetroxide for one hour, then dehydration in ascending 
grades of ethanol. After transferring into propylene oxide 
and epoxy resin mixture, the specimens were embedded in 
fresh epoxy resin containing capsules. Semithin sections 
(1µm thick) were subjected to staining with 1% toluidine 
blue and examination by the light microscope. Ultrathin 
sections (80 nm thick) were subjected to staining with 
uranyl acetate and lead citrate then examination and 
photographing by a JEM-1400 transmission electron 
microscope (JEOL, Tokyo, Japan) at the Electron 
Microscopic Unit, Faculty of Agriculture, Research Park, 
Cairo University.

Morphometric Study
Ten non-overlapping fields from different sections of 

each rat of each group were used to measure:

•	  Number of Purkinje cells (x100) and thickness 
of granular layer (x100) using interactive 
measurements menu.

•	 Area percent of GFAP positive immunoreactive 
astrocytes (x400) using binary mode. 

•	 Optical density of caspase-3 positive 
immunoreactive cells (x400) using color 
monomode.

Measurements were obtained using "Leica 
Qwin 500 C" image analyzer computer system Ltd.                                        
(Cambridge, England) in Histology Department, Faculty 
of Medicine, Cairo University. 

Statistical Analysis 
Data tabulation and analysis were performed using 

SPSS software version 21. The one-way analysis-of-
variance (ANOVA) followed by the post hoc Tukey test 
were used for comparison of quantitative data which 
were presented as means and standard deviations (SD).                       
P-values <0.05 indicated a statistical significance[17]. 

RESULTS                                                                                    

In the present work, no rats died and examination of all 
control subgroups revealed the same results.

Biochemical Results
Mean Plasma level of malondialdehyde (MDA) enzyme 

(Table 1 and Histogram 1):

The mean plasma level of MDA enzyme was 
significantly higher in group I than the control group. It 
was significantly lower in group II than both group I and 
group III, yet, non-significantly higher than the control 
group.  Regarding group III, it was significantly lower than 
group I, but significantly higher than the control group.

Mean Plasma level of reduced glutathione (GSH) 
enzyme (Table 1 and Histogram 2):

The mean plasma level of GSH enzyme was 
significantly lower in group I than the control group. It was 
significantly higher in group II than both group I and group 
III, yet, non-significantly lower than the control group.  
Regarding group III, it was significantly higher than group 
I, but significantly lower than the control group.

Light Microscopic Results

1- Hematoxylin and eosin stained sections                            
(Figures 1 and 2)

The cerebellar cortex of control rats demonstrated three 
layers: outer molecular, middle Purkinje cell, and inner 
granular layers. Purkinje cell layer was formed of a single 
row of Purkinje cells which were pyriform in shape with 
basophilic granular cytoplasm, central vesicular nuclei 
and prominent nucleoli. Granular layer was composed of 
numerous closely packed granule cells with dark rounded 
nuclei and acidophilic cerebellar areas in-between. 
Molecular layer showed basket cells and lightly acidophilic 
neuropil (Figures 1A and B).

Sections from group I showed irregular shaped deeply 
stained Purkinje cells with pyknotic nuclei. Some Purkinje 
cells were arranged into multiple layers and surrounded by 
vacuolated neuropil, while others appeared disorganized 
among widely separated granule cells (Figures 1 C and D). 

Group II revealed most of Purkinje cells appeared with 
more or less normal shapes, basophilic granular cytoplasm, 
vesicular nuclei and prominent nucleoli, while few still 
affected by cisplatin and appeared shrunken, darkly stained 
with pyknotic nuclei. Few pericellular halos appeared in 
molecular layer (Figure 2 A). 
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Group III showed some Purkinje cells appeared with 
more or less normal shapes, basophilic granular cytoplasm 
and vesicular nuclei while others still appeared shrunken, 
with irregular shapes, deeply stained cytoplasm and 
pyknotic nuclei. There was vacuolated neuropil in Purkinje 
cell layer and some vacuolation in molecular layer                  
(Figure 2 B).

2- Immunohistochemically stained sections for 
GFAP (Figure 3)

The cerebellar cortex of rats of control group 
demonstrated few GFAP positive astrocytes in granular, 
molecular and Purkinje cell layers (Figure 3A). Group I 
showed multiple GFAP positive astrocytes in all layers 
of cerebellar cortex (Figure 3B). In group II, few GFAP 
positive astrocytes appeared in all layers (Figure 3C). 
Meanwhile, group III revealed some GFAP positive 
astrocytes in cerebellar cortical layers (Figure 3D). 

3-Immunohistochemically stained sections for 
caspase-3 (Figure 4)

The cerebellar cortex of rats of control group 
demonstrated negative caspase-3 immunoreaction in 
cells of granular, molecular and Purkinje cell layers                                     
(Figure 4A). Group I showed obvious caspase-3 
immunoreactivity in cells of granular and Purkinje cell 
layers (Figure 4B). Faint caspase-3 immunoreactivity was 
detected in cells of cerebellar cortical layers of group II 
(Figure 4C). Group III revealed less obvious caspase-3 
immunoreactivity in cells of layers of cerebellar cortex 
(Figure 4D).

4- Semithin sections stained with toluidine blue 
(Figure 5)

The semithin sections of cerebellar cortex of control 
rats revealed Purkinje cells with central vesicular nuclei, 
cytoplasmic Nissl granules and surrounded by pale-stained 
Bergmann astrocytes. Granule cells appeared densely 
populated with darkly stained nuclei and scanty cytoplasm 
(Figure 5A). Group I showed deformed Purkinje cells with 
deeply stained cytoplasm, surrounded by multiple focal 
vacuoles and appeared disorganized among granule cells. 
Some granule cells were darkly stained (Figure 5B). 

Examination of group II showed Purkinje cells 
arranged in one row with more or less uniform shape and 
size, granular cytoplasm with Nissl granules and pale 
nuclei. Few vacuoles appeared in surrounding neuropil 
and some neuroglia showed irregular outline (Figure 5C). 
Group III revealed Purkinje cells with more or less regular 
shape and size, granular cytoplasm with Nissl granules and 
pale nuclei. Some Purkinje cells showed primary dendritic 
processes arising from their perikarya, other cells appeared 
shrunken (Figure 5D).
Electron Microscopic Results (Figures 6 and 7)

The ultrathin sections of cerebellar cortex of control 
rats demonstrated Purkinje cells with euchromatic nuclei, 
cytoplasm containing cisternae of rough endoplasmic 

reticulum, free ribosomes, Golgi apparatus, and multiple 
mitochondria (Figure 6A). Granule cells appeared closely 
packed with nuclei containing clumps of heterochromatin. 
Each nucleus was surrounded by a thin rim of cytoplasm 
with mitochondria and free ribosomes. The granular layer 
showed also myelinated nerve fibers with regular compact 
myelin sheath and multiple mitochondria in the axoplasm 
(Figure 6B).

Group I exhibited part of a Purkinje cell with shrunken 
irregular nucleus, dilated Golgi apparatus and numerous 
swollen mitochondria with destroyed cristae (Figure 6C). 
Granule cells looked shrunken with irregular shapes and 
irregular dark shrunken nuclei. Myelinated nerve fibers 
of granular layer revealed splitting and disruption of 
myelin sheath. Some mitochondria in the neuropil showed 
destroyed cristae (Figure 6D).

Examination of group II showed apparently normal 
Purkinje cells with euchromatich nuclei. The cytoplasm 
showed most mitochondria with regular cristae while others 
with destroyed cristae. Cisternae of rough endoplasmic 
reticulum and free ribosomes were roughly similar to the 
control group (Figure 7A). Granule cells were nearly the 
same as those of the control group with nuclei containing 
clumps of heterochromatin. Nuclei were surrounded by 
thin rim of cytoplasm containing mitochondria and free 
ribosomes. Few vacuolation was detected in neuropil 
between the granule cells. Most of myelinated nerve 
fibers demonstrated regular compact myelin sheath with 
mitochondria within axoplasm (Figure 7B).

Meanwhile, group III showed Purkinje cells with 
irregular nuclei, normal cisternae of rough endoplasmic 
reticulum, free ribosomes and Golgi saccules. Few 
mitochondria had regular cristae while others appeared 
swollen with destroyed cristae (Figure 7C). Closely 
packed granule cells exhibited nuclei with clumps of 
heterochromatin and a thin rim of cytoplasm with areas of 
rarefaction. Myelin sheath of some nerve fibers in granular 
layer appeared regular compact and of low electron density 
(Figure 7D).
Morphometric and statistical results (Table 2 and 
Histograms 3-6)

The mean number of Purkinje cells and the mean 
thickness of granular layer were significantly lower in group 
I than the control group. In group II, they were significantly 
higher than groups I and III and non-significantly lower 
than the control group. Regarding group III, they were 
significantly higher than group I, but significantly lower 
than the control group.

Concerning the mean area percent of GFAP positive 
astrocytes and the mean optical density of caspase-3 
positive cells, group I showed significantly higher data than 
the control group. While group II revealed significantly 
lower data than groups I & III, yet non-significantly higher 
than the control group.  Regarding group III, they were 
significantly lower than group I, but significantly higher 
than the control group.
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Fig. 1:  Photomicrographs of sections in cerebellar cortex of rats stained with H&E (x400) (1A): control group showing pyriform shaped Purkinje cells (arrows) 
arranged in one row with basophilic granular cytoplasm, central vesicular nuclei and prominent nucleoli. Granule cells (arrow heads) appear numerous, closely 
packed with dark rounded nuclei and acidophilic cerebellar areas (asterisks) in-between. (1B): control group showing molecular layer (M) with basket cells (B) 
and lightly acidophilic neuropil (1C): group I showing irregular shaped deeply stained Purkinje cells with pyknotic nuclei (bifid arrows) arranged in multiple 
layers and surrounded by vacuolated neuropil (stars). Notice pericellular halos (curved arrows) in molecular layer (M). (1D): group I showing disorganized 
distorted irregular shaped Purkinje cells (bifid arrows) among cells of granular layer (G), widely separated granule cells (thick arrow) and pericellular halos 
(curved arrow) in molecular layer (M).

Fig. 2: Photomicrographs of sections in cerebellar cortex of rats stained with H&E (x400) (2A): group II showing most of Purkinje cells (arrows) appearing 
with normal shapes, basophilic granular cytoplasm, vesicular nuclei and prominent nucleoli, while few appear shrunken, darkly stained with pyknotic nuclei 
(bifid arrows). Few pericellular halos (curved arrows) appear in molecular layer (M). (2B): group III showing some Purkinje cells (arrows) with normal 
appearance with basophilic granular cytoplasm and vesicular nuclei. Others (bifid arrows) are deeply stained, shrunken and irregular in shape with pyknotic 
nuclei. Notice vacuolated neuropil (stars) in Purkinje cell layer and some vacuolation (V) in molecular layer (M).
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Fig. 3: Photomicrographs of sections in cerebellar cortex of rats stained with GFAP immunostaining (x400) demonstrating granular (G), molecular (M) and 
Purkinje (P) cell layers (3A): control group showing few GFAP positive astrocytes (arrows). (3B): group I showing multiple GFAP positive astrocytes (arrows). 
(3C): group II showing few GFAP positive astrocytes (arrows). (3D): group III showing some GFAP positive astrocytes (arrows).

Fig.4: Photomicrographs of sections in cerebellar cortex of rats stained with caspase-3 immunostaining (x400) (4A): control group showing negative caspase-3 
immunoreaction in cytoplasm and nuclei of cells in granular (G), molecular (M) and Purkinje cell (P) layers. (4B): group I showing obvious caspase-3 
immunoreactivity in cells (arrows) of granular (G) and Purkinje cell (P) layers. (4C): group II showing faint caspase-3 immunoreactivity in cells (arrows) of 
granular (G), molecular (M) and Purkinje cell (P) layers. (4D):  group III showing less obvious caspase-3 immunoreactivity in cells (arrows) of granular (G), 
molecular (M) and Purkinje cell (P) layers.
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Fig. 5: Photomicrographs of semithin sections in cerebellar cortex of rats stained with toluidine blue (x1000) (5A): control group showing Purkinje cells (thin 
arrows) with central vesicular nuclei (N), cytoplasmic Nissl granules (thick arrows) and surrounded by pale-stained Bergmann astrocytes (B). Granule cells 
(arrow head) appear densely populated with darkly stained nuclei and scanty cytoplasm. (5B):  group I showing deformed Purkinje cells with deeply stained 
cytoplasm (bifid arrows), surrounded by multiple focal vacuoles (stars) and appear disorganized among granule cells, some appear darkly stained (arrow 
heads). (5C): group II showing Purkinje cells (arrows) arranged in one row with uniform shape and size, granular  cytoplasm with Nissl granules (thick arrows) 
and pale nuclei (N). Few vacuoles (star) appear in surrounding neuropil. Some neuroglia (NG) show irregular outline. Notice a blood vessel (BV). (5D): group 
III showing two Purkinje cells (thin arrows) with uniform shape and size, granular cytoplasm with Nissl granules (thick arrows) and pale nuclei (N), one shows 
a primary dendritic process (curved arrow) arising from its perikaryon. Another Purkinje cell (bifid arrow) appears shrunken.

Fig. 6: Electron micrographs of sections in cerebellar cortex of rats (6A): control group showing part of the euchromatic nucleus (N) of Purkinje cell, cisternae 
of rough endoplasmic reticulum (thin arrows), free ribosomes (R), multiple mitochondria (M) and Golgi apparatus (thick arrows) (x12000). (6B): control group 
showing closely packed granule cells with nuclei (N) containing clumps of heterochromatin and surounded by thin rim of cytoplasm containing mitochondria 
(M) and free ribosomes (R). Myelinated nerve fibers appear with regular compact myelin sheath (arrow heads) and multiple mitochondria (M) in the axoplasm 
(x6000). (6C): group I showing part of a Purkinje cell with shrunken irregular nucleus (N), dilated Golgi apparatus (arrow) and numerous swollen mitochondria 
(M) with destroyed cristae (x12000). (6D): group I showing granule cells appear shrunken irregular in shape with irregular dark shrunken nuclei (N). Myelinated 
nerve fibers appear with splitting and disruption of myelin sheath (arrow heads). Some mitochondria (M) in the neuropil show destroyed cristae (x6000).
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Fig. 7:  Electron micrographs of sections in cerebellar cortex of rats (7A): group II showing part of the euchromatic nucleus (N) of a Purkinje cell, cisternae of 
rough endoplasmic reticulum (thin arrows), free ribosomes (R) and multiple mitochondria (M) with regular cristae. Some mitochondria (wavy arrows) show 
damaged cristae (x12000). (7B): group II showing granule cell nuclei (N) with clumps of heterochromatin and surrounded by thin rim of cytoplasm containing 
mitochondria (M) and free ribosomes (R). Myelinated nerve fibers have regular compact myelin sheath (arrow heads) with mitochondria (M) within axoplasm 
and few vacuolations of neuropil (V) (x6000). (7C): group III showing part of an irregular nucleus (N) of a Purkinje cell, apparently normal cisternae of 
rough endoplasmic reticulum (thin arrows), free ribosomes (R), and Golgi saccules (thick arrows). Few mitochondria (M) appear with regular cristae, while 
others (wavy arrows) appear swollen with destroyed cristae (x12000). (7D): group III showing closely packed granule cells with nuclei (N) having clumps of 
heterochromatin and surrounded by thin rim of cytoplasm. Areas of rarefied cytoplasm (asterisks) are seen. Myelin sheath of some myelinated nerve fibers 
appear regular compact and of low electron density (arrow heads) (x6000).

Table 1: The mean plasma level of MDA (nmol/ml) and GSH enzymes (mmol/L) ± SD of control and experimental groups

Groups MDA GSH

Control 10.42 ± 0.63 57.1 ± 1.75

Group I 25.38 ± 1.47* 25.53 ± 6.52*

Group II 12.72 ± 1.05$# 50.01 ± 2.59$#

Group III 17.43 ± 2.42*$ 42.28 ± 5.17*$

Significant results at P < 0.05                           SD: standard deviation
* Significant to control group.                           $ Significant to group I.
# Significant to group III.

Table 2: Morphometric and statistical results

Groups Mean number
of Purkinje cells ± SD

Mean thickness of 
granular layer ± SD

Mean area % of GFAP 
positive astrocytes ± SD

Mean optical density 
of caspase-3 positive 

cells ± SD

Control 10.1 ± 1.66 282.81 ± 49.98 0.99 ± 0.23 0.29 ±  0.06

Group I 3.9 ± 0.87* 125.13 ± 15.49* 3.91 ± 0.47* 0.56 ± 0.02*

Group II 8.5 ± 1.64$# 235.98 ± 48.89$# 1.32 ± 0.42$# 0.34 ± 0.07$#

Group III 5.7 ± 1.41*$ 178.22 ± 45.02*$ 1.98 ± 0.24*$ 0.46 ± 0.02*$

Significant results at P < 0.05                           SD: standard deviation

* Significant to control group.                           $ Significant to group I.

# Significant to group III.
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Histogram 1: The mean ± SD of plasma level of MDA enzyme (nmol/ml) 
of control and experimental groups.

Significant results at P < 0.05                     * Significant to control group.

$ Significant to group I.                              # Significant to group III.

Histogram 2: The mean ± SD of plasma level of GSH enzyme (mmol/L) 
of control and experimental groups.

Significant results at P < 0.05                      * Significant to control group.

$ Significant to group I.                               # Significant to group III.

Histogram 3: The mean ± SD of number of Purkinje cells of control and 
experimental groups.

Significant results at P < 0.05                      * Significant to control group.

$ Significant to group I.                               # Significant to group III.

Histogram 4: The mean ± SD of thickness of granular layer (in 
micrometer) of control and experimental groups.

Significant results at P < 0.05                      * Significant to control group.

$ Significant to group I.                                # Significant to group III.

Histogram 5: The mean ± SD of area percent of GFAP positive astrocytes 
of control and experimental groups.

Significant results at P < 0.05                   * Significant to control group.

$ Significant to group I.                            # Significant to group III.

Histogram 6: The mean ± SD of optical density of caspase-3 positive 
cells of control and experimental groups.

Significant results at P < 0.05                     * Significant to control group.

$ Significant to group.                                # Significant to group III.
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DISCUUSION                                                                                              

The clinical use of cisplatin as very effective 
antineoplastic drug is limited for being toxic to most 
human body organs and systems[18,19]. Neurotoxicity is the 
most significant that hinder its clinical use[20]. Although 
cisplatin-induced peripheral neurotoxicity and the role of 
protective agents have been the focus of many previous 
studies[21,22], a little light has been shed on its central 
neurotoxicity[23].

The present work was done to study the impact of 
cisplatin on histological structure of rat cerebellar cortex 
and the possible protective role of G-CSF compared to 
citrullus lanatus juice in rat cerebellar injury under the 
effect of cisplatin.

The current study demonstrated a statistically 
significant rise in the level of malondialdehyde (MDA) 
(as a lipid peroxidation detector) and reduction in the level 
of reduced glutathione (GSH) (as an antioxidant defense 
agent) in group I in comparison to the control group. This 
laboratory result agrees with many previous studies[24,25].

Oxidative stress is an important mechanism of cisplatin 
induced neurotoxicity. Cisplatin induces formation of 
reactive oxygen species (ROS) and the free oxygen 
radicals and, at the same time, reduces the production of 
antioxidants disturbing the oxidant/antioxidant balance 
and triggering lipid membrane peroxidation as well as 
tissue damage[26,27].

In the present study, H&E and toluidine blue stained 
cerebellar sections of group I revealed most of the Purkinje 
cells appeared shrunken distorted with dark cytoplasm, 
pyknotic nuclei and surrounded with vacuolated neuropil. 
Their linear organization was disturbed; some appeared 
disorganized among granule cells while others were 
arranged in multiple layers. Statistical significant decrease 
in mean number of Purkinje cells was detected as compared 
with those of control rats. Similar results were obtained by 
other authers[28-30].

Dark Purkinje cells with pyknotic nuclei could 
be attributed to apoptosis induced by cisplatin[31]. 
Darkly stained degenerated cells could be explained by 
accumulated denatured proteins resulting from cisplatin 
induced oxidative stress[32,33]. Loss of pyriform shape 
of Purkinje cell bodies could be explained by the ability 
of cisplatin to interact with cytoskeletal elements[34]. 
Shrinkage of cells and loss of their cellular processes could 
explain appearance of separated neuropil around Purkinje 
cells in this study[35]. 

Disturbed linear organization of Purkinje cells could 
be explained by previous researchers who reported 
that prolonged neuronal insult might result in adaptive 
mechanism in the form of Purkinje cell crowding in other 
areas as a trial to reestablish synapsis with other nerve cells 
to achieve their functions[36]. 

Granular layer in group I displayed separation between 
granule cells. In addition, there was a decrease in granular 
layer thickness that was confirmed statistically. Similar 
findings were observed by other authors[37,38] on studying 
the damaging effects of morphine and sodium fluoride 
respectively on cerebellum. Decreased thickness of 
granular layer could be explained by neuronal loss[39]. 

In the present study, GFAP stained cerebellar sections 
of group I revealed multiple astrocytes with positive 
immunoreaction. This was confirmed statistically as a 
significant increase in mean area percent of GFAP positive 
astrocytes. This finding was supported by Wallauer                       
et al.,[40] who found that astrocytes became activated 
increasing their number and size as well as the expression 
of their cytoskeletal GFAP on exposure to ethanol injury. 

CNS injuries induce molecular, morphological 
and functional changes of astrocytes called reactive 
astrogliosis. The mechanism of this gliosis is due to 
oxidative stress and elevation of ROS[41]. Consequently, 
astrocytes release neurotoxic substances such as free 
radicles and inflammatory cytokines that actively attack 
protein molecules within neurons, resulting in neuronal 
damage[42].

Obvious caspase-3 immunoreaction in cells of group 
I was confirmed statistically by significant increase in 
its mean optical density. Some authors agreed with this 
result[43]. Cisplatin has been confirmed to be a DNA 
targeting agent inducing DNA damage and apoptosis 
due to formation of toxic platinum DNA adducts, such as 
monoadducts and cross-links[44]. These adducts not only 
formed with nuclear DNA, but also with mitochondrial 
DNA resulting in inhibition of mitochondrial DNA 
replication and mitochondrial genes transcription[45,46]. 

In the current study, the major ultrastructural changes 
in group I were in the form of irregular Purkinje cells 
with irregular shrunken nuclei, dilated Golgi apparatus 
and swollen mitochondria with destroyed cristae. Similar 
observations have been reported by other authors[47,48]. 

Lomeli et al.,[49] found that acute cisplatin treatment 
induced mitochondrial degradation, vacuolization and loss 
of cristae in CA3 hippocampal neurons. It was reported that 
cisplatin rapidly increased mitochondrial accumulation 
of p53 in dorsal root ganglia, spinal cord, and peripheral 
nerves. P53 accumulation caused apoptotic death of the 
injured cells. In addition, cisplatin reduced mitochondrial 
membrane potential led to abnormal morphology and 
disorganized cristae[50]. Stressed mitochondria would 
release cytochrome c (part of mitochondrial electron 
transport chain) into cytoplasm to activate caspase-3 and 
subsequently induce cell death[51]. 

Ultrastructurally, granule cells of group I appeared 
irregular shrunken. Their nuclei were irregular with dense 
heterochromatin. Similar results obtained by Mohamed 



712

A HISTOLOGICAL STUDY

and Mohamed[52] on studying effect of gibberellic acid on 
cerebellum. Degenerative changes in granule cells were 
considered to be secondary to those of Purkinje cells as 
they failed to make normal contact with granule cells[36]. 
Moreover, splitting and disruption of myelinated nerve 
fibers was also detected by some researchers who found 
that cisplatin induced focal areas of demyelination and 
degeneration of nerve fibers[53]. 

Myelin breakdown due to toxic agents altered osmotic 
conditions to such an extent that water and electrolytes 
were drawn into myelin sheath leading to edema and 
myelin splits. Similar processes could contribute to myelin 
splitting and disruption from cisplatin[54]. Myelin damage 
might also result from decreased myelin-associated 
glycoprotein, axonal degeneration, autoantibodies to 
myelin basic protein, and impairment of oligodendrocyte 
function[55].

In group II of the current study, a noticeable 
improvement was evident in biochemical, histological 
and statistical findings. In this regard, it was reported that 
G-CSF exerted potential protective role for traumatic brain 
injury[56] and renal tubular injury induced by cisplatin[57]. 

Administration of G-CSF decreased the level of 
MDA and lipid peroxidation as well as enhanced myelin 
regeneration as reported in some studies including spinal 
cord and brain injuries. The protective action of G-CSF 
against cisplatin-induced cerebellar damage could be owed 
to its antioxidant effect[58], it could effectively prevent 
oxidative stress induced ROS production, mitochondrial 
membrane potential changes and swelling[59].  

Moreover, it was evidenced that G-CSF decreased 
expression of GFAP in a mice model of spinocerebellar 
ataxia[60]. Anti-apoptotic effect of G-CSF was detected in 
rat cortical neurons treated with staurosporine[61] and after 
spinal cord injury as it decreased number of caspase-3 
positive cells[62].

Granulocyte colony stimulating factor could cross 
blood brain barrier and act on neurons and glial cells 
through G-CSF receptors[63,64]. Activation of these 
receptors was proved to down regulate pro-inflammatory 
cytokines, increase neurogenesis, trigger anti-apoptotic 
pathways and promote cerebral angiogenesis, together 
with ameliorating sensory and motor deficits in ischemic 
injuries[65,66]. Moreover it had the ability to stimulate stem 
cells mobilization and homing to brain with neuronal 
differentiation[67]. 

In the present work, biochemical, histological and 
statistical results of group III exhibited partial improvement 
as compared to group II. Improvement of changes in group 
III could be explained by the phytochemical antioxidant 
effect of citrullus lanatus juice that antagonized oxidative 
damage[68]. This was in agreement with Asita & Molise[69] 

and Naz et al.,[70]  who revealed that watermelon contained 
higher content of carotenoids such as lycopene which was 
an excellent antioxidant. 

Lycopene consumption was reported to reduce the risk 
of chronic disorders like cardiovascular, neurodegenerative 
and inflammatory diseases[71]. Lycopene has been proven 
to be a major free radical scavenger and a highly effective 
antioxidant[72]. Moreover, it was proved to attenuate 
nephrotoxicity induced by cisplatin[73]. 

It was noticed that the group treated with cisplatin 
and G-CSF showed better improvement than the group 
treated with cisplatin and citrullus lanatus juice. This 
improvement was detected in all parameters used and 
confirmed statistically throughout the current work. This 
might be due to the multiple mechanisms by which G-CSF 
acted on the tissues. Teixeira et al.,[74] mentioned that 
G-CSF had antioxidant and anti-apoptotic effects as well 
as it enhanced stem cell mobilization, neurogenesis and 
angiogenesis. Meanwhile, citrullus lanatus juice operated 
through its antioxidant mechanism[75]. 

CONCLUSION                                                                                  

•	 Cisplatin had neurotoxic effect on all layers of the 
grey matter

•	 Co-administration of granulocyte colony 
stimulating factor (G-CSF) with cisplatin 
ameliorated to great extent the harmful effect of 
cisplatin on the histological structure of cerebellar 
cortex.

•	 Citrullus lanatus juice when administrated with 
cisplatin had less role in protecting cerebellar 
components as neurons and in preventing reactive 
gliosis when compared to G-CSF.
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الملخص العربى

تأثير السيسبلاتين على قشرة مخيخ الجرذ الأبيض والدور الوقائي المحتمل للعامل المحفز 
لمستعمرات الخلايا المحببة ضد عصير السيترولوس لاناتوس: دراسة هستولوجية

عبير فؤاد عبد المحسن1، نجوى عبد الوهاب أحمد1، زينب محمد الطيب2، شيماء محمد زاهر2
قسم الهستولوجيا، كليه الطب، 1جامعة القاهرة، 2جامعة حلوان، مصر

 

الخلفية: السيسبلاتين له تأثير مضاد للأورام ضد مجموعة واسعة من الأورام الصلبة. ومع ذلك، فإن استخدامه السريري 
محدود بسبب آثاره الضارة، وخاصة على الجهاز العصبي.

الهدف من العمل: تقييم تأثيرالسيسبلاتين على التركيب النسيجي لقشرة المخيخ والدور الوقائي المحتمل للعامل المحفز 
لمستعمرات الخلايا المحببة مقابل عصير السيترولوس لاناتوس )البطيخ(.

المواد والطرق: تم تقسيم أربعين من ذكور الجرذان البيضاء البالغة إلى المجموعة الضابطة، المجموعة الأولى: تلقت 
السيسبلاتين )10 ملج / كجم( في اليومين 6 و 13 عن طريق الحقن داخل الغشاء البريتوني، المجموعة الثانية: تلقت 
العامل المحفز لمستعمرات الخلايا المحببة )50 ميكروجرام/ كجم( لمدة 5 أيام متتالية عن طريق الحقن تحت الجلد ثم 
تلقت السيسبلاتين كما في المجموعة الأولى  والمجموعة الثالثة: تلقت السيسبلاتين كما في المجموعة الأولى وأيضا 
عصير السيترولوس لاناتوس )4مل/كجم( يومياً لمدة 16 يومًا عن طريق الفم. تم أخذ عينات من الدم لقياس إنزيمي 
مالون داي ألدهيد وجلوتاثايون المختزل في البلازما. تمت معالجة عينات المخيخ من أجل الفحص المجهري الضوئي 
باستخدام صبغة الهيماتوكسيلين والإيوسين والصبغة المناعية ضد البروتين الحمضي الليفي الدبقي وضد كاسباس-3 
قياس عدد خلايا  تم  والإحصائية حيث  الشكلية  القياسات  أجريت  وقد  الإكتروني.  المجهري  الفحص  أجل  من  وأيضا 
الدبقي  الليفي  الحمضي  للبروتين  الإيجابية  النجمية  الخلايا  لمساحة  المئوية  النسبة  الحبيبية،  الطبقة  سمك  بركينجي، 

والكثافة البصرية للخلايا الإيجابية للكاسباس-3.
النتائج: أظهرت المجموعة الأولى زيادة ملحوظة في مستوى البلازما لإنزيم مالون داي ألدهيد وانخفاضاً في مستوى 
البلازما لإنزيم الجلوتاثيون المختزل، وانكماشا، وتشوها في خلايا بركينجي التي ظهرت داكنة الصبغة مع تغلظ في 
الأنوية، وتورم الميتوكوندريا مع أعراف مدمرة وحويصلات متسعة لجهاز جولجي. كما كانت الخلايا الحبيبية المنفصلة 

عن بعضها منكمشة مع أنوية غير منتظمة وداكنة.
تم تأكيد النتائج من خلال القياسات الشكلية والإحصائية. وقد تحسنت التغييرات في المجموعتين الثانية والثالثة ولكن إلى 

حد كبير في المجموعة الثانية مقارنة بالمجموعة الثالثة.
الخلاصة: يمكن للعامل المحفز لمستعمرات الخلايا المحببة أن يحسن التغيرات التي يسببها السيسبلاتين في قشرة المخيخ 

بشكل أفضل من عصير السيترولوس لاناتوس.


