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ABSTRACT
Introduction: Cisplatin is documented as an effective chemotherapeutic drug with many adverse effects on vital organs, 
including nephrotoxicity, neurotoxicity and ototoxicity. Erythropoietin is a glycoprotein hormone synthesized by the renal 
fibroblasts in the interstitial tissue of the renal cortex in response to hypoxia. Recent research work points out that it could to 
improve the renal dysfunction and histopathological alterations caused by oxidative stress. 
Aim: Is to examine the possible protective role of erythropoietin in cases with cisplatin induced nephrotoxicity.
Materials and Methods: The present study used fifty adult male albino rats, with their weights within the range of 180-220 
g. The rats were divided into five groups, 10 rats each: Group I (Control group): Each of the rats in this group received a 
single intraperitoneal injection of a normal saline solution (0.9% sodium chloride). Group II (Cisplatin administration group): 
Each of the rats in this group was injected once with cisplatin intaperitoneally at a dose of 6 mg/kg.  Group III (Cisplatin 
and erythropoietin pre-administration group): Rats of this group were injected with a single dose of erythropoietin; 3000 IU/ 
kg intaperitoneally, and one day later they were injected with 6 mg/kg of cisplatin intaperitoneally. Group IV (Cisplatin and 
erythropoietin co-administration group): Rats of this group were injected with a single dose of erythropoietin; 3000 IU/kg 
intaperitoneally together with 6 mg/kg of cisplatin by the same rout. Group V (Erythropoietin and cisplatin post-administration 
group): Rats of this group were injected with a single dose of 3000 IU/kg erythropoietin intaperitoneally, and five days later 
they were given 6 mg/kg of cisplatin by the same rout.
Results: Cisplatin injection exerted various histopathological and laboratory alterations such as renal tubular cell necrosis, 
nuclear pyknosis and cytoplasmic vacuolation as well as marked elevation of levels of blood urea and serum creatinine. 
Erythropoietin could improve all the histopathological and functional deterioration exerted by cisplatin injection especially 
when given prior to cisplatin administration.
Conclusion: Erythropoietin could prevent the adverse histological and functional alterations induced by intraperitoneal 
injection of cisplatin in the kidney of adult male albino rat.
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INTRODUCTION                                                                 

Cisplatin is documented as an effective 
chemotherapeutic agent for neoplasms arising from 
different tissues. However treatment with cisplatin is well 
documented to cause many adverse effects in vital organs, 
mainly nephrotoxicity, neurotoxicity and ototoxicity. 
Cisplatin-induced nephrotoxicity is the most prevalent 
adverse effect, where more than 30% of patients treated with 
it have been reported to develop acute kidney injury after 
the administration of this drug. Treatment with cisplatin 
is reported to induce renal tubular cell damage, which is 
more pronounced in the cells of the proximal convoluted 
tubules than in the cells of the other renal tubules. 
Moreover, it exerts marked elevation of blood levels of 
creatinine and urea several days after its administration. 
Several in vivo and in vitro research studies elucidated that 

oxidative stress is the most important factor contributing 
to cisplatin-induced renal tubular cell damage. Reported 
mechanisms by which cisplatin exerts its deleterious effect 
are the activation of oxidative enzymes (e.g. NADPH 
oxidase enzyme) as well as increasing the generation 
of reactive oxygen species (ROS), which both subject 
cellular macromolecules (mainly lipids and proteins) to 
oxidative stress that could be severe enough to induce cell 
death (Hanigan and Devarajan, 2003; Mishima et al., 
2006; Pabla and Dong, 2008; Rashed et al., 2011; Cao 
et al., 2018 and Sonoda et al., 2019). Erythropoietin is 
a glycoprotein hormone synthesized by fibroblasts in the 
interstitial tissue of the renal cortex in response to hypoxia. 
Recombinant human erythropoietin (rhEPO) has been 
used as a successful therapy in end-stage renal failure and 
cancer chemotherapy with or without association with 
anaemia. Clinical research studies proved that rhEPO can 
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improve the renal dysfunction and histological alterations 
emanating from oxidative stress. Moreover, it could 
ameliorate the pathological changes exerted by various 
nephrotoxic drugs and in case of diabetic nephropathy and 
progressive glomerulonephritis (Rjiba-Touati et al, 2011; 
De Nicola and Zoccali, 2016; Vecchio and Zuccala, 
2017).

MATERIALS AND METHODS                                                                 

Chemicals:

1- Cisplatin: was obtained as a vial of 10mg/10ml 
solution (Unistin; EIMC United Pharmaceuticals, Badr 
city, Cairo, ARE). It was given in a single intraperitoneal 
dose of 6mg/ kg (Rjiba-Touati et al, 2011)

2- Erythropoietin: was available as recombinant 
human erythropoietin vials (10.000 IU/ml), provided by 
the Egyptian Pharmex Company, imported from Shenyang 
Sunshine Pharmaceutical Co., China. It was given as a 
single dose of 3000 IU/ kg intaperitoneally (Rjiba-Touati 
et al, 2011).

Animals:

The current study used fifty adult male albino rats, with 
their weights within the range of 180-220 g. They were 
obtained from the animal house, Faculty of Medicine, 
Cairo University. The rats were housed in separate cages 
and were kept under standard laboratory and environmental 
conditions with standard rat chow. The rats were divided 
into five groups 10 rats each:

Group I (Control group): Rats of this group received 
nothing more than water and food.

Group II (Cisplatin administration group): Rats of 
this group received single injection of 6 mg/kg cisplatin 
intaperitoneally. 

Group III (Cisplatin and erythropoietin pre-
administration group): Rats of this group received a 
single dose of 3000 IU/ kg erythropoietin intaperitoneally, 
followed the day after by an injection of 6 mg/kg of 
cisplatin intaperitoneally.

Group IV (Cisplatin and erythropoietin co-
administration group): Rats of this group were 
injected with a single dose of 3000 IU/ kg erythropoietin 
intaperitoneally, given simultaneously with of 6 mg/kg of 
cisplatin given by the same rout.

Group V (Erythropoietin and cisplatin post-
administration group): Rats of this group were 
injected with a single dose of 3000 IU/ kg erythropoietin 
intaperitoneally, and five days later they were given a dose 
of 6 mg/kg of cisplatin by the same rout.

At the last day of the experiment, the rats were 
sacrificed by cervical dislocation, and the kidneys were 
removed and processed for light, electron microscopic and 
histomorphometric studies. Rats of groups I, II and IV were 
sacrificed at day five, rats of groups III were sacrificed at 
day six, while those of group V were sacrificed at day ten. 

Methods:

The kidneys were excised and processed for the 
following studies:

1- Light microscopic study; using haematoxylin and 
eosin as well as toluidine blue stains

2- Electron microscopic examination; specimens 
from both kidneys were obtained then cut into small 
slices that were fixed in 4% glutaraldehyde solution, then 
washed in phosphate buffer and post-fixed in 1% osmium 
tetraoxide. After fixation, specimens were dehydrated 
and embedded in epoxy resins. Semithin sections of 1 μm 
thickness were stained with toludine blue. Finally, ultrathin 
sections of 60 nm thickness were prepared and stained with 
uranyl acetate and lead citrate (Winning et al., 2016). The 
sections were examined and photographed using a Joel, 
100 CX II transmission.

3- Biochemical study; blood samples were collected 
from the dorsal pedal veins of the rats into tubes for 
assessment of blood levels of urea and creatinine

Statistical analysis: 

The collected data was organized, tabulated and 
statistically analyzed with SPSS software statistical 
computer package version 22 (SPSS Inc, USA). The mean 
and standard deviation were calculated. ANOVA (Analysis 
of variance) was used to test the difference about mean 
values of measured parameters among groups, multiple 
comparison between pairs of groups were performed using 
Tukey HSD (Post hoc range test). For interpretation of 
results of tests of significance, significance was adopted at 
P ≤ 0.05. 

RESULTS                                                                     

1- Results of histological and ultrastructural studies: 

Group I (Control group): Light microscopic 
examination of the renal cortex stained with haematoxylin 
& eosin and semithin sections stained with toluidine 
blue displayed renal corpuscles formed of dense rounded 
glomeruli surrounded by Bowman′s capsules with average 
urinary spaces in-between. Proximal convoluted tubules 
were lined by cuboidal cells with strongly acidophilic 
cytoplasm and spherical basal nuclei. The distal 
convoluted tubules were lined with low cuboidal cells with 
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faint acidophilic cytoplasm and rounded central nuclei.  
Intact apical brush borders were detected in the proximal 
convoluted tubules in semithin sections (Figs. 1 and 2). 
Electron microscopic examination of proximal convoluted 
tubular cells displayed rounded heterochtomatic nuclei 
with prominent nucleoli and intact nuclear envelops, 
abundant parallel mitochondria and intact basal infoldings. 
Apical intact microvilli were observed in the cells of the 
proximal convoluted tubules (Fig. 3).

Light microscopic examination of the renal medulla 
stained with haematoxylin & eosin and semithin sections 
presented collecting tubules lined with simple columnar 
epithelium, and loops of Henle lined with simple cuboidal 
epithelium with scanty cytoplasm (Figs 4 and 5). Electron 
microscopic examination of an epithelial lining cell of the 
ascending limb of loop of Henle displayed heterochromatic 
nuclei with prominent nucleoli and intact nuclear envelops. 
The cytoplasm showed abundant mitochondria within 
normal appearance (Fig. 6).

Group II (Cisplatin administration group): Light 
microscopic examination of the renal cortex stained 
with haematoxylin & eosin and semithin sections 
displayed extremely shrunken glomeruli with widened 
urinary spaces. Most of proximal and distal convoluted 
tubules are markedly dilated, and their cells exhibited 
pyknotic nuclei and extensive cytoplasmic vacuolation. 
Proximal convoluted tubules showed loss of the apical 
brush border, with epithelial cell exfoliation into 
tubular lumen. Interstitial tissue exudates were detected                                                                                           
(Figs. 7 and 8). Electron microscopic examination of 
proximal convoluted tubular cells displayed shrunken 
nuclei with indented nuclear membranes. The cytoplasm 
showed extensive cytoplasmic rarefaction with marked 
decrease of mitochondria, with the remaining mitochondria 
appeared ballooned with damaged cristae. The basolateral 
membrane was thick irregular, while the apical membrane 
showed marked loss of apical microvilli (Fig. 9). Light 
microscopic examination of the renal medulla stained with 
haematoxylin & eosin and semithin sections presented 
loops of Henle and collecting tubules with intra-luminal 
casts, completely degenerated lining epithelial cells, 
nuclear pyknosis and exfoliated cells into the lumen. 
Interstitial tissue showed marked infiltration by fibroblasts 
and mononuclear cells (Figs. 10 and 11). Electron 
microscopic examination of an epithelial lining cell of 
the ascending limb of loop of Henle displayed markedly 
degenerated nuclei, extensive cytoplasmic rarefaction, 
markedly ballooned mitochondria with complete loss of 
cristae and markedly thick irregular basal cell membrane 
(Fig. 12).

Group III (Cisplatin and erythropoietin pre-
adminstration group): Light microscopic examination 
of the renal cortex stained with haematoxylin & eosin 
and semithin sections presented apparently normal renal 

corpuscles with rounded glomeruli and apparently normal 
urinary spaces. Proximal and distal convoluted tubules 
exhibited a near normal appearance with intact apical 
brush borders in the proximal tubules. Few epithelial cells 
exhibited cytoplasmic vacuolation, pyknotic nuclei and 
exfoliation into the tubular lumen (Figs. 13 and 14). Electron 
microscopic examination of proximal convoluted tubular 
cells displayed intact apical microvilli, mild cytoplasmic 
rarefaction, apparently normal heterochtomatic nuclei with 
prominent nucleoli and intact regular nuclear envelops. Most 
of the mitochondria appeared normal while few appeared 
ballooned with destroyed cristae. A uniformly thin basal 
cell membrane and intact basal infoldings were observed                                                                                                              
(Figs. 15 and 16). Light microscopic examination of the 
renal medulla stained with haematoxylin & eosin and 
semithin sections presented apparently normal loops of 
Henle and collecting tubules. Few of them exhibited intra-
luminal casts and exfoliation into the lumen of renal tubules 
(Figs. 17 and 18). Electron microscopic examination of an 
epithelial lining cell of the ascending limb of loop of Henle 
displayed heterochromatic nucleus with intact nuclear 
envelop, mild cytoplasmic rarefaction, and abundant 
mitochondria with intact cristae (Fig. 19).

Group IV (Cisplatin and erythropoietin co-
administration group): Light microscopic examination 
of the renal cortex stained with haematoxylin & eosin 
and semithin sections displayed moderately shrunken and 
congested glomeruli surrounded by a mildly dilated urinary 
space. Some of proximal and distal convoluted tubules 
were dilated, while others were collapsed and showed 
intraluminal casts and exfoliated epithelial cells. Some of 
the lining cells showed pyknotic nuclei and cytoplasmic 
vacuolation, while others appeared normal with intact 
apical brush borders. Extravasated blood was detected 
in-between the renal tubules (Figs. 20 and 21). Electron 
microscopic examination of proximal convoluted tubular 
cells displayed heterochromatic nuclei with prominent 
nucleoli and intact nuclear envelops, partially damaged 
apical microvilli and marked cytoplasmic rarefaction. 
Some mitochondria appeared normal with intact cristae 
while others were ballooned with damaged cristae                                          
(Fig. 22). Light microscopic examination of the renal 
medulla stained with haematoxylin & eosin and semithin 
sections presented collapsed and degenerated renal tubules 
with intra-luminal casts and exfoliated cells into their 
lumina. Some of the cells appeared normal while others 
displayed pyknotic nuclei (Figs. 23 and 24). Electron 
microscopic examination of an epithelial lining cell of 
the ascending limb of loop of Henle displayed nuclei with 
peripherally clumped chromatin and intact nuclear envelop, 
apparently normal mitochondria and moderate cytoplasmic 
rarefaction. Intact basal infoldings and a uniform thin basal 
cell membrane were observed (Fig. 25).

Group V (Cisplatin and erythropoietin post-
administration group): Light microscopic examination 
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of the renal cortex stained with haematoxylin & eosin 
and semithin sections presented shrunken glomeruli 
surrounded by a widened urinary space. Most of proximal 
and distal convoluted tubules exhibited intraluminal casts 
and exfoliated cells with cytoplasmic vacuolation. Some 
of renal corpuscles, proximal and distal convoluted tubules 
were apparently normal. The proximal tubules exhibited 
intact apical brush borders in most of the cells. Interstitial 
tissue exudates were detected (Figs. 26 and 27). Electron 
microscopic examination of proximal convoluted tubular 
cells displayed karyolitic nuclei with disrupted nuclear 
envelops, marked cytoplasmic rarefaction and apparently 
normal mitochondria with few of them swollen with 
destroyed cristae (Fig. 28). Light microscopic examination 
of the renal medulla stained with haematoxylin & eosin 
and semithin sections presented few apparently normal 
loops of Henle and collecting tubules, while most of 
them appeared collapsed and degenerated with intra-
luminal casts. Congested blood vessels  inbetween tubules 
were observed (Figs. 29 and 30). Electron microscopic 
examination of an epithelial lining cell of the ascending 
limb of  loop of Henle displayed a nucleus  having clumped 
chromatin and disrupted nuclear envelop, thick irregular 
basal cell membrane. Some mitochondria were apparently 
normal while others were ballooned with lost cristae                               
(Fig. 31).

2) Results of the biochemical study 

Blood urea was statistically significantly higher in 
group II (97.38 ± 10.93), IV (45.72 ± 5.67) and group 

V (56.62 ± 20.51) compared to group I (18.48 ± 2.65),                        
p <0.0001, 0.008 and <0.0001, respectively. There was 
no statistically significant difference between the group 
I and group III (p = 0.806). On the other hand, Blood 
urea was statistically significantly lower in group III                                      
(26.24 ± 6.7), group IV (45.72± 5.67) and group V (56.62 
± 20.51) compared to group II (97.38 ± 10.93), p <0.0001. 
Blood urea was statistically significantly higher in group                                                                                                                          
V (2.32 ± 0.32) compared to group III (4.78 ± 0.46), 
p=0.003. But there was no statistically significant 
difference between the group III and group IV                                                                         
(p = 0.080). Also, there was no statistically significant 
difference between the group IV and group V (p = 0.546)                                                                                                     
(Figs. 32, 33).

Serum creatinine was statistically significantly higher 
in group II (3.6 ± 0.77), group IV (3.02 ± 0.78) and group V 
(2.83 ± 0.52) compared to group I (0.57 ± 0.1), p <0.0001. 
There was no statistically significant difference between 
the group I and group III (p = 0.976). Serum creatinine was 
statistically significantly lower in group III (0.78 ± 0.12) 
compared to group II (3.6 ± 0.77), p <0.0001. However 
there was no statistically significant difference between 
the group II with group IV and group V (p = 0.467 and 
207, respectively). Serum creatinine also was statistically 
significantly higher in group IV (3.02 ± 0.78) and group 
V (2.83 ± 0.52) compared to group III (0.78 ± 0.12), 
p<0.0001. There was no statistically significant difference 
between the group IV and group V (p = 0.980) (Figs. 34 
and 35).

Fig. 1: A photomicrograph of a cross section of the renal cortex of a rat of group I (Control group) showing renal corpuscles, formed of a 
dense rounded glomerulus (G) surrounded by a parietal layer of Bowman′s capsule (B) with the urinary Bowman's space in-between (*). 
Proximal convoluted tubules (P) are lined with cuboidal cells with strongly acidophilic cytoplasm and spherical basal nuclei. The distal 
convoluted tubules (D) are lined with low cuboidal cells with acidophilic cytoplasm and rounded central nuclei                          (Hx.&E. X200) 
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Fig. 2: A photomicrograph of a semithin section of the renal cortex of a rat of group I demonstrating part of a glomerulus (G) of a renal 
corpuscle. The proximal convoluted tubules (P) are deeply stained and display an intact apical brush border (b), while distal convoluted 
tubules are faintly stained and lack a brush border                                                                                                                   (Toluidine blue X1000).

Fig. 3: An electron micrograph of a rat kidney of group I displaying a proximal convoluted tubular cell with rounded heterochtomatic nucleus 
(N) with prominent nucleolus (n) and intact nuclear envelop (arrowhead), abundant parallel electron dense mitochondria (m), and a uniformly 
thin basal cell  membrane (thin arrow). Intact basal infoldings (In) and intact apical microvilli (Mv) can be seen                             (EM X 3000).
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Fig. 4: A photomicrograph of a cross  section of the  renal medulla of a rat of group I featuring collecting tubules (CT) lined with simple low 
columnar epithelium and loops of Henle (H) lined with simple cuboidal epithelium with scanty cytoplasm                             (Hx.&E. X400).

Fig. 5: A photomicrograph of a semithin section of the renal medulla of group I showing collecting tubules (CT) lined with low columnar 
epithelium and loops of Henle (H) lined with low columnar epithelium                                                                               (Toluidine blue x 1000).
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Fig. 6: An electron micrograph of the renal medulla of a rat of group I displaying an epithelial lining cell of the ascending limb of loop of 
Henle with a heterochromatic nucleus (N) showing prominent nucleoli (n) and intact nuclear envelop (arrowhead). Basal infoldings (In) and 
few apical microvilli (Mv) can be seen. The basal cell membrane is clear and uniform (thin arrow). The cytoplasm contains abundant electron 
dense mitochondria (m) with intact cristae                                                                                                                                               (EM X6000).

Fig. 7: A photomicrograph of a cross section of the renal cortex of a rat of group ΙΙ (Cisplatin administration group) showing extremely 
shrunken glomeruli (G) with a widened urinary space (*). Most of the proximal (P) and distal (D) convoluted tubules are markedly dilated 
(black arrows) with pyknotic nuclei (p) and cytoplasmic vacuolations (v). The brush border is disrupted in most of the proximal tubules                                                                                                                                          
                                                                                                                                                                                                                 (Hx.&E. X 400)
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Fig. 8: A photomicrograph of a semithin section of the renal cortex of a rat of group ΙΙ demonstrating proximal (P) and distal (D) convoluted 
tubules, with loss of the apical brush border (b) from the proximal tubules. Cells of the tubules show nuclear pyknosis (p), extensive 
cytoplasmic vacuolation (V) and epithelial cell exfoliation into tubular lumen (E). The thick notched arrows indicate interstitial tissue 
exudates                                                                                                                                                                              (Toluidine blue X1000).

Fig. 9: An electron micrograph of a rat kidney of group II displaying a proximal convoluted tubular cell with the nucleus (N) showing 
indented nuclear membrane (arrowhead). The cell membrane is thick and irregular (white arrow), with loss of most of the apical microvilli 
(Mv). Mitochondria are markedly decreased, with some appearing normal (m1) while others are ballooned with loss of cristae cristae (m2)                                                                                                                                             
                                                                                                                                                                                                           (EM X6000).
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Fig. 10: A photomicrograph  of a cross section of the renal medulla of a rat of  group II showing loops of Henle (H) and collecting tubules 
(CT) showing marked atrophy with intra-luminal casts (white arrows) and nuclear pyknosis (p) of lining epithelial cells              (Hx.&E.X400).

Fig. 11: A photomicrograph of a semithin section of the renal medulla of a rat of group ΙΙ presenting completely degenerated epithelial lining 
of collecting tubules (CT) and the ascending limb of loop of Henle (H) with exfoliated cells into the lumen (E). There is marked infiltration of 
the interstitial tissue with fibroblasts (black arrows) and mononuclear cells (red arrows)                                                       (Toluidine blue X1000).
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Fig. 12: An electron micrograph of a rat kidney of group II displaying the epithelial cells lining the ascending limb of loop of Henle, with 
pyknotic nuclei (N), extensive cytoplasmic rarefaction (R), damaged ballooned mitochondria (m) with complete loss of cristae, and markedly 
thick irregular basal cell membrane (white arrow)                                                                                                                                     (EM X2500).

Fig. 13: A photomicrograph  of a cross section of the renal cortex of a rat of  group III (Cisplatin and erythropoietin pre-administration group) 
showing an apparently normal renal corpuscle formed of a dense rounded glomerulus (G) surrounded by a parietal layer of Bowman′s capsule 
(B) with apparently normal urinary space (*). The proximal (P) and distal (D) convoluted tubules are apparently normal. Few exfoliated 
epithelial cells (E) and pyknotic nuclei are present                                                                                                                             (Hx.&E. X400).
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Fig. 14: A photomicrograph of a semithin section of the renal cortex of group ΙΙΙ demonstrating apparently normal proximal (P1) and 
distal (D) convoluted tubules, with an intact apical brush border (b) in most of the proximal tubules. Few proximal tubules (P2) displayed 
cytoplasmic vacuolation (V) of the lining cells with loss of the apical brush border                                                             (Toluidine blue X1000).

Fig. 15: An electron micrograph of a rat kidney of group III displaying cells of a proximal convoluted tubule. The cells show rounded 
heterochtomatic nuclei (N) with prominent nucleoli (n) and intact nuclear envelop (arrowhead). There are numerous apparently normal 
mitochondria (m). The basolateral cell membrane is thin and regular (white arrow) with intact basal infoldings (In). The apical membrane 
shows preserved microvilli in some cells (red arrow) with loss of them in other cells (black arrow)                                                       (EM X 3000).
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Fig. 16: An electron micrograph of a rat kidney of group III displaying a proximal convoluted tubular cell with intact apical microvilli (Mv). 
There is mild cytoplasmic rarefaction (R). Most of the mitochondria appeared normal (m1), while few of them appeared ballooned with 
damaged cristae (m2)                                                                                                                                                                          (EM X6000).

Fig. 17: A photomicrograph of a cross section of the renal medulla of a rat of group III showing apparently normal loops of Henle (H) and 
collecting tubules (CT). Few of them exhibited intra-luminal casts (white arrows)                                                                        (Hx.&E. X400).
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Fig. 18: A photomicrograph of a semithin section of the renal cortex of group ΙΙI. Most of the collecting tubules are apparently normal (black 
CT), while few show damage of the lining epithelium (red CT). The ascending limb of loop of Henle (H) and collecting ducts display few 
exfoliated cells (E)                                                                                                                                                                     (Toluidine blue X 1000).

Fig. 19: An electron micrograph of the medulla of a rat kidney of group III displaying the epithelial lining cells of the ascending limb of loop 
of Henle. The cells contain heterochromatic nuclei (N) with intact nuclear envelop (arrowhead) and abundant apparently normal mitochondria 
(m). There is mild cytoplasmic rarefaction (R). The apical membrane shows numerous intact microvilli (Mv)                                    (EM X5000).
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Fig. 20: A photomicrograph  of a cross section of the renal cortex  of  a  rat of  group ΙV (Cisplatin and erythropoietin co-administration 
group) showing moderately shrunken and congested glomeruli (G) surrounded  by a parietal layer of Bowman′s capsule (B) with a mildly 
widened urinary space (*). Most of proximal (P) and distal (D) convoluted tubules are dilated (black arrows) and contain intraluminal casts 
(white arrow) with exfoliated epithelial cells (E). Lining cells display pyknotic nuclei (p) and cytoplasmic vacuolation (v)        (Hx.&E. X400).

Fig. 21:  A photomicrograph of a semithin section of the renal cortex of group ΙV demonstrating apparently normal proximal (P) and distal 
(D1) convoluted tubules with intact apical brush border (b) in the proximal tubules. Some of the distal tubules (D2) are collapsed (star) and 
their lining cells display cytoplasmic vacuolation (V). Interstitial tissue shows extravasated blood (Ext)                        (Toluidine blue X1000).
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Fig. 22: An electron micrograph of a rat kidney of group IV displaying a proximal convoluted tubular cell with a heterochromatic nucleus (N) 
containing a prominent nucleolus (n) and intact nuclear envelop (arrowhead). The apical membrane shows partially damaged microvilli (Mv). 
The cytoplasm displays marked cytoplasmic rarefaction (R), with some mitochondria (m1) appearing normal while others appear ballooned 
with damaged cristae (m2)                                                                                                                                                                      (EM X5000).

Fig. 23: A photomicrograph of a cross section of the renal medulla of  group IV showing apparently normal loops of Henle (H) and collecting 
tubules (CT), with few intra-luminal casts (white arrows) and pyknotic nuclei (p)                                                                        (Hx.&E. X400).
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Fig. 24: A photomicrograph of a semithin section of the renal medulla of group ΙV presenting apparently normal epithelial lining of collecting 
tubules (CT1) and the ascending limp of loop of Henle (H1). Some of them appeared collapsed and degenerated (CT2, H2) with exfoliated 
cells (E) into their lumina                                                                                                                                                  (Toluidine blue X1000).

Fig. 25: An electron micrograph of the medulla of a rat kidney of group IV displaying an epithelial lining cell of the ascending limb of 
loop of Henle. The nucleus (N) is apparently normal with heterochromatin and intact nuclear envelop (arrowhead). The cytoplasm shows 
mild rarefaction, with numerous apparently normal mitochondria (m) and intact basal infoldings (In). The basolateral membrane is thin and 
uniform (white arrow)                                                                                                                                                                          (EM X10000).
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Fig. 26: A photomicrograph of a cross section of the renal cortex of a rat of group V (Cisplatin and erythropoietin post-administration group) 
showing shrunken glomeruli (G) with a widened urinary space (*). Most of proximal (P) and distal (D) convoluted tubules are widened and 
irregular, with destroyed lining vacuolated epithelium (v). Their lumina contain intraluminal casts (black arrows) and exfoliated cells (E)                                                                                                                                              
                                                                                                                                                                                                       (Hx.&E. X400).

Fig. 27: A photomicrograph of a semithin section of the renal cortex of group V demonstrating apparently normal glomerulus (G), proximal 
(P1) and distal (D1) convoluted tubules with intact apical brush border in the proximal tubules (b). Some tubules (P2, D2) exhibited 
cytoplasmic vacuolation (V) and epithelial cell exfoliation into the tubular lumen (E). Interstitial tissue shows exudation (notched black 
arrows) and infiltration by mononuclear cells (red arrows)                                                                                                (Toluidine blue X1000).
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Fig. 28: An electron micrograph of the cortex of a rat kidney of group V displaying a proximal convoluted tubular cell in which the nucleus 
(N) displayed an ill-defined nucleolus (n) and a disrupted nuclear envelop (arrowhead). The cytoplasm shows marked rarefaction (R) and 
contains many apparently normal mitochondria (m)                                                                                                                               (EM X8000).

Fig. 29: A photomicrograph of a cross section of the renal medulla of group V showing loops of Henle (H) and collecting tubules (CT) with 
intra-luminal casts (long white arrows). Congested capillaries exist among the tubules (short white arrows)                                    (Hx.&E. X400).
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Fig. 30: A photomicrograph of a semithin section of the renal medulla of group V. Some of the collecting tubules (CT1) and ascending 
limbs of loops of Henle (H1) appear mostly normal, while others (CT2 and H2) are collapsed and are lined by degenerated cells                                                                                                                                            
                                                                                                                                                                                                   (Toluidine blue X1000).

Fig. 31: An electron micrograph of the medulla of a rat kidney of group V displaying an epithelial lining cell of the ascending limb of loop 
of Henle in which the nucleus  (N) displays peripherally clumped chromatin and a disrupted nuclear envelop (arrowhead). The basal cell 
membrane is thick and irregular (white arrow). Some mitochondria (m1) are apparently normal while others are ballooned with lost cristae                                                                                                                                          
                                                                                                                                                                                                                     (EM X8000).
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Group I Group II Group III Group IV Group V
Mean SD Mean SD Mean SD Mean SD Mean SD

BUN mg/dl 18.48 2.65 97.38 10.93 26.24 6.7 45.72 5.67 56.62 20.51
P-values
G I vs. G II <0.0001 (S)
G I vs. G III 0.806 (NS)
G I vs. G IV 0.008 (S)
G I vs. G V <0.0001 (S)
G II vs. G III <0.0001 (S)
G II vs. G IV <0.0001 (S)
G II vs. G V <0.0001 (S)
G III vs. G IV 0.080 (NS)
G III vs. G 0.003 (S)
V
G IV vs. G V 0.549 (NS)

Fig. 32: A table demonstrating mean values of blood urea nitrogen (BUN) among different study groups.

# Significant from group I, $ significant from group II, @ significant from group III 
Fig. 33: Histogram illustrating mean values of blood urea nitrogen (BUN) obtained from the different groups of the examined animals.
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Group I Group II Group III Group IV Group V
Mean SD Mean SD Mean SD Mean SD Mean SD

P-values
G I vs. G II <0.0001 (S)
G I vs. G III 0.976 (NS)
G I vs. G IV <0.0001 (S)
G I vs. G V <0.0001 (S)
G II vs. G III <0.0001 (S)
G II vs. G IV 0.467 (NS)
G II vs. G V 0.207 (NS)
G III vs. G IV <0.0001 (S)
G III vs. G V <0.0001 (S)
G IV vs. G V 0.980 (NS)

Fig. 34: A table demonstrating mean values of serum creatinine among different groups.

# Significant from group I, $ significant from group II, @ significant from group III 
Fig. 35: Histogram illustrating mean values of serum creatinine obtained from the different groups of the examined animals.
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DISCUSSION                                                                      

In the present work, cisplatin administration exerted 
marked histological alterations in the renal tissue (cortex 
and medulla) in the form of shrunken and collapsed 
glomeruli, atrophic and degenerated tubules, mitochondrial 
damage, nuclear pyknosis, cytoplasmic vacuolation, loss 
of apical microvilli and basal infoldings, extravasated 
blood and accumulation of inflammatory exudate in the 
interstitial tissue. These alterations were more evident in 
the renal cortex. Similar findings were observed by Sabine 
et al., 2011; Guo et al., 2018 and Sonoda et al., 2019, 
who stated that cisplatin-induced marked atrophy in the 
tubular cells of the renal cortex. The authors attributed such 
changes to oxidative stress and glomerular hypoperfusion, 
with subsequent reduction of blood flow through the 
peritubular capillaries, leading to tubular ischemia and 
atrophy. The more marked pathology in the renal cortex 
could be explained on the basis of the fact that renal 
cortex receives about 90% of the renal blood flow as 
documented by Widmaier et al. (2014), thus delivering 
a higher concentration of cisplatin to the renal cortex and 
tubular cells. Schrier (2007) and Legrand et al. (2008) 
attributed the necrotic changes to acute ischaemia and 
microvascular disorder caused by an imbalance between 
vasoconstrictors (especially endothelin-1) and vasodilators 
(especially nitric oxide), leading to decreased renal oxygen 
supply. According to Schrier (2007), cells of the proximal 
convoluted tubules suffered extensive necrosis following 
clamping of renal vessels for 45 to 60 minutes. Another 
possible mechanism is that reported by Basile et al. (2012), 
who pointed out that adenosine released from catabolised 
nucleotides of necrotic cells acts as a powerful renal 
vasoconstrictor via activating A1 receptors, augmenting 
the ischemia and setting a vicious circle of the renal tubular 
cell damage. Flávio et al., 2007; Haram et al., 2008; 
Francescato et al., 2009 and Sánchez-González et al., 
2011 reported that cisplatin injection induces endothelial 
injury with subsequent vasoconstriction and vascular 
thrombosis, ending in decreased renal plasma flow. 
The authors added that, endothelial damage augments 
expression of molecules that favour leukocyte binding to 
the endothelium. Francescatoa et al. (2018) elucidated that 
cisplatin injection produces ROS that activate inflammatory 
pathways that include activated protein kinases. Volarevic 
et al. (2019) reported cisplatin to increase neutrophil and 
macrophage recruitment and to augment the generation of 
tumor necrosis factor α and interleukin-1 in the renal cortex 
and medulla, which in turn enhance necrotic and apoptotic 
consequences in the tubular epithelial cells.  

In the present study, mitochondria exhibited the 
most severe form of injury in response to cisplatin 
administration. This goes hand in hand with Lomeli et al. 
(2017), who pointed out that cisplatin injection induced 
marked mitochondrial damage in rat hippocampal neurons, 
while the other organelles exhibited a less severe injury. 

The mitochondrial damage induced by ischemia and 
hypoxia was explained earlier by Feldkamp et al. (2005) 
who attributed the damage to an increase in the inner 
mitochondrial membrane permeability, with subsequent 
influx of Na ions leading to mitochondrial swelling and 
fragmentation. The nuclear degenerative and necrotic 
changes detected in the current study could be explained as 
a consequence of blockage of replication and transcription 
of nuclear DNA, which is induced by cisplatin as 
documented by Marullo et al. (2013).

In the current work, cisplatin administration markedly 
increased blood urea and serum creatinine levels. This was 
in accordance with Sonoda et al. (2019) who reported 
that injection of cisplatin was accompanied by marked 
increase in blood urea nitrogen and serum creatinine 24 
hours after cisplatin administration. Vickers et al. (2004) 
and Perše  and Haler (2018) stated that cisplatin disturbs 
genes involved in renal functions such as biochemical 
pathways related to creatinine biosynthesis and gene 
expression consequences related to drug metabolism 
and detoxification. The present study showed that 
administration of erythropoietin markedly ameliorated 
all histological and biochemical alterations especially 
when injected prior to cisplatin administration. This 
was in agreement with Grasso et al. (2004); Hanlon                                                            
et al. (2005) and Ifeanyi and Uzoma (2016) who stated 
that erythropoietin could ameliorate overproduction of 
reactive oxygen species in diabetic nephropathy and in 
rats with severe glomerulonephritis. Souma et al. (2015) 
admitted that erythropoietin receptors are located in the 
proximal tubules, mesangium and collecting duct cells of 
the kidney. They added that these receptors are amenable 
for upregulation in pathological conditions such as renal 
ischaemia, but their affinity is lower than that in hypoxic 
states that stimulate erythropoiesis. So, higher doses 
of erythropoietin are required to induce cytoprotection 
compared with those needed to stimulate erythropoiesis. 
La Ferla (2002); Wenger and Hoogewijs (2010); 
Kishore et al. (2011); Jelkmann and Elliott (2013); 
Rivkin, et al. (2016) and Ozkurt et al. (2018) pointed 
out that TNF-α suppresses erythropoietin synthesis by 
the renal fibroblasts, thus causing normocytic anemia 
(anemia of chronic diseases). So, treatment with synthetic 
erythropoietin has a beneficial role in management of acute 
and chronic nephropathy.

CONCLUSION                                                                                                                     

The present work confirms that treatment with erythro-
poietin could ameliorate the pathological changes and bio-
chemical derangements induced by chemotherapy with cis-
platin, and the benefits of erythropoietin are more marked 
when it is administered prior to cisplatin administration.
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