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Highlights

o Histopathology is a good way to understand the underlying effects of drugs.

e Cyclophosphamide causes nephrotoxicity in the kidneys of female golden hamsters.

o The cyclophosphamide is dose-dependent.

o The most significant histological modification of the toxic dose of the cyclophosphamide was tubular necrosis

and damage to renal glomeruli.

ARTICLE INFO

ABSTRACT

Article history:
Received 26 May 2022

Revised 30 March 2022
Accepted 31 March 2022

Keywords:

Cyclophosphamide, Golden Hamsters, histopathol-
ogy, nephrotoxicity.

*Address of correspondence:

E-mail address: abeer.amer@uob.edu.ly
A. H. Amer

Cyclophosphamide is considered one of the most effective alkylating anticancer drugs used
worldwide. But it is also acknowledged for its damaging side effects including nephrotoxicity,
hepatotoxicity, immunotoxicity, and mutagenicity. This study was to investigate the histo-
pathological changes induced by intraperitoneal injection of different doses of cyclophospha-
mide on the kidney tissue in female golden hamsters (Mesocricetus auratus). In this experi-
mental study, 27 female golden hamsters were divided into three groups, control, therapeutic,
and toxic dose groups. Animals in the control group were injected with normal saline, while
those in the therapeutic, and toxic groups were injected with cyclophosphamide at doses of
100 and 200 mg/kg body weight respectively. The dosing was carried out on days 1, 3, and 5.
Then on the seventh day, animals were humanely sacrificed. The kidney was maintained in
formalin for histological examination. Histological examination of kidney tissue obtained from
the animals treated with 100 mg/kg body weight cyclophosphamide (therapeutic dose)
showed mild congestion in the glomerular capillaries and mild swelling of lining epithelial of
some tubules. A significant histological alteration was observed at the toxic dose of 200 mg/kg
body weight cyclophosphamide, were tubular necrosis and damage of renal glomeruli, this
shows dose-dependent effects of the drug. The current study showed that the acute toxicity of
renal tissue in female golden hamsters could be induced by the therapeutic or toxic doses of

cyclophosphamide. Histopathological alterations were observed in the kidney tissue.

1. Introduction

The kidney is considered a vital organ that accomplishes many
biological activities including the regulation of extracellular fluids
amount and the excretion of metabolic waste products, acid-base
balance, and electrolyte composition (Schnellmann, 2008). Drug-
induced toxic effects on the kidney are common and an expected
fact, and can disrupt the kidney tissue structure and functions
(Choudhury and Ahmed, 2006). Cyclophosphamide is one of the
most effective alkylating anticancer drugs, which are commonly
used for the treatment of a number of cancers and autoimmune dis-
eases (Sadeghi et al., 2017). Its harmful side effects include muta-
genicity, hematotoxicity, immunotoxicity, lung and brain damage,
and nephrotoxicity. Acrolein is the active metabolite of cyclophos-
phamide that is accountable for the toxic damaging side effects
(Fraiser et al, 1991; Merwid-L et al., 2021). Cyclophosphamide-in-
duced nephrotoxicity has been well recognized by researchers in
both humans and animals (Joy and Nair, 2008). Nephrotoxicity due
to cyclophosphamide can result in glomerular and tubular dysfunc-
tions and a reduction in glomerular filtration rate (Sugumar et al,,
2007). However, nephrotoxicity induced by cyclophosphamide is
one of the main causes of severe morbidity in surviving cancer pa-
tients (Matyszko et al, 2017). Several studies have reported that

cyclophosphamide may lead to toxicity to the urinary bladder (cys-
titis and bladder cancer) (Talar-Williams et al., 1996; Merwid-L et
al, 2021), renal and liver damage (Nandini et al., 2018), brain and
lung damage (Said et al, 2016; Zarei and Shivanandappa, 2016),
and bone marrow suppression (Que et al, 2016), thereby limiting
the therapeutic use of the drug. The histopathological signs of cy-
clophosphamide-induced renal damage include great hemorrhage
in kidney tissue, swelling of tubules, tubular necrosis and fibrosis,
reduction of Bowman'’s capsular space, and presence of inflamma-
tory cell infiltrates, and atrophy of renal glomeruli (Kalantari et al.,
2011; Merwid-L et al,, 2021). In light of the above information, this
study is to investigate the kidney damage caused by cyclophospha-
mide in female golden hamsters.

2. Material and Methods

Twenty-seven adult female golden hamsters (Mesocricetus au-
ratus), were obtained from a farm in El-Bayda city, each weighing
150-250 grams. Hamsters were kept in plastic cages under patho-
gen-free standard conditions (24+4°C room temperature; 12-hour
light/dark cycle), with ad libitum access to food and water through-
out the experimental period. The experiment was conducted at the
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Libya. Upon arrival, the animals were subjected to a quarantine pe-
riod (10 days), staying in a collective cage of 2-3 individuals each.
During this period, they were not subjected to any interventions.
Cyclophosphamide was purchased as a powder from a local phar-
macy, dissolved in normal saline at 37°C, and vigorously shaken.
Other chemicals used were of the highest quality available. The an-
imals were randomly divided into three groups, the control group,
the therapeutic dose group (100 mg/kg body weight) (Tatiane et
al, 2009), and the toxic dose group (200 mg/kg body weight) (Tati-
ane et al, 2009). The dosing was administrated by intraperitoneal
injection, in a volume of 3-5 ml/kg on alternating days for one
week, meaning they were dosed on days 1, 3, and 5. The kidneys
were harvested on day 7 then sliced transversely and fixed in 10%
neutral buffered formalin then processed by using the paraffin
technique and made full-faced paraffin blocks (FFPB) of a kidney.
The blocks were cut using a steal knife microtome and the sections
were placed on clean glass slides that were stained with Hematox-
ylin and Eosin by deparaffinizing slides in 2 changes of xylene for 5
minutes each. Transfer slides to 100% alcohol, 2 changes for 3
minutes each, and transfer once through 95% alcohol for 3
minutes, hydrate to water. Then put in Mayer’s hematoxylin for 15
minutes, wash in running tap water for 20 minutes to enhance the
hematoxylin staining, and counterstain with eosin from 15 seconds
to 2 minutes depending on the age of the eosin, and the depth of the
counterstain desired. For even staining results dip slides several
times before allowing them to set in the eosin for the desired time.
Clear in xylene, two changes of 2 minutes each. Mount in DPX (dis-
tyrene, a plasticizer, and xylene) or Canada Balsam, and apply co-
verslip. The coverslip not only protects the tissue from damage but
also is necessary for viewing the section with the microscope
(Alashger et al., 2021). Histopathological evaluation was carried
out by a pathologist.
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3. Results

Histological sections from the kidneys of the control group
showed normal renal architecture of the cortex and medulla, with
no inflammatory infiltrates and a normal Bowman's capsule. The
collecting tubules, the loops of Henle, and the proximal and distal
convoluted tubules had a normal structure as seen in Fig. 1. A and
B. On the other hand, sections of the kidney tissue from the thera-
peutic group dosed with 100 mg/kg body weight cyclophospha-
mide showed mild congestion in the glomerular capillaries, while
the epithelial cells in both the proximal and distal convoluted tu-
bules were swelled. No inflammatory infiltrates were detected. The
kidney cortex displayed mild congestion in the glomerular capillar-
ies. The glomeruli were not shrunken and the capsular space was
normal. Furthermore, rarefaction of the cytoplasm of the tubules
could be found in addition to swollen cells of tubules and some pyk-
notic nuclei could be seen in some areas. Likewise, the renal me-
dulla demonstrated rarefaction of the cytoplasm of the tubules, and
pyknotic nucleus could be seen in some areas (Fig. 2A and B). In the
toxic group (dosed with 200 mg/kg body weight cyclophospha-
mide), the changes were more severe compared to the therapeutic
group, they were characterized by tubular necrosis and damage to
renal glomeruli. The epithelial cells in both the proximal and distal
convoluted tubules were swelled (or inflamed) with the loss of the
brush border, and had numerous pyknotic nuclei. Some epithelial
cell pieces were exfoliated in the tubular lumen. The glomeruli
were atrophied and bowman's space became widened (Fig. 3). Fur-
thermore, Fig. 4. A and B, presented occasional nucleus absence
and swelling of tubules and tubular necrosis, marked blood vessel
congestion, and an increase in thickness of their wall, in addition,
Hemosiderin-laden macrophages were detected.

Fig. 1. Micrograph of the hamster kidney tissue from the control group showing the (A) Cortex showing: Rounded glomeruli (arrowhead), each glomerulus
was surrounded by a narrow capsular space (white arrow) lined by flat squamous cells of the parietal layer (long arrow) of Bowman's capsule. The proximal
convoluted tubules (double arrow) with a narrow lumen and rounded vesicular nuclei. The distal convoluted tubules (short arrow) are with the wide
lumen and lined by simple cuboidal cells with rounded nuclei. (B) Medulla. showing numerous collecting ducts consisting of cuboidal cells resting on a
basement membrane, with normal structure and rounded nuclei (black arrow). H and E stain, (X 400).
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Fig. 2. Micrograph of the hamster kidney tissue from the therapeutic group showing the (A) cortex presenting: mild congestion in the glomerular capillaries
(black arrow). Rarefaction of the cytoplasm of the tubules (arrowhead). Swollen cells of tubules (double arrow). The pyknotic nucleus could be seen in

some areas (white arrow). (B) medulla. H and E stain, (X 400).
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Fig. 3. Micrograph of the hamster kidney cortex tissue from the toxic group. (A) reveals swelling shrunken glomeruli (black arrow) with a wide capsular
space (white arrow). The epithelial cells of the distal convoluted tubules were swelled (double arrow). Pyknotic nuclei increased in number are found
(arrow head). (B) displays tubular necrosis (black arrow) and shrunken glomeruli (arrow head) with intra glomerular congestion and wide capsular space

(white arrows). H and E stain, (X 400).
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Fig. 4. Micrograph of the hamster kidney tissue from the toxic group. (A) cortex Blood vessels show marked congestion and an increase in thickness of
their wall (black arrow). (B) medulla displaying tubular necrosis (black arrows), marked blood vessel congestion, and Hemosiderin-laden macrophages. H

and E stain, (X 400).
4. Discussion

Cyclophosphamide is a chemotherapeutic agent that is used
widely in the treatment of immunological diseases and malignan-
cies, the cyclophosphamide is documented to stop cancer progres-
sion through cross-linking nucleobases in DNA, therefore harming
the DNA, making it unable to uncoil, causing the cell to be incapable
of replication (McDonald et al, 2003). The precise mechanism by
which cyclophosphamide induces renal injury is poorly known.
However, studies have attributed it to its cytotoxic metabolite, the
acrolein (Kern and Kehrer, 2002). Moreover, acute renal failure is
a common and serious renal problem having great mortality and
morbidity rate in most countries (Begum et al., 2006). Histological
examination of the kidney tissue is a valuable tool in evaluating
drug-induced kidney damage (Kern and Kehrer, 2002). The histo-
pathological signs of cyclophosphamide-induced renal pathology
include tubular necrosis and fibrosis, hemorrhage, narrowing of
Bowman'’s capsule space, atrophy of renal glomeruli, and presence
of inflammatory cell infiltrates (Kalantari et al., 2011). Additionally,
the present study has investigated the histopathological changes
that have occurred in the kidney of a group of hamsters that have
received a therapeutic and toxic dose of cyclophosphamide. The re-
sults showed similar destruction of the histopathological structure
of the kidney tissue to the literature (Merwid-L et al, 2021). It is
evident from the current results that cyclophosphamide admin-
istration induced many histological alterations in the kidney in-
cluding congestion of renal blood vessels and degeneration of renal
tubules as well as atrophy of the glomeruli, also showing the ne-
phrotoxicity is clearly dose-dependent. In this study, the animals
treated with the therapeutic nontoxic dose showed mild conges-
tion in the glomerular capillaries of the cortex of the kidney, in com-
parison with the control group which showed normal histological
structure, even though, the glomeruli and capsular space were nor-
mal in the nontoxic treated tissues. Additionally, the parietal layer
(simple squamous epithelium) of the Bowman's capsule appeared
also typical. On the other hand, the epithelial cells in both the prox-
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imal and distal convoluted tubules showed mild swelling and in-
flammation, with no inflammatory infiltrates detected, neverthe-
less the brush border showed a slight decrease in size. However,
cytoplasm of the tubules had less density in addition to swollen
cells of tubules and some pyknotic nuclei indicating the beginning
of necrosis. This was in agreement with Cuce et al,, (2016) who re-
ported in rat's significant tubular degeneration, glomerular inflam-
mation, edema, and congestion but no necrosis. While in the me-
dulla of the same dosed animals, rarefaction of cytoplasm of the tu-
bules was similarly seen, and pyknotic nucleus also could be seen
in some areas. These findings were in agreement with that an-
nounced by Dobrek et al,, 2017; Hamzeh et al, 2018). Estakhri et
al, (2013) stated that one of the basic mechanisms involved in cy-
clophosphamide-induced nephrotoxicity could be oxidative stress.
Others reported that rats treated with aqueous cyclophosphamide
orally at a low dose level for four weeks, showed glomerular ne-
phritis, interstitial edema, and cortical tubular vacuolization (Sakr
and Abdel-Samie, 2016). Stating the difference in doses, duration,
and animal type. In the current study, the findings in the hamsters
treated with 200 mg/kg body weight cyclophosphamide (toxic
dose) intraperitoneally were more severe and were characterized
by tubular necrosis and further damage of renal glomeruli. The ep-
ithelial cells in both proximal and distal convoluted tubules were
enlarged drastically, while some parts of the epithelial cell were ex-
foliated in the tubular lumen. Also, the epithelial cells of the distal
convoluted tubules were swelled with a loss of brush border. As for
the medulla it displayed blood vessels with marked congestion and
an increase in thickness of their walls. Furthermore, the occasional
absence of nuclei and swelling of tubules were indicated. Bow-
man's space was widened because of the shrunken glomeruli.
Blood vessels show marked congestion and an increase in the
thickness of their wall. Hemosiderin-laden macrophages were also
detected. These findings are supported by other authors who found
comparable results in rats and mice (Koss and Lavin, 1970; Ham-
zeh et al,, 2018; Cengiz, 2018), they also found glomerular atrophy
and fragmentation. Furthermore, the tubular epithelial cells were
inflamed with turbidity in their structure, epithelial cells fragment
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in the tubules were present in the rats treated with a single dose of
200 mg/kg cyclophosphamide (Cengiz et al, 2018). In our study we
observed cyclophosphamide-induced kidney changes in a dose-de-
pendent manner, this is come in agreement with Nandini et al,
(2018), as they found pathological changes such as infiltration of
acute inflammatory cells in the cortex, odedma of tubular cells, loss
of brush border and pyknotic cells. Although most experiments
were inducted on rats or mice our study on hamsters explicates
that the nephrotoxic effects are furthermore similar to other spe-
cies. Similar changes were also suggested by Sakr and El-messady
(2017) who observed dilation and congestion of renal blood ves-
sels, vacuolations of epithelial lining renal tubules, and atrophy of
glomerular tuft. Studies have demonstrated that oxidative stress
could be a key mechanism in drug-induced renal toxicity as per-
ceived by the escalation in the oxidative markers in the kidney tis-
sues (Paget and Barnes, 1964). The histological changes therefore
seen in the kidney tissues in this study caused by cyclophospha-
mide may also be attributed to the increase in oxidative stress. Au-
thors reported that injury induced by cyclophosphamide admin-
istration may be due to overproduction of peroxynitrite and result-
ant deficiency of NO, which plays an important role in renal physi-
ology. Their results reveal that enhanced nitrosative stress may
play arole in cyclophosphamide-induced renal damage. cyclophos-
phamide-induced renal damage may be a consequence of nitric ox-
ide deficiency and or overproduction of peroxynitrite (Abraham et
al, 2007). The nephrotoxicity of cyclophosphamide is generally
overlooked because plasma creatinine (Cr), an indicator of the glo-
merular function of the kidney, is not altered significantly in pa-
tients on cyclophosphamide chemotherapy (Ghosh et al,, 1999).
However, in recent studies, it is demonstrated that, in rat models,
cyclophosphamide induces renal damage histologically (Alabi et
al,, 2021), but the plasma Cr, a reliable biochemical marker of renal
dysfunction, remains unaltered (Sugumar et al, 2007). Studies
showed that cyclophosphamide can be nephrotoxic, both in human
and animal models. Research work has revealed that cyclophos-
phamide can result in glomerular and tubular dysfunctions in ad-
dition to glomerular and tubular proteinuria. Also, a reduction in
glomerular filtration rate and a decrease in concentration function
of a kidney has been reported in children on chemotherapy
(Sugumar et al.,, 2007; Ghosh et al., 1999; Senthilkumar et al, 2006).

In conclusion, the results of the present study indicated that the
acute nephrotoxicity in female golden hamsters can be induced by
cyclophosphamide, either with therapeutic or toxic doses, and
pathological alterations were observed in the histology of kidney.
Our study has demonstrated the effect of an increase in dosage of
cyclophosphamide in female golden hamsters on pathological al-
terations observed in the histology of kidneys.
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