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ABSTRACT

Cisplatin is a major classical anticancer agent. However, cisplatin-induced nephrotoxicity remains a major dose-
limiting side effect. Several studies have highlighted the role of catalytic iron content in several diseases including
cisplatin nephrotoxicity opening the doors for adding iron chelators as an adjunct therapy to cisplatin therapy. Since
deferoxamine is the major approved chelation therapy in iron overload disorders, the current study was directed to
exploring the possible nephroprotective outcomes of deferoxamine in an acute animal model of cisplatin-induced
renal injury. Male Sprague-Dawley rats were injected i.p. daily for 6 consecutive days with 3 different dose levels of
deferoxamine as follows: 100, 200, and 300 mg/kg. On day 3, cisplatin was injected i.p. as a single dose of 7.5
mg/kg, and animals were sacrificed on day 7. Measurement of serum creatinine and blood urea nitrogen (BUN)
showed that iron chelation by deferoxamine failed to improve kidney function as demonstrated by the consistent
high creatinine and BUN levels in all the treated groups. Calculation of kidney indices further confirmed the
previous measurements. Histopathological examination of the renal tissues of animals showed the development of
tubular degeneration in all treated groups indicating the absence of significant nephroprotection. In conclusion, our
results show that the daily i.p. injection of deferoxamine is not protective against cisplatin-induced acute renal
injury. However, the well-established body of evidence supporting the potential contribution of catalytic iron in
cisplatin-induced nephrotoxicity establishes the demand for investigating the potential nephroprotective effects of
other established iron chelation therapies.
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1. INTRODUCTION neck, testicular and ovarian cancers [1]. Although
cisplatin is a mainstay in the therapy of various
cancers, many side effects were reported
including  nephrotoxicity, ototoxicity, and
neurotoxicity; whereby nephrotoxicity is major
dose-limiting toxicity occurring in approximately

Cisplatin (cis-diamminedichloroplatinum) is
considered to be the primary heavy metal
antineoplastic agent that is extensively added to
the therapeutic regimen of numerous solid-organ
malignant cancers, including lung, head, and
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one-third of the patients [2, 3].

Iron is an essential macromineral that is
involved in several vital biochemical processes
including oxygen transport, the proliferation of
cells, oxidative metabolism, and catalytic
reactions [4]. Disturbance in iron metabolism has
been linked to an increase in the catalytic reactive
iron pool which subsequently contributes to the
pathophysiology of several diseases including
iron disorders [5] neurodegenerative diseases [6]
lung diseases [7] and renal diseases [8]. Indeed, it
has been shown that when the renal tubular
epithelial cells are subjected to cisplatin, this, in
turn, raises the catalytic iron pool which
contributes to renal injury by increasing oxidative
damage during cisplatin treatment and that the
administration of iron chelators significantly
attenuates cisplatin-induced nephrotoxicity [9].

Deferoxamine is the only injectable iron
chelator available in the Egyptian market and is
considered first-line therapy in iron overload
disorders. Hence, the present study investigates
whether a single daily intraperitoneal injection of
the iron chelator "deferoxamine” could confer
nephroprotection in an acute rat model of
cisplatin-induced acute renal injury to address the
feasibility of using this specific chelator in
further mechanistic studies or potential clinical
trials.

2. MATERIALS AND METHODS
2.1. Animals

Male Sprague-Dawley rats weighing between
140 & 180 g were purchased from the animal unit
of El-Nile Co., Cairo, Egypt. The rats were
accommodated in standard animal cages that
were kept under an air-conditioned atmosphere.
The temperature was maintained at 25 °C and
relative humidity was kept at 40-60% with
alternative light and dark cycles changed at 12h
intervals at the animal research house of the
School of Pharmacy, Ain Shams University,

Cairo, Egypt. Rats were allowed access to water
and standard diet pellets freely. The standard
animal diet was purchased from EI-Nasr
Chemical Co., Cairo, Egypt. The standard animal
diet contained at least 20% protein, 6.5% ash, 5%
fiber, 3.5% fat & a mixture of vitamins.

2.2. Materials

Cisplatin was obtained from the commercial
vials available in the Egyptian market (Mylan,
Cairo, Egypt). Deferoxamine was also purchased
from the commercially available vials in Egypt
(Novartis, Cairo, Egypt). All solvents and
chemicals were obtained commercially of the
highest available purity.

2.3. Experimental design

Rats were randomly assigned to five groups;
each group had 10 animals. The animals received
treatments for six days as follows; group 1 was
injected the vehicle (saline) i.p. daily (negative
control), group 2 was injected the vehicle (saline)
i.p. daily except for the third day; where cisplatin
was injected i.p. as a single dose of 7.5 mg/Kg to
cause renal injury and groups 3, 4 and 5 were
injected deferoxamine i.p. daily for 6 consecutive
days at doses of 100, 200 and 300 mg/kg for dose
screening purposes and on the third-day cisplatin
was injected i.p. as a single dose of 7.5 mg/Kg
approximately 30 min after deferoxamine
injection as shown in Fig.1.

Sacrifice
— Deferox. 100 or 200 or 300 mg/Kg I.P. | 1
/g@ | | | | | | [
w2 | | I [ | I I

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

Cisplatin 7.5 mg/Kg I.P. injected 30 min after Deferox

Fig.1. A schematic diagram illustrating the treatment
regimen used in rats receiving both deferoxamine and
cisplatin

Rats in groups 3, 4 and 5 received deferoxamine i.p. daily
for 6 consecutive days at 3 dose levels as follows: 100, 200
and 300 mg/Kg and on day 3 cisplatin was injected i.p. as a
single dose of 7.5 mg/Kg approximately 30 min after
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deferoxamine injection. Finally, the rats were sacrificed on
day 7.

The used dosage range of deferoxamine is
based on the dose previously used to assess
deferoxamine's effect in cisplatin-induced lipid
peroxidation [10]. On the morning of the seventh
day, animals were lightly anesthetized and
opened and blood samples were collected from
the caudal vena cava to assess the levels of serum
creatinine and blood urea nitrogen (BUN). The
rats were then euthanized by decapitation and
their kidney specimens were collected for
histopathological examination.

2.4. Assessment of nephrotoxicity markers

Serum creatinine and BUN were assessed
using the kits available commercially in the
Egyptian market (Biodiagnostic Co., Egypt). The
manufacturer's protocol provided with the Kits
was generally followed.

2.5. Assessment of kidney index

Both body weight and kidneys™ weight were
taken down on the sacrifice day. The kidney
index was determined based on the following
formula: (kidney weight/total body weight) x
100.

2.6. Histopathological examination

For routine histopathological examination,
10% formalin was used for fixing the autopsy
kidney for 24 h. Tap water was used for washing
the kidney specimens then serial dilutions of the
following stated alcohols (methyl, ethyl, and
absolute ethyl) were utilized for kidney tissue
dehydration. Xylene was used for clearing the
tissue specimens, then the specimens were
embedded for 24 h in paraffin at 56 °C placed in
a hot air oven. The obtained paraffin blocks were
further sectioned at 4 microns using a sledge
microtome. Glass slides were used for collecting
the deparaffinized tissue sections, followed by
staining with hematoxylin and eosin stain for

routine light microscopy examination [11].
2.7. Statistical Analyses

All statistical analyses were performed using
version 3.05 of GraphPad InStat software
(GraphPad Software, La Jolla, CA) was used for
performing all analyses. Graphs were sketched
using version 5.00 of GraphPad Prism software
(GraphPad Software, La Jolla, CA). Data are
introduced as  meantstandard  deviation.
Individual treatment groups were compared to
each other using paired or unpaired Student’s t-
test as convenient. Multiple comparisons were
performed using one-way analysis of variance
(ANOVA) then the Tukey-Kramer test was
applied for post hoc analysis. The level of
statistical significance was adjusted at P<0.05.

3. RESULTS
3.1. The effect of deferoxamine injection on
nephrotoxicity markers

Creatinine is the waste product of muscle
metabolism which is normally cleared by the
kidneys. The obtained results of serum creatinine
measurements are depicted in Fig. 2. Cisplatin
only treated rats increased serum creatinine levels
significantly compared to the control group by
5.6 folds (P<0.001). All deferoxamine treated rats
(at all dose levels) failed to show any significant
reduction in the serum creatinine levels when
compared to cisplatin only treated group
(P>0.15). Blood urea nitrogen is another essential
renal function test that rises early after Kidney
injury. Urea is produced in the liver as a waste
product of protein digestion and is cleared
through the kidneys. The levels of BUN assessed
in the different groups are shown in Fig. 3. Rats
receiving cisplatin injection only upregulated
BUN levels markedly by 4.07 folds (P<0.001).
Treatment of animals with deferoxamine didn't
produce any significant downregulation in BUN
levels compared to cisplatin only treated animals
(P>0.8) and hence, BUN measurements confirm
the results obtained from serum creatinine
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measurements.
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Fig. 2. Effect of cisplatin and pre-treatment of deferoxamine on levels of serum creatinine

Data are represented as means + standard deviation (where n=6-10). a: statistically significant when compared to the control
group using ANOVA followed by Tukey-Kramer test as post-hoc test, P<0.05.
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Fig. 3. Effect of cisplatin and pre-treatment of deferoxamine on levels of BUN

Data are represented as means + standard deviation (where n=6-10). a: statistically significant when compared to the control
group using ANOVA followed by Tukey-Kramer test as post-hoc test, P<0.01. BUN: Blood Urea Nitrogen.
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3.2. The effect of deferoxamine injection on had a 30% mortality rate. Treatment with
mortality rate and kidney index cisplatin, deferoxamine 100 mo/Kg,
deferoxamine 200 mg/Kg and deferoxamine 300
mg/Kg increased the kidney indices by 1.49,
1.51, 1.65, and 1.38 folds respectively. These
results are in line with serum creatinine and BUN
measurements where all deferoxamine treatments
could not produce any significant
nephroprotective activity.

Mortality percentages as well as total body
weight and kidney indices are shown in Table 1.
Mortality rates were high in the cisplatin only
treated group  (40%). Treatment  with
deferoxamine at the 100 and 200 mg/Kg dose
decreased mortality rate to only 20%, while the
high dose of 300 mg/Kg deferoxamine treatment

Table 1. The results of deferoxamine pre-treatment on mortality rate, body weight changes and kidney index

Different treatment groups Number of Body weight (g) Kidney Index
dead rats  Before treatment  After treatment

Control 0/10 137.78+21.03 161.56£28.44" 0.3720.02
Cisplatin 4/10 142.64+16.68 132.91215.50" 0.55%0.07?
Cisplatin/ Deferoxamine (100 mg/Kg) 2/10 151.3 £11.05 142.9+12.36" 0.560.05°
Cisplatin/ Deferoxamine (200 mg/Kg) 2/10 135.75+8.58 120.529.26" 0.61£0.04%
Cisplatin/ Deferoxamine (300 mg/Kg) 3/10 134.57£19.79 132.29+22.82 0.5+0.07°

Data are represented as meanzstandard deviation (where n=6-10). a: statistically significant when compared to the control group
applying ANOVA followed by Tukey-Kramer test as post-hoc analysis test, P<0.05. *: statistically significant from the values

obtained before treatment using paired Student’s t-test, P<0.05.

3.3. Assessment of kidney histology eosinophilic casts in the renal tubules of the
corticomedullary portion (Fig. 4B). Treatment
with deferoxamine 100 mg/Kg showed tubular
degeneration in the corticomedullary region as
well as inflammatory cell infiltration (Fig. 4C)
and deferoxamine at 200 mg/Kg showed both
tubular degeneration along tubular necrosis (Fig.
4D). By the same token, deferoxamine at 300
mg/Kg dose showed an intact histological
structure in the cortical region while both tubular
degenerations, as well as eosinophilic casts, were
prominent in the corticomedullary junction (Fig.
4E).

Alternations in Kidney histology between the
different animal groups are illustrated in Fig. 4
and Table 2. The control group receiving saline
showed an intact histological structure in both the
glomeruli and the renal tubules with no
histopathological alternations (Fig. 4A). On the
other side, cisplatin only treated rats showed
degeneration and necrosis in the epithelium
lining the tubules at the corticomedullary
junction along with focal inflammatory cell
infiltration as well as the appearance of some
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Fig. 4. Representative photomicrographs of kidney sections stained by hematoxylin and eosin stain

A: Control group representing an intact glomeruli (g) and normal histological architecture of the tubules (t) at the cortical region
(x 400). B: Cisplatin only treated group showing tubular degeneration (d) and necrosis (n) along with eosinophillic casts (c) and
inflammatory cell infilteration (m) in the corticomedullary junction (x 400). C: Deferoxamine pre-treated group (100 mg/Kg)
showing tubular degeneration (d), eosinophillic casts (c) along with inflammatory cell infilteration (m) in the corticomedullary
junction (x 400). D: Deferoxamine pre-treated group (200 mg/Kg) showing tubular degeneration (d), eosinophillic casts (c) along
with tubular necrosis (n) in the corticomedullary junction (x 400). E: Deferoxamine pre-treated group (300 mg/Kg) showing
tubular degeneration (d) along with eosinophillic casts (c) within medullary tubules (x 400).

Table 2. Histopathological variations occurring in kidney samples obtained from the different treated animal
groups

Histopathological Control Cisplatin Cisplatin/ Cisplatin/ Cisplatin/

variations Deferoxamine Deferoxamine Deferoxamine
(100 mg/Kg) (200 mg/Kg) (300 mg/Kg)

Degeneration of - +++ +4+ 4 +++ ++

renal tubules

Necrosis of renal - +4+ 4 ++ F++ 4

tubules

Presence of renal - ++ ++ ++ I

casts

Infilteration by - ++ + 4+ + +

inflammatory cells

+++ Severe. ++ Moderate. + Mild.  -None.



The Effect of Injection of Deferoxamine in an Acute Model of Cisplatin Induced Nephrotoxicity 221

4. DISCUSSION

Cisplatin is one of the major used
antineoplastic agents. Its efficacy along with its
relatively low price makes it one of the most
important chemotherapeutic agents available in
Egypt and most developing countries. However,
cisplatin-induced acute renal injury remains a
major dose-limiting side effect. Numerous
research articles have discussed the molecular
mechanisms underlying cisplatin-induced acute
kidney failure as well as the potential
nephroprotective strategies [3, 12, 13].

One key study provided both in vitro and in
vivo evidence suggesting that the exposure of the
kidney to cisplatin increases the labile iron
content within the renal tubules which
contributes to oxidative kidney damage and
suggesting a possible nephroprotective effect of
iron chelators [9]. Deferoxamine is one of the
classical iron chelators readily available in the
Egyptian market. Hence, the current research
study aimed to question the potential
nephroprotective effect of a single daily
intraperitoneal dose of deferoxamine at three
different dose levels in an acute model of
cisplatin-induced nephrotoxicity.

Cisplatin only treated mice had the highest
mortality ~ percentages. Treatment  with
deferoxamine decreased mortality in mice by
around 50%. Measurement of kidney indices and
serum creatinine and BUN levels showed the
absence of deferoxamine nephroprotective
activity at the used doses and animal model. The
histopathological examination further confirmed
serum creatinine and BUN measurements; where
most animal specimens showed tubular
degeneration and the presence of eosinophilic
casts highlighting the severe damage occurring in
the kidney tubules due to cisplatin administration
and lack of significant  deferoxamine
nephroprotection.

Previously, a daily intraperitoneal injection of
deferoxamine has shown a nephroprotective
effect in a sub-acute model of cisplatin
nephrotoxicity [14]. Moreover, administration of
deferoxamine by osmotic pump produced a
significant nephroprotection in acute cisplatin
nephrotoxicity [9]. In accordance with our
results, a research study showed the lack of
deferoxamine nephroprotection in a comparable
model to the one used in our study, however, this
study showed that deferoxamine was capable of
reducing lipid peroxidation within the kidneys of
treated animals [15]. The present study has a
major significance where it shows that the iron
chelation capacity of deferoxamine provided by
single daily dosing is insufficient to preserve
kidney function in severe animal models of acute
cisplatin  nephrotoxicity, this besides the
relatively high dose (300 mg/kg) used for
administrating deferoxamine in the present
research work provides the basis for the
inapplicability of using deferoxamine as an
adjunct therapy to cisplatin chemotherapeutic
regimens. The strong evidence available on the
role of catalytic iron in kidney diseases as well as
cisplatin  nephrotoxicity along with the
inconsistent  results  obtained  from  the
administration of deferoxamine puts the chelating
capacity of deferoxamine wunder question
especially when it is administered as a single
dose daily. Deferoxamine has a very short half-
life [16] and it could be possible that the chelator
is quickly cleared from plasma before achieving
the desired iron-chelating function. This might
also explain the success of models administrating
deferoxamine through an osmotic pump where a
constant infusion and sustainable plasma
concentrations are maintained.

Conclusion and Recommendations

In conclusion, the current study shows that
giving deferoxamine as a single daily
intraperitoneal injection is not protective in
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cisplatin-induced acute renal failure. Iron
homeostasis has developed as a potential
therapeutic target in acute renal injury [17].
Hence, the authors suggest the study and
investigation of the potential nephroprotective
effect of alternative iron chelators that could have
more favorable pharmacokinetics and iron
chelation capacities when administered daily in
reasonable doses such as the oral iron chelator
'deferiprone’.
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