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Article info ABSTRACT
Article history: Background: Ifosfamide-induced kidney damage is an important toxicity in
Received: Dec 25, 2024 children and adults undergoing chemotherapy. Studies have previously
Accepted: Jan 25, 2025 demonstrated that toxic metabolites of ifosfamide, such as acrolein, are
associated with depletion of antioxidants, oxidative stress, and mitochondrial
Keywords: impairment, which may predispose the kidney to ifosfamide toxicity. Plant-
Nephrotoxicity derived active compounds, such as chrysin, found in fruits and vegetables, are
Chrysin renowned for their antioxidant and mitochondrial protective effects against
Ifosfamide toxicity-related mitochondrial damage and oxidative stress.

Methods: In this work, the protective effects of chrysin on ifosfamide-induced
nephrotoxicity in male Wistar rats were investigated using biochemical,
histopathological, and mitochondrial approaches. The animals were randomly
divided into four groups: control, ifosfamide, ifosfamide + chrysin, and chrysin
groups. Chrysin (25 mg/kg, i.p. daily) was administered to rats for 2
consecutive days, and ifosfamide (500 mg/kg, i.p.) was administered on the
third day.
Results: The data demonstrated that pretreatment with chrysin significantly
increased mitochondrial succinate dehydrogenase activity and protected against
mitochondrial swelling, mitochondrial membrane potential loss, reactive
oxygen species formation, lipid peroxidation, and glutathione depletion
(»< 0.001). Histopathological results showed that chrysin had protective effects
and reduced histopathological abnormalities caused by ifosfamide.
Conclusion: These observations confirmed that chrysin pretreatment protects
the kidneys against mitochondrial dysfunction, oxidative stress, and
histopathological abnormalities induced by ifosfamide.
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Extended Abstract

Background: Ifosfamide, in combination
with other chemotherapeutic agents, is used
for the treatment of some refractory cancers
in children and adults. Despite the
effectiveness of ifosfamide, its structural
similarity to cyclophosphamide leads to the
production of active metabolites such as
acrolein and chloroacetaldehyde, which can
result in central nervous system (CNS)
toxicity, cardiotoxicity, hepatotoxicity, and
nephrotoxicity. One of the most common
toxicities following treatment with ifosfamide
is nephrotoxicity. Reports indicate that
nephrotoxicity occurs with varying severity in
patients treated with ifosfamide. The detailed
mechanism of ifosfamide-related
nephrotoxicity has not been fully elucidated,
but it seems that the formation of active
metabolites plays a significant role in
inducing nephrotoxicity. The metabolites
responsible for the toxicity of ifosfamide,
such as acrolein and chloroacetaldehyde, can
induce mitochondrial dysfunction and
oxidative stress, leading to inflammation, cell
death, and tissue injury. A promising strategy
to reduce nephrotoxicity is the use of
antioxidants and mitochondrial protective
agents that do not interfere with the
therapeutic mechanisms of the drug. In recent
years, several polyphenolic compounds, such
as chrysin, have garnered attention as
nephroprotective agents, particularly due to
their antioxidant potential and mitochondrial
protective effects. The antioxidant, anti-
inflammatory, and mitochondrial protective
effects of chrysin have been reported in
various studies. Overall, previous studies
suggest that chrysin deserves further
investigation as a nephroprotective agent.
Therefore, in the current study, we
investigated a preventive strategy to reduce
ifosfamide-induced nephrotoxicity through
chrysin using mitochondrial,
histopathological, and biochemical
approaches in adult Wistar rats.

Method: For this purpose, we examined the
injection of chrysin, as a polyphenolic
compound, to reduce kidney toxicity induced

by ifosfamide in rats. The animals were
randomly divided into four groups: control,
ifosfamide (500 mg/kg, intraperitoneally),
ifosfamide + chrysin (20 mg/kg per day for
two consecutive days), and chrysin (20
mg/kg, per day for two consecutive days)
alone. Chrysin was administered via
intraperitoneal injection two days before
exposure to ifosfamide. After four days,
alterations in histopathology, biochemical
markers, oxidative stress, and mitochondrial
biomarkers were determined..

Results: Histological examination revealed
that kidney sections from the control and
chrysin-alone groups exhibited apparently
normal morphology regarding tubules,
glomeruli, and interstitial tissue. However,
the histopathological evaluation of the
kidneys from ifosfamide-treated animals
showed severe renal damage, including
vacuolar degeneration of tubules, cloudy
swelling, interstitial hemorrhage, tubular
casts, and moderate tubular necrosis, which
were moderated by pretreatment with chrysin.
In addition, ifosfamide treatment led to a
significant increase in oxidative stress
markers, such as GSH, GSSG, and MDA
levels in kidney tissue, compared with the
control group. Conversely, pretreatment with
chrysin reduced oxidative stress markers and
normalized these parameters. Moreover,
mitochondrial toxicity parameters, such as
mitochondrial ~ succinate  dehydrogenase
(SDH) activity, reactive oxygen species
(ROS) formation, mitochondrial swelling,
and mitochondrial membrane potential
collapse, were significantly (p < 0.01) altered
in animals exposed to ifosfamide compared
with  the control group. However,
pretreatment with chrysin for two consecutive
days significantly normalized mitochondrial
toxicity parameters.

Conclusion: In summary, the current study
demonstrates that chrysin can provide
significant ~ protective  effects  against
ifosfamide-induced nephrotoxicity. Chrysin
protected against the depletion of GSH and
oxidative stress, as well as tissue damage and
mitochondrial toxicity parameters. Our results
support that pretreatment with chrysin before
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ifosfamide administration may be effective for
clinical purposes, due to the mechanism of
action of ifosfamide and the anticancer
properties of chrysin. The beneficial effect of
chrysin against ifosfamide-induced
nephrotoxicity warrants further investigation
using cellular, animal, and clinical trial
studies. This study suggests that chrysin has

the potential to protect against ifosfamide-
induced  mitochondrial toxicity and
nephrotoxicity. It appears that this natural
compound could be beneficial for medical
applications as a nephroprotective agent with
antioxidant and mitochondrial protective
activities.
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