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ABSTRACT

Cisplatin is a widely used chemotherapeutic agent known to cause
dose-dependent neurotoxicity, yet the underlying histopathological
and molecular mechanisms remain incompletely understood.
This study aimed to investigate the neurotoxic effects of different
cisplatin dosing regimens on rat brain tissue and to evaluate
associated molecular responses, including Tumor necrosis
factor-alpha, Heat Shock Protein 70, Brain natriuretic peptide,
and Hypoxia-inducible factor 1 alpha expression. Thirty-eight
male Wistar albino rats were randomly assigned to five groups:
control, single-dose cisplatin (4 mg-kg-* and 8 mg-kg1), and
split-dose cisplatin (2x2 mg-kg=* and 2x4 mg-kg1). Following
administration, brain tissues were collected for histopathological
evaluation and quantitative real-time Polymerase Chain Reaction
analysis. Histopathological assessments revealed dose-dependent
neuronal necrosis, gliosis, perivascular edema, neuronophagia,
and congestion, with the most severe alterations observed in
the single 8 mg-kg-1 dose group. Split-dose regimens elicited
milder changes, suggesting that peak plasma concentrations
may drive acute neurotoxicity. Molecular analyses demonstrated
concurrent upregulation of tumor necrosis factor-alpha and
heat shock Protein 70 messenger ribonucleic acid, indicative of
an endogenous protective response against cisplatin-induced
neuroinflammation. Notably, brain natriuretic peptide and
hypoxia-inducible factor 1 alpha levels exhibited increasing trends
across all cisplatin — induced groups; these molecules have not
previously been investigated in the context of cisplatin-induced
neurotoxicity, highlighting a novel aspect of potential adaptive
responses. The results indicate that cisplatin neurotoxicity is dose-
dependent and more pronounced with high single doses, while
split-dose administration may allow partial activation of protective
mechanisms, mitigating histopathological damage. Collectively,
these findings advance the understanding of cisplatin-induced
brain injury, underscore the significance of dosing strategies
in minimizing neurotoxic risk, and provide new insights into
molecular pathways that may contribute to adaptive responses
and neuroprotection.
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RESUMEN

La cisplatina es un agente quimioterapéutico ampliamente utilizado,
conocido por causar neurotoxicidad dependiente de la dosis, aunque
los mecanismos histopatoldgicos y moleculares subyacentes aun
no se comprenden completamente. El objetivo de este estudio
fue investigar los efectos neurotdxicos de diferentes regimenes
de dosis de cisplatina en el tejido cerebral de ratas y evaluar las
respuestas moleculares asociadas, incluyendo la expresién de
factor de necrosis tumoral alfa, proteina de choque térmico 70,
péptido natriurético cerebral y subunidad alfa del factor inducible
por hipoxia—1. Treintay ocho ratas albinas Wistar macho se asignaron
aleatoriamente a cinco grupos: control, cisplatina en dosis Unica
(4 mg-kg1y 8 mg-kg™1) y cisplatina en dosis dividida (2x2 mg-kg™y
2x4mg-kg™). Tras la administracion, se recolectaron tejidos cerebrales
para evaluacién histopatoldgica y andlisis mediante la reaccion en
cadena de la polimerasa cuantitativa en tiempo real. Las evaluaciones
histopatolodgicas revelaron necrosis neuronal, gliosis, edema
perivascular, neuronofagia y congestion dependientes de la dosis,
siendo las alteraciones mas graves observadas en el grupo de dosis
Unica de 8 mg-kg™. Los regimenes de dosis dividida indujeron cambios
mas leves, sugiriendo que las concentraciones plasmaticas maximas
pueden determinar la neurotoxicidad aguda. Los analisis moleculares
mostraron una regulacion concurrente al alza de factor de necrosis
tumoral alfa y proteina de choque térmico 70, indicativa de una
respuesta protectora endégena frente a la neuroinflamacion inducida
por cisplatina. Cabe destacar que los niveles de péptido natriurético
cerebral y subunidad alfa del factor inducible por hipoxia—1 mostraron
una tendencia al aumento en todos los grupos con neurotoxicidad
inducida por cisplatina; estas moléculas no han sido investigadas
previamente en el contexto de la neurotoxicidad por cisplatina, lo que
resalta un aspecto novedoso de posibles respuestas adaptativas. Los
resultados indican que la neurotoxicidad por cisplatina es dependiente
de la dosis y mas pronunciada con dosis Unicas elevadas, mientras que
la administracion en dosis dividida podria permitir la activacion parcial
de mecanismos protectores, mitigando el dano histopatologico.
En conjunto, estos hallazgos mejoran la comprensién de la lesion
cerebral inducida por cisplatina, subrayan la importancia de las
estrategias de dosificacion clinica para minimizar el riesgo neurotoxico
y proporcionan nuevos conocimientos sobre vias moleculares que
pueden contribuir a respuestas adaptativas y neuroproteccion.

Palabras clave: Cisplatino; dependiente de la dosis; neurotoxicidad;
histopatologia; expresion génica
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INTRODUCTION

Cisplatin has markedly enhanced survival in cancer patients;
however, its use is frequently accompanied by a range of adverse
effects, with neurotoxicity being among the most prominent [1, 2].

Initial investigations concentrated mainly on peripheral nervous
system involvement, whereas contemporary studies have
progressively highlighted the possible neurotoxic impact on the
central nervous system (CNS) [3, 4].

Although cisplatin has limited ability to cross the blood-
brain barrier, it has been shown to reach the brain and disrupt
hippocampal and cerebellar functions, leading to cognitive
impairments in learning, attention, and memory [5, 6].

Previous studies have demonstrated that chemotherapy agents
can induce structural alterations in the brain, including reduced
grey and white matter in the cortex and corpus callosum and
decreased hippocampal volume [7, 8].

Cisplatin exerts its antineoplastic effects primarily by forming
adducts with genomic and mitochondrial deoxyribonucleic acid
(DNA). These structural alterations induce significant DNA damage
and inhibit DNA replication, ultimately leading to programmed cell
death through apoptotic or necrotic pathways [9, 10].

Heat shock proteins (HSPs), molecular chaperones generally
below 100 kDa, play a critical role in protein folding. The synthesis
of HSPs is markedly increased in response to cellular exposure to
elevated temperatures ranging from 42 to 44°C [11, 12].

In addition to heat, the expression of HSPs can be induced
by various stressors including hypoxia, infection, inflammation,
ethanol, heavy metals, trace metals, ultraviolet radiation, and
nutrient deprivation, leading them to be referred to as “stress
proteins.” HSPs possess cytoprotective properties and have
been implicated in neurodegenerative disorders such as multiple
sclerosis and Alzheimer’s disease, as well as in a range of brain
injuries including ischemia and hemorrhage [13, 14, 15].

Hypoxia-inducible factor 1 alpha (HIF-1a) is a transcription
factor that plays a central role in regulating the expression of genes
under hypoxic conditions [16, 17]. HIF-1a expression is strongly
induced under conditions of decreased oxygen availability in organs
[18, 19]. HIF-1a regulates genes primarily involved in oxygen
homeostasis and glucose-energy metabolism, and its activation
contributes to cellular protection against ischemic injury [20, 21].

Hypoxia-inducible factor 1 alpha is a key regulator of diverse
biological processes, encompassing vascular development, blood
cell production, epithelial cell proliferation and migration, renal
erythropoietin synthesis, glucose metabolism, immune responses,
inflammatory pathways, tumorigenesis, autophagy, apoptosis, and
epigenetic modifications [17, 22, 23].

Brain natriuretic peptide (BNP), a 32—amino acid hormone
initially identified in porcine brain tissue, is primarily produced
and secreted by the ventricles of the heart [24]. Plasma or serum
concentrations of BNP and its inactive N-terminal pro-B-type
natriuretic peptide (NT-proBNP) are widely used as biomarkers for
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the diagnosis and prognostic assessment of cardiac dysfunction,
including heart failure, and studies have shown that BNP expression
and release from astrocytes in the brain can increase under hypoxic
and stress conditions [25, 26, 27].

In studies examining cisplatin-induced toxicity, variables such
as dose, duration of administration, and cisplatin formulation
may influence the severity and nature of toxic effects, potentially
affecting both the observed efficacy of interventions and the
extent of toxicity [28, 29, 30]. Although extensive research has
been conducted on the peripheral neurotoxic effects of cisplatin,
investigations into its impact on the central nervous system remain
relatively limited [31, 32].

Furthermore, only a limited number of studies have investigated
the cisplatin doses that induce central neurotoxicity [3, 33].

This study aimed to investigate the dose-dependent effects of
cisplatin on the rat cerebral cortex using histopathological and
reverse transcription polymerase chain reaction (RT-PCR) analyses,
and to assess BNP, HIF-1a, and HSP gene expression. The findings
are expected to enhance the understanding of central neurotoxicity
mechanisms, facilitate the determination of safe dose ranges, and
support more controlled cisplatin treatment planning.

MATERIALS AND METHODS

Experimental design

In this study, 38 male Wistar albino rats (Rattus norvegicus),
aged 12 weeks and weighing 250-300 g, were used. The animals
were obtained from the Selcuk University Experimental Medicine
Application and Research Center (Konya, Tlrkiye) and housed under
controlled conditions, with a 12—hour (h) light-dark cycle, a constant
temperature of 21°C, and free access to standard chow and water.

All procedures were conducted in accordance with the Guide for
the Care and Use of Laboratory Animals to ensure ethical standards
and animal welfare. Ethical approval was obtained from the Selguk
University Faculty of Veterinary Medicine Laboratory Animal
Production and Research Center Ethics Committee (decision
number 2026-29, February 26, 2026).

Healthy male Wistar albino rats were randomLy assigned to one
of five experimental groups. The cisplatin doses were selected
based on concentrations commonly reported in the literature [34,
35]. The experimental groups were as follows:

o  Control group (n = 6): Received a single intraperitoneal (i.p.)
injection of 2 mL 0.9 % physiological saline.

o Cisplatin 4 mg-kg= (n = 8): Received a single i.p. injection of
cisplatin at 4 mg-kg1.

o Cisplatin 2 x 2 mg-kg (n = 8): Received two i.p. injections
of cisplatin at 2 mg-kg1 each.

o  Cisplatin 8 mg-kg1 (n = 8): Received a single i.p. injection of
cisplatin at 8 mg-kg1.
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o Cisplatin 2 x 4 mg-kg (n = 8): Received two i.p. injections
of cisplatin at 4 mg-kg-1 each.

General anesthesia was induced with intraperitoneal administration
of Ketalar (75 mg-kg1) and Rompun (10 mg-kg™1). After confirmation
of adequate anesthesia, the animals were euthanized by cervical
dislocation to prevent suffering, and brain tissues were carefully
dissected during the subsequent necropsy procedure.

Allinjections were administered according to the experimental
schedule illustrated in FIG. 1.

Control Group 1 Group 2 Group 3 Grup 4
4 4B B e Am

PS (6} 4 CP (6} 4 CP

& S
oy,
Ty

Day 1: 2 ml Day 1: 4 mg-kg" Day 1: 2 mg-kg! Day 1: 8 mg-kg! Day 1: 4 mg-kg!
Day 4: 2 mg-kg™! Day 4: 4 mg-kg!

Single dose Single dose Split dose Single dose Split dose

Necropsy == Day 7

FIGURE 1. Experimental procedure timeline and cisplatin administration
representation. PS: Physiological saline, CP: Cisplatin.

Histopathological examination

Brain tissues obtained during necropsy were fixed in 10 %
formaldehyde solution for 24 h. Subsequently, the tissues were
trimmed to appropriate sizes and placed into tissue processing
cassettes. After fixation, the samples were washed under running
tap water for 12 h to remove residual fixative. The tissues were then
processed using a routine tissue processing system (Leica TP1020,
Leica Microsystems, Germany) and embedded in paraffin blocks.
Sections of 5 um thickness were obtained from the paraffin blocks
using a microtome (Leica RM2125, Leica Microsystems, Germany)
and stained with hematoxylin and eosin (H&E). The prepared
brain sections were examined under a light microscope (Olympus
BX51, Tokyo, Japan). Histopathological changes including neuronal
necrosis, neuronophagia, gliosis, perivascular edema, hyperemia,
endothelial cell damage, and mononuclear cell infiltration (MCI)
were evaluated and scored as follows: 0 = none, 1 = mild, 2 =
moderate, and 3 = severe.

Quantitative Real-Time PCR analysis

Formalin-fixed paraffin-embedded (FFPE) brain tissue sections
were first deparaffinized with xylene and subsequently rehydrated
through a graded ethanol series. To improve Ribonucleic Acid (RNA)
extraction efficiency and reverse protein cross-linking caused by
fixation, the samples were treated with proteinase K. Total RNA
was then extracted using the SanPrep Column microRNA Miniprep
Kit (Cat: SK8811, BIO BASIC) according to the manufacturer’s
instructions. The concentration and purity of the isolated RNA
were determined NanoDrop 2000 spectrophotometrically (Thermo

Fisher Scientific, USA), and only samples with acceptable purity
ratios were included in subsequent analyses to ensure reliable
downstream applications. Complementary deoxyribonucleic acid
(cDNA) was synthesized from the extracted RNA using the High-
Capacity cDNA Reverse Transcription Kit (Cat: 4368813, Thermo
Fisher Scientific) following the manufacturer’s protocol.

Quantitative real-time polymerase chain reaction (QRT-PCR)
was performed to evaluate the mRNA expression levels of BNP,
HIF-1qa, and HSP70 using a Real-Time PCR system (LightCycler®
96 System, Roche, Switzerland) with the LightCycler 480 SYBR
Green Master Mix Kit (Cat: 04707516001, Roche). The primer
sequences used for amplification are presented in Table I [36,
37, 38, 39]. The PCR amplification protocol consisted of an initial
denaturation step at 95°C for 10 min, followed by 40 cycles of
denaturation at 95°C for 10 s, annealing at 58°C for 10 s, and
extension at 72°C for 10 s. Relative gene expression levels were
calculated using the 22-AACt method after normalization to the
housekeeping gene GAPDH.

TABLEI

Primer sequences used for quantitative real-time polymerase chain reaction

Gene Primer sequence (5'-3')

F: TGATTCTGCTCCTGCTTTTC

BNP R: GTGGATTGTTCTGGAGACTG
HIF-1 F: GATGGAATGGAGCAGAAGACA
“« R: TAACTGGTCAGCTGTGGTAATC
HSP70 F: GGTCTCAAGGGCAAGATCAG
R: TTTCTCAGCCAGCGTGTTAG
TNF- F: CCAGGAGAAAGTCAGCCTCCT
¢ R: TCATACCAGGGCTTGAGCTCA
GAPDH F: CACCCTGTTGCTGTAGCCATATTC

R: GACATCAAGAAGGTGGTGAAGCAG

F: Forward, R: Reverse, BNP, HIF-1a, HSP70, TNF - o, GAPDH

Statistical analysis

Statistical analyses of the histopathological and Real-Time PCR
data were performed using IBM SPSS Statistics 22 and GraphPad
Prism software. The normality of the data distribution was evaluated
using the Shapiro-Wilk test, while homogeneity of variances was
assessed with the Levene test. For datasets showing normal
distribution, comparisons among groups were conducted using
one-way analysis of variance (ANOVA) followed by Duncan’s post hoc
test. The results were presented as mean + standard error (SE), and
a P value of less than 0.05 was considered statistically significant.

RESULTS AND DISCUSSION

Histopathological results

Neuronal necrosis/apoptosis, neuronophagia, gliosis,
perivascular edema, congestion, and MCI were evaluated in each
case. The severity of histopathological alterations was quantified
using a semi-quantitative scoring system, and lesion scores were
recorded for each parameter. Statistical analysis results are shown
in TABLE II.
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TABLE IT

Statistical analysis of histopathological scores in the cerebral cortex in an experimental model of cisplatin-induced neurotoxicity

Neuronal necrosis/

Groups Neuronophagia Gliosis Congestion Perivascular edema apoptosis MCI
Control 0,25+0,11° 0,16+0,109 0,66+0,21° 0,16+0,16¢ 0,16+0,104 0,08+0,08¢
4 mg-kg™" CP 1,41+0,20° 0,66+0,21¢ 1,33+£0,212 0,75+0,1720 0,83+0,16 0,83+0,16°
2x2 mg-kg™' CP 1,16+£0,272 0,75+0,17°¢ 0,83+0,16% 0,66+0,21° 0,50+ 0,22¢ 0,66+0,21°
8 mg-kg—' CP 1,83+0,272 1,33+£0,162 1,41+0,202 1,25+£0,172 1,41+0,202 1,41+0,202
2x4 mg-kg™' CP 1,58+0,232 1,160,102 1,25+0,17%0 1,16+0,10%° 1,16+0,10%° 1,08+0,102%

Data are expressed as mean * standard error (SE). Groups with different superscript letters @ within the same column are significantly different (P<0.05) based
on one-way ANOVA followed by Duncan’s multiple comparison test. CP: Cisplatin, MCI: Mononuclear cell infiltration

While neuronophagia scores were minimal in the control group,
all cisplatin-induced groups showed a significant increase, with
the highest scores in the 8 mg-kg* single-dose group (P<0.05).
Glial activation was at basal levels in the control group, while all
cisplatin-induced groups showed a significant increase (P<0.05).

The highest scores were observed in the 8 mg-kg-! single-dose
group, and the 2x4 mg-kg1 split-dose group showed slightly lower
scores than the single-dose group, remaining well above control
group levels. Congestion scores were lowest in the control group
and increased significantly in the 4 mg-kg-* and 8 mg-kg-* single-
dose cisplatin groups (P<0.05).

Split-dose groups (2x2 mg-kg-* and 2x4 mg-kg-1) showed
intermediate levels, not significantly different from the control
group or single-dose groups. Perivascular edema was minimal in
the control group and increased in all cisplatin-induced groups,
with the most severe changes in the 8 mg-kg=* cisplatin single-
dose group (P<0.05).

Neuronal necrosis/apoptosis was lowest in the control group,
elevated in all cisplatin-induced groups, and highest in the
8 mg-kg 1 single-dose group (P<0.05).

Mononuclear cell infiltration scores were lowest in the control
group. Cisplatin-induced infiltration occurred in all groups, peaking
in the 8 mg-kg1 single-dose group (P<0.05).

The 2x4 mg-kg1 split-dose group showed slightly lower scores,
but the values were not statistically different from the single-dose
8 mg-kg-1 group (P>0.05). Histopathological images of sections
obtained from the cerebral cortex of rats, together with the
morphological alterations and lesions observed in these sections,
are presented in FIG. 2, illustrating the extent and characteristics
of the tissue damage across the experimental groups.

Histopathological findings in the present study are consistent with
previous reports demonstrating cisplatin-induced neurotoxicity.
A study showed that histopathological examinations following
the administration of different doses of cisplatin significantly
increased neuronal necrosis/apoptosis, gliosis, perivascular
edema, neuronophagia, and hyperemia, particularly in the group
treated with a single dose of 12 mg-kg1 cisplatin [3].

In addition, cisplatin is known to trigger oxidative stress and
DNA damage in brain tissue, leading to microglial activation and
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FIGURE 2. Histopathological images of rats cerebral cortex sections stained
with H&E. (A) Control group, general architecture of the cerebral cortex (20x).
(B) 4 mg-kg™' cisplatin-induced group (40x). (C) 2x2 mg-kg-' cisplatin-induced
group (40x). (D) 8 mg-kg™' cisplatin-induced group (40x). (E) 2x4 mg-kg' cisplatin-
induced group (20x). (F) 2x4 mg-kg™' cisplatin-induced group (40x). Vascular
congestion and perivascular edema (black arrows), necrotic/apoptotic neurons
(green arrows), neuronophagia (red arrows), and gliosis (blue arrows)

. wYe o)

subsequent neuronal loss [4]. Cisplatin injection has also been
reported to stimulate inflammatory cell migration in neural tissue
by increasing lipid peroxidation and nitric oxide levels in brain
homogenates [40]. Furthermore, it has been demonstrated that
cisplatin disrupts vascular morphology even in vital centers such
as the medulla oblongata, activating apoptosis and inflammation
pathways and altering gene expression, ultimately leading to tissue
edema [41].
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In the present study, different dose regimens (4 mg-kg1,
2x2 mg-kg, 8 mg-kg1, and 2x4 mg-kg1) were applied to evaluate
the dose-dependent neurotoxic effects of cisplatin. The findings,
particularly the lack of a significant difference between the 4 mg-kg*
and 2x2 mg-kg* doses, suggest that the neurotoxic effects of
cisplatin become more pronounced beyond a certain dose threshold,
which is important for determining optimal dosing in clinical practice.

While these findings are generally consistent with the literature,
the detailed histopathological evaluation performed in this study
provided a more comprehensive understanding of the process.
Specifically, a dose-dependent increase was observed in
perivascular edema, neuronal necrosis, neuronophagia, congestion,
and gliosis, with the most severe damage detected in the group
receiving a single dose of 8 mg-kg* cisplatin.

Moreover, it was observed that a single high dose (8 mg-kg1)
induced more pronounced histopathological damage compared to
the split-dose regimen with the same total dose (2x4 mg-kg1). It
is thought that this difference stems from the higher peak plasma
concentrations associated with single-dose administration, which
exacerbate acute neurotoxicity; conversely, it is considered that
split-dose allows for a more controlled development of cumulative
toxicity and the partial activation of cellular defence mechanisms.

TNF-a
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Gene expression results

The effects of Cisplatin administration on gene expression levels
in brain tissues are presented in FIG. 3. All cisplatin-induced groups
showed increased TNF—a mRNA expression compared to the
control group. This increase was most pronounced in the 8 mg-kg*
cisplatin group and was statistically significant (P<0.05), whereas
differences among the 4 mg-kg1, 2x2 mg-kg-1, and 2x4 mg-kg*
cisplatin groups were not significant (ns).

Similarly, Heat Shock Protein 70 mRNA expression levels were
elevated in all cisplatin-induced groups compared to the control,
showing an overall increase ns. The highest expression was observed
in the 8 mg-kg cisplatin group (P<0.05). BNP mRNA expression
levels were also increased in the cisplatin-induced groups compared
to the control group. This increase was statistically significant
(P<0.05), particularly in the 8 mg-kg2 cisplatin group, while other
groups showed moderate elevations. In contrast, HIF-1a mRNA
expression levels tended to increase in all cisplatin-induced groups
compared to the control group; however, these changes were ns.

Cisplatin-induced neurotoxicity has been associated with a
significant increase in pro-inflammatory cytokines, including
NF—«B, TNF—a, and IL-6, in brain tissues, indicating the involvement
of neuroinflammatory pathways in neuronal damage [5].

HSP70
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HIF-1a
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Relative mRNA expression levels in the cerebral cortex
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Cisplatin groups

FIGURE 3. TNF-c, HSP70, BNP, and HIF-1a« mRNA expression levels in the cerebral cortex. Data are expressed
as mean t standard error (SE). “*' indicates a statistically significant difference compared to the control
group, while ‘ns’ denotes no statistically significant difference relative to the control group
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In rat models, cisplatin administration significantly elevated
TNF—a levels in the cerebral cortex and induced oxidative stress
and apoptotic changes, indicating that TNF—a plays a central role
in mediating cisplatin-induced neurotoxicity [42].

Cisplatin has been shown to increase TNF—a release in the dorsal
root ganglia, contributing to the development of chemotherapy-
induced peripheral neurotoxicity and associated inflammatory
responses [43]. Interestingly, the lack of significant differences among
the 4 mg-kg-1 and split-dose groups (2x2 mg-kg-t and 2x4 mg-kg™1)
suggests that the intensity of the neuroinflammatory response in
the cerebral tissue may be sensitive to the peak dose concentration
(8 mg-kg1) rather than the total administration frequency, aligning
with previous reports on cytokine-driven neurotoxicity.

Cisplatin administration significantly increased BNP and HSP70
mMRNA transcript levels in brain tissue. BNP, primarily synthesized
by cardiac ventricular cells, has vasodilatory, natriuretic, and
diuretic effects [25]. Its levels rise in response to oxidative stress,
serving as a protective mechanism against mitochondrial damage
in the early stages of cardiac pathology [44, 45].

A significant increase in BNP mRNA expression was observed in
cisplatin-induced groups, most prominently in the 8 mg-kg* group,
suggesting an adaptive response to counteract cisplatin-induced
oxidative stress and mitochondrial dysfunction.

Heat Shock Protein 70 has been shown to protect cells from
oxidative stress by inhibiting lipid peroxidation and apoptosis,
enhancing the synthesis of antioxidant enzymes, and preventing
tumor necrosis factor-induced cell death through the suppression
of interleukin—6 and nitric oxide production [46].

The simultaneous increase in HSP70 and TNF—a mRNA
expression observed in this study suggests a strong endogenous
defense against cisplatin-induced neuroinflammation. Given that
HSP70 has been reported to counteract TNF-induced cytotoxicity
by suppressing IL-6 and nitric oxide production, its upregulation in
brain tissue likely serves as a critical checkpoint to limit neuronal
apoptosis and lipid peroxidation. Thus, the parallel elevation
of HSP70 in cisplatin-induced groups can be interpreted as a
targeted physiological response to mitigate the pro-oxidant and
pro-inflammatory environment.

Hypoxia-inducible factor 1 alpha plays a crucial role in the cellular
response to hypoxia, regulating angiogenesis, inflammation, and the
expression of various target genes under low-oxygen conditions [19,
23]. In this study, HIF-1a mRNA expression levels tended to increase
in all cisplatin-induced groups compared to the control; however,
these changes were ns, suggesting that cisplatin-induced oxidative
stress did not markedly affect HIF-1a expression in brain tissue.

Further investigations should focus on determining the minimum
effective dose of cisplatin that preserves its antitumoral efficacy
while minimizing neurotoxic adverse effects. Evaluating low or
subclinical cisplatin regimens against the progression of CNS
lesions will be critical to clarifying their therapeutic viability.
Moreover, long-term longitudinal studies are warranted to
comprehensively assess the safety and sustainability of these
dose-adjusted cisplatin strategies.
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CONCLUSION

Cisplatin administration resulted in marked histopathological
and molecular alterations in brain tissue, with neuronal necrosis,
gliosis, perivascular edema, neuronophagia, and congestion most
pronounced in the single 8 mg-kg-1 dose group, although split-dose
regimens showed lower absolute scores, these variations did not
reach statistical significance. The concurrent increase in TNF-a
and HSP70 mRNA expression likely represents an endogenous
protective response against cisplatin-induced neuroinflammation.
Notably, the observed upward trends in BNP and HIF-1a levels
provide novel insights, as the roles of these molecules in cisplatin-
induced neurotoxicity have not been previously investigated.
Overall, these findings highlight the dose-dependent nature of
cisplatin neurotoxicity and the greater severity associated with high
single doses, underscoring the importance of optimized clinical
dosing strategies to mitigate neurotoxic risk.
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