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ARTICLE INFO Abstract
Background. Chemotherapy with alkylating agents such as melphalan can induce
Avrticle History: neurotoxic effects in the hippocampus. This study was conducted to investigate the
Received: 15 Jul 2026 protective effect of chrysin on melphalan-induced histopathological changes and the
Revised: 22 Aug 2026 expression of autophagy-related genes in the rat hippocampus.
Accepted: 24 Aug 2026 Methods. In this experimental study, 48 male Wistar rats (21 days old) were randomly
ePublished: 1 Nov 2026 assigned to six groups: a control group, a melphalan-treated group (0.5 mg/kg,
intraperitoneally), two groups receiving melphalan in combination with chrysin (25 and
Keywords: 50 mg/kg, respectively, orally), and two groups receiving chrysin alone (25 and 50 mg/kg,
¢ Melphalan respectively, orally). The treatment period for the groups receiving melphalan and/or
e Chrysin chrysin was 14 days. At the end of the experimental period, hippocampal histological
e Autophagy changes were assessed using toluidine blue staining, and the expression of autophagy-
e Hippocampus related genes was evaluated using real-time PCR.
o Histopathology Results. The administration of melphalan significantly increased the number of dark

neurons and significantly decreased the expression of autophagy-related genes compared
with the control group. Treatment with chrysin (50 mg/kg) significantly reduced the
number of dark neurons and increased the expression of autophagy-related genes.
Conclusion. The administration of chrysin was associated with reduced melphalan-
induced histopathological alterations and modulation of the expression of autophagy-
related genes in the hippocampus. These findings suggest that changes in the expression
of autophagy-related genes may play an important role in the protective response of
chrysin against melphalan-induced neuronal injury.

Practical Implications. Chrysin was associated with favorable changes in
histopathological indices and the expression of autophagy-related genes in this animal
model. However, further pharmacokinetic studies, evaluation of brain tissue penetration,
safety assessment, and investigation of its potential effects on the antitumor efficacy of
melphalan are required before clinical translation.
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Extended Abstract

Background malighancies and conditioning regimens before
Melphalan is an alkylating chemotherapeuticagent ~ hematopoietic stem cell transplantation. Despite its
extensively used in the treatment of hematological established antitumor activity, melphalan may
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adversely affect normal tissues, including the central
nervous system. Chemotherapy-induced
neurotoxicity has increasingly been recognized as an
important complication that contributes to cognitive
impairment and structural alterations within the
hippocampus, a brain region essential for learning,
memory, and neurogenesis. Although oxidative stress,
mitochondrial dysfunction, neuroinflammation, and
apoptosis have been implicated in chemotherapy-
induced neuronal injury, growing evidence suggests
that dysregulation of autophagy-related pathways may
also contribute to neuronal vulnerability. Autophagy
is a highly conserved intracellular homeostatic
process regulated by autophagy-related (ATG) genes,
and disturbances in this pathway have been associated
with several neurodegenerative conditions. Chrysin
(5,7-dihydroxyflavone), a naturally occurring
flavonoid, possesses antioxidant, anti-inflammatory,
and neuroprotective properties. However, its potential
influence on melphalan-induced hippocampal damage
and alterations in autophagy-related gene expression
remains insufficiently investigated. Therefore, this
study examined the association between treatment
with chrysin, histopathological alterations, and
autophagy-related gene  expression in  the
hippocampus of rats treated with melphalan.

Methods

This experimental study was performed on 48
male Wistar rats aged 21 days. Animals were
randomly allocated into 6 groups (n=8): Control,
Melphalan (Mel), Melphalan plus Chrysin 25 mg/kg
(Mel+Chr25), Melphalan plus Chrysin 50 mg/kg
(Mel+Chr50), Chrysin 25 mg/kg (Chr25), and
Chrysin 50 mg/kg (Chr50). Melphalan was
administered intraperitoneally at a dose of 0.5
mg/kg/day, whereas chrysin was dissolved in corn oil
and administered orally by gavage at doses of 25 or 50
mg/kg/day for 14 consecutive days. In the
combination groups, chrysin was administered
approximately 30 minutes before the injection of

melphalan.
All procedures were conducted according to
institutional ethical guidelines, ARRIVE

recommendations, and the principles of Replacement,
Reduction, and Refinement (3Rs). Animals were

randomly assigned to experimental groups, and
histopathological and molecular evaluations were
performed by investigators blinded to treatment
allocation.

Twenty-four hours after the final treatment,
hippocampal tissues were collected.
Histopathological evaluation was performed on the
right hippocampus using toluidine blue staining. Dark
neurons were identified based on established
morphological criteria including hyperbasophilic
cytoplasm, nuclear condensation, and irregular
cellular morphology. Quantitative assessment was
performed using systematic random sampling, and
neuronal density was expressed as cells/mmz.

The left hippocampus was processed for molecular
analyses. Total RNA was extracted and reverse
transcribed into complementary DNA. Then,
guantitative real-time PCR was performed to
determine the relative expression of Atg5, Atg6
(Beclin-1), Atg7, Atg8 (LC3), and Atgl2 using
GAPDH as the endogenous reference gene. Relative
gene expression was calculated using the 2—AACt
method.

The normality of data distribution was assessed
using the Kolmogorov-Smirnov test. Comparisons
among experimental groups were performed using
one-way analysis of variance (ANOVA), followed by
Tukey's post hoc test. Results were expressed as
meanzstandard error (SE), and P<0.05 was
considered statistically significant.

Results

The administration of melphalan produced
pronounced histopathological alterations in the
hippocampus. Compared with control animals, the
Mel group exhibited a significant increase in dark
neuron density, indicating enhanced neuronal
degeneration. Histological examination demonstrated
numerous hyperchromatic shrunken neurons with
typical morphological characteristics of dark neurons
throughout the hippocampal regions.

Treatment with chrysin attenuated these
histopathological changes in a dose-dependent
manner. Administration of 25 mg/kg chrysin
produced only a modest reduction in dark neuron
density compared with the Mel group, whereas
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treatment with 50 mg/kg significantly reduced the
number of dark neurons and partially preserved
normal  hippocampal  morphology.  Chrysin
administered alone at either dose did not induce
detectable histopathological abnormalities relative to
untreated controls.

Real-time PCR analysis demonstrated that
melphalan significantly reduced the mRNA
expression of all evaluated autophagy-related genes,
including Atg5, Atg6, Atg7, Atg8, and Atgl2,
compared with the control group. These findings
indicate that exposure to melphalan was associated
with altered transcription of genes involved in
autophagy regulation.

Co-treatment  with  chrysin increased the
expression of all investigated autophagy-related genes
relative to treatment with melphalan alone. Although
animals receiving 25 mg/kg chrysin showed an
upward trend in gene expression, these changes were
generally not statistically significant. In contrast,
treatment with 50 mg/kg chrysin significantly
increased the expression of Atg5, Atg6, Atg7, Atgs,
and Atgl12 compared with the Melphalan group, with
expression levels approaching those observed in
control animals.

The concordance between histopathological
improvement and modulation of autophagy-related
gene expression suggests that these molecular
alterations may be associated with the neuroprotective
response observed following the administration of
chrysin. Nevertheless, the present study evaluated
only messenger RNA expression. Therefore, the
observed transcriptional changes cannot be interpreted
as direct evidence of enhanced autophagic activity or

autophagic flux. Likewise, the findings do not
establish a causal relationship between altered ATG
gene expression and the reduction in neuronal
degeneration.  Other  biological ~ mechanisms
previously reported for chrysin, including attenuation
of oxidative stress, suppression of inflammatory
responses, and regulation of apoptosis, may also have
contributed to the observed protective effects.

Conclusion

The present study demonstrates that the
administration of melphalan was associated with
hippocampal neuronal degeneration accompanied by
reduced expression of several autophagy-related
genes. Chrysin treatment, especially at the dose of 50
mg/kg, was associated with attenuation of
histopathological damage and partial restoration of
autophagy-related gene expression. These findings
suggest that modulation of autophagy-related
transcription may contribute to the neuroprotective
effects observed following the administration of
chrysin. However, because only gene expression was
evaluated, no definitive conclusions can be drawn
regarding functional autophagy or autophagic flux.
Additional investigations incorporating protein
expression, autophagic flux analyses, oxidative stress
biomarkers, inflammatory mediators, behavioral
assessments, and long-term outcome studies are
required to clarify the underlying molecular
mechanisms and to determine whether chrysin has
translational potential as an adjunctive strategy for
reducing chemotherapy-induced neurotoxicity.
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