Research in Molecular Medicine

Research Paper »
Evaluation of Kojic Acid derivatives as an Iron "
Chelator in Mice With Iron Overload

Elahe Oladi' (), Shima Yousefi' (©, Mehdi Mogharabi-Manzari’ (), Sajad Molavi** (), Hossein Jalali'

1. Thalassemia Research Center, Hemoglobinopathy Institute, Mazandaran University of Medical Sciences, Sari, Iran.
2. Pharmaceutical Research Center, Faculty of Pharmacy, Mazandaran University of Medical Sciences, Sari, Iran.

Use your device to scan

e theariieonlne [@IELTYY Oladi E, Yousefi Sh, Mogharabi-Manzari M, Molavi S, Jalali H. Evaluation of Kojic Acid derivatives as an Iron
Chelator in Mice With Iron Overload. Research in Molecular Medicine. 2026; 14(3):147-152. https://doi.org/10.32598/
rmm.14.3.856.9

https://doi.org/10.32598/rmm.14.3.856.9

Article Type: ABSTRACT

Research Article
Background: Iron overload is a major metabolic disorder characterized by abnormal iron

accumulation in various tissues, particularly the liver and heart, leading to severe tissue damage

Article info: ¢ through oxidative stress, lipid peroxidation, and cellular destruction. In recent years, iron chelators
Received: 23 Jan 2026 . have attracted considerable attention as one of the principal therapeutic strategies for controlling this
Revised: 07 Jun 2026 . condition. However, currently available chelators, such as deferoxamine are associated with several

limitations, including high cost, difficult administration, and poor patient compliance. Therefore, the
search for novel, effective, and cost-efficient compounds continues. The aim of the present study was
to evaluate the effects of kojic acid on ferritin levels and iron overload-related parameters in mice with
experimentally induced iron overload.
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Materials and Methods: In this experimental study, laboratory mice were divided into different
groups, including a control group, an iron overload model group, and kojic acid-treated groups. Iron
overload was induced through intraperitoneal injection, and kojic acid was administered at a dose
of 25 mg/kg for four weeks. At the end of the treatment period, blood samples associated with iron
storage and metabolism, particularly ferritin levels, were analyzed. Statistical analysis was performed
using GraphPad Prism software, version 9.5.1, and one-way analysis of variance.

Results: Induction of iron overload significantly increased ferritin levels in the control group
compared with the blank group, confirming successful model induction. Deferoxamine, compound I,
and compound II each significantly reduced ferritin levels versus control, with compound II showing
a greater reduction than compound I. No significant differences were found between deferoxamine
and either kojic acid derivative, indicating comparable efficacy. One-way ANOVA showed significant
group differences (R?=0.9347), and Brown—Forsythe confirmed equal variances.

Conclusion: Kojic acid exerted modulatory effects on several iron overload-related parameters and
potentially contributed to the reduction of ferritin levels. Based on these results, kojic acid derivatives

Keywords: ' may be considered promising candidates for further investigation as potential iron chelators in the
Kojic acid, Iron overload, . treatment or management of iron overload disorders. Nevertheless, additional studies are required to
Ferritin, Iron chelator :  establish definitive conclusions.

* Corresponding Author:

Sajad Molavi, Assistant Professor.

Address: Pharmaceutical Research Center, Mazandaran University of Medical Sciences, Sari, Iran.
Phone: +98 (11) 33543238

E-mail: Sajjad.molavi@gmail.com

Copyright © 2026 The Author(s);
This is an open access article distributed under the terms of the Creative Commons Attribution License (CC-By-NC 4.0: https://creativecommons.org/licenses/by-nc/4.0/legalcode.en),
which permits use, distribution, and reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.

147



http://rmm.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
https://orcid.org/0009-0006-6842-0820
https://orcid.org/0000-0002-3194-8780
http://0000-0001-5143-9695
https://orcid.org/0000-0001-9374-6626
https://doi.org/10.32598/rmm.14.3.856.9
http://rmm.mazums.ac.ir/page/77/Copyright-statement
https://crossmark.crossref.org/dialog/?doi=10.32598/rmm.14.3.856.9
https://creativecommons.org/licenses/by-nc/4.0/legalcode.en
https://creativecommons.org/licenses/by-nc/4.0/legalcode.en

Oladi E, et al.

Introduction

ron is an essential element required for
cell survival and normal physiological
function, playing a critical role in pro-
cesses, such as oxygen transport, electron
transport chain activity, DNA synthesis,
and the function of numerous vital enzymes [1]. Despite
its indispensable biological importance, iron homeosta-
sis must be tightly regulated, as excessive iron accumu-
lation can lead to detrimental consequences. When iron
levels exceed the normal storage and regulatory capac-
ity of the body, free or accumulated iron participates in
oxidative reactions, generating reactive oxygen species
(ROS) that cause extensive cellular and tissue damage
[2]. This pathological condition, known as iron overload,
can affect multiple organs, including the liver, heart,
pancreas, and other tissues, ultimately leading to organ
dysfunction and failure. From a pathophysiological per-
spective, excess iron contributes to oxidation-reduction
reactions, particularly through the Fenton reaction,
thereby increasing the production of ROS [3]. These
reactive species induce oxidative stress through the de-
struction of membrane lipids, proteins, and nucleic acids,
while simultaneously activating inflammatory and cell
death pathways. Consequently, tissues that are highly
susceptible to iron accumulation undergo structural and
functional impairment [4]. The liver, as the primary
organ responsible for iron storage and metabolism, is
among the first tissues affected, exhibiting elevated liver
enzyme activity, histopathological alterations, and func-
tional disturbances. Similarly, the heart is highly vulner-
able to oxidative stress and iron deposition [5].

Under normal physiological conditions, proteins,
such as ferritin, transferrin, and hepcidin regulate iron
homeostasis by controlling iron absorption, transport,
and storage, thereby preventing excessive accumula-
tion [6]. However, in pathological conditions, such as
repeated iron administration, hemolytic diseases, thalas-
semia, hemochromatosis, or certain metabolic disorders,
these regulatory mechanisms become disrupted, result-
ing in iron deposition within tissues [7]. In such cases,
biomarkers, including serum ferritin, serum iron, total
iron-binding capacity, and transferrin saturation provide
valuable insight into body iron stores. Ferritin is consid-
ered one of the most important indicators of iron stor-
age, and elevated ferritin levels are generally associated
with increased body iron burden, although inflammatory
conditions may also influence ferritin concentrations
[8]. Therefore, ferritin should be interpreted alongside
other biochemical parameters. Currently, iron chelation
therapy represents one of the primary therapeutic strat-
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egies for managing iron overload. Iron chelators bind
free or stored iron ions, removing them from oxidative
cycles and thereby reducing iron-mediated tissue dam-
age. Deferoxamine is one of the oldest and most widely
recognized iron chelators used in the treatment of iron
overload disorders [9]. Nevertheless, its clinical use is
limited by several drawbacks, including high cost, the
requirement for prolonged or repeated administration,
difficulties in drug delivery, and, in some cases, adverse
effects and poor patient compliance. These limitations
underscore the necessity for identifying alternative com-
pounds with improved tolerability and lower cost.

Among potential candidates, kojic acid, a natural me-
tabolite produced by several fungal species, has attracted
increasing attention [10]. In addition to its well-known
applications in the food and cosmetic industries, kojic
acid possesses metal-chelating properties and may there-
fore function as an iron-chelating agent. Several studies
have demonstrated that kojic acid can form complexes
with iron ions and may theoretically reduce free iron lev-
els and limit their toxic effects [11]. However, previous
findings regarding its efficacy have been inconsistent.
Some investigations have reported limited or negligible
effects, whereas others have highlighted its chelating
capacity and ability to form stable iron complexes. Fur-
thermore, concerns have been raised regarding possible
adverse effects or enhanced lipid peroxidation under
certain conditions. These inconsistencies indicate that
further experimental studies are required to clarify the
effects of kojic acid. Moreover, the identification of ef-
fective and economically affordable iron chelators is of
considerable importance in healthcare systems, particu-
larly in developing countries [12]. If kojic acid proves
effective in reducing iron burden and improving related
biomarkers, it may represent a promising candidate for
the development of novel therapeutic approaches. There-
fore, the present study was designed to investigate the
effects of kojic acid on ferritin levels and other iron over-
load-associated parameters in mice with experimentally
induced iron overload.

Materials and Methods

This experimental study was conducted using labora-
tory mice. A total of 25 male BALB/c mice aged 12—-15
weeks and weighing 25-30 g were used (five mice in
each group). The animals were maintained under stan-
dard laboratory conditions, including a 12 h light/12 h
dark cycle, a temperature of 24+2°C, a relative humidity
of 45-55%, and free access to standard food and water
[13]. Prior to the initiation of the experiment, the ani-
mals underwent an acclimatization period to adapt to the
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Figure 1. Chemical structure and name of kojic acid derivatives applied as iron chelator

laboratory environment. The kojic acid derivatives were
administered intraperitoneally (IP) at a dose of 25 mg/kg
body weight once daily for five consecutive days.

Following acclimatization, the animals were randomly
assigned ito different experimental groups to evaluate
the effects of kojic acid derivatives compared with the
control and iron overload groups (Figure 1). Iron over-
load was induced via intraperitoneal injection. After con-
firmation of successful model induction, kojic acid was
administered at predetermined doses and for a specified
duration. In the presence of a reference treatment group,
animals received standard chelation therapy with def-
eroxamine. The selected doses and treatment duration
were determined based on the study protocol and previ-
ously published investigations. Throughout the experi-
mental period, the general health status of the animals,
body weight changes, and any signs of toxicity or drug
intolerance were carefully monitored.

At the end of the treatment period, blood samples
were collected under appropriate anesthesia and ethi-
cal considerations. The obtained data were analyzed us-
ing GraphPad Prism software. Statistical comparisons
among groups were performed using suitable statistical
tests according to data distribution. For normally distrib-
uted data, parametric analyses, including one-way anal-
ysis of variance (ANOVA) followed by post hoc tests
were applied. Non-parametric tests were used when data
did not meet normality assumptions. P<0.05 was consid-
ered statistically significant.

Results

Evaluation of serum ferritin levels among the experi-
mental groups demonstrated that induction of iron over-
load significantly increased ferritin levels in the control
group compared with the blank group, confirming the
successful establishment of the iron overload model.
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In the deferoxamine-treated group, ferritin levels were
significantly reduced compared with the control group,
indicating the effective iron-chelating activity of this
standard drug in reducing body iron stores. Similarly,
administration of compound I resulted in a significant
reduction in ferritin levels relative to the control group,
suggesting its ability to inhibit iron accumulation (Figure
2). Furthermore, compound II also produced a signifi-
cant decrease in ferritin levels compared with the control
group, with a more pronounced reduction than that ob-
served for compound 1. However, comparisons among
treatment groups revealed no statistically significant
differences between deferoxamine and the two tested
kojic acid derivatives, indicating comparable efficacy
of the experimental compounds relative to the standard
iron chelator. Overall, these findings suggest that both
tested compounds were capable of reducing ferritin lev-
els in the iron overload model and may therefore rep-
resent potential therapeutic candidates for mitigating
disorders associated with iron accumulation. One-way
ANOVA revealed a statistically significant difference
among the experimental groups regarding ferritin levels.
The coefficient of determination (R?=0.9347) indicated
that more than 93% of the observed variance in ferri-
tin levels could be explained by differences among the
experimental groups. Additionally, the Brown—Forsythe
test showed no significant heterogeneity in variances be-
tween groups, confirming the assumption of equal vari-
ances required for ANOVA. These findings provide a re-
liable basis for interpreting the effects of the investigated
interventions on ferritin levels.

Discussion

The findings of the present study demonstrated significant
differences in ferritin levels among the experimental groups,
as confirmed by one-way ANOVA. These overall differenc-
es highlight the potential effectiveness of the investigated
interventions, including deferoxamine, compound I, and
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Figure 2. Effects of kojic acid derivatives on ferritin level reduction in mice with iron overload

Data are presented as Mean+SD (n=5 per group). *P<0.05, **P<0.01, ***P<0.001 versus the iron-overload control group.

compound II, compared with the blank and control groups.
Since ANOVA identifies only overall group differences,
post hoc pairwise comparisons are necessary to determine
which specific groups significantly differ from one another.
Nevertheless, the high statistical significance observed in
this study provides considerable confidence regarding the
validity of the overall findings. Furthermore, the absence of
significant differences in group variances, as demonstrated
by the Brown—Forsythe test, further strengthens the reli-
ability of the ANOVA results and indicates relatively ho-
mogeneous data dispersion among groups. A more detailed
interpretation requires evaluation of the individual effects
of compound I and compound II and comparison of their ef-
ficacy with deferoxamine, a well-established iron chelator,
as well as with the control groups. Additional comparative
analyses could clarify whether these compounds signifi-
cantly reduced ferritin levels relative to baseline conditions
and whether their efficacy is comparable to deferoxamine.
Taken together, the present findings suggest that the inves-
tigated compounds possess promising therapeutic potential
in the modulation of iron metabolism and reduction of ferri-
tin levels. Future investigations should focus on elucidating
the underlying molecular mechanisms and assessing their
potential clinical applications.

Kotyzova et al. [14] conducted an experimental study
to investigate the effects of kojic acid on oxidative stress
and iron overload in two mouse strains and reported that
the therapeutic effect of kojic acid on iron concentrations
in the liver and kidneys was negligible. The discrepan-
cy between their findings and the results of the present

study may be attributed to differences in the experimen-
tal design, including variations in the animal models em-
ployed, the route and dosage of kojic acid administration,
as well as the dependent variables evaluated, namely fer-
ritin levels in the current study versus hepatic and renal
iron concentrations in their investigation [14]. Nurchi et
al. [15] reported that the incorporation of vanillin deriva-
tives into kojic acid led to the synthesis of novel ligands
with enhanced chelating properties, which demonstrated
considerable potential in chelation therapy. Notably, the
newly developed compounds showed lower iron-bind-
ing affinity than Desferal but affinity comparable to de-
feriprone, indicating moderate iron-chelating efficiency
that merits further investigation.

Conclusion

The present study demonstrated statistically significant
differences in ferritin levels among the experimental
groups, indicating that the investigated therapeutic inter-
ventions exerted notable effects on iron metabolism. The
high coefficient of determination further supports the effec-
tiveness of the evaluated treatments. Although additional
analyses are required to precisely determine the effects of
each treatment relative to the control groups, the prelimi-
nary findings suggest that compound I and compound 11
possess therapeutic potential for modulating ferritin levels
under iron overload conditions. Future studies should fo-
cus on detailed evaluation of these effects, elucidation of
the molecular mechanisms involved, and determination of
optimal dosages for potential clinical applications.
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