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Abstract: Iron overload, often arising from repeated transfusions in thalassemia
major, disrupts iron homeostasis and induces oxidative stress. Deferasirox is a
widely used oral chelator, yet its effects on splenic iron-regulatory gene
expression remain unclear. This study investigated the impact of deferasirox on
ferritin heavy chain (Fthl), ferroportin (S/c40al), and heme oxygenase-1 (Hmox1)
expression in a rat model of splenic iron overload. Eighteen male Wistar rats were
randomly assigned into three groups (n = 6 each): normal (N), iron dextran-
induced overload without treatment (KN), and iron overload treated with
deferasirox (KP). Gene expression was quantified by real-time PCR using the 27
(Livak) method, with statistical analysis performed via one-way ANOVA and
Tukey's post hoc test. Iron overload significantly upregulated Fthl (2.26-fold) and
Slc40al (1.72-fold) versus controls (p < 0.05). Deferasirox treatment reduced Fthl
(3.28-fold decrease) and Si/c40al (1.15-fold reduction) relative to untreated
overload, though not significantly (p > 0.05). In contrast, Hmoxl expression
markedly increased (55.25-fold, p < 0.05) following deferasirox administration.
These results indicate that deferasirox selectively modulates splenic iron-
regulatory genes, suggesting both chelation and adaptive stress-response

mechanisms, thereby supporting its therapeutic role in managing iron overload.

Introduction

Iron overload is a condition that develops when the body has
an abnormally high accumulation of iron, resulting from
either dietary intake or repeated blood transfusions. This
condition can be fatal due to the reactive nature of free iron,
which promotes the formation of free radicals, specifically
hydroxyl radicals (1). The accumulation of these free radicals
triggers oxidative stress, which, if left unaddressed,
ultimately leads to tissue and organ damage (2). Iron
overload from regular blood transfusions is a significant
cause of morbidity and mortality in patients with thalassemia
major (3). Various complications have been observed in
patients with iron overload due to repeated transfusions,
including endocrine dysfunction, hypogonadism,
hypothyroidism, cardiomyopathy, arrhythmias, renal
abnormalities, and even renal failure. These complications
typically manifest in pediatric and adult patients with an
average age of 31.3 years, following a transfusion duration of
12-18 years (4).

Excessive iron accumulation significantly impacts various
organs, particularly those involved in iron regulation, with
the spleen being a notable example (5). The spleen, a
reddish-black organ located in the cranial left abdomen, is
vital for maintaining physiological stability through diverse
roles, including initiating immune responses in the blood and
maintaining iron homeostasis by breaking down heme in

aged red blood cells into biliverdin, carbon monoxide, and
ferrous iron, mediated by the Hmox1 enzyme (6, 7). Splenic
iron overload can be assessed by examining the levels of
iron homeostasis-regulating proteins, including ferritin,
hepcidin, ferroportin, HRG1, and heme oxygenase. Among
these, ferritin, ferroportin, and heme-oxygenase are three
key proteins encoded by the genes Ferritin heavy chain
(Fth1), solute carrier family 40 member 1 (S/c40al), and
heme oxygenase 1 (Hmox1), respectively. These proteins
play crucial roles in iron storage, transport, and the
breakdown of erythrocyte iron that is catabolized in the
spleen (8). Fthl serves as a critical component for the
oxidation of ferrous iron and its subsequent transfer to the
ferritin core for storage (9). This makes it a primary
biomarker for iron overload, characterized by increased Fthl
expression (10). As the sole iron export pathway in
mammals, S/c40al expression is reported to increase in
conditions of iron overload to prevent iron accumulation in
affected tissues (11). Consistent with the trends of the other
two genes, Hmox1 shows upregulation of expression when
body iron levels rise (12). These findings indicate a
mechanism of resistance to iron overload, in addition to its
primary function as a heme-degrading enzyme (13). Given
the lack of a distinct iron removal mechanism, iron chelating
agents are crucial for mitigating excessive iron accumulation
within the body, thereby preventing oxidative stress (14).
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Currently, deferiprone, deferoxamine, and deferasirox
are the primary iron-chelating agents used in clinical
practice. Each of these chelators possesses distinct dosages,
mechanisms of action, and advantages (15). Among them,
deferasirox represents the newest chelating agent,
demonstrating superior iron-chelating efficacy and a lower
side effect profile, albeit at a relatively higher cost (16).
Deferasirox is an oral medication for iron overload that works
by binding to iron in a 2:1 ratio. The primary indicator for
Deferasirox administration is a serum ferritin level of 1000
ng/mL or higher (17). Emerging evidence suggests that
deferasirox contributes to the maintenance of iron
homeostasis by modulating key iron-regulatory genes,
including HAMP, Pul, Gatal, and Gdf11 (18).

Previous research has extensively demonstrated the
effectiveness of deferasirox in reducing systemic iron levels.
However, its influence on the gene expression of Sic40al,
Fth1l, and Hmox1 has yet to be investigated. Considering this
knowledge gap, the present study aims to isolate these
genes (Slc40al, Fthl, and Hmox1) from the spleens of iron-
overloaded rat models, following treatment with the
chelating agent deferasirox, to evaluate the impact of this
chelator on their expression levels.

Experimental Section

Materials

The following materials were utilized in this study: 18 Wistar
strain white rats (Rattus norvegicus) weighing 150-200 mg
obtained from Biofarma, Indonesia. Rats were injected with
Hemadex® iron dextran (Sanbe, Indonesia) combined with
0,9% sodium chloride (Otsuka, Indonesia) to induce an iron
overload condition and then treated with Deferasirox
(KalbeMed, Indonesia). Ket-A-Xyl® (Agrovet, Spain) has been
used to anesthetize rats. The kit for RNA isolation includes
the FIREScript RT cDNA Synthesis Kit (Solis BioDyne,
Estonia), the Quick-RNA™ Miniprep Plus Kit (Zymo Research,
USA), and the HOT FIREPol® EvaGreen® gPCR Mix Plus
(Solis BioDyne, Estonia). Other materials used in this study
include alcohol 70% (OneMed, Indonesia), absolute ethanol
(Merck, Germany), distilled water (Cleo, Indonesia), and
liquid nitrogen. The equipment used in this research
included: Disposable Syringes (OneMed, Indonesia), surgical
trays, dissecting set (OneMed, Indonesia), PCR Tube 0,2 mL
(OneMed, Indonesia), Adjustable Micropipettes (Dragonlab,
China), Disposable Tissue Grinder (Axyste, China), centrifuge
(Thermo Fisher, USA), vortex mixer (Thermo Fisher, USA),
Rapi:chip™ 10-well PCR Chip Standard Pack (Genesystem,
Korea), and a Real-Time Polymerase Chain Reaction (RT-PCR)
Genechecker UF-300 system (Genesystem, Korea).

In Vivo Test

Animal Preparation

This study utilized 18 Wistar strain white rats (Rattus
norvegicus) based on Mead’s Resource Equation Method
(19). Sample size was estimated using Mead’s Resource
Equation, which is appropriate for exploratory animal studies
with limited prior data. Additionally, based on a power
analysis using G*Power software, a minimum of 6 animals
per group was required to detect a medium effect size (f =
0.40) with 80% power at an a level of 0.05. Therefore, a total
of 18 animals (n = 6 per group) was deemed adequate for
statistical analysis and biological relevance. The animals
were randomly divided into three treatment groups, with six
rats in each: a normal control group (N), an iron dextran

group (KN), and an iron dextran + deferasirox group (KP). All
procedures involving animal subjects in this study received
ethical approval from the Ethics Committee of Universitas
Padjadjaran (Code: 75/UN6.KEP/EC/2023). Animal handling
was performed with the utmost care, adhering to OECD
animal welfare guidelines to minimize distress throughout
the study. Before administration, Wistar rats were
acclimatized for 7 days. Before administration, Wistar rats
were acclimatized for 7 days. During the acclimatization
period, the rats were provided with standardized, iron-free
nutritional food from ARIC UNPAD and given iron-free water
ad libitum to prevent dietary iron overload. Body weights
were measured every 3 days to ensure weight maintenance.
Cage bedding was changed every 3 days. The animals were
maintained under a 12-hour light/12-hour dark cycle (20).

Iron Dextran and Deferasirox Administration

Iron dextran was administered at a dose of 120 mg/kg body
weight, as adapted from (21). We hypothesize that the
administered dose will effectively double the iron levels in
the rats' bodies compared to the previously established
baseline. Iron dextran was administered intravenously to
three experimental groups (KN and KP) every 3 days for a
total duration of 15 days. The daily iron dextran dose was 10
mg/kg body weight. For a rat weighing 200 g, this daily dose
was converted to 2.4 mg/rat/day.

Representing the optimal human equivalent dose, the
animals received a 30 mg/kg dose of deferasirox (22).
Administration was performed daily at 08:00 AM to the
experimental groups KP for 28 days. The selected dose and
14-day treatment duration were based on previous studies
demonstrating both efficacy and safety in rodent models of
iron overload (23). This duration was also sufficient to assess
changes in gene expression in response to chelation therapy.
Before administration, the deferasirox dose was converted
for a 200 g rat by multiplying it by a conversion factor of
0.018 (24). According to this conversion, the administered
dose was 0.189 mg/g body weight of the rat.

Spleen Organ Collection

Before sacrifice, each experimental rat model was fasted for
16 h following the last treatment. Rats were anesthetized
intramuscularly with ketamine-xylazine and placed on a
dissecting board. Dissection commenced from the abdominal
region, extending to the chest using surgical scissors.
Subsequently, the spleen organ was carefully removed and
immediately placed into a cryotube, which was then stored
in a -20 °C freezer.

RNA Isolation and Purification

Total RNA was isolated from homogenized organ samples
using the Quick-RNA Miniprep Plus Kit (Zymo Research)
according to the manufacturer's instructions. Briefly, 300 pL
of homogenized sample, mixed with DNA/RNA Shield™, was
incubated with Proteinase K and PK Digestion Buffer for 30
min at room temperature (20-30 °C). After debris removal by
centrifugation, the supernatant was mixed with an equal
volume of RNA Lysis Buffer. RNA purification involved
transferring the lysed sample to a Spin-Away™ Filter and
centrifuging. Ethanol was added to the flow-through, and the
mixture was loaded onto a Zymo-Spin™ IlICG Column and
centrifuged. The column underwent washes with RNA Wash
Buffer. On-column DNase treatment was performed using
DNase | and DNA Digestion Buffer for 15 min at room
temperature. The column was then sequentially washed with
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RNA Prep Buffer and RNA Wash Buffer. Finally, the RNA was
eluted with DNase- and RNase-free water. RNA purity was
confirmed by spectrophotometry  (Nanodrop), with
A260/A280 ratios between 1.8 and 2.0 considered
acceptable. Purified RNA was stored at 4 °C.

DNA Synthesis

Complementary DNA (cDNA) synthesis was performed using
the Takara Bio cDNA Kit, following a multi-step protocol. The
first-strand cDNA synthesis was initiated by preparing a
reaction mixture according to the kit's instructions.
Subsequently, for second-strand cDNA synthesis and
conversion of the RNA template to DNA, additional
components were added to the 20 puL first-strand cDNA
synthesis mixture in a microcentrifuge tube. The final step
involved purifying the double-stranded cDNA. This was
achieved by mixing several solutions and subjecting the
sample to repeated centrifugation steps to separate the
supernatant and pellet. The cDNA pellet was subsequently
combined with TE buffer and stored at -20 °C for further use
in downstream applications.

Real-Time Polymerase Chain Reaction (RT-PCR)
Real-time PCR was performed using a two-step system
(Genechecker UF-300) and the Sensifast cDNA Synthesis
protocol (Meridian Bioscience). Gene expression was
analyzed in duplicate for each sample. A master mix was
prepared, and 10 uL was dispensed into each well of the PCR
chip. The PCR program consisted of an initial denaturation
step at 95 °C for 60 s, followed by 40 cycles of denaturation
at 95 °C for 15 s, annealing at 60 °C for 15 s, and extension
at 72 °Cfor 45 s.

Data Analysis

Real-time PCR data were analyzed using the 27** (Livak)
method to quantify relative gene expression levels from
obtained cycle threshold (CT) values. These relative
expression values were then graphically presented. One-way
ANOVA was used for statistical analysis, with a significance
level set at 95% confidence (p < 0.05). If significant
differences were found, Tukey's post-hoc test was applied.
The effect of deferasirox was determined by observing the
reduction in target gene expression levels among the
treatment groups.

Results and Discussion

Expression of Fthl in the Spleen Organ

Gene expression analysis showed a 2.26-fold increase in
Fthl gene expression in the iron dextran group (KN) when
compared to the normal group (N) (see Figure 1). This
indicates that iron overload in the KN group rats significantly
(p < 0.05) elevated Fthl gene expression relative to the
standard control. Conversely, the deferasirox treatment
group (KP), which received deferasirox, exhibited a 3.28-fold
decrease in Fthl gene expression compared to the negative
control. Although statistically insignificant, this trend
suggests that deferasirox administration in iron-overloaded
rats might decrease Fthl gene expression.

The regulation of ferritin protein levels occurs primarily at
the post-transcriptional level and is influenced by the cellular
iron status via iron-responsive elements (IREs) located on
ferritin mRNA (25). This mechanism enables increased
ferritin expression during iron overload and decreased
expression when iron levels are depleted. This post-
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Figure 1. Relative expression of Fthl in the normal/healthy control group
(N), negative control group (KN; iron dextran-induced, untreated), and
deferasirox-treated group (KP). ns indicates a non-significant difference;
(*, p < 0.05) indicates a significant difference compared to group N.
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Figure 2. Relative expression of Slc40al in the normal/healthy control

group (N), negative control group (KN; iron dextran-induced, untreated),

and deferasirox-treated group (KP). Note: ns indicates a non-significant
difference.

transcriptional control likely explains the reduction in Fthl
expression observed after administration of an iron chelator.
Iron chelators, particularly deferasirox, function by binding
excess ferric iron in the body, forming stable ferric
complexes that are then excreted through feces (26). The
reduction in iron levels caused by deferasirox prevents iron
regulatory proteins (IRPs) from binding to iron; instead, IRPs
bind to the IRE at the 5' end of Fth mRNA. This IRP-IRE
binding impedes ribosomal access, thereby inhibiting mRNA
translation (27). The lack of statistical significance in the
treatment group may be due to the spleen’s relatively slow
response to iron chelation, particularly since deferasirox is
more effective in targeting cardiac iron (28).

Expression of Sic40al in the Spleen Organ

Figure 2 illustrates the average relative gene expression
across each treatment group. Quantitative analysis revealed
a 1.72-fold increase in Slc40al gene expression in the iron
dextran (KN) group compared to the normal (N) group. This
elevated expression subsequently decreased in the
deferasirox treatment group (KP), indicating that deferasirox
administration may influence Sic40al expression, resulting
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in a 1.15-fold reduction, although the change was not
statistically significant (p > 0.05).

The regulation of ferroportin in the body is complex and
responsive to various physiological conditions and
pathological states. Under conditions of iron overload,
ferroportin protein levels are typically reduced relative to
normal conditions. This suppression serves to prevent
systemic iron dissemination by retaining iron within
overloaded tissues or organs (29). The decrease in
ferroportin levels is primarily attributed to elevated hepcidin,
which binds to and induces the internalization and
degradation of ferroportin (30). Interestingly, in contrast to
ferroportin protein levels, Sic40al mRNA expression in the
spleen increased under iron-overload conditions. This
apparent discrepancy may be explained by the regulation of
Spi-C and Bachl transcription factors in red pulp
macrophages (31). Spi-C is essential for the development of
red pulp macrophages (32), but under normal conditions, its
activity is repressed by Bachl (33). During iron overload,
heme accumulation from increased red blood cell
degradation leads to Bachl degradation, thereby lifting its
inhibitory effect on Spi-C (34). As a result, Nrf2 is activated
and Spi-C activity increases, promoting monocyte
differentiation into macrophages that express ferroportin and
heme oxygenase-1 through enhanced transcription of both
genes (35). The irregular, non-significant increase and
decrease in Slc40al expression observed in the spleen, as
shown in Figure 2, deviates from expected regulatory
patterns. This may be due to inflammatory responses
experienced by the rats, potentially disrupting the
hepcidin-ferroportin regulatory axis (36). Alternatively, the
dose or duration of iron dextran administration may have
been insufficient to elicit a strong regulatory response in the
spleen. Further studies with a larger sample size and higher
iron dextran dosage are warranted to confirm this
hypothesis.

Expression of Hmox1 in the Spleen Organ

Based on the statistical results of Hmox1 expression, it can
be concluded that there were highly significant differences (p
< 0.05) in relative gene expression among the three
treatment groups. This significance is further illustrated in
Figure 3, where asterisks (*) denote statistical differences; a
greater number of asterisks between group comparisons
indicates a larger magnitude of expression difference.
Calculations using the Livak method revealed an increasing
trend in relative Hmox1 expression across the treatment
groups. The iron dextran group (KN) exhibited a significantly
higher expression compared to the control group (N), with a
24.29-fold increase. Unexpectedly, deferasirox
administration in the KP group resulted in a 55.25-fold
increase in iron absorption. Further research with a larger
sample size and additional supporting tests is needed to
confirm the underlying cause of this observation.

The pronounced increase in Hmox1 expression following
deferasirox administration warrants further investigation due
to several potential contributing factors. These include the
presence of active compounds within deferasirox or intrinsic
physiological mechanisms that trigger red pulp macrophages
to upregulate Hmox1 expression despite reduced iron levels
(37). Another possibility is that deferasirox targets iron
stores more effectively in organs other than the liver (38).
Moreover, deferasirox typically requires a prolonged period,
at least three months or more, to exert its antioxidant effects
(39). In some studies, deferasirox has also been shown to
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Figure 3. Relative expression of Hmox1 in the normal/healthy control
group (N), negative control group (KN; iron dextran-induced, untreated),
and deferasirox-treated group (KP). Significance: (**, p < 0.01) vs. N;
(****, p < 0.001) vs. N and KN.

increase the expression of nuclear factor erythroid 2-related
factor 2 (Nrf2) (40), a key transcription factor involved in
regulating numerous iron-related genes, particularly under
conditions of oxidative stress (41). The upregulation of Nrf2
may significantly contribute to the induction of Hmox1
expression in the deferasirox-treated (KP) rats, thereby
explaining the observed surge in Hmox1 levels following
chelator administration (42).

Conclusion

Based on the findings of this study, it can be concluded that
the iron-regulatory genes Fthl, Sic40al, and Hmox1 are
constitutively expressed under physiological conditions, with
significant upregulation observed during states of iron
overload. This expression pattern suggests their active
involvement in maintaining iron homeostasis. While
deferasirox administration did not significantly reduce Fthl
and Slc40al expression, it markedly increased Hmox1 levels,
indicating a selective gene response to iron chelation. The
pronounced upregulation of Hmox1 may reflect an adaptive
mechanism to counteract oxidative stress triggered by iron
accumulation, underscoring its dual role in iron detoxification
and cellular protection. These findings highlight the
differential regulatory pathways engaged by each gene and
provide insights into how iron chelation therapy might
influence both iron metabolism and oxidative stress
responses at the molecular level.
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