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Abstract

Iron overload in transfusion-dependent thalassemia patients represents a significant
public health challenge due to its high mortality rate and risks of severe complications.
Therefore, developing safe and effective therapeutic modalities for managing iron
overload is critical, as current animal models inadequately replicate human conditions.
The aim of this study was to investigate the effects of intravenous iron dextran on
hepatocyte morphology, liver iron concentration, and serum iron profile changes as a
model for hemochromatosis. An experimental design with a post-test-only control group
method was conducted using animal models. Fifty rats were used and divided into ten
groups, nine received different intravenous doses of iron dextran: 10, 20, 30, 40, 50, 60,
80, 100, and 120 mg/kg body weight (BW) and a control group received no treatment. The
results showed that intravenous iron dextran starting at a dose of 10 mg/kg BW caused
significant changes in liver iron concentration while starting at 20 mg/kg BW significantly
affected hepatocyte morphology, transferrin levels, unsaturated iron binding capacity,
serum iron levels, and transferrin saturation. Intravenous iron dextran starting at 40
mg/kg BW resulted significant changes in the level of total iron binding capacity compared
to control group. In conclusion, intravenous iron dextran significantly altered hepatocyte
morphology, increased liver iron concentration, and modified the serum iron profile,
reflecting changes that might be observed in patients with transfusion-dependent
thalassemia.

Keywords: Thalassemia, iron dextran, iron overload, hepatocyte morphology, animal
model

Introduction

I ron overload, particularly in transfusion-dependent thalassemia patients, pose a significant

health concern with a high mortality rate if left untreated [1]. Elevated serum ferritin levels,
particularly above 2000 pg/L, are strongly associated with severe complications, including
cirrhosis, hepatocellular carcinoma, and metabolic dysfunctions [2]. Mortality rates are notably
higher in patients with serum ferritin levels exceeding 2000 pg/L compared to those with levels
below 1000 pg/L [3], underscoring the critical need for timely and effective management
strategies for iron overload. A study found that 76% of transfusion-dependent thalassemia
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patients had at least one comorbidity, with 40% having endocrine disorders, 40% osteoporosis,
and 34% diabetes [4]. Additionally, heart disease was identified in 18% of patients, with atrial
fibrillation and heart failure being the most prevalent, occurring in 11% and 9% of patients,
respectively [4]. The mortality rate was recorded at 6.2%, significantly higher than the age- and
sex-adjusted mortality rate in the general population (1.2%; p<0.001) [4], highlighting the need
for comprehensive treatment, including iron chelation therapy, to reduce morbidity and improve
survival in transfusion-dependent thalassemia patients [5].

Pharmacological and non-pharmacological therapies are used to manage iron overload [6].
Subcutaneous administration of deferoxamine, a common iron chelator, is associated with low
adherence and various complications, including local reactions, ophthalmologic, auditory,
pulmonary, and neurologic side effects [1,7]. In contrast, oral chelators such as deferiprone,
although effective, it poses risks to agranulocytosis, liver fibrosis, renal toxicity, and infections
[8,9].

Rodent models of iron overload using intraperitoneal or oral iron dextran have been
established [10-14]. Intraperitoneal iron dextran administration has been shown to increase iron
levels in test animals over a period of 4 to 12 weeks, with excess iron observed in the bone marrow,
liver, kidneys, spleen, and serum iron parameters; however, certain parameters exhibit
discrepancies when compared to transfusion-dependent thalassemia patients [15-18]. Studies
utilizing oral administration of iron dextran as a negative control have also demonstrated iron
overload, although the extent of organ iron accumulation did not reach the severe levels observed
in transfusion-dependent thalassemia patients [13,14]. While these models are useful for studying
iron overload pathophysiology and potential treatments, limitations exist, including long
treatment durations, increased mortality, and induction pathways that do not fully mimic
transfusion conditions [13-19]. The aim of this study was to investigate the effects of intravenous
iron dextran on hepatocyte morphology, liver iron concentration, and serum iron profile changes,
providing a more rapid and accurate hemochromatosis model that better reflects the iron
overload conditions in transfusion-dependent thalassemia patients.

Methods

Study design and setting
A true experimental design with a post-test-only control group method was conducted to evaluate
the effects of intravenous iron dextran on serum iron profiles, liver iron concentration, and
hepatic histopathology, aiming to produce a hemochromatosis model in rats. Experimental
procedures involving iron dextran administration were conducted at Faculty of Health Science
and Technology, Universitas Jenderal Achmad Yani, Cimahi, Indonesia. Examinations of serum
iron profiles, organ iron concentrations, and liver histopathology—utilizing hematoxylin-eosin
and Prussian blue staining—were performed at the Department of Biomedical Sciences, Faculty
of Medicine, Universitas Padjadjaran, Bandung, Indonesia.

The study commenced with the administration of iron dextran as an inducer of iron overload
to Wistar strain rats (Rattus norvegicus) at varying doses and administration periods (Table 1).
Fifty rats were employed and divided into ten groups, nine groups received nine different
intravenous doses of iron dextran: 10, 20, 30, 40, 50, 60, 80, 100, and 120 mg/kg body weight
(BW) and a control group that received no treatment. The test animals were euthanized 72 hours
after the last injection after which blood and liver tissue samples were collected.

Sampling strategy and eligibility criteria

Healthy male rats were selected based on specific inclusion criteria: weights ranging from 150 to
180 grams, absence of physical defects such as broken tail, tilted heads, torn ears and skin
wounds, with normal vision. Rats with body weights greater than +20% and physical
abnormalities such as the presence of wounds, blindness or impaired vision were excluded.
Measurements to determine blindness and visual impairment were conducted using the maze
method and an assessment of eye defects due to corneal dystrophy [20,21]. Federer formula was
utilized to determine the required number of animals per group, resulting in a minimum sample
size of three rats. To account for potential drop-out, an additional 50% was added, yielding a total
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of five rats per group. Rats were allocated to experimental groups using conventional blind
random sampling. This involved tagging the dorsal area of each rat with a secure, easily
identifiable marker. Numbers corresponding to each rat were written on balls, which were then
placed in a container. A blindfolded researcher randomly selected five balls to assign the rat
numbers for group 1, and a similar procedure was followed for subsequent groups.

Animal preparation

Rats were housed in groups of five in well-shaded, tranquil rooms, with a consistent environment.
Rats were provided with the same quantity and type of food, and a tray beneath each cage
collected urine and feces, which were cleaned daily. Ventilated cages were maintained at a
temperature of 25—27°C and humidity of 50-60%. A 12:12 light-dark cycle was maintained, with
lights on at 5:30 AM. Rats were fed formulated pellet feed at 10% of body weight, twice a day.
Clean water was provided ad libitum through specialized bottles. The acclimatization period
lasted for seven days.

Preparation of injection solution

Injection solution was prepared by diluting iron dextran in physiological saline. Physiological
saline was created by dissolving 0.9 grams of sodium chloride (NaCl) (Sigma-Aldrich, Missouri,
USA) in 100 mL of distilled deionized water (ddH,0). Iron dextran (Sigma-Aldrich, Missouri,
USA), initially at a concentration of 100 mg in 25 mL, was further diluted to prepare stock
solutions of 10 mg/mL and 20 mg/mL for injection.

Iron dextran administration and collection of blood and liver

Different doses of iron dextran were administered intravenously via the lateral vein route in the
tail as previously explained [22] and the amount of iron dextran according to the treatment
groups (Table 1). The solution was prepared by diluting iron dextran in physiological saline to
prepare stock solutions of 10 mg/mL and 20 mg/mL for injection. Each dose was delivered in a
volume of up to 1 mL per 200 grams of body weight, with a maximum single injection of 20 mg/kg
BW. Higher doses necessitated multiple injections; the injection location was done at a different
point within the lateral vein. After 72 hours of the last iron dextran injection, the rats were
anesthetized to obtain blood and followed by euthanasia to collect the liver; i.e., each group had
a different euthanasia schedule (Table 1).

Rats were anesthetized with 10% ketamine hydrochloride (100 mg/kg BW, administered at
the intraperitoneal in the lower right quadrant of the abdomen as recommended) [22]. Blood
was collected from the rats via cardiac puncture of the right ventricle with the thoracic cavity
opened [23]. The chest cavity was opened by cutting the sternum using a size 10 scalpel (Aesculap
Scalpel Blades, Germany) with a 2x2 cm hole, until the heart was clearly visible. Whole blood was
collected using a 26-gauge needle and a syringe volume of 5 mL (Terumo, Tokyo, Japan), then
transferred into a 5 mL vacutainer tube containing separation gel (KBKI code: 3527002013,
Indonesia) [24]. After obtaining blood samples, an additional 260 mg/kg BW ketamine was
added with the total dose received being 360 mg/kg BW to ensure euthanasia at the time of
hepatic collection [25]. Once the rat was confirmed deceased through the observation of cardiac
arrest, a 4 cm longitudinal incision extending from the diaphragm and a 2 cm medial incision at
the initial and final points of the incision, respectively, was performed using a number 10 scalpel.
This resulted in the exposure of the abdominal cavity and the visualization of the liver. The liver
was then harvested and thoroughly washed with saline solution. All sampling procedures were
performed by laboratory personnel who are experts in rat dissection and blood collection.

Table 1. Iron dextran dosing scheme (mg/kg body weight (BW)) and administration schedule of
iron dextran in study group

Groups Day o Days 3 Days 6 Days 9 Days 12 Days 15
Control - - - -

Dose 10 mg/kg BW 10 mg/kg - - - - -

Dose 20 mg/kg BW 20mg/kg -
Dose 30 mg/kg BW 20mg/kg 10mg/kg - - - -
Dose 40 mg/kg BW 20mg/kg 20mg/kg -
Dose 50 mg/kg BW 20mg/kg  20mg/kg  10omg/kg - - -
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Groups Day o Days 3 Days 6 Days 9 Days 12 Days 15
Dose 60 mg/kg BW 20mg/kg 20mg/kg 20mg/kg - -

Dose 80 mg/kg BW 20mg/kg 20mg/kg 20mg/kg 20mg/kg -
Dose 100 mg/kg BW  20mg/kg 20mg/kg 20mg/kg 20mg/kg 20mg/kg -
Dose 120 mg/kg BW 20mg/kg  20mg/kg  20mg/kg  20mg/kg  20mg/kg 20 mg/kg

Hepatocyte morphology measurement

Hepatic tissue was immersed in 10% neutral buffered formalin (Sigma-Aldrich, Missouri, USA)
for 12 hours. The fixed tissue was then embedded in paraffin and processed using standard
histology procedures [26] and were stained using hematoxylin-eosin (Merck & Co Inc, New
Jersey, USA) and Prussian Blue (Sigma-Aldrich, Missouri, USA) for microscopic observation.
Hematoxylin-eosin staining was employed to visualize alterations in hepatocyte morphology,
while Prussian blue staining was utilized to assess the distribution of iron within the tissue.

Three independent pathologists evaluated ten fields of view (FOV) per sample, divided into
four quadrants plus the center. Hepatocyte morphology (steatosis) was assessed using a semi-
quantitative histopathology score based on non-alcoholic steatohepatitis (NASH) criteria. NASH
scoring evaluates the severity of liver damage caused by iron dextran administration, which is the
total score of the steatosis, lobular inflammation, and hepatocellular swelling scores [27].
Steatosis was characterized by the presence of intra-hepatocyte lipid droplets and evaluated using
40x microscopic magnification. Steatosis scoring was as follows: score 0 (less than 5% of
hepatocytes show steatosis/FOV), score 1 (mild) (5% to 33% of hepatocytes show steatosis/FOV),
score 2 (moderate) (34% to 66% of hepatocytes show steatosis/FOV), and score 3 (severe) (more
than 66% of hepatocytes show steatosis/FOV). Lobular inflammation was assessed by counting
inflammatory cell foci (e.g., lymphocytes and/or neutrophils) within the liver parenchyma at
200x magnification and the score was defined as follows: score o (no foci/FOV), score 1 (1 to 2
foci/FOV), score 2 (3 to 4 foci/FOV), and score 3 (more than 4 foci/FOV). Hepatocellular swelling
indicated by enlarged hepatocytes with pale and irregular cytoplasm was assessed at 40x
magnification with the following scores: score 0 (no swollen hepatocyte/FOV), score 1 (<4
swollen hepatocytes/FOV), and score 2 (>4 swollen hepatocytes/FOV) [28]. Interpretation of
scores for NASH diagnosis was as follows: a score of 0—2 is consistent with simple steatosis or
non-alcoholic fatty liver disease without significant hepatocellular inflammation or swelling; a
score of 3—4 suggests some inflammatory activity but is not definitive; and a score of >5 indicates
significant steatosis, inflammation, and hepatocellular injury.

For Prussian blue staining, the tissue slides were observed at 400x magnification. Iron
density/FOV was measured using ImageJ software (Wayne Rasband, Maryland, USA).
Measurements with ImageJ software began with calibrating the density units to um?2 using
microscope slide calibration. The area of the iron density was measured in a FOV equalized by
the microscope slide calibration with a size of 10x10 um2 [29].

Liver iron concentration measurement

Liver iron concentration was measured using flame atomic absorption spectrophotometry
Spectrometer Analyst 400 (Perkin Elmer, Connecticut, USA) at Central Laboratory, Universitas
Padjadjaran, Bandung, Indonesia. Briefly, 0.2 g of liver tissue was placed in a 25 mL beaker and
treated with 5 mL of concentrated nitric acid (HNO,), allowing it to stand at room temperature
for 30 mins. Following the addition of 2 mL of 30% hydrogen peroxide (H»0.), the mixture was
heated at 60°C until the solution became clear. An additional 5 mL of concentrated HNO; was
then added, and the solution was analyzed using atomic absorption spectrophotometry at 248
nm as described previously [30]. Liver iron concentration, measured in parts per million (ppm),
was converted to milligrams per gram of dry weight (mg/g DW) and categorized into four
classifications: class 1 (<3 mg/g DW) for normal, class 2 (3—7 mg/g DW) for mild, class 3 (7-15
mg/g DW) for moderate, and class 4 (>15 mg/g DW) for severe iron overload [31].

Serum iron level measurements

The serum iron examination included measurements of unsaturated iron binding capacity
(UIBC), serum iron (Fe), total iron binding capacity (TIBC), transferrin, and ferritin. UIBC, serum
iron, and TIBC were assessed using spectrophotometry with Iron FS Ferene and UIBC FS Kkits
(DiaSys Diagnostic Systems GmbH, Holzheim, Germany). A serum sample of 75 uL was utilized
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for UIBC examination, measured at a wavelength of 623 nm. For serum iron analysis, 5 uL of
serum was assessed at a wavelength of 596 nm. TIBC was calculated as the sum of UIBC and
serum iron, with the results expressed in ug/dL. The transferrin saturation index was estimated
using the formula of transferrin saturation index (%) equal to (serum iron/TIBC) x100%. The
normal reference ranges for UIBC, serum iron, TIBC, and transferrin saturation index are 120—
470 pg/dL, 90—180 pg/dL, 250—450 ug/dL, and 15—50%, respectively [33].

Transferrin and ferritin levels were measured using the enzyme-linked immunoassay
(ELISA) method with the Fine Test assay kit (Wuhan Fine Biological Technology, Wuhan, China).
Each examination utilized a sample of 100 pL, and the procedure was performed according to the
manufacturer’s guidelines. All tests were measured at a wavelength of 450 nm using a Thermo
Scientific Multiskan SkyHigh Microplate Spectrophotometer (Thermo Scientific, Singapore). The
normal reference ranges for ferritin and transferrin are 30-360 ug/L [33] and 200—-360 mg/dL
[34], respectively.

Statistical analysis

Parametric data (liver iron concentration and serum iron profile) were analyzed using the ANOVA
test to assess the differences among groups, followed by Bonferroni post-hoc test to compare the
difference between control group and other groups. Non-parametric data (scores of steatosis,
lobular inflammation, hepatocellular swelling and NASH and iron density) were tested using
Kruskal-Wallis followed by the Mann-Whitney U test. Statistical analysis was performed with
SPSS statistical software version 25.00 for windows (IBM, New York, USA), with a significance
level of a=0.05.

Results

Effect of intravenous iron dextran on hepatocyte morphology

Varying degrees of steatosis were observed across groups, with the control group showing nearly
undetectable steatosis levels in five visual fields. In contrast, groups treated with iron dextran
exhibited significant increases in steatosis starting at a dose of 20 mg/kg BW. This trend
corresponded with an increase in hepatocellular swelling. Focal inflammation, characterized by
inflammatory cell aggregation, was evident in the group receiving 10 mg/kg BW of iron dextran
and increased in both number and size at higher doses (Figure 1).

Figure 1. Hepatocyte morphology at 400x magnification with hematoxylin and eosin staining:
control (A), 10 mg/kg BW (B), 20 mg/kg BW (C), 30 mg/kg BW (D), 40 mg/kg BW (E), 50 mg/kg
BW (F), 60 mg/kg BW (G), 80 mg/kg BW (H), 100 mg/kg BW (I), and 120 mg/kg BW (J). Yellow
arrows show normal cells, red arrows indicate necrotic cells, and black arrows mark foci.

Microscopic observations were analyzed using NASH score, the results showed that scores
for steatosis, lobular inflammation, and hepatocyte swelling, as well as the overall NASH score,

Page 5 of 12



c
.8
IS
.2
c
S
=
=
o
O
=
S
o
=
(9]

Khristian et al. Narra ] 2024; 4 (3): e1003 - http://doi.org/10.52225/narra.v4i3.1003

increased gradually from an iron dextran dose of 10 mg/kg BW to 120 mg/kg BW. Steatosis and
inflammation were significantly higher in animals within the 20 mg/kg BW group compared to
the control group (with p=0.016 and p=0.008, respectively). Furthermore, hepatocyte swelling
showed a significant increase at 30 mg/kg BW (p=0.008). The total NASH score was significantly
different between the control group and treatment group stating the dose of 20 mg/kg BW
(p=0.008), indicating that iron accumulation caused significant cellular damage (Table 2).

Table 2. Effect of intravenous iron dextran on scores of steatosis, lobular inflammation,
hepatocellular swelling, and non-alcoholic steatohepatitis (NASH) score across groups

Study groups Steatosis score Lobular Swelling of NASH score

inflammation hepatocyte

Score Score
Control 0.04+0.89 0.04+0.09 0.04+0.09 0.1240.17
Dose 10 mg/kg BW 0.2040.14 0.3240.23" 0.20+0.14 0.7240.50
Dose 20 mg/kg BW 0.30£0.10" 0.50+0.10" 0.25+0.17" 1.06+0.36"
Dose 30 mg/kg BW 0.36+0.09" 0.27+0.10" 0.29+0.10" 0.92+0.23"
Dose 40 mg/kg BW 0.41+0.14" 0.46+0.17" 0.26+0.17" 1.14+0.24"
Dose 50 mg/kg BW 0.56+0.17" 0.55+0.17" 0.26+0.17" 1.36+0.43"
Dose 60 mg/kg BW 0.90+0.22" 0.70+0.10" 0.30+0.22" 1.00+0.46"
Dose 80 mg/kg BW 0.86+0.36" 0.66+0.26" 0.50+0.22" 2.02+0.74"
Dose 100 mg/kg BW 1.06£0.26" 0.96+0.38" 0.74+0.22" 2.76+0.78"
Dose 120 mg/kg BW 0.97+0.26" 0.97+0.17" 0.87+0.36" 2.80+0.76"

* Statistically significant at p<0.05, analyzed using Mann-Whitney test compared to control group

Effect of intravenous iron dextran on hepatic iron levels

Iron accumulation in the sinusoidal space was observed across all experimental groups treated
with iron dextran. At a dosage of 10 mg/kg BW, the distribution of iron was negligible; however,
as the dosage of iron dextran increased, the distribution became more extensive and pronounced.
In the 120 mg/kg BW group, iron was present in both the sinusoidal area and hepatocyte cells,
indicating significant hepatic iron accumulation due to iron dextran administration (Figure 2).

Figure 2. Liver tissue with Prussian blue staining at 400x magnification: control (A), 10 mg/kg
BW (B), 20 mg/kg BW (C), 30 mg/kg BW (D), 40 mg/kg BW (E), 50 mg/kg BW (F), 60 mg/kg
BW (G), 80 mg/kg BW (H), 100 mg/kg BW (I), 120 mg/kg BW (J). Red arrows show iron deposits
(blue) and yellow arrows indicate iron in hepatocytes.

The average iron area and distribution percentage increased with the iron dextran dose. At
a dosage of 10 mg/kg BW, the experimental group exhibited significantly elevated iron levels
compared to the control group (p=0.005), with continued increases observed at higher doses,
including 120 mg/kg BW (Table 3).

Measurement of iron levels using the atomic absorption spectrophotometry method revealed
a statistically significant increase (p<0.001) based on the ANOVA test. Liver iron concentration
values increased in accordance with the iron levels induced by dextran administration. In the
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control group, liver iron concentration levels reflected the rat's endogenous metabolism. Hepatic
tissue iron levels were averaged and classified to determine the degree of liver iron concentration
[31].

Table 3. Comparisons of iron density per field of view (FOV) in hepatic tissue observed across
study groups

Study groups Iron density (um2/FOV) Percentage area (%)
Control 0 0
Dose 10 mg/kg BW 138" 0.14"
Dose 20 mg/kg BW 599" 0.62"
Dose 30 mg/kg BW 785" 0.81"
Dose 40 mg/kg BW 1028" 1.07"
Dose 50 mg/kg BW 1798" 1.87"
Dose 60 mg/kg BW 2297 2.38"
Dose 80 mg/kg BW 3514" 3.65"
Dose 100 mg/kg BW 4309" 4.47"
Dose 120 mg/kg BW 8304" 8.61"

* Statistically significant at p<0.05, analyzed using Mann-Whitney test compared to the control group

Administration of iron dextran at a dosage of 10 mg/kg BW resulted in iron levels within the
normal range (<3 mg Fe/g DW). Doses of 20 mg/kg BW to 40 mg/kg BW caused mild iron
overload (3—7 mg Fe/g DW), while a dose of 50 mg/kg BW caused moderate iron overload (>7
mg Fe/g DW). Iron dextran with doses from 60 mg/kg BW to 120 mg/kg BW caused severe iron
overload (>15 mg Fe/g DW) (Table 4). These findings indicated that iron dextran administration
could elevate liver iron levels, a condition frequently observed in patients with thalassemia.

Table 4. Comparisons of liver iron concentration (LIC) measured across groups

Groups Liver iron concentration Category based on liver
(Fe/g dry weight) iron concentration [31]

Control 0.254+0.03 Normal

Dose 10 mg/kg BW 2.56+0.21" Normal

Dose 20 mg/kg BW 3.93+0.32" Mild

Dose 30 mg/kg BW 4.47+0.11" Mild

Dose 40 mg/kg BW 5.21+1.13" Mild

Dose 50 mg/kg BW 14.37+1.52" Moderate

Dose 60 mg/kg BW 18.94+0.75" Severe

Dose 80 mg/kg BW 26.86+1.08" Severe

Dose 100 mg/kg BW 30.20+0.87" Severe

Dose 120 mg/kg BW 33.24+2.22" Severe

* Statistically significant at p<0.05 compared to the normal group using Bonferroni test compared to the
control group

Effect of intravenous iron dextran on serum iron profile

The serum iron profile revealed statistically significant changes across all parameters (p<0.001),
as indicated by the ANOVA test (Table 5). Further analyses indicated that ferritin levels
increased significantly from doses of 10 mg/kg BW to 120 mg/kg BW (p<0.001 for all groups)
compared to the control group (Table 5). Similarly, serum iron concentrations rose significantly
from doses of 20 mg/kg BW to 120 mg/kg BW (p<0.001 for all iron dextran-treated groups
compared to control group) (Table 5). The increases were also observed in transferrin saturation
percentages, beginning at a dose of 20 mg/kg BW (Table 5).

In contrast, there was a significant decline in UIBC starting at 20 mg/kg BW, with p<0.001
across all iron dextran-treated groups compared to the control group (Table 5). TIBC also
significantly decreased at a dose of 40 mg/kg BW (p=0.004), with further reductions observed at
doses starting from 50 mg/kg BW (p<o005) (Table 5). Transferrin concentrations declined
significantly beginning at 20 mg/kg BW (p<0.05) and from 30 mg/kg BW to 120 mg/kg BW
(p<0.001) when compared to controls (Table 5). These results indicate that iron dextran
administration significantly affected the iron profile, potentially leading to haemochromatosis-
like conditions.
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Groups Ferritin Transferrin UIBC Serum iron TIBC Transferrin saturation (%)
(ug/L) (mg/dL) (ug/dL) (ug/dL) (ug/dL)
Control 76.33+£6.61 197.62 £8.91 267.10+£4.93 83.01+ 5.79 350.20+ 5.92 42.18+4.30
Dose 10 mg/kg BW 513.47+13.99" 192.33+6.86 254.0.2+10.95 84.84+3.78 338.84+11.19 44.17+2.79
Dose 20 mg/kg BW 515.01+£10.90" 184.57+6.95" 227.56+18.99" 109.7443.61° 336.31+0.73 59.5+2.20"
Dose 30 mg/kg BW 549.62+13.73" 176.71£2.40" 189.11+£13.34" 156.62+4.13" 335.95+6.28 88.64+2.38"
Dose 40 mg/kg BW 616.48+32.75" 159.95+3.99" 165.95+1.22" 159.04+1.85" 324.99+14.72" 99.4942.94"
Dose 50 mg/kg BW 725.21+£52.37" 157.88+2.22 " 157.53+1.38" 170.98+6.89" 328.50+5.69" 108.29+4.24"
Dose 60 mg/kg BW 876.21+76.70" 151.66+5.25" 130.52+7.19" 187.18+3.96" 317.72+3.55" 123.54+4.80"
Dose 80 mg/kg BW 968.0+98.26" 123.40+0.51 110.18+12.80" 205.58+10.26" 315.754+10.35" 166.58+7.70"
Dose 100 mg/kg BW 774.824+30.25" 113.98+2.19" 98.69+5.23" 208.94+8.17" 307.65+10.94" 183.35+7.77"
Dose 120 mg/kg BW 703.56+23.20" 105.13+4.11° 102.52+3.34" 209.96+5.51" 316.49+12.25" 200.14413.32"

TIBC: total iron binding capacity; UIBC: unsaturated iron binding capacity
* Statistically significant at p<0.05, analyzed using Bonferroni test compared to the control group
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Discussion

Elevated iron levels in patients with transfusion-dependent thalassemia, which can lead to
elevated iron levels in the body, are associated with adverse effects on organ function, especially
the liver. The damage is not only to the liver but can also occur in other organs, so this condition
causes impaired mobility and increased motility in patients with transfusion-dependent
thalassemia. The results of this study showed that intravenous iron dextran to rats at doses
ranging from 10 mg/kg BW to 120 mg/kg BW resulted in microscopic damage to hepatocyte cells
in the liver. In addition, this caused an increase in iron density in the liver, elevated liver iron
concentration, and affected the serum iron profile, indicating that there was an increase in iron
levels in the body.

Histopathologic evaluation in the present study revealed an increase in the NASH score
starting from 20 mg/kg BW, indicating liver damage, particularly in lobular inflammation. Iron
accumulation in the liver generates reactive oxygen species (ROS), leading to hepatocyte damage
and increased inflammation [35]. Hepatic sinusoidal endothelial cells, which are highly active in
endocytosis and express receptors to scavenge toxins, may be primarily affected, leading to liver
injury [36]. Excess iron deposition produces ROS, which can damage nucleic acids, proteins, and
lipids [37,38]. This ROS-induced damage results in lipid and protein peroxidation and reduction
in liver antioxidants and nitric oxide, collectively harming hepatocytes [39]. Iron deposition-
related liver damage is prominent in hereditary hemochromatosis, a genetic disorder affecting
iron metabolism [40]. This condition leads to hepatocyte death, fibrosis, and ultimately liver
cirrhosis and hepatocellular carcinoma [41,42].

The present study indicated a direct proportionality between iron dextran dose and liver iron
concentration, demonstrating its effectiveness in inducing iron overload. Iron dextran initially
accumulates in Kupffer cells, but with repeated administration, it was also stored in hepatocytes.
Iron was observed within Kupffer cells at doses up to 100 mg/kg BW. However, at a dose of 120
mg/kg BW, iron was detected in hepatocytes, indicating that the administration of iron dextran
does not predominantly target hepatocytes for infiltration. Iron in the sinusoidal area is
predominantly located in Kupffer cells, which are specialized macrophages involved in iron
metabolism [43]. The observed iron deposition pattern, characterized by accumulation in Kupffer
cells and minimal hepatocellular iron, mirrors that seen in hematologic disorders such as
thalassemia [44]. The present study confirms that varying doses and durations of iron
administration effectively increase liver iron concentrations in experimental animals [44].

Liver iron concentration is the reference standard for assessing body iron stores and reliably
predicts total iron content [45]. The present study found that intravenous iron dextran
administration starting at 10 mg/kg BW significantly increased hepatic iron levels compared to
controls. Iron dextran, although employed for the treatment of iron deficiency anemia, has been
shown to induce iron overload in animal models [46]. The compound is taken up by macrophages
through endocytosis, where it undergoes oxidation from Fe(2+) to Fe(3+) within the bloodstream
[39]. Normal liver iron concentration ranges vary; values below 3 mg/g DW are considered
normal, while values above 7 mg/g DW indicate moderate iron overload, with risks increasing
significantly at levels above 15 mg/g DW, and for patients with hereditary hemochromatosis, liver
iron concentration can exceed 20 mg/g DW [19,20].

Serum iron profile measurements in the present study showed increased levels of serum
iron, ferritin, and transferrin saturation, indicating iron overload. Although studies specifically
using iron dextran in rat models of hemochromatosis are lacking, existing studies support that
elevated serum iron, ferritin, and transferrin saturation are markers of iron overload [49-51].
Elevated transferrin saturation (>55%) is particularly useful for diagnosing hereditary
hemochromatosis, while serum ferritin is valuable for assessing the need for and response to
venesection [52,53].

The findings of the present study align with those reported previously, demonstrating that
elevated liver iron levels correlate with increased ferritin levels due to the inflammatory response
and liver damage induced by injected iron dextran [54]. The present study further supports prior
research suggesting that increased ferritin levels are associated with liver damage and may signify
pathological iron metabolism [55]. Furthermore, the observed increase in serum iron can be
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attributed to hepatic injury caused by iron dextran, as evidenced by Milic et al., who reported a
correlation between hepatic injury and increased serum iron levels [56].

In the present study, the decrease in TIBC and transferrin levels suggested hemochromatosis
[49,57,58]. TIBC is the primary diagnostic test for iron deficiency anemia and other iron
metabolism disorders, reflecting the capacity of transferrin to bind iron, and when iron stores are
depleted, transferrin levels increase [57]. This is consistent with a previous study showing that
administering iron dextran to test animals resulted in elevated serum iron levels and decreased
TIBC, thereby increasing transferrin saturation [59].

In this study, the developed hemochromatosis model was primarily examined through
serological and histological indicators. However, in patients with thalassemia who develop
hemochromatosis, the underlying causes may involve erythrocyte destruction or alternative
pathways of iron uptake. Advancing this model of hemochromatosis could lead to innovative
treatment options for patients with iron overload conditions, including those with transfusion-
dependent thalassemia and other etiologies.
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Conclusion

Intravenous iron dextran significantly altered hepatocyte morphology, increased liver iron
concentration, and modified the serum iron profile, reflecting changes observed in patients with
transfusion-dependent thalassemia. Therefore, this model can be used as a hemochromatosis
model that better reflects the iron overload conditions in transfusion-dependent thalassemia
patients.
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