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Abstract

Background: Iron overload is a clinical consequence of repeated blood transfusions and causes significant organ
damage, morbidity, and mortality in the absence of proper treatment. The primary targets of Iron chelators used for
treating transfusional Iron overload are the prevention of Iron ingress into tissues and its intracellular scavenging.
The present study was aimed at elucidating the capacity of clinically important Iron chelator, deferoxamine to gain
access to intracellular Iron pools of key Iron accumulating cells (hepatocytes).

Material and methods: The study was conducted as an in vivo investigation. Iron-rich chow fed rats and regular
chow fed rats were given deferoxamine and hepatic Iron concentration was measured using atomic absorption
spectroscopy.

Results: In Iron-loaded rats, the results showed that deferoxamine did not alter hepatocyte Iron levels compared
with the control group but increased urinary excretion.

Conclusion: We conclude that short term deferoxamine treatment is ineffective in Iron removal from rat hepatocytes.
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Introduction

Iron overload is one of the most important
restriction factors in the life expectancy of patients
with homozygous B-thalassemia, sickle cell anemia
or refractory anemia who are maintained with
multipletransfusions®. Two celltypesare associated
with the storage of excess Iron, hepatocytes and
reticuloendothelial cells. Clinical findings indicate
that Iron storage in reticuloendothelial cells is
relatively harmless and that hepatocyte siderosis is
responsible for most of the clinical manifestations
of lron overload 2. Efficacy, site of action in
Iron absorption and Iron release in the body,
mechanism of action, side effects and prescription
of different Iron chelators are considered from
many years ago. Deferoxamine (DFO) has low lipid
solubility (Kpart of 0.001) and this, together with
its molecular weight of more than 657, retards
uptake into cells 3. Countering these effects,

however, is the fact that DFO is positively charged,
which will favor uptake into cells due to the
negative Nernst potential in vertebrate cells *. The
extent to which these properties limit or facilitate
uptake into different cell types may influence the
effectiveness of DFO therapeutically >. Moreover,
the uptake of a chelator into cells is not in itself
sufficient for effective chelation of all cellular
Iron pools ®. Renewed interest in DFO within the
last few years has been largely the result of the
pioneering work of Barry et al., who showed that it
is possible to prevent the accumulation of Iron and
the progression of hepatic fibrosis in thalassemic
patients by prolonged DFO therapy 7#°. Although
evidence exists for a rapidly chelatable but small
transient labile Iron pool within most cells, storage
Iron is not readily available to any chelator even at
concentrations above those achievable clinically®.
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Thus, there are significant pools of Iron that
are potentially chelatable from thermodynamic
considerations but that are not clinically available
because of slow kinetic availability *°. Researchers
have described the effect of DFO on a variety of
cellular models such as K562 (Human chronic
myelogenous leukemia), HCT-116 (human colon
carcinoma cells), HepG2 (human hepatoma
cells), J774 (mouse macrophage cells), H9C2 (rat
cardiomyocyte) and H4-1I-E-C3 (rat hepatoma
cells) with different approaches 1, They also
have studied long-term effects of DFO in animal
models. Nevertheless, there are still controversies
surrounding short-term efficacy of Iron chelator
DFO. The main objective of this study was to
investigate the effect of short-term DFO treatment
on rat hepatocytes. Our findings have implications
for designing chelation regimens to overcome Iron
overload.

Materials and methods

Sixteen male Wistar rats of the Hadassah
strain weighting 180-220 grams and aged 6-7
weeks were obtained from Pasteur Institute of
Iran. These animals were monitored for 2 months.
Animals were housed in groups of four animals in
cages. Room lighting and temperature were kept
controlled (12h light/dark cycle, 22°-25°C). When
animals were adjusted to their new environment,
they were divided in two random groups: group
1 and 2. The first group was fed an lron-rich diet
and the second group was fed a normal chewable
diet. Each group was then divided into two groups
which were named Al, A2, A3 and A4 arbitrarily.
Both groups of Al and A3 were injected with DFO

and control rats (A2 and A4 groups) were injected
with pyrogen-free saline. The structure of division
is outlined in figure 1.

In order to specify the type and the dosage
of the Iron-rich diet, a pilot study was conducted
before the main test began. Due to the rats’
refusal to consume from carbonyl lron-rich diet, it
was decided to feed them with normal chewable
diet, dried after soaking in ferrous sulfate solution
(Khwarizmi Co., Iran).

Iron loading

Eight rats were fed with routine rodent chew for
7 weeks, and other 8 rats fed with 1% Iron enriched
rodent chew for 7 weeks, when their faces became
darker Y. After 49 days, all rats were confined in
solitary metabolic cages with stainless-steel grid
bottoms and their urine was collected. Rats were
housed separately in 16 metabolic cages to collect
their urinary excretion. Before being transported,
all these cages were acid washed to prevent any
Iron contamination. lron-rich diet was maintained
throughout the course of the study. This model
of dietary Iron overload is commonly used in
experimental work and usually results up to 7-fold
increase in serum Iron. However, it is known that
a 2-fold increase in serum Iron will result in 5-to-8
fold increase in hepatic tissue Iron content, over a
period of 12 to 16 weeks.

Determination of urinary Iron Excretion

The group of Iron-rich chew fed rats (A1) and
The group of regular chew fed rats (A3 ) were
injected with DFO ( 50 mg/day IP, 4 days). At the
same time the rest of rats (group A2 and A4) were

Tablel: Iron levels in rat hepatocyte. Results show Iron overloading in A1 and A2 groups compared with the controls.

Al Group A2 Group A3 Group A4 Group
Rat no. liver Fe content  Rat no. liver Fe content Rat liver Fe content (ppm) Rat no. liver Fe content
(ppm) (ppm) (ppm)

Rat 1 992 Rat 5 872 Rat9 165 Rat 13 145
Rat 2 806 Rat 6 712 Rat 10 134 Rat 14 128
Rat 3 988 Rat 7 928 Rat 11 164 Rat 15 154
Rat 4 794 Rat 8 887 Rat 12 132 Rat 16 147
Mean 895 Mean 850 Mean 149 Mean 144
SD 110 SD 95 18 SD 11
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injected with normal saline (1 cc/day, ip, 4 days).
During these 4 days of injections all rats’ urine
were collected to determine the Iron content using
atomic absorption technique.

Determination of hepatocytes Iron content

At the end of 59th day, all animals were
anesthetized by intramuscular injection of xylocaine
0.1 mg/kg and ketamin 0.3 mg/ kg. Their hepatic
tissue was harvested and kept in formalin, to be
prepared for Iron measurement. For determination
of Iron content, 2 grams of hepatic tissue was
digested in 2 cc of nitric acid (65%) and was heated
at 110°C for 1 hour, then at 160°C for 2 hours,
and then at 200°C for 3 hours. Digested samples
were diluted with distilled water and samples were
analyzed by atomic absorption technique.

Statistical analysis

The differences were determined by Mann-
Whitney U test. Differences with P<0.05 were
considered significant.

Results

Following consumption of Iron-rich diet and
at the end of the study period, all animals were
alive and did not show any abnormal signs (such as
growth retardation).

Liver Iron content
The hepatic Iron levels in Iron-loaded rats and
controls were measured after 58 days. According
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to table 1, the hepatocyte Iron level in A1 and A2
groups, who were fed the Iron-rich diet, compared
with control animals in A3 and A4 groups was
increased significantly (872198 ppm vs. 146+14
ppm, p<0.05 ). Also there was no significant
difference between the hepatic Iron levels in A1 and
A3 groups (who were injected with DFO) compared
to internal control groups A2 and A4 groups,
who were injected with saline (895+110ppm vs.
850+95ppm, p>0.05 and 149+18ppm vs.144+
11lppm, p>0.05). In other words, DFO did not
change the Iron level in either of Al or A3 group
hepatocytes.

Urinary Iron excretion levels

After 49 days, the Iron-rich diet fed rats, were
confined in solitary metabolic cages and their urine
was collected in acid-washed glassware dishes.
During these 4 days, Iron- rich diet was followed.
The urine lron content measurements are shown
in table 2. As it can be observed in figure 2, the
comparison of the urine Iron levels in DFO- treated
rats group Al with control rats group A2 (saline-
treated) revealed a significant increase in urinary
Iron excretion in DFO treatment group Al (28%
8.2 ppm vs. 13.5% 1.7ppm, p<0.05). In conclusion,
DFO is effective in removing the Iron through urine
excretion.

Discussion
Iron is a necessary substance required by the
body for its functioning, while excess accumulation

Table2: Increased urine Iron levels in DFO- treated rats compared with control group after 96 hours.

Al
Rat no. Urine
Fe content
(ppm)
Rat 1 25.2
Rat 2 253
Rat 3 32.8
Rat 4 28.5
Mean 28
SD 8.2

A2
Rat no. Urine
Fe content

(ppm)
Rat 5 14.8
Rat 6 13.4
Rat 7 14.7
Rat 8 11.2
Mean 135

SD 1.7
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of it causes organ damage through the production
of oxygen free radicals. Iron storage and transport
is a complex process that is regulated by various
factors including hepcidin. As the body does not
have a specific mechanism to excrete excessive Iron,
it is easily accumulated in those patients requiring
multiple transfusions (eg, major thalassemia, sickle
cell disease) or in the subjects with congestive
failure and an unstable hemodynamic status (eg,
hemochromatosis). Iron toxicity can be caused
by the labile Iron pool (LIP) within the cells as
well as the free Irons, labile plasma Iron (LPI) and
non-transferrin-bound Iron (NTBI) in the blood
circulation 2. It is assumed that the most available
LIP in cells is associated with the cytosol. The
cytosol is also the location where Iron is released
from heme and from where Iron is stored into
ferritin molecules '°2°, Treatment of excess Iron
storage involves artificial removal of Iron from the
body. In this case chelators are administered which
bind Iron. The complex of chelator with Iron is
excreted in the urine 2:. A commonly used chelator
is DFO. Although DFO has been used in the clinic
for many years and new generations are in pre-
clinical evaluation stages, our knowledge about
the modes by which it gain access to cellular Iron
pools is limited'*. Understanding these modes is
essential not only for assessing chelator efficacy,
but also to produce new drugs with improved
biomedical properties. Deferiprone (DFP) and
exjade (deferasirox), the new oral chelators were
developed as small molecules that have high
membrane penetration abilities and thereby also
high cell Iron extraction capacity 2. However, the
fact that DFO with the hydrophilic features and
relatively large size has none of cell membrane
penetration properties, but it is still considered
as a safe and effective in removing Iron from the
body suggests that other variables in addition to

(Group 1)
7 weeks Iron-rich diet

membrane factors might also be involved in Iron
chelation. Previous investigations have revealed
that DFO is effective in reversing hepatic Iron
overload and reducing serum ferritin levels. Long-
term administration of DFO is associated with a
notable reduction in cardiac complications and
increase longevity '*. In this study, short-term effect
of DFO administration in removing lron from the
Iron-loaded rat hepatocytes was investigated. Since
the amount of Iron in hepatocytes is a measure
of the hepatic Iron burden, atomic absorption
spectroscopy was applied to quantify liver Iron.
To assess the effect of DFO on LIP, urinary Iron
excretion (UIE) were also determined. The results
revealed that DFO is unable to remove excessive
liver lron deposition in overload conditions.
Comparing the hepatocyte Iron level in Iron
overloaded rats who had DFO-treated with other
group who had no DFO, showed that DFO is
unable to remove lron deposition from rats’
hepatocytes. The present study also revealed that
following DFO administration, UIE was significantly
higher in the Iron-loaded animals compared with
the control group. Results of previous reports on
UIE in response to DFO are in agreement with ours
2324 Qur findings are consistent also with a two-
compartment model for effective Iron chelation.
The first is a rapid removal of labile cellular (and
plasma) Iron which is necessary for reversal of heart
failure and is likely to be responsible for the rapid
improvement in many cases using DFO 22?6, The
second is the slower removal of storage Iron, either
ferritin or hemosiderin, which while not directly
harmful to cells, will provide Iron to the labile Iron
pool as it is regularly turned over and will thereby
contribute to cell damage if a chelator is not
present in lron-loaded cells on a continuous basis.
Before us, researchers have examined impacts of
DFO on HepG2 (The cell lines of human hepatoma)

(Group 2)
7 weeks normal diet

(A1) (A2)
DFO treated || Normal saline treated

(A3) (A4)
DFOtreated || Normal saline treated

Figure 1: Classification of DFO treated rats.
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with similar results. Glickstein et al. in an in vitro
study indicated that chelation by deferoxamine
in HepG2 is slow . However, deferoxamine has
different effects on other cells. K562 cells (Human
erythromyeloblastoid leukemia cell line) are a
convenient in vitro model to study the interaction
of chelators with transferrin-delivered Iron. Porter
et al. observed that DFO is able to chelate Iron from
K562 cells 3. Our findings are consistent also with
the studies indicating that optimal cardioprotection
in thalassemic patients is achieved by sequential
nightly treatments of subcutaneous DFO 2730
Zanninelli et al. showed that steady-state LIP levels
in untreated hepatocytes were raised by 1.8-fold
following Iron loading and were reduced by 0.66-
fold by short-term chelation treatment (The labile
Iron pool of) while the Iron storage was intact 3.
These observations overall are consistent with
insignificant effect of short term administration of
DFO on Iron stores (either ferritin or hemosiderin),
although more conclusive results need greater
sample size. This study supports the hypothesis
that DFO has more access to LIPs than Iron stored
in ferritin molecules, hence hypothetically seems
that concomitant use of DFO with hepcidin
antagonists such as fursultiamine, a Food and
Drug Administration (FDA)-approved thiamine
derivative, could promote release of Iron deposits
and thereby help to removal of excess Iron from
the body. This hypothesis should be investigated in
the future.

Chelating Efficacy of Deferoxamine

Conclusion

We conclude that short term deferoxamine
treatment is ineffective in Iron removal from rat
hepatocytes.
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