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Abstract

“Free” iron, a potentially radical-generating low mass iron, and not found in normal human
blood, was increased in the serum of blood-transfused thalassemia major patients seen in the
Yangon General Hospital, Yangon, Myanmar (Burma). The low mass iron was detected by the
bleomycin assay. Fifty-one blood samples were analyzed (from 28 males and 23 females). High
“free” iron was detected in 47 sera samples from thalassemia patients. Serum ferritin, which re-
flects the body store iron, was higher than the normal range (10-200 ng/ml) in 49 patients. On the
other hand, serum iron of 39 sera samples fell within the normal range (50-150 micrograms/dl).
Four were less than 50 micrograms/dl and eight were more than 150 micrograms/dl. Almost all
the patients’ sera of normal or higher serum iron level contained “free” iron. Thus, almost all
the sera from thalassemic patients from Myanmar contain bleomycin-detectable iron, even when
serum iron is within the normal range. In developing countries where undernutrition is prevalent
(serum albumin in these patients was 3.6 +/- 0.4 g/dl, P < 0.0001 vs. control value of 4.0 - 4.8
g/dl), normal serum iron does not preclude the presence of free iron in the serum.
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“Free” iron, a potentially radical-generating
low mass iron, and not found in normal human
blood, was increased in the serum of blood-
transfused thalassemia major patients seen in
the Yangon General Hospital, Yangon, Myanmar
(Burma). The low mass iron was detected by the
bleomycin assay. Fifty-one blood samples were
analyzed (from 28 males and 23 females). High
“free” iron was detected in 47 sera samples from
thalassemia patients. Serum ferritin, which
reflects the body store iron, was higher than the
normal range (10 —200ng/ml) in 49 patients.
On the other hand, serum iron of 39 sera sam-
ples fell within the normal range (50 — 1508/
dl). Four were less than 50 y g/dl and eight were
more than 150ug/dl. Almost all the patients’
sera of normal or higher serum iron level
contained “free” iron. Thus, almost all the sera
from thalassemic patients from Myanmar contain
bleomycin-detectable iron, even when serum iron
is within the normal range. In developing coun-
tries where undernutrition is prevalent (serum
albumin in these patients was 3.6+ 0.4g/dl,
P < 0.0001 vs. control value of 4.0 — 4.8g/dl),
normal serum iron does not preclude the pres-
ence of free iron in the serum.
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n primary hemochromatosis and transfusion-
dependent anemias, iron overload causes widespread
organ dysfunction and leads to early death. Thalassemia
major shows features due to transfusional and absorptive
iron overload. Many patients with thalassemia major
succumb before puberty because of iron overload. Iron
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deposits in heart muscle may cause dysfunction and
ultimately lead to heart failure. Other features of second-
ary hemochromatosis are common. Therefore the aim of
treatment is usually to prevent or delay hemochromatosis.

The pathological effects of iron overload are generally
thought to be due to the ability of non-transferrin bound
iron (NTBI) to catalyze free radical oxidation (1.
Although the precise nature of NTBI is uncertain, there
are several studies which reported NTBI by various
methods in idiopathic hemochromatosis or in transfusion-
dependent congenital anemias like thalassemia major or
sickle cell anemia (2-12). However, information on the
prevalence of NTBI before chelation therapy is limited
because only a small number of patients were evaluated in
the previous reports. In this study, we could measure a
relatively large number of sera samples from thalassemic
patients without chelation therapy in Myanmar, and we
showed almost all the sera from thalassemic patients from
Myanmar contained the NTBI detected by the bleomycin
assay (5, 8, 13, 14), even in the patients whose serum iron
was within the normal range.

Subjects and Methods

Assays.  The non-protein-bound iron content of
serum samples was measured by the bleomycin assay of
Gutteridge et al. (5, 8, 13, 14). The result is expressed
as absorbance at 532nm. The serum albumin and iron
was assayed using a Hitachi 7150 Autoanalyser (Hitachi,
Chiba, Japan). Serum ferritin was estimated by RIA Kit
(New England Nuclear, US.). Statistical analysis for
serum albumin was done by the test for the mean, and the
two-sample Wilcoxon test (Mann-Whitney test) was used
for other data.

Patients. Serum samples were collected from
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Table | Patients’ background data
Age distribution Transfusion Tota! blood
Sex No. (Median) period (Median) transfused

(year) (year) (ml)

Male 28 I-12 (7) 0-8.5 (2.5) 5500 #5200
(n=21)
Female 23 0-13 (7) 0.5-10.5 (4) 4820 +- 3340
(n = 20)

thalassemia major patients seen in the Yangon General
Hospital, Yangon, Myanmar (Burma). Serum samples
were also obtained from 10 normal volunteers (eight
female and one male Barmars, and one Japanese, 29.3 +
8.8 years). To avoid contamination ,from external iron,
the blood samples were collected with new plastic dispos-
able syringes, and the sera were separated immediately.
They were stored at —20°C until assay. A total of 77
serum samples were collected, but high GPT (over 150
IU/1), high bilirubin (over 3mg/dl) sera were omitted
from the study to exclude the patients with hyperfer-
ritinemia caused by liver damage.

Fifty-one samples were included in the final analysis
(28 males and 23 females). The patients consisted mostly
of Barmars. A few patients of Shan, Kachin, Kayin,
and India were also included. The background data of the
patients are summarized in Table 1. The ages of the
patients ranged from 8 months to 13 years old with
transfusion history starting from 2 months to 8 years after
birth. The amount of transfused blood ranged from 200
to 600ml a month. None of them were receiving deferrox-
amin or other chelation therapy. Their serum albumin was
3.6+ 04g/dl (n=>51, P <0.0001 vs. control values of
4.0 — 4.8g/dl). No data were available regarding possible
complications secondary to iron overload. All the samples
were analyzed irrespective of the background variation.

Results

All the sera samples from 10 healthy volunteers
showed from 0.03 to 0.08 absorbance (0.04 & 0.02) at 532
nm in the bleomycin tests. Therefore, we defined the
absorbance above 0.1 as positive for bleomycin-detectable
iron {(or simply free iron) since, as reported previously,
sera from healthy men of different ages contain no
bleomycin detectable iron (5, 8, 13, 14). Only four sera
samples from patients with thalassemia showed absor-
bance of less than 0.1.  Serum ferritin, which reflects the
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body store iron, was high in 49 patients. High values
were not necessarily associated with the duration of
transfusion history, the amount of transfused blood, the
age of the patients, or the age of onset.

Fig. 1 shows the relation between serum ferritin
(normal range: 10 — 200ng/ml) and free iron. A normal
level of free iron was seen only in 4 patients. Two of
them (20 month old boy who just started transfusion, and
one year old boy who had received 100ml of blood) had
normal levels of ferritin. In one female patient, free iron
was normal even though the level of ferritin was high.
However, she had low serum iron of 38 ug/dl. She was
7 years old, and started transfusions at 10 month after
birth. A total of 5,100ml of blood was transfused at the
time of examination. There was mild elevation of serum
GPT (109IU/1) and LDH (5911U/1). The cause of
hypoferrinemia was not known. The free iron level
between normal and thalassemic sera was significantly
different (P < 0.001), and the free iron level between the
normal ferritin group and the high ferritin group was also
significantly different (P < 0.001). There was no relation
between serum albumin and the ferritin level of the
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Fig. | Correlation between serum ferritin and free iron in 51

thalassemia patients. All except two showed increased serum ferritin.
Hyperferritinemia is associated with free iron in the serum (except
one patient with low serum iron). Closed circles: Thalassemia
patients. Open circles: Normal healthy controls. Vertical dotted line:
Normal range (10 to 200ng/ml). Horizontal dotted line: Upper nor-
mal limit of absorbance for free iron (0.1 absorbance).
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Fig. 2  Correlation between free iron and serum iron. Forty-
three patients had normal or slightly lower serum iron. Four
patients had less than 0.1 absorbance for free iron. Closed
circles: Thalassemia patients. Open circles: Normal healthy
controls. Vertical dotted line: Reference value for serum iron
(50 to 150 ug/dl). Horizontal dotted line: Upper normal limit of
absorbance for free iron (0.1 absorbance).
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Serum iron from 39 sera samples fell within the
normal range of 50 to 150 ug/dl. Four were less than 50
ug/dl and eight were more than 150 ug/dl (Fig. 2). All
except two of the sera samples showing a normal to high
serum iron level had a borderline to high level of free iron
(P < 0.001 vs. healthy sera); those two samples were
from the patients described above with a short history of
transfusion and a low serum ferritin level. The free iron
level between groups of normal serum iron level and high
serum iron level was not significantly different (P > 0.5).
The serum iron level between normal and thalassemic
patients was not significantly different (P > 0.5).

Discussion

Non-transferrin-bound iron (NTBI) might facilitate the
production of free radicals that promote damage to lipids,
protein, and DNA (15). The existence of NTBI in iron-
overload patients was reported repeatedly using various
methods (2-12). Some methods are currently in use.
Gutteridge et al. developed an assay method for “free”
iron (5, 8, 13, 14). The assay depends on the fact that
degradation of DNA by the antibiotic bleomycin requires
trace levels of iron salts. Iron bound to proteins such as
ferritin, transferrin or hemoglobin is not detected. Appli-
cation of the assay to human serum or plasma shows that
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no “free’”” iron is present in normal volunteers (8, 9).

Another method was developed recently by Singh
et al. (16). This method is a direct measurement of
non-protein- bound iron using a large excess of
nitrilotriacetic acid to remove and to complex all low-
molecular-mass iron and iron nonspecifically bound to
serum proteins. A modification of Singh’s method was
used by Al-Refaie to measure serum non-transferrin-
bound iron in 52 beta-thalassemia major patients (12). We
used the bleomycin-detectable iron method because it is a
sensitive and specific assay for iron, and bleomycin-
detectable iron is shown to accelerate free radical reactions
(8), and also one of the chelaters used in Singh’s method
was not available commercially. We recently simplified
Singh’s method so that commercially available chemicals
can be used (17). It has been claimed that the re-
producibility of the bleomycin-detectable iron method is
rather poor (16). Therefore, all of the assays were done
by one person, and normal sera was included among the
assay tubes to make sure that the reading of normal sera
was always below (.1.

As to the nature of NTBI, Hershko et al. suggested
it is an iron complex loosely bound to albumin (2, 3),
while others postulated it to be an iron-binding polypeptide
(18). The suggestion that NTBI is present in serum as
iron citrate (10) has been criticized because of the limited
solubility of iron (5 X 107°M at pH7.4) at the physiologi-
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cal concentration of free citrate (10°°M) (16).

Al-Refaie et al., using modified Singh’s method (12),
reported that the level of NTBI correlated significantly
with the logarithm of the serum ferritin concentration,
total serum iron concentration and transferrin saturation.
In our present data, there was no correlation between
serum ferritin/iron concentration and “free” iron. The
reasons for these discrepacies are not clear, but there are
several possible explanations: (a) difference in the method
of detecting “free iron”, (b) differences in the patients’
background, espcially in terms of nutrition, prevalence of
liver diseases that affect iron status, (c) history of chela-
tion therapy. In any events, the presence of high serum
ferritin concentration was associated with the existence of
“free” iron in both studies. Of the 51 patients in the
present study, 39 had free iron in their sera even though
their serum iron concentration was normal (Fig. 2). This
suggests that the serum iron level is not a good index of
the NTBI level,

In the population with a low serum albumin level (an
index of inadequate nutrition or liver cell damage) iron
binding capacity was also expected to be low, although we
could not determine the total iron binding capacity due to
a technical problem. However, with normal serum iron,
it is unlikely that serum transferrin is 100 % saturated.
This means free iron could be present in the serum even
though the iron-binding capacity is unsaturated. The
existence of bleomycin detectable iron in the presence of
remaining iron binding capacity was reported before (4, 8,
9, 19), and slow iron transfer from low-molecular-mass
iron to transferrin was suggested as the reason (9).
Animal studies showed that low-molecular-mass iron was
taken up efficiently by the liver (20). If this is applicable
to humans, the liver of thalassemic patients, already
loaded with iron as shown by high serum ferritin (21),
might have a decreased capacity for clearing low-
molecular-mass  iron. Conversely, low-molecular-mass
iron might be secreted, although this is unlikely (22), by
the iron-loaded liver. At least some iron comes from
damaged liver cells by rupture, because iron-mediated
lipid peroxidation is high in iron overload (23, 24).

Serum with an extremely low iron content, or a
normal ferritin level did not have NTBI, even if multiple
transfusions had been performed. It is speculated that
transient hypoferrinemia might have increased the iron-
binding capacity of the serum, thus lowering free iron.

Free iron is capable of stimulating the peroxidation of
lipids, and is a powerful mediator of oxygen-derived free
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radicals. The oxygen-derived radical reactions stimulated
by free iron is important in the pathology of thalassemia
major because free iron is more readily taken up by
tissues than transferrin-bound iron (20). So far, desfer-
rioxamine is the only agent that decrease iron overload
(25). It not only helps excrete iron from the body, but
also interferes with radical reactions by sequestrating iron
from the free radical reactions. Studies on other iron-
chelating agents for clinical use are now in progress (25).
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