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Aim. To test whether the activities of erythrocyte superoxide dismutase (SOD) and glutathione peroxidase (GSH-Px)
can be affected by oral iron (Ol) treatment, parenteral iron (Pl) treatment, and parenteral iron treatment with vitamin E
supplementation (PIE) in iron deficiency anemia.

Methods. Twenty-eight patients with iron deficiency anemia and 18 healthy controls were included in the study. Ane-
mic patients were systematically allocated into 3 treatment groups. The first group (n=8) received OI, the second
group (n=10) Pl, and the third group (n=10) PIE. SOD and GSH-Px activities were determined using commercial kits.

Results. Before the treatment, SOD activity was significantly lower in anemic patients than in the control group
(Kruskal-Wallis test, p < 0.05). After the treatment, SOD activity significantly increased in all three patient groups and
reached the values found in the control group (Wicoxon signed-rank test, p=0.017 for Ol, p=0.047 for PI, and
p=0.037 for PIE group). Before the treatment, GSH-Px activities in anemic patients were similar to that of control group
(Kruskal-Wallis test, p > 0.05). Although there was no significant decrease in GSH-Px activity after Ol treatment, both Pl
and PIE treatments significantly decreased GSH-Px activity (Wilcoxon signed-ranks test, p=0.007 for Pl and p=0.005
for PIE). PIE was more effective than Pl treatment in maintaining GSH-PX activity.

Conclusion. Oral iron treatment improved the iron deficiency anemia and recovered antioxidant defense system by in-
creasing SOD activity and maintaining GSH-Px activity at normal level. When parenteral iron treatment is inevitable,
vitamin E supplementation together with Pl treatment may be effective in partially restoring the antioxidant status in
this type of anemia.
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Reduction in the serum iron concentration iron deficiency anemia and alterations of enzyme ac-

causes insufficient hemoglobin synthesis, with a sub-
sequent reduction in erythrocyte proliferation. Fur-
thermore, reduced red cell survival may be present in
patients with iron deficiency anemia (1). Iron defi-
ciency does not only affect the production of hemo-
globin, but also the production of other proteins con-
taining Fe?*, such as cytochromes, myoglobin, cata-
lase, and peroxidase. Impairment of the antioxidant
defense system and reduced cellular immunity and
myeloperoxidase activity were previously reported in
patients with iron deficiency anemia (2,3). All of
these may contribute to inadequate erythrocyte sur-
vival. The literature offers contradictory and limited
data on oxidative stress and antioxidant defense in pa-
tients with iron deficiency anemia (2,4-7). Also, alter-
ations in antioxidant status by iron treatment in iron
deficiency anemia have not been clarified.

The aim of this study was to determine erythro-
cyte antioxidant enzyme activities in patients with
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tivities after the treatment with oral iron, parenteral
iron, or parental iron plus vitamin E supplementation.
To our knowledge, the effects of different therapeutic
modalities on antioxidant enzymes in iron deficiency
anemia have not yet been investigated.

Subjects and Methods

Setting

The study was conducted at the Departments of Internal
Medicine and Biochemistry and Clinical Biochemistry, Suleyman
Demirel University, from November 1997 to July 1998. The re-
search was performed according to the Helsinki Declaration prin-
ciples.

Study Criteria

Description criteria for iron deficiency anemia are
microcytic hypochromic erythrocytes; with a mean corpuscular
volume <80 fL, hemoglobin concentration <12 g/dL, serum
iron concentration <45 [Cg/dL, and serum ferritin concentrations
for women and men <15 ng/mL and <25 ng/mL, respectively.
Causes of anemia in the patients were chronic gastrointestinal
blood loss or hypermenorrhea. Exclusion criteria were acute
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Figure 1. Profile of the study.

bleeding and history of blood transfusion within 6 months before
the study (Fig. 1). Anemic patients who needed blood transfusion
were also excluded. None of the subjects smoked nor drank alco-
hol or vitamin pills, and all had normal routine biochemical tests.

Subjects

Thirty patients were systematically allocated to the 3 treat-
ment groups (Fig. 1). The first group of patients received oral iron
(567.7 mg bid ferroglycine sulphate; Ferro-Sanol® duodenal cap-
sule, Adeka, Istanbul, Turkey). The second patient group received
parenteral iron (ferro Il hydroxide polymaltose; 200 mg IM, ev-
ery other day; Ferrum Hausmann® ampule, Abdi Ibrahim, Istan-
bul, Turkey). The third group received parenteral iron plus oral vi-
tamin E (Ephynal” capsule, Roche, Istanbul, Turkey, 300 mg/day
orally). Patients were chosen and systematically allocated to the
treatment groups as follows: the first patient who visited the clinic
during the study period and fulfilled the study inclusion criteria
was allocated to the oral iron treatment group; the next eligible
patient was allocated to the parenteral iron treatment group, and
the next one to the parenteral iron plus vitamin E treatment
group. Patients were allocated in this order (oral iron, parenteral
iron, and parenteral iron plus vitamin E treatments) until all treat-
ment groups had 10 subjects.

The control group consisted of 20 healthy subjects, mem-
bers of the hospital staff, who had to fulfill the following criteria:
have hemoglobin >12.5 g/dL and normochromic-normocytic
erythrocytes, not to smoke, use alcohol, or drugs. In addition,
routine biochemical parameters of selected control subjects had
to be in the normal range.

Two men from the oral iron treatment group and 2 from the
control group were excluded from the analysis since two men
scheduled for the treatment were by chance allocated to the same
group.

Oral iron treatment period lasted up to 6 months, whereas
parenteral iron and parenteral iron plus vitamin E treatment lasted
up to a month. The oral iron treatment group received the treat-
ment for at least 4 months; at the end of that period, the subjects
having hemoglobin concentration (Hb) below 12 g/dL continued
with the same treatment for another 2 months (1).

Parenteral iron requirement was calculated by the follow-
ing formula:

Iron requirement = (Hb Hb e Obody weight 003.

Before the therapy, blood samples were taken from all the
subjects for routine hematological and biochemical analyses to
determine serum iron, iron binding capacity (SIBC), ferritin, and
activities of erythrocyte superoxide dismutase (SOD) and glutathi-
one peroxidase (GSH-Px). All measurements were repeated at the
end of each treatment period.

normal

Assays

Subjects” venous blood samples were obtained from me-
dian cubital vein between 8 and 9 a.m. after overnight fasting,
and collected into polystyrene tubes and standard tubes contain-
ing ethylene diamine tetraacetic acid (EDTA). Blood serum was
immediately separated by centrifugation (4,000 G, for 10 min) to
determine iron level, serum iron binding capacity (SIBC), and
ferritin level. Blood samples in standard EDTA-containing tubes
were used for hematological assays and determination of the ac-
tivities of SOD and GSH-Px. Hemolyzate was prepared immedi-
ately and stored at -20LC until analysis. SOD and GSH-Px activi-

ties were measured with Ransod and Ransel kits (Randox Labora-
tories Ltd., Crumlin, Co. Antrim, UK) and expressed as U/g Hb.
Serum iron and SIBC were determined with commercially avail-
able kits on Vitros 750 analyzer (Johnson&Johnson, Clinical Di-
agnostic, UK). Serum ferritin concentration was determined with
chemiluminescence method on an ACS-180 analyzer (Chiron Di-
agnostic, East Walpole, MA, USA).
Statistical Analysis

Data were expressed as median and range (minimum and
maximum). Kruskal-Wallis test was used to determine the signifi-
cant effects of different treatments on the experimental variables.
For double comparison, Bonferroni-adjusted Mann-Whitney
U-test was performed. Before- and after-treatment changes were
compared by Wilcoxon signed-ranks test. Correlation analysis
was performed by Pearson correlation test. Significant level was
set at p<0.05. All statistical analyses were done with the SPSS for
Windows 7.0 statistical package.

Results

No subject was lost during the course of the
study. The median age of subjects was 32 years
(range, 20-55) in the of oral iron treatment group, 37
years (range, 18-48) in the parenteral iron treatment
group, 40 years (range, 20-49) in the parenteral iron
plus vitamin E treatment group, and 35 years (range,
20-54) in the control group. There was no significant
difference in age (p=0.564) among the groups. After
the treatments, Hb concentrations increased from
9.85 (7.2-11.0) g/dL to 12.2 (11.2-14.3) g/dL in pa-
tients treated with oral iron, from 9.3 (8.0-11.8) g/dL
to 14.1 (10.9-16.4) g/dL in patients treated with
parenteral iron, and from 9.35 (7.7-10.1) g/dL to 12.2
(11.0-13.2) g/dL in patients treated with parenteral
iron plus vitamin E (p <0.001 for all groups).

After the treatment, serum iron and ferritin con-
centrations increased, whereas SIBC decreased in all
treatment groups (data not shown).

Before the therapy, SOD activities were not sig-
nificantly different among the oral iron, parenteral
iron, and parenteral iron plus vitamin E treatment
groups, but they differed significantly from the SOD
activity values found in the control group (Table 1).
SOD activity in the oral iron, parenteral iron, and
parenteral iron plus vitamin E treatment groups was
significantly lower than that in control subjects (Table
1). After the treatment, SOD activities in all treatment
groups significantly increased (Table 1). SOD activi-
ties in all treatment groups reached the level of SOD
activity in the control group at the end of the treat-
ment periods and no significant differences were ob-
served among the groups (p> 0.05).
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Table 1. The effect of different treatment modalities on the activities of superoxide dismutase (SOD) and glutathione peroxidase
(GSH-Px) in patients with iron deficiency anemia

Iron treatment modality (median, range)

Enzyme oral parenteral parenteral + oral control
activities (U/gHb) (n=8) (n=10) vitamin E (n=10) (n=18) p*
SOD before treatment 1,193 (666-2,206) 676 (312-3,571) 1,250 (549-4,630) 3,170 (2,730-3,620)°“° < 0.001
P’ 0.017 0.047 0.037
after treatment 3,062 (630-5,172) 2,598 (634-7,798) 2,796 (1,000-5,833) 3,170 (2,730-3,620) 0.698
GSH-Px before treatment 354 (26.1-50.4) 36.5 (28.3-56.9) 38.6 (33.0-48.4) 36.9 (27.3-47.8) 0.552
p® 0.263 0.007 0.005
after treatment 31.8 (28.8-36.9) 194 (11.9-33.3) 289 (23.0-35.0)  36.9 (27.3-47.8)%¢ <0.001

2Significance of differences among enzyme activities of four groups in the same line; Kruskal Wallis test.

bSignificance of differences between enzyme activities of the same groups before and after the treatment; Wilcoxon signed ranks test.

“Significant differences between the groups (p < 0.05, Bonferroni-adjusted Mann-Whitney U-test): ‘control vs oral iron treatment group; Ycontrol vs parenteral iron treat-
ment group; “control vs parenteral iron plus vitamin E treatment group; and foral vs parenteral iron treatment group.

There were no differences in GSH-Px activity
among the groups before the treatment period, but af-
terwards the differences were significant (Table 1). In
comparison with control group, GSH-Px activities in
patients treated with parenteral iron and parenteral
iron plus vitamin E decreased after the treatment (Ta-
ble 1). GSH-Px activity in the patients treated with
parenteral iron was lower than in the patients treated
with oral iron and in the control group (Table 1). Iron
treatment caused a decrease in GSH-Px activities in
groups treated with parenteral iron and parenteral
iron plus vitamin E (Table 1).

No correlations were found between serum iron
concentration and SOD activity or between serum
iron concentration and GSH-Px activity.

Discussion

Erythrocytes are equipped with a highly effective
antioxidant defense system. In comparison with other
cell types, they possess highly active antioxidant en-
zymes, such as SOD and GSH-Px. However, it is re-
ported that antioxidant capacity of erythrocytes is re-
duced in iron deficiency anemia (4,6-10). In our
study, low SOD activity in anemic patients signifi-
cantly increased after every treatment modality. GSH-
Px activities in anemic patients were similar to that of
the controls, but significantly decreased after paren-
teral iron and parenteral iron plus vitamin E treat-
ments.

The causes of increased oxidative stress and de-
creased antioxidant defense in iron deficiency ane-
mia have not been completely explained, although a
significant increase in lipid peroxidation has been
found (6,8,10). In addition to decreased antioxidant
defense system activity and increased lipid peroxi-
dation in erythrocytes of patients with iron deficiency
anemia, Kumerova et al (6) found that pentose phos-
phate pathway activity was also reduced in iron defi-
ciency anemia. Bartal et al (10) reported that iron defi-
ciency anemia erythrocytes were more susceptible to
oxidation but had good capacity for recovery. Some
researchers observed increased SOD activity in pa-
tients with iron deficiency anemia (2,4,5). Jansson et
al (4) suggested that increased SOD formation was a
compensatory factor for increased oxidant stress.
Other research (6,7) showed decreased activities of
antioxidant enzymes, such as SOD, GSH-Px, and
catalase, in patients with iron deficiency anemia. In
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the present study, SOD activity in anemic patients
was lower than that of control group, which might be
caused by insufficient nutrition and oxidative stress
under hypoxic condition. It is well known that reac-
tive oxygen species, especially hydrogen peroxide,
inhibit SOD activity (11). Furthermore, decreased
SOD activity may contribute to free radical produc-
tion.

Yetgin et al (12) found that selenium concentra-
tion was significantly lower in iron deficiency ane-
mia. GSH-Px is a selenium-dependent enzyme and
may be affected by selenium deficiency. Significant
correlation was reported between serum iron, sele-
nium concentration, and GSH-Px activity (7,13).
Sevgi et al (14) observed decreased neutrophil
GSH-Px activity in iron deficient anemic children.
Cellerino et al (7) observed decreased GSH-Px activ-
ity in patients with iron deficiency anemia, and sug-
gested that iron could be of crucial importance for
erythrocyte GSH-Px activity in thalassemia and side-
roblastic anemia. However, Acharya et al (2) showed
that GSH-Px activity in anemia was similar to that of
normal cells. We also found similar GSH-Px activities
in the anemic and control groups. GSH-Px activity in
our study was in accordance with the results of
Acharya et al (2), and in contrast to the results of many
others mentioned above. No correlations were ob-
served between iron concentration and GSH-Px activ-
ity in our study. Therefore, we can speculate that iron
is not the only cause of changes in GSH-Px and SOD
activity in patients with iron deficiency anemia.
Other minerals, such as Cu, Zn, Mn, and Se, which
mediate the activities of these enzymes, may also play
important roles in the alteration of enzyme activity. It
has been reported that the activities of pentose phos-
phate pathway enzymes, the major source of the
NADPH production, were increased in patients with
iron deficiency anemia (15). Since GSH-Px activity
depends on NADPH levels produced by pentose
phosphate pathway, this may explain why the
GSH-Px activity was within the normal level in pa-
tients with iron deficiency anemia, as opposed to sig-
nificantly low SOD activity in comparison with
healthy subjects.

In the present study, SOD activity increased to
normal levels in all anemic groups after the treatment,
and there was no difference among the experimental
groups. On the other hand, GSH-Px activity signifi-
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cantly decreased after parenteral iron and parenteral
iron plus vitamin E treatments, as compared with the
GSH-Px activity values before the treatments and
GSH-Px activity of control group. We can, therefore,
speculate that parenteral iron treatment failed to re-
store the antioxidant system, at least in the early pe-
riod of the treatment. Iron treatment, especially via
parenteral route, may give rise to increased free iron
concentration in cells, which may induce free radical
production. After parenteral iron administration, ab-
sorption may last for at least four weeks; hence free-
radical formation may be prolonged (1). It is clear that
iron can cause hydroxyl radical production via the
Fenton and Haber-Weiss reactions and promote lipid
peroxidation (16), which is why some investigators
recommend the avoidance of iron overuse (17).

In the present study, we also tested whether vita-
min E supplementation to parenteral iron affects ery-
throcyte antioxidant enzyme status. It is known that
vitamin E is a strong antioxidant (18) and therefore
can be expected to contribute to the normalization of
impaired antioxidant enzyme status in erythrocytes.
We found that vitamin E supplementation to parente-
ral iron therapy did not additionally increase SOD ac-
tivity, but did increase GSH-Px activity, as compared
with parenteral iron only treatment. However, this in-
crease was not insufficient to normalize GSH-Px ac-
tivity. This clearly indicated that administration of vi-
tamin E together with parenteral iron might provide
some benefit in restoring the antioxidant enzyme sta-
tus.

In conclusion, iron replacement by either oral or
parenteral route stimulates SOD activity in patients
with iron deficiency anemia. However, parenteral
iron treatment, unlike oral iron treatment, reduces
GSH-Px activity below the normal level found before
the treatment. Thus, oral iron treatment seems to be
better vehicle than parenteral iron treatment because
it restores the antioxidant defense system in patients
with iron deficiency anemia. When parenteral iron
treatment is inevitable, vitamin E supplementation
can be relatively effective in restoring the antioxidant
status.

The limitations of our study were the limited num-
ber of subjects, their non-random allocation, and the
fact that only women were included in the analysis. Al-
though our study showed that oral iron treatment
should be preferred in the treatment of iron deficiency
anemia because of its beneficial effect on antioxidant
system, larger randomized studies are needed to con-
firm our findings.
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