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ABSTRACT

Oxidant status and antioxidants play important roles in anemias. The present study was conducted to in-
vestigate the oxidant-antioxidant status in iron deficiency anemia (IDA), and to evaluate the antioxidant effect
of vitamin E in IDA treatment. Ten patients with IDA aged nine months were given only iron treatment, where-
as another 10 patients were administered both iron and vitamin E. The complete blood count, plasma malonyl-
dialdehyde (MDA) level, erythrocyte superoxide dismutase level, and the serum vitamin E level, both before
and within the treatment phases were examined. The reticulocyte count at the first week of treatment was fo-
und lower in the vitamin E-treated group. The mean corpuscular volume (MCV) was found higher in the vitamin
E-treated group at the end of therapy. The malonyldialdehyde levels of the group treated with vitamin E were
found lower during treatment. These results suggest that iron administration in IDA treatment may stimulate li-
pid peroxidation, and that vitamin E supplied with iron may reduce the MDA production. The hematological in-
dications of the findings of our study are that the reticulocyte response develops earlier and the microcytosis
recovery occurs more rapidly in the vitamin E-administered group in comparison with the group treated with
iron only. 
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ÖZET

Nütrisyonel demir eksikli¤i anemisi tedavisinde E vitamininin antioksidan etkisi

Serbest radikal reaksiyonlar› ve antioksidanlar anemi patogenezinde önemli rol oynar. Bu çal›flma demir
eksikli¤i anemisi (DEA) tedavisinde oksidan-antioksidan durumu saptamak ve DEA tedavisinde E vitamininin an-
tioksidan etkisini de¤erlendirmek amac›yla yap›lm›flt›r. Sadece demir tedavisi verilen dokuz ayl›k 10 hasta ve
demir ile birlikte E vitamini tedavisi verilen 10 hasta çal›flmaya al›nm›flt›r. Tam kan say›m›, plazma malonildial-
dehid (MDA) düzeyi, eritrosit süperoksid dismutaz (ESOD) düzeyi ve serum E vitamini düzeyi tedavi öncesi ve
tedavi s›ras›nda ölçülmüfltür. E vitamini ile tedavi edilen grupta retikülosit say›s› daha düflük bulunmufltur. Orta-
lama eritrosit hacmi E vitamini ile tedavi edilen grupta tedavinin sonunda yüksek bulunmufltur. Tedavi boyunca
MDA düzeyleri E vitamini ile tedavi edilen grupta daha düflük bulunmufltur. Bu sonuçlar DEA tedavisinde verilen



INTRODUCTION

Free radicals, oxidative stress, and anti-
oxidants have become commonly-used terms
in modern discussions of disease mecha-
nisms. The degree of lipid peroxidation in or-
ganisms can be investigated with malonyldi-
aldehyde (MDA), which is the breakdown
product of lipid peroxidation[1-3]. Antioxi-
dants, which act against oxidant damage in
a cell, consist of preventive and chain bre-
aking mechanisms. Superoxide dismutase
(SOD) is a preventive antioxidant, whereas
vitamin E is a chain breaking antioxidant.
Vitamin E is also the only lipid soluble, cha-
in-breaking antioxidant in human blood
plasma and erythrocyte membranes. Vitamin
E deficiency in erythrocytes causes the for-
mation of lipid peroxidation and hemoly-
sis[4,5]. 

Numerous investigations have indicated
the free radical reactions and preventive ro-
les of antioxidants in the pathogenesis of
anemias, especially hemolytic anemias[6-8].
Since the erythrocyte is a cell containing
high concentrations of polyunsatured fatty
acids, molecular oxygen and ferrous ions, it
is highly susceptible to oxidant damage[1,9].
On the other hand, iron is reported to cause
the generation of harmful oxygen derivatives
and the promotion of lipid peroxidation thro-
ugh the Haber-Weiss and Fenton reacti-
ons[10,11]. 

In iron deficiency anemia (IDA), previous
studies suggest that decreased red cell survi-
val and red cell membrane stiffness are se-
condary to an increased susceptibility of red
cells to oxidant stress[12,13]. It is also repor-
ted that if erythrocytes are incubated with an
oxidant substance, there occur increased le-

vels of MDA and decreased levels of catalase,
glutathione peroxidase, and vitamin E ac-
cur[14]. Also an increased level of red cell
SOD is reported in IDA, a finding suggesting
a compensatory increase in this enzyme se-
condary to an increased oxidant stress[15].
Several authors like Acharya et al., however,
showed that there is no evidence of an incre-
ased susceptibility of red cell to lipid peroxi-
dation in iron deficiency[16]. 

Oxidant evidences suggest that iron treat-
ment could induce lipid peroxidation similar
to thalassemias in IDA[9-11]. Treatment and
prophylactic strategies of IDA have been re-
searched in previous studies. The role of ex-
cess iron in causing intestinal oxidative
stress has drawn attention to other approac-
hes of iron supplementation. Prophylactic
administration of iron, along with antioxi-
dants like vitamins E and C, or with foods
rich in these vitamins may be a strategy[17].

The present study was conducted to in-
vestigate the oxidant-antioxidant status in
IDA, and to evaluate both the oxidant effect
of iron and the antioxidant effect of vitamin
E in IDA treatment. 

MATERIALS and METHODS

The present study was conducted at Gazi
University School of Medicine, Department of
Pediatrics. Totally 20 infants aged 9 months
(13 males + 7 females), who were diagnosed
to have IDA during their well-baby examina-
tions were examined. Informed consent was
provided by all parents. The research project
was approved by the Ethics Committee of the
School of Medicine. 

The diagnosis criteria of IDA involved he-
moglobin values below 10.5 g/dL, hematoc-
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demirin lipid peroksidasyonunu uyarabilece¤ini ve demir ile birlikte verilen E vitamininin MDA üretimini azaltabi-
lece¤ini göstermifltir. Çal›flmam›zdaki bulgular›n hematolojik göstergeleri sadece demir verilen gruba göre vi-
tamin E verilen grupta, retikülosit yan›t›n›n daha erken olmas› ve mikrositozun daha h›zl› düzelmesidir.
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rit values below 33%, erythrocyte count be-
low 3.7 x 1012/L, MCV values below 70 fl,
and mean corpuscular hemoglobin (MCH)
values below 23 pg. 

The patients were randomly divided into
two groups. Group one consisted of 10 pati-
ents who were given only iron treatment (fer-
roglycine sulfate, per oral drops, 4 mg/kg/d,
for 3 months). Group 2 consisted of 10 pati-
ents administered both iron (ferroglycine sul-
fate, per oral drops, 4 mg/kg/d, for 3
months) and vitamin E (100 mg/d, per oral
drops, for 1 month). Ten healthy non-anemic
subjects aged 9 months (6 males + 4 females)
were studied as controls.

The patients and controls were followed in
well-baby examinations. They had no history
of anemia in their prenatal, natal or neonatal
periods. Fifteen patients in the IDA group we-
re receiving cow’s milk. In the control group,
seven subjects were still breast-fed, and three
subjects were receiving cow’s milk.

The complete blood count, peripheral blo-
od analysis, reticulocyte count, serum ferri-
tin levels, serum iron and iron binding capa-
city levels, serum vitamin E levels, erythrocy-
te superoxide dismutase (ESOD) values and
plasma MDA levels were obtained from pati-
ents and healthy subjects before the treat-
ment.

The patients underwent clinical and labo-
ratory evaluations within the first week, first
month, and the third month of treatment.
The following blood analyses were performed
during treatment: complete blood count, pe-
ripheral blood analysis, reticulocyte count,
ESOD, and plasma MDA. At the end of treat-
ment, the serum ferritin and vitamin E levels
were also analyzed. 

The complete blood count was analyzed
by Beckman & Coulter MaxM. The reticu-
locyte count was determined by the standard
manual method. Serum ferritin levels (spect-
roferritin kit, RAMCO Laboratory, Inc., Ho-
uston, Texas, USA) were determined by the
enzyme immunoassay method. The serum

iron and iron binding capacity were measu-
red by a spectrophotometric assay. Plasma
MDA levels were determined by thiobarbitu-
ric acid reaction substance (TBARS) met-
hods, and ESOD levels were determined
using the method described by Winterbo-
urn[18,19]. Serum vitamin E levels were
analyzed spectrophotometrically using the
method described using Rindi[20].

Statistical Analysis

Data were analyzed by SPSS 10.0 for Win-
dows. Values are given in Tables as mean ±
standard deviation.

All laboratory parameters between IDA
groups and between the control group and
each IDA group were analyzed using the
Mann-whitney U test. This test was used to
analyze values not abtained parametrically.

All laboratory parameters were evaluated
by chi-square test regarding feeding strategi-
es in all infants, including the patients and
control infants. 

RESULTS

Laboratory Evaluations Before the 
Treatment

Tables 1 and 2 show the laboratory para-
meters of all patient and control groups. Be-
fore the treatment, some hematological indi-
ces with the exception of red cell distribution
width (RDW) were lower in all patients with
IDA as compared to the control group. Se-
rum ferritin, serum iron, and serum vitamin
E levels were lower in patient groups than in
the control group. RDW and serum iron bin-
ding capacity were significantly higher in the
patient groups. The reticulocyte count,
ESOD, and plasma MDA levels were found
similar between the IDA groups and controls. 

All patient and control infats were, evalu-
ated regarding feeding strategies. It was fo-
und that the infants who were fed with cow’s
milk demonstrated lower vitamin E levels
compared to the infants who were fed with
breast milk (p< 0.05). 
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Laboratory Evaluations at 
Treatment Phases

Hemoglobin and MCV values and the re-
ticulocyte count from IDA groups during the
treatment phase are shown in Table 3. Eva-
luation of each of the IDA groups during the
first week of treatment revealed that the reti-
culocyte count values were lower in the vita-
min E-treated group in comparison to the ot-
her patient group. This finding was statisti-
cally significant (p< 0.05).

During the first month of treatment, the
erythrocyte indices were found similar bet-
ween the two IDA groups. 

At the end of treatment, the MCV value in
the vitamin E-treated group was similar to
that in the control group. At that time, howe-
ver, the MCV value in the vitamin E-treated
group was found higher compared to the va-
lue in the group treated with iron only. This
difference between the patient groups was al-
so found statistically significant (p< 0.05). 

Table 4 shows the serum ferritin and vita-
min E levels of the iron deficiency groups.
The serum ferritin and vitamin E levels were
not different at the basal and third-month
evaluations.

As shown in Table 5 and Figure 1, the
plasma MDA values during the treatment
phase were significantly higher in the group
treated only with iron compared to the group
treated with both vitamin E and iron. This
finding, however, revealed a statistical signi-
ficance only in the third month of treatment
(p< 0.05). At the first week of treatment, the
ESOD levels were higher in the group treated
with vitamin E than in the group treated with
iron only (p< 0.05) (Figure 2). 

DISCUSSION

Decreased erythrocyte survival, which is
secondary to an increased susceptibility to
oxidant damage was reported in IDA. There
is an increased level of ESOD in this anemia,
suggesting a compensatory increase in this
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enzyme secondary to an increased oxidant
stress[15]. On the contrary, several studies
have indicated no increased sensitivity to pe-
roxidative damage and no differences in an-
tioxidant enzyme activities in IDA[16,21]. In a
pediatric age group, no differences were ob-
served in SOD and catalase activities betwe-
en an IDA group and controls[22]. The pre-
sent study shows that in patients with IDA,
the basal levels of plasma MDA and ESOD
were similar to in levels healthy children.

These findings are similar to those of previ-
ous studies wherein iron-deficiency depen-
dent oxidative damage was established.

Various biochemical changes such as re-
duced gastric acid secretion, impaired intes-
tinal absorption of fat, vitamin A and xylose,
and decreased serum vitamin E levels were
reported in iron deficiency[23,24]. Mino et al.
reported that vitamin E deficiency was seen
more frequently the infants receiving cow’s
milk than in breast-fed infants[25]. In the
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Table 4. Serum ferritin and serum vitamin E levels in patients

Before treatment Third month

Ferritin Vitamin E Ferritin Vitamin E
(ng/mL) (mg/dL) (ng/mL) (mg/dL)

Group 1 7.47 ± 4.06 0.54 ± 0.24 34.62 ± 8.67 0.67 ± 0.26

Group 2 7.05 ± 3.3 0.57 ± 0.21 39.14 ± 8.74 0.67 ± 0.16

P* p> 0.05 p> 0.05 p> 0.05 p> 0.05

Values given as mean ± standard deviation.
* Group 1 versus Group 2.

Figure 1. Plasma malonyldialdehyde levels in patients at treatment phases.
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present study, the infants fed with cow’s
milk showed decreased vitamin E levels. Vi-
tamin E deficiency can be secondary to dec-
reased absorption of vitamin E, especially in
infants fed with cow’s milk.

The role of excess iron in causing intesti-
nal oxidative stress has drawn attention to
other approaches of iron supplementation.
Prophylactic administration of iron along
with antioxidants like vitamins E and C, or
with foods rich in these vitamins is one such
strategy[17]. Mejia et al. showed that vitamin
A supplementation produced significant ele-
vations in the serum levels of blood hemoglo-
bin, hematocrit, erythrocytes, serum iron,
and percent transferring saturation in child-
ren with IDA[26]. Taniguchi et al. found that
in IDA, food-iron may be efficiently absorbed
as iron with vitamin C[27]. Zlotkin et al. also
showed that the use of ferrous sulfate drops
or ferrous fumarate sprinkles plus ascorbic
acid resulted in a similar rate of successful
treatment of anemia without side effects[28].
In an animal study, Srigiridhar et al. showed
that supplementation of α-tocopherol alone
or in combination with ascorbic acid protects
the gastrointestinal tract of iron-deficient
rats against iron-mediated oxidative damage
during iron repletion[29]. Treatment of iron
deficiency with ferrous fumarate deteriorated
plasma antioxidant status and increased
specific clinical symptoms in patients with
active Crohn disease[30]. The present study
provides a treatment approach involving the
use of both ferroglycine sulfate and vitamin
E for treating IDA. Our findings reflect the
variations in hematological parameters
emerging depending on the antioxidant affect
of vitamin E administered in IDA.

We determined in the present study lower
reticulocyte count values in the vitamin E-
treated group in comparison to the other pa-
tient group. On the other hand, any techni-
cal inadequacies arising from the aforemen-
tiored manual method might lead to relati-
vely lower reticulocyte counts in control in-
fants. At the end of treatment, the present
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findings of the group treated with vitamin E
revealed higher MCV values than in the gro-
up treated with iron only. Microcytosis, an
indicator of erythropoetic activity in IDA tre-
atment, is known as the last recovering para-
meter. In the group treated with vitamin E,
our findings regarding the high MCV values
and early reticulocyte crisis revealed that the
erythrocyte membrane was protected against
the lipid peroxidation by vitamin E.

In a previous study, Kurtoğlu et al. sho-
wed that the level of oxidative stress in IDA
patients decreases after the sixth week of
iron supplementation, and they suggested
that oral iron supplementation is recommen-
ded for the recovery of the impaired antioxi-
dant defense system in IDA[31]. KavaklI et al.
showed that there were minimal differences
between children treated with ferric or ferro-
us iron in antioxidant system activities and
the status of oxidizable substrates[32]. The
present study was conducted to investigate

the oxidant-antioxidant status in IDA and in
the treatment thereof. Our findings show
that increased MDA levels coexist both with
impaired ESOD and vitamin E activity at the
first month. These results can be explained
with several mechanisms. The most likely
explanation is the direct oxidant damage ca-
used by iron. Accordingly, the patients might
not be protected from the oxidant effect of
iron, as a result of having vitamin E defici-
ency. On the other hand, it is known that
iron supplement represents lower ESOD ac-
tivities. Since iron, copper, and zinc have si-
milar physicochemical properties, interacti-
ons can occur among them, which can ad-
versely affect the metabolism and absorption
of these metals. Similarly, these interactions
explain the decreased ESOD levels in the IDA
treatment[33,34]. The decreased MDA levels
observed during treatment may be explained
with the preventive effect of vitamin E aga-
inst increased oxidant damage caused by
iron. Those factors except vitamin E may
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Figure 2. Erythrocyte superoxide dismutase activities in patients at treatment phases.
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possibly be involved in the decrease in MDA.
Increased vitamin E levels at the end of tre-
atment, which were observed in all patients
with IDA, may be related to an improvement
in nutrition subsequent to the commence-
ment of anemia treatment and to the reco-
very of absorption irregularities in the intes-
tinal mucosa. 

In conclusion, an increase in lipid peroxi-
dation may be observed in IDA treatment, si-
milar to iron overload such as thalassemias.
An important effect of vitamin E supplemen-
tation is the significant decreases in MDA le-
vels. This yields a preventive mechanism of
vitamin E against the oxidative effect of iron.
The hematological significances of these re-
sults are both the rapid recovery of microcy-
tosis and the earlier formation of reticulocy-
te responses. Therefore, it has been conclu-
ded that vitamin E supplementation to iron
treatment provides earlier recovery in mic-
rocytosis at the end of treatment, without
any effect on hemoglobin values in children
with IDA, especially those fed with cow's
milk. It is recommended that comparative
studies be conducted on this subject, especi-
ally for determining the dosage and duration
of vitamin E supplementation to iron treat-
ment in IDA.

Acknowledgement

The authors thank Haluk Orhon for revi-
ewing the language of this article.

REFERENCES

1. McCord J. The evaluation of free radicals and oxida-
tive stress. Am J Med 2000;108:652-9.

2. Chiu D, Kuypers F, Lubin B. Lipid peroxidation in
human red cells. Semin Hematol 1989;26:257-76.

3. Meagher E, Fitzgerald GA. Indices of lipid peroxida-
tion in vivo: strengths and limitations. Free Rad Biol
Med 2000;28:1745-50.

4. Yagi K. Lipid peroxides and human diseases. Chem
Phys Lipids 1987;45:337-51.

5. Burton GW, Joyce A, Ingold KU. Is vitamin E the
only lipid-soluble, chain-breaking antioxidant in hu-
man blood plasma and erythrocyte membranes?
Arch Biochem Biophys 1983;221:281-90.

6. Scott MD, Van den Berg JJM, Repka T, Rouyer-Fes-
sard P, Hebbel RP, Beuzard Y, Lubin BH. Effect of
excess α-hemoglobin chains on cellular and memb-
rane oxidation in model β-thalassemic erythrocytes.
J Clin Invest 1993;91:1706-12.

7. De Furia FG, Miller DR, Canale VC. Red blood cell
metabolism and function in transfused β-thalassemia.
Ann NY Acad Sci 1982;393:323-32.

8. Rachmilewitz EA, Kornberg A, Acker M. Vitamin E
deficiency due to increased consumption in β-thalas-
semia and in Gaucher’s disease. Ann NY Acad Sci
1982;393:336-47.

9. Minotti G, Aust SD. The role of iron in the initiation
of lipid peroxidation. Chem Phys Lipids 1987;44:
191-208.

10. Hershko C. Mechanism of iron toxicity and its pos-
sible role in red cell membrane damage. Semin He-
matol 1989;26:277-85.

11. Emerit J, Beaumont C, Trivin F. Iron metabolism,
free radicals, and oxidative injury. Biomed Pharma-
cother 2001;55:333-9.

12. Macdougall LG. Red cell metabolism in iron defici-
ency anemia III. The relationship between glutathi-
one peroxidase, catalase, serum vitamin E, and sus-
ceptibility of iron-deficient red cells to oxidative he-
molysis. J Pediatr 1972;80:775-8.

13. Bartal M, Mazor D, Dvilansky A, Meyerstein N. Iron
deficiency anemia: recovery from in vitro oxidative
stress. Acta Haematol 1993;90:94-8.

14. Yip R, Mohandas N, Clark MR, Jain S, Shohet SB,
Dallman PR. Red cell membrane stiffness in iron de-
ficiency. Blood 1983;62:99-106.

15. Jansson LT, Perkkio MV, Willis WT, Refino CJ, Dall-
man PR. Red cell superoxide dismutase is increased
in iron deficiency anemia. Acta Haematol
1985;74:218-21.

16. Acharya J, Punchard NA, Taylor JA, Thompson
RPH, Pearson TC. Red cell lipid peroxidation and
antioxidant enzymes in iron deficiency. Eur J Ha-
ematol 1991;47:287-91.

17. Nair K. Alternate strategies for improving iron nutri-
tion: lessons from recent research. Br J Nutr
2001;85(Suppl 2):187-91.

18. Kurtel H, Granger DN, Tso P, Grisham MB. Vulne-
rability of intestinal interstitial fluid to oxidant stress.
Am J Physiol 1992;263:573-8.

19. Winterbourn CC, Hawkins RE, Brian M, Carrel RW.
The estimation of red cell superoxide dismutase acti-
vity. J Lab Clin Med 1975;85:337-41.

20. Rindi G. A rapid colorimetric method for determina-
tion of tocopherol and tocopheryl acetate in plasma.
Int Rev Vit Res 1958;28:225.

21. Rao J, Jagadeesan V. Lipid peroxidation and activi-
ties of antioxidant enzymes in iron deficiency and ef-
fect of carcinogen feeding. Free Rad Biol Med
1996;21:103-8.

Turk J Hematol 2006;23(1):15-24 23

Antioxidant effect of vitamin E
in the treatment of nutritional iron deficiency anemia fiimflek Orhon F, Öztürk G, Erbafl D, Hasano¤lu A.



22. Tekin D, Yavuzer S, Tekin M, Akar N, Cin S. Possib-
le effects of antioxidant status on increased platelet
aggregation in childhood iron-deficiency anemia. Pe-
diatric Int 2001;43:74-7.

23. Dallman PR, Yip R, Oski FA. Iron deficiency and re-
lated nutritional anemias. In: Nathan DG, Oski FA,
(eds). Hematology of Infancy and Childhood. 4th ed.
Philadelphia: WB Saunders, 1993:413-50.

24. Baynes RD, Bothwell TH. Iron deficiency. Ann Rev
Nutr 1990;10:133-48.

25. Mino M, Nakagawa S, Tamai H ,Miki M. Clinical
evaluation of red blood cell tocopherol. Ann NY
Acad Sci 1982;393:175-8.

26. Mejia LA, Chew F. Hematological effect of supple-
menting anemic children with vitamin A alone and in
combination with iron. Am J Clin Nutr
1988;48:595-600.

27. Taniguchi M, Imamura H, Shirota T,Okamatsu H, Fu-
jii Y, Toba M, Hashimoto F. Improvement in iron de-
ficiency anemia through therapy with ferric ammoni-
um citrate and vitamin C and the effects of aerobic
exercise. J Nutr Sci Vitaminol 1991;37:161-71.

28. Zlotkin S, Arthur P, Antwi KY, Yeung G. Treatment
of anemia with microencapsulated ferrous fumarate
plus ascorbic acid supplied as sprinkles to comple-
mentary (weaning) foods. Am J Clin Nutr
2001;74:791-5.

29. Srigiridhar K, Madhavan Nair K. Supplementation
with α-tocopherol or a combination of α-tocopherol
and ascorbic acid protects the gastrointestinal tract
of iron-deficient rats against iron-induced oxidative
damage during iron repletion. Br J Nutr 2000;84:
165-73.

30. Erichsen K, Hausken T, Ulvik RJ, Svardal A, Berstad
A, Berge RK. Ferrous fumarate deterorated plasma
antioxidant status in patients with Crohn disease.
Scand J Gastroenterol 2003;5:543-8.

31. Kurtoglu E, Ugur A, Baltacı AK, Undar L. Effect of
iron supplementation on oxidative stress and antioxi-
dant status in iron-deficiency anemia. Biol Trace
Elem Res 2003;96:117-23.

32. Kavaklı K, Yılmaz D, Çetinkaya B, Balkan C, Yıldı-
rım Sözmen E, Girgin Sağın F. Safety profiles of
Fe2+ and Fe3+ oral preparations in the treatment of
iron deficiency anemia in children. Pediatr Hematol
Oncol 2004;21:403-10.

33. Barclay SM, Agett PJ, Lloyd DJ, Duffty P. Reduced
erythrocyte superoxide dismutase activity in low birth
weight infants given iron supplements. Pediatr Res
1991;29:297-301.

34. Yadrick MK, Kenney MA, Winterfeldt EA. Iron, cop-
per and zinc status: response to supplementation
with zinc or zinc and iron in adult females. Am J Clin
Nutr 1989;49:145-50.

Address for Correspondence:

Filiz ŞİMŞEK ORHON, MD

Department of Pediatric
Department of Social Pediatrics
Ankara University School of Medicine 
Dikimevi, Ankara, TURKEY

e-mail: simsekfiliz@hotmail.com

Turk J Hematol 2006;23(1):15-2424

fiimflek Orhon F, Öztürk G, Erbafl D, Hasano¤lu A.
Antioxidant effect of vitamin E

in the treatment of nutritional iron deficiency anemia


