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Evaluation of oxidative status in iron deficiency
anemia through total antioxidant capacity
measured using an automated method

Demir eksikligi anemisinde ofomatik bir yonterm kullanilarak total
antioksidan kapasite ile oksidatif durumun degerlendirilmesi
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Abstract

Objective: Oxidative stress, an increase in oxidants and/or a decrease in antioxidant capacity, is one of
the potential biochemical mechanisms involved in the pathogenesis of iron deficiency anemia. The objec-
tive of this study was to evaluate the oxidative status and to determine whether there is any relationship
between oxidative status and the severity of anemia in patients with iron deficiency anemia using an
automated method.

Materials and Methods: Twenty-six subjects with iron deficiency anemia and 20 healthy controls were
enrolled in the present study. Serum total antioxidant capacity, serum total peroxide level and oxidative
stress index were determined in all study subjects.

Results: Serum total antioxidant capacity was significantly lower in patients with iron deficiency anemia
than controls (p<0.05), while serum total peroxide level and oxidative stress index were significantly
higher (both p<0.05). There was a significant correlation between hemoglobin level and serum total
peroxide level, oxidative stress index and total antioxidant capacity (r=-0.504, p<0.05; r=-0.503,
p<0.05; r=0.417, p<0.05, respectively).

Conclusion: Increased oxidative stress may play a role in the pathogenesis of iron deficiency anemia.
Supplementation of antioxidant vitamins in conjunction with iron replacement therapy may offer better
responses and provide early resolution of symptoms related to iron deficiency anemia. The automated
assay is a reliable and easily applied method for measurement of serum total antioxidant capacity in iron
deficiency anemia. (Turk J Hematol 2011; 28: 42-6)
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6zet

Amag: Oksidanlarda artis veya antioksidanlarda azalma olan oksidatif stres demir eksikligi anemisinin
patogenezinde olasi biyokimyasal mekanizmalardan biridir. Bu calismamizin amaci otomatik bir yéntem

Address for Correspondence: M.D. Mehmet Aslan, Department of Internal Medicine Clinic, Ozel Ercis Capa Medicine Center, Van, Turkey
Phone: +90 414 314 02 16 E-mail: m.aslan301@mynet.com

doi:10.5152/tjh.2011.04



Turk J Hernatol 2011; 28: 42-6

Aslan et al.
Oxidative stress and iron deficiency anemia

43

kullanilarak demir eksikligi anemili hastalarda oksidatif durumu ve aneminin ciddiyeti ile oksidatif
durum arasinda herhangi bir iligkinin olup olmadigim degerlendirmektir.

Yéntem ve Gerecler: Calismaya 26 demir eksikligi anemili hasta ve 20 saghkh kisi alindi. Tiim calisma
olgularinda serum total antioksidan kapasite, total peroksit seviyesi ve oksidatif stres indeksi 6lciildii.
Bulgular: Demir eksikligi anemili hastalarda serum total antioksidan kapasitesi kontrol grubuna gére
anlamh derecede diisiik bulunurken (p<0.05), serum total peroksit seviyesi ve oksidatif stres indeksi ise
anlamh derecede yiiksek bulundu (her ikisi icin p<0.05). Hemoglobin seviyeleri ile serum total peroksit
seviyesi, oksidatif stres indeksi ve total antioisidan kapasite arasinda anlamh bir korelasyon vard: (sira-
siyla; r= -0.504, p<0.05; r= -0.503, p<0.05; r= 0.417, p<0.05).

Sonug: Artmus oksidatif stres demir eksikligi anemisinin patogenezinde bir rol aynayabilir. Demir eksik-
ligi anemili hastalarda demir replasman tedavisi ile birlikte antioksidan vitaminlerin verilmesi daha iyi
yamtlar sunabilir ve demir eksikligi anemisi ile ilgili semptomlarin erken diizelmesini saglar. Bu otomatik
test demir eksikligi anemisinde serum total antioksidan kapasitenin 6l¢iimii icin giivenilir ve kolay uygu-
lanabilen bir yontemdir. (Turk J Hernatol 2011; 28: xx-xx)

Anahtar kelimeler: Demir eksikligi anemisi, total peroksit, total antioksidan kapasite, oksidatif stres
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Introduction

Anemia is a pathologic condition in which there
is a decrease in red blood cell mass or a decrease
in the amount of hemoglobin. Iron deficiency is the
most common nutritional problem worldwide,
causing iron deficiency anemia (IDA) in approxi-
mately 500 to 600 million people [1]. [ron deficiency
also affects the production of other Fe2+ containing
proteins such as cytochromes, myoglobin, catalase
(CAT) and peroxidase [2]. Thus, IDA is associated
with prematurity and low birth weight during preg-
nancy, defects in cognitive and psychomotor devel-
opment during childhood, and impaired work
capacity in adulthood [3-5].

Reactive oxygen species (ROS) are oxygen-con-
taining molecules that are produced during normal
metabolism [6]. The organism has enzymatic and
non-enzymatic antioxidant systems that neutralize the
harmful effects of endogenous ROS products. Under
certain conditions, the oxidative or antioxidative bal-
ance shifts towards the oxidative status as a result of
an increase in ROS and/or impairment in the antioxi-
dant mechanism. Thus, oxidative stress develops [7].

Increased oxidative stress in IDA subjects was
reported in several studies, in which the oxidative
status was evaluated using measurement of oxi-
dants, individual antioxidants, or both [8-14]. In
these studies, it has been reported that oxidants
were increased and antioxidants were decreased,
and as a result, the oxidative/anti-oxidative balance
shifted toward the oxidative side in patients with
IDA. Thus, increased oxidative stress may contrib-
ute to the pathogenesis of patients with IDA. To our
best knowledge, oxidative status in IDA subjects

and its relation to the severity of anemia were not
previously investigated using a measurement of
total antioxidant capacity (TAC) along with oxidants
and calculation of the oxidative stress index (OSI),
indicators of oxidative stress that reflect the redox
balance between oxidation and antioxidation.

Thus, in the present study, we aimed to evaluate
the oxidative status and to determine whether there
is any relationship between oxidative status and the
severity of anemia in IDA patients using measure-
ments of TAC and total peroxide (TP) level and cal-
culation of OSI.

Materials and Methods

A total of 26 female subjects with IDA and 20
healthy female controls were included in the pres-
ent study. The study protocol was carried out in
accordance with the Helsinki Declaration as revised
in 1989 and approved by the local research commit-
tee for ethics. All subjects were informed about the
study protocol and written consents were obtained
from all participants.

Iron deficiency was defined as serum ferritin
concentration <15 wg/L, indicating depleted iron
stores; hemoglobin (Hb)<10 g/dl and a mean cor-
puscular volume (MCV) <80 fl and/or a mean cor-
puscular Hb concentration (MCHC) <32 g/dl. In
order to exclude the presence of thalassemia trait,
subjects with MCV <80 fl underwent Hb electro-
phoresis, and examination of the blood smear for
Hb-H inclusion bodies was performed.

Routine blood biochemistry, tumor marker deter-
mination, stool examination for parasites, gyneco-
logic examination, pelvic ultrasonography, and gas-
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trointestinal endoscopic examination were per-
formed in all subjects with IDA.

Subjects with IDA were included if their bio-
chemical, radiological and endoscopic examina-
tions were normal. Most IDA subjects had regular
menstrual bleeding; only three of them were con-
sidered to have dysfunctional menstrual bleeding.
In all study subjects, IDA was considered to be sec-
ondary to the inadequate intake of an iron-contain-
ing diet despite the monthly iron loss through men-
strual bleeding.

Exclusion criteria

Exclusion criteria included usage of supplemen-
tal vitamins and existence of diabetes mellitus,
coronary artery disease, rheumatoid arthritis, malig-
nancy, myoma uteri, systemic or local infection,
hypertension, acute-chronic liver diseases, renal
dysfunction, anemias other than IDA, and gastroin-
testinal parasitic diseases.

Blood sample collection

Blood samples were drawn after an overnight
fast. Serum was separated by centrifugation at 1500
g for 10 minutes (min) and stored at -80°C until use.

Measurement of serum total antioxidant potential

Serum TAC was determined using a novel auto-
mated measurement method, developed by Erel
[15]. In this method, hydroxyl radical - the most
potent biological radical - is produced. In the assay,
ferrous ion solution, which is present in Reagent 1,
is mixed by hydrogen peroxide, which is present in
Reagent 2. The sequentially produced radicals such
as brown-colored dianisidinyl radical cation, pro-
duced by the hydroxyl radical, are also potent radi-
cals. This method measures the antioxidative effect
of the sample against the potent free radical reac-
tions, which are initiated by the produced hydroxyl
radical. The assay has excellent precision values
lower than 3%. The results are expressed as mmol
Trolox Equivalent/L.

Measurement of total serum peroxide concentration
Serum TP concentrations were determined by
an enzymatic assay as described previously [16].
The FOX2 test system is based on oxidation of fer-
rous ion to ferric ion by various types of peroxides

contained within the serum samples, to produce a
colored ferric-xylenol orange complex, the absor-
bance of which can be measured. Briefly, the FOX2
reagent was prepared by dissolving ammonium fer-
rous sulphate (9.8 mg) in 250 mM H,SO, (10 ml), to
give a final concentration of 250 uM ferrous ion in
acid. This solution was then added to 90 ml of
HPLC-grade methanol containing 79.2 mg butylated
hydroxytoluene (BHT). Finally, 7.6 mg xylenol
orange was added while stirring to make the final
working reagent (250 uM ammonium ferrous sul-
phate, 100 uM xylenol orange, 25mM H,SO, and 4
mM BHT in 90% v/v methanol in a final volume of
100 ml). The blank reagent contained all the com-
ponents of the solution except ferrous sulphate.

Aliquots (200 ul) of serum were mixed with 1800
ml FOX2 reagent. After incubation at room tempera-
ture for 30 min, the vials were centrifuged at 12000
g for 10 min. Absorbance of the supernatant was
then determined at 560 nm. TP content of serum
samples was determined as a function of the absor-
bance difference between sample and blank tubes
using a solution of H,O, as standard. The coefficient
of variation for individual serum samples was less
than 5%.

Oxidative stress index
The percent ratio of the TP to the TAC gave the OSI,
an indicator of the degree of oxidative stress [17].

Other parameters

Routine biochemical analyses were made using
auto-analyzer (Aeroset®, Abbott, Germany).
Complete blood count was performed using
Celdyne 3700 Haematology Analyser. Serum ferritin
was measured using an immunometric assay (che-
miluminescence) (Aeroset®, Abbott).

Statistical analysis

All data were expressed as mean=standard devi-
ation (SD). The comparisons of parameters were
performed using Student’s ¢ test, and correlation
analyses were performed using Pearson’s correlation
test. A p value <0.05 was accepted as significant.

Results
Demographic and clinical data of the subjects

are shown in Table 1. There were no significant dif-
ferences between IDA subjects and controls with
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respect to age, gender and body mass index (BMI)
(all p>0.05).

TAC, TP level and OSI in IDA subjects and con-
trols are shown in Table 2. TP and OSI were signifi-
cantly higher in IDA subjects than controls (both
p<0.05), while TAC was significantly lower (p<0.05).

A significant positive correlation was observed
between TAC and Hb level (r=0.417, p<0.05). On
the contrary, TP level and OSI were negatively cor-
related with Hb level (r=-0.504, p<0.05 and r=-0.503,
p<0.05, respectively).

Discussion

Normal cell functions and integrity of cell struc-
tures may be broken via considerable reactivity of
ROS. The organism has enzymatic, such as superox-
ide dismutase (SOD), CAT, glutathione peroxidase
(GSH-Px), and non-enzymatic (e.g. vitamin C, vita-
min E) antioxidant mechanisms that work as scav-
engers against ROS [7].

In the present study, we observed that the
patients with IDA are exposed to increased oxida-
tive stress, and the potency of the oxidative stress is
significantly related to the severity of anemia. The
increase in oxidative stress that was observed in
IDA subjects in the present study resulted from both
increase in oxidants and decrease in TAC.

Table 1. Demographic and clinical parameters in controls and IDA
patients

Parameters IDA (n=26) Controls (n=20) p
Age (years) 41+5 40+6 ns
BMI (kg/m?2) 22.4+1.8 23.2x2.1 ns
Hb (g/dl) 7.56+1.09 15.40%+1.60 p<0.001
Hct (%) 25.7%£2.78 40.00+3.26 p<0.001
MCV (fl) 63.71+7.40 85.70+2.90 p<0.001
Ferritin (ug/L) 5.71+3.48 76.35£33.28 p<0.001

BMI: Body mass index; Hb: Hemoglobin; Het: Hematocrit; MCV: Mean corpuscular
volume; IDA: Iron deficiency anemia.Values are mean =+ SD; ns: non significant

Table 2. Oxidative and antioxidative parameters in controls and IDA
patients

Parameters IDA (n=26) Controls (n=20) p

TAC (m mol Trolox Eq./L)  1.66+0.12 1.76+0.10 p<0.05
TP (umol HyOy Equiv/L)  9.26+0.02 6.86=0.12 p<0.05
OSI (Arbitrary Unit) 5.57=0.16 3.89=1.20 p<0.05

Values are mean = SD, TAC: Total antioxidant capacity; TP: Total peroxide; OSI:
Oxidative stress index; IDA: Iron deficiency anemia

Oxidant levels and antioxidant enzyme activities
such as SOD, GSH-Px and CAT have been evaluated
in several studies [8-14]. Although conflicting results
have been reported [8,10], it is generally accepted
that oxidative stress is increased through increase in
oxidant levels and/or decrease in antioxidant enzyme
capacities in IDA. Generally, decreased GSH-Px activ-
ity along with normal or increased SOD and CAT
activity are the main findings in IDA [10,11]. However,
in some studies, normal GSH-Px activity along with
decreased SOD and CAT activity or decrease in all of
these activities was also reported [12,13].

The effects of various antioxidants in serum are
additive, and the cooperation of antioxidants in
human serum protects the organism against attacks
by free radicals [18]. Thus, measurement of indi-
vidual antioxidants may not accurately reflect the
true antioxidant status of the organism. In this
regard, measurement of TAC should be essential in
evaluating the true antioxidant status [12,15,19,20].

The most widely used methods for oxidative sta-
tus measurement are colorimetric, or involve either
fluorescence or chemiluminescence [21-23]. The
fluorescence and chemiluminescence methods
require sophisticated techniques, and these
improved systems are not present in many routine
clinical biochemistry laboratories. Even when these
technologies are available, their routine usage is
limited [20].

In the present study, we used an automated
method, which has several major advantages in
comparison with the other currently available meth-
ods, to measure TAC in our study population. It is
simple and cheap, and can easily be a fully auto-
mated method. It is also reliable and sensitive, and
does not interact with commonly occurring serum
components such as bilirubin, serum lipids and
anticoagulants. Accurate measurements of TAC can
be obtained in as little as 10 minutes, making this
assay imminently suitable for the clinical biochem-
istry laboratory [18].

Although our results were in concordance with
the studies mentioned above with respect to
increase in oxidative stress, none of the previous
studies evaluated oxidative stress using TAC mea-
surement. To our knowledge, this is the first study in
which antioxidant capacity of IDA subjects was
determined using measurement of TAC along with
measurement of TP level and calculation of OSI.
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In light of these findings, we concluded that oxi-
dative stress may have a critical role in the patho-
genesis of IDA and is associated with the disease
severity. Supplementation of antioxidant vitamins in
conjunction with iron replacement therapy may
offer better responses and provide early resolution
of symptoms related to IDA. In addition, the auto-
mated assay is a reliable and easily applied method
for serum TAC measurement in subjects with IDA.
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