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Abstract

Background. Anemia is a disease that is long and often repetitive and can result in a great burden to the
national economy. The most frequent nutritional deficiency anemias in children are related with iron and
vitamin B12 deficiencies.

Objectives. The aim of this study was to determine the oxidative stress, hepcidin, and nesfatin-I levels
in childhood iron and vitamin B12 deficiency anemias.

Material and methods. The study had 3 groups of 15 children, iron anemia deficiency group, vitamin
B12 deficiency group and a control group.

Results. The TBARS and nesfatin-I levels were significantly higher in the iron and vitamin B12 deficiency
groups and the total antioxidant levels were significantly lower when compared to the control group.
In contrast, the plasma hepcidin levels were significantly lower in the iron deficiency group (p < 0.01)
when compared to the control group; however, no significant differences were observed in the vitamin B12
deficiency group. Plasma homocysteine levels were significantly higher in the vitamin B12 deficiency group
when compared to the control group (p < 0.001), but no differences were determined between the iron
deficiency and control groups.

Conclusions. Our results showed that there are high levels of oxidative stress in childhood iron and vitamin
B12 deficiency anemias, and we propose that plasma hepcidin and homocycteine levels may be useful
in the differential diagnosis of childhood nutritional deficiency anemias. Nesfatin-1 hormone levels were
identified for the first time in childhood iron deficiency and vitamin B12 deficiency anemias within this
study and this hormone may also be useful in the differential diagnosis of anemias.
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Nutritional anemia is the most common blood related
disorder in the world due to the inadequate intake of nu-
trients such us iron, folic acid and vitamin B12. Accord-
ing to the World Health Organization (WHO), 1/4 of the
world’s population has iron deficiency anemia.! Iron, be-
cause of its ability to exchange electrons, plays an impor-
tant role in oxygen transport, energy production, deok-
siribonucleic acid (DNA), ribonucleic acid (RNA) and
protein synthesis, which is why in iron deficiency anemia,
hypochromic, microcytic anemia occurs.? Although iron
deficiency anemia is observed in all age groups, it is more
prevalent in the 6—24 months age group and in adoles-
cence it is recognized as the most common cause of ane-
mia.? It is diagnosed by measuring hemoglobin levels, in
which a concentration less than 14 g/dL in males and 12
g/dL in females is considered diagnostic.*

Vitamin B12 is a water soluble vitamin synthesized
mainly by microorganisms and its deficiency develops
mainly due to inadequate intake of animal protein lead-
ing to megaloblastic anemia.” The most important func-
tion of vitamin B12 is in the construction of DNA which
is essential for the division and proliferation of cells and
also for erythropoiesis. The physiological range of serum
vitamin B12 is 200-900 pg/mL and levels below these
display vitamin B12 deficiency symptoms.®

Hepcidin is a recently discovered hormone which is syn-
thesized in the liver and is an antimicrobial protein dis-
playing antibacterial and antifungal properties and main-
tains iron balance in the microorganism thus regulating
its metabolism. When iron stores are adequate hepicidin
production is increased in the liver and erythropoietic
signals lead to the reduction in its synthesis. Hence, it can
regulate the way iron is transported from enterocytes to
the plasma in the small intestine. During anemia, a con-
dition in which hypoxia and iron stores are low, hepcidin
production is reduced; furthermore, hepcidin creates an
important link between the body’s defense, inflammation,
and iron metabolism.”® A previous study has shown that
during infection and inflammation, hepcidin synthesis is
significantly increased due to stimulation by IL-6.°

Nesfatin-1 is a satiety molecule that was first described
in 2006. It is present in the hypothalamus and consists of
82 amino acids.!? It is found not only in the brain tissue but
also in peripheral tissues such as the adipose tissue, stom-
ach, pancreatic islets, liver, and the testis. Redundancy of
nesfatin-1 causes loss of appetite and a decrease in body
weight, In addition to this anorexigenic effect, it also pro-
motes cardiac function, reduces the blood glucose level,
and induces fear and anxiety-like behaviors; hence, it is
a multifunctional peptide with anorectic effects.!®

The increase in the amount of oxidative stress reactive
oxygen species (ROS) is a condition characterized by a dis-
order of the antioxidant mechanisms.!! Free oxygen radi-
cals are being deactivated by the antioxidant system in the
organism and a balance between oxidative stress and anti-
oxidant systems is maintained; if this balance is disturbed,
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tissue damage may occur. Toxicity that is generated by free
oxygen radicals increases in the presence of transition met-
als such as iron or copper.'? It has been demonstrated that
people who are iron deficient have abnormalities, in eryth-
rocytes, and in protective mechanisms against oxidative
damage. On the other hand, an increase in iron deposition
creates hydroxyl radicals with Fenton and Haber-Weiss re-
actions, leading to DNA damage and cytotoxicity.!®

The possible impact of oxidative damage due to iron
and vitamin B12 deficiency in children and the resulting
damage to the children’s physical and mental develop-
ment has not yet been fully clarified. The determination
of oxidative damage due to childhood anemias can pos-
sibly make a significant contribution to the diagnosis and
treatment of this disease.

For this reason, this study was conducted in order to
determine the oxidative stress levels, hepcidin, and nes-
fatin-I hormone levels in childhood iron and vitamin B12
deficiency anemias. For the determination of oxidative
stress, thiobarbituric acid derivatives (TBARS), and total
antioxidant capacity (TAC) levels were determined.

Material and methods

This study was approved by the Ethics Committee from
Biilent Ecevit University School of Medicine and was con-
ducted on a group of children aged 4-9 years (average
mean age 6.1 + 1.4 years) that came to the Cankir1 State
Hospital Pediatric Outpatient Clinic between September
2011 and May 2012. Fifteen children were assigned to each
of the 3 groups, iron deficiency anemia, vitamin B12 defi-
ciency anemia, and an apparently healthy group (control
group). The exclusion criteria included children suffer-
ing from inflammatory diseases, children with a known
chronic disease and who had taken antibiotics in the last
4 weeks. Iron deficiency anemia group was composed of
children who had hemoglobin (Hb) level of < 11.5 g/dL,
serum iron < 30 mg/dL and ferritin < 15 ng/mL and, vita-
min B12 deficiency group had Hb level of < 11.5 g/dL, and
vitamin B12 levels of < 200 pg/dL.

Three mL of venous blood was taken from the children
and placed in tubes containing anticoagulant and the
plasma was separated for biochemical analysis. In order
to inhibit fragmentizing of nesfatin-1 hormone by serine
protease 2 mg/mL 4-[2-aminoethyl benzene] sulfonyl flu-
oride (AEBSF) was added to anticoagulant tubes. Plasma
samples were placed into the eppendorf tube and stored
at -80°C, until analyses.

Laboratory methods

Plasma iron, ferritin, hemoglobin and vitamin B12 lev-
els were performed on an automated analyzer (Roche, DP
Moduler System, Tokyo, Japan) using commercial test
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kits. For the quantitative measurement of TBARS, Oxise-
lect™ TBARS Assay Kit (Cell Biolabs, USA) were used.
The Oxiselect™ TBARS Assay Kit is a tool for the direct
quantitative measurement of malondialdehyde (MDA) in
biological samples. Plasma TAC levels were measured by
using Rel Assay Diagnostics kit (Mega Tip, Turkey). This
method was based on bleaching the distinct color of the
2.2’-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid)
radical cation via the effects of the antioxidants.

Plasma homocysteine levels were determined using
Axis (IBL, Germany) homocysteine enzyme-immunoas-
say kit. Hepcidin (DRG International Inc., USA) and Nes-
fatin-I hormone levels were measured by enzyme linked
immunosorbent assay (ELISA) using a commercially
available kit (Phoenix Pharmaceuticals Inc., USA). The
procedures for determining the hormone levels were per-
formed as recommended in the relevant catalogues, using
micropleyt reader (uQuant Elisa reader, Bio-Tek, USA).

Statistical analysis

The data obtained in this study was evaluated us-
ing a statistical computer package (SPSS 13 for Win-
dows standard version). Data averages were expressed as
+ standard error. The normality tests of the data was sub-
jected to statistical differences between groups, by a one-

Table 1. Iron and vitamin B12 status parameters in anemia and control groups

way analysis of variance (ANOVA), and the Duncan test
as a post-test was applied.

Results

Serum iron (Fe), hemoglobin (Hb), ferritin and B12 val-
ues of the iron deficiency group, vitamin B12 deficiency
group and control are presented in Table 1. In the study,
while iron, hemoglobin, and ferritin levels were signifi-
cantly lower (p < 0.001) in the iron deficiency group, in
vitamin B12 deficiency group hemoglobin and vitamin
B12 levels were significantly lower when compared to the
control group (p < 0.01, p < 0.001) respectively.

The TBARS and nesfatin-I levels were significantly
higher in the iron and vitamin B12 deficiency groups and
the total antioxidant levels were significantly lower when
compared to the control group (p < 0.001, p < 0.01) re-
spectively.

In contrast, the serum hepcidin levels were significant-
ly lower in the iron deficiency group (p < 0.01) compared
to the control; however, no significant differences were
observed when vitamin B12 deficiency group was com-
pared to the control group. Serum homocysteine levels
were significantly higher in the vitamin B12 deficiency
group when compared to the control group (p < 0.001),
but no differences were apparent between the iron defi-

Iron deficiency anemia

Vitamin B12 deficiency anemia

Parameters Control group
Fe (ug/dL) 551 +20.5
Hb (g/dL) 13.8+34
Ferritin (ng/mL) 347 +12.3
Vitamin B12 (pg/dL) 281 + 101

262+ 17.3* 60.8+239
79 £4.2% 101 £2.7

1.3 +£4.7% 359+154

265 £ 94 148.1 £ 87*

*signs indicate statistical differences among the groups (p < 0.05). Fe; iron, Hb; hemoglobin.

Table 2. Oxidative stress, hepcidin, and nesfatin-I status in anemia and control groups

Iron deficiency anemia

Vitamin B12 deficiency anemia

Parameters Control group
TBARS (nmol/L) 201+£06
TAC (mmol/L) 1.35+04
Homocycteine (umol/L) 103+6.2
Hepcidin (hg/mL) 206.2 =41
Nesfatin-l (ng/mL) 1.81£1.0

297 £0.5% 3.14+0.8*
0.76 £ 0.2* 0.84 £0.3*
11.7+56 33197
163.7 = 64* 218.5+43
363 +1.5% 351 £1.3%

*signs indicate statistical differences among the groups (p < 0.05). TBARS - thiobarbituric acid derivatives; TAC - total antioxidant capacity.
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ciency group and the control group. TBARS, TAC, hepci-
din, nesfatin-I and homocysteine levels of children who
have childhood iron deficiency anemia and vitamin B12
deficiency are given in Table 2.

Discussion

Iron deficiency anemia and vitamin B12 deficiency is
largely associated with people of low socio-economic
background and people living in less developed countries.
It is also prevalent in developed countries due to nutri-
tional deficiencies or disorders, and is the most common
type of anemia diagnosed.!

During the metabolic and physiological processes in
the body, large numbers of detrimental reactive oxygen
species are produced and may lead to pathological reac-
tions due to oxidative reactions. These free radicals are
neutralized within the body by enzymatic or non-enzy-
matic antioxidant mechanisms. Reactive oxygen species
has been shown to damage the membrane of the erythro-
cytes, resulting in the alteration of their structure.!®

In this study, children with iron deficiency anemia and
vitamin B12 deficiency anemia displayed significantly
higher oxidative stress levels as measured by TBARS lev-
els compared to the control group (p < 0.001), and the
total antioxidant capacity levels were found to be signifi-
cantly lower than those in the control group (p < 0.01).
In agreement with our study, their study in patients with
iron deficiency anemia also reported an increase in the
levels of oxidant products, such as malondialdehyde and
a decrease in the levels of the antioxidant enzymes, such
as glutathione peroxidase.!® In anemias, due to Thalas-
semia and G6PD enzyme deficiency, it has been shown
that oxidative stress increases and antioxidant capacity
is reduced.’” In contrast, Acharya et al. reported an in-
crease in the levels of antioxidant enzymes in patients
with iron deficiency anemia, and they suggested that
this was due to overcompensation against the induced
oxidative stress.!® Al-Maskari et al. reported that hy-
perhomocysteinemia with folate and vitamin B12 defi-
ciency causes oxidative stress and there is also a parallel
decline in the total antioxidant capacity.’ In the study
reported here, high levels of TBARS present in vitamin
B12 deficiency anemia and the levels of homocysteine in
patients with high and low levels of TBARS and TAC are
in agreement with Al-Maskari et al.!® In this study, high
TBARS identified in B12 deficiency anemia groups and
homocysteine levels is compatible with the observed low
TAC levels.

Oxidative stress is induced as a result of the elevation
of homocysteine, which in plasma is oxidized rapidly to
disulfide homocysteine. During this reaction, reactive
oxygen species (ROS) are formed as hydrogen peroxide
radical.? Homocysteine metabolism is associated with
metabolism B12, and vitamin B12 deficiency leads to an
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increase in homocysteine levels and thus to an increase
in amount of ROS derivatives. Therefore, in our study, in
children with vitamin B12 deficiency, it was found that
serum homocysteine levels were significantly higher
(p < 0.001) than those in the control group; when levels in
children with iron deficiency anemia were compared with
the control group, there was no statistically significant
change. This is in agreement with Savage et al., who in
their study of 406 people, also reported high levels of ho-
mocysteine in vitamin B12 deficiency anemia patients.?!

Hepcidin is a peptide hormone synthesized from the
liver. It is removed from the blood and excreted in the
urine, and is a major regulator of systemic iron balance.??
Ulukol et al, in a study conducted on 16 children with
anemia and 54 without anemia, have shown that serum
hepcidin levels in patients with anemia are lower than
those in the non-anemic group.? Also, in the study re-
ported here, hepcidin levels were significantly lower in
the group with iron deficiency anemia compared to the
control group, which seems to support the study of Ulu-
kol et al. In the conducted study in children with vitamin
B12 deficiency anemia, serum hepcidin levels were simi-
lar to those of the control group.

Nesfatin-1 is a peptide hormone that is produced in
the brain of mammals and is responsible for the produc-
tion of body fat and the regulation of appetite. The stud-
ied conducted have shown that excess nesfatin-1 in the
brain leads to a loss of appetite, less frequent hunger, and
a drop in body fat and weigh.! Abaci et al. determined
that serum nesfatin-1 values in obese children are also
decreased.?* In iron and vitamin B12 deficiency anemia,
symptoms such as loss of appetite, fatigue and weakness
are observed. Therefore, in our study, the presence of
nesfatin-1 levels were significantly higher in the anemia
groups when compared to the control group (p < 0.001)
and may be associated with the loss of appetite that is ob-
served in anemias, resulting in fatigue, and growth retar-
dation.

Our results showed that oxidative stress occurs in chil-
dren with iron deficiency and vitamin B12 deficiency
anemias has been identified with high TBARS levels and
low total antioxidant capacity levels. And we propose that
measuring plasma hepcidin and homocycteine levels may
be useful in the differential diagnosis of childhood nutri-
tional deficiency anemias. And nesfatin-1 hormone levels
were identified for the first time in childhood iron defi-
ciency and vitamin B12 deficiency anemias within this
study and this hormone may be responsible for the symp-
toms of the disease.

But there is insufficient data in the literature about the
roles of hormone hepcidin, which is an antimicrobial hor-
mone, and nesfatin-I in the pathophysiology of anemias.
Therefore, there is a need for further studies to determine
the relationship between the nesfatin-I and hepcidin hor-
mones and the mechanism of weight loss in childhood
anemias.
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