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Background
Immune thrombocytopenia (ITP) is the most common cause of acquired childhood
thrombocytopenia and is characterized by increased immune-mediated destruction of
circulating thrombocytes. Oxidative damage may be involved in ITP pathogenesis; paraoxonase (PON) and arylesterase (ARE) enzymes are closely associated with the cellular
antioxidant system. We investigated the effect of short-term high-dose methylprednisolone (HDMP) treatment on the total oxidant status (TOS), total antioxidant capacity (TAC), oxidative stress index (OSI), and PON and ARE enzymatic activity in children
with acute ITP.
Methods
Thirty children with acute ITP constituted the study group and 30 healthy children constituted the control group. Children with acute ITP were treated with HDMP: 30 mg/kg
for 3 days, then 20 mg/kg for 4 days. The TOS, TAC, OSI, PON, and ARE levels were determined before and after 7 days of HDMP treatment.

*This study was supported by a grant from
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Results
The TAC level (P＜0.001), and PON (P＜0.001) and ARE (P=0.001) activities were lower
and the TOS (P=0.003) and OSI (P＜0.001) levels were higher in children with acute ITP
than those in healthy children in the control group. We also observed statistically significant increases in the TAC (P＜0.01), PON (P＜0.001) and ARE levels (P=0.001) and
decreases in the TOS (P＜0.05) and OSI levels (P＜0.05) with 7 days of HDMP treatment
compared to their values before treatment.
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Conclusion
Our study demonstrated increased oxidative stress (OSI and TOC) and decreased antioxidant capacity (TAC), PON, and ARE in ITP patients and that steroid treatment could
be effective in reducing the oxidative stress.

Ⓒ 2016 Korean Society of Hematology

Key Words ITP, Paraoxonase, Arylesterase, Child, Methylprednisolone

INTRODUCTION
Immune thrombocytopenia (ITP) is a common childhood
disorder characterized by increased destruction of circulating
platelets by anti-platelet antibodies, and an increased tendency to bleed. ITP occurs in all age groups, and while
most cases are considered idiopathic, some are secondary
to coexisting conditions [1]. The current estimate of acute
ITP incidence in children is between 1.9 and 6.4/105 children/year [2]. There have been many advances in our under-

standing of the disease pathophysiology, and some reports
have implied that oxidative damage may play an important
role [3-6]. Furthermore, the disease-associated platelet destruction and bleeding may play a significant role in the
elevation of lipid peroxidation and reduction in the antioxidant capacity of these patients [7].
Paraoxonase-1 (PON-1) is an antioxidant enzyme principally synthesized in the liver and is carried in the plasma
in association with the high-density lipoprotein (HDL). PON
has extensive hydrolytic activity, including arylesterase
(ARE), phosphodiesterase, and lactonase activities [8]. In
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addition, due to its role in the regulation of the antioxidant
activity of HDL by protecting low-density lipoproteins (LDL)
against lipid peroxidation, it reduces the development of
atherosclerosis [9]. It is reported that PON/ARE activity is
inhibited throughout the LDL oxidation under oxidative
stress [9]. Furthermore, PON activity and the apolipoprotein
A-1 component of HDL are decreased in systemic or vascular
inflammation [10, 11]. Van Lenten et al. [12] reported that
HDL loses the PON activity during an acute-phase response.
Also, an inverse relationship exists between serum PON
activity and cardiovascular diseases [13], and PON activity
decreases in cases of chronic renal failure, inflammatory
arthritis, and hypercholesterolemia [14].
Oxidative stress is increased in ITP, possibly due to the
systemic inflammation and platelet destruction [7], which
then causes oxidation of LDL, and the enzymatic action
of PON and ARE on HDL is inhibited due to the release
of metabolites such as cholesterol esters and oxidized phos-
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pholipids [9]. This inhibition of enzymatic activity impairs
the anti-atherogenic effects of HDL [10, 11], which may
in turn lead to the development of atherosclerotic changes.
The objective of this study was to investigate the role of
oxidative stress and PON/ARE activity in the pathogenesis
of acute ITP and to demonstrate how these parameters are
changed during high dose methylprednisolone (HDMP)
treatment. The schematic representation of the possible role
of oxidative stress and PON/ARE in the pathogenesis of
ITP is depicted in Fig. 1.

MATERIALS AND METHODS
Patients and treatment protocol
Thirty children with acute ITP (11 boys, 19 girls) who
were treated in the pediatric hematology clinic of the Harran
University Research Hospital, Turkey, between September

Fig. 1. The possible role of oxidative stress and paraoxonase (PON)/arylesterase (ARE) in the pathogenesis of acute immune thrombocytopenia.
Following a triggering event such as infection or inflammation, antibody-coated platelets are destroyed by macrophages in the spleen and liver. The
released foreign peptide fragments are presented to the T- and B-lymphocytes. While antibody synthesis continues with the stimulation of the
B-lymphocytes, the peripheral thrombocyte destruction continues due to the cytotoxic T-lymphocytes activation. During the destruction of platelets
in the reticuloendothelial system and the periphery, reactive oxygen species (ROS) are produced. Increasing ROS levels induces a decrease in the total
antioxidant capacity (TAC) and an increase in the total oxidant status (TOS). As a result of this increased oxidative stress, deoxyribonucleic acid (DNA),
protein, and lipid peroxidation ensues. Lipid peroxidation leads to formation of oxidized low-density lipoproteins (LDL). The released oxidized
phospholipids and cholesterol esters interact with the free sulfhydryl groups of paraoxonase (PON), and inhibit the PON and arylesterase (ARE)
activities. In addition, the PON activity is also reduced due to systemic inflammation. As a result, dysfunctional high-density lipoproteins (HDL) with
impaired anti-atherogenic effects are produced. This impaired anti-atherogenic effect of HDL may increase the tendency to atherosclerosis.
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2009 and August 2010, were enrolled in this study. Among
the patients with platelet counts ＜30,000/μL, a bone marrow
aspiration was performed to exclude leukemia and other
hematologic malignancies. The diagnostic criteria for acute
ITP included normal or increased megakaryocytes in an otherwise normal bone marrow, thrombocytopenia (platelet
count＜30,000/μL), and absence of other causes of
thrombocytopenia. The HDMP therapy was administered
orally to patients with hematuria, gastrointestinal hemorrhage, gingival hemorrhage, and prolonged epistaxis, at a
dose of 30 mg/kg/day for 3 days and then 20 mg/kg/day
for 4 days. The hemoglobin level, platelet counts, PON and
ARE activities, TOS, TAC, and OSI levels were measured
before and after the 7 days of HDMP therapy. The control
group consisted of 30 healthy age and sex matched children
(11 boys, 19 girls) without any dietary restrictions or medicine use that could affect the serum analyses, and with platelet counts within normal range (＞150,000/μL). Treatment
efficacy was assessed based on clinical signs and laboratory
findings. This study was approved institutional review board
of Harran University (Ethics approval No: 09.06.14), and
written informed consent was obtained from a parent or
guardian of the child.
Children with acute or chronic infectious or inflammatory
diseases, with a history of steroid usage, or who were previously
treated for ITP with intravenous immunoglobulin [IVIG] or
other treatment modality were excluded from the study.

Measurement of total oxidant and antioxidant status
Serum TOS and TAC levels were determined using a commercially available kit developed by Erel [15, 16]. The results
are expressed as mmol Trolox Eqv/L and mmol H2O2 Eqv/L,
respectively. The OSI was calculated as the percent ratio
of TOS to TAC level, according to the following formula:
OSI (arbitrary unit)=TOS (mmol H2O2 Eqv./L)/TAC (mmol
Trolox Eqv./L)×100.

Enzyme activity assays
The serum PON and ARE activities were measured using
commercially available kits (Rel Assay Diagnostics, Mega
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Tıp, Gaziantep, Turkey). The PON activity was assayed both
in the absence and presence of NaCl (salt-stimulated activity).
The rate of paraoxon hydrolysis (diethyl-p-nitrophenyl phosphate) was measured by monitoring the increase in absorption at 412 nm at 37oC. The amount of p-nitrophenol generated was calculated from its molar absorption coefficient
at pH 8.5 (18.29 M-1cm-1) [17], and the PON activity was
expressed as U/L of serum. Phenylacetate was used as a
substrate to measure the ARE activity and the enzymatic
activity was calculated from the molar absorption coefficient
of the produced phenol (1,310 M-1cm-1). One unit of ARE
activity was defined as 1 μmol of phenol generated per minute
under the abovementioned conditions and was expressed
as U/L [18]. complete blood cell count was performed using
an automated hematology analyzer (Cell dyn 3700, Abbott
Laboratories, IL, USA).

Statistical analysis
All analyses were performed using SPSS 21.0 statistical
software package (SPSS for Windows 21.0; SPSS, Chicago,
IL, USA). The Shapiro-Wilk test was used to test the normality of distribution for the studied variables. The mean and
standard deviation (mean±SD) were calculated for normally
distributed variables, and the median and interquartile ranges
were calculated for all other variables. A student’s t-test
and Mann-Whitney U-test were used to compare variables
between the acute ITP and control group. A paired sample
t-test and the Wilcoxon test were used to compare test variables before and after treatment. The Pearson’s chi-square
test was used to determine whether the gender distribution
differed among the study groups. The level of significance
was set at ＜0.05 for all statistical analyses.

RESULTS
Clinical characteristics and laboratory parameters of the
study and control group are provided in Table 1. There
were no significant differences between the two groups with
respect to median age, and gender distribution (P＞0.05).

Table 1. Clinical and laboratory parameters associated with the cellular antioxidant system in the children with acute ITP and control group.
Parameters

Acute ITP (N=30)

Median age (yr)
Gender
TAC (μmol Trolox Eqv./L)
TOS (μmol H2O2 Eqv./L)
OSI (U/L)
ARE (U/L)
PON (U/L)
Hb (g/dL)
Platelet number (μL/mL)
a)

b)

3.50 (1–10)
M:11; F:19
0.85±0.11
11.13±2.59
1.30±0.34
105.46±59.65
190.97±39.34
11.87±1.32
7,795 (5,045–13,625)

P

Control (N=30)
3.50 (1–10)
M:11; F:19
1.02±0.13
9.41±1.59
0.92±0.19
185.26±76.12
226.07±40.09
12.58±1.25
375,000 (296,250–446,250)

a)

＞0.05
＞0.05b)
c)
＜0.001
c)
0.003
＜0.001c)
c)
＜0.001
c)
0.001
0.035c)
a)
＜0.001

c)

Mann-Whitney test, Chi-Square test, Independent sample test.
Abbreviations: TAC, total antioxidant capacity; TOS, total oxidant status; OSI, oxidative stress index; ARE, arylesterase; PON, paraoxonase; Hb,
hemoglobin.
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Table 2. Laboratory parameters associated with the cellular antioxidant system of children with acute ITP before and after HDMP treatment.
Parameters

Before treatment

After HDMP treatment

Control

TAC (μmol Trolox Eqv./L)

0.85±0.11

0.93±0.13

1.02±0.13

TOS (μmol H2O2 Eqv./L)

11.13±2.59

9.85±1.90

9.41±1.59

1.30±0.34

1.08±2.23

0.92±0.19

OSI (U/L)
ARE (U/L)

105.46±59.65

141.40±79.28

185.26±76.12

PON (U/L)

190.97±39.34

235.85±54.77

226.07±40.09

Hb (g/dL)

11.87±1.32

12.36±1.68

12.58±1.25

Platelet number (μL/mL)

7,795 (5,045–13,625)

183,500 (57,750–380,500)

375,000 (296,250–446,250)

P
＜0.01a)
＜0.01c)
a)
＜0.05
c)
＞0.05
b)
＜0.05
c)
＜0.01
0.001a)
＜0.05c)
b)
＜0.001
c)
＞0.05
a)
＞0.05
c)
＞0.05
＜0.001b)
0.002d)

Paired sample test, b)Wilcoxon test, acute ITP before treatment vs. after 7 days of treatment, c)Independent sample test, d)Mann-Whitney test,
acute ITP after 7 days of treatment vs. control group.
Abbreviations: HDMP, methylprednisolone; TAC, total antioxidant capacity; TOS, total oxidant status; OSI, oxidative stress index; ARE,
arylesterase; PON, paraoxonase; Hb, hemoglobin.
a)

Fig. 2. Boxplot graph of TAC levels before and 7 days of after treatment
in the ITP group and control group.
Abbreviations: TAC, total antioxidant capacity; ITP, Immune thrombocytopenia.

Fig. 3. Boxplot graph of OSI levels before and 7 days of after treatment
in the ITP group and control group.
Abbreviations: OSI, oxidative stress index; ITP, Immune thrombocytopenia.

The mean TAC levels, mean serum ARE and PON activity,
and the median platelet counts were significantly lower,
while the mean OSI and TOS levels were significantly higher
in children with acute ITP compared with healthy children
in the control group (Table 1).
The mean TAC levels (P ＜0.01), mean ARE (P =0.001)
and PON (P ＜0.001) activities, and the median platelet
counts (P ＜0.001) increased significantly after 7 days of
HDMP treatment. In addition, the mean TOS (P ＜0.05) and
OSI (P ＜0.05) levels reduced significantly after 7 days of
treatment compared to their levels before treatment.
However, the mean hemoglobin level remained unchanged
(P ＞0.05) following HDMP treatment (Table 2 and Fig. 2–5).
Although 7 days of HDMP treatment significantly modified oxidative stress indices, the mean TAC level (P ＜0.01),

mean ARE activity (P ＜0.05), median platelet counts
(P =0.002), and the mean OSI level (P ＜0.01) in the treated
acute ITP-affected children could not reach the levels observed in the healthy children. However, 7 days of HDMP
treatment significantly modified the mean TOS level and
PON activity in acute ITP-affected children, and the
post-treatment values were similar to those observed in the
healthy children (Table 2). We could not identify a correlation
between platelet count and other study variables before or
after 7 days of HDMP treatment: TAC (before treatment:
r=-0.147, P =0.44; after treatment: r=-0.13, P =0.468); TOS
(before treatment: r=-0.30, P =0.876; after treatment: r=-0.20,
P =0.289); OSI (before treatment: r=0.12, P =0.851; after treatment: r=-0.11, P =0.556); PON (before treatment: r=0.73,
P =0.913; after treatment: r=-0.06, P =0.442); and ARE (before
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Fig. 4. Boxplot graph of PON levels before and 7 days of after treatment
in the ITP group and control group.
Abbreviations: PON, paraoxonase; ITP, Immune thrombocytopenia.

Fig. 5. Boxplot graph of ARE levels before and 7 days of after treatment
in the ITP group and control group.
Abbreviations: ARE, arylesterase; ITP, Immune thrombocytopenia.

treatment: r=-0.21, P =0.702; after treatment: r=-0.46, P =0.744).

The study also demonstrated that in acute ITP-affected children before and after treatment, platelet counts correlated
positively with TAC and negatively with OSI. We observed
that the mean TAC level decreased with increase in TOS
and OSI levels in our pediatric ITP patient cohort, demonstrating a decrease in the antioxidant capacity and increased
oxidative stress, as has been reported in other autoimmune
disorders. In their study, Akbayram et al. did not find significant differences in the oxidative stress and antioxidant
capacity following steroid treatment [6]. However, our results demonstrate an increase in the mean TAC level, and
a decrease in the mean TOS and OSI levels following one
week of HDMP treatment in ITP-affected children. In addition, we showed that the PON and ARE enzymatic activities
were significantly lower in children with ITP compared
with the healthy controls. The correlation between activities
of PON and ARE activities and TOS, TAC, OSI levels before
or after HDMP treatment was not observed.
PON is an antioxidant responsible for the breakdown of
lipid peroxides and plays an important role in the antioxidant
system [21]. Studies have shown that oxidative stress can
lead to reduced PON activity [22, 23], and the effects of
antioxidant nutrients on PON have also been studied. In
rat models, the PON activity was normalized following vitamin E supplementation in experimentally induced hypothyroidism [24]. The PON level was also increased after
vitamin E and C supplementation in humans [25]. In a previous study, we have reported that PON and ARE activities
were significantly lower in children with vitamin B12 deficiency anemia, and that they return to near-normal levels
following vitamin B12 supplementation therapy [26].
We also observed a statistically significant increase in PON
and ARE activity as well as TAC levels following treatment
with HDMP. In a previous study investigating the effect
of steroids on oxidative stress related disorders, the PON
gene expression was reported to increase in patients (1–21
years old) with inflammatory bowel disorder following steroid treatment [27]. Another cell culture-based study showed

DISCUSSION
Primary immune thrombocytopenia is one of the most
common childhood hemorrhagic disorders, and it is diagnosed by ruling out other causes of thrombocytopenia. The
disease is essentially antibody mediated platelet destruction
[19], and manifests as acute and rapidly occurring bruising
and petechiae in previously healthy children.
ITP in children commonly occurs after a viral infection
that stimulates the production of reactive oxygen species
by phagocytes. Excessive production of reactive oxygen species and inadequate antioxidant capacity results in an imbalance in the redox system [20], and ITP patients are reported to have markedly higher oxidative stress levels compared to healthy individuals [3]. It has been argued that
the increased oxidative stress causes oxidative changes in
the surface proteins either directly or indirectly through
malondialdehydes. Indeed, previous studies have reported
increased malondialdehyde levels in ITP patients [6, 7].
Moreover, proteins with modified antigenic structure are
highly immunogenic and can generate an antibody response
by stimulating the adaptive immune system [20].
Some previous studies have demonstrated that oxidative
stress is involved in the pathogenesis of ITP. Acute ITP
patients with active disease and those in remission are reported to have markedly reduced platelet antioxidant capacity [4]. A study of 84 adult chronic ITP patients showed
that the patient group had a significantly lower TAC level
and a high TOS level compared to the control group. Further,
the patients’ platelet counts correlated positively with the
TAC and negatively with TOS levels [5]. However, few studies have evaluated oxidative stress in ITP-affected children.
A study by Akbayram et al. [6] on 52 pediatric ITP patients
reported that the TOS and OSI levels were high, and the
TAC level was low in both acute and chronic ITP patients.
bloodresearch.or.kr
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that the reactive oxygen species generation was markedly
reduced and PON gene expression was increased with dexamethasone treatment [28]. In addition, Sanner et al. [29]
demonstrated a direct effect of dexamethasone and prednisolone on the generation of reactive oxygen species from
platelets, and this inhibitory effect of both drugs was
dose-dependent. In concurrence, our results suggest that
high-dose steroid treatment partially reduces the oxidative
stress and increases the antioxidant capacity. However, in
the acute ITP-affected children treated with HDMP, the
OSI level was still high and the ARE activity was still low
compared to the control group at the end of our study.
This may be due to the continued immune-mediated destruction of platelets in these patients.
Since ITP is a self-limiting condition, the oxidative stress
may be resolved spontaneously; however, treatment is necessary in cases with severe mucosal bleeding. Probably, the
HDMP therapy reduces oxidative stress, probably due to
its anti-inflammatory effect, in ITP patients with severe clinical conditions requiring therapy. A previous Turkish study
has shown that short-term, high-dose oral steroid treatment
is more cost-effective for acute childhood idiopathic thrombocytopenic purpura than IVIG treatment, and prevents disease chronicity [30]. Therefore, HDMP treatment is the drug
of choice for acute childhood idiopathic thrombocytopenic
purpura.
In conclusion, PON and ARE activity levels were closely
associated with the changes in the oxidative balance in pediatric ITP patients. However, we could not determine whether
these changes in the antioxidant enzymes were the cause
or the result of changes in the oxidative balance. Further,
we could not determine whether the positive changes in
the oxidative balance were a direct or indirect effect of
the administered steroids. Indeed, there was no correlation
between the platelet counts and the TOS, TAC, and OSI
levels and the PON and ARE activities, either before or
after treatment, suggesting that there may not be a direct
relationship between the oxidative stress markers and platelet
counts. The HDMP treatment may reduce oxidative stress
independent of the improvements in the platelet counts.
Our study showed that the TAC and ARE levels remained
low whereas OSI levels remained high, and oxidative stress
persisted in HDMP treated patients compared to the control
group. In ITP, the decreased PON and ARE activities associated
with increased oxidative stress may increase the risk of developing atherosclerosis. Further studies are needed to identify
the acute ITP disease phase associated with the increased
oxidative stress and to assess whether these patients are at
a higher risk of developing atherosclerosis later in life.
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