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Abstract The total oxidative status (TOS)/total anti-
oxidative status (TAS) ratio can provide information on an
individual’s absolute oxidative stress index (OSI). We
investigated the alterations in the oxidant—antioxidant
balance by measuring the oxidant parameters OSI, TOS,
and malondialdehyde (MDA) together with the antioxidant
parameters such as TAS, and superoxide dismutase (SOD)
in patients with relapsing remitting multiple sclerosis (MS).
To our knowledge, this is the first study to evaluate OSI
in patients with relapsing remitting MS. 35 ambulatory
patients with relapsing-remitting MS (35.8 + 8.7 years)
and 32 age- and activity-matched healthy control subjects
(35.1 &+ 3.7 years) that participated in the study. Serum
TAS and TOS levels were determined using new auto-
mated methods. MS patients had higher concentrations
of MDA (151.5 £ 51.1 vs. 111.3 £+ 27.4 nmol/g protein,
respectively; p < 0.001), TOS (148.1 &+ 162.5 vs. 48.3 £
46.4 mmol H,0, Equiv./g protein, respectively; p = 0.002),
OSI (21124 £ 32543 vs. 5294 £+ 5562, respectively;
p = 0.008), and SOD (4.5 £ 0.7 vs. 3.4 £ 0.6 U/L, res-
pectively; p < 0.001) compared with healthy controls. On
the other hand, MS patients had lower concentrations of NO
(123 £ 6.9 vs. 17.4 £ 2.5 pmol/g protein, respectively;
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p <0.001) and TAS (0.82 £0.27 vs. 0.26 + 0.15,
respectively; p = 0.011) compared with healthy controls.
In conclusion, these findings indicate that the oxidative
stress plays an important role in the pathogenesis of MS.

Keywords Multiple sclerosis - Pathogenesis - Oxidative
stress index - Total oxidant status - Total antioxidant status

Introduction

Multiple sclerosis (MS) is a chronic inflammatory disease
of the central nervous system (CNS) leading to focal pla-
ques of primary demyelination with a variable degree of
axonal and neuronal degeneration. MS is considered a
multifactorial disease and MS patients may suffer from a
number of clinical symptoms including changes in sensa-
tion, visual problems, and muscle weakness together with
coordination and speech problems. Although the etiology
of MS has not been fully elucidated yet, it is believed that
immunological mechanisms are the most important factors
in disease initiation and progression [1].

Although different mechanisms may contribute to the
demyelination and neurodegeneration in MS, it became
clear in recent years that oxidative stress plays the greatest
role in the process. The generation of free radicals and a
subsequent increase in oxidative stress is a by-product of
an inflammatory environment [2, 3]. Increased reactive
oxygen species occurring in MS lead to a disruption of
membrane integrity by interacting with the lipids, proteins,
and nucleic acids. There are several enzymatic and non-
enzymatic antioxidant defense systems acting against the
harmful effects of these reactive oxygen species. Under
normal circumstances, there is a balance between the oxi-
dants and antioxidants. However, excessive production of
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the reactive oxygen species or decreased antioxidant
activity causes an oxidative stress [4, 5]. Accumulated data
show that this oxidative stress plays an important role in
the pathogenesis of MS. Reactive oxygen species (ROS),
generated in excess primarily by the macrophages and
leading to oxidative stress, have been suggested as medi-
ators of the demyelination and axonal injury in MS.
Additionally, due to the vulnerability of the CNS to the
effects of the ROS, depleted cellular antioxidant defense
systems in the CNS may increase the injury observed in
MS [3]. Previous studies have suggested that oxidative
stress and lipid peroxidation play a role in the inflammatory
processes and in the pathogenesis of MS [5].

Malondyaldehyde (MDA) is the breakdown product of
the most important chain reactions leading to the oxidation
of polyunsaturated fatty acids and therefore serves as a
reliable oxidant marker of oxidative stress-mediated lipid
peroxidation [6]. Serum concentrations of different oxidant
species can be measured separately in laboratories; how-
ever, these measurements are time consuming, overly
expensive, and require complicated techniques. In recent
years, total levels of different oxidant species were moni-
tored by determining the total oxidant status (TOS) [7].
Moreover, total antioxidant status (TAS) is a useful esti-
mate of the activity of the total antioxidants in a medium
[8]. Consequently, measurements of TAS and TOS can
provide information on an individual’s absolute serum
Oxidative Stress Index (OSI) which may also include those
oxidants and antioxidants not yet known or not easily
measured [9].

We investigated the alterations in the oxidant—antioxi-
dant balance by measuring the oxidant parameters OSI,
TOS, and MDA together with the antioxidant parameters
such as TAS and superoxide dismutase (SOD) in patients
with relapsing remitting MS. To our knowledge, this is the
first study to evaluate OSI in patients with relapsing
remitting MS.

Materials and methods
Subjects

This study was conducted in the Neurology clinic of Dicle
University. 35 ambulatory [Expanded Disability Status
Score (EDSS) 0.5-6.5] patients with relapsing—remitting
MS (35.8 £ 8.7 years) and 32 age- and activity-matched
healthy control subjects (35.1 & 3.7 years) participated in
the study. All the procedures were approved by the Dicle
University, Faculty of Medicine Ethics Committee. All
study participants signed written informed consent forms
before the inclusion in the study. Venous blood samples
were obtained between 8—12 a.m. through an intravenous
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cannula placed in the forearm of the 32 healthy control
subjects and 35 patients with definite MS. All patients had
relapsing-remitting MS. Exclusion criteria included a
relapse, corticosteroid administration within the past
3 months, the presence of infections, other systemic dis-
eases, and pregnancy. None of the patients or control
subjects followed any special diet. 32 patients were using
interferon beta. Three patients were under treatment with
glatiramer acetate. No immunosuppressive therapies were
used.

Biochemical analyses

Serum samples from the patients and the controls were
isolated immediately after blood sampling of peripheral
blood, stored at —20 °C for 24 h, and then transferred to
—50 °C until the time of the assay. The protein concen-
tration of the tissue was measured by the method of Lowry
[10]. Superoxide dismutase (SOD) activity was measured
according to the method described by Fridovich [11]. Lipid
peroxidation level in the serum was expressed as MDA and
was measured according to the procedure of Ohkawa et al.
[12]. Nitric oxide (NO) levels were determined according
to the Griess method [13]. The serum TAS levels were
evaluated using a novel automated and colorimetric mea-
surement method developed by Erel [8]. This is a
2,2 V-azinobis (3-ethylbenzo-thiazoline-6-sulfonate) (AB-
TSS+)-based method, in which a colorless molecule—
reduced ABTS—is oxidized to a characteristic blue-green
ABTSS+. When the colored ABTSS+ is mixed with any
substance that can be oxidized, it is reduced to its original
colorless ABTS form again, where in contrast the reacted
substance is oxidized. This feature is the basic principle of
the methods that use the ABTS. The reduced ABTS mol-
ecule is oxidized to ABTSS+ using hydrogen peroxide
alone in acidic medium (an acetate buffer of 30 mmol/l
pH 3.6). In the acetate buffer solution, the concentrated
(deep green) ABTSS+ molecules stay stable for a long
time. When it is diluted with a more concentrated acetate
buffer solution at higher pH-levels (an acetate buffer of
0.4 mol/l pH 5.8), the color is spontaneously and slowly
bleached. Antioxidants present in the sample accelerate the
bleaching rate to a degree proportional to their concentra-
tions. This reaction can be monitored spectrophotometri-
cally and the bleaching rate is inversely correlated with the
TAS content of the sample. The reaction rate is calibrated
with Trolox, which is widely used as a traditional standard
for TAS measurement assays. The assay has excellent
precision values which are lower than 3 %. The TAS levels
are expressed as nmol Trolox Equiv./mg protein. The
serum TOS levels were also evaluated using a novel
automated and colorimetric measurement method devel-
oped by Erel [7]. Oxidants present in the sample oxidize
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the ferrous ion-o-dianisidine complex to ferric ion
(Reagent A: 5 mM ferrous ammonium sulfate and 10 mM
o-dianisidine dihydrochloride). The oxidation reaction is
enhanced by glycerol molecules, which are abundantly
present in the reaction medium. The ferric ion makes a
colored complex with xylenol orange in an acidic medium
(Reagent B: 150 uM xylenol orange, 140 mM NaCl and
1.35 M glycerol). The color intensity that can be measured
spectrophotometrically is related to the total amount of
oxidant molecules present in the sample. The assay is
calibrated with hydrogen peroxide, and the results are
expressed in terms of nmol H,O, Equiv./mg protein [14].
The serum OSI value was calculated as follows:
OSI = [(TOS, pumol H,O, Equiv./g protein)/(TAS, pmol
H,0, Equiv./g protein) x 100] [9].

Statistical analysis

All statistical analyses were performed using the Statistical
Package for the Social Sciences (SPSS), version 11.5, for
Windows (SPSS, Chicago, IL, USA). Data were expressed
as mean =+ standard deviation. The normality of the dis-
tribution for all variables was assessed by the Kolmogo-
rov—Smirnov test. Student’s ¢ test was used for normally
distributed variables and Mann—Whitney U test was used
for non-parametric variables. Relationships between vari-
ables were analyzed by Pearson or Spearman correlation
analysis according to distribution type of parameters. A
p < 0.05 was considered to be statistically significant.

Results

The demographic characteristics of the MS patients and
control subjects are given in Table 1. The oxidative/anti-
oxidative data of the MS and control groups are shown in
Table 2. MS patients had higher concentrations of MDA
(151.5 £ 51.1 vs. 111.3 & 27.4 nmol/g protein, respec-
tively; p < 0.001), TOS (148.1 & 162.5 vs. 48.3 + 46.4
(mmol H,0, Equiv./g protein, respectively; p = 0.002),

Table 1 The demographic characteristics of the MS patients and
control subjects

Control MS patients  p value
(n =32) (n = 35)
Gender (female/male) 22/10 24/11 NS
Age (years) 351 +£37 358 +87 NS
Disease duration (years) - 6.22 £ 4.77
EDSS - 3.05 £ 1.39
Average age at onset (years) — —298+£79
Number of relapse - 44 £30

NS not significant, MS multiple sclerosis

OSI (21,124 £ 32,543 vs. 5,294 £ 5,562, respectively;
p = 0.008), and SOD 4.5+ 0.7 vs. 3.4+ 0.6 UL,
respectively; p < 0.001) compared with healthy controls.
On the other hand, MS patients had lower concentrations of
NO (123 £ 6.9 vs. 17.4 £ 2.5 pmol/g protein, respec-
tively; p < 0.001) and TAS (0.82 £ 0.27 vs. 0.26 £ 0.15,
respectively; p = 0.011) compared with healthy controls.
However, no correlation was observed between the oxi-
dative stress markers (MDA, TAS, TOS, OSI, SOD and
NO) and the clinic parameters of MS (number of attacks,
EDSS score and duration of the disease) (p > 0.05).

Discussion

In the present study, the elevation in the TOS, MDA, and
OSI levels and the simultaneous decrease in the NO and
TAS levels in the serum of MS patients provided evidence
for an increased oxidative stress participating in the path-
ogenesis of the disease.

Although the pathogenesis of MS has not been fully
elucidated yet, it is believed that the inflammatory envi-
ronment in demyelinating lesions lead to the generation of
oxygen and nitrogen free radicals as well as proinflam-
matory cytokines, which in turn contribute to the devel-
opment and progression of the disease [15]. The production
of free oxygen radicals (e.g., hydroxyl, superoxide radicals)
leads to oxidative stress when there is an imbalance in the
redox status of a cell [16].

Various oxidative stress markers have been investigated
in MS and the oxidative stress has been reported to be
generally increased in MS patients [16, 17]. It has been
demonstrated that the serum lipid peroxidation rates,
plasma fluorescent lipid peroxidation products, the cho-
lesteryl ester hydroperoxides which are a marker of the
lipid peroxidation, thiobarbituric acid products, MDA and
4-hydroxy-alkenals, and conjugated dien levels are higher
in MS patients [5, 17-21]. Previous studies have reported
significant elevations of blood MDA levels in MS [19, 20,
22]. Similar to various previous studies, in our case we
have also observed that the MDA levels, which are markers
of lipid peroxidation, are increased in the serum of MS
patients [19, 20, 22]. It should also be mentioned that there
is only one study in the literature that measured the TOS
levels in MS patients, which can be used to assess total
oxidants [23]. Oxidative stress occurs due to the excessive
production of oxidants, reduction of antioxidants, or a
combination of both within the body. Kurban et al. have
reported a statistically insignificant increase in the TOS
level, a general marker of oxidant molecules, within the
MS group in comparison with the control group. Besides,
they have also demonstrated a significant decrease in the
TAS molecules indicating the level of all the antioxidant
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Table 2 Biochemical results in
MS and control groups

MS multiple sclerosis, TOS total
oxidant status, TAS total

antioxidant status, OSI oxidative
stress index, MDA OSI
malondyaldehyde, NO nitric

Patients with Controls p values
MS (n = 35) (n = 32)
MDA (nmol/g protein) 152.7 £ 50.9 111.5 £ 274 0.001
TOS (mmol H,O, Equiv./g protein) 144.2 £ 161.9 48.3 + 464 0.002
TAS (mmol Trolox Equiv./g protein) 0.82 £+ 0.27 0.26 + 0.15 0.011
21,124 £ 32,543 5,294 £+ 5,562 0.008
NO (umol/g protein) 124 £ 6.8 174 £ 25 0.001
SOD (U/L) 45 £0.7 34+ 0.6 0.001

oxide, SOD superoxide
dismutase

markers in MS patients compared with the controls [23].
We have found in our study that the TOS levels in the
serum of the MS patients were significantly higher and the
TAS levels were significantly lower in comparison with
the control group. This may occur due to the depletion of
the endogenous antioxidants by the increased amounts of
oxidants in MS. Also, the OSI has been studied for the first
time in the serum of the MS patients in our study. During
oxidative stress, sometimes only the antioxidants are
depleted or only the oxidants are increased in the blood.
Since OSI reveals the ratio of the total oxidants to the
antioxidants, it demonstrates oxidative balance clearer than
any other of the oxidative stress markers. We have shown
in our study for the first time that together with the increase
in the TOS levels and the decrease in the TAS levels, the
OSI is also significantly increased in the serum of the MS
patients. These findings may prove that the oxidative stress
plays an important role in the pathogenesis of MS. In a
large number of studies, various antioxidant molecules
have been shown to decrease in MS [17, 24]. Besler et al.
[17] have also demonstrated that the antioxidant vitamins
(alpha tocopherol, beta-carotene, retinol and ascorbic acid)
are decreased together with the antioxidant capacity in MS.
Syburra and Passi [25], on the other hand, have shown that
plasma levels of Vitamin E and ubiquinon, a liposoluble
endogenous antioxidant, are significantly decreased in MS
in comparison with the control group. In a recent study, it
was found that uric acid levels were significantly lower
when measured during a relapse than in a remission period
in the patients with MS, as endogenous antioxidants [24].
Similarly, Choi et al. [26] reported that lower glutathione
levels in patients with MS point to the presence of oxida-
tive stress. Ghabaee et al. [27] have observed a decrease in
antioxidant activity in the serum of patients with MS. The
determination of serum TAS level reveals the body redox
status better than the determination of the level of only one
antioxidant in circulation [27]. Therefore, we chose to
determine the TAS level indicating the whole antioxidant
capacity in the serum of MS patients in our study. It seems
that the low level of TAS observed in the serum of the
patients may depend on the low levels of endogenous
antioxidants such as uric acid. In line with the literature, we
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have also demonstrated that the TAS levels are decreased
in the serum of MS patients. Besides the serum TAS levels,
we have also studied the serum SOD activity in the MS
patients. The first line of defense against oxidative stress is
provided by SOD, a group of metal-containing anti-oxidant
enzymes that catalyze the dismutation of superoxide anion
to molecular oxygen and hydrogen peroxide [28]. Various
observations suggest the involvement of SOD in neurode-
generation and neuroinflammation. Increased expression of
SOD has been described for various oxidative stress-asso-
ciated neurodegenerative and neuroinflammatory diseases
[29]. In MS, significantly enhanced gene expression of
SOD1 has been observed in active demyelinating lesions
[30]. In our study, the SOD activity was significantly
increased in the serum of the patients with MS. The
increase in SOD under conditions of continuous oxidant
production is likely to be a compensatory mechanism
which protects the cells from further oxidant damage.
Nitric oxide has a wide range of functions in both
physiology and pathology. In vivo, NO is rapidly converted
into its metabolites nitrate and nitrite, and the serum con-
centration of these metabolites can be used to estimate the
NO levels. NO is supposed to play a role in the patho-
physiology of MS. In active MS lesions, microglia and
activated astrocytes express the enzyme-inducible NO
synthase which enables them to produce large amounts of
NO. NO is believed to contribute to the disease process of
MS by direct tissue damage, blocking axonal conduction,
and inducing axonal degeneration [31]. Although there is
some controversy, the majority of studies relating to the
involvement of NO in MS report higher NO activity in
patients with MS compared with controls. In previous
studies, higher levels of NO metabolites were found in the
CSF of MS patients [32, 33]. De Bustos and colleagues did
not find any difference in CSF nitrate concentrations
between the control subjects and MS patients. Furthermore,
serum nitrate concentrations were found to be lower than
that in the healthy controls [34]. Tkeda et al. [35] found
similar results about the CSF nitrate concentrations. In our
study, similar to a previous study, the NO levels were
significantly lower than that in the control group [35].
These contrasting results are likely to be related to different
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clinical conditions and/or disease severity of the patients.
The apparent discrepancy may have various reasons
including the diet of the patients, interaction with phar-
macotherapy, or other methodological differences.

In conclusion, it has been demonstrated in our study that
the TAS and NO levels in the serum of the MS patients are
lower and the serum TOS, MDA, OSI, and SOD levels are
higher in comparison with the healthy individuals. Our
findings confirm the presence of systemic oxidative stress
in patients with MS. Whether antioxidant therapy in
addition to immunomodulatory therapies may reduce dis-
ease activity in MS needs to be investigated in clinical
trials.
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