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Evaluation of oxidative and nitrosative stress in relapsing
remitting multiple sclerosis: effect of corticosteroid therapy
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A b s t r a c t

This study is designed to evaluate the roles of oxidative and nitrosative stress in serum and cerebrospinal fluid (CSF)
of relapsing remitting multiple sclerosis (RRMS) patients. Oxidative stress markers thiobarbituric acid reactive substances
(TBARS), 8-epi-PGF2α, conjugated diene and nitrosative stress markers nitrotyrosine, nitrit-nitrate were analysed in
serum and CSF of 20 newly diagnosed RRMS patients before and after methyl prednysolone (MP) therapy (1000 mg/day
i.v., for 5 days) and in healthy control group.TBARS and conjugated diene were analysed spectrophotometrically, nitrite-
nitrate fluorometrically, 8-epi-PGF2α and nitrotyrosine were measured by ELISA.
Serum conjugated diene (p < 0.001) and 8-epi-PGF2α (p < 0.05) levels were significantly higher in RRMS patients be -
fore MP therapy with respect to control group. MP therapy caused a significant decrease only in 8-epi-PGF2α level 
(p < 0.05). Serum nitrotyrosine levels were significantly lower in RRMS patients both before (p < 0.001) and after 
(p < 0.001) MP therapy with respect to controls. Serum nitrite-nitrate levels were significantly lower (p < 0.05) in RRMS
patients before therapy compared to controls. Nitrotyrosine and nitrite-nitrate levels in CSF of RRMS patients were
significantly higher (p < 0.001) before therapy compared to normal pressure hydrocephalia control group.
Our findings reveal increased oxidative stress in serum of RRMS patients and the benefical role of MP therapy in reliev-
ing oxidative stress.As to nitrosative stress, nitrotyrosine and nitrite-nitrate levels were increased in CSF and decreased
in serum.
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Introduction

Multiple sclerosis (MS) is a chronic complex neu-
rological disease with a variable clinical course and 
several pathophysiological mechanisms such as in -
flammation, demyelination, axonal/neuronal damage,
gliosis, remyelination and repair mechanisms, oxida-
tive injury and excitotoxicity. Alterations of the im mune

system together with biochemical disturbances and dis-
ruption of the blood-brain barrier are also in volved in
the pathomechanisms [27]. These processes are not
uniformly represented in patient populations but can
selectively predominate in individual patients. There-
fore, heterogeneity in phenotypic expression of MS 
has potential effects on the prognosis and response
to therapies in MS patients. Relapsing remitting mul-
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tiple sclerosis (RRMS) is characterised by periods of cli -
nical stability, punctuated by subacute attacks of cli -
nical worsening after complete or partial recovery [28].

Oxidative stress, which is usually defined as a pre-
ponderance of the production of free radicals over their
elimination, is commonly implicated in the develop-
ment of brain damage. Active inflammatory process-
es predominating in the relapse phase of RRMS lead
to the generation of highly toxic reactive oxygen species
(ROS) and reactive nitrogen species (RNS) and release
of a great number of inflammatory mediators and
cytokines. Polyunsaturated fatty acids (PUFA), main com-
ponents of neuron membranes, are highly susceptible
to ROS attack. Free radical catalysed peroxidation of
arachidonic acid esterified in membrane phospholipids
leads to the formation of isoprostanes, which are
emerging as prostaglandin-like compounds. Isopro -
stanes are sensitive and specific markers of in vivo lipid
peroxidation and oxidative tissue injury [22].

In RRMS, activated glia secrete RNS, which can
cause nitrosative stress, resulting in myelin destruc-
tion. Due to the elevated expression of NOS in activated
microglia and infiltrated macrophages, nitric oxide (NO)
production is significantly increased in the inflammatory
region. Evidence suggests that NO contributes to tis-
sue injury, blood-brain barrier (BBB) breakdown, axo -
nal degeneration and plaque formation. On the other
hand, NO may help to control the immune response
via several immunoregulatory processes. Nitration 
of tyrosine residues by NO-derived species results in
the accumulation of 3-nitrotyrosine in proteins. It is
a marker of nitrosative stress in cells and tissues and
also a relatively specific marker of oxidative damage,
mediated by peroxynitrite, which is formed by the reac-
tion of superoxide with NO [6,7].

The central nervous system (CNS) is particularly sus-
ceptible to oxidative stress due to the high rate of oxy-
gen utilization, a relatively poor antioxidant defence
system and a high content of PUFA. Accumulation of
iron in the brain, as a function of age, may also be
a potent catalyst for oxidative species formation [15].

In the recent years, the role of glucocorticoids (GC)
in the RRMS treatment has gained strength. Due to
their strong anti-inflammatory action, they are used
most effectively to overcome and shorten the duration
of neurological symptoms during relapses. GC activi-
ty consists mainly of the induction of specific inflam-
mation suppressing genes and repression of genes cod-
ing proteins involved in immune and inflammatory
reactions. GC therapy results in inhibition of inflam-

matory reactions, sealing of BBB and decreasing the
magnetic resonance imaging (MRI) number of gadoli -
nium up-taking foci [19].

This study is undertaken to elucidate further the
roles of nitrosative and oxidative stress in RRMS pa -
tients and to investigate the beneficial role of methyl-
prednisolone (MP) therapy. To serve these purposes,
oxidative stress markers – thiobarbituric acid reactive
substances (TBARS), conjugated diene and 8-epi-PG F2α
and nitrosative stress markers – nitrate-nitrite and ni -
trotyrosine – were analysed both in the serum and cere-
brospinal fluid (CFS).

Material and methods

PPaattiieennttss

Twenty clinically definite RRMS patients, newly
diagnosed according to Mc Donald diagnostic criteria 
[16], were enrolled in this study. The relapsing remitting
course of multiple sclerosis patients was ascertained
according to Lubin et al. [14]. The clinical diagnosis of
RRMS patients, admitted to the Neurology Department
of Marmara University, was based on clinical signs, rou-
tine diagnostic CSF and blood tests, full neurological
examination and MRI of the central nervous system. 
The neurologic deficits were scored with the Kurtzke
expanded disability status scale (EDSS) [13]. RRMS
patients with symptoms persisting for more than 
24 hours were considered as having acute attack and
were subject to a high dose of MP (1000 mg/day) i.v. infu-
sions for 5 consecutive days. Relapse was defined as
worsening of EDSS by 1.0 point, new clinical symptoms
of subjective character or objectively present, lasting at
least 24 hours, in the absence of infection or fever, after
a period of at least 30 days of neurological stability. 

RRMS group consisted of 13 females and 7 males.
Mean age was 31.00 (SD = 9.6) years, mean EDSS score
was 1.70 (SD = 0.84). There were two control groups.
The first control group consisted of 10 females and 
5 males. Mean age was 30.20 ± 5.51. Individuals with
normal pressure hydrocephalus (9 females, 6 males;
mean age: 28.33 ± 5.31) formed the second control
group for CSF analyses.

Patients with kidney, liver, endocrine, immunolo -
gical, inflammatory or infectious disorders were ex clud-
ed on the basis of history, physical examinations and
laboratory evaluations. Patients were not on anti-inflam-
matory, immunosuppressive, immunomodulatory, vita-
min, antioxidant, steroid or hormonal treatment for at
least three months before their inclusion in the study.

Evaluation of oxidative and nitrosative stress in relapsing remitting multiple sclerosis: effect of corticosteroid therapy
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All healthy controls were screened to be free from
any neurological or other major medical illnesses. 
The study protocol was approved by the Ethics Com-
mittee of Marmara Faculty. Written informed consent
was obtained from all patients and controls. 

BBiioocchheemmiiccaall  iinnvveessttiiggaattiioonn

Blood samples, with and without EDTA, were col-
lected between 8 and 9 AM after an overnight fast,
within 7 days of an acute exacerbation and 3 days after
MP therapy, twice from RRMS patients and once from
controls. Serum and plasma samples were stored at
–70°C until analyses. CSF samples were taken within
7 days of an acute exacerbation, before MP therapy
from RRMS patients and from individuals with normal
pressure hydrocephalus, forming the control group. CSF
samples were collected by lumbar puncture in the L3/L4
or L4/L5 interspace. The first 12 ml of CSF was collected
in a polypropylene tube, immediately centrifuged at
2000 × g, at +4°C for 10 min. The supernatant was
pipetted off, gently mixed to avoid possible gradient
effects and aliquoted in polypropylene tubes that were
stored at –80°C, pending biochemical analyses, with-
out being thawed and refrozen.

OOxxiiddaattiivvee  ssttrreessss  ppaarraammeetteerrss

1. TBARS was determined spectrophotometrically by
the method of Buege and Aust [2]. One volume of
plasma was mixed thoroughly with 2 vol. stock solu-
tion of 15% w/v trichloroacetic acid, 0.375% w/v thio-
barbituric acid and 0.25 N hydrochloric acid. The mix-
ture was heated for 30 min in a boiling water bath.
After cooling, the flocculent precipitate was removed
by centrifugation at 1000 × g for 10 min. The light ab -
sorbance of the sample was determined at 535 nm.
and TBARS concentration was calculated using
1.56 × 105 M–1 cm–1 as molar extinction coefficient.

2. Conjugated diene was determined according to 
the method of Slater [25]. Lipids were extracted with
chloroform-methanol (2 : 1), followed by centrifu-
gation at 1000 × g for 5 min. The chloroform layer
was evaporated to dryness under a stream of
nitrogen. The lipid residue was dissolved in 1.5 mL
cyclohexane and the absorbance read at 233 nm
measured the amount of hydroperoxide formed. 

3. 8-epi-PGF2α levels were measured by a competitive
enzyme-linked immunoassay (ELISA) (Cell Biolabs Inc.
Oxiselect). The antibody to 8-isoprostane levels is
incubated in precoated microtitre plate wells. Upon

washing, 8-epi-PGF2α standards or treated samples
were mixed with 8-epi-PGF2α conjugated to horse-
radish peroxidase (HRP) and added simultaneous-
ly to the wells. Free 8-isoprostane and 8-epi-PGF2α-
HRP conjugate compete to bind to the antibody
bound on the plate.
8-epi-PGF2α content in an unknown sample is deter-
mined by comparing with the known predetermined
standard curve (detection limit: 2.7 µg/ml, specificity
with respect to other PGs is 0.02% and 0.16% for
PGE2 and PGD2, respectively).

NNiittrroossaattiivvee  ssttrreessss  ppaarraammeetteerrss

1. Plasma and CSF 3-nitrotyrosine levels were meas-
ured by solid-phase enzyme-linked immunosorbent
assay (ELISA), based on the sandwich principle, using
streptavidin-peroxidase conjugate that binds to bio -
tinylated tracer antibody and reacts with the substrate
tetramethylbenzidine (TMB) (nitrotyrosine ELISA kit,
HK 501, Hycult Biotechnology).

2. Total oxidative products of nitric oxide (NO) – ni trate
plus nitrite – were measured fluorometrically after
reduction of nitrate to nitrite by nitrate reductase.
Total nitrites were converted in the diazonium salt
by the addition of sulphanilamide, and then into azo
dye derivate by adding N-(I-naphthyl)-ethylene-di -
amine.

DDaattaa  aannaallyyssiiss

The results were expressed as means ± SD. The sta-
tistical significance of the differences was determin -
ed by analysis of variance (ANOVA), followed by stu-
dent’s t test for parametric data. A value of p < 0.05
was regarded as significant. Pearson’s rank correlation
was used for correlation analyses.

Results

Among oxidative stress parameters, serum TBARS
values did not differ significantly between the study
groups. Serum conjugated diene levels were signifi-
cantly higher in RRMS patients both before therapy 
(p < 0.001) and after therapy (p < 0.01) as compared
to controls. MP therapy did not cause a significant
decrease in the conjugated diene levels in RRMS pa -
tients. Serum 8-epi-PGF2α levels were observed to be
significantly higher (p < 0.05) in RRMS patients be fore
therapy, compared to healthy controls. RRMS patients
were observed to have significantly decreased 8-epi-
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PGF2α levels (p < 0.05) after MP therapy compared to
levels before therapy (Table I).

As to nitrosative stress parameters; serum nitroty-
rosine levels were significantly lower in RRMS patients
both before (p < 0.001) and after (p < 0.001) MP ther-
apy as compared to control group. However, there was
no significant change in nitrotyrosine values before and
after therapy. Nitrite-nitrate levels were significantly
lower (p < 0.05) in RRMS patients before therapy as
compared to controls (Table I).

There was no significant difference in oxidative
stress parameters analyzed in CSF among study groups.
However, nitrosative stress markers; CSF nitrotyrosine,
and CSF nitrite-nitrate levels were observed to be sig-
nificantly higher (p < 0.001) in CSF of RRMS patients
before therapy compared to normal pressure hydro-
cephalus control group (Table II).

Correlation analysis revealed positive correlations
between age and conjugated diene (r = 0.446, p < 0.05)
and negative correlation between 8-epi-PGF2α and
nitrotyrosine (r = –0.510, p < 0.05) in RRMS patients
before MP therapy. Conjugated diene and TBARS were
found to be positively correlated (r = 0.45, p < 0.05) in
RRMS patients after MP therapy. 

Discussion

More than 80% of MS patients have a RRMS dis-
ease course with defined clinical exacerbations of
neurologic symptoms, followed by complete/incom-
plete remissions. Oxidative and nitrosative stress 
can be placed as unifying processes in the centre of
pathogenic mechanisms that lead to axonal/neuro -
nal loss/damage and neurodegeneration in RRMS
[26,27].

Oxidative stress is believed to contribute to tissue
injury in focal inflammatory lesions and to be involved
in diffuse axonal degeneration. The determination of 
lipid peroxidation products relies on various methods.
The most widely used marker of lipid peroxidation is the
level of malondialdehyde (MDA) or conjugated dienes
in plasma or red blood cells. The commonly used assay
for MDA is based on the reaction with thiobarbituric acid
and formation of TBARS. However, this method is not
sensitive and is non-specific due to other metabolites
that can react with thiobarbituric acid [1,10].

Supporting the above information, the findings of
our study showed that lipid peroxidation estimated 
by TBARS generation in RRMS patients are not signi -
ficantly different from the healthy control group.

CCoonnttrrooll  ggrroouupp  ((nn ==  1155)) RRRRMMSS  ggrroouupp  ((nn ==  2200))

bbeeffoorree  tthheerraappyy aafftteerr  tthheerraappyy

TBARS (nmol/ml) 4.49 ± 1.34 5.23 ± 1.67 4.83 ± 1.51

8-epi-PGF2α (ng/ml) 177.90 ± 55.48a* 229.02 ± 66.69 186.34 ± 35.87c*

Conjugated diene (µmol/L) 129.48 ± 78.54a***,b** 226.98 ± 78.20 222.30 ± 95.27

Nitrotyrosine (nM) 933.59 ± 233.33a***,b*** 689.79 ± 276.39 598.64 ± 270.53

Nitrite-nitrate (µmol/L) 76.61 ± 21.68a* 63.07 ± 11.79 61.69 ± 25.18

TTaabbllee  II..  Values of blood oxidative and nitrosative stress markers and statistical significance in RRMS pa -
tients before and after MP therapy and in control group

a – Control vs RRMS patients before MP therapy, b – Control vs RRMS patients after MP therapy, c – RRMS patients before and after therapy
*p < 0.05, **p < 0.01, ***p < 0.001

NNoorrmmaall  pprreessssuurree  RRRRMMSS  ppaattiieennttss  

hhyyddrroocceepphhaalliiaa  bbeeffoorree  MMPP  

ccoonnttrrooll  ggrroouupp  tthheerraappyy

((nn ==  1155)) ((nn ==  2200))

TBARS(nmol/ml) 0.59 ± 0.24 0.45 ± 0.23

8-epi-PGF2α (ng/ml) 141.26 ± 42.83 149.93 ± 45.39

Conjugated diene 84.24 ± 52.17 122.85 ± 104.61

(µmol/L)

Nitrotyrosine (nM) 573.54 ± 142.86*** 927.89 ± 244.84

Nitrite-nitrate 52.52 ± 16.50*** 86.28 ± 34.10

(µmol/L)

TTaabbllee  IIII..  Values of CSF oxidative and nitrosative
stress markers and statistical significance in RRMS
patients and normal pressure hydrocephalia con-
trol group

***p < 0.001
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Because of its stability, F2-isoprostane measurement
is widely considered to be the gold standard index of
lipid peroxidation in vivo, as a sensitive index of de -
generative phenomena, persisting in the absence of
inflammatory activity. Our findings related to oxidative
stress reveal significantly high serum 8-epi-PGF2α and
conjugated diene levels in RRMS patients before MP
therapy as compared to controls. Elevated levels of 
8-epi-PGF2α reflect free radical induced lipid peroxi-
dation and oxidative stress. The source of isoprostanes
may be oxidized arachidonic acid, derived not only from
neuron membranes but also from membranes of dif-
ferent cells including erythrocytes. Furthermore, sig-
nificantly reduced serum 8-epi-PGF2α levels in response
to MP therapy indicate both the sensitivity and relia-
bility of isoprostane measurement and the antioxidant
protective effects of steroid treatment on membrane
phospholipids in addition to their anti-inflammatory
activity [4,8,17].

CSF isoprostane levels are widely considered as
a reliable index of intracerebral oxidative injury [15,31].
In this study oxidative stress markers analysed in CSF
of RRMS patients showed no significant differences
with respect to control group. MS pathophysiology is
likely to differ in different disease stages, thus the im -
portance of oxidative stress in CSF could shift with dis-
ease subtypes.

In the literature, controversial findings are report-
ed in relation to oxidative stress parameters analysed
in serum and CSF of MS patients. Hunter et al. [9] report-
ed significantly higher measures of lipid peroxidation
in CSF but not in plasma of MS patients compared with
the control group. Naidoo and Knapp [20] found sig-
nificantly higher levels of TBARS in serum but not in CSF
of MS patients, confirming the results of a study by
Rogovino [25]. In the study of Keles et al. [11], MDA was
reported to be significantly increased in both serum and
CSF of MS patients before MP therapy compared to 
the control group and significantly decreased after MP
therapy. Mitosek-Szewczyk et al. [19] observed signi -
ficantly higher CSF and serum TBARS levels during
relapse compared with controls. Their findings were in
accordance with those of Koch et al. [12] and Ortiz et
al. [23]. TBARS level in serum was reported to decrease
after MP treatment and had the lowest value during 
the remission phase of MS compared with controls. In
contrast to our findings, high isoprostane levels ob -
served in CSF of RRMS patients were observed to be
decreased after steroid treatment [8].

Nitric oxide has three major roles in biological sys-
tems, it can be protective with its antioxidant properties,
it can be regulatory by altering vascular tone with a role
in cell signalling, it can also be deleterious, causing DNA
damage, lipid peroxidation and protein nitration. Due
to lack of correlation between disease activity and NO,
a dual role of NO as both immunoregulatory and pro -
inflammatory is suggested in the pathogenesis of MS.
Excess NO may be cytotoxic either by combining with
tyrosine or by reacting with superoxide to form per-
oxynitrite. Increased production of NO for a prolonged
time may contribute to oxidative-nitrative damage to
cellular macromolecules including proteins. Nitration
of tyrosine residues by NO-derived species results in
the accumulation of 3-nitrotyrosine (3 NT) in proteins,
as a footprint for peroxynitrite-mediated change in the
cell and as an early marker of nitrosative stress and
neurodegeneration. 3 NT formation is considered to be
a posttranslational modification that may be respon-
sible for lipid peroxidation and oxidative changes in 
plasma proteins [3,21,24]. Acute relapses of MS are cha -
racterised by complex immunological mechanisms
involving blood-brain barrier damage and influx of pe -
ripheral blood cells. This causes focal inflammation and
subsequent activation of resident glial cells, accompa -
nied by the production and release of cytokines and 
other mediators. Activation of proinflammatory cyto -
kines, such as TNF-α and INF-γ, induce iNOS potently
and lead to increased CSF levels of NO, as a mediator
of the inflammatory process [24].

In the presented study, nitrosative stress markers
– 3-NT and nitrite-nitrate – were found to be significan -
tly lower in serum and higher in CSF of RRMS patients
before MP therapy as compared  to their control groups.
MP therapy did not cause a significant change in
nitrosative stress markers both in serum and CSF.

In the literature, contradictory findings related to
nitrosative stress markers may be due to different 
analysis techniques for NO, nutrition of the patients,
endothelium NO source, effects of gastrointestinal bac-
teria and pharmacotherapy [30]. As the blood arginine
level and nitrogen in the diet may affect NO2

–/NO3
–

levels, CSF analysis of NO is reported to be a more 
re liable index [29]. Studies reporting increased CSF 
NOx (nitrite + nitrate) levels and decreased serum 
NO2

–/NO3
– levels [5] support our findings. However, con-

trary to our data; plasma and CSF nitrite and nitrate lev-
els were observed to be elevated in MS in the studies
conducted by C Larlori et al. [10] and Miller et al. [18].
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Strengths of our study compared with previous stud-
ies are the selection of only RRMS patients as subtypes
of MS and a higher number of patients. Using two dif-
ferent control groups for blood and CSF experiments
may be regarded as a weakness for some researchers
but we regard it as an ethic approach.

In diseases with complex pathogenesis like MS, an
individual biomarker can reflect only one of many ongo-
ing pathogenesis. Our findings related to blood and CSF
oxidative stress markers suggest that lipid peroxida-
tion is more prevalent in the periphery than in the 
CNS. In this respect, the level of isoprostanes may be
used as a non-invasive marker to determine oxidative
stress in RRMS patients. However, nitrosative stress
markers seem to be increased in CSF and decreased
in serum.

There appears to be no relation between oxidative/
nitrosative stress markers and disease course and pro-
gression of disability. Further research is needed to
determine whether oxidative stress is an important fea-
ture of MS pathophysiology or more an epiphenom-
enon of neurodegeneration or inflammation.
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