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1. Introduction
Multiple sclerosis (MS), a chronic condition affecting 
the central nervous system, typically advances through 
a combination of autoimmune inflammation leading to 
demyelination and ongoing neurodegeneration, resulting 
in periods of exacerbation and/or gradual disability [1,2]. 
The condition is characterized by inflammation occurring 
at multiple sites, alongside the loss of myelin, proliferation 
of glial cells, and neuronal degeneration within the brain 
and spinal cord [3]. Although a genetic predisposition is 
recognized as a contributing factor to the development 
of MS, there is a substantial emphasis on environmental 
factors that are believed to trigger the pathological 
mechanisms that cause the disease [4]. MS is a disease 
that is more prevalent in adolescents and young adults, 

but it can be observed at any age. Typically, symptoms of 
multiple sclerosis appear between the ages of 20 and 40. 
The incidence in women is more than double that of men 
[5]. 

The main feature of MS lesions is demyelination with 
destruction of the myelin sheath while the axon is relatively 
preserved. It is known that axonal degeneration, which 
develops in addition to demyelination, is the main cause 
of neurological weakness. From this perspective, MS can 
be characterized as a condition involving inflammation, 
demyelination, and neurodegeneration within the nervous 
system [6]. The pathological features are characterized by 
blood-brain barrier (BBB) damage and inflammatory cell 
infiltration, oligodendrocyte damage and demyelination, 
astrocytosis, axon damage and limited remyelination [7].

Background/aim: The objective of this study was to establish the oxidative stress determiners as a total oxidative state (TOS), total 
antioxidative state (TAS), paraoxonase (PON) activity, oxidative stress index (OSI), and thiol/disulfide levels before and after 6 months 
of immunomodulator therapy in patients who were diagnosed according to the revised McDonald Criteria. 
Materials and methods: Thirty-nine patients were included in our study who were diagnosed according to the revised McDonald 
Criteria, approved to participate in the study, and had been treated in the neurology inpatient clinic or presented in the neurology 
outpatient clinic of Ankara Yıldırım Beyazıt University Atatürk Training and Research Hospital. Blood samples were collected from 
patients before treatment and six months after treatment. The venous blood samples of the patients were evaluated for routine 
biochemical tests, TOS, TAS, PON activity, OSI, and thiol/disulfide levels.
Results: The oxidative stress parameter levels of blood samples obtained before and after 6 months of the treatment were compared. The 
blood samples obtained after 6 months of therapy exhibited statistically significant results, including elevated levels of native thiol/total 
thiol (SH/SH+SS), PON, and TAS (p = 0.001). No significant relation was observed between the duration of disease, sex, used therapy 
agents, and oxidative stress parameters. 
Conclusion: In this study, we determined that TOS and OSI, which are indicators of oxidative stress, and TAS and PON, which exhibit 
antioxidative activity, can be employed to evaluate the therapy response. Additionally, we found that immunomodulator therapies can 
exhibit a protective effect, as evidenced by a reduction in oxidative stress indicators.

Key words: Multiple sclerosis, oxidative stress, immunomodulatory therapy

Received: 14.06.2024              Accepted/Published Online: 10.03.2025              Final Version: 17.04.2025

Research Article

This work is licensed under a Creative Commons Attribution 4.0 International License.

https://orcid.org/0000-0003-0992-9767
https://orcid.org/0000-0002-9260-2230
https://orcid.org/0000-0002-8371-2913
https://orcid.org/0000-0002-3454-1564
https://orcid.org/0000-0002-6948-2090
https://orcid.org/0000-0002-2996-3236


BAŞAR et al. / Turk J Med Sci

399

Oxidative stress occurs due to the accumulation of 
reactive oxygen and nitrogen species in cellular processes, 
leading to cellular damage and resulting in necrosis or 
apoptosis [8]. The brain is particularly susceptible to 
oxidative stress, which plays a significant role in the 
pathophysiology of neurological disorders [9]. The 
overall oxidant level, indicated by Total Oxidant Status 
(TOS), serves as a rough measure of the cumulative 
oxidative stress within the organism. Predominantly 
found in plasma, these oxidant substances encompass 
reactive oxygen and nitrogen derivatives, along with 
compounds like homocysteine, myeloperoxidase, and 
lipoxygenases [10]. It is thought that measuring total 
antioxidant capacity provides more valuable information 
than measuring antioxidants individually [11]. During 
the disease process, cytokines such as TNF-α and IFN-γ 
increase the production of nitric oxide (NO). Nitric oxide 
reacts with superoxide to form peroxynitrite, which leads 
to damage of the blood-brain barrier (BBB) and axonal 
loss. Oxidative stress accelerates disease progression by 
impairing the repair of myelin [8]. 

The objective of this study was to establish the 
oxidative stress determiners as TOS, total antioxidative 
state (TAS), paraoxonase (PON) activity, oxidative stress 
index (OSI), and thiol/disulfide levels before and after 6 
months of immunomodulator therapy in patients who 
were diagnosed according to the revised McDonald 
Criteria. Additionally, the study aimed to contribute 
to the development of new biomarkers by determining 
the relationship between multiple sclerosis patients and 
oxidative stress throughout the disease and in response to 
therapy.

2. Materials and methods
This prospective and cross-sectional study included 40 
patients who had received treatment at the neurology 
inpatient clinic or visited the neurology outpatient clinic 
at Ankara Yıldırım Beyazıt University Atatürk Training 
and Research Hospital. A documented informed consent 
was provided by each participant. Confirmed diagnosis 
of multiple sclerosis in accordance with the revised 
McDonald Criteria [5]. One patient was excluded from 
the investigation due to his failure to complete the six-
month treatment regimen. Five cc of the patients’ venous 
blood was taken in EDTA tubes twice: immediately before 
therapy began and 6 months later, following an eight-h 
fast. Following centrifugation at 4000 rpm for 10 min 
in the biochemistry laboratory using the Nüve brand 
NF500R devices, the sera were stored at –80°C until 
biochemical analysis. Following a 12-h period at +4 °C to 
thaw the samples, biochemical analysis was performed on 
the same day. Using Rel Assay commercial kits on a Roche 
Hitachi Cobas c501 automated analyzer, oxidative stress 

markers, such as TAS, TOS, PON, total thiol, native thiol, 
and disulfide levels in patient samples, were examined. 
The OSI was determined using the formula: OSI (arbitrary 
unit) = [TOS (μmol H2O2 Eqv/L)/(TAS) (mmol Trolox 
Eqv/L)] × 100. For statistical analysis, the mean ± standard 
deviation (mean ± SD), t-test, and Pearson correlation 
analysis were conducted using SPSS for Windows version 
11.5. The significance threshold for statistical significance 
was set at 0.05. 

3. Results
A total of 39 patients who fulfilled the necessary criteria 
were included in the study. The mean age of the patients is 
39.26 ± 10.52. Out of the total cases, 66.7% (n = 26) were 
female and 33.3% (n = 13) were male. Teriflunomide was 
given to 43.6% of the patients, interferon beta-1b to 7.7%, 
glatiramer acetate to 2.6%, interferon beta-1a to 23.1%, 
fingolimod to 20.5%, and dimethyl fumarate to 2.6%. The 
mean length of disease is 4.03 ± 3.12 years, with a median 
of 4 years, and the range is from 1 year to 11 years.

Measurements of oxidative stress parameters were 
compared in the pretreatment and posttreatment groups. 
While the mean of serum total thiol in the pretreatment 
group was 500 ± 65 umol/L, it was 535 ± 45 umol/L in 
the posttreatment group. The higher total thiol level of the 
posttreatment group was found to be statistically significant 
(p = 0.008). While the mean TAS measurements in the 
pretreatment group was 1.57 ± 0.30 [mmol TEqv/L], it was 
2.52 ± 0.29 [mmol TEqv/L] in the posttreatment group. 
The higher TAS level of the posttreatment group was found 
to be statistically significant (p = 0.001). While the mean 
PON measurements of the pretreatment group was 61.44 ± 
27.62 [kU/L], it was 115 ± 46 [kU/L] in the posttreatment 
group. The higher PON level of the posttreatment group 
was found to be statistically significant (p = 0.001). While 
the mean serum native thiol in the pretreatment group 
was 386 ± 57 [umol/L], it was 545 ± 46 [umol/L] in the 
posttreatment group. The higher native thiol level of the 
posttreatment group was found to be statistically significant 
(p = 0.001). The native thiol/total thiol (SH/SH+SS) ratio 
was found to be significantly higher in the posttreatment 
group than in the pretreatment group (p = 0.001). While 
the mean TOS measurements of the pretreatment group 
was 4.08 ± 1.55 [μmol H202 Eqv/L], it was 2.76 ± 0.99 
[μmol H202 Eqv/L] in the posttreatment group. The 
lower TOS level of the posttreatment group was found 
to be statistically significant (p = 0.001). While the mean 
OSI measurements of the pretreatment group was 2.71 ± 
1.22 (AU), it was 1.10 ± 0.39 (AU) of the posttreatment 
group. The lower OSI level of the posttreatment group was 
found to be statistically significant (p = 0.001). The mean 
disulfide measurements in the pretreatment group were 
25.39 ± 4.75 [umol/L], whereas in the posttreatment group, 
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they were 10.17 ± 3.22 [umol/L]. The significantly lower 
disulfide level observed in the posttreatment group yielded 
a p-value of 0.001, indicating statistical significance. 
Additionally, both disulfide/native thiol (SS/SH) and 
disulfide/total thiol (SS/SH+SS) levels were notably lower 
in the posttreatment group compared to the pretreatment 
group, with a corresponding p-value of 0.001 (Table).

Furthermore, the study investigated the impact of age 
and length of the disease on oxidative stress measurements 
in the patients. A significant age-associated decline in 
native thiol levels among the cases was identified (r = 
0.01, p < 0.05). Moreover, it was observed that age-related 
increases occurred in both disulfide (r = 0.331, p = 0.04) 
and disulfide/total thiol (r = 0.387, p = 0.017) levels within 
the cases. There was no statistically significant correlation 
detected between the length of the disease and the recorded 
measurements (p > 0.05). The effect of sexon oxidative 
stress measurements in the pre and posttreatment groups 
was examined. Overall, there was no statistically significant 
distinction observed between sexes in either of the groups 
(p > 0.05).

4. Discussion
Our study was conducted with 39 patients diagnosed with 
MS according to the revised McDonald criteria. In our 
study, we evaluated oxidative stress markers in patients 
with multiple sclerosis (MS) before and after six months 

of immunomodulatory treatment. Our findings have 
revealed significant changes in various oxidative stress 
parameters, including TAS, TOS, PON, and thiol levels. 
Also in our study, particularly after treatment, a statistically 
significant increase in TAS and total thiol levels, along with 
a significant decrease in TOS and OSI levels, was observed. 
Our results suggest that immunomodulatory therapies 
may reduce oxidative stress in MS patients, supporting 
their potential neuroprotective effects.

In many studies on the etiology of MS, factors such 
as genetic factors, oxidative stress, viral and bacterial 
infections, nutritional habits, chemical agents, organic 
solvents, vaccines and climatic conditions, in addition 
to immunopathogenesis, have been implicated and 
contradictory results have been obtained [12, 13]. 
Oxidative stress is a condition occurs as a result of the 
imbalance between reactive oxygen and nitrogen species, 
which are natural components of cellular processes, and 
the body’s antioxidant defense mechanism. Under normal 
physiological conditions, there is a balance between 
reactive oxygen and nitrogen species and the body’s 
antioxidant defense systems. Oxidative stress occurs when 
the balance is disrupted by increased quantities of reactive 
oxygen and nitrogen species or a deficiency in antioxidant 
mechanisms. As a result, the subsequent free radicals 
cause damage to important cellular components such as 
proteins, lipids, and nucleic acids, resulting in cell death 

Table. Comparison of oxidative stress measurements before and after treatment. TAS, TOS, OSI and PON values in groups.

Patient Comparison results

Before treatment After treatment Before treatment-after 
treatment

Mean ± SD Mean ± SD P.

Antioxidative system

Total thiol [umol/L] 500 ± 65 535 ± 45 0.008

STONE [mmol TEqv/L] 1.57 ± 0.30 2.52 ± 0.29 0.001

PON [kU/L] 61.44 ± 27.62 115 ± 46 0.001

Native thiol [umol/L] 386 ± 57 545 ± 46 0.001

Native/total thiol (%) 0.785 ± 0.141 1.024 ± 0.112 0.001

Oxidative system

TOS [μmol H2O2 Eqv/L] 4.08 ± 1.55 2.76 ± 0.99 0.001

OSI (AU) 2.71 ± 1.22 1.10 ± 0.39 0.001

Disulphide [umol/L] 25.39 ± 4.75 10.17 ± 3.22 0.001

Disulfide/native thiol (%) 0.068 ± 0.018 0.019 ± 0.006 0.001

Disulfide/total thiol (%) 0.052 ± 0.014 0.019 ± 0.006 0.001



BAŞAR et al. / Turk J Med Sci

401

via necrosis or apoptosis [8, 10]. In recent years, there has 
been a significant increase in research efforts dedicated to 
studying this field, with the specific goal of clarifying the 
exact impact of oxidative stress on the advancement of the 
disease. 

In our study our findings align with previous studies 
that have explored oxidative stress in MS. In a study 
similar to our work, conducted by Jamroz-Wisniewska 
et al., 137 MS patients and 40 healthy controls were 
included, and no significant difference was found in 
serum PON activity between the patient and control 
groups. However, the study observed a decline in PON 
activity during relapse periods, correlating with increased 
oxidative stress. This finding emphasizes the role of 
oxidative stress in MS exacerbations and supports the 
concept that managing oxidative damage may contribute 
to disease stabilization [14]. Similarly, in our study, we 
found that PON activity increased significantly after 
treatment, which could be indicative of reduced oxidative 
stress following immunomodulatory therapy. These 
findings suggest that antioxidant defenses, including PON 
activity, may help control inflammatory processes during 
treatment and prevent further myelin loss and axonal 
damage. Further supporting this hypothesis,  Ferretti et 
al. reported a marked decrease in PON activity in MS 
patients, particularly in comparison to controls, with a 
negative correlation observed between PON activity and 
EDSS (Expanded Disability Status Scale), suggesting that 
lower PON levels may be associated with greater disease 
severity [15]. Our study’s results are consistent with this, 
as we observed a significant improvement in PON activity 
posttreatment, which could be linked to reduced disease 
activity and oxidative stress. Interestingly, Martinez et al., 
who investigated PON genotypes in MS patients, found 
no significant differences in PON activity between MS 
patients and healthy controls, which contrasts with our 
findings of increased PON activity posttreatment. This 
discrepancy might stem from differences in study design, 
sample size, or the specific treatments administered. 
However, it remains clear that PON activity is influenced 
by the inflammatory state of the disease, as well as by 
therapeutic interventions [16]. In our study, the increase 
in PON activity following treatment likely reflects the 
reduction in the oxidative burden, possibly due to the 
control of inflammatory cascades and the prevention of 
further demyelination.

Moreover, Bożena Adamczyk et al. assessed oxidative 
stress parameters in patients with relapsing-remitting 
MS (RR-MS) undergoing various immunomodulatory 
treatments. Their study demonstrated that treatment 
with Natalizumab and Fingolimod led to lower levels of 
lipid hydroperoxides (LHP), malondialdehyde (MDA), 
and TOS compared to untreated patients, supporting the 

notion that immunomodulatory therapies can reduce 
oxidative stress [17]. These findings are consistent with 
ours, where we observed lower TOS and OSI levels after 
six months of treatment, further validating the protective 
effects of immunomodulatory therapies against oxidative 
damage. Similarly, our findings, the positive effects of 
immunomodulatory therapies on oxidative stress are 
further corroborated by the findings of Sadowska-Bartosz 
et al., who noted that interferon beta-1a and interferon 
beta-1b reduced serum oxidative stress parameters more 
significantly than mitoxantrone in secondary progressive 
MS patients [18]. We found a significant reduction in 
oxidative stress markers such as TOS and OSI, and an 
increase in antioxidant parameters like TAS and thiols, 
following treatment. These results emphasize the beneficial 
impact of immunomodulatory therapies in MS, not only 
in controlling disease activity but also in mitigating the 
harmful effects of oxidative stress.

In terms of thiol/disulfide balance, our study revealed 
a shift toward the antioxidative system after treatment, 
characterized by an increase in native thiol levels and 
a decrease in disulfide levels. This shift is consistent 
with the findings of  Haider et al., who suggested that 
oxidative stress leads to an imbalance in thiol/disulfide 
equilibrium, contributing to demyelination and neuronal 
damage in MS [19]. By favoring the antioxidative system, 
immunomodulatory treatments may help restore this 
balance, thereby mitigating oxidative damage and 
protecting cellular components from further harm. 
Thiols, including glutathione, play a crucial role in 
maintaining redox homeostasis in the brain, and their 
role in neuroprotection has been widely documented in 
neurological diseases.

Our findings are consistent with the study by Aldabah 
et al. The results of this study, which involved 14 patients 
with relapsing-remitting multiple sclerosis treated with 
interferon beta (IFN-β) for 6 months, demonstrate 
a reduction in erythrocyte vitamin E levels prior to 
treatment, with a subsequent return to levels comparable 
to the control group after 6 months of therapy. This finding 
suggests that IFN-β treatment may exert a sparing effect on 
erythrocyte vitamin E levels, which could be linked to the 
antioxidative properties of the therapy. Additionally, the 
study reported significantly higher Expanded Disability 
Status Scale scores in newly diagnosed patients compared 
to those on IFN-β therapy, highlighting the beneficial effect 
of IFN-β in slowing disease progression and reducing 
disability [20]. Our results demonstrate significant 
improvements in several oxidative stress markers after 
treatment, including total thiol, total antioxidant status 
(TAS), and paraoxonase (PON) levels, all of which were 
higher in the posttreatment group. These findings suggest 
that immunomodulatory therapy, including IFN-β, may 
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not only exert a direct effect on reducing disease activity 
and progression, as indicated by improved EDSS scores 
but also enhance the antioxidant defense system, which 
could mitigate oxidative stress in RRMS patients.

Finally, our study has some limitations. It was 
conducted at a single center with a relatively small sample 
size. Additionally, the study focused on serum oxidative 
stress markers, which may not fully capture the oxidative 
equilibrium within the brain. Future studies, particularly 
those involving larger cohorts and assessments of 
oxidative stress markers in cerebrospinal fluid (CSF) or 
at the receptor level, are necessary to further elucidate 
the precise role of oxidative stress in MS and the effects of 
various treatments on oxidative balance.

In conclusion, our study supports the hypothesis that 
immunomodulatory treatments have a beneficial impact 
on oxidative stress parameters in MS patients. Specifically, 
these therapies appear to reduce oxidative damage by 
improving the balance of antioxidant and oxidant systems, 
as evidenced by the changes in TAS, TOS, PON, and thiol 
levels. These findings contribute to the growing body of 
evidence suggesting that reducing oxidative stress may be 
an important therapeutic strategy in managing MS and 
potentially slowing disease progression.

Conclusion
In conclusion, the present study has shown us that 
immunomodulatory treatments used in MS have positive 
effects on the oxidative system. Moreover, TAS, TOS, OSI, 
and PON activity, which are indicators of oxidative stress, 
might serve as potential markers for assessing therapy 

response and monitoring the clinical progression of 
patients with MS in the future.

Conflict of interest: 
None. All authors declare that there are no conflicts 
of interest that may have influenced the conduct or 
presentation of the research.

Statement of authorship: 
All of the authors declare that they have all participated 
in the design, execution, and analysis of the paper and 
that they have approved the final version. EB: Study 
design, data curation, statistical analysis, and drafting the 
manuscript; HB: Study design, statistical analysis, and 
drafting the manuscript; HFK, EBD, ÖE: Study design and 
study supervision; ÖA: Critical revision of the manuscript 
for intellectual content, study supervision.

Informed consent: The study was designed as a cross-
sectional and prospective study. The study was approved 
by the Ankara Yıldırım Beyazıt University Atatürk 
Training and Research Hospital Ethics Committee dated 
18.11.2015 and numbered 229. Written informed consent 
was obtained from the parents of all infants included in 
the study. The study was conducted in accordance with the 
principles stated in the Declaration of Helsinki. 

Financial disclosure 
The authors declared that this study has received no 
financial support. 

1.	 Wellek A, Korsukewitz C, Bach JP, Schock S, Eienbröker C et al. 
Sibling disability risk at onset and during disease progression 
in familial multiple sclerosis. Multiple Sclerosis Journal 2011; 
17 (9): 1060-1066. https://doi.org/10.1177/1352458511405088

2.	 Housley WJ., David P, David AH. Biomarkers in multiple 
sclerosis.  Clinical Immunology  2015; 161 (1): 51-58. https://
doi.org/10.1016/j.clim.2015.06.015

3.	 Amor S, Peferoen LA, Vogel DY, Breur M, van der Valk 
P et al. Inflammation in neurodegenerative diseases–an 
update.  Immunology 2014; 142 (2): 151-166. https://doi.
org/10.1111/imm.12233

4.	 Ebers GC. Environmental factors and multiple sclerosis. The 
Lancet Neurology 2008; 7 (3): 268-277. https://doi.org/10.1016/
S1474-4422(08)70042-5

5.	 Leray E, Moreau T, Fromont A, Edan G. Epidemiology of 
multiple sclerosis.  Revue Neurologique 2016;  172 (1): 3-13. 
https://doi.org/10.1016/j.neurol.2015.10.006

6.	 Trapp BD, Stys PK. Virtual hypoxia and chronic necrosis 
of demyelinated axons in multiple sclerosis. The Lancet 
Neurology 2009; 8 (3): 280-291. https://doi.org/10.1016/
S1474-4422(09)70043-2      

7.	 Kieseier BC, Hemmer B, Hartung HP. Multiple sclerosis–novel 
insights and new therapeutic strategies. Current Opinion in 
Neurology 2005; 18 (3): 211-220. https://doi.org/10.1097/01.
wco.0000169735.60922.fb      

8.	 Witherick J, Wilkins A, Scolding N, Kemp K. Mechanisms 
of oxidative damage in multiple sclerosis and a cell therapy 
approach to treatment. Autoimmune Diseases 2011; 2011. 
https://doi.org/10.4061/2011/164608    

9.	 Mariani E, Polidori M, Cherubini A Mecocci P. Oxidative stress 
in brain aging, neurodegenerative and vascular diseases: an 
overview. Journal of Chromatography B 2005; 827 (1): 65-75. 
https://doi.org/10.1016/j.jchromb.2005.04.023   

References



BAŞAR et al. / Turk J Med Sci

403

10.	 Shah A, Channon K. Free radicals and redox signalling in 
cardiovascular disease. Heart 2004; 90 (5): 486-487. https://doi.
org/10.1136/hrt.2003.029389   

11.	 Schreibelt G, Van Horssen J, Van Rossum S, Dijkstra CD, 
Drukarch B et al. Therapeutic potential and biological role 
of endogenous antioxidant enzymes in multiple sclerosis 
pathology. Brain Research Reviews 2007; 56 (2): 322-330. 
https://doi.org/10.1016/j.brainresrev.2007.07.005   

12.	 Lublin FD MAMsvsssddh. In: Bradley WG, Daroff RB, Fenichel 
GM (editors). Neurology in Clinical Practice. 5th ed. İstanbul: 
Veri Medical Publishing; 2008. pp. 1583-1615.  

13.	 Hadžović-Džuvo A, Lepara O, Valjevac A, Avdagić N, Hasić S 
et al. Serum total antioxidant capacity in patients with multiple 
sclerosis. Bosnian Journal of Basic Medical Sciences 2011; 11 
(1): 33. https://doi.org/10.17305/bjbms.2011.2620   

14.	  Jamroz-Wisniewska A, Beltowski J, Stelmasiak Z, Bartosik-
Psujek H. Paraoxonase 1 activity in different types of multiple 
sclerosis. Multiple Sclerosis Journal 2009; 15 (3): 399-402. 
https://doi.org/10.1177/1352458508098371     

15.	 Ferretti G, Bacchetti T, Principi F, Di Ludovico F, Viti B et al. 
Increased levels of lipid hydroperoxides in plasma of patients 
with multiple sclerosis: a relationship with paraoxonase activity. 
Multiple Sclerosis Journal 2005; 11 (6): 677-682. https://doi.org
/10.1191/1352458505ms1240oa         

16.	 Martínez C, García-Martín E, Benito-León J, Calleja P, Díaz-
Sánchez M et al. Paraoxonase 1 polymorphisms are not related 
with the risk for multiple sclerosis. Neuromolecular Medicine 
2010; 12 (3): 217-223. https://doi.org/10.1007/s12017-009-
8095-9 

17.	 Adamczyk B, Wawrzyniak S, Kasperczyk S, Adamczyk-
Sowa M. The Evaluation of Oxidative Stress Parameters in 
Serum Patients with Relapsing-Remitting Multiple Sclerosis 
Treated with II-Line Immunomodulatory Therapy. Oxidative 
Medicine and Cellular Longevity 2017; 2017. https://doi.
org/10.1155/2017/9625806      

18.	 Sadowska-Bartosz I, Adamczyk-Sowa M, Gajewska A, Bartosz 
G. Oxidative modification of blood serum proteins in multiple 
sclerosis after interferon or mitoxantrone treatment. Journal 
of Neuroimmunology 2014; 266 (1-2): 67-74. http://dx.doi.
org/10.1016/j.jneuroim.2013.11.005          

19.	 Haider L, Fischer MT, Frischer JM, Bauer J, Höftberger R et al. 
Oxidative damage in multiple sclerosis lesions. Brain 2011; 134 
(7): 1914-1924. https://doi.org/10.1093/brain/awr128    

20.	 Aldabagh AA, Al-Daher AGM, Abdullah KS. The effect of 
interferon-beta on oxidative stress in patients with multiple 
sclerosis. Annals of the College of Medicine, Mosul. 2018; 40 
(2): 18-23. https://doi.org/10.33899/mmed.2018.160001 


	Comparison of total oxidative state, total antioxidative state , serum paraoxonase activity, and thiol levels before and after 6 months of treatment in patients with multiple sclerosis who have been recently started on new therapy agents
	Recommended Citation

	Comparison of total oxidative state, total antioxidative state , serum paraoxonase activity, and thiol levels before and after 6 months of treatment in patients with multiple sclerosis who have been recently started on new therapy agents
	Authors

	tmp.1745454962.pdf.m1PKN

