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Abstract
Background: Multiple sclerosis (MS) is known as a progressive and demyelinating disease, which involves biochemical changes.
Objectives: To evaluate the effect of IFNβ -1a therapy on the biochemical factors in the MS patients.
Methods: In this descriptive study, 30 MS patients and 30 healthy controls were included. The study was conducted in the Neurology
Center at the Shefa hospital, Kerman, Iran from September 2013 to July 2015. The patients’ blood test was taken before and after six
months of IFNβ -1a therapy and the biochemical factors (LDH, AST, ALT, Creatinine, Uric acid, Malondialdehyde (MDA) and nitric oxide
(NO) were measured in all the samples. The participants were divided to three groups, namely main group (30 patients), females
(22 patients) and males (8 patients). Before taking the medicine, the groups were compared to the control group. After six months
of taking the medicine, each group was compared to its former state before taking the drug.
Results: In the patients group (30 patients), a significant difference was observed in their measured biochemical factors in comparison to the control group (P = 0.001), however, after six months of using IFNβ -1a, only MDA was shown in the main (P = 0.003) and
female group (P = 0.003), and the ALT that was shown in the female group had a significant reduction in comparison to that before
receiving IFNβ -1a.
Conclusions: This study showed that IFNβ -1a decreased oxidant impacts in MS patients, but had no influence in improving mitochondrial dysfunction.
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1. Background

dysfunction (1).

Multiple sclerosis (MS) is an inflammatory disease of
the central nervous system (CNS), identified with the destruction of myelin in brain and spinal cord. This chronic
disease occurs often between the age of 20 and 40 years
and is more common amongst females (1). Women are
almost twice as likely to experience relapse-remitting MS
(RRMS) than men (2). There are several reports regarding the prevalence of this disease in different regions of
the world. In Europe and America, five and six cases per
100,000 people suffer from MS, respectively (3).
During the recent years, studies have also indicated
the quite high prevalence of MS in the Middle East as
well as Iran (1). The symptoms vary depending on the involvement area of CNS with sensory manifestation, motor,
spinal cord, brain stem dysfunction, sphincter dysfunction, sensory disturbances, cognitive as well as behavioral

MS causes biochemical changes in the molecular level
and the variation of neural cells (4, 5), which cause an imbalance in the ratio of oxidant to anti-oxidants. The increase of reactive oxygen species (ROS) and reactive nitrogen species (RNS) as well as the reduction of uric acid (a
natural antioxidant) has been reported in MS patients (6).
Several studies have shown that ROS plays a significant role
in creating pathologic symptoms of MS (6). Immunity system responses increase the amount of ROS and RNS (7).
The ROS enhancement leads to (i) the interaction of monocytes with brain endothelium, (ii) inducing cytoskeleton
rearrangements, (iii) the loss of the blood-brain barrier integrity, (iv) changes in the tight junctions and finally (v) the
migration of leukocytes into CNS (8). Oxidative stress and
inflammation are also alleged to promote tissue damage
in MS patients (9). The CNS is also vulnerable to damages
caused by oxidation. Lipids peroxidation may increase
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blood-brain barrier permeability and lipid membrane peroxidation may cause the production of oxidized phospholipids. These phospholipids cause the monocytes to connect to endothelial cells (10). In MS, the balance of cell energy is disturbed due to mitochondrial dysfunction and
leads to the reduction of the ATP amount in cells (11). As a
result, the routes of purine metabolization increase due to
the ATP decline, which, in turn, enhances nucleotides and
oxy purines (hypoxanthine, xanthine and uric acid) in cerebral spinal fluid (CSF) (11). These combinations could be
proper biomarkers for neurodegenerative (11). According
to the literature, combinations derived from RNS and ROS
in blood such as nitric oxide (NO) because ROS and RNS production to increase and also result in enhancement of lipid
peroxidation in the blood sample of MS patients (6). The
increase of NO production in MS patients damages myelin
and oligodendrocytes. NO also increases cGMP, which consequently leads to the increase of the impacts of TNF-α and
other cytokines (12).

Increased level of oxidants in the blood may lead to
a reduction in the natural antioxidant compounds such
as uric acid (UA). Ascorbic acid, which has a similar tendency as UA toward the oxidants, is also reduced (6). Although some studies reported the increase of UA in MS patients (13), there exists no agreement in this regard. Several reports have indicated the decrease of UA in MS patients’ blood (6). In MS patients, the amount of creatinine changes due to movement problems, myocyte involvement and mitochondrial dysfunction (14). Furthermore, most variations happen in malondialdehyde (MDA),
which shows the peroxidation of unsaturated fatty acids in
membrane phospholipids, known as an index of oxidative
stress in the cells (15). Additionally, mitochondrial damages reduce energy production, which plays an important
role in MS pathogens (11). Also, cytochrome C and mitochondrial complex IV lose activity in the areas damaged
(16). Tissue damages are caused by defects in mitochondrial function due to the energy production drop (16). Mitochondrial dysfunction release cytochrome C, and as a result, apoptotic pathway is activated (17).

ALT and AST are other biochemical factors that change
in MS patients (18). ALT and AST are proper indices for the
liver function. ALT is a cytoplasmic enzyme and abounds
in liver, while; AST is found in both cytoplasm and mitochondria and there for the amount of AST varies in mitochondrial dysfunction (18). Accordingly, improvement of
the AST and ALT serum level can be a proper index for decreasing the progress of MS.
2

2. Objectives
This study determines the relationship between MS
and biochemical factors such as MDA, UA, Creatinine, NO,
LDH, AST and ALT. Additionally, it investigates the impact of
MS patients IFN-β 1a therapy on serum levels of MDA, UA,
Creatinine, NO, LDH, AST and ALT.
3. Methods
This descriptive study was conducted in the neurology
center at the Shefa Hospital in Kerman, Iran from September 2013 to July 2015. During the study, 30 patients (22 females and 8 males) were enrolled. They were proved to
suffer from MS and were given a neurologist diagnosis as
well as radiology, laboratory, clinical and neurological evidences based on the McDonald criteria (19). The mean age
of all participants was 29.8 ± 5.5, in women 28.7 ± 5.6 and
32.7 ± 4.3 years old in men. 59% of women and 75% men
were married, .55% of women and 50 % of men had completed high school or equivalent, 45% of women and 25% of
men had a college degree and 25% of men had a post graduate degree. The mean body mass index (BMI) of female and
male patients was 22.1 ± 2.6 and 27.3 ± 4.6 Kg/m2 , respectively.
The patients were new diagnostic cases and had not
received medication for treatment of MS. 30 additional
individuals with the same demographic information, no
disease and no medication, were chosen as the control
group. Each participant in the patient group was assigned
a counterpart in the control group. The participants with
other autoimmunity disorders, infectious diseases, pregnancy and under treatment of immunoregulatory drugs
have been excluded from the study. Accordingly, 30 MS
out of 150 patients have been introduced to the study. All
participants were required to fill out a questionnaire and
also signed an informed consent form. The participants
were non-smokers and suffered from no other inflammatory disease except MS (as per the patient group), they did
not suffer from heart or kidney disease and did not use any
anti-inflammatory drug.
The ethics committee of Kerman University of Medical
Sciences, No k/92/587 issued the license for carrying out the
research. Before receiving IFNβ -1a, pharmaceutical compositions of the company CinnaGen (Cinnovex, similar to
the composition of Avonex), 5 mL of intravenous blood
was collected in tubes containing anticoagulant EDTA. After being centrifuged at 2500 rpm for 5 minutes, 2.5 mL
plasma was separated and the samples were immediately
preserved at -70°C. Then, the patients were treated with
standard doses of Cinnovex (a dose of 30 mcg injected
intramuscularly once a week). The blood samples were
Iran Red Crescent Med J. 2017; 19(3):e41032.
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retaken after six months and if a patient had used antiinflammatory agents (except Cinnovex) he/she would have
been eliminated from the study. It is worth noting that
the period of the experiments was chosen based on the
work of Arababadi et al. (20). Similar to the previous stage,
the plasma samples were immediately saved at -70°C. The
plasma samples of the control group were also taken and
preserved at -70°C to measure the biochemical factors. All
experiments were performed in the besat-1 clinic laboratory, Kerman, Iran, and an expert neurologist has evaluated the clinical presentations of the patients. All the
equipment that was used for clinical purpose in the Besat1 clinic laboratory Kerman, Iran, was under the supervision of the reference laboratory and calibrated regularly
by expert technicians. Commercial kits (all from Pars Azmoon, Iran) using a Selectra (XL) auto-analyzer determined
the creatinine, UA, ALT, AST and LDH of the samples. The
method of Rao et al. (21) was used to measure MDA. In this
method, the MDA amount was investigated via the Thiobarbituric acid (TBA) method and Spectrophotometer Alpha1860 (UV-4802). To measure NO (NO2 - / NO3 - ), ZellBiokit
(GmbH, Deutschland) and Spectrophotometer Alpha-1860
(UV-4802) were utilized. The sensitivities of the kits have
been considered as the excluding criteria and the results
out of the kits sensitivity have been experimented again.
3.1. Statistical Analysis
Data is presented as mean ± SD (standard deviation)
for numeric variables and are presented as numbers and
percentages for categorical variables. Numeric variables
are compared using the independent two-sample t-test
across MS patients and normal people. Additionally, biochemical factors were compared using paired t-test in MS
patients across the two time periods. Data was examined using the non-parametric Kolmogorov-Smirnov test
for normal distribution and no statistically violations were
detected from normality assumption (P > 0.05). Significance level was set at 0.05.
4. Results
4.1. A, The Comparison Between the Healthy Control Group and
MS Patients That Did Not Received any Medication
As shown in Figures 1 and 2, the healthy control group
and MS patients that did not receive any medication were
analyzed comparatively.
As observed in Figure 1A, the amount of LDH enzyme
was investigated in all MS groups (all individuals) including males and females and also in healthy controls. The
level of the LDH in the all-patient groups was significantly
higher than healthy groups (P = 0.001).
Iran Red Crescent Med J. 2017; 19(3):e41032.

According to Figure 1B, regardless of gender, the
amount of AST in the patient group was more than the control group. Although the AST quantity in male patients is
more than the males in the control group, the interesting
finding was that the AST amount was significantly lower
in female patients compared to the females in the control
group (P = 0.001).
An increase in the level of ALT enzyme in the male subgroup of MS patients that did not receive any medication
were not significant in comparison to the control group
(P = 0.196). However, with respect to other groups, ALT
was significantly higher in the patient than in the control
groups (Figure 1C). The creatinine concentration in the patients who had not received medication was significantly
less than the healthy participants in all three groups (in all
patients compared to the healthy participants regardless
of gender, male and female groups) (P = 0.001) (Figure 1D).
From the comparison of uric acid (UA) in all patients,
the male and female groups with that of the control group
obtained interesting results. The UA in the all patients and
female patients showed a decrease in comparison with the
control group, however, in male patients, it was more than
the control group (P = 0.001) (Figure 2A).
As observed in Figure 2B, MDA concentration in the patients who did not receive any medicine in all three groups
(in all patients compared to the healthy participants regardless of gender, male and female groups) was significantly higher than healthy individuals (P =0.001).
The findings showed that the nitric oxide metabolites
(NO2 - /NO3 - ) in all patients, females and males compared to
the control group were highly augmented (Figure 2C).

4.2. B, Comparison Before and After Taking IFN-β 1a in the MS
Patients
Comparison before and after taking IFNβ -1a in the
MS patients revealed the following results. The LDH enzyme amount had no significant change after taking the
medicine (P = 0.985) (Figure 3A). AST decreased slightly after taking IFNβ -1a (P = 0.136) (Figure 3B). ALT enzyme reduction was trivial (P = 0.123) (Figure 3C). Creatinine (Figure 3D), UA (Figure 4A) and NO (Figure 4B) did not decrease
after the consumption of the medicine and only MDA decreased significantly (P = 0.003) (Figure 4C). Henceforth,
the patients were divided into male and female groups.
The data analysis showed that in the females, only two factors i.e. ALT (P = 0.024) and MDA (P = 0.003) decreased significantly after taking IFNβ -1a. Other factors showed no remarkable decline. On the other hand, amongst the males,
no significant change was observed in any of the factors.
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Figure 1. This figure shows the changes of the measured LDH (A), AST (B), ALT (C) and creatinine (D) in the healthy control group and the MS patients who did not receive any
medicines. LDH was significantly different amongst all groups (A). AST significantly increases in the total and male MS patients, while it decreases in female MS patients in
comparison to the females in the control group (B). ALT significantly increases in the total and female, but not in the male MS patients in comparison with healthy controls
(C). Creatinine significantly decreases in total, the male and female MS patients in comparison with total, male and female in healthy control group, respectively (D).

5. Discussion
In this study, the control group was compared with
the patient group, which did not receive any medication,
and the difference was significant in all of the measured
factors, which had been also approved in previous studies
(22-24). Our goal was to investigate the impact of IFN-β 1a
on biochemical factors in MS patients. It was found that
IFNβ - 1a only significantly decreases MDA after six months
of medication and has no influences on the other factors.
The decline of ALT in the female group was noteworthy, but
no major impact was observed with respect to the other
factors.
In this study, the increase of LDH in the MS patients
who had not received any medication was considerable in
comparison to healthy controls. This shows a mitochondrial defect in MS patients and was in agreement with previous studies (11). This outcome may reflect the activity
of the immune system and the consequent of neuronalcell damage as well as demyelinization. The ascending
amounts of LDH might originate from immune cells passing the blood-brain barrier in damaged tissue, or from
the multiple sclerosis plaques, as speculated by other researchers (11). The amount of LDH in this study had no sig4

nificant decrease after six months of taking IFN-β 1a (Figure 3A). Therefore, it can be concluded that IFN-β 1a has
no impact on metabolic adjustment of MS during the clinically active disease process, although further research is
needed in this scenario. AST and ALT are other biochemical factors that change due to mitochondrial dysfunction
or drug consumption (25). Based on the fact that IFN-β
1a medicines reduce the activity of cytochrome P450 and
other drug-metabolizing enzymes and also has toxic impacts on the liver cells, ALT and AST increase in MS patients,
treated with IFN-β 1a medicine. Therefore, improvement
of the serum level of AST and ALT can be a proper index
for deterioration of the MS progress (18). Regardless of the
gender, the amount of AST in the patient group was more
than the control group so that in the male patients it was
more than and in the females less than the control group.
AST augments in all the patients, regardless of their gender, because of its great increase in male MS patients. To
further explain this, it can be stated that AST exists both in
cytoplasm and mitochondrial cells. When minor damages
are made to tissues, a great quantity of AST is cytoplasmic
and a little portion is mitochondrial. Severe damages to
tissues, however, release a great quantity of mitochondrial
AST. Since men have more muscle mass than women, dur-
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Figure 2. The graph shows the changes of uric acid (A), MDA (B) and nitric acid
(NO2 + NO3 ) (C) in the healthy participants and the MS patients who did not receive
any medication. The figure illustrates that uric acid significantly decreased in the total and the female patients when compared to healthy controls (A), while uric acid in
the female patients (A) and MDA (B) and nitric acid (C) in all MS groups significantly
increased in comparison with healthy controls.

ing MS disease, myocytes are damaged and more AST is released, which leads to the AST amount growth in the blood.
The comparison of the ALT enzyme in the healthy and
MS patients who did not receive any medicine showed that
the ALT had no significant increase in the male patient samples (P = 0.196). However, in other groups, the increase of
ALT in the patient groups samples were considerable compared to the control group (p=0.001). ALT enzyme is found
more in liver and kidney cells. When the liver is damaged,
ALT increases in the blood and since the liver in females is
Iran Red Crescent Med J. 2017; 19(3):e41032.

more vulnerable than in males, its increase in females is
more likely.
The change of the AST enzyme before and after taking
IFN-β 1a was reduced in all groups; however it was not statistically substantial.
ALT amount descended in all MS patients after six
months of taking IFN-β 1a. It can be hypothesized that although IFN-β 1a is a harmful agent for hepatocytes, it may
reduce serum levels of ALT in the patients’ samples after six
months of treatments due to a decrease in inflammation,
which has a negative relation with liver enzymes growth.
Nevertheless, it appears that more studies can shed light
on the roles of IFN-β 1a on the hepatocytes to release ALT.
Previous studies showed that in MS, the balance of
metabolism, oxidative/nitrosative and antioxidant status
is disturbed (6). A study demonstrated that UA in MS patients decreased because of its antioxidant effects and scavenging activity featured with respect to nitrates (6). However, several studies showed that UA increases in MS because of phosphorylated purine catabolism (ATP, GTP) and
the destruction of nucleic acids. The reason for these problems in MS is the decrease of ATP. ATP is not enough to fulfill the needs of cells on such occasions. In MS patients, the
need for ATP increases, yet it is not fulfilled because of mitochondrial dysfunction (12). According to our study, UA
in the MS patients decreased significantly in comparison
with the control group, which was because of the increase
in the female in the control group. However, in the male
group, a significant increase was observed compared to the
control group, which is quite important. The discrepancies
in the reports on changes of UA in MS patients are because
of overlooking the gender. According to our best knowledge, this is the first research that studies the changes of
biochemical factors in MS patients based on their gender.
IFNβ -1 had an ascending impact on the amount of UA of
plasma in MS patients after six months of medication. To
further explain this, it can be stated that the duration of
the study was not long enough and a study in longer term
is needed to answer the questions.
Creatinine in MS patients is increased in plasma because of the lack of metabolic balance of the myocytes
and consequently moderate disability in walking (24). In
these patients, those combinations that influence nitrogen metabolism such as creatinine increase (22). In this
study, creatinine in the MS patients who did not receive
medication increased significantly in comparison with the
healthy control group, which is in agreement with other
relevant studies (10, 14).
In our research, IFNβ -1α has a descending impact on
the plasma creatinine of the MS patients. This might be
attributed to the fact that IFN-β 1a has no effect on the
adjustment of bioenergetical system and mitochondrial
5
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Figure 3. This figure shows the change of LDH (A), AST (B), ALT (C) and creatinine (D) concentration before and after taking IFN-β 1a. The figure shows that IFN-β 1a therapy led
to a reduction in ALT and did not affect LDH, AST and creatinine in MS patients.

function. The use of medications that improve the performance of mitochondria oxidative and phosphorylation
system may decrease the complications and recurrence of
relapse-remitting MS.
Our results demonstrated that NO (NO2 - /NO3 - ) increased in MS patients when compared with healthy controls; this shows oxidative/nitrosative stress, which leads
to the growth in the production of NO (NO2 - /NO3- ). As a result, the risk of radical production of nitrate peroxide oxidizer (NO3 - ) augments, which may impose many threats
to brain tissues (7). According to the results, IFN-β 1a could
not decrease NO in the plasma (Figure 4B). However, it increased after taking the medication, yet the increase was
trivial. To explain this, one could say that the great increase
of ROS and RNS is observed in MS patients and thus the use
of a supplement with IFN-β 1a, which can play an antioxidant role, may decrease ROS and RNS, which seems to be
quite useful.
Previous investigations revealed that MDA increases in
MS patients (6). MDA is made by the peroxidation of unsaturated fatty acids in membrane phospholipids, which
shows oxidative stress. Tavazzi et al. (6) found that plasma
MDA in MS patients increased 210 times more than the control group. In this study, MDA considerably augmented in
6

MS patients who did not receive any medicine compared
to the control group. IFN-β 1a could significantly decrease
MDA in plasma after six months of taking the medicine.
This shows that IFN-β 1a decreases the peroxidation of the
lipid membrane. The decrease was also important in the
female group; however it was not major for the males,
which might be related to the small number of males in
this study.
The novelty of our study is regarding the commercial
IFN-β 1a formula, which is used for treatment of MS patients. As mentioned in the material and method section
it was purchased from the CinnaGen Company (Cinovex).
Additionally, the effects of the drug have been evaluated after six months, for the first time in this investigation.
The limitation of the present research included the
limited number of participants who could fulfill the inclusion criteria and participate in the experiments during the
study. Despite many of the attempts we made, only a few
patients, 30, agreed to participate in the experiments during the six months.
5.1. Conclusion
This study showed that IFN-β 1a decreases oxidant effects in MS patients, but it does not improve mitochonIran Red Crescent Med J. 2017; 19(3):e41032.
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Figure 4. This curve shows the change of uric acid (A), nitric oxide (NO2 + NO3 ) (B)
and MDA (C) concentration before and after taking IFN-β 1a. According to the figure,
although IFN-β 1a therapy was unable to affect uric acid and nitric oxide, it led to
MDA reduction in the total and the females and not in the male patients.

drial dysfunction. To decrease the clinical effects in patients with MS, supplements with an antioxidant role are
suggested to improve the mitochondrial function.
Acknowledgments
The authors would like to take this opportunity to
thank the participants for their valuable contributions and
active involvement. This study was approved by the neurology research center of Kerman University of Medical Sci-

Iran Red Crescent Med J. 2017; 19(3):e41032.

1. Etemadifar M, Fatehi F, Sahraian MA, Borhanihaghighi A, Ardestani
PM, Kaji-Esfahani M, et al. Multiple sclerosis and neurofibromatosis
type 1: report of seven patients from Iran. Mult Scler. 2009;15(9):1126–
30. doi: 10.1177/1352458509106612. [PubMed: 19692435].
2. Revel M. Interferon-beta in the treatment of relapsing-remitting multiple sclerosis. Pharmacol Ther. 2003;100(1):49–62. doi: 10.1016/S01637258(03)00085-8. [PubMed: 14550504].
3. Kurtzke JF. On the Epidemiology of Multiple Sclerosis in the Middle East and North Africa. Neuroepidemiology. 2015;44(4):245–8. doi:
10.1159/000433487. [PubMed: 26088438].
4. Jafarzadeh A, Bagherzadeh S, Ebrahimi HA, Hajghani H, Bazrafshani
MR, Khosravimashizi A, et al. Higher circulating levels of chemokine
CCL20 in patients with multiple sclerosis: evaluation of the influences of chemokine gene polymorphism, gender, treatment and disease pattern. J Mol Neurosci. 2014;53(3):500–5. doi: 10.1007/s12031-0130214-2. [PubMed: 24395091].
5. Jafarzadeh A, Ebrahimi HA, Bagherzadeh S, Zarkesh F, Iranmanesh
F, Najafzadeh A, et al. Lower serum levels of Th2-related chemokine
CCL22 in women patients with multiple sclerosis: a comparison between patients and healthy women. Inflammation. 2014;37(2):604–10.
doi: 10.1007/s10753-013-9775-z. [PubMed: 24254331].
6. Tavazzi B, Batocchi AP, Amorini AM, Nociti V, D’Urso S, Longo S, et al.
Serum metabolic profile in multiple sclerosis patients. Mult Scler Int.
2011;2011:167156. doi: 10.1155/2011/167156. [PubMed: 22096628].
7. Tasset I, Aguera E, Sanchez-Lopez F, Feijoo M, Giraldo AI, Cruz
AH, et al. Peripheral oxidative stress in relapsing-remitting
multiple sclerosis. Clin Biochem.
2012;45(6):440–4. doi:
10.1016/j.clinbiochem.2012.01.023. [PubMed: 22330938].
8. Rosenberg GA. Neurological diseases in relation to the bloodbrain barrier. J Cereb Blood Flow Metab. 2012;32(7):1139–51. doi:
10.1038/jcbfm.2011.197. [PubMed: 22252235].
9. Mizee MR, Nijland PG, van der Pol SM, Drexhage JA, van Het Hof
B, Mebius R, et al. Astrocyte-derived retinoic acid: a novel regulator of blood-brain barrier function in multiple sclerosis. Acta
Neuropathol. 2014;128(5):691–703. doi: 10.1007/s00401-014-1335-6.
[PubMed: 25149081].
10. Usatyuk PV, Natarajan V. Hydroxyalkenals and oxidized phospholipids modulation of endothelial cytoskeleton, focal adhesion and
adherens junction proteins in regulating endothelial barrier function. Microvasc Res. 2012;83(1):45–55. doi: 10.1016/j.mvr.2011.04.012.
[PubMed: 21570987].
11. Witte ME, Mahad DJ, Lassmann H, van Horssen J. Mitochondrial dysfunction contributes to neurodegeneration in multiple sclerosis.
Trends Mol Med. 2014;20(3):179–87. doi: 10.1016/j.molmed.2013.11.007.
[PubMed: 24369898].
12. Cucci A, Barbero P, Clerico M, Ferrero B, Versino E, Contessa G,
et al. Pro-inflammatory cytokine and chemokine mRNA blood
level in multiple sclerosis is related to treatment response and
interferon-beta dose. J Neuroimmunol. 2010;226(1-2):150–7. doi:
10.1016/j.jneuroim.2010.05.038. [PubMed: 20573405].
13. Liu B, Shen Y, Xiao K, Tang Y, Cen L, Wei J. Serum uric acid levels in patients with multiple sclerosis: a meta-analysis. Neurol
Res. 2012;34(2):163–71. doi: 10.1179/1743132811Y.0000000074. [PubMed:
22333889].
14. Wiebenga OT, Klauser AM, Schoonheim MM, Nagtegaal GJ, Steenwijk MD, van Rossum JA, et al. Enhanced axonal metabolism during

7

Noroozi S et al.

15.

16.

17.

18.

19.

8

early natalizumab treatment in relapsing-remitting multiple sclerosis. AJNR Am J Neuroradiol. 2015;36(6):1116–23. doi: 10.3174/ajnr.A4252.
[PubMed: 25742985].
Adamczyk-Sowa M, Sowa P, Pierzchala K, Polaniak R, Labuz-Roszak B.
Antioxidative enzymes activity and malondialdehyde concentration
during mitoxantrone therapy in multiple sclerosis patients. J Physiol
Pharmacol. 2012;63(6):683–90. [PubMed: 23388485].
Inarrea P, Alarcia R, Alava MA, Capablo JL, Casanova A, Iniguez C, et al.
Mitochondrial complex enzyme activities and cytochrome C expression changes in multiple sclerosis. Mol Neurobiol. 2014;49(1):1–9. doi:
10.1007/s12035-013-8481-z. [PubMed: 23761047].
Haider L, Fischer MT, Frischer JM, Bauer J, Hoftberger R, Botond G, et
al. Oxidative damage in multiple sclerosis lesions. Brain. 2011;134(Pt
7):1914–24. doi: 10.1093/brain/awr128. [PubMed: 21653539].
Rezapour-Firouzi S, Arefhosseini SR, Ebrahimi-Mamaghani M,
Baradaran B, Sadeghihokmabad E, Torbati M, et al. Activity of liver
enzymes in multiple sclerosis patients with Hot-nature diet and cosupplemented hemp seed, evening primrose oils intervention. Complement Ther Med. 2014;22(6):986–93. doi: 10.1016/j.ctim.2014.10.004.
[PubMed: 25453518].
McDonald WI, Compston A, Edan G, Goodkin D, Hartung HP, Lublin
FD, et al. Recommended diagnostic criteria for multiple sclerosis:
guidelines from the International Panel on the diagnosis of multiple
sclerosis. Ann Neurol. 2001;50(1):121–7. doi: 10.1002/ana.1032. [PubMed:
11456302].

20. Arababadi MK, Mosavi R, Khorramdelazad H, Yaghini N, Zarandi
ER, Araste M, et al. Cytokine patterns after therapy with Avonex(R),
Rebif(R), Betaferon(R) and CinnoVex in relapsing-remitting multiple sclerosis in Iranian patients. Biomark Med. 2010;4(5):755–9. doi:
10.2217/bmm.10.81. [PubMed: 20945990].
21. Rao B, Soufir JC, Martin M, David G. Lipid peroxidation in human
spermatozoa as related to midpiece abnormalities and motility. Gamete Res. 1989;24(2):127–34. doi: 10.1002/mrd.1120240202. [PubMed:
2793053].
22. Lutz NW, Viola A, Malikova I, Confort-Gouny S, Audoin B, Ranjeva JP,
et al. Inflammatory multiple-sclerosis plaques generate characteristic metabolic profiles in cerebrospinal fluid. PLoS One. 2007;2(7):595.
doi: 10.1371/journal.pone.0000595. [PubMed: 17611627].
23. Tremlett HL, Oger J. Elevated aminotransferases during treatment with interferon-beta for multiple sclerosis:
actions
and outcomes. Multiple sclerosis.
2004;10(3):298–30. doi:
10.1191/1352458504ms1007oa.
24. Amorini AM, Petzold A, Tavazzi B, Eikelenboom J, Keir G, Belli A, et al.
Increase of uric acid and purine compounds in biological fluids of
multiple sclerosis patients. Clin Biochem. 2009;42(10-11):1001–6. doi:
10.1016/j.clinbiochem.2009.03.020. [PubMed: 19341721].
25. Garcia-Ruiz I, Rodriguez-Juan C, Diaz-Sanjuan T, del Hoyo P, Colina F,
Munoz-Yague T, et al. Uric acid and anti-TNF antibody improve mitochondrial dysfunction in ob/ob mice. Hepatology. 2006;44(3):581–91.
doi: 10.1002/hep.21313. [PubMed: 16941682].

Iran Red Crescent Med J. 2017; 19(3):e41032.

