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Summary

Background: The study aimed to assess antioxidative status
using standard biochemical analyses in multiple sclerosis
patients during relapse and remission. Also, to evaluate the
effects of gender, drug-modified treatment and clinical
characteristics of multiple sclerosis on analyzed antioxi-
dants.

Methods: The study consisted of 178 relapse-remitting
multiple sclerosis patients (671 relapse/117 remission), 93
females and 85 males, with a mean age of 40.9+9.8
(average age of 40.9) and 80 matched healthy controls.
Ongoing drug-modified treatment received 132 patients.
The serum levels of uric acid, total bilirubin, albumin, and
transferrin were analyzed in both patients and controls.
Extended Disability Status Scale (EDSS), disease duration
and annual relapse rate were used as clinical characteristics
of multiple sclerosis.

Results: The antioxidant status was decreased in multiple
sclerosis patients compared to controls. There was no sta-
tistically significant difference in antioxidant levels between
relapse and remission. Women had less favourable antiox-
idative defence than men, with lower uric acid, total biliru-
bin and albumin. Negative correlations were found
between disease duration, uric acid, annual relapse rate
and total bilirubin. The use of disease-modifying therapy
increased albumin levels.
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Kratak sadrzaj

Uvod: Cilj ove studije bio je odredivanje antioksidativnog sta-
tusa pacijentima obolelim od multiple skleroze primenom
standardnih biohemijskih testova tokom relapsa i remisije.
Istovremeno, cilj studije je bio i da se odredi uticaj pola, leko-
va koji modifikuju prirodan tok bolesti i klinickih karakteristika
multiple skleroze na analizirane antioksidanse.

Metode: Studija je obuhvatila 178 pacijenata sa relapsno-
remitentnom multiplom sklerozom (61 u relapsu/117 u
remisiji), 93 Zena i 85 muskaraca, 40,9+9,8 godina
(prose¢na starost 40,9 godina) i 80 zdravih kontrola,
uparenih po godinama i polu. 132 pacijenata je primalo
terapiju koja modifikuje prirodan tok bolesti. Odredene su
koncentracije mokraéne kiseline, ukupnog bilirubina, albu-
mina i transferina u serumu pacijenata i kontrolne grupe.
Prosirena Skala Statusa Onesposobljenosti (EDSS), trajanje
bolesti i broj relapsa po godini su predstavljali klini¢ke
karakteristike multiple skleroze.

Rezultati: Antioksidativni status je nizi kod obolelih od mul-
tiple skleroze u poredenju sa kontrolnom grupom. Nije
utvrdena statisticki znacajna razlika u_ koncentracijama
antioksidanasa tokom relapsa i remisije. Zene u odnosu na
muskarce imaju slabiju antioksidativnu zastitu, koja se ogle-
da u nizim koncentracijama mokraéne kiseline, ukupnog
bilirubina i albumina. Utvrdena je negativna korelacija
izmedu trajanja bolesti i vrednosti mokraéne kiseline i
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Conclusion: The use of standard biochemical analyses as
an antioxidant tool in patients with multiple sclerosis was
evidenced in this study. The gender and clinical character-
istics affected antioxidant status, highlighting the need for
personalized complementary adds to antioxidative therapy
in multiple sclerosis.

Keywords: antioxidants, multiple sclerosis, oxidative
stress, relapse, remission

Introduction

Multiple sclerosis (MS) is a heterogeneous,
immune-mediated, disabling disease of the central
nervous system (CNS) characterized by chronic
inflammation, demyelization, and axonal loss (1).
Concerning the course of MS, the disease is divided
into three types: relapsing-remitting (RR), primary
progressive, and secondary progressive. Relapsing-
remitting type is the most common MS course in
which clearly defined attacks of neurologic symp-
toms-relapses are followed by periods of partial or
complete recovery-remissions (2). The treatment goal
in MS is to avoid relapse occurrence, thus reducing
disease activity and preventing disability progression
because every relapse attack may leave a permanent
neurological deficit (3). Early treatment initiation with
appropriate disease-modifying therapy (DMT) is piv-
otal for that purpose.

The Expanded Disability Status Scale (EDSS) is a
clinical method of quantifying MS disability changes.
On the cell level, chronic inflammation, oxidative
stress (OS), and blood-brain barrier (BBB) damage
happens through time, thus promoting the process of
demyelination, disrupting the extent of remyelination,
and leading to axonal and neuronal damage (4). OS
is an imbalance between the production of free radi-
cals and the antioxidative capacity to counteract their
harmful effects. The cause of OS is either excessive
production of free radicals and/or inadequate func-
tion of the antioxidant system. Whatever the reason
is, the result is extensive oxidative damage to pro-
teins, lipids, and nucleotides, causing their loss of
function and degradation (5). That directly con-
tributes to brain damage. Together with the mito-
chondrial damage and posterior disturbance of ener-
gy metabolism, oxidative stress drives inflammation,
neurodegeneration, and axonal degeneration, which
give OS a primal role in MS pathogenesis (6, 7). The
CNS is particularly susceptible to OS due to its high
energy requirements, limited cell renewal, and
increased concentration of OS-prone molecules (8).

Multiple sclerosis is characterized by excessive
oxidation, reflected in increased oxidative power (9)
and reduced endogenous antioxidant capacity (10).
Enhancing antioxidant potential could be used as a

izmedu broja relapsa po godini i koncentracije ukupnog
bilirubina. Utvrdene su vece vrednosti albumina kod pa-
cijenata koji su na terapiji koja modifikuje prirodan tok
bolesti.

Zakljuéak: U ovoj studiji je dokazana upotreba standardnih
biohemijskih analiza za procenu antioksidativne aktivnosti
obolelih od multiple skleroze. Pol i klini¢cke karakteristike
bolesti uticu na parametre antioksidativnog statusa i ukazu-
ju na znacaj personalizovane, komplementarne, pomocne
antioksidativne terapije u multiploj sklerozi.

Kljuéne reéi: antioksidansi, multipla skleroza, oksida-
tivni stres, recidiv, remisija

complementary disease-modifying add-on therapy for
MS, as suggested by some authors (11-13).
However, most reported oxidative/antioxidative
parameters require sophisticated procedures, robust
analytical equipment, and a long delay in reporting
the results. On the other hand, routine biochemical
analyses are standardized, cost-effective, have a short
turnaround time and are widely available in daily clin-
ical practice.

The study aimed to investigate common bio-
chemical analyses, such as uric acid, total bilirubin,
albumin, and transferrin, as a screening tool for
antioxidative status in MS patients and their levels of
relapse and remission. These parameters are involved
in various metabolic pathways and, at the same time,
have a strong antioxidative capacity (14). We also
intended to evaluate the effect of gender, clinical
characteristics and DMT use on the analyzed bio-
chemical parameters.

Materials and Methods
Patients

One hundred seventy-eight MS patients were
recruited from January to December 2017 at the
Department of Neurology of the Military Medical
Academy in Belgrade, Serbia. The control group con-
sisted of 80 healthy individuals matched in age and
gender with the selected patients. The Military
Medical Academy Ethics Committee approved the
study, which was performed in conformance with the
Declaration of Helsinki’s ethical guidelines. Informed
consent was obtained from all the participants
(patients and controls) before the study.

All patients had a clinically definite diagnosis of
MS according to the 2011 McDonald’s criteria (15).
A complete neurological examination with an EDSS
assessment was performed (14). Disease duration
was calculated from the onset of the first MS symp-
toms to entry into the study (expressed in years). The
annual relapse rate (ARR) was defined as the total
number of relapses divided by the disease duration.
Exclusion criteria were primary or secondary progres-
sive MS and other chronic and acute diseases. Based
on the clinical presentation, 178 MS patients were
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divided into the MS relapse (61 subjects) and MS
remission groups (117 subjects). The relapse was
described as an occurrence of new or worsening of
the old symptoms, which lasted more than 24 hours
and occurred at least 30 days after a similar event.
MS relapse patients were studied at the onset of
relapse (within seven days of symptom onset) and
before relapse treatment by corticosteroids.
Remission patients were relapse-free for at least six
months. Based on the current DMT, patients were
divided into users and non-users. One hundred ten
remission patients (94 %) received DMT, as follows:
interferons (47 patients), dimethyl-fumarate (28
patients), daclizumab (26 patients), glatiramer
acetate (6 patients), hematopoietic stem cell trans-
plantation (2 patient), fingolimod (1 patient). In con-
trast, only 37 % of relapse patients (22) were DMT
users who were treated with interferons (8 patients),
dimethyl-fumarate (3 patients), fingolimod (3
patients), glatiramer acetate (3 patients), daclizumab
(2 patients), hematopoietic stem cell transplantation
(2 patients) and mitoxantrone (1 patient). When the
study was conducted, daclizumab was still in regular
use.

Biochemical analysis

Venous blood samples were taken from all
patients on hospital admission and the control group
at regular check-ups. Venipuncture was performed in
BD Vacutainer serum tubes (BD Diagnostics,
Plymouth, UK). The serum tubes were centrifuged at
3000 rpm for 10 minutes, and a biochemical analysis
was performed within 4 hours of venipuncture.

Uric acid is the last compound of purine metab-
olism. Uric acid concentrations were determined
enzymatically using Siemens reagents on Siemens
Advia 1800 Clinical Chemistry System, and results
were expressed in umol/L.

Total bilirubin is a product of hem degradation.
The results were analyzed using the diazo method on
Siemens Advia 1800 Clinical Chemistry System using
Siemens reagents. The results were expressed in
umol/L.

Transferrin binds and transports iron, thus limit-
ing its ability to promote OS. Transferrin forms
immune complexes with specific antibodies. The
amount of immune complexes was measured
immunonephelometrically on a Dade BN-Il neph-
elometer. The results were expressed in g/L.

Albumin is a transport protein. It was deter-
mined using the Siemens bromocresol green reagent
on the Advia 1800, and the results were expressed in
g/L.

Statistics

The results were presented as means = stan-
dard deviation or median with interquartile range,
depending on whether the variables were normally
distributed. Categorical data were presented as fre-
quencies. Statistical analysis was performed using
GraphPad Prism 5.0 (California, USA). Statistical sig-
nificance between two measured continuous vari-
ables was determined using the Mann—Whitney or the
unpaired Student t-test. The relationship between the
variables was tested using the non-parametric
Spearman correlation. The Chi-Square test analyzed
categorical data. Values of p less than 0.05 were con-
sidered significant.

Results
Clinical characteristics of MS patients

The basic demographic and clinical characteris-
tics of the MS patients are shown in Table I. No statis-
tically significant difference in age and gender was

Table | Demographic and clinical characteristics of MS patients and healthy controls.

Characteristic MS Patients MS Patients-Relapse MS Patients-Remission Healthy Controls
Number of subjects 178 61 117 80

Sex (female/male) 93/85 37/24 56/61 44/36

Age (years) 40.9+9.8 39.2+10.9 41.9+9.1 39.3+9.0
EDSS 2.5(1.5-4.1) 3.5 (2.5-5.0) 2.0 (1.0-3.0) NA
Disease duration (years) 8.0 (5.0-13.0) 9.0 (5.0-14.0) 6.0 (3.0-10.5) NA
Annual relapse rate 0.3 (0.2-0.6) 0.5 (0.3-1.3) 0.3 (0.2-0.4) NA
Patients on DMT 132 22 110 NA

Data are expressed as mean = standard deviations (x=SD) or median (25th—75th percentile). Categorical variables are presented as rel-

ative frequencies.
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Table Il Antioxidant status in the whole MS patients, healthy controls, MS patients in relapse and MS patients in remission.

Parameter MS Patients Healthy Controls p MS Patients— MS Pa.tie.nts— p
Relapse Remission

Uric acid (mmol/L) | 261 (215-307) | 295 (229-349) <0.01 257 (241-274) 270 (257-283) 0.575

Total Bilirubin

(mmol/L) 10 (7-12) 12 (8-16) <0.001 9 (7-12) 10 (7-12) 0.291

Transferrin (g/L) 2.6 (2.2-2.9) 2.7 (2.4-3.1) <0.05 2.5(2.2-2.9) 2.6 (2.3-2.9) 0.149

Albumin (g/L) 45 (43-47) 48 (44-49) <0.001 44 (41-46) 45 (43-47) 0.061

Data are presented as median (25th-75th percentile). P-values; Mann-Whitney test

Table Il Gender-specific differences in antioxidant status in the whole MS patients, MS patients in relapse, MS patients in remis-
sion and healthy controls.

MS Patients MS Patients—Relapse MS Patients—Remission Healthy Controls
Females Males p Females | Males p Females Males p Females Males p

Uric acid 232 297 228 304 235 340

(mmol/L) | (196-270) | (265-370)| <0-001 | 240%55 129180 <0.001 | 495 56g)((266-380)| <0001 |(211-263)|(316-370)| <-001
Total 8 11 8 10 8 1 9 14

Bilirubin 7-10) | (815) | <000 w10y | 7=1e) | <005 | (7210) | (10-15) | <O00T| (7212 | (11-19) | <0001
gigfe"‘”e 0350) | (2228 | <001| 26204 [24204| <001 | 27205 | 25204 | <005 | 2.8 £0.5 | 2.6+05 | <005
Albumin 44 46 44 6 44 47 45 48

(/L) @1-46) | (a4-47) | <0001| (a0-a6) |(aa-47)| <005 | (a1-46) | (4549) | <O0T| (4349) | (46-50)

Data are presented as mean = standard deviations (x=SD) or median (25th—75th percentile).
P-values: Mann-Whitney test was used for all analyses except for transferrin (relapse, remission and controls) and uric acid (relapse), where
an unpaired Student’s t-test was used.

Table IV Comparisons of MS patients with and without DMT use.

Parameter MS patients on DMT MS patients without DMT p-value
Uric acid (mmol/L) 264 (216-305) 253 (210-309) 0.426
Total biirubin (mmol/L) 10 (7-13) 9 (7-11) 0.319
Transferrin (g/L) 2.6 (2.2-2.9) 2.5(2.3-2.9) 0.516
Albumin (g/L) 45 (43-47) 43 (41-46) <0.05

Data are presented as median (25th-75th percentile). p values; Mann-Whitney test

found between MS patients and controls (p=0.601;
p="1.0). Patients with relapse had a significantly high-
er EDSS (p<0.001), a higher disease duration and
annual relapse rate (p<0.001; p<0.01), and a lower
number of DMT users (p<0.001) compared to
patients in clinical remission.

Antioxidant status in MS patients

Serum antioxidant levels were analyzed between
MS patients and healthy controls and between MS
patients in relapse and remission. Uric acid, total
bilirubin, transferrin, and albumin were significantly
decreased in MS patients compared to healthy con-

trols (Table Il). There was no statistically significant
difference in antioxidant parameters between MS
patients in relapse and remission (Table ).

Gender effect on antioxidant status in MS

We also investigated the possible effects of gen-
der on antioxidant status in the MS, relapse and
remission group. After the Chi-Square test (data not
shown), no differences were found in female and
male subgroups regarding age, EDSS, disease dura-
tion, ARR or DMT use. Female subpopulations had
statistically significantly lower uric acid, albumin and
total bilirubin levels in all analyzed groups (total MS,
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remission, relapse, and controls). Transferrin levels
were significantly higher in women than in men (total
MS, remission and relapse groups), while the transfer-
rin comparison in controls did not reach statistical sig-
nificance (Table Ill).

Effect of DMT on antioxidant status

The analysis of MS patients based on their DMT
use showed that 132 patients were treated with DMT,
while 46 of them did not receive MS therapy. There
was no statistically significant difference in terms of
age (p=0.550), gender (p=0.327), EDSS (p=0.135),
or disease duration (p= 0.174) between the two ana-
lyzed groups. After performing statistical analysis, we
found a significant difference in albumin concentra-
tion, with higher albumin levels in the patients treated
with DMT compared to the patients without DMT (45
g/L vs. 43 g/L, p<0.05) (Table IV).

Relations between antioxidant status and clinical
characteristics of MS

In the whole MS group, disease duration nega-
tively correlated with uric acid (r=-0.220, p<0.05<),
while the annual relapse rate negatively correlated
with total bilirubin (r=-0.188, p<0.05). We found no
correlation between EDSS and antioxidants.

In relapsing MS patients, annual relapse rate
and total bilirubin were negatively correlated (r=-
0.274, p<0.05), while no correlations were found
between antioxidants and disease duration or EDSS.

In patients with MS remission, we only found a
negative correlation between disease duration and
uric acid (r=-0.187, p<0.05), while correlations
between antioxidants and ARR, or EDSS, did not
reach statistical significance (data not shown).

Discussion

The most important result of the study is that the
antioxidants, uric acid, total bilirubin, transferrin, and
albumin are significantly lower in MS patients than in
control subjects. Both in remission and relapse, an
antioxidant status was reduced in MS patients com-
pared to the healthy group. This reflects a reduced
antioxidant capacity in MS due to excessive and long-
term oxidative damage.

Uric acid is a strong natural scavenger of reac-
tive oxygen and nitrogen species, especially in the
CNS (15-17). It is still not elucidated whether
decreased serum uric acid levels in MS, reported in
this study, as in the studies by other authors (18, 19),
are the cause or the consequence of the disease.
However, its potential use as a biomarker of MS activ-
ity and progression is well known. The negative cor-
relation of uric acid and disease duration showed in

this study, as in the study by Moccia et al. (20), indi-
cates the progressive loss of antioxidant residue
power during the MS course. This progressive antiox-
idant deterioration is also reflected in a negative cor-
relation between total bilirubin and ARR, demonstrat-
ed in this study, with lower bilirubin values in patients
with more active MS. Total bilirubin inhibits superox-
ide anion production, suppresses phospholipids and
proteins peroxidation, and protects immune and
nerve system, both compromised in the MS (21).
Today, bilirubin is well known for its strong anti-
inflammatory and immune suppressive activities (22).

Albumin and transferrin are negative molecules
of the acute phase response. Inflammation is a major
feature of MS; therefore, lower albumin and transfer-
rin levels are expected as inflammation leads to OS
and vice-versa. Both molecules are transport proteins.
While albumin binds and delivers various ligands
(drugs, fatty acids, bilirubin), transferrin is only
responsible for iron molecules (23). Its antioxidant
effect prevents the Fenton and Heber-Weiss reaction
(by binding iron and/or copper), preventing reactive
oxygen species formation (24). Transferrin also accel-
erates myelin biosynthesis in oligodendrocytes, thus
inducing the process of remyelination (25). This also
contributes to the reduced transferrin in MS as an
attempt to compensate for myelin loss and delay the
disease progression. While lower serum albumin is
well documented in MS (26, 27), only a few studies
have analyzed transferrin (10, 28). Transferrin is,
despite reduced antioxidant defence, reduced due to
a higher proportion of women in the MS (10), as
higher transferrin characterized to females means
lower iron. An almost equal number of female and
male participants in this study resulted from domi-
nantly military-insured males in Serbia, whose host
hospital is the Military Medical Academy.

In our previous study, OS in MS represented
increased malondialdehid, nitric oxide, and prooxi-
dant-antioxidant balance. In these circumstances of
high OS, antioxidant potential was documented by
uric acid, and total bilirubin, transferrine, and albu-
min were decreased (2). For example, most sub-
stances, like uric acid, can be prooxidants and antiox-
idants, depending on the location or dose (17).

The second important finding in this study is the
lack of difference in antioxidant status between remis-
sion and relapse patients. This indicates persistent
oxidative stress and permanent CNS damage during
MS, regardless of the clinical presentation. Even if the
disease remains in clinical remission, the body’s
antioxidants have to cope with many reactive species,
meaning clinical remission is only the top of the ice-
berg that does not reflect the ongoing inflammation.
While inflammation is usually connected with relapses
and neurodegeneration with progression, both
pathologies are present during the whole MS phase.
To prevent further oxidative damage and preserve
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natural antioxidant capacity, early and effective
antioxidant treatment in MS is beneficial, with partic-
ular attention to gender differences.

Regarding gender differences, MS is a female-
predominant disease, with a more severe course in
males due to immune and nervous system differ-
ences, hormones, and genetic changes. The only
antioxidant in this study that was lower in male partic-
ipants than in female participants was transferrin.
Burger et al. also reported a lower transferrin concen-
tration in males (29). The results of this study demon-
strated significantly higher levels of uric acid, total
bilirubin, and albumin in males vs females. Estrogen
in females contributes to higher renal uric acid clear-
ance (30), while lower haemoglobin results in less
bilirubin degradation. The results on sex-specific dif-
ferences in serum albumin concentrations are vague.
Lower albumin in females is due to differences in hor-
mone status, as oral contraceptive use leads to lower
albumin levels (31). Albumin also reflects nutritional
status, so differences in dietary habits also contribute
to higher albumin levels in men (32). Albumin is also
a transport molecule responsible for the transfer of
bilirubin. Many authors have reported that lower
bilirubin concentrations in MS (33-35) reflect the
constant battle against OS attacks. This fight also
resulted in lower uric acid levels in MS patients (20).
Uric acid is a natural peroxynitrite scavenger that neu-
tralizes the overproduction of peroxynitrite. Unlike the
results of this study, some researchers reported a link
between uric acid and MS clinical activity (36, 37).

Whether the reduced antioxidant status in MS is
a primary or secondary deficit related to the fight
against OS is not yet clear. We believe that reduced
antioxidant status is more likely a secondary epiphe-
nomenon, which is consistent with other researchers
(38, 39). This concept is important for the develop-
ment of therapeutic strategies. Improving antioxidant
defences in MS and effective additive antioxidant
treatment could reduce the severity of the disease or
improve its marked progression. The introduction of
dietary prophylaxis could also be a strategy to reduce
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