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Abstract
Purpose To examine the thiol-disulphide homeostasis during an optic neuritis episode in patients with multiple sclerosis and the
relationship between this homeostasis and P100 wave latency.
Materials andmethod Visual evoked potential reviews ofmultiple sclerosis patients who presented with an optic neuritis episode
were conducted and P100 latencies were measured. Peripheral blood samples were collected from all patients. Native thiol and
total thiol concentrations were measured with the automated method that was recently developed. Their amount of disulphide
bonds, disulphide/native thiol, disulphide/total thiol and native thiol/total thiol ratios were calculated. The relationship between
P100 latency and thiol-disulphide homeostasis was investigated.
Results A significant positive correlation was determined between the disulphide/native thiol ratio and both mean P100 latency
and maximum P100 latency (p = 0.021, r = 0.136; p = 0.030, r = 0.177, respectively).
Discussion As the balance of the plasma dominated by antioxidants moves towards the oxidant side, in other words as a higher
rate of thiol is oxidised from the thiol pool, P100 latency is extended. N-acetylcysteine and alpha lipoic acid as well as thiol
supplements can improve the thiol-disulphide balance, reinforce antioxidant defence and it can help in slowing down the
demyelinating damage.
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Introduction

Multiple sclerosis (MS) is a demyelinating disease of the cen-
tral nervous system (CNS) with a chronic inflammatory im-
mune mediation. Various pathophysiological mechanisms
such as inflammation, oxidative damage, excitotoxicity, de-
myelination, remyelination and axonal damage are responsi-
ble for the pathogenesis of MS [1]. Oxidative stress contrib-
utes to the degeneration of oligodendroglia and destruction of
the myelin; therefore, it plays a vital role in the development
of the disease. Inflammation leads to oxidative stress; oxida-
tive stress leads to inflammation and causes demyelination [2].
Therefore, clinical signs and symptoms of MS are reflections

of this pathological process where inflammation and demye-
lination are observed [3]. Optic neuritis is one of the most
prevalent clinical presentations of MS at the onset, and it is
commonly involved during its course [4]. Myelin of the optic
nerve, which is considered an extension of the brain, is pro-
duced by oligodendrocytes, and these cells are vulnerable to
oxidative damage [5].

Oxidative stress is described as the impairment of the bal-
ance between reactive oxygen species (ROS) radicals and an-
tioxidant molecules in favour of ROS. This imbalance leads to
the impairment of the integrity of the blood-brain barrier, my-
elin destruction and neurodegeneration [6]. Thiol-disulphide
homeostasis is very important because it allows evaluation of
the redox imbalance. Thiols are antioxidant buffers. Thiols
contain the –SH group. These –SH groups react with reactive
oxidant molecules and reduce them, and as a result of this,
they protect the organism from oxidative damage. Disulphide
bonds that are produced during this reaction can be reduced to
thiol groups again, and in this way, thiol-disulphide homeo-
stasis, which has an important role in antioxidant defence,
intracellular signal transmission, regulation of enzymatic

* Gönül Vural
gonulvrl@gmail.com

1 Department of Neurology, Faculty of Medicine, Yıldırım Beyazıt
University, 06800 Ankara, Turkey

2 Department of Clinical Biochemistry, Faculty of Medicine, Yıldırım
Beyazıt University, Ankara, Turkey

Neurological Sciences (2019) 40:385–391
https://doi.org/10.1007/s10072-018-3660-3

http://crossmark.crossref.org/dialog/?doi=10.1007/s10072-018-3660-3&domain=pdf
http://orcid.org/0000-0002-1245-7273
mailto:gonulvrl@gmail.com


activities, detoxification and apoptosis, can be maintained
[7–9]. The evaluation of this mechanism gives us more insight
into the oxidative status in the plasma in contrast to the sepa-
rate measurement of oxidant and antioxidant molecules.

Oxidative stress plays a vital role in relapsing-remitting
multiple sclerosis (RRMS), and it occurs before the inflam-
matory response during relapse. MS patients develop antiox-
idant insufficiency and global oxidative status [10].

In this study, we examined the thiol-disulphide homeosta-
sis during optic neuritis episodes in patients with RRMS and
the relationship between this homeostasis and P100 wave
latency.

Material and method

Design

RRMS patients who are already being followed and who pre-
sented with an episode of optic neuritis during the course of the
disease and patients who have been diagnosed with RRMS after
experiencing an episode of optic neuritis have been included in
the study. Patients whose initial findings pointed to optic neuritis
episodes, but did not fulfil the criteria for an MS diagnosis yet
were evaluated as clinically isolated syndromes, were excluded
from the study. Visual evoked potential (VEP) reviews of all
patients were conducted at the electrophysiology laboratory
through monocular recording with pattern reversal evoking.
Investigation was made in a dimly lit and quiet room. Patients
were seated 1 m away from the monitor. Stimuli were presented
as a checkerboard pattern of black and white squares at a reversal
frequency of 1.5 Hz. Needle electrodes were inserted into the
scalp in the midline over the occipital region 2.5 cm above the
inion (Oz: active electrode) and over the frontal region (Fz: ref-
erence). The ground electrodewas placed on the forearm. During
uninterrupted stimulation 200 responses were averaged using a
portable evoked potential machine (Keypoint; Alpine Biomed).
P100 wave latencies were recorded for both eyes separately. The
more longer latency of P100 waves obtained for the right and left
eye was recorded as the P100 maximum, provided that it is
correlated with the symptom, and their average was recorded
as the P100 average. For patients who had previously had an
episode of optic neuritis, P100 wave latency on the side of the
new symptomatic side was recorded as the P100 maximum. In
light of the anamnesis and examination findings of the patients,
the durations of the disease, total number of attacks that they
developed and their expanded disability status scale (EDSS)
scores were recorded. Venous blood samples were collected after
12 h of fasting prior to the start of the pulse steroid treatment, and
these were centrifuged at 1500g for 10 min immediately after.
Serum thiol-disulphide homeostasis was identified with the new
automated measurement method developed by Erel and
Neşelioğlu [7]. In this method, firstly dynamic and degradable

disulphide bonds (–S–S) were reduced to free functional thiol
groups (–SH) by sodium borohydride (NaBH4). Reductant
NaBH4 was not utilised, and the remaining amount was con-
sumed with formaldehyde and removed from the environment.
Following this, all thiol groups containing both reduced and
native thiols entered into a reaction with DTNB [5,5′-
dithiobis-(2-nitrobenzoic) acid]. Native thiol (–SH) and total thiol
(–SH+–S–S) levels were measured. Half of the difference be-
tween total and native thiol contents that weremeasured provided
us with the amount of dynamic disulphide band. Following this,
disulphide/native thiol (–S–S/–SH), disulphide/total thiol (–S–S/
–SH+–S–S) and native thiol/total thiol (–SH/–SH+–S–S) ratios
were calculated. The study was approved by the local ethics
committee and informed consent was obtained from all individ-
ual participants included in the study.

Statistical analysis

The SPPS 20 (IBMCorp. Released 2011. IBMSPSS Statistics
for Windows, Version 20.0. Armonk, NY: IBM Corp.) statis-
tical package program was used to analyse the data. Mean ±
standard deviation, median, minimum-maximum and percent-
age values were used for the variables. The homogeneity of
the variances, which is one of the pre-requisites of parametric
tests, was checked with the BLevene^ test. The BShapiro-
Wilk^ test was used to check the assumption of normality.
The relationship between two continuous variables was eval-
uated with Pearson’s correlation coefficient test, and when
they did not fulfil the pre-requisites of parametric tests, the
Spearman’s rank correlation coefficient was used to evaluate
them. The statistical significance level was accepted as
p < 0.05 and p < 0.01.

Results

Eighty-six patients aged between 18 and 57 (mean age 33.5 ±
9.2) where 30 patients were male (35%) and 56 patients were
female (65%) were included in the study. Clinical properties
of the patients are shown in Table 1.

Native thiol, disulphide, total thiol levels and disulphide/
native thiol, disulphide/total thiol, native thiol/total thiol ratios
of the patients and both mean P100 latency and maximum
P100 latency were correlated for analysis (Table 2). A signif-
icant positive correlation was determined between the
disulphide/native thiol ratio and both mean P100 latency and
maximum P100 latency (p = 0.021, r = 0.136; p = 0.030, r =
0.177, respectively). None of the parameters of thiol-
disulphide homeostasis were found to be associated with
age, sex, duration of disease, total number of attacks and the
number of optic neuritis episodes. Just as with the P100 laten-
cy, the disulphide/native thiol ratio was positively correlated
with the EDSS score (p = 0.026, r = 0.240).
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Discussion

MS is an inflammatory, autoimmune disease that progresses
with the death of oligodendrocytes, demyelination followed
by axonal damage and finally loss of neurons [11]. During the

course of the disease, immune cells that are active produce
ROS, which causes oxidative stress and therefore contributes
to demyelination, axonal damage and inflammation processes
[12, 13]. The evidence obtained demonstrates that oxidative
stress plays a role in demyelination [14–16].

ROS plays a key role in myelin phagocytosis. The imbal-
ance between ROS and antioxidant capacity in favour of ROS
leads to the occurrence of oxidative stress. This imbalance that
shifts in favour of ROS stimulates the adhesion of monocytes
onto vascular endothelium, which changes the permeability of
the blood-brain barrier, and white blood cells are extravasated
into the central nervous system. This inflammatory response
leads to an increase in ROS production. As a result, oxidative
stress causes inflammation and inflammation causes oxidative
stress. Oxidative damage occurs before inflammation.
Therefore, oxidative damage is the preliminary preparer of
demyelination and neurodegeneration [6, 10, 12, 13, 17].

High oxygen consumption, low antioxidant levels and a
high concentration of polyunsaturated fatty acids that are con-
siderably sensitive to pre-oxidation make the CNS especially
vulnerable to oxidative damage. Oxidised phospholipids pro-
duced as a result of the peroxidation of membrane lipids in-
duce the adhesion of monocytes onto vascular endothelium
[16, 18]. As another function of ageing, iron accumulation
occurs in the brain, and this iron catalyses oxidative damage
through Fenton’s reaction and the cellular damage that is as-
sociated with this [16, 19]. On the other hand, oxidative stress
impairs the function of mitochondria and their transportation
to the synaptic region, causing reduced synaptic function that
results in neurodegeneration [20]. Mitochondrial dysfunction
plays a special role in inflammatory processes. In case of
mitochondrial dysfunction, excessive production of toxic
ROS is observed [21]. It plays an important role in the loss
of neurons and myelin and oligodendrocytes that are harmful
to the glia [22, 23].

A series of studies investigating the role played by oxida-
tive stress in MS has been conducted, and it has been demon-
strated that an increase in oxidative stress results in reduced
antioxidants [6, 24–28]. In patients with MS, serum lipid per-
oxidation [26], plasma fluorescent lipid peroxidation products
[24], cholesterol ester hydroperoxides, which are an indicator
of lipid peroxidation [29], thiobarbituric acid products [25],
malondialdehyde and 4-hydroxyalkenes [6] and conjugated
diene [27] levels increase, which point to the presence of ox-
idative status. Syburra et al. [28] have shown that lipid oxida-
tion in patients with MS resulted in a decrease in the levels of
peripheral antioxidants including vitamin E, glutathione per-
oxidase and ubiquinone. In the same manner, Besler [25, 26]
and Miller [30] have found that the total antioxidant capacity
has decreased in patients with MS. In their study where they
evaluated peripheral oxidative stress in patients with RRMS,
Tasset et al. [10] discovered that carbonyl protein, 8-hydroxy-
2′-deoxyguanocine (8OHdG), total glutathione, reduced

Table 1 Clinical characteristics of patients

Variables Data

Age 33 (18–57) median
(min-max)

33.5 ± 9.2 mean ± SD

Gender n (%)

Male 30 (35%)

Female 56 (65%)

First clinical presentation n (%)

Monosymptomatic onset 33 (38%)

Polysymptomatic onset 53 (62%)

Initial symptoms n (%)

Optic 45 (52%)

Sensorial 48 (56%)

Motor 34 (39%)

Cerebellar 16 (18%)

Brainstem 11 (12%)

Disease duration (years) 2 (2–21) median (min-max)
3.6 ± 3.8 mean ± SD

Total number of attack 3 (1–10) median (min-max)
3.4 ± 2.5 mean ± SD

Number of optic neuritis episodes 1 (1–3) median (min-max)
1.2 ± 0.5 mean ± SD

Expanded disability status scale-EDSS
score

2(0–6.5) median (min-max)
1.9 ± 1.4 mean ± SD

Therapy n (%)

Interferon 36 (42%)

Teriflunomide 7 (8.1%)

Dimethyl fumarate 2 (2.3%)

Fingolimod 14 (16.2%)

Natalizumab 3 (3.4%)

No treatment 24 (28%)

Received pulse steroid therapy 2(0–10) median (min-max)
2.8 ± 2.2 mean ± SD

Thiol-disulphide homeostasis Mean ± SD

Native thiol (–SH), μmol/L 454.8 ± 60.7

Total thiol (–SH+–S–S), μmol/L 493.8 ± 63.7

Dynamic disulphide (–S–S), μmol/L 19.4 ± 7.9

–S–S–/–SH 0.042 ± 0.018

–S–S–/(–SH+–S–S–) 0.040 ± 0.016

–SH/(–SH+–S–S–) 0.921 ± 0.030

Visual evoked potential –P100 latency Mean ± SD

Maximum P100 latency msn 124.3 ± 17.6

Mean P100 latency msn 119.6 ± 16.8

The results are given as number (percentage), median (min-max), mean ±
standard deviation
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glutathione (GSH), GSH/oxidised glutathione (GSSG) ratio,
superoxide dismutase (SOD), glutathione reductase (GRd)
and global oxidative stress were significantly higher than the
healthy group, whereas total antioxidant capacity, GSSG, glu-
tathione peroxidase (GPx) and glutathione-S-transferase
(GST) were lower. In other words, they revealed total antiox-
idant capacity that was reduced with high oxidative stress
markers, and these findings show that oxidative status is dom-
inant in MS patients. Fiorini et al. [14] discovered that the
levels of oxidative modified proteins increased during relapse
in RRMS patients. Oliveira et al. [31] found that the thiol
levels decreased in MS patients in their study. Ljubisavljevic
[32] found that advanced oxidation protein products (AOPP)
increased in patients having an acute attack compared to the
controls, and thiols decreased. Pasquali et al. [33] showed that
AOPP levels were significantly higher than the control group,
whereas thiol levels were lower in their study, conducted with
60 patients with MS in total where 30 were RRMS and 30 of
the participants were SPMS patients. Karlik et al. [17] discov-
ered that AOPP and Bthiobarbituric acid reacting substances
(TBARS)^, which are the lipid peroxidation markers, in-
creased both in the saliva and in the plasma compared to the
controls, and they found that the total antioxidant capacity
decreased.

Reactive oxygen radicals impair the permeability of the
blood-brain barrier, and they expose the protected CNS tissue
to the pathological effect of immune cells, leading to demye-
lination and axonal loss in the end [34]. The clinical manifes-
tation of this is increased functional losses and disability.
However, conducted studies could not reveal a consistent re-
lationship between oxidative status and clinical manifestations

of the disease and disability. Pasquali et al. [33] did not deter-
mine a correlation between increased AOPP levels and re-
duced thiol levels and duration of the disease, sleepiness, fa-
tigue and disability in MS patients. Tasset [10] did not find a
relationship between oxidative stress biomarkers and EDSS
score, whereas Ljubisavljevic [32] showed that increased
AOPP levels and decreased thiol levels occur concomitantly
with higher disability levels. In the study conducted by
Olivera et al. [31], the authors did not discover a relationship
between thiol levels and disability. Karlik et al. [17] did not
find a correlation between the oxidative stress markers that
had increased and EDSS in MS patients.

There are two important issues here. Firstly, all of these
studies conducted until now measured individual or total
pro-oxidant and antioxidant parameters separately. However,
this does not provide us with accurate information about the
oxidative status of the plasma. This is because oxidative status
is related to the imbalance between the oxidants and antioxi-
dants rather than the decrease or increase in their quantities.
Therefore, evaluating oxidative status as thiol-disulphide ho-
meostasis can provide us with more useful information. Thiols
are major antioxidants and they are major targets for ROS. –
SH is a biochemical marker for oxidation reduction reactions
[35]. As evaluated in the series of studies mentioned above,
the assessment of this balance by evaluating both native thiol
and disulphide bonds, or in other words, the entire thiol pool
with the newmeasurement method developed by Erel et al. [7]
rather than the measurement of the thiol pool only, can provide
us with a better idea about oxidative status. The thiol-
disulphide balance allows an objective evaluation of the dy-
namic redox system of the organism. The second issue is that

Table 2 The relationship between native thiol and total thiol levels, amount of dynamic disulphide bond, (–S–S–/–SH), –S–S–/(–SH+–S–S–) and –
SH/(–SH+–S–S–) ratios of patients with MS in the phase of relapse and their P100 latency (mean and maximum) and other clinical features

n = 86 Age Gender Disease
duration

Total
number
of attacks

Number of
optic
neuritis
episodes

EDSS
score

P100 latency
(mean)

P100 latency
(max)

Native thiol (–SH) r − 0.110 − 0.080 − 0.063 0.034 − 0.039 − 0.052 − 0.077 − 0.092
p 0.314 0.463 0.563 0.756 0.724 0.635 0.479 0.402

Total thiol (–SH+–S–S) r − 0.144 − 0.119 − 0.050 0.060 − 0.007 − 0.005 − 0.034 − 0.040
p 0.186 0.274 0.651 0.581 0.950 0.967 0.755 0.715

Dynamic disulphide
(–S–S)

r − 0.162 − 0.169 0.043 0.113 0.132 0.178 0.075 0.116

p 0.136 0.119 0.693 0.299 0.227 0.100 0.491 0.286

–S–S–/–SH r − 0.093 − 0.130 0.072 0.135 0.169 0.240* 0.136* 0.177*

p 0.397 0.231 0.512 0.215 0.120 0.026* 0.021* 0.030*

–S–S–/(–SH+–S–S–) r − 0.098 − 0.108 0.072 0.120 0.108 0.182 0.112 0.151

p 0.370 0.323 0.510 0.271 0.324 0.094 0.303 0.165

–SH/(–SH+–S–S–) r 0.111 0.108 − 0.070 − 0.120 − 0.140 − 0.202 − 0.115 − 0.154
p 0.309 0.323 0.523 0.272 0.199 0.062 0.290 0.156

The r value is correlation coefficient. *p < 0.05
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evoked potential reviews demonstrate the real-time status of
the physiological system [36], and they can provide more
clear information than total disability, which is calculated
based on the damage caused by oxidative stress and
demyelination.

Development of an acute inflammatory lesion in the optic
nerve leads to an optic neuritis episode characterised by visual
impairment. The proinflammatory cytokines and nitric oxide
in the optic nerve lesion are thought to be the major determi-
nants of full or partial signal blocks responsible for typical
visual loss of optic neuritis along with demyelination.
Longitudinal studies conducted with patients who develop
an optic neuritis episode have shown that the acute or persis-
tent optic nerve demyelination is associated with the increased
vulnerability of the axons, and it predicts the development of
axonal loss. Both the absence of myelin support and mito-
chondrial dysfunction, which are a result of oxidative stress,
contribute to the degeneration of the demyelinated axon [37].

Lipoic acid is a natural antioxidant, and Michael Dietrich
et al. [38] have shown that the mice undergoing prophylactic
lipoic acid treatment in experimental autoimmune
encephalomyelitis-optic neuritis models experienced in-
creased GSH levels in their brains, and their retinal ganglion
cells were preserved while degeneration decreased.

The results of our study point out that there is a positive
correlation between the disulphide/native thiol ratio and P100
latency during an optic neuritis episode. Normally, as the bal-
ance of the plasma that is dominated by antioxidants shifts
towards the oxidant side or more thiols are oxidised from the
thiol pool, P100 latency increases. In another study that we
conducted with MS patients in relapse and remission, we
showed that the patients in relapse had increased disulphide
levels and disulphide/native thiol ratios, or in other words,
balance had shifted to the oxidative side [39]. These results
show that the redox balance system shifts to the oxidative side
during relapse and supports the information that increased
oxidative status causes inflammation and demyelination.

On the other hand, the disulphide/native thiol ratio showed
a positive correlation with EDSS score. This, independently of
the relapses, may be a reflection of an ongoing inflammation
and oxidative status.

As it has an important role in MS throughout the course of
the disease, oxidative stress is extremely vital. It initiates in-
flammatory processes during the acute phase and maintains
neurodegeneration during the chronic phase. MS patients de-
velop a global oxidative status. Therefore, the use of antioxi-
dants is promising for a better prognosis. MS patients can
benefit from antioxidant supplements [40].

Need to say, the impairment of this balance is of course not
specific toMS. As a matter of fact, many recent studies on this
homeostasis have shown that in neurodegenerative diseases,
this balance deteriorates [41–45]. The impairment of this

balance might be a non-specific common pathway in various
pathologies.

Our study has some limitations. Firstly, a relatively small
group of patients who admitted to a single centre were includ-
ed in the study. Secondly, there was no longitudinal follow-up
for the patients to determine whether alteration of this homeo-
stasis by recurrent optic neuritis episodes and axonal loss.

Conclusion

According to our knowledge, this is the first study to examine
the relationship between VEP and thiol-disulphide homeosta-
sis. Oxidative stress plays a role in MS. Under oxidative
stress, the thiol-disulphide balance is impaired in favour of
disulphides. The evaluation of this balance provides more
useful information in comparison to the evaluation of oxidant
and antioxidant molecules separately. In this study, we discov-
ered a correlation between the shift in thiol-disulphide balance
in favour of the disulphide during an optic neuritis episode
with increased P100 latency.

Therefore, N-acetylcysteine and alpha lipoic acid and thiol
supplements can correct the thiol-disulphide imbalance, rein-
force antioxidant defence and helps in slowing down
demyelinising damage.
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