Thiol/disulphide homeostasis in Bell’s palsy as a novel pathogenetic

marker
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Objectives: The aim of this study was to investigate the
relationship between Bell’s palsy and a novel oxidative stress
parameter, thiol/disulphide homeostasis.

Design: A prospective study evaluating oxidative stress in
Bell’s palsy.

Setting: This research took place in the department of
Otorhinolaryngology, Ataturk Training and Research
Hospital.

Participants: Totally, 77 patients with Bell’s palsy and 38
healthy controls were included in this study.

Main outcome measures: The blood levels of total and
native thiol and disulphide activity were assessed, and their
levels were compared in the patients and controls.

Results: There were statistically significant differences
between the patients and controls regarding thiol/disulphide
parameters. The mean native thiol and total thiol were
significantly lower and disulphide levels were higher in the
Bell’s palsy than controls. On binary logistic regression
analysis, the created model showed 45.3% variation. The cut-
off value was 18.95 for disulphides.

Conclusion: Native and total thiol levels were low in the
Bell’s palsy. This metabolic disturbance may have a role in
the pathogenesis of Bell’s palsy.

Bell’s palsy is the appellation commonly used to describe an
acute peripheral facial palsy of unknown cause. The precise
pathophysiology of Bell’s palsy remains an area of debate.
Active herpes simplex virus (HSV) sequences have been
identified in the endoneurial fluid of the facial nerve during
facial nerve decompression surgery in patients with Bell’s
palsy." A theory proposes that oedema and ischaemia result
in compression of the facial nerve within the facial bony
canal. However, the cause of the oedema and ischaemia has
not been understood clearly. In addition, this oedema can be
seen in MRI scans with facial nerve enhancement. The
primary ischaemic theory of pathogenesis is to produce
arteriolar spasm and thrombosis in the vessels supplying the
nerve within the rigid bony fallopian canal. Later a secondary
ischaemic theory is an inflammatory, viral or immunologic
oedema causing disturbances of the microcirculation,
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leading to loss of nerve conductivity. Both concepts suggest
that these processes lead to anoxia followed by compensatory
dilation of the vessels and transudation.

The imbalance between pro-oxidants and antioxidants, if
not deactivated by the cellular antioxidant system, results in
oxidative stress. Reactive oxygen species (ROS) derived
from ischaemic events can generate products leading to
cellular deregulation. Excess of these species can react with
cellular macromolecules and results in lipid peroxidation,
nucleic acid damages and protein modifications.” Protein
oxidation by the reactive derivatives leads to nitration of
aromatic amino acids, oxidation of thiol groups and
formation of advanced oxidation protein products and
transformation of some amino acid residues to the carbonyl
derivatives. It is known that free radicals cause oxidation of
-SH groups in sulphur-containing amino acids of proteins
and these are the earliest observable signs of protein
oxidation.* Thiols, which consist of a sulphur atom and a
hydrogen atom bound to a carbon atom, are functional
sulphhydryl groups.’ Thiol groups of proteins like albumin
are oxidised by oxygen molecules and are reversibly
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converted to disulphide bonds. These formed disulphide
bonds can be reduced to thiol groups in a condition of
decreased oxidative stress. Thus, the thiol/disulphide bal-
ance is maintained.® Thiol/disulphide levels are measured
one by one and cumulatively with a novel and automated
method.”

In this study, we investigated the relationship between
thiol/disulphide homeostasis and idiopathic facial nerve
paralysis, that is Bell’s palsy.

Materials and methods

Totally, 124 patients with acute peripheral facial paralysis
admitted to the otorhinolaryngology clinic between June
2014 and September 2015. The patients who had a known
aetiology for acute facial paralysis such as Ramsay Hunt
syndrome and facial schwannoma, or who had an underlying
systemic disease such as diabetes mellitus, autoimmune and
cardiovascular diseases, were excluded from the study. Thus,
77 patients with idiopathic acute peripheral facial paralysis
or Bell’s palsy were included in the study. In addition, 38
healthy age- and gender-matched subjects were included and
comprised the control group. The healthy control group was
selected among hospital staff who had no known history of
chronic illness or drug use according to history and physical
examination. A written informed consent was taken from the
patients and controls. The local ethical committee of the
hospital approved the study. All investigators confirm
to ethical standards as described in the Declaration of
Helsinki.

The facial functions were graded according to House-
Brackmann (HB) facial nerve grading system on admission
to the clinic. All patients were evaluated with temporal
magnetic resonance imaging on the day of admission. The
patients were subdivided into two groups according to
contrast enhancement of the facial nerve on T1-weighted
MRI: those with facial paralysis with oedema (FPWE) and
those with facial paralysis without oedema (FPWOE). All
patients were treated with prednisone 1 mg/kg/day tapered
in 2 weeks.

Biochemical analysis

Venous blood samples were collected from the subjects before
the steroid administration and MRI. All samples centrifuged
in the cold at 2300 g for 10 min. Serum samples were
separated and stored at —80°C. Serum thiol/disulphide
homeostasis was determined with a recently developed novel
and automatic measurement method’ by using an automated
clinical chemistry analyser (Roche, Cobas 501, Mannheim,
Germany). Native thiol (-SH) and total thiol (-SH+-S-S-)
were measured directly, and disulphide (-S-S-) level,

disulphide/total thiol ratio (-S-S-/-SH+-S-S-) and disulphide/
native thiol ratio (-S-S-/-SH) were obtained with calculation.

Statistical analyses

SPSS (IBM Corp. Released 2013. IBM SPSS Statistics for
Macintosh, Version 22.0. Armonk, NY: IBM Corp.) statis-
tical software was used to analyse the data. The descriptive
data were given as mean £ standard deviation. The
distribution of data was calculated by using the Kol-
mogorov—Smirnov test. Continuous variables with normal
distribution were determined to have mean standard
deviation, while continuous variables without normal
distribution were determined as median and interquartile
range. Categorical variables are shown as numbers and
percentages. While continuous variables with normal
distribution were compared with an independent sample
t-test, those with non-normal distribution were compared
with the Mann—Whitney U-test when applicable. The
relationship between variables was analysed by Pearson’s or
Spearman’s correlation analysis according to the distribu-
tion type of the parameters. The receiver operating
characteristic (ROC) curve was used to show the sensitivity
and specificity and optimal cut-off value of disulphide level
for predicting Bell's palsy. The significance was set at
P < 0.05.

Results

The demographic and clinical characteristics and laboratory
findings of the participants are shown in Table 1. Body mass
indexes (BMI), mean age and gender distribution
were similar between the study and control groups
(P > 0.05).

The mean native thiol and total thiol levels and native
thiol/total thiol ratios were lower in the study group when
compared to the control group (P < 0.05, P > 0.05 and
P < 0.05, respectively). However, the mean disulphide
level, the disulphide/native thiol and the disulphide/total
thiol ratios were higher in the study group when
compared to the control group (P < 0.05). There was no
correlation between the HB grades and thiol profiles
(P > 0.05; Fig. 1).

The mean native thiol levels in FPWE group were
significantly higher than in FPWOE group (P < 0.05;
Table 2). The other thiol/disulphide parameters were not
significantly different between FPWE and FPWOE groups
(P > 0.05).

In order to investigate the predictive values of native and
total thiol variables that showed a significant difference
between the controls and patients, binary logistic regression
analysis was performed. Accordingly, the created model was
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Table 1. Demographic and clinical characteristics of the study and control groups

Patients (n = 77)

Age 38.48 + 10.31
Gender (1, %)
Female 38 (33)
Male 39 (33.9)
BMI (kg/m?) 234 + 2.1
House-Brackmann grading (1, %)
Grade 1 0
Grade 2 12 (10.4)
Grade 3 28 (24.3)
Grade 4 22 (19.1)
Grade 5 10 (8.7)
Grade 6 5(4.3)
Thiol/disulphide homeostasis
-SH, pmol/L 386.24 + 54.84
-SH+-S-S-, pmol/L 433.41 + 53.92
-S-S-, pmol/L 23.58 4+ 7.99
-S-S-/-SH, % 6.29 + 2.61
-S-S-/-SH+-S-S-, % 5.5 + 1.92
-SH/-SH+-S-S-, % 88.99 + 3.85

Controls (n = 38) P value’
37.37 £ 10.75 0.593
18 (15.7)
20 (17.4)
23.8 + 1.8
415.19 + 42.54 0.005
446.63 + 43.3 0.191
15.72 £ 5.7 0.000
3.83 + 1.49 0.000
3.52 + 1.27 0.000
92.94 + 2.55 0.000

-SH, native thiol; -SH+-S-S-, total thiol; -S-S-, disulphide.
Results were given as mean =+ sp.

*P value < 0.05 considered significant. Bolds are statistically significant.

Total thiol
Native thial

T T T T T
u w w v v
House-Brackmann grade

Fig. 1. The correlation of House-Brackmann grade and thiol
profiles in Bell’s palsy patients.

significant and explained 45.3% of the variation (Table 3).
Receiver operating characteristic analysis was performed to
determine the cut-off value of disulphide level to predict
Bell’s palsy patients. The cut-off value of disulphide level was
18.95, with a sensitivity of 75.3% and a specificity of 71.1%
(area under the curve 0.80; Fig. 2).
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Discussion

Bell’s palsy is an acute unilateral facial nerve paresis or
paralysis that appears in less than 72 h without any
identifiable cause.® The most likely cause of Bell’s palsy is
oedema of the facial nerve induced by the herpes virus and
varicella zoster virus.” Other suggested causes include
ischaemia, autoimmune inflammatory disorders and hered-
ity.>'>!! Although the aetiology of Bells palsy is not clear, the
facial weakness is thought to result from facial nerve
inflammation and oedema. An inflammation triggered by
oxidative stress is the cause of vascular diseases like
thrombosis,'> metabolic syndrome'? and neurodegenerative
diseases."* Oxidative stress starts as result of an impaired
balance between antioxidant defence and reactive oxygen
species, and can be identified in most of the key steps in the
pathophysiology of vascular diseases. The labyrinthine
segment of the facial nerve contains a few and small intrinsic
blood vessels compare to the mastoid and tympanic
segments. This may indicate that the labyrinthine segment
of the facial nerve may be more vulnerable to oxidative stress.

Dynamic thiol/disulphide homeostasis has a critical role
in the organism. Changes in the thiol/disulphide balance
serve as components for antioxidant protection, detoxifica-
tion, regulation of enzymatic activity and cellular signalling
mechanisms.'>'® Thiol groups have an important role in
cells by minimising the toxic effects of oxygen-activated
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FPWOE (n = 34)

Mean = sp

-SH, pmol/L 375.25 + 48.4
-SH+-S-S-, pumol/L 422.73 £ 47.95
-S-S-, pmol/L 23.73 £ 10.09
-5-S8-/-SH, % 6.51 £ 3.29
-5-S-/-SH+-S-S-, % 5.63 £ 2.34
-SH/-SH+-S-S-, % 88.73 £ 4.68

Table 2. Thiol/disulphide profiles of subjects in correlation with the facial nerve enhancement on contrasted MRI

FPWE (n = 23)

Mean =+ sp P value*
404.03 &+ 54.37 0.047
44797 + 53.19 0.074
21.96 + 6.36 0.459
5.58 &+ 1.9 0.226
497 £+ 1.55 0.24
90.05 + 3.1 0.205

-SH, native thiol; -SH+-S-S-, total thiol; -S-S-, disulphide; FPWOE, facial paralysis without oedema; FPWE, facial paralysis with oedema

Results were given as mean =+ sp.

*P value < 0.05 considered significant. Bolds are statistically significant.

0.000*
0.000*

19.315
22.306

-SH, pmol/L
-SH+-S-S-, umol/L

Table 3. Predictive value of native thiol and total thiol with binary logistic regression analysis

95% Confidence interval

Odds ratio Lower Upper
1.088 1.048 1.13
0.911 0.876 0.947

Nagelkerke R* = 0.453

-SH, native thiol; -SH+-S-S-, total thiol; -S-S-, disulphide.
*P < 0.05 is considered significant for statistical analyses.

ROC curve

z
2
]
3
Disulphide cut-off level  18.95
0.4+
Sensitivity 75.3
Specificity 71.1
0.2 AUC 0.805
95% CI (lower) 0.724
/ 95% CI (upper) 0.885
na 4= T T T T
0.0 0.2 0.4 0.8 0.8 1.0
1 - specificity

Fig. 2. Receiver operating characteristic (ROC) analysis of disul-
phide level in patients with Bell’s palsy.

processes. The sulphhydryl groups are associated with
proteins, and when thiol level decreases in serum, its
antioxidant power will also decrease. Changes in thiol/
disulphide homeostasis have been associated with various

diseases, such as diabetes mellitus, cancer, chronic kidney
disease and liver disorders.'”'® A coagulation disorder or the
dysfunction in the autonomic nervous system can cause
emboli or vasospasm in vasa nervorum of the facial nerve
with resultant Bell’s palsy.'”** Omori et al.'” found high
thrombin—antithrombin-3 and «-plasmin inhibitor—plasmin
complex levels in patients with Bell’s palsy and suggested
that this could be an evidence for the coagulation disorder
and circulatory impairment in the etiopathogenesis of the
disease. Recently, Kum et al.>' investigated the relationship
between neutrophil-to-lymphocyte ratio (NLR) in Bell’s
palsy and found NLR to be a significant marker supporting
the presence of inflammation. Similarly, Bucak et al*
found NLR to be a useful and novel serum marker for
predicting the patient prognosis. In our study, as seen in
Table 1, the serum native and total thiol levels were
significantly lower and the disulphide levels were higher
in patients with Bell’s palsy than those of healthy controls.
This situation indicates that the balance has shifted to
the oxidative side. The increase in the disulphide/total
thiol and disulphide/native thiol ratios (-S-S-/(-SH+-S-S-)
and (-S-S-/-SH)) and the decrease in the native thiol/total
thiol ratio (SH/(—-SH+-S-S-)) show that the thiol/disulphide
redox balance system shifted to the side of disulphide
bond formation. These results may support a role of thiol/
disulphide homeostasis in inflammation of facial nerve in
Bell’s palsy patients.
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MRI with gadolinium enhancement may be obtained in
patients with Bell’s palsy, although neural enhancement is
not pathognomonic for the disease since facial neural
enhancement can also be seen in healthy individuals.”> The
normal enhancement of facial nerve in Bell’s palsy can be
explained by breakdown of the blood—nerve barrier. How-
ever, marked enhancement of the facial nerve in the facial
canal on contrast-enhanced MR images is characteristic of
peripheral facial nerve palsy.”* According to Sartoretti-
Schefer et al.,*> the intensity of contrast enhancement did
not correspond to the severity, duration or course of the
facial nerve palsy. In our study, we did not find a significant
role of thiol/disulphide homeostasis between FPWOE and
FPWE. These findings may indicate that the intensity of the
enhancement was obviously independent of the severity of
nerve damage. Therefore, no relationship could be estab-
lished between the intensity of the enhancement and
oxidative stress.

House-Brackmann grading is frequently used to deter-
mine the severity and the prognosis of Bell’s palsy.*® Some
authors found a positive correlation between NLR values and
the grade.”"*>*” In our study, HB grading did not show any
significant correlation with any of the parameters studied
(Fig. 1). Our result suggests that the severity of symptoms
did not have a relationship with oxidative stress.

Our study has several limitations, which should be
addressed in the further studies. Although the thiol/disul-
phide homeostasis seems altered in Bell’s palsy, it is still
unclear whether there is a causal relationship in between.
There is also need for a longitudinal follow-up to determine
whether alterations of thiol/disulphide homeostasis may
have predictive value in Bell’s palsy.

Our results are in accordance with the previous studies
regarding impact of oxidative damage in Bell’s palsy.***’
According to our results, native thiol, total thiol and
disulphide levels are specific markers of Bell’s palsy when
used separately. However, the increase in total and native
thiol levels may be protective from Bell’s palsy, and the
increase in disulphide levels increases the risk of Bell’s
palsy. In addition, according to binary regression analysis,
the model considers total thiol and native thiol as
significant variables in Bell’s palsy (P = 0.000 for both).
In our study, it was found that the cut-off value of
disulphide level was 18.95, with a sensitivity and specificity
of 75.3% and 71.1%, respectively. This finding may be
critical as it may indicate that Bell’s palsy is induced by an
oxidative stress which is associated with disulphide levels.
That is, an aggressive therapeutic approach with antioxi-
dants may be needed in the treatment of Bell’s palsy. This
contention is supported by a previous study that showed
the role of nitric oxide in HSV-1-related facial nerve
paralysis in mice as well as prevention of facial paralysis by
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edaravone, a free radical scavenger.28 The thiol/disulphide
homeostasis seems impaired and may be used as an
oxidative metabolism marker in Bell’s palsy.

Conclusions

Thiol concentrations were independently associated with
major thiol/disulphide homeostasis, suggesting that thiol/
disulphide homeostasis may be involved in inflammation
and oxidative stress. The thiol/disulphide balance has shifted
to the oxidative stress in the patients with Bell’s palsy.

Keypoints

e The labyrinthine segment of the facial nerve may be
more vulnerable to oxidative stress.

¢ Thiol/disulphide homeostasis may play a critical role
in inflammation of facial nerve in Bell’s palsy.

e The intensity of contrast enhancement did not
correspond to the severity of oxidative stress.
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