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Abstract

Introduction: Dynamic thiol-disulphide balance plays a critical role in 
the cellular protection provided by antioxidation. The aim of our study was 
to investigate the serum levels of thiol and disulphide in acute intracerebral 
haemorrhage (ICH) patients. 

Materials and Methods: Patients diagnosed with acute primary ICH 
were included prospectively in this study. The thiol, disulphide and total thiol 
levels were measured within the first 24 hours of ICH by blinded biochemist. 
Hematoma volumes and scores were calculated. Overall, the relationships 
between the thiol-disulphide levels of the patients and the hematoma volumes 
and intracerebral hematoma scores were investigated. 

Results: In this study, 29 patients and 28 healthy controls were included. 
The mean of the native thiol levels in the hematoma group was 347.00±84.79 
μmol/L (min/max: 157.8/526.1) while it was 390.14±28.54 μmol/L (min/max: 
323.50/460) in the control group (p=0.017). The mean of the total thiol levels 
in the hematoma group was 385.08±89.25 μmol/L (min/max:173.00/598.40), 
while it was 429.39±36.65 μmol/L (min/max: 362.80/495.20) in the control group 
(p=0.018). The disulphide levels were similar between the groups (t=0.316; 
p=0.753). A significant difference was not found between the thiol levels 
and hematoma volumes (p>0.05). A positive correlation was found between 
hematoma volumes and hematoma scores (rho=0.651; p<0.001)

Discussion and Conclusion: Thiol and disulphide play a major role in 
antioxidant defence. Substitution of thiol deficiency and correction of thiol-
disulphide imbalance may be beneficial in acute ICH.

Keywords: Thiol levels; Disulphide; Intracerebral haemorrhage; Hematoma 
volumes

pathophysiologic mechanisms that occur in the period following the 
initial ICH. Serum biomarkers are proteins found in the serum, either 
by means of direct leakage from the site of pathology or as a result of 
the body’s reaction to a pathophysiologic process [10]. In some cases 
the role of the biomarker in ICH pathophysiology is well understood 
while in other cases this relationship is less clear.

There is also a growing body of evidence demonstrating that an 
abnormal thiol-disulphide imbalance is involved in the pathogenesis 
of a variety of diseases [11-14]. Therefore a determination of the 
serum levels of thiol and disulphide can provide valuable information 
on various normal or abnormal biochemical processes. To the best of 
our knowledge there is no evidence about the role of the antioxidant 
activity of thiols in the ICH. The aim of our study was to determine 
whether there is a change in the serum levels of thiol and disulphide 
in acute ICH patients and whether there is a relationship between 
their thiol levels as well as the hematoma volumes.

Materials and Methods
Patients diagnosed with acute primary ICH between November 

2014 and November 2015 was included in this study. Patients with 
a history of stroke, diabetes mellitus, progressive degenerative brain 
disease, cancer and ICH associated with vascular malformations, 

Introduction
An intracerebral haemorrhage (ICH) is a subtype of stroke with 

high morbidity and mortality that accounts for about 15% of all 
deaths from stroke [1]. The most common sites of an ICH are cerebral 
hemispheres, basal ganglia, thalamus, brainstem (predominantly the 
pons) and cerebellum [2]. In an ICH, the primary damage occurs 
within minutes to hours from the onset of bleeding and is primarily 
the result of mechanical damage associated with the mass effect. 
Secondary damage is the most part and attributable to the presence 
of intraparenchymal blood and may be dependent on the initial 
hematoma volume or ventricular volume [3]. It may occur through 
many parallel pathological pathways including [1] cytotoxicity 
of blood [2], hypermetabolism [3], excitotoxicity [4], spreading 
depression [5], oxidative stress and inflammation [1,4-6].

In recent years, there has been an effort to improve the 
understanding of the molecular pathophysiology of an ICH, as it has 
become apparent that significant morbidity and mortality result not 
only from the initial insult but also from secondary brain injury in 
the subacute period [1,3,7-9]. In an effort to evaluate and monitor 
this secondary brain injury numerous candidate biomarkers have 
been studied to determine whether they reflect or participate in the 
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anevrisms and trauma were excluded. Healthy individuals admitted 
to the neurology clinic because of headache and neck ache were 
selected for the control group. 

The native thiol, disulphide and total thiol levels of the patients 
were examined by taking intravenous blood samples from the 
patients during the first 24 hours of the ICH. The blood thiol levels 
were examined using a spectrophotometric method with automatic 
measurements developed by Erel and Neselioglu [15]. The blood 
samples were collected into plain tubes after a fasting period of 12 
hours then the serum was separated after centrifugation at 1500 g 
for 10 minutes and stored at -80 0C until analysis. The blood samples 
(from calcium-EDTA tubes) were analyzed in an auto-analyser and 
the complete blood counts (CBCs) and differentials were determined 
from the peripheral venous blood samples obtained upon admission.

The reducible disulphide bonds were reduced first to free-form 
functional thiol groups. The unused reductant sodium borohydride 
was consumed and removed with formaldehyde and all of the thiol 
groups including the reduced and native ones were detected after 
reacting with DTNB (5, 5’-dithiobis-[2-nitrobenzoic] acid). Half 
of the difference between the total and native thiols provided the 
dynamic disulphide amount (-S-S) [15].

The calculation of the hematoma volumes in the brain tomography 
scans was performed using the region of interest (ROI) method. The 
periphery of the lesion area in each section was drawn by hand and 
the surface area of the section was calculated automatically in mm2 
by Picture Archiving and Communication System (PACS) software 
which was installed on the computer. The areas were summed and 
the results were multiplied by the section thickness [16]. In addition 
ICH scores were recorded [17] (Table 1). Overall the relationships 
between the thiol-disulphide levels of the patients and hematoma 
volumes and hematoma scores were investigated.

 Because of the ICH patients’ consciousness state, informed 
consent was obtained from all patients relatives. The study protocol 
was performed according to the principles of the Declaration of 
Helsinki and was approved by the institutional review board.

Statistical analysis
The distribution of the variables including the age, native 

thiol, disulphide, total thiol levels, and hematoma volumes of the 

patients was examined using the Shapiro-Wilks test. The mean ± 
standard deviation values were given for those variables with normal 
distributions. In the presentation of the descriptive statistics of the 
variables with abnormal distribution, the median value (interquartile 
range [IQR]) was used. In addition the minimum and maximum 
values for each variable were specified and n (%) was used for 
categorical variables as hematoma localisation. 

Independent sample t tests were applied for comparing the native 
thiol and total thiol levels in the groups. The Spearman’s correlation 
coefficient and polyserial correlation coefficient was used for the 
evaluation of the relationship between the hematoma volumes, 
hematoma score and thiol levels.

IBM SPSS Statistics 21.0 (released 2012, IBM Corp.; IBM SPSS 
Statistics for Windows, Version 21.0. Armonk, NY) software and 
R package ‘polycor’ library was used for the statistical analyses and 
calculations, and the statistical significance level was accepted as 
p<0.05. 

Results
29 patients with acute ICH (mean age 68.00±13.44 years, 23 males 

and 6 females) and 28 healthy controls (mean age 68.14±13.06 years, 
21 males and 7 females) were included to the study. There were no 
statistically significant differences between the patients in terms of 
age (t=0.041, p=0.968) and gender (χ2=0.005, p=0.943) (Table 2).

The median of the ICH score was 1.0 (IQR=2.0). The median of 
the hematoma volume was 6.9 cm3 (IQR=12.8) (min/max: 1.2-116.3). 
Hematoma localisation was on the basal ganglia in 16 (55.2%) of the 
patients (Table 3). The median length of stay at hospital was 11 days 
(IQR=7).

For the hematoma group the median native thiol level was 
determined to be 347.00±84.79 μmol/L (min/max: 157.8/526.1) 
whereas it was 390.14±28.54 μmol/L (min/max: 323.50/460) in the 
control group. The median total thiol level in the hematoma group was 

Glasgow coma score( GCS)                             
3-4
5-12
13-15

_
2
1
0

Intracerebral haemorrhage volume,cm3

≥ 30
< 30

_
1
0

Intraventricular haemorrhage( IVH)
Yes
No

_
1
0

Infratentorial origin of ICH
Yes
No

_
1
0

Age
≥ 80
< 80

_
1
0

Total Score (0–6) _

Table 1: Determination of the ICH Score.

GCS score indicates GCS score on initial presentation; ICH and IVH volume on 
initial CT and presence of any IVH on initial CT.

Patient 
(n = 29)

Control
(n = 28) Test statistic p

Age [mean ± SD] 68.00 ± 13.44 68.14 ± 13.06 t = 0.041 0.968

Gender [n (%)]

 Male 23 (79.3) 21 (75.0) χ2 = 0.005 0.943

Female 6 (20.7) 7 (25.0)

Table 2: Demographic characteristics.

Patient
ICH Score 
[median (IQR)] 1.0 (2.0)

min - max 0.0-3.0
Hematoma volume (cm3)
[median (IQR)] 6.9 (12.8)

min - max 1.6-116.3

Localisation [n (%)]

basal ganglia 16 (55.2)

cerebellum 4 (13.8)

lobar 8 (27.6)

brainstem 1 (3.4)

Table 3: Clinical characteristics of patients.
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determined to be 385.08 ± 89.25 μmol/L (min/max: 173.00/598.40) 
while it was 429.39±36.65 μmol/L (min/max: 362.80/495.20) in the 
control group. 

In general the native thiol and total thiol levels of the hematoma 
group were found to be lower compared to those of the control 
group and a statistically significant difference was found between 
the native and total thiol levels of the hematoma and control groups, 
respectively (t=2.486, p=0.017; and t=2.467, p=0.018).The median 
disulphide level of the hematoma group was 19.04± .26 μmol/L (min/
max: 3.15/36.15), and it was 19.63±5.40 μmol/L (min/max: 7.9/28.7) 
in the control group; as such the disulphide levels were similar in the 
groups (t=0.316, p=0.753) (Table 4 and Figure 1).

Positive correlation was determined between ICH scores and 
hematoma volumes (rho=0.651, p<0.001; Table 5). The relationship 
between hematoma volumes, hematoma localization and thiol levels 
and the association between individual GCS score, the presence 
of IVH, infratentorial origin, age and the level of thiols was not 
significant (p>0.05). 

Discussion
In an ICH the extravasated blood components (primarily 

erythrocytes and plasma proteins) and the damage-associated 
molecular patterns including nucleic acids, extracellular matrix 
components, proteins, lipid mediators, ATP and uric acid released 
from necrotic and damaged tissue, impose a strong cytotoxic, pro-
oxidative and proinflammatory insult toward adjacent viable brain 

cells and could be seen as early as minutes after onset of the ICH. At 
this early stage the toxicity of extravasated blood plasma components 
including blood-derived coagulation factors, complement 
components, immunoglobulins and other bioactive molecules 
are proposed to act as contributors to ICH-affected tissue damage 
[1,4,18].

Glial fibrillary acidic protein, S100B, β-amyloid, matrix 
metalloproteinase 9, B-type natriuretic peptide, vascular adhesion 
protein-1, soluble fas, blood glucose level, cytokines (TNFα, IL-
6, IL-10 and IL-11), acute phase proteins (CRP), immune cells 
(peripheral leukocytes), glutamate, ferritin, low-density lipoprotein, 
D-dimer, fibrinogen, factor XIII, copeptin and heat shock protein 70 
are studied as blood markers of ICH to understand the pathologic 
processes and their role on the mechanisms of brain damage and/
or recovery in an ICH. Predictors of 30 day-mortality and functional 
outcome have been studied in ICH also [19,20] but to date however 
no blood biomarker of ICH has been studied sufficiently to find its 
way into clinical routine.

Thiol-disulphide balance plays a major role in antioxidant defence, 
detoxification, signal transmission management of enzyme activities 
and apoptosis [15]. Thiols are a class of organic compounds that 
contain a sulfhydryl group (-SH) which is composed of a hydrogen 
and a sulphur atom attached to a carbon atom [21]. It has been 
accepted that the -SH group in the thiols is protective against oxidative 
stress. The plasma thiol pool is formed largely by albumin and protein 
thiols and to a lesser extent by low-molecular-weight thiols such as 
cysteinylglycine, cysteine (Cys), homocysteine, glutathione and 
γ-glutamylcysteine [22]. Thiols can undergo oxidation reactions via 
oxidants to form disulphide bonds [23]. In addition the oxidation of 
Cys residues can lead to the reversible formation of mixed disulfides 
between low-molecular-mass thiols and protein thiol groups when 
oxidative stress increases. Those disulphide bonds can be reduced 
back to thiol groups thus maintaining thiol-disulphide balance 
[24]. Therefore determination of dynamic thiol-disulphide status in 
diseases in which oxidative stress plays a major role in pathogenesis 
is important. We hypothesized that there might be impaired serum 
levels of thiol and disulphide in ICH patients when compared to the 
controls.

To the best of our knowledge this is the first study to demonstrate 
that the levels of native thiol and total thiol are lower in patients 
with ICH as compared to healthy individuals. This condition shows 
that the level of oxidative stress is higher in patients with ICH when 
compared to that of healthy individuals. However there was no 

Patient
(mean ± SD)

Control
(mean ± SD) Test statistics p

Native thiol, μmol/L 
(mean ± SD) 347.00 ± 84.79 390.14 ± 28.54 t = 2.486 0.017

Disulphide, μmol/L 
(mean ± SD) 19.04 ± 8.26 19.63 ± 5.40 t = 0.316 0.753

Total thiol, μmol/L
(mean ± SD) 385.08 ± 89.25 429.39 ± 36.65 t = 2.467 0.018

Table 4: Comparison of thiol and disulphide levels.

Hematoma Volume

Rho p

ICH score 0.651* <0.001

Native thiol 0.126 0.514

Disulphide 0.039 0.841

Total thiol 0.171 0.375

*polyserial correlation coefficient

Table 5: Correlation analysis.

Figure 1: Thiol levels between ICH patients and control groups.
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difference between the groups in terms of the disulphide values. This 
shows that the balance between the thiol and disulphide levels was 
impaired. In addition, we found a positive correlation between the 
hematoma volumes and ICH score. But we didn’t find any correlation 
between hematoma volumes and thiol levels. The major limitation of 
our study was the small number of the cases.

Since thiol is reducible in ICH, any therapy that includes SH donors 
might diminish ICH-related neuronal damage. N-acetylcysteine 
(NAC) is a thiol, a mucolytic, a neuroprotective agent, a precursor 
of L-cysteine and reduced GSH. It is a source of sulfhydryl groups in 
cells. NAC’s antioxidant property of being a sulfhydryl donor may 
contribute to the regeneration of endothelium-derived relaxing factor 
and GSH [25]. Therefore substitution of thiol deficiency by NAC or 
alpha lipoic acid and correction of thiol–disulphide imbalance may 
be beneficial in managing treatment of the ICH.

In conclusion, the present study has focused on the relation 
between thiol and disulphide in ICH patients. The findings might 
indicate that thiol might have an impact in the pathogenesis of an 
ICH. Serum levels of thiol and disulphide may be used in those 
patients with an ICH. This is because the levels are readily available, 
easily calculated, relatively cheap and automated, with the possibility 
of an optional manual spectrophotometric assay. 
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