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INTRODUCTION

Ankylosing spondylitis (AS) is a chronic, potentially pro-
gressive inflammatory disease involving the axial skeleton and 
peripheral joints [1]. While the etiopathogenesis of AS is not 
clearly understood, genetic, environmental, and immunolog-
ical factors are thought to contribute to the disease pathogen-
esis [2]. Recent studies have focused on the role of oxidative 
stress in the pathogenesis of several inflammatory diseases 
including AS [3-9]. In many inflammatory diseases, increased 
production of pro-inflammatory cytokines is associated with 
an increase in oxidative stress mediators [10,11]. The equilib-
rium between free radical production and their elimination 
is known as oxidative balance. Maintaining oxidative balance 
limits the damage caused by free radicals. On contrary, the 

imbalance in favor of free radical production results in oxida-
tive stress. The role of oxidative stress in the pathogenesis of 
AS has not been clearly defined. Biasi et al. demonstrated that 
there is a substantial degree of neutrophil migration in active 
AS and that circulating neutrophils exhibit increased respon-
siveness to oxygen radicals in these patients [12]. A  limited 
number of studies have investigated oxidative balance in AS 
patients [5,6,9,13].

Thiol, an important antioxidant, plays a key role in the 
eradication of reactive oxygen molecules via enzymatic and 
non-enzymatic pathways [14,15]. Low molecular weight thi-
ols, such as cysteine, homocysteine, glutathione, and albumin 
as well as protein-thiols in particular, constitute the plasma 
thiol pool. Thiols engage in oxidation reactions with oxidant 
molecules, forming disulfide bonds. Dynamic thiol/disulfide 
homeostasis is essential for detoxification, regulation of sig-
naling pathways, apoptosis, and regulation of enzymatic reac-
tions. While abnormal thiol/disulfide concentrations are asso-
ciated with many inflammatory diseases [16-22], there are no 
established colorimetric methods to determine thiol/disulfide 
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ABSTRACT

Ankylosing spondylitis (AS) is a chronic inflammatory disease. In many inflammatory diseases, increased production of pro-inflammatory 
cytokines is associated with an increase in oxidative stress mediators. Thiol/disulfide homeostasis is a marker for oxidative stress. The aim of 
this study was to examine the dynamic thiol/disulfide homeostasis in AS. Sixty-nine patients with AS and 60 age- and sex-matched controls 
were included in the study. The Bath Ankylosing Spondylitis Disease Activity Index (BASDAI) and visual analogue scale (VAS) were used to 
determine the disease activity. Native thiol, total thiol, and disulfide levels were measured with a novel automated method recently described 
by Erel and Neselioglu. The aforementioned method is also optionally manual spectrophotometric assay. The total thiol levels were significantly 
lower in the AS group compared with the control group (p = 0.03). When the patients were divided into active (n = 35) and inactive (n = 34) 
subgroups using BASDAI scores, the native plasma thiol and total thiol levels were significantly lower in the active AS patients compared to the 
inactive AS patients (p = 0.02, p = 0.03 respectively). There was a negative correlation between the plasma native thiol levels and VAS, BASDAI 
scores. Thiol/disulfide homeostasis may be used for elucidating the effects of oxidative stress in AS. Understanding the role of thiol/disulfide 
homeostasis in AS might provide new therapeutic intervention strategies for patients.
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homeostasis quantitatively. Previous studies have determined 
thiol/disulfide homeostasis using high-performance liquid 
chromatography, fluorescence capillary electrophoresis, and 
bioluminescent systems. These methods are time-consum-
ing, complicated, and not cost-effective [23-26]. Thus far, 
plasma thiol levels have typically been measured by the classic 
Ellman method using 5,5′-dithiobis-(2-nitrobenzoic) (DTNB) 
acid  [27]. Today, thiol and disulfide levels can be measured 
individually or collectively using the new, uncomplicated, 
practical, and fully automatic method described by Erel and 
Neselioglu [28]. Since the dynamic state of oxidative balance 
in AS has not been investigated previously, the main goal of 
this study was to evaluate dynamic thiol/disulfide homeosta-
sis in patients with AS.

MATERIALS AND METHODS

Study group and design

Sixty nine patients with AS (26 females and 43 males), who 
met the inclusion criteria and were diagnosed according to a 
modified New York classification criteria, were included in the 
study [29]. As the control, a group of 60 healthy, age- and sex-
matched subjects, with no history of tobacco use or alcohol 
abuse was included. The patients were treated with non-ste-
roidal anti-inflammatory drugs and/or anti-tumor necrosis 
factor (anti-TNF) agents at the time of the study. The patients 
were divided into subgroups according to the Bath Ankylosing 
Spondylitis Disease Activity Index (BASDAI), as active AS 
(BASDAI ≥ 4) or inactive AS (BASDAI < 4). The additional 
criteria for inclusion in the study were as follows:

•	 	No	 concomitant	 disease	 (diabetes	 mellitus,	 hyper-
tension, obesity, hyperlipidemia, depression, auto-
immune disease, etc.)

•	 No	tobacco	or	alcohol	use
•	 	No	 steroid	 and/or	 immunosuppressive	 treatment	

during the 4 weeks before blood sampling
•	 No	infection	at	the	time	of	blood	sampling
•	 No	regular	use	of	vitamin	supplements
•	 Completion	of	a	written	consent	document.

After obtaining consent, 3 cc of venous blood was drawn 
from each participant into tubes containing ethylenediamine 
tetraacetic acid (EDTA). The samples were centrifuged, 
and the plasma was separated. Plasma samples were stored 
at  -800 C before a biochemical analysis. Blood thiol disulfide 
homeostasis was analyzed using the new automatic method, 
developed by Erel and Neselioglu [28]. Disease-relevant 
parameters and demographic data for each study participant 
were recorded on a standard form designed by the research-
ers. The local ethics committee reviewed and approved the 
research protocol with a human subject.

Biochemical analysis

In this study, the modified Ellman reagent was used to 
quantify the total thiol content of the sample. Thus far, plasma 
thiol levels have typically been measured by the classic Ellman 
method. In a study by Erel et al., the modified Ellman reagent 
was used to measure plasma thiol level instead of the classi-
cal Ellman reagent, and a significant correlation between the 
modified and original methods was found. In this study, we 
also demonstrated that the new method can be used instead 
of the classical Ellman reagent [28].

The essential principle of the Erel and Neselioglu method 
is the reduction of disulfide bonds (S=S) to reactive thiol 
groups in the presence of NaBH4. The reaction of formal-
dehyde neutralises unreactive NaBH4 and prevents further 
reduction of DTNB as well as any disulfide bonds resulting 
from the reaction with DTNB. The modified Ellman reagent 
was used to quantify the total thiol content in the samples. The 
value of disulfide bonds is half of the difference of the native 
thiol content and total thiol content. The ratio of disulfide 
to thiol groups, the proportion of disulfide groups out of the 
total pool of disulfide and thiol groups, and the proportion 
of thiol groups relative to the total pool of disulfide and thiol 
groups were calculated simultaneously using the results of the 
reaction.

Additional measurements

The BASDAI was used to evaluate clinical disease activ-
ity, while the Bath Ankylosing Spondylitis Functional Index 
(BASFI) was used to determine disease-related functional 
insufficiency [30,31]. The visual analog scale (VAS) was used 
to evaluate pain [32], and spinal mobility was evaluated 
according to the Bath Ankylosing Spondylitis Metrology 
Index (BASMI) [33].

Statistical analysis

Descriptive statistics like frequency, percentage, mean, and 
standard deviation were used to present quantitative descrip-
tions. The Pearson Chi-square test was used for the analysis 
of the association between categorical variables. For normal-
ity testing, the Shapiro-Wilks test was used for group sample 
sizes ≤ 50, and the Kolmogorov-Smirnov test was used for 
group sample sizes ≥ 50. The analysis of differences in contin-
uous variables between the two groups was performed using 
the Mann-Whitney U-test, in cases where the data distribu-
tion was non-normal, and Student’s t-test in cases where the 
data distribution resembled normal distribution. The associ-
ations between continuous variables were analyzed using the 
non-parametric Spearman correlation test in cases where the 
data distribution was not consistent with normal distribution. 
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The Pearson correlation test was used for continuous variables 
that showed a normal distribution. All statistical analyses were 
conducted using Statistical Package for the Social Sciences 
13.0 (SPSS 13.0). Probability value of p < 0.05 was considered 
statistically significant.

RESULTS

The mean age of the AS patients (43  males, 62.3%) was 
39 ± 10.58  years, and the mean age of the control group 
(37 males, 61.7%) was 38 ± 10.56 years. The patient and control 
groups were similar given the age and sex (p > 0.05) (Table 1). 
The patient follow-up time was 4 (1.2-7.5)  years, and the 
median duration of symptoms was 6 (2.6-11.2) years. The lab-
oratory and disease-related data of the AS patients are listed 
in Table 2.

While there were no differences in native thiol levels 
between the AS patients and the control group (327.2 ± 
52.118  vs. 338.9 ± 39.23 μmol/L, p = 0.081), total thiol levels 
were significantly lower in the AS patients group compared 

to the control group (363.5 ± 56.99 vs. 375.95 ± 41.92 μmol/L, 
p = 0.03) (Table 3). In addition, there were significant differ-
ences between the AS patients and the control group regard-
ing plasma disulfide levels (14.55 ± 7.2 vs. 17.07 ± 7.11 μmol/L, 
p = 0.01). Ratios obtained using plasma native thiol, total 
thiol, and disulfide levels differed significantly between the 
AS patients and the control group. While the disulfide/native 
thiol and disulfide/total thiol ratios were significantly higher in 
the control group, the native thiol/total thiol ratio was higher 
in the AS patients (p = 0.03, 0.03, and 0.03, respectively) 
(Table 4). When the AS patients group was evaluated by active 
(n = 35) and inactive (n = 34) AS subgroups according to the 
BASDAI score, the plasma native thiol (299.7 ± 45.12 vs. 338.25 
± 54.23 μmol/L, p = 0.02) and total thiol (330.8 ± 50.11 vs. 369.2 
± 59.32 μmol/L, p = 0.03) levels were lower among the active 
AS patients compared to the inactive AS patients (Table 4).

There was a statistically significant negative relationship 
between the native and total thiol concentrations and VAS 
(rho = −0.351; p = 0.004 and rho = −0.369; p = 0.002). A statis-
tically significant negative correlation between the native and 
total thiol and BASDAI (r = −0.388, p = 0.001 and r = −0.383, 
p = 0.001) was also identified. A negative statistically signifi-
cant correlation was established between the age and native 
and total levels of thiol. No significant relationship was estab-
lished between the thiol/disulfide values and erythrocyte sed-
imentation rate (ESR), C-reactive protein (CRP), BASMI, and 
BASFI (Table 5).

When the AS patients were classified into subgroups 
according to whether they received anti-TNF treatment 

TABLE 1. Baseline characteristics of study groups

Baseline characteristics AS
(n=69)

Control
(n=60) p value

Age (SD) (years) 39 (10) 38 (10) NS
Male, n (%) 43 (62.3) 37 (61.7) NS

Values are presented as mean (SD). NS: non‑significant; AS: Ankylosing 
spondylitis; SD: Standard deviation

TABLE 2. Demographic and laboratory data of AS patients

Parameter Result
Fasting blood glucose (74-106 mg/dl) 87 (7.5)**
Urea (20-50 mg/dl) 26 (8)**
Creatinine (0.66-1.09 mg/dl) 0.8 (0.1)**
AST (0-31 U/L) 20 (6)**
ALT (0-34 U/L) 19 (7)**
ESR (mm/h) 18 (10-37)*
C-reactive protein (0-3 mg/L) 6 (3.4-13.1)*
WBC (5200-12,400 103/µL) 7.427 (1.897)**
Hemoglobin (13.6-17.2 g/dl) 13 (1.9)**
Platelets (156-373 103/µL) 275.666 (58.3)**
Onset of first symptoms, years 6.0 (2.6-11.2)*
Duration of disease, years 4 (1.2-7.5)*
Uveitis, n (%) 11 (15.9)**
Peripheral artritis, n (%) 25 (36.2)**
HLA B27, n (%) 54 (78.3)**
BASDAI 4 (2.5-5.0)*
VAS 4.51 (1.95)**
BASMI 1 (0-4)*
BASFI 3.2 (0.7-5.1)*

*Values are presented as median (25‑75 interquartile ranges), ** Values 
are presented as mean (standard deviation), AST: Aspartate aminotrans‑
ferase; ALT: Alanine transaminase; ESR:  Erytrocyte sedimentation rate; 
WBC: White blood cell; HLA: Human leukocyte antigen; BASDAI:  Bath 
Ankylosing Spondylitis Disease Activity Index; VAS: Visual Analog Scale; 
BASMI: Bath Ankylosing Spondylitis Metrology Index; BASFI:  Bath 
Ankylosing Spondylitis Functional Index

TABLE 3. Plasma thiol‑disulfide levels of AS and control group

Parameter AS
(n=69)

Control
(n=60) p value

Native thiol, µmol/L 327 (52) 338 (39) NS
Total thiol, µmol/L 363 (56) 375 (41) 0.03*
Disulfide, µmol/L 14 (7.2) 17 (7.1) 0.01*
Disulfide/native thiol, % 4.2 (2.3) 5.1 (2.2) 0.03*
Disulfide/total thiol, % 3.9 (1.8) 4.6 (1.8) 0.03*
Native thiol/total thiol, % 92 (3.7) 90 (3.6) 0.03*

Values are presented as mean±standard deviation.
*p<0.05. NS: Non‑significant; AS: Ankylosing spondylitis

TABLE  4. Plasma thiol‑disulfide levels according to disease 
activity score (BASDAI)

Parameter BASDAI ≥4
(n=35)

BASDAI <4
(n=34) p value

Native thiol (µmol/L) 299 (45) 338 (54) 0.02*
Total thiol (µmol/L) 330 (50) 369 (59) 0.03*
Disulfide (µmol/L) 14 (7.2) 14 (7.2) NS
Disulfide/native thiol (%) 4.7 (2.3) 4.2 (2.3) NS
Disulfide/total thiol (%) 4.3 (1.9) 3.8 (1.8) NS
Native thiol/total thiol (%) 91 (3.8) 92 (3.6) NS

Values are presented as mean±standard deviation. *p<0.05. 
NS: Non‑significant; BASDAI: Bath Ankylosing Spondylitis Disease Activity 
Index
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(n  =  34), there was no significant difference in the plasma 
native thiol, total thiol, or disulfide concentrations between 
the subgroups (p > 0.05).

DISCUSSION

In the current study, thiol, an important component of the 
plasma antioxidant system, was significantly reduced in AS. 
Especially in the active AS patients, the thiol levels were sig-
nificantly lower. In addition, there was a statistically significant 
negative correlation between the plasma thiol concentrations 
and the VAS, BASDAI scores. During the inactive period, the 
thiol/disulfide values of the controls were similar as the values 
of the patients. This result demonstrates that antioxidant sys-
tems are affected in inflammatory diseases, especially during 
the active period. The inflammatory response outside of the 
activation period does not continue. As the result, thiol can be 
used clinically as an activation marker. In addition, thiol can be 
helpful in the evaluation of patients’ treatment as well as the 
BASDAI score. In a study by II’in et al., including 240 patients 
with rheumatological diseases, oxygen-dependent neutrophil 
metabolism and superoxide anion production were elevated 
in AS patients [34]. Karakoc et al. similarly reported a higher 
level of oxidative stress in AS patients compared to control sub-
jects [9]. Yazici et al. reported high levels of neutrophil activa-
tion-dependent oxidative stress and low thiol concentrations 
in AS patients, similar to the findings in this study. Low thiol 
levels were observed in both active and inactive AS patients. 
Another study showed that antioxidant capacity in synovial 
fluid and thiol oxidation were diminished, and the authors 
proposed that this effect might be a significant component 
of AS pathophysiology [6]. In a study which investigated thiol 
levels in chronic renal disease (CRD), thiol levels were signifi-
cantly reduced in CRD and hemodialysis patients compared 
to a control group [35]. Kundi et al. demonstrated that thiol 
levels correlated with the severity of coronary atherosclerosis 
and the mortality rate was higher in the group with low thiol 
levels [36]. Furthermore, thiol levels were shown to be mark-
edly reduced in patients with migraine [37]. In a study carried 
out by Erkus et al., a connection between low plasma thiol 

levels and left ventricular diastolic dysfunction was reported. 
The authors suggested that increased thiol levels could play a 
protective role in diastolic dysfunction [38].

The oxidation of reactive oxygen radicals results in the for-
mation of disulfide bonds. Disulfide bonds can revert to thiol 
groups, a mechanism by which thiol/disulfide homeostasis is 
maintained [39,40]. Abnormal thiol/disulfide balance is asso-
ciated with many diseases [16-22]. In a recent study, including 
patients with pre-diabetes, Ates et al. showed a positive correla-
tion between disulfide and blood glucose concentrations [41]. 
In a study, including patients with newly diagnosed primary 
hypertension, there was a positive correlation between disul-
fide levels and blood pressure. Disulfide was identified as an 
independent risk factor for hypertension in this study [42]. In 
another study, an increase was found in a disulfide/thiol ratio 
in patients with idiopathic recurrent pregnancy loss; however, 
there was no difference in the disulfide levels [43]. In our study, 
although elevated plasma disulfide levels in the AS patients 
were expected to be observed, lower plasma thiol concentra-
tions in the AS group compared to the control group, were 
detected. The low values in disulfide resulted in the disulfide/
native thiol and disulfide/total thiol values being low com-
pared to the controls. The disulfide levels were similar when 
evaluated according to the disease activation, which might be 
explained by several factors. First, oxidative stress in AS might 
occur through a mechanism that is independent of disulfide 
levels. Second, the thiol/disulfide homeostasis system might 
be insufficient in AS patients. This condition could also result 
from a disruption of the oxidant/antioxidant balance in AS 
and the diminished antioxidant response. Additional studies 
with large patient populations might help clarify this issue.

CONCLUSION

The new colorimetric method, defined by Erel and 
Neselioglu, for measuring thiol/disulfide homeostasis was 
used in this study [28]. Thiol chemistry is a rapidly expanding 
field in basic and applied molecular life sciences. The mea-
surement of thiol/disulfide homeostasis is critical for eluci-
dating the effects of oxidative stress and for evaluating disease 

TABLE 5. Correlation analysis between thiol/disulfide and other clinical or biochemical parameters

Parameter Native thiol
(rho)

Total thiol
(rho) 

Disulfide
(rho)

Disulfide/native 
thiol (rho)

Disulfide/total 
thiol (rho)

Native thiol/total 
thiol (rho)

Age –0.470** –0.450** –0.112 0.081 0.081 0.081
BASDAI –0.388** –0.383** –0.142 –0.008 –0.008 –0.008
VAS –0.351** –0.369** –0.183 –0.033 –0.033 –0.033
BASMI –0.242 –0.202 0.34 0.89 0.89 0.89
BASFI –0.234 –0.245 –0.060 0.027 0.027 0.027
ESR –0.076 –0.089 –0.108 –0.075 –0.075 –0.075
C-reactive protein –0.123 –0.188 –0.191 –0.143 –0.143 –0.143

*0.01<p<0.05, **0.001<p<0.01. ESR: Erytrocyte sedimentation rate; BASDAI: Bath Ankylosing Spondylitis Disease Activity Index; VAS: Visual analog scale; 
BASMI: Bath Ankylosing Spondylitis Metrology Index; BASFI: Bath Ankylosing Spondylitis Functional Index
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activation. Many articles in the literature related to oxidative 
stress demonstrated conflicting data. Different authors have 
tried to establish a connection between oxidative stress and 
pathophysiology of disease. However, in different pathophys-
iological conditions, oxidant molecules are found to be high 
and antioxidant molecules are found to be low in general. This 
leads to the information pollution and impedes access to accu-
rate information about this subject. Randomized controlled 
trials with large patient populations are necessary to continue 
the research in this field.
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