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Septic arthritis (SA), also known as an inflammatory 
disease, may be a direct invasion of joint space by 
various microorganisms. One of the most important 
features of SA is synovial joint infiltration by 
polymorphic nuclear leukocytes and macrophages.[1-4] 
These phagocytic cells respond to septic stimulation 
by producing reactive oxygen species (ROS).[5,6] 
ROS are produced by the mitochondria in aerobic 
cells due to increases during cell damage.[7,8] ROS 
are bactericidal and can cause lipid, protein and 
deoxyribonucleic acid lesions. ROS that increase 
above the physiological level cause oxidation between 
two-electron or redox modification of radical-based 
cysteine residues.[9] In this redox reaction, the sulfur 
atom that is found in cysteine side chain gets oxidized 
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and transforms into disulfide.[10] The formed disulfide 
bonds can again be reduced to thiol groups; thus 
dynamic thiol/disulfide homeostasis is maintained.[11] 
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Dynamic thiol/disulfide homeostasis has critical roles 
in antioxidant protection, detoxification, signal 
transduction, apoptosis, regulation of enzymatic 
activity and transcription factors and cellular 
signaling mechanisms.[12,13] Oxidative stress is usually 
described as an imbalance between antioxidant 
defense systems and excessive reactive molecules 
such as ROS. Numerous studies showed that oxidative 
stress may have a role in the pathogenesis and/or in 
the progression of some musculoskeletal diseases.[14-17]

On the other hand, the diagnosis of septic 
arthritis can be challenging even for doctors skilled 
in the management of musculoskeletal disease.[18] 
The important diagnostic tools are fever, refusal to 
bear weight and nonspecific inflammatory markers 
such as C-reactive protein (CRP), erythrocyte 
sedimentation rate (ESR), and white blood cell (WBC) 
count.[19] CRP, ESR, and WBC count are very useful 
routine laboratory screening tests for diagnosis of 
a potential infection.[20,21] In addition, these markers 
may monitor the course of disease in response to 
therapeutic intervention. Therefore, serial CRP and 
ESR measurements can be used as a diagnostic 
tool for infection, monitoring effect of treatment, or 
early detection of relapse. However, elevated CRP 
and ESR cannot show where the inflammation is 
located or what is causing it. Therefore, alternative 
adjunctive diagnostic biomarkers are needed for 
accurate diagnosis.[2,19-22] To support the diagnosis, 
the nonspecific presentation and limited diagnostic 
accuracy of laboratory results often lead to an 
inadequate diagnosis, necessitating radiological 
imaging of the joint. Anteroposterior (AP)/lateral 
radiographs, ultrasonography and magnetic resonance 
imaging can increase diagnostic accuracy in patients 
with suspected SA.[2]

The role and importance of dynamic thiol/
disulfide homeostasis have been reported in several 
infectious diseases.[23-25] Changed thiol/disulfide 
balances were observed in these studies. In this 
study, we hypothesized that oxidative stress and 
antioxidant defense mechanisms may play a role in 
the etiopathogenesis of SA. Therefore, in this study, 
we aimed to investigate dynamic thiol/disulfide 
homeostasis as a novel indicator of oxidative stress and 
to find out its association with standard inflammatory 
markers during the treatment of patients with SA.

PATIENTS AND METHODS

This prospective study was planned as descriptive 
research and carried out in the Department 
of Orthopedics and Traumatology of the Harran 
University Research Hospital between May 2013 and 

October 2014. Twenty-four patients with SA (14 males, 
10 females; mean age 14.5±19.1 years; range, 1 to 80 
years) (21 knees/three hips) and 24 age-, sex-, and 
body mass index-matched healthy controls (14 males, 
10 females; mean age 12.5±18.7 years; range, 1 to 85 
years) were included. For inclusion into the control 
group, subjects must have had no known infection 
and inflammation symptoms. The SA diagnosis 
was confirmed by standardized clinical criteria and 
laboratory examination using Caird’s criteria: fever, 
refusal to bear weight and non-specific inflammatory 
markers such as CRP, ESR, and WBC count.[19] Blood 
samples were obtained at baseline and the end of the 
third week of the treatment. The differential diagnosis 
of SA included patients with any disease and other 
infections occurring near a joint, such as osteomyelitis, 
pyomyositis, septic bursitis, cellulitis, abscess or 
sepsis, and those who were under medication at the 
time of the study were excluded. The study protocol 
was approved by the Harran University School of 
Medicine Ethics Committee. A written informed 
consent was obtained from all of the participants and 
their families. The study was conducted in accordance 
with the principles of the Declaration of Helsinki.

Septic arthritis was considered whenever an ill-
appearing patient with a clinical history of a traumatic 
limitation of mobility had the physical finding of 
joint irritability. All patients were initially assessed 
in the emergency room. At the time of presentation, 
the patient’s temperature was documented. Physical 
examination was conducted in terms of inspection/
palpation and range of motion. Anteroposterior/
lateral radiographs and ultrasound were obtained for 
imaging evaluation. After joint aspiration, emergent 
synovial fluid was sent for analysis and culture in 
the treatment group. Then, an arthrotomy (open 
washout) was performed to remove all purulent fluid. 
Antibiotic treatment was started in the emergency 
room with cefazolin and continued for six weeks, 
intravenously during the first two weeks followed by 
a switch to oral treatment. The patients did not use 
antioxidants.

Venous blood samples were taken before the first 
dose of antibiotic treatment. They were separated for 
standard inflammatory markers and culture in the 
treatment group. Besides, venous blood samples were 
collected into empty tubes and subsequently stored 
on the ice at 4°C. Blood samples were centrifugated 
at 1,500 rpm for 10 min. to separate serum from blood 
cells. The remaining serum portions were stored at 
-80°C until analysis.

Sodium borohydride (NaBH4) is used to reduce 
dynamic disulfide bonds (-S-S-) to functional thiol 
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groups (-SH) and formaldehyde is used to remove the 
unused NaBH4 remnants. This method prevents the 
extra reduction of 5,5′-dithiobis(2-nitrobenzoic acid) 
(DTNB) and the formed disulfide bond produced 
after the DTNB reaction.[26] Sample’s total thiol content 
is quantified with modified Ellman’s reagent.[27]

Half of the difference, when the native thiol content 
is removed from the total thiol content, gives the 
disulfide bond amount. Serum total/native thiol 
concentrations and disulfide amounts were measured 
using an automated analyzer (Roche, Cobas c501, 
Mannheim, Germany).

Serum laboratory inflammation markers included 
serum CRP level (mg/dL), ESR (mm/h), and WBC 
counts (cells/mm3 [cells ×109/L]). C-reactive protein 
and WBC count were determined automatically by 
using biochemistry and hemogram autoanalyzers 
(Roche, Cobas Integra 800 Mannheim, Germany 
and Abbott CELL-DYN Ruby, Wiesbaden, Germany, 
respectively). Erythrocyte sedimentation rate was 
determined by the Westergren method with an 
autoanalyzer (Vacuplus ESR-120, Len-med, Ankara, 
Turkey).

Statistical analysis

Statistical analysis was performed using 
the IBM SPSS version 20.0 software (IBM Corp., 
Armonk, NY, USA). Continuous variables were 
expressed as mean±standard deviation. Chi-
square test was performed to evaluate qualitative 
variables. Continuous variables of the patient group 
were compared using Wilcoxon’s test. Patients and 

controls were compared using the Mann-Whitney 
U test. Spearman’s correlation test was applied 
for the correlation between serum dynamic thiol/
disulfide homeostasis and inflammatory markers. 
Standardized B-regression coefficients and their 
importance obtained by multiple linear regression 
analysis were stated. A two-tailed p<0.05 was 
considered statistically significant.

RESULTS

No statistically significant difference was observed 
between the patient and control groups in terms 
of age and sex (p>0.05). Patients' serum disulfide 
levels, disulfide/natural thiol ratio, and inflammatory 
markers (CRP, ESR and WBC count) were significantly 
higher than controls at baseline comparison (p<0.05 
for all). However, a significant decrease in native thiol 
values of the patients was observed (p<0.05) (Table I). 
There was no bacterial recruitment in any culture.

During the treatment, a significant decrease in 
disulfide levels and disulfide/native thiol ratio, 
CRP and WBC count of the patients were observed; 
however, a significant increase in native thiol levels 
of the patients was observed at the end of the third 
week of the treatment compared to baseline (p<0.05 
for all) (Table II).

We also investigated the correlation between serum 
dynamic thiol/disulfide homeostasis and serum 
inflammatory markers and individual differences in 
age or sex in patients. Statistical results showed that 
serum disulfide level was positively correlated with 

TAbLE I
Demographics and biochemical results of patients and controls

Patients

(start of treatment n=24)

Controls

(n=24)

n Mean±SD n Mean±SD p

Age (years) 14.5±19.1 12.5±18.7 >0.05

Sex

Male

Female

14

10

14

10

>0.05

C-reactive protein (mg/dL) 8.02±7.4 0.4±0.8 <0.001

Erythrocyte sedimentation rate (mm/h) 53.1±29.0 12.9±15.3 <0.001

White blood cell 14.6±5.2 8.9±2.5 <0.001

Native thiol (µmol/L) 328.5±54.3 325.0±47.4 >0.05

Total thiol (µmol/L) 363.2±54.1 354.0±47.4 >0.05

Disulfide (µmol/L) 17.3±6.7 12.6±5.6 <0.05

Disulfide/native thiol 0.05±0.02 0.03±0.01 <0.05

SD: Standard deviation.
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CRP (r=0.736, p<0.001) and disulfide/native thiol ratio 
(r=0.779, p<0.001) before treatment. However, there 
was no correlation with ESR and WBC count (p>0.05) 
(Table III). In multiple linear regression analysis, 
we found that disulfide level was independently 
associated with CRP (β=0.226, p=0.005).

DISCUSSION

The main results of this study were as follows. 
First, disulfide levels and standard inflammatory 
markers of the patient group were significantly higher 
than those of the control group in the preoperative 
period. Second, at the end of the third week of the 
treatment, serum disulfide, CRP and WBC count 
were lower, whereas the native thiol value was higher 
compared to baseline in the patient group. Third, 
serum disulfide levels were correlated with CRP and 
disulfide/native thiol ratio. Fourth, serum disulfide 
levels were independently correlated with CRP.

We observed a significant increase in serum 
disulfide values in patients with SA compared to the 
controls. Notably, the -SH groups of proteins are an 
important component of the antioxidant mechanism 
and the regulation of protein function through thiol-
based redox switches plays an important role in the 
response and adaptation to local and global changes in 
the cellular levels of ROS.[26,28] The plasma thiol pool is 

mainly formed by albumin thiols, protein thiols, and 
slightly formed by low-molecular-weight thiols such 
as cysteine, cysteinyl glycine, γ-glutamylcysteine, 
glutathione, and homocysteine.[29] On the other hand, 
total thiol amount is formed by the combination of 
native thiol and disulfide amounts. The disulfide 
is an important indicator of oxidative-antioxidative 
status and disulfide bond formation is a common 
consequence of oxidation in cellular proteins. 
Disulfide bond formation, which stabilizes high-
grade protein structures during protein maturation 
in the oxidizing environment of the endoplasmic 
reticulum, has been shown within various studies 
to be a well-established mechanism.[11,30] However, 
a natural thiol is an important antioxidant cascade 
since it plays a role in the destruction of ROS 
and other free radicals with enzymatic or non-
enzymatic mechanisms.[9-11] Besides, it prevents 
the induction of inflammatory responses in the 
plasma.[10] Therefore, we also used the native thiol 
activity as an antioxidant parameter. Furthermore, 
the thiol redox status (thiol [-SH]/disulfide [-S-S-] 
ratio) is a critical parameter associated with various 
basic biochemical processes.[31] A recent review[32] 
reported that oxidative stress-induced disulfide 
formation can be beneficial to cell survival. In this 
study, in the preoperative period, the pathogenetic 
mechanisms underlying the raised serum disulfide 

TAbLE III
Relationship between serum disulfide activity and inflammatory and laboratory parameters

Pearson’s correlation 
coefficient

p b regression 
coefficient*

p

C-reactive protein (mg/dL) 0.736 <0.001 0.226 =0.005

Disulfide/native thiol 0.779 <0.001 0.840 <0.001

TAbLE II
Serum inflammatory parameters and biochemical results of patients at baseline and after 

three weeks of treatment

Patients (n=24)

Baseline After 3 weeks of treatment

Mean±SD Mean±SD p

C-reactive protein (mg/dL) 8.02±7.4 4.9±11.3 <0.05

Erythrocyte sedimentation rate (mm/h) 53.1±29.0 38.2±27.6 >0.05

White blood cell 14.6±5.2 10.5±3.0 <0.05

Native thiol (µmol/L) 328.5±54.3 365.7±71.7 <0.05

Total thiol (µmol/L) 363.2±54.1 389.6±72.2 >0.05

Disulfide (µmol/L) 17.3±6.7 11.9±4.6 <0.05

Disulfide/native thiol 0.05±0.02 0.03±0.02 <0.05

SD: Standard deviation.
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levels in patients with SA may be due to increased 
oxidative stress. Native thiol molecules can conjoin to 
overcome oxidative stress in the preoperative period. 
Erel and Neselioglu[26] reported that patients with 
degenerative diseases have higher plasma disulfide 
levels, whereas patients with proliferative diseases 
have lower plasma disulfide levels. Our findings 
were consistent with those of their first preliminary 
studies. Thus, serum thiol/disulfide homeostasis can 
be affected by ROS in the blood, which are increased 
in those with SA.

At the end of the third week of the treatment, 
serum disulfide level was lower, whereas the native 
thiol level was higher compared to baseline. During 
the treatment process, the disulfide level again 
can decrease due to the disappearance of oxidative 
stress. Oxidative stress is physiologically related to 
a decrease in antioxidant defense and repair systems 
or an increase in the production of oxidizing agents. 
Therefore, the cause of the change from disulfide 
to native thiol (from -S-S- bond to -SH) may be due 
to compensatory mechanism to overcome oxidative 
stress in patients with SA. Thus, after appropriate 
treatment, organisms can heal and regain their 
antioxidant capacity.

We also found a significant increase in serum 
non-specific inflammatory markers of patients with 
SA at baseline compared to the controls. C-reactive 
protein is a major acute phase reactant and its 
elevated levels are caused by infections and many 
long-term diseases.[21,22] Erythrocyte sedimentation 
rate measures inflammation or abnormal proteins in 
the body.[33] In a recent review, it was demonstrated 
that ESR >30 mm/h is sensitive at an acceptable level 
for adult SA.[34] It is not a predictor for any disease 
and commonly increases with the conditions that 
cause inflammation, such as infections, arthritis, or 
cancer. WBC count may be normal or increased in 
bone and joint infections.[33-36] Caird et al.[19] reported 
that a temperature above 38.5 was the best predictor 
of SA followed in decreasing order by CRP >2 mg/dL, 
ESR >40 mm/h, difficulty in bearing weight on a 
limb, and serum WBC count >12,000 cells/μL.

In this study, at the end of the third week of the 
treatment, CRP and WBC count were significantly 
decreased in subjects with SA compared to baseline. 
However, ESR remained unchanged at the same 
time point. Various studies have reported that 
at the end of the appropriate treatment process, 
CRP increases and decreases much more quickly 
than ESR. C-reactive protein level rises within 6 
h after the onset of SA of the hip and peaks on 
the second day and typically returns to normal 

7 to 10 days after appropriate therapy.[37] Erythrocyte 
sedimentation rate continued to increase despite 
the active treatment until day five and it took more 
than a month for it to normalize.[36]

We found a relationship between the serum 
disulfide and CRP levels but not with ESR or WBC 
count. In multiple regression analysis, serum disulfide 
level and CRP were independently associated with 
SA. CRP is usually used as an inflammatory marker 
monitoring in predicting resolution or recurrence of 
bone and joint infection after a long period of post-
treatment follow-up.[2,22,36] Caird et al.[19] performed 
a diagnostic level 1 prospective study concluding 
that a CRP >2 mg/dL was an independent risk factor 
strongly associated with septic hip arthritis.

The clinical message of the current study is that 
thiol oxidation increased in SA patients compared to 
the control group. These findings may be associated 
with an imbalance between antioxidants and ROS, 
which may be a cause of the pathogenesis of articular 
cartilage destruction and the progression of SA. In 
addition, SA can often be difficult to detect clinically 
as blood and synovial cultures are often negative, 
clinical symptoms are equivocal, and laboratory 
results may be normal or borderline. Serum thiol/
disulfide homeostasis may be an appropriate 
adjunctive investigation to aid clinicians in ruling 
SA in or out, as well as monitoring the response to 
treatment.[38] This is an important area of research 
as SA can have significant medical and functional 
consequences for patients and appropriate detection 
is highly desirable. Thiol/disulfide homeostasis may 
not be used in clinical practice as much as standard 
inflammatory markers, but may be an adjunct in 
scientific studies as an indicator of oxidative stress. 
Therefore, it needs to be developed in order to be used 
cost effectively in clinical practice.

On the other hand, patients with SA could 
be supported to receive an adjuvant antioxidant 
therapy or cysteine-rich food intake to recover the 
antioxidant status. It may be necessary to investigate 
the effect of cysteine containing supplements on the 
severity of SA. N-acetyl-cysteine (NAC) is widely 
used in patients with respiratory diseases due to its 
mucolytic and antioxidant activities.[39] In addition, 
it has also been reported that NAC can destabilize 
the biofilm structure; it also has synergic action with 
antibiotics, and bactericidal effects.[40-42] Thus, NAC 
may be an adjunct therapy option for managing SA. 
Therefore, this study may present the stage for further 
investigations of the use of antioxidant therapy as a 
treatment for SA.
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There could be two limitations of this study: 
first, the limited sample size, and second, lack of 
measurement of the level of native thiol and disulfide 
in the tissue.

In conclusion, in this study, total oxidant and 
antioxidant statuses were also analyzed via the 
dynamic thiol/disulfide homeostasis. Our results 
suggest that the elevated levels of serum disulfide 
and standard inflammatory markers at baseline 
in patients with SA and decreased levels of these 
parameters are associated with oxidative stress, 
as observed in several infectious diseases. This 
homeostasis shifted towards disulfide formation 
due to thiol oxidation. Therefore, thiol/disulfide 
homeostasis may be a helpful biomarker for the 
follow-up in patients with SA. To our knowledge, 
this is a first and preliminary study pointing out 
this homeostasis in SA; however, further prospective 
randomized clinical trials with larger sample sizes 
are needed to explain whether these changes are 
clinically significant and consistent.
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