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Amaç: Psoriazis vulgaris oksidatif stres ve dokuda enflamasyon ile seyreden kronik, sistemik enflamatuvar bir hastalıktır. Tiyol ve disülfit 
seviyelerinin total oksidan durumun bir belirteci olarak enflamatuvar hastalıklarda arttığı gösterilmiştir. Bugüne kadar, seboreik dermatit, 
atopik dermatit, alopesi areata, akut ürtiker ve melasma gibi birçok dermatolojik hastalıkta tiyol/disülfit homeostazındaki dengesizlik ya da 
anormalliklerin etiyopatogenetik rolü olduğu gösterilmiştir. Psoriazis vulgariste tiyol ve disülfit kan seviyelerinin ya da tiyol/disülfit oranlarının 
artışını araştırmak ve yeni prognostik enflamatuvar belirteç olarak kullanılabilirliğini belirlemeyi amaçladık.
Gereç ve Yöntem: Biyopsi ile tanı almış 29 psoriazis hastasındaki ve 30 sağlıklı kontrol grubunda natif tiyol, total tiyol ve disülfit kan seviyeleri 
araştırıldı. Natif-total tiyol, disülfit-natif tiyol ve disülfit-total tiyol oranları iki grup arasında karşılaştırıldı. Psoriazisli hastalarda bu ölçümler ve 
Psoriazis Alan ve Şiddet İndeks (PAŞİ) değerleri arasındaki korelasyonda incelendi. 

Öz

Abstract

Background and Design: Psoriasis vulgaris is a chronic, systemic, inflammatory disease presenting with oxidative stress and tissue 
inflammation. Thiol and disulfide levels have been shown to increase in inflammatory diseases as a marker of total oxidant status. To date, 
imbalances or abnormalities in thiol/disulfide homeostasis have been shown to have an etiopathogenetic role in a few dermatological diseases, 
such as seborrheic dermatitis, atopic dermatitis, alopecia areata, acute urticaria, and melasma. We aimed to investigate whether blood thiol 
and disulfide levels or thiol/disulfide ratios are increased in psoriasis vulgaris and to determine whether they can be used as a novel prognostic 
inflammatory marker.
Materials and Methods: The blood levels of native thiol, total thiol and disulfide were analyzed in a total of 29 patients diagnosed with 
psoriasis vulgaris by biopsy and 30 healthy controls. Native-total thiol, disulfide-native thiol and disulfide-total thiol ratios were compared 
between the two groups. The correlation between these measurements and Psoriasis Area and Severity Index (PASI) values were also examined 
in patients with psoriasis.
Results: The disulfide levels were higher in patients with psoriasis vulgaris compared to the control group (p=0.021; p<0.05), however, the 
levels of native thiol and total thiol as well as the ratios of disulfide/native thiol and disulfide/total thiol were similar in both groups (p>0.05). 
PASI scores were not significantly correlated with the levels of total and native thiol and disulfide/native thiol and disulfide/total thiol ratios 
(p>0.05).
Conclusion: The increase in blood disulfide levels indicating a thiol/disulfide imbalance was significant in psoriasis vulgaris as a result of 
oxidative stress and tissue inflammation. However, the level of disulfide did not show a definite positive correlation with the severity of psoriasis 
measured using PASI. 
Keywords: Homeostasis, oxidative stress, peroxiredoxins, psoriasis, sulfhydryl compounds
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Introduction 

Oxidative stress causes profound alterations of various biological 
structures, including cellular membranes, lipids, proteins, and 
nucleic acids1. It has been shown that as oxidative stress increases in 
inflammatory diseases via the enzymatic activities of thiol/disulfide 
oxidoreductases in the presence of glutathione (GSH), protein-
disulfide is reduced to a protein dithiol1. After the production of these 
oxygen free radicals as a result of total oxidant capacity, thiol/disulfide 
homeostasis (TDHS) status becomes imbalanced2. Thiol is a sulfur-
containing antioxidant compound that has a negative correlation with 
oxidative stress3. Oxidant radicals form disulfide bonds by oxidizing 
the thiol groups that are present in the side chains of sulfur-containing 
amino acids of proteins1. 
Recent studies have implicated the association between oxidative 
stress and inflammation in the pathogenesis of comorbidities 
associated with psoriasis4-8. Psoriasis vulgaris is a chronic, remitting 
and relapsing inflammatory skin disease developing as a result of 
immune dysregulation, mostly associated with impaired suppressive 
function of T regulatory cells (Tregs), which causes enhancement of 
T

h
-179. This immune imbalance may also cause overproduction of 

reactive oxygen species (ROS) and such oxidants or lack of certain 
antioxidants4,5. TDHS is known to have a critical role in many cellular 
activities, such as antioxidant protection, detoxification, cell growth 
and apoptosis1,2. TDHS has been reported to play an essential role in 
immunopathogenesis of oxidation reactions. If this TDHS is imbalanced, 
it is believed to trigger autoimmune diseases by causing oxidative 
stress and tissue inflammation1,2. The etiopathological role of TDHS 
has previously been investigated in various diseases and conditions, 
including prediabetes, autoimmune subclinical hypothyroidism due 
to Hashimoto thyroiditis, Polycystic ovary syndrome, Crimean-Congo 
hemorrhagic fever, sudden sensorineural hearing loss, and premature 
ovarian failure10-13. In another study, the sulfhydryl (SH) and disulfide 
concentrations in psoriatic scales were examined and various methods 
were used to quantitatively determine and evaluate SH and disulfide 
(S-S) bonds14. The authors analyzed specimens from 5 patients with 
psoriasis by amperometric titration and a colorimetric method and 
found the parakeratotic scales of psoriatic patients to have an unusually 
high SH concentration. 
Cell signaling pathways, such as mitogen-activated protein kinase-
activator protein 1, nuclear factor-κB, and Janus kinase-signal 
transducers, as well as activators of transcription are redox-sensitive and 
involved in the progression of psoriasis4. Dimethyl fumarate upregulates 
GSH and NAD(P)H: quinone oxidoreductase 1 and activates the Nrf2 
transcriptional pathway, thereby resulting in anti-inflammatory effects, 
such as downregulation of cytokines and adhesion molecules4,5. ROS 
have been shown to prevent imiquimod-induced psoriatic dermatitis 

by enhancing Treg cell function7. Successful treatment of psoriasis via 
hyperbaric oxygen therapy and phototherapy can also be attributed to 
the elevation of ROS levels enhancing Treg function.
To the best of our knowledge, this is the second clinical study to examine 
the dynamic TDHS in patients diagnosed with psoriasis vulgaris8. This 
study aimed to evaluate the oxidant-antioxidant balance in patients 
with psoriasis vulgaris by detecting dynamic TDHS, which is a novel 
oxidative stress marker. Total oxidant status (TOS) and total antioxidant 
status were also analyzed via the levels of total thiol, native thiol and 
disulfide, and ratios of disulfide-total thiol and disulfide-native thiol. 

Materials and Methods

The prospective controlled study aimed to compare the dynamic TDHS 

between patients with psoriasis vulgaris and healthy volunteers 

aged over 18 years. None of the participants had received any prior 

treatment within the past six months. A total of 29 patients diagnosed 

with psoriasis vulgaris by biopsy and 30 healthy controls were recruited 

from our hospital between June 2016 and January 2017. The study 

was approved by the İstanbul Medipol University International Faculty 

of Medicine Clinical Research Ethics Committee approval was obtained 

(approval number: 378), and all the patients provided written informed 

consent. Age, gender, systolic and diastolic blood pressure, and body 

mass index (BMI) values were all recorded. In both the study and 

control groups, serum creatinine, total protein, albumin, triglyceride, 

total cholesterol, blood lipid profile, fasting glucose and glycated 

hemoglobin A1c (HbA1c) levels were also noted. Patients with known 

diabetes mellitus, documented cardiovascular and cerebrovascular 

diseases, acute chronic kidney or liver diseases, nephrotic proteinuria, 

a history of inflammatory diseases, such as infection or rheumatism 

and malignity, as well as those using antioxidant substances, lipid 

lowering substances, drugs, alcohol, vitamins or those who smoked 

were excluded from the study.

The severity of psoriasis was recorded in the patient group using the 

Psoriatic Area and Severity Index (PASI) scores. Dynamic TDHS was 

measured using a novel automated method developed by Erel and 

Neselioglu1 A new, fully automated method was used to measure 

plasma thiol, total thiol and disulfide levels in both groups.

Blood samples were taken from the participants after eight hours of 

fasting to evaluate thiol/disulfide levels using a biochemistry tube. The 

serum samples were centrifuged at 1500 rpm for 10 minutes and 

then kept at -80 °C. The reducible disulfide bonds were reduced to 

form free functional thiol groups. Formaldehyde was used to remove 
unused and consumed sodium borohydride, and once reaction with 
DTNB [5,5’-dithiobis - (2-nitrobenzoic acid)] was achieved, all thiol 
groups, including both reduced and native groups, were determined. 

Bulgular: Psoriazisli hastalarda kontrol grubuna oranla disülfit seviyeleri daha yüksekti (p=0,021; p<0,05); ancak, natif tiyol ve total tiyol seviyeleri benzerdi, ayrıca 
disülfit/natif tiyol ve disülfit/total tiyol oranları da her iki grupta benzerdi (p>0,05). PAŞİ değerleri ile total tiyol, natif tiyol ölçümleri, disülfit/natif tiyol ve disülfit/total 
tiyol oranları arasında anlamlı korelasyon saptanmadı (p>0,05).
Sonuç: Oksidatif stres ve doku enflamasyonunun bir sonucu olarak psoriazisde tiyol/disülfit dengesizliğini gösteren kan disülfit seviyelerindeki artış anlamlı bulundu. 
Ancak, disülfit miktarı PAŞİ kullanılarak ölçülen psoriazis şiddeti ile kesin pozitif bir korelasyon göstermemekteydi.
Anahtar Kelimeler: Homeostaz, oksidatif stres, peroksiredoksinler, psoriazis, sülfidril bileşikleri
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The amount of dynamic disulfide was determined by taking half of the 

difference between total thiol and native thiol groups. Following the 

calculation of native and total thiol and disulfide amounts, the ratios 

of native thiol/total thiol, disulfide/native thiol and disulfide/total thiol 

were all determined and compared between patients with psoriasis 

vulgaris and controls. Furthermore, the clinical association between 

these values and PASI scores were examined. 

Statistical Analysis

The Number Cruncher Statistical System (NCSS) 2007 (Kaysville, Utah, 

USA) was used for the statistical analysis. The data was evaluated using 

statistical methods (mean, standard deviation, median, frequency, ratio, 

minimum and maximum). The quantitative parameters that did not 

have a normal distribution in the two groups were compared using the 

Mann-Whitney U test. For the evaluation of the correlation between 

the variables, the Spearman’s correlation coefficient was determined. 

The significance was evaluated at p<0.05.

Results

No significant difference was noted in total thiol and native thiol levels 

between the psoriasis and control groups (p>0.05) (Table 1) (Figure 1). 

However, the blood disulfide level was remarkably higher in the psoriasis 

group than in the control group (p=0.021; p<0.05) (Figure 2). We did 

not observe any statistically significant difference in the disulfide/native 

thiol value (%) (p=0.056; p>0.05), however, it was remarkably higher 

in the psoriasis group compared to that in the control group (Table 1) 

(Figure 3). The values of disulfide/total thiol (%) were also similar in 

both groups (p>0.05) (Figure 3).

The mean PASI score in patients with psoriasis was 5.87±5.27 with a 

range of 1.2 and 18.6. No significant correlation was noted between 

PASI scores and the levels of total thiol, native thiol, and disulfide 

as well as the ratios of disulfide/native thiol and disulfide/total thiol 

(p>0.05) (Table 2).

Discussion

Oxidative stress is an imbalance between oxidant and antioxidant 

systems and plays a major role in the pathogenesis of psoriasis4-9. 

Increased levels of oxidant radicals stimulate autoimmunity and 

inflammation. In a previous study, 90 patients with psoriasis who had 

not received any systemic treatment within the past six months and 76 

age- and gender-matched healthy volunteers were compared in terms 

of TDHS8. Native thiol and total thiol levels were found to be significantly 

higher in patients with psoriasis than in controls. When the authors 

compared the TDHS parameters according to clinical and demographic 

characteristics, they identified a negative correlation between age and 

Table 2. The correlation of Psoriasis Area and Severity 
Index values with total thiol, native thiol and disulfide 
levels in patients with psoriasis

PASI

Total thiol
r 0.028

p 0.083

Native thiol
r 0.024

p 0.903

µmol total thiol
r 0.028

p 0.083

µmol native thiol
r 0.024

p 0.903

Disulfide
r -0.115

p 0.552

Disulfide/native thiol (%)
r -0.108

p 0.578

Disulfide/total thiol (%)
r -0.168

p 0.383

r: Spearman’s correlation coefficient, PASI: Psoriasis Area and Severity Index

Table 1. The assessment of total thiol, native thiol and disulfide levels in the psoriasis and control groups
Psoriasis group (n=29) Control group (n=30) p

Total thiol
min-max (Median) 0.31-0.82 (0.43) 0.27-0.72 (0.39)

0.317
Mean ± SD 0.45±0.14 0.42±0.11

Native thiol
min-max (Median) 0.25-0.78 (0.38) 0.22-0.6 (0.37)

0.644
Mean ± SD 0.40±0.13 0.37±0.08

µmol total thiol
min-max (Median) 309.4-817.7 (425.1) 267.8-724.1 (390)

0.317
Mean ± SD 453.61±138.87 416.82±108.06

µmol native thiol
min-max (Median) 245.7-782.6 (377) 219.7-604.5 (365.3)

0.644
Meant ± SD 402.64±133.91 372.15±84.36

Disulfide
min-max (Median) 8.45-72.15 (21.45) 4.55-87.1 (16.58)

0.021*
Mean ± SD 25.48±12.78 22.34±20.77

Disulfide/native thiol (%)
min-max (Median) 1.67-12.96 (6.33) 1.34-19.36 (4.28)

0.056
Meant ± SD 6.77±3.17 5.87±4.65

Disulfide/total thiol (%)
min-max (Median) 0.45-10.29 (5.61) 1.31-13.96 (3.95)

0.105
Mean ± SD 5.69±2.60 4.98±3.40

Mann-Whitney U test *p<0.05, min: Minimum, max: Maximum, SD: Standard deviation, n: Number of the patients
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the levels of native and total thiol. In the current study, the levels of 

total thiols had a negative correlation with PASI and the duration of 

the disease. On the other hand, the absence of a positive correlation 

between PASI and TDHS in our study indicates that in addition to 

oxidative stress, several other factors including genetic, diet and 

environment can play a role in the pathogenesis of psoriasis vulgaris. 

Psoriasis vulgaris is also a systemic, inflammatory, T cell-mediated skin 

disease with increased oxidative stress mostly accompanied with 
chronic inflammatory diseases, such as atherosclerosis, metabolic 
syndrome, diabetes mellitus, hypertension, and hyperlipidemia15. 
Therefore, we believe that exclusion of patients with a known history 
of diabetes mellitus, cardiovascular and cerebrovascular diseases, acute 
chronic kidney or liver diseases, nephrotic proteinuria or a history of 
inflammatory disease was essential to investigate the effect of only 
psoriasis by minimizing the effect of other factors. The increased 
epidermal turnover seen in epidermal corneocytes presenting with 
abnormal desquamation may cause a protein loss that results in lower 
total and native thiol levels in psoriasis. However, we found the native 
or total thiol levels to be similar in both the psoriasis and control groups. 
Moreover, in certain inflammatory diseases, such as insulin resistance 
or pre-diabetes mellitus, disulfide level and disulfide/native thiol or 
disulfide/total thiol ratios have been shown to be higher and have a 
positive correlation with fasting blood sugar and HbA1c as a result 
of the oxidation process10. In prediabetic patients, the main reason 
for the decrease in native thiol and increase in disulfide has been 
suggested to be loss of urinary abnormal thiol protein10. The positive 
correlation between total protein and native thiol supports this fact. 
The significantly higher level of disulfide in the psoriasis patients in our 
study was remarkable and similar to the results reported by a previous 
TDHS study on prediabetes mellitus10. Aging is another factor affecting 
oxidative stress and resulting in lower thiol and higher disulfide levels16. 
We also believe that assessment of TDHS in patients with psoriasis in 
terms of BMI would provide valuable data as thiol levels were found to 
be higher in obesity in a previous report11.
Contrary to the case in ROS, the level of some other antioxidant 
molecules, such as GSH, decreases1,17. On the other hand, the level 
of oxidized GSH (GSSG) increases. Cysteine, cysteinylglycine, GSH, 
homocysteine, and ɤ-glutamylcysteine are some of the amino acids 
or essential elements containing only lower molecular weight thiols 
that contain only a small percent of the total body thiol content18. GSH 
is a small protein molecule composed of three amino acids: cysteine, 
glutamate, and glycine, and it is involved in many processes in the body, 
including tissue building and repair as well as making chemicals and 
proteins needed for the body and the immune system19. It scavenges 
free radicals, enhances the immune system, regulates cell division and 
growth, transports amino acids, and synthesizes and repairs DNA19. 
GSH is considered to be one of the most important scavengers of ROS 
and the ratio of GSH to GSSG may be used as a marker of anti-oxidative 
capacity20.
Furthermore, it has been shown that impaired GSH/GSSG ratio was 
related with elevated levels of homocysteine, a marker of endothelial 
dysfunction and moderate hyperglycemia21. It has also been reported 
that in psoriasis vulgaris, there is a significant increase in the expressions 
of two antioxidant systems, the GSH S-transferases and cytochrome in 
the tissue. The former decreases oxidative stress by reducing oxidative 
products and the latter is a family of enzymes responsible for the 
metabolism of various endogenous and exogenous substances; e.g., 
drug metabolism22.
An increase in super oxide dismutase (SOD) activity has also been 
described in other chronic inflammatory skin conditions, such as atopic 
dermatitis and psoriasis23,24. The upregulation of SOD gene expression in 
chronic idiopathic urticaria may represent a defense mechanism against 
the reactive ROS generated by the respiratory chain complexes25. It is 

Figure 1. The distribution of total thiol and native thiol levels in the 
psoriasis and control groups 
SD: Standard deviation

Figure 2. The distribution of disulfide levels in the psoriasis and control 
groups 
SD: Standard deviation

Figure 3. The distribution of disulfide/total thiol and disulfide/native 
thiol levels in the psoriasis and control groups
SD: Standard deviation
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likely that the overexpression of SOD results from an increased secretion 
of cytokines, as previously reported in psoriasis23. However, as the 
overproduction of ROS and oxidative burden continues, the antioxidant 
enzyme defense system may also be damaged and the level of GSH-
peroxidase (Px), the enzyme responsible for the conversion of GSH to 
GSH-disulfide, decreases24. In another study, SOD and GSH-Px enzyme 
activities and the levels of malondialdehyde, nitric oxide and protein 
carbonyl were measured both in patients with melasma and controls. 
SOD and GSH-Px enzyme activities were reported to be significantly 
higher in the patient group compared to the control group26. 
Another issue that needs to be clarified is whether the increase in 
disulfide levels is a laboratory result of oxidative stress or the elevated 
disulfide levels cause tissue inflammation. We think that the lack of the 
evaluation of the oxidant-antioxidant balance in patients with psoriasis 
vulgaris by detecting dynamic TDHS, which is a novel oxidative stress 
marker, as well as other molecules, including paraoxonase, arylesterase, 
ceruloplasmin, myeloperoxidase, the GSH-Px enzyme, and catalase was 
the limitation of this study. In addition, analysis of the serum levels 
of certain molecules containing sulfur formed after the oxidation of 
thiol groups; e.g., cysteine, cysteinylglycine, GSH, homocysteine, and 
ɤ-glutamylcysteine could provide further scientific data about TDHS 
imbalance in the etiopathogenesis of psoriasis. For future research, 
we recommend investigating the correlation of TDHS with the 
duration, clinical type and severity of psoriasis, and previous history 
of systemic medications, such as methotrexate, cyclosporine and 
acitretin, or biological agents to provide complementary data about 
the immunological etiopathogenesis of psoriasis vulgaris. In addition, 
a greater number of patients are needed to enlighten the role of 
oxidant and antioxidant systems and other possible mechanisms in the 
pathogenesis of psoriasis.
We believe that assessment of TDHS in patients with psoriasis in 
terms of BMI would provide valuable data as thiol levels were found 
to be higher in gestational diabetes mellitus and maternal obesity 
in a previous report27. Analysis of serum levels of certain molecules 
containing sulfur formed after the oxidation of thiol groups, such as 
cysteine, cysteinylglycine, GSH, homocysteine, and ɤ-glutamylcysteine 
could provide further scientific data about TDHS imbalance in the 
etiopathogenesis of psoriasis. It would also be better to evaluate 
oxidant-antioxidant balance in patients with psoriasis vulgaris by 
investigation of some other molecules and antioxidant enzymes 
including paraoxonase, arylesterase, ceruloplasmin, myeloperoxidase, 
GSH-Px enzyme and catalase. 
For future research, investigating the correlation between the duration, 
clinical type, severity of psoriasis and previous history of systemic 
medications, such as methotrexate, cyclosporine and acitretin, or 
biological agents with TDHS will provide complementary data about the 
immunological etiopathogenesis of psoriasis vulgaris. We recommend 
conducting further clinical studies with psoriasis patients to investigate 
the effect of cysteine-containing supplements on the severity of the 
disease. New treatment alternatives targeting oxidative stress may 
also be effective in psoriasis vulgaris. In addition, a greater number of 
patients are needed to enlighten the role of oxidant and antioxidant 
systems and the other possible mechanisms for the pathogenesis of 
psoriasis.

Study Limitation

The limited number of the patients in our study was the limitation of 
our study.

Conclusion

This is the second study in the literature evaluating dynamic TDHS in 
psoriasis vulgaris. Our findings point to the possible role of oxidative 
stress in the etiopathogenesis of psoriasis. TDHS status is shifted 
towards the oxidative side in patients with psoriasis vulgaris, leading to 
an increase in TOS, which may, in turn, act as an immunological trigger. 
In the current study, the TDHS shift towards disulfide in patients with 
psoriasis may be a result of increased keratinocyte proliferation in the 
pathogenesis of psoriasis. Patients with psoriasis should be encouraged 
to start an antioxidant therapy or cysteine-rich food intake to regain 
the antioxidant status. It would be beneficial to conduct further clinical 
studies with psoriasis patients to investigate the effect of cysteine-
containing supplements on the severity of the disease. New treatment 
alternatives targeting oxidative stress may also be effective in psoriasis 
vulgaris.
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