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Abst rac t
Introduction: Tinea versicolor is a superficial fungal infection caused by Malassezia spp. Malassezia spp. is a mem-
ber of the normal human skin flora. It becomes a pathogen by transforming from the yeast form to the mycelium 
form. The oxidant/antioxidant homeostasis may be responsible for this. Thiol/disulphide homeostasis is a new 
marker indicating oxidative stress. This homeostasis is affected in many illnesses. 
Aim: To investigate the thiol/disulphide homeostasis in patients with tinea versicolor.
Material and methods: Forty-two patients with tinea versicolor (median age: 36 years, min.–max.: 19–58) and 
36 healthy controls (median age: 32 years, min.–max.: 18–60) were included in the trial. The levels of native thiol, 
disulphide, and total thiol were measured by an automated method in the patient and control groups. Disulphide/
total thiol, disulphide/native thiol and native thiol/total thiol rates were calculated as percentage.
Results: For the patient group and the control group, the native thiol levels were found to be 464.32 ±51.48 mmol/l 
and 465.18 ±51.32 mmol/l, disulphide levels – 19.80 ±7.08 mmol/l and 21.27 ±8.90 mmol/l, total thiol levels – 503.92 
±53.65 mmol/l and 508.07 ±56.59 mmol/l, respectively. No statistical difference was detected between the two 
groups.
Conclusions: Thiol/disulphide homeostasis was not affected in tinea versicolor. According to our findings, oxidative 
stress seems to have no role in the pathogenesis of tinea versicolor.
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Introduction

Tinea versicolor (TV) is a superficial fungal infection 
caused by Malassezia spp. and is characterized by hy-
popigmented or hyperpigmented macules localized on 
the face, arms or body with a clinical manifestation of 
associated mild desquamation [1–3]. Macules are gen-
erally of 3–5 mm in diameter, round or oval, may affect 
large areas and be displayed in irregular forms [1]. It is 
more common in tropical climates. While it frequently 
affects young adults, it can be seen at every age, even 
in new-borns. It is asymptomatic, and may rarely cause 
pruritus [3].

Free radicals form disulphide bonds by oxidizing the 
thiol groups in proteins containing sulphur. Being the ear-
liest sign of protein oxidation, these bonds are reduced 

to thiol groups again when necessary, and this ensures 
the thiol/disulphide homeostasis [4]. This homeostasis 
is affected in many illnesses [4–11] and it has never been 
researched before in patients with TV.

Malassezia spp. is a member of the normal human 
skin flora. They are dimorphic fungi which can exist both 
as yeast or mycelium. It has 14 lipophilic types [12–15]. It 
has a multi-layered thick cell wall containing lipid. The 
lipid content may be removed using solvents. It requires 
fatty acids to grow [16, 17]. It exists in the yeast form 
on normal skin [12, 13]. It becomes a pathogen by trans-
forming from the yeast form to the mycelium form [2]. 
However, the mechanism through which this transforma-
tion occurs and these spp. exert an effect on the skin still 
remains unknown. 
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Aim

In our study, we hypothesized that the oxidant/anti-
oxidant homeostasis of the organism may be responsible 
for this, and investigated thiol/disulphide homeostasis in 
patients with TV.

Material and methods

The trial was performed in accordance with good 
clinical practice and Helsinki Declaration. The patients 
and the controls participating in the study were informed 
about the trial and provided consent forms. Approval was 
granted by the local ethics committee of the Yildirim 
Beyazit University. The study included 42 patients over 
18 years old who were admitted to our outpatient clinic 
and clinically diagnosed with TV with a positive result 
in native preparation prepared with 10% potassium hy-
droxide in microscopy, and did not use medication within 
the last three months, and 36 healthy subjects as the 
control group. The patients who are pregnant, or have the 
history of systemic disease, medication use or smoking 

were excluded. Information regarding the age, sex, dura-
tion of the disease, the number and localization of the 
lesions, pigmentation status, recurrence and family his-
tory of the patients were recorded. Lesions were graded 
in 3 groups according to their distribution on body parts. 
If the lesions were localized in one body part, they were 
considered to be mild, if localized in 3 or less body parts, 
they were considered to be moderate, and if they were 
in more than 3 body parts they were considered to be 
disseminated. 

Venous blood samples were collected into biochem-
istry tubes after overnight fasting. They were centrifuged 
at 3500 rpm for 10 min, and stored in deep freezer (San-
yo, Japan) at –80°C.

Thiol/disulphide homeostasis was assessed using 
an automated spectrometric method recently devel-
oped by Erel and Neselioglu [11]. In this method, firstly, 
disulphide bonds were reduced to free thiol groups 
using NaBH4. Unused NaBH4 was treated with form-
aldehyde, thereby, reduction of 5,5’-dithiobis-(2 nitro-
benzoic) (DTNB) was prevented. After the reaction with 
DTNB, total thiol groups (the sum of native and reduced 
thiol) were calculated, and the amount of disulphide 
was calculated by dividing the difference between to-
tal thiol and native thiol by two. Disulphide/total thiol, 
disulphide/native thiol and native thiol/total thiol rates 
were calculated as percentages. Cobas c501 analyser 
(Roche Diagnostics, Mannheim, Germany) was used 
for the measurement. Thiol and disulphide values were 
expressed as mmol/l.

Statistical analysis

The distribution of the age, native thiol, disulphide, 
total thiol, disulphide/total thiol, disulphide/native thiol 
and native thiol/total thiol variables in the study was ex-
plored visually and using Shapiro-Wilk test. As these vari-
ables are non-normally distributed, they were expressed 
as mean ± standard deviation (mean ± SD) and median 
(minimum–maximum). Sex, localization, recurrence, fam-
ily history, pigmentation and presence of pruritus were 
expressed in numbers (%).

The patient group and the control group were com-
pared in terms of age, native thiol, disulphide, total thiol, 
disulphide/total thiol, disulphide/native thiol and native 
thiol/total thiol, and these parameters were compared 
in the patient group by Mann-Whitney U test using sex, 
family history, pigmentation, recurrence and pruritus as 
factors. The sex distribution of the groups was evaluated 
by c2 test. The relationship between age and disease du-
ration, and native thiol, disulphide and total thiol were 
explored by Spearman’s correlation analysis. The statisti-
cal significance level was accepted to be p < 0.05.

IBM SPSS Statistics 21.0 (IBM Corp. Released 2012. 
IBM SPSS Statistics for Windows, Version 21.0. Armonk, 
NY: IBM Corp.) software was used for statistical analyses 
and calculations.

Table 1. The demographic characteristics of the patient 
and control groups

Demographic 
characteristics

Patients  
(n = 42)

Controls  
(n = 36)

P-value

Age, mean ± standard 
deviation

35.88 ±10.29 34.75 ±10.60 0.637

Median (min.–max.) 36 (19–58) 32 (18–60)

Gender, n (%):

Male 22 (52.4) 18 (50.0) 1.000

Female 20 (47.6) 18 (50.0)

Disease duration [month] –

Median (min.–max.) 12 (1–168) –

Family history 6 (14.3) – –

Recurrence 23 (54.8) – –

Pruritus 13 (31.0) – –

Color: –

Hyperpigmentation 31 (73.8) –

Hypopigmentation 11 (26.2) –

Localization: –

Back 13 (31.0) –

Chest 28 (66.7) –

Neck 11 (26.2) –

Shoulder 2 (4.8) –

Nape 1 (2.4) –
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Results

The median age of the patients and the controls was 
calculated to be 36 years (min.–max.: 19–58) and 32 years 
(min.–max.: 18–60), respectively (Table 1). 52.4% (n = 22) of 
the patient group, and 50.0% (n = 18) of the control group 
were males. The age and sex distribution of the patient 
and control groups was comparable (p > 0.05). Information 
on and clinical characteristics of the patients are shown in 
Table 1; and 30 patients were in mild, 11 in moderate and 
only one patient in the disseminated category.

Native thiol medians of the patient and control 
groups were calculated to be 468.25 mmol/l (min.–max.: 
361.60–586.50) and 463.70 mmol/l (min.–max.: 319.70–
551.10), respectively (Table 2). No significant difference 
was found between the two groups in terms of native 
thiol (p = 0.814). Two groups were also comparable in 
terms of other parameters (p > 0.05).

When thiol, disulphide and total thiol assessments in 
the patient group were compared for sex, family history, 
recurrence, pigmentation and pruritus status and grading, 
no statistically significant difference was found (p > 0.05).

When the relationships between thiol measurements, 
and age and disease duration were evaluated, a mod-
erately significant negative relationship was found be-
tween age, and native thiol and total thiol (Spearman 
rho: –0.415, p = 0.006). No statistically significant rela-
tionship was found between age, and other thiol mea-
surements and disease duration (p > 0.05).

Discussion

In this study, dynamic thiol/disulphide homeostasis, 
which is the oxidative stress marker, was investigated 

for the first time in patients with TV. Thiol/disulphide ho-
meostasis was measured by a method which has been 
developed by Erel and Neselioglu and gives rapid and 
accurate results. When we compared the native thiol, di-
sulphide and total thiol values, and disulphide/total thiol, 
disulphide/native thiol and native thiol/total thiol rates 
of the patients with TV and the control group, we could 
not detect a significant difference and thought that thiol/
disulphide homeostasis is maintained in these patients.

The Malassezia spp. causing superficial mycosis are 
colonized in seborrheic regions in humans. As they are 
lipophilic, the presence of fatty acids on the skin helps 
them grow, and the increase in skin lipids due to sex 
hormones in adolescents leads to increased Malassezia 
spp. Being a part of the normal skin flora, Malassezia 
spp. may cause cutaneous and systemic diseases due to 
environmental modifications and individual immunolog-
ical changes [1]. In addition to TV, seborrheic dermatitis 
and Malassezia folliculitis, they are also believed to be 
responsible for the pathogenesis of skin diseases such 
as atopic dermatitis and psoriasis [12]. 

Normally, Malassezia spp. have commensal balance 
in the organism, upon the impairment of this balance, 
the yeast forms become pathogenic. The reason behind 
this could not be explained completely. It has been sug-
gested that the lack of inflammation when the fungi are 
at commensal form may be due to cell wall lipids, and 
cellular immune response is also important. In a study, 
it has been stated to suppress the cytokine production 
from mononuclear cells, and the azelaic acid produced 
by it decrease the reactive oxygen intermediate products 
[16]. When the lipid layer is removed, the cytokine sup-
pression has been observed to disappear, and Malassezia 

Table 2. Thiol and disulphide levels in patients and controls

Parameter Patients (n = 42) Controls (n = 36) P-value

Native thiol, mean ± SD [mmol/l] 464.32 ±51.48 465.18 ±51.32 0.814

Median (min.–max.) 468.25 (361.60–586.50) 463.70 (319.70–551.10)

Disulphide, mean ± SD [mmol/l] 19.80 ±7.08 21.27 ±8.90 0.336

Median (min.–max.) 20.50 (1.20–32.35) 22.15 (1.05–35.25)

Total thiol, mean ± SD [mmol/l] 503.92 ±53.65 508.07 ±56.59 0.528

Median (min.–max.) 509.65 (397.50–617.20) 516.65 (349.70–611.20)

D/T, mean ± SD (%) 0.039 ±0.014 0.042 ±0.016 0.362

Median (min.–max.) 0.040 (0.002–0.070) 0.044 (0.002–0.069)

D/N, mean ± SD (%) 0.043 ±0.016 0.046 ±0.019 0.362

Median (min.–max.) 0.044 (0.002–0.082) 0.048 (0.002–0.082)

N/T, mean ± SD (%) 0.921 ±0.028 0.916 ±0.034 0.378

Median (min.–max.) 0.920 (0.859–0.995) 0.914 (0.847–0.996)

D/T – disulphide/total thiol, D/N – disulphide/native thiol, N/T – native thiol/total thiol.
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(M) globosa and M. slooffiae spp. have been observed 
to increase the secretion of IL-1α, M. furfur, M. obtusa, 
M. restricta and M. sympoidalis spp. have been observed 
to increase the secretion of IL-6, and all spp. have been 
observed to increase the secretion of IL-8 [17].

Clinically, the most frequently isolated Malassezia 
spp. are M. globosa and M. furfur [1]. Tinea versicolor 
is believed to develop on a genetic basis [18]. It is be-
lieved that the factors implicated for the development 
of TV may differ for each individual, and Malassezia spp. 
may switch from the saprophytic phase to the patho-
genic phase due to factors including high temperature, 
humidity, oily skin, sweating, heredity and immunosup-
pression [1, 12]. Putting oily creams and corticosteroids 
on the body, exposure to sunlight and malnutrition are 
the other factors implicated in this process [1].

Malassezia spp. have been suggested to be able to 
activate the complement system via the classical or the 
alternative pathways, which is responsible for the inflam-
mation [16]. However, despite a high increase in Malasse-
zia spp. in TV, inflammation does not occur [19]. And the 
indole compounds produced by them are responsible for 
this [17]. Epidermal barrier dysfunction is present in all 
the skin diseases except folliculitis [18]. The expression 
of the antimicrobial peptide, katelicidin (LL37) which is 
important for the host response against fungi in kerati-
nocytes is increased in TV [17].

In the histopathological examinations of the TV le-
sions, Malassezia yeasts were observed in all layers of 
stratum corneum and the presence of many Langerhans 
cells was observed in the epidermis. Free radicals are re-
leased during the phagocytosis of the microorganisms 
by macrophages. Furthermore, macrophages inhibit the 
growth of fungal pathogens by producing nitric oxide. 
Neutrophils and mononuclear cells are important for the 
defence against Malassezia. The phagocytosis of Malas-
sezia by neutrophils is only 5%. And this is thought to be 
caused by the lipid layer on the cell wall [16].

There is no other study evaluating the thiol/disul-
phide homeostasis in patients with TV. However, there 
are two studies on the role of the oxidative stress in the 
pathogenesis [2, 19]. Kurutas and Ozturk investigated the 
oxidative and nitrosative stress in the lesions of patients 
with TV, and found the levels of malondialdehyde, nitric 
oxide and nitrotyrosine, thereby, the oxidative and nitro-
sative stress increased, and observed an increase in the 
activities of the antioxidant defence enzymes, superox-
ide dismutase and catalase in response to this [2]. Kuru-
tas and Ozturk observed the presence of local oxidative 
stress in patients with TV via lipid peroxidation, and we 
aimed to evaluate the oxidative stress in patients with 
TV via protein oxidation. However, it was found unaffect-
ed. This suggests that lipids have more important roles 
in pathogenesis.

In their immunohistochemical examination of the 
lesions of patients with TV, Kilic et al. found that glu-

tathione s-transferase isoenzyme M4 is decreased and 
glutathione s-transferase isoenzyme T1 is increased, 
and thought that oxidative stress may be effective in the 
pathogenesis [19]. 

In these two studies, local oxidative stress was inves-
tigated in patients with TV and found to be increased, we 
wanted to measure the total oxidative state systemically 
and found that it was not affected.

Conclusions

In our study, we evaluated the thiol/disulphide ho-
meostasis, which is recognized as a new marker for oxi-
dative stress, by measuring the levels of thiol and disul-
phide in patients’ serum, and found that homeostasis is 
unaffected. And, this indicates that there may be differ-
ent factors other than the oxidative stress for Malassezia 
spp. to gain pathogenicity, therefore, further research is 
needed. Furthermore, new studies are needed together 
with local and systemic oxidative stress that has been 
investigated.
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