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Abstract
Introduction: Vitiligo is a pigmentation disorder caused by damage to melanocytes which causes loss of pigment production on the skin and mucosal surfaces. The etiology of vitiligo is still unknown, but there are several theories regarding the occurrence of damage and death of melanocytes in vitiligo. One is a widely known theory is the theory of oxidative stress. The body has a defence mechanism against free radicals through the formation of antioxidants, one of which is glutathione peroxidase (GPx). Increased free radicals will result in decreased levels of glutathione peroxidase. This study aims to prove the correlation between plasma glutathione peroxidase and an increase in the severity of vitiligo. Method: The study design using an analytical study with a cross-sectional approach in vitiligo patients at Sanglah Hospital Denpasar. Sampling were done with consecutive sampling technique involving 40 vitiligo patients and 20 non-vitiligo controls that met the inclusion and exclusion criteria. Venous blood sampling was performed to measure GPx plasma levels and physical examination to measure the severity of vitiligo based on VASI scores. The collected data were analysed using SPSS version 23.0 with normality test, unpaired T test, correlation test and chi-square to get the prevalence ratio (PR).Result: The results showed a lower level of GPx plasma in vitiligo patients (72.3 ± 82.5 ng/mL) compared to non-vitiligo (160.63 ± 124.33 ng/mL) subjects (p<0.05), low GPx levels were a risk factor for vitiligo with a prevalence ratio (PR 1.57; CI 95% = 1.89-2.776; p<0.05) and plasma GPx levels have a strong negative correlation with the degree of vitiligo severity based on vitiligo area severity index (VASI) scores in vitiligo subjects (r=-0.60; p <0.05) Conclusions in this study there is a negative correlation between plasma GPx levels with vitiligo severity and low GPx levels are risk factors for vitiligo.
Keywords: Glutathione peroxidase, Vitiligo, Vasi score.
Introduction
Vitiligo or also called leukoderma is a chronic acquired skin disease, characterized by white patches on the skin due to a decrease in the number or inability of melanocytes to produce melanin [1]. In severe cases, vitiligo can cause anxiety, depression, and withdrawal from the social community [2]. 
The aetiology of vitiligo is complex and not yet known with certainty. In the past decade many studies have been conducted to prove biochemical hypotheses, specifically the role of oxidative stress in vitiligo. Oxidative stress is essential pathogenesis in melanocyte degeneration [3] Oxidative stress with an immunological component characterised by changes in the balance of the redox reaction. Damage to the redox system was initially marked by a decrease in antioxidant levels [4]. Glutathione peroxidase (GPx) is a first-line antioxidant that functions to rapidly suppress or inhibit free radicals or reactive species in cells. 
The role of glutathione peroxidase in vitiligo patients is to convert H2O2 and other peroxidases into water and oxygen, using glutathione reductase and NADPH [5]. Previous studies by Sushil et al. and Agrawal et al. in vitiligo patients found a decrease in glutathione peroxidase levels [6]. Other studies in 50 cases of active vitiligo, found 74% normal GPx levels, 22% low results, and 4% obtained high GPx levels [7]. Based on the above explanation, it can be concluded that research on plasma GPx levels in vitiligo patients is still very minimal and controversial.
Method
The study design is a cross-sectional analytic design that aims to determine the relationship of plasma glutathione peroxidase levels with the severity of vitiligo. The number of vitiligo subjects who met the inclusion and exclusion criteria was 40 people and 20 non-vitiligo people. Plasma glutathione peroxidase (GPx) level is the blood GPx level of the study sample taken from the 5 mL cubital vein. 
The examination was carried out based on the ELISA method with the Bio Vision Glutathione peroxidase Assay Kit. The research data were analysed using the Statistical Package for Social Sciences (SPSS 23.0) program. The characteristic variables of the sample are age, sex, vitiligo clinical picture, family history and VASI score analysed descriptively. Test for normality with Kolmogorov -Smirnov for plasma glutathione peroxidase levels (data are normally distributed if p>0.05).
Comparative analysis using the paired sample t-test and correlation analysis using the Pearson correlation test. Bivariate analysis to get the Prevalence Ratio (PR).
Result
Based on the sex distribution in vitiligo subjects, 17 (42.5%) vitiligo subjects were male and 23 (57.5%) were female. The largest age group in vitiligo subjects is 46-55 years, with the mean age of vitiligo subjects being 40.8 years. Based on the classification of diagnosis and clinical form of vitiligo, in vitiligo subjects, 67.5% were non-segmental vitiligo, 22.5% were segmental vitiligo, while the remaining 10% were unclassifiable or undetermined vitiligo. 
Generalised vitiligo is the most common type of non-segmental vitiligo found in this study (45.12%), followed by acrofacial vitiligo (24.18%) and segmental vitiligo (22.5%). In vitiligo subjects, a family history of vitiligo was only found in 5 people (12.5%) of vitiligo subjects. The degree of severity of vitiligo which was assessed based on the VASI score, was divided into vitiligo group with mild severity (VASI score <5) of 48.3%, moderate severity (VASI score 5-9) of 13.3% and degree of severe severity (score VASI ≥10) of 3% (Table 1).
Table 1: Subject characteristics
	Characteristics
	Vitiligo

(n=40)
	Percentage

(%)
	Non-Vitiligo

(n=20)
	Percentage

(%)
	p

	Gender

Male

Female
	17

23
	42.5

57.5
	6

14
	30

70
	0.034

	Age (Years)

18-25

26-35

36-45

46-55

56-65
	4

10
10

12

4
	10

25

25

30

10
	8

9

3

0

0
	40

45

15

0

0
	0.002



	Vitiligo type

Non-Segmental

Segmental

Unclassifiable/

Undetermined
	27

9

4
	67.5

22.5

10.0
	-

-

-
	-

-

-
	

	Family history of vitiligo

Yes

No
	5

35
	12.5

87.5
	-

-
	-

-
	

	VASI

Mild

Moderate

Severe
	29

8

3
	48.3

13.3

5.0
	-

-

-
	-

-

-
	


The mean plasma GPx level in vitiligo subjects was 72.3 ± 82.50, whereas for non-vitiligo subjects the average plasma GPx concentration was 160.63 ± 124.33. Mean plasma GPx levels in vitiligo subjects were found to be lower than non-vitiligo subjects with a mean difference of 88.339 (95% CI: 56.48-120.11; p<0.05) shown in Table 2.

Table 2: Differences of glutathione peroxidase level in vitiligo and non-vitiligo subjects
	Study Group

	N
	GPx Level (mean ± SD)
(ng/mL)
	Mean difference (CI 95%)
	p

	Vitiligo
	40
	72.3 ± 82.5
	88.339

(56.48-120.11)
	<0.001*

	Non-Vitiligo
	20
	160.63 ± 124.33
	
	


*Significant (p<0.05)
The prevalence ratio (PR) is 2.16, which means that a low GPx plasma level increases the susceptibility to vitiligo by 2.16 times (PR = 2.16; 95% CI: 1.79-4.012; p=0.048) compared to person with high plasma GPx levels (Table 3).

Table 3: Large prevalence ratio between plasma GPx levels to vitiligo
	
	Study Group
	PR
	CI 95%
	p

	GPx plasma
(ng/mL)
	Vitiligo
	Non-Vitiligo
	
	
	

	Low
(<114)
	33 (73.3%)
	12 (26.7%)
	2.16
	1.79-4.012
	0.048

	High
(>114)
	7 (66.7%)
	8 (53.3%)
	
	
	


*Significant (p<0.05)

There was a significant negative correlation (r=-0.60; p<0.05) between plasma glutathione peroxidase levels with the severity of vitiligo based on the VASI score, vitiligo patient with low glutathione levels tend to have higher VASI scores (higher severity of vitiligo) (Table 4). From Figure 1, we get the determinant coefficient value (R2 Linear = 0.452) which proves that there is a low plasma GPx effect on vitiligo is equal to 45.2%.

Table 4: Correlations between plasma GPx levels and the severity of vitiligo based on scores VASI
	
	
	Score VASI

	Serum GPx plasma
	r
	-0.60

	
	p
	0.022

	
	n
	40


*Significant (p<0.05)

Figure 1: Scattered plot illustration of GPx plasma correlation to vitiligo severity
Discussion
The decrease in pigmentation in the vitiligo area is caused by oxidative stress and the presence of melanocyte antigens due to an autoimmune inflammatory process that is postulated as etiopathogenesis of vitiligo. The source of endogenous reactive oxygen species (ROS) comes from cellular metabolic processes such as melanogenesis, proliferation and differentiation with apoptosis and immune reactions [9]. Melanin biosynthesis will produce large amounts of pigment which causes the formation of pro-oxidants in the epidermis. Melanin synthesis involves the oxidation reaction process producing superoxide anion (O2-) and hydrogen peroxide (H2O2) which are free and toxic radicals against melanocytes and play an essential role in the onset and progression of vitiligo. The catalytic activity of tyrosinase in the tyrosine process is converted to dopa to produce O2 - as well as the conversion of DOPA to dopaquinone. 
Change of 5.6 DHI to indole 5.6 quinone on eumelanin biosynthesis to produce H2O2. Exogenous ROS sources include ultraviolet radiation, cytotoxic chemicals, phenols, trauma, infectious diseases, malignancies, nerve disorders, calcium imbalances and drug applications (hormones, vaccinations) [10].The presence of ROS originates from exogenous and endogenous causing DNA damage, protein fragmentation, mitochondrial damage, and lipid peroxidation, thereby reducing the cellular function of macromolecules so that genetic susceptibility occurs in vitiligo. 
Oxidative stress causes excessive expression of Calreticulin (an endoplasmic reticulum protein regulating intracellular calcium and melanocyte transfer to the epidermis) resulting in apoptosis of melanocytes by dendritic cells. Calreticulin expression induces expression of pro inflammatory cytokines, namely IL-6 and TNF-α which are serum markers for vitiligo progression [9].Melanocyte stress will also cause excessive ROS production, resulting in the production of Damage Association Molecular Pattern (DAMPs) by melanocytes. The release of DAMPs causes cell damage and the release of melanosome antigens and the subsequent activation of natural immunity. 
Activation and maturation of dendritic cells through Hsp70i and followed by reactive CD8 + T cells will cause melanocyte cell damage. Pro inflammatory cytokines and chemokines are also expressed when oxidative stress occurs as a mediator facilitating the recruitment of CD8 + T cells thereby increasing the inflammatory process [9]. Nuclear Transcription Factor (Nrf-2) expressed by heme oxygenase-1 with functions to protect melanocytes against H2O2 free radicals and regulates the expression of various antioxidant enzymes including GPx [11]. Lately, it has been reported that the Nrf-2-antioxidant response element (ARE pathway) pathway plays a vital role in vitiligo. This pathway prevents oxidative damage to melanocyte cells [12]. 
Antioxidants are the body's defence mechanism against ROS accumulation, which consists of endogenous (enzymatic and non-enzymatic) antioxidants and exogenous antioxidants. Enzymatic antioxidants include superoxide dismutase (SOD), catalase, and glutathione peroxidase (GPx). Nonenzymatic antioxidants consist of vitamin C, vitamin E, and beta carotene [11]. Glutathione peroxidase is a tripeptide protein that plays a role in maintaining cell integrity [13]. This study was supported by research of Agrawal et al. who reported that in vitiligo subjects a significantly lower GPx plasma level was compared with controls (values of p <0.05) [14]. Singh et al. conducted a case-control study involving 30 vitiligo patients and 30 healthy control patients found that plasma GPx levels were significantly decreased in vitiligo subjects compared with controls (p-value <0.05) [15]. 
Glutathione peroxidase is one of the antioxidants oxygen which can be used to neutralise the production of free radicals, specifically H2O2. Decreased plasma GPx levels can result in the production of H2O2 in the skin which is known to have toxic effects on melanocytes which ultimately cause vitiligo. GPx levels can be used as biochemical markers to measure vitiligo stability because GPx is correlated with disease progression [15]. In contrast to the results of research by Barkibin et al. who found conflicting results, there were no differences in GPx levels in vitiligo compared with healthy subjects [16]. Another study by Otzurk et al. reported the activity of high levels of GPx in vitiligo [17]. 
Differences in the results of this study were due to variations in race, type of disease, activity, duration of vitiligo, source of samples or detection methods in vitiligo populations [18]. Previous studies reported indications of GPx polymorphisms that play a role in reduced GPx activity and the prevalence of vitiligo in the Gujarat population [19]. Other studies supporting evidence of low GPx levels in vitiligo are meta-analysis studies by Xiao et al. which report a significant relationship between low plasma GPx levels and vitiligo in Asian populations and levels GPx is also lower in segmental vitiligo patients compared with healthy controls [18].
Conclusion
The results of this study indicate that there is a relationship between low plasma GPx levels and the severity of vitiligo. Low GPx levels cause interference or insufficient protective effect by antioxidants resulting in melanocyte cell damage. Further research is needed on the regulation of ROS mediated signalling pathways, especially in the Nrf2-antioxidant response element (ARE pathway) and possible targeting therapy for future new vitiligo drugs.
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