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Abstract 

Vitiligo, is a skin disorder, in which the skin loses its pigment due to the loss of melanocytes. The exact cause is still 
under research but the disorder is linked to autoimmune disease, oxidative stress, genetics and environmental 
variables. The disease being progressive in nature often spreads all over the body. Globally, Vitiligo affects nearly about 
0.5% to 1% of people. In 2012, the most recent and approved classification for Vitiligo was given at Vitiligo Global Issues 
Consensus Conference (VGICC). Understanding the biological mediators and molecular mechanisms that result in 
metabolic problems, melanocyte degradation, and autoimmunity is crucial in order to identify innovative therapy 
targets and drugs that may be able to stop the progression of the condition or even cure vitiligo. Treatment options 
range from oral antibiotics, topical immunosuppressants, melanocyte promoters, oral immunosuppressants, JAK kinase 
inhibitors, physical therapy, to surgical intervention. Systemic biological therapies that target cytokines have shown 
promising results in the treatment of diseases like vitiligo and psoriasis. 
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1. Introduction

Vitiligo is, depigmenting skin disorder, in which there is selective loss of melanocytes (cells imparting color to the skin). 
As the disorder is progressive in nature, it can spread throughout the body. The exact cause of the disorder is still 
unknown. Significant recent advancements in the pathophysiology of vitiligo have recognized vitiligo as an autoimmune 
disease and are linked to problems in metabolism, oxidative stress, and cell detachment as well as genetic and 
environmental variables [1,2]. The effects of vitiligo can be psychologically distressing and frequently have a significant 
burden on everyday life, thus it should not be ignored as a cosmetic or unimportant disease [3]. The skin can lose its 
color by basic mechanism [4]. Melanocytes synthesize melanin within melanosomes which are then transferred to the 
vicinity of keratinocytes. In the stratum corneum, where they are desquamated into the environment, the keratinocytes 
transfer the melanin and melanosomes from the basal layer of the epidermis [5]. The skin becomes hypopigmented as 
a result of some diseases that prevent or slow down the generation of melanin [4]. These conditions include nevus 
depigmentosus, pityriasis Alba, tinea versicolor, and oculocutaneous albinism. 

2. Epidemiology

The most common pigmentary disorder, vitiligo, affects 0.5% to 1% of people worldwide. According to reports, Mexico 
and Japan have the highest occurrence rates, followed by India [6]. Although vitiligo can appear at any age, around half 
of cases appear before the age of 20, and about 70% to 80% appear before the age of 30 [7]. According to research, 
prevalence rises with aging [8]. With an average frequency of 0.25%-2.5%, India has a wide range of prevalence, ranging 
from 0.46% to as high as 8.8%. Gujarat and Rajasthan have seen the highest rates of prevalence. Vitiligo prevalence 
ranged from 0.47% in the rural population to 1.78% in the urban population in a sizable study carried out in Surat [9]. 
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A research in Uttarakhand indicated that the frequency was 2.64% [10]. The sociocultural effects of the disease and the 
varied ethnic origins in each place are likely to be to blame for this regional diversity [11]. In 7% to 36% of cases, a 
favorable family history is observed. A first-degree relative is affected in at least 20% of the cases, supporting the idea 
that hereditary factors play a role in pathogenesis. First-degree relatives including parents, siblings, and children have 
a 7- to 10-fold increased risk of developing vitiligo [12]. Worldwide vitiligo occurs without any discernible racial or 
geographic variance. However, groups with darker skin types have higher incidence rates, which may be related to a 
greater color contrast and related social stigma, which causes these patients to typically present early in the progression 
of the disease. It has also been discovered to have connections to other autoimmune illnesses and endocrine conditions 
as thyroiditis and diabetes [13]. Males and females are equally impacted, albeit women and girls seek consultation more 
frequently, possibly due to the larger negative social impact than men and boys [14,15]. 

3. Classification of vitiligo 

In 2010, Taieb and Picardo divided vitiligo into four basic categories: nonsegmental vitiligo (NSV), segmental vitiligo 
(SV), and unclassified [16]. The most recent and approved classification of vitiligo was given in 2012 at the Vitiligo 
Global Issues Consensus Conference (VGICC) based on this classification as shown in figure 1. They divided vitiligo into 
three main categories: nonsegmental, segmental, and unclassified/undetermined [2].  

 

Figure 1 Classification of Vitiligo 

3.1 Nonsegmental vitiligo 

Depigmented macules that range in size from a few to several centimeters in diameter are the defining feature of non-
segmental vitiligo. The macules often have a symmetrical distribution and can be found on both sides of the body. 
Compared to segmental vitiligo, non-segmental vitiligo is less likely to involve body hair [17]. Nonsegemental Vitiligo 
further includes the following variants: 

3.1.1. Focal 

The term "focal vitiligo" refers to a phenotype where there are just one or a few white maculae that are limited to a 
single anatomical location and lack any visible segmental or zosteriform distribution [17]. 

3.1.2. Acrofacial 

Depigmentation of the distal regions of the extremities (hands rather than feet) and of the facial orifices, the latter in a 
circular pattern, are included in acrofacial vitiligo as shown in figure 2 [18]. 

3.1.3. Mucosal 

Mucosal vitiligo is characterized by vitiligo on the mouth and mucous membranes, including the genitalia [2]. 

3.1.4. Generalized/Universal 

The body is covered in many depigmented patches and macules. The cheeks, hands, and fingers are typically the first 
places where depigmentation appears, but it can affect any region of the body [17]. 
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Figure 2 Acrofacial vitiligo 

3.2. Segmental Vitiligo 

Depigmented macules that are limited to one or more body segments is the feature of segmental vitiligo. These lesions 
never cross the midline. Involvement of body hair is more common with segmental vitiligo than with nonsegmental 
Vitiligo. Segmental vitiligo develops quickly and progresses; however, this only lasts for 6–24 months, after which 
additional development is infrequently observed. Depending on the number of lesions, segmental vitiligo can be uni-, 
bi-, or plurisegmental [2,17]. 

3.3. Unclassified/Undetermined vitiligo 

This comprises two types of vitiligo that fall outside of the categories of segmental and non-segmental vitiligo which is 
as follows: 

3.3.1. Multifocal vitiligo 

One or more macules may be seen in multiple areas of focal vitiligo, which does not have a segmental or zosteriform 
distribution [2]. 

3.3.2.  Mucosal vitiligo 

Involves isolated oral or vaginal mucosae without cutaneous involvement [17]. 

4. Basic science of Melanin 

The color of the skin, hair, eyes, and skin appendages is primarily determined by melanin. It is essential in protecting 
skin cells from UV exposure. Melanin is produced by the melanosome, a cytoplasmic vesicle similar to the lysosome. 
Melanosomes are spherical or elliptical organelles that contain cofactors and melanogenic enzymes. During the process 
of melanogenesis, the pigments eumelanin, which is brown or black, and pheomelanin, which is yellow or red, are both 
produced. Tyrosinase (Tyr), an enzyme, is crucial for the initial stages of melanin formation. It produces L- 3,4-
dihydroxyphenylalanine (l- dopa) by hydroxylating L- tyrosine. L- dopa is subsequently oxidised to make L- 
dopaquinone, which spontaneously to produce eumelanin. Dopaquinone and cysteine are used to make pheomelanin 
as shown in Figure 2. The overall color of the appendages and skin is determined by the balance of these two forms of 
pigment [19]. Skin pigmentation depends on the movement of melanosomes within melanocytes from the site of 
synthesis near the cell's centre to the cell's periphery before they are transferred to keratinocytes [20-23]. 
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Figure 3 Biosynthesis of melanin 

5. Pathophysiology/ Pathogenesis 

The absence of functioning melanocytes is a primary feature of the multifactorial disease vitiligo [2]. Multiple pathways 
have been hypothesized for melanocyte destruction in Vitiligo. Metabolic problems, oxidative stress, production of 
inflammatory mediators, cell detachment, and autoimmune responses are just a few of the pathways that could be 
responsible for this loss [24]. The immune system's innate and adaptive arms appear to be engaged. Multiple 
mechanisms, including immunological attack or cell aging and detachment, could play in the gradual loss of melanocytes. 
According to the "convergence theory" or "integrated theory," several mechanisms may cooperate in vitiligo to 
contribute to the degeneration of melanocytes, ultimately producing the same clinical outcome [25,26]. 

5.1.1. Oxidative stress 

In melanocytes, oxidative stress causes local inflammation and the activation of innate immune systems, which in people 
with a hereditary propensity for developing autoimmunity, results in the production of melanocyte-specific cytotoxic 
immune responses [27]. According to studies on vitiligo pathogenesis, melanocyte loss may start as a result of oxidative 
stress [28-31]. In fact, it has been discovered that melanocytes from vitiligo patients are more sensitive to oxidative 
stress than those from unaffected people and are more challenging to culture ex vivo than those from healthy controls 
[32]. Melanocytes respond to stress by releasing reactive oxygen species (ROS). According to studies, oxidative stress is 
the main factor that leads to immunological dysfunction in people who are genetically predisposed to it. Melanocyte 
death is mediated by activated cytotoxic CD8+ T cells and the chemokine CXCL10 that is produced by interferon-gamma 
[33,34]. For instance, melanocytes from perilesional vitiligo skin exhibit anomalies in their mitochondria and 
melanosome structure, as well as a dilated endoplasmic reticulum (ER), all of which are signs of increased cellular stress 
[35].  

5.1.2. Genetics 

The role of genetic impacts in the vitiligo development is strongly supported by evidence from numerous research, even 
though it is obvious that these influences are complex. According to epidemiological research, vitiligo tends to run in 
families [36]. Several genome-wide association studies (GWAS) have discovered risk alleles that affect the vitiligo 
development. Tyrosinase, melanocortin 1 receptor, and OCA2 are melanocyte-specific alleles. Stress-related genes 
(XBP1), genes involved with innate immunity (NLRP1, TICAM1, IFIH1, etc.), and genes linked with adaptive immunity 
(HLA-A, GZMB, IL2RA, and others) are also risk variations. The TYR gene produces the enzyme tyrosinase, which 
catalyses the rate-limiting steps of melanin production [37]. A significant autoantigen in generalised vitiligo is 
tyrosinase [38,39]. A susceptibility variation for nonsegmental vitiligo in TYR that is uncommonly found in melanoma 
patients has been identified in European white individuals by a genome-wide association study [40]. Vitiligo and 
melanoma susceptibility appear to be mutually exclusive, pointing to a genetic dysregulation of the immune system's 
defences against the melanocytic system [37,40]. 
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5.1.3. Environmental Factors 

The complex condition of vitiligo is influenced by a number of factors. Although the precise pathophysiology is unclear, 
it has been suggested that environmental factors may have a significant impact on vitiligo development in genetically 
susceptible people. In genetically vulnerable individuals, whose melanocytes are more delicate than normal, a 
precipitating factor could more easily trigger cellular death [41]. Sunburn, pregnancy, stress, and exposure to cytotoxic 
substances are among the triggering factors that are involved. All of these precipitating elements have the capacity to 
increase melanin synthesis. According to the study, sunburn (28.8%), mechanical causes (19.2%), chemical variables 
(16.4%), and emotional stress (55.4%) were the most common precipitating factors [42]. Several environmental 
contaminants reportedly exhibited selective toxicity to melanocytes both in vitro and in vivo, according to some 
scientists [43]. The majority of toxins are phenol and catechol derivatives, which are ingredients in bleaching creams. 
Only a few exposed people, though, experienced hypopigmentation. In addition, it has been claimed that sulfhydryls, 
systemic medications, mercurials, and arsenic cause vitiligo. People who deal with rubber and industrial oils containing 
numerous compounds, such as phenolic antioxidants, phenolic germicidal detergents, and para-tertiary-butylphenol, 
have been reported to develop a contact/occupational vitiligo [44]. 

5.1.4. Autoimmunity 

Vitiligo is caused by the interaction of autoimmune systems with a number of additional variables, such as heredity, the 
environment, and oxidative stress [35]. Multiple pathways may be used by stressed melanocytes to trigger 
immunological responses. The autoimmune disorders autoimmune thyroiditis and type 1 diabetes mellitus, as well as 
vitiligo, are all characterized by cellular stress, innate immunity, and adaptive T cell responses. The existence of 
antibodies against melanocytes, the relationship with polymorphisms at immune loci, the presence of significant T cell 
perilesional infiltrates and cytokine production, and the association with other autoimmune illnesses all suggest the 
role of autoimmunity in vitiligo [36]. 

Innate Immunity 

Oxidative stress and adaptive immunity in vitiligo are connected by innate immunity. Early in the course of vitiligo, it is 
likely that innate immune cells get activated by detecting exogenously or endogenously produced stress signals emitted 
from melanocytes and perhaps keratinocytes [45,46]. Recent research has found evidence of innate immune activation 
in the skin of vitiligo victims, which may be the cause of the disease's onset. Natural killer (NK) cells, which are crucial 
parts of innate immunity and aid in the control of viral infection and tumor growth. They have the ability to secrete 
cytokines like interferon-gamma (IFN‐γ), which can directly kill target cells. One study found that NK cells infiltrated 
both the lesional and non-lesional skin of vitiligo patients, indicating that they may be the disease's early initiators via 
spotting melanocyte stress. If NK cells in a patient's skin get activated, they may turn cytotoxic and directly harm or 
eliminate melanocytes, or they may alternatively generate cytokines like IFN‐γ to encourage the infiltration of T cells, 
which then cause depigmentation. It will take more research to ascertain the part that NK cells play in the development 
of vitiligo and whether or not concentrating therapy efforts on this population would be successful [13]. 

Adaptive Immunity 

Melanocyte-specific cytotoxic CD8+ T cells that move into the skin, locate their melanocyte targets, and kill them are the 
main effector cells in vitiligo. This was first determined from the CD8+ T lymphocytes that were present in the lesional 
epidermis and their close proximity to dying melanocytes [47]. When lesional skin was removed from vitiligo patients 
and the invading T cells were separated and grown, their functional involvement in promoting depigmentation was 
made clear. Both CD4+ and CD8+ T cells were present in these cells, and a significant portion of the CD8+ T cells were 
melanocyte-specific and capable of in vitro melanocyte apoptosis. The mixed T-cell populations moved into the skin, 
located the melanocytes, and caused apoptosis when they were cultured with non-lesional skin from the same patient. 
Purified CD8+ T cells were considerably more effective in killing melanocytes than CD8-depleted T cells [48]. According 
to these research, CD8+ T lymphocytes are both necessary and sufficient to kill melanocytes in situ. IFN‐γ, which is 
necessary for depigmentation, was discovered to be produced by lesional CD8+ T cells [49,50]. It was also shown that 
the IFN‐γ induced chemokine CXCL10 was necessary for the development and maintenance of vitiligo's depigmentation. 
In fact, inhibiting CXCL10 with a neutralizing antibody prevented and reversed vitiligo, demonstrating the viability of 
this approach as a potential therapeutic approach [51]. 

6. Treatments 

Current treatments, including topical immunosuppressant’s, phototherapy and surgical approaches, partially address 
these goals in overall non-targeted ways. Some have suggested that stabilizing melanocyte stress by administering 
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antioxidants either topically or orally may improve current treatments, though they have not yet been proven highly 
effective. 

6.1.1. Antioxidants 

Oral antioxidants, including vitamins and herbal supplements, have also been suggested as adjuvants to conventional 
therapy, but further research is required to confirm their efficacy [52]. As an illustration, the oral antibiotic minocycline 
was investigated as a potential treatment for vitiligo after in vitro research revealed that it shields melanocytes from 
oxidative stress and inhibits their loss in the early stages of the condition [53]. Topical antioxidants with powerful anti-
inflammatory, antioxidant, and anti-apoptotic activities include capsaicin and curcumin, which are derived from chilli 
pepper and turmeric, respectively. By restoring mitochondrial permeability and mitochondrial membrane potential and 
inhibiting the intrinsic apoptotic pathway, respectively, capsaicin and curcumin pretreatment of perilesional vitiligo 
skin of patients showed a beneficial effect in preventing mitochondrial damage and apoptosis in the keratinocytes from 
perilesional vitiligo skin [54]. However, dietary curcumin was found to contribute to oxidative stress in acute vitiligo 
and impede repigmentation in a trial in which Asian individuals with the condition regularly ingested turmeric [55]. 

6.1.2. Topical Immunosuppresants 

Mycophenolate mofetil, a topical immunosuppressant, targets the immune dysregulation in vitiligo by causing activated 
lymphocytes to die, reducing the number of monocytes and CD4 and CD8 lymphocytes at the sites of inflammation, and 
inhibiting the production of antibodies by B cells. These actions reduce hypopigmentation. [56]. The antimitotic activity 
of 5-fluorouracil causes the adverse effect of hyperpigmentation [57]. Repigmentation was the consequence of topical 
5-FU administration following cutaneous abrasion [58]. The inhibitor cells or elements in the dermis or epidermis that 
are harmful for melanocytes are likewise negatively impacted by 5-FU [59,60]. 

6.1.3. Melanocyte Proliferators 

Afamelanotide, a strong and long-lasting synthetic -MSH analogue, may be an effective vitiligo treatment. By attaching 
to the melanocortin-1 receptor (MC1R), it activates the main melanogenesis pathway, enhances pigmentation, and 
boosts melanocyte proliferation. Afamelanotide produces strong tanning, which is quite concerning in those with fair 
skin because it produces a stark color contrast. As a result, those with dark complexion saw the best effects [61,62]. 

In both human and animal research, prostaglandin F2 alpha (PGF2) analogues have been shown to be effective 
treatment choices for vitiligo, with greater efficacy when paired with phototherapy or topical steroids. Instead of having 
a direct impact on melanogenesis, the therapeutic effectiveness is mediated indirectly by the activation of COX-2 and 
PGE2. The PGF2 analogues being researched in separate studies are latanoprost (0.005%), bimatoprost (0.03%), and 
travoprost (0.004%) ocular solutions [63,64]. 

Analogs of prostaglandin E2 (PGE2), due to their role in immunomodulation, melanogenesis, melanocyte proliferation, 
and maturation, prostaglandins are beneficial in treating vitiligo. PGE2 synthesis has increased, which is why ultraviolet 
radiation's (UVR) ability to treat vitiligo by causing repigmentation is effective. Keratinocytes produce PGE2 as a result 
of the mitogenic and inflammatory stimuli that UVR produces in the cyclooxygenase 2 enzyme. Research on vitiligo 
patients have shown considerable repigmentation with the slight adverse effect of transitory burning sensation when 
applied twice daily for 6 months. Animal studies showed enhanced melanocyte density on topical treatment of PGE2 
gels. [65] 

6.1.4. Oral Immunosuppressants 

Azathioprine is a common immunosuppressive medication for autoimmune diseases. It is only occasionally used in 
vitiligo. The effectiveness of it has been tested in combination with oral PUVA therapy and compared to oral PUVA 
therapy alone. The dosage of azathioprine administered was 0.6-0.75 mg/kg (max dose 50 mg per dose). In the 
azathioprine and PUVA therapy combination group, body surface repigmentation was observed after a 4-month follow-
up at 58.4%, compared to 28.4% in the PUVA therapy alone group. The azathioprine-only group repigmented the acral 
areas more effectively, but the azathioprine and PUVA combination group repigmented the perifollicular areas more 
quickly. Two patients who were on azathioprine experienced stomach distress. Only this side effect was noticed [66]. 

6.1.5. JAK kinase inhibitors 

A patient with progressing widespread vitiligo experienced significant repigmentation after using the JAK1/3 inhibitor 
oral tofacitinib citrate, which the FDA has licensed for use in treating moderate-to-severe rheumatoid arthritis [67]. In 
a patient with coexisting vitiligo, roxolitinib, a JAK1/2 inhibitor authorized for the treatment of myelofibrosis and 
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polycythemia vera, was also found to be beneficial [68]. On July 18 in the year 2022, FDA approved ruxolitinib 
(Opzelura) cream 1.5 percent as a treatment for the most common form of vitiligo. 

6.1.6. Physical Therapy 

Phototherapy 

The mechanism of action of nb-UVB phototherapy, which uses ultraviolet radiation with a wavelength of 311 nm, 
involves immunosuppression, induction of melanocyte differentiation, synthesis of melanin, and migration of 
melanocytes from perilesional skin [69]. By suppressing the immune system and fostering an environment that is 
conducive to the formation of melanocytes, PUVA radiation (wavelength of 320-340 nm) causes melanogenesis [70]. 
Laser treatment EL Targeted phototherapy is made possible using excimer light, which has a wavelength of 308 nm. 
This light has a direct cytotoxic effect on T cells and stimulates melanocyte migration [71]. 

6.1.7. Surgical Treatments 

When vitiligo is stable, surgery is recommended; however, when severely depigmented areas are resistant to medical 
therapy, surgery is not always an option [72]. Blister roof grafting [73,74], punch grafting followed by psoralen plus 
ultraviolet A (PUVA) [75], melanocyte culture and transplantation [76,77], split skin grafting [78], and dermabrasion 
[79] are all surgical treatments used to treat the condition. 

7. Conclusion 

A common multifactorial skin condition with a very complicated pathophysiology is vitiligo. The cause and pathogenesis 
of vitiligo remain unknown, despite recent significant advancements in our understanding of the condition. There are 
still questions concerning what ultimately leads to the degeneration of melanocytes, and further research is required to 
fully understand the etiology of vitiligo. To find novel treatment targets and medications that could arrest the evolution 
of the disease or possibly cure vitiligo, it is critical to understand the biological mediators and molecular mechanisms 
that result in metabolic abnormalities, melanocyte degeneration, and autoimmune. It has been proven that cytokine-
targeting systemic biological treatments can be effective in treating conditions like psoriasis and vitiligo. 

Compliance with ethical standards 

Acknowledgments 

The authors express gratitude to H.K. college of Pharmacy, Jogeshwari, Mumbai, India. 

Disclosure of conflict of interest 

No conflict of interest.  

References 

[1] Prasad D, Kumaran SM, and Sachidanand S. IADVL Textbook of Dermatology. Depigmentary and Hypopigmentary 
Disorders, 4th ed. Mumbai, India: Bhalani Publishers; 2016, pp. 1308–10  

[2] Ezzedine K, Lim HW, Suzuki T, et al. Revised classification/nomenclature of vitiligo and related issues: The 
Vitiligo Global Issues Consensus Conference. Pigment Cell Melanoma Res. 2012;25(3): E1-E13 

[3] Ezzedine K, Grimes PE, Meurant JM, et al. Living with vitiligo: results from a national survey indicate differences 
between skin phototypes. Br J Dermatol. 2015;173(2):607-609.  

[4] Nordlund JJ, Boissy RE, Hearing VJ, King RA, Oetting WS, Ortonne JP. The Pigmentary System: Physiology and 
Pathophysiology: Second Edition. Blackwell Publishing Ltd, 2007. 1229. 

[5] Nordlund JJ, Ortonne J. The normal color of human skin. In: Nordlund JJ, Boissey RE, Hearing VJ, King RA, Oetting 
WS, Ortonne JP, editors. The Pigmentary System: Physiology and Pathophysiology. Oxford: Blackwell Scientific; 
2006. pp. 504–20.  

[6] Sehgal VN, and Srivastava G. Vitiligo: Compendium of clinico-epidemiological features. Indian J Dermatol 
Venereol Leprol 2007; 73(3): 149–56 



World Journal of Biology Pharmacy and Health Sciences, 2022, 12(02), 044–053 

51 

[7] Alzolibani AA, Al Robaee A, Zedan K. Genetic Epidemiology and Heritability of Vitiligo. Intechopen.com. Available 
from: https://cdn.intechopen.com/pdfs-wm/24967.pdf 

[8] Barona MI, Arrunátegui A, Falabella R, Alzate A. An epidemiologic case-control study in a population with vitiligo. 
J Am Acad Dermatol. 1995; 33(4): 621–5. 

[9] Shah H, Mehta A, Astik B. Clinical and sociodemographic study of vitiligo. Indian J Dermatol Venereol Leprol. 
2008; 74(6): 701. 

[10] Agarwal S, Ojha A, Gupta S. Profile of vitiligo in kumaun region of uttarakhand, India. Indian J Dermatol. 2014; 
59(2): 209.  

[11] Handa S, Kaur I. Vitiligo: clinical findings in 1436 patients. J Dermatol. 1999; 26(10): 653–7. 

[12] Majumder PP. Genetics and Prevalence of Vitiligo Vulgaris. In: Vitiligo. Oxford, UK: Blackwell Science Ltd; 2008. 
p. 18–20. 

[13] Habib A, Raza N. Clinical pattern of vitiligo. J Coll Physicians Surg Pak. 2012; 22(1): 61–2. 

[14] Alikhan A, Felsten LM, Daly M, Petronic-Rosic V. Vitiligo: a comprehensive overview Part I. Introduction, 
epidemiology, quality of life, diagnosis, differential diagnosis, associations, histopathology, etiology, and work-
up. J Am Acad Dermatol. 2011; 65(3): 473–91 

[15] Das SK, Majumder PP, Chakraborty R, Majumdar TK, Haldar B. Studies on vitiligo. I. Epidemiological profile in 
Calcutta, India. Genet Epidemiol. 1985; 2(1): 71–8. 

[16] Taïeb A, Picardo M. Epidemiology, Definitions and Classification. In: Vitiligo. Berlin, Heidelberg: Springer Berlin 
Heidelberg; 2010. p. 13–24. 

[17] Koga M, Tango T. Clinical features and course of type A and type B vitiligo. Br J Dermatol. 1988;118(2) :223–8.  

[18] Kovacs SO. Vitiligo. J Am Acad Dermatol. 1998; 38(5): 647–68. 

[19] Slominski A, Tobin DJ, Shibahara S, Wortsman J. Melanin pigmentation in mammalian skin and its hormonal 
regulation. Physiol Rev. 2004; 84(4): 1155–228.  

[20] Mottaz JH, Zelickson AS. Melanin transfer: a possible phagocytic process. J Invest Dermatol. 1967; 49(6): 605–10. 

[21] Cohen J, Szabó G. Study of pigment donation in vitro. Exp Cell Res. 1968; 50(2): 418–33. 

[22] Post-transfer digestion of melanosome complexes and saltatory movement of melanin granules within 
mammalian epidermal cells J Invest Dermatol, 53 (1969), pp. 440-444. 

[23] Wolff K, Jimbow K, Fitzpatrick TB. Experimental pigment donation in vivo. J Ultrastruct Res. 1974; 47(3): 400–
19. 

[24] Sravani PV, Babu NK, Gopal KVT, Rao GRR, Rao AR, Moorthy B, et al. Determination of oxidative stress in vitiligo 
by measuring superoxide dismutase and catalase levels in vitiliginous and non-vitiliginous skin. Indian J 
Dermatol Venereol Leprol; 75(3): 268–71. 

[25] Le Poole IC, Das PK, van den Wijngaard RM, Bos JD, Westerhof W. Review of the etiopathomechanism of vitiligo: 
a convergence theory. Exp Dermatol. 1993; 2(4): 145–53.  

[26] Picardo M, Dell’Anna ML, Ezzedine K, Hamzavi I, Harris JE, Parsad D, et al. Vitiligo. Nat Rev Dis Primers. 2015; 1: 
15011. 

[27] Shin S, Shin JY, Lee H, Oh SH. Spreading of pre-existing segmental vitiligo after immunotherapy with house dust 
mite in a patient with atopic dermatitis. Clin Exp Dermatol. 2015; 40(8): 920–1. 

[28] Dell’Anna ML, Maresca V, Briganti S, Camera E, Falchi M, Picardo M. Mitochondrial impairment in peripheral 
blood mononuclear cells during the active phase of vitiligo. J Invest Dermatol. 2001; 117(4): 908–13.  

[29] Maresca V, Roccella M, Roccella F, Camera E, Del Porto G, Passi S, et al. Increased sensitivity to peroxidative agents 
as a possible pathogenic factor of melanocyte damage in vitiligo. J Invest Dermatol. 1997; 109(3): 310–3. 

[30] Jimbow K, Chen H, Park JS, Thomas PD. Increased sensitivity of melanocytes to oxidative stress and abnormal 
expression of tyrosinase-related protein in vitiligo. Br J Dermatol. 2001; 144(1): 55–65. 

[31] Speeckaert R, Dugardin J, Lambert J, Lapeere H, Verhaeghe E, Speeckaert MM, et al. Critical appraisal of the 
oxidative stress pathway in vitiligo: a systematic review and meta-analysis. J Eur Acad Dermatol Venereol. 2018; 
32(7): 1089–98. 

[32] [32] Puri N, Mojamdar M, Ramaiah A. In vitro growth characteristics of melanocytes obtained from adult normal 
and vitiligo subjects. J Invest Dermatol. 1987; 88(4): 434–8. 

https://cdn.intechopen.com/pdfs-wm/24967.pdf


World Journal of Biology Pharmacy and Health Sciences, 2022, 12(02), 044–053 

52 

[33] Speeckaert R, van Geel N. Vitiligo: An update on pathophysiology and treatment options. Am J Clin Dermatol. 
2017; 18(6): 733–44. 

[34] Passeron T. Medical and maintenance treatments for vitiligo. Dermatol Clin. 2017; 35(2): 163–70. 

[35] Rashighi M, Harris JE. Vitiligo pathogenesis and emerging treatments. Dermatol Clin. 2017; 35(2): 257–65.  

[36] Alkhateeb A, Fain PR, Thody A, Bennett DC, Spritz RA. Epidemiology of vitiligo and associated autoimmune 
diseases in Caucasian probands and their families. Pigment Cell Res. 2003; 16(3): 208–14.  

[37] Spritz RA. Modern vitiligo genetics sheds new light on an ancient disease. J Dermatol. 2013; 40(5): 310–8.  

[38] Baharav E, Merimski O, Shoenfeld Y, Zigelman R, Gilbrud B, Yecheskel G, et al. Tyrosinase as an autoantigen in 
patients with vitiligo. Clin Exp Immunol. 1996; 105(1): 84–8.  

[39] Rezaei N, Gavalas NG, Weetman AP, Kemp EH. Autoimmunity as an aetiological factor in vitiligo. J Eur Acad 
Dermatol Venereol. 2007; 21(7): 865–76.  

[40] Jin Y, Birlea SA, Fain PR, Gowan K, Riccardi SL, Holland PJ, et al. Variant of TYR and autoimmunity susceptibility 
loci in generalized vitiligo. N Engl J Med. 2010; 362(18): 1686–97.  

[41] Rashighi M, and Harris JE. Vitiligo pathogenesis and emerging treatments. Dermatol Clin 2017; 35:257 

[42] Kemp EH, Waterman EA, Weetman AP. Autoimmune aspects of vitiligo. Autoimmunity. 2001; 34(1): 65–77. 

[43] Cummings MP, and Nordlund JJ. Chemical leukoderma: Fact or fancy. Am J Contact Dermatitis 1995; 6:122–7 

[44] Boissy RE, Manga P. On the etiology of contact/occupational vitiligo. Pigment Cell Res. 2004; 17(3): 208–14. 

[45] Schallreuter KU, Bahadoran P, Picardo M, Slominski A, Elassiuty YE, Kemp EH, et al. Vitiligo pathogenesis: 
autoimmune disease, genetic defect, excessive reactive oxygen species, calcium imbalance, or what else? Exp 
Dermatol. 2008; 17(2): 139–40; discussion 141-60. 

[46] van den Boorn JG, Picavet DI, van Swieten PF, van Veen HA, Konijnenberg D, van Veelen PA, et al. Skin-
depigmenting agent monobenzone induces potent T-cell autoimmunity toward pigmented cells by tyrosinase 
haptenation and melanosome autophagy. J Invest Dermatol. 2011; 131(6): 1240–51. 

[47] van den Wijngaard R, Wankowicz-Kalinska A, Le Poole C, Tigges B, Westerhof W, Das P. Local immune response 
in skin of generalized vitiligo patients. Destruction of melanocytes is associated with the prominent presence of 
CLA+ T cells at the perilesional site. Lab Invest. 2000; 80(8): 1299–309. 

[48] van den Boorn JG, Konijnenberg D, Dellemijn TAM, van der Veen JPW, Bos JD, Melief CJM, et al. Autoimmune 
destruction of skin melanocytes by perilesional T cells from vitiligo patients. J Invest Dermatol. 2009; 129(9): 
2220–32.  

[49] Gregg RK, Nichols L, Chen Y, Lu B, Engelhard VH. Mechanisms of spatial and temporal development of 
autoimmune vitiligo in tyrosinase-specific TCR transgenic mice. J Immunol. 2010; 184(4): 1909–17.  

[50] Harris JE, Harris TH, Weninger W, Wherry EJ, Hunter CA, Turka LA. A mouse model of vitiligo with focused 
epidermal depigmentation requires IFN-γ for autoreactive CD8+ T-cell accumulation in the skin. J Invest 
Dermatol. 2012; 132(7): 1869–76.  

[51] Rashighi M, Agarwal P, Richmond JM, Harris TH, Dresser K, Su M-W, et al. CXCL10 is critical for the progression 
and maintenance of depigmentation in a mouse model of vitiligo. Sci Transl Med. 2014; 6(223): 223ra23. 

[52] Dell’Anna ML, Mastrofrancesco A, Sala R, Venturini M, Ottaviani M, Vidolin AP, et al. Antioxidants and narrow 
band-UVB in the treatment of vitiligo: a double-blind placebo-controlled trial. Clin Exp Dermatol. 2007; 32(6): 
631–6. 

[53] Song X, Xu A, Pan W, Wallin B, Kivlin R, Lu S, et al. Minocycline protects melanocytes against H2O2-induced cell 
death via JNK and p38 MAPK pathways. Int J Mol Med. 2008; 22(1): 9–16. 

[54] Becatti M, Prignano F, Fiorillo C, Pescitelli L, Nassi P, Lotti T, et al. The involvement of Smac/DIABLO, p53, NF-kB, 
and MAPK pathways in apoptosis of keratinocytes from perilesional vitiligo skin: Protective effects of curcumin 
and capsaicin. Antioxid Redox Signal. 2010; 13(9): 1309–21. 

[55] Asawanonda P, Klahan S-O. Tetrahydrocurcuminoid cream plus targeted narrowband UVB phototherapy for 
vitiligo: a preliminary randomized controlled study. Photomed Laser Surg. 2010; 28(5): 679–84. 

[56] Handjani F, Aghaei S, Moezzi I, Saki N. Topical mycophenolate mofetil in the treatment of vitiligo: a pilot study. 
Dermatol Pract Concept. 2017; 7(2): 31–3. 

[57] Hrushesky WJ. Letter: Serpentine supravenous fluorouracil hyperpigmentation. JAMA. 1976; 236(2): 138. 



World Journal of Biology Pharmacy and Health Sciences, 2022, 12(02), 044–053 

53 

[58] Tsuji T, Hamada T. Topically administered fluorouracil in vitiligo. Arch Dermatol. 1983; 119(9): 722–7.  

[59] Anbar TS, Westerhof W, Abdel-Rahman AT, Ewis AA, El-Khayyat MA. Effect of one session of ER: YAG laser 
ablation plus topical 5Fluorouracil on the outcome of short-term NB-UVB phototherapy in the treatment of non-
segmental vitiligo: a left-right comparative study. Photodermatol Photoimmunol Photomed. 2008; 24(6): 322–
9.  

[60] Mohamed HA, Mohammed GF, Gomaa AHA, Eyada MMK. Carbon dioxide laser plus topical 5-fluorouracil: a new 
combination therapeutic modality for acral vitiligo. J Cosmet Laser Ther. 2015; 17(4): 216–23.  

[61] Thappa D, Malathi M. Topical therapy in vitiligo: What is new? Pigment Int. 2016; 3(1): 1-4.  

[62] Lim HW, Grimes PE, Agbai O, Hamzavi I, Henderson M, Haddican M, et al. Afamelanotide and narrowband UV-B 
phototherapy for the treatment of vitiligo: a randomized multicenter trial: A Randomized Multicenter Trial. JAMA 
Dermatol. 2015; 151(1): 42–50. 

[63] Anbar TS, El-Ammawi TS, Barakat M, Fawzy A. Skin pigmentation after NB-UVB and three analogues of 
prostaglandin F2alpha in guinea pigs: a comparative study: Prostaglandins and skin pigmentation. J Eur Acad 
Dermatol Venereol. 2010; 24(1): 28–31.  

[64] Anbar TS, El-Ammawi TS, Abdel-Rahman AT, Hanna MR. The effect of latanoprost on vitiligo: a preliminary 
comparative study. Int J Dermatol. 2015; 54(5): 587–93. 

[65] Lotti TM, Hercogová J, Schwartz RA, Tsampau D, Korobko I, Pietrzak A, et al. Treatments of vitiligo: what’s new 
at the horizon: Vitiligo is a manageable disease. Dermatol Ther. 2012; 25 Suppl 1: S32-40. 

[66] Radmanesh M, Saedi K. The efficacy of combined PUVA and low-dose azathioprine for early and enhanced 
repigmentation in vitiligo patients. J Dermatolog Treat. 2006; 17(3): 151–3.  

[67] Craiglow BG, King BA. Tofacitinib citrate for the treatment of vitiligo: A pathogenesis-directed therapy: A 
Pathogenesis-Directed Therapy. JAMA Dermatol [Internet]. 2015; 151(10): 1110–2. 

[68] Harris JE, Rashighi M, Nguyen N, Jabbari A, Ulerio G, Clynes R, et al. Rapid skin repigmentation on oral ruxolitinib 
in a patient with coexistent vitiligo and alopecia areata (AA). J Am Acad Dermatol. 2016; 74(2): 370–1. 

[69] Slominski AT, Zmijewski MA, Plonka PM, Szaflarski JP, Paus R. How UV light touches the brain and endocrine 
system through skin, and why. Endocrinology. 2018; 159(5): 1992–2007. 

[70] Taieb A, Alomar A, Böhm M, Dell’anna ML, De Pase A, Eleftheriadou V, et al. Guidelines for the management of 
vitiligo: The European Dermatology Forum consensus: EDF vitiligo guidelines. Br J Dermatol. 2013; 168(1): 5–
19. 

[71] Do JE, Shin JY, Kim D-Y, Hann S-K, Oh SH. The effect of 308nm excimer laser on segmental vitiligo: a retrospective 
study of 80 patients with segmental vitiligo: Excimer laser in segmental vitiligo. Photodermatol Photoimmunol 
Photomed [Internet]. 2011 [cited 2022 Oct 14];27(3):147–51.  

[72] Falabella R. Surgical approaches for stable vitiligo. Dermatol Surg. 2005; 31(10): 1277–84.  

[73] Koga M. Epidermal grafting using the tops of suction blisters in the treatment of vitiligo. Arch Dermatol. 1988; 
124(11): 1656–8. 

[74] Li J, Fu W-W, Zheng Z-Z, Zhang Q-Q, Xu Y, Fang L. Suction blister epidermal grafting using a modified suction 
method in the treatment of stable vitiligo: a retrospective study. Dermatol Surg. 2011; 37(7): 999–1006. 

[75] Hann SK, Im S, Bong HW, Park YK. Treatment of stable vitiligo with autologous epidermal grafting and PUVA. J 
Am Acad Dermatol. 1995; 32(6): 943–8.  

[76] Olsson MJ, Juhlin L. Transplantation of melanocytes in vitiligo. Br J Dermatol. 1995; 132(4): 587–91.  

[77] Huggins RH, Henderson MD, Mulekar SV, Ozog DM, Kerr HA, Jabobsen G, et al. Melanocyte-keratinocyte 
transplantation procedure in the treatment of vitiligo: the experience of an academic medical center in the United 
States. J Am Acad Dermatol. 2012; 66(5): 785–93.  

[78] Behl PN, Bhatia RK. Treatment of vitiligo with autologous thin Thiersch’s grafts. Int J Dermatol. 1973; 12(5): 329–
31. 

[79] Awad SS. Dermabrasion may repigment vitiligo through stimulation of melanocyte precursors and elimination 
of hyperkeratosis. J Cosmet Dermatol. 2012; 11(4): 318–2  


