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Synopsis

Chemical-induced depigmentation of the skin has been recognized for over 75 years, first as an 

occupational hazard but then extending to those using household commercial products as common 

as hair dyes. Since their discovery, these chemicals have been used therapeutically in patients with 

severe vitiligo to depigment their remaining skin and improve their appearance. The importance of 

recognizing this phenomenon was highlighted during an outbreak of vitiligo in Japan during the 

summer of 2013, when over 16,000 users of a new skin lightening cosmetic cream developed skin 

depigmentation at the site of contact with the cream and many in remote areas as well. 

Depigmenting chemicals appear to be analogs of the amino acid tyrosine that disrupt 

melanogenesis and result in autoimmunity and melanocyte destruction. Because chemical-induced 

depigmentation is clinically and histologically indistinguishable from non-chemically induced 

vitiligo, and because these chemicals appear to induce melanocyte autoimmunity, this 

phenomenon should be known as “chemical-induced vitiligo”, rather than less accurate terms that 

have been previously used.
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Introduction

Like many autoimmune diseases, vitiligo pathogenesis is influenced by genetic, stochastic, 

and environmental factors. This is clear from the fact that first degree relatives of patients 

with vitiligo have a 5–6 fold increased risk of disease and identical twins have a 23-fold 

increased risk, clearly implicating genetics as an important risk factor for vitiligo. However 

despite sharing almost all of their genes, identical twins are only 23% concordant for 

disease, meaning that if one has vitiligo the other will only have it 23% of the time. This 

clearly implicates other, non-heritable risk factors for developing vitiligo as well. Stochastic 
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mechanisms, or the influence of random chance, likely play a role, particularly during the 

development of the immune system, which occurs through random recombination of T cell 

receptors and antibodies. This process is responsible for “building” the autoreactive cells 

that ultimately attack melanocytes in vitiligo. The role of stochastic factors in developing 

vitiligo and other autoimmune diseases is not likely to account for all of the non-genetic 

risk, and so many believe that factors from the environment strongly influence the likelihood 

of developing autoimmunity.

Vitiligo is one of the few autoimmune diseases in which environmental factors are well-

known, including the depigmenting effect of the chemical monobenzyl ether of 

hydroquinone (MBEH) discovered by Oliver and colleagues in a tanning factory, but 

includes many others as well. Some have been directly implicated via topical challenge 

through patch testing, others through large population studies, and still others more 

indirectly. This chapter will summarize the chemicals that have been clearly implicated as 

causing or exacerbating vitiligo, as well as the mechanism by which this occurs. 

Recognizing these chemicals and their implications for managing vitiligo is important 

during patient counseling and follow up, both when thinking about disease prevention, as 

well as improveing therapeutic responses.

Chemicals directly implicated in inducing vitiligo

MBEH

In 1939, Oliver, Shwartz, and Warren reported a case series of workers in a leather 

manufacturing company who developed patchy depigmentation on their hands and arms. In 

fact, 50% of the workers in this factory and others who wore a particular brand of gloves 

developed depigmentation on skin that contacted the gloves, and several of them also had 

similar lesions on remote areas that did not contact the gloves. The ingredients used in 

manufacturing the gloves were obtained by the medical team, and each systematically 

applied to the workers through patch testing. Only patches containing the antioxidant MBEH 

induced an inflammatory response, which was then followed by depigmentation. This 

chemical ingredient was removed from the gloves, and workers subsequently repigmented1. 

Depigmentation was also reported following exposure to other products that contained 

MBEH, primarily by items made of rubber2. MBEH has been removed from manufacturing 

in the US rubber industry, although may still be in use in other countries3.

After this observation, others attempted to use MBEH as a treatment for hypermelanoses4–6, 

however reports of complete and irreversible depigmentation at the site of application and in 

remote areas limited its use7–10, and resulted in its removal from commercial products. The 

ability of MBEH to permanently remove skin pigment prompted Mosher, Lerner, and 

Fitzpatrick to test it as a topical treatment for patients with severe vitiligo. They 

recommended the use of MBEH in vitiligo patients who failed to respond to therapy with 

psoralen ultraviolet A (PUVA) and with depigmentation of over 50% of their body surface 

area (BSA). Their retrospective study of 18 patients who used topical MBEH revealed that 8 

patients completely depigmented in 4–12 months11. Since then dermatologists have used 

this as a therapy in severe patients who desired it, noting also depigmentation remote from 

the site of application, and sparing of hair and eye color2. It is currently the only Food and 
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Drug Association (FDA)-approved treatment for vitiligo, and details about its use will be 

discussed later in this issue (see P. Grimes, Depigmentation Therapy, in this issue). In 

addition, monomethyl ether of hydroquinone has been reported to induced depigmentation 

in 2 subjects12, and has been used therapeutically to depigment vitiligo patients13, 14.

Hydroquinone, a chemical structurally related to MBEH and frequently used in skin-

lightening agents, has not been clearly implicated in inducing or exacerbating vitiligo when 

used for cosmetic purposes. Despite many cases attributed to MBEH, only two patients 

reportedly developed depigmentation after exposure to photographic developing solution 

containing hydroquinone, and in both patients the depigmentation was preceded by allergic 

dermatitis15, 16. However despite the use of hydroquinone creams for many years, including 

to “feather” the border of vitiligo lesions to make them less apparent, it results in only 

uniform lightening of the skin, and no cases of focal depigmentation have been reported 

following this method of treatment2. Thus, hydroquinone-containing topical treatments are 

probably safe to use in vitiligo patients who request treatment for coexisting 

hyperpigmentation (i.e. melasma, for example), although this should be considered on a 

case-by-case basis.

4-TBC

The application of a single chemical-soaked patch to the skin was also used to implicate 

other phenols in products that induced depigmentation in vitiligo patients. In the 1970s, a 

smaller percentage (4/75, ~5%) of factory workers in a tappet (valve lifters) assembly plant 

developed acral depigmentation due to contact with 4-tert-butylcatechol (4-TBC) present in 

a lubricating oil. All patients had severe inflammation prior to depigmentation at the site of 

contact, and 3/4 had remote depigmentation as well17. Patch testing with 4-TBC induced an 

inflammatory response in 3 of the 4 affected, with clear depigmentation in 1, while none out 

of 6 volunteers developed depigmentation17. Studies in guinea pigs confirmed the ability of 

4-TBC to depigment the skin, particularly in high concentrations and in strong solvents18.

4-TBP and 4-TAP

Bajaj et al. reported the characteristics of 100 consecutive patients who presented with 

depigmentation under their bindi, a decorative item worn on the forehead of many Indian 

women, often using an adhesive resin. Seventy-three exhibited dermatitis at the site prior to 

depigmentation, and 34 had depigmentation remote from the site of bindi application. Upon 

patch testing of 15 patients with the adhesive resin, 5 had irritant reactions and 3 of those 

depigmented 15–60 days later19. The chemical 4-tert-butylphenol (4-TBP) was the 

suspected culprit based on its high content in the samples tested, as well as a number of 

other reports that implicated the chemical in other occupations. An additional report 

described perioral depigmentation in a patient following the use of lip liner that contained 4-

TBP. Patch testing to the chemical was positive in this patient20. Other groups similarly 

implicated 4-TBP and 2,4-ditert-butylphenol (2,4-dTBP) in causing depigmentation 

following occupational exposures21–24, and three groups reported a variety of systemic 

abnormalities, including thyroid, liver, and/or splenic changes following exposure. Based on 

these observations, they suggested that the chemical may be capable of inducing 

inflammation in organs beyond the skin24–26.

Harris Page 3

Dermatol Clin. Author manuscript; available in PMC 2018 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Kahn reported depigmentation in hospital workers at two separate locations, 5 in one 

hospital and 7 in another. Both groups worked directly with germicidal detergents, although 

the specific detergents were different brands: 5 were exposed to O-Syl (similar to Lysol) and 

7 to Ves-Phene. While the ingredients between these products varied, one contained 4-TBP 

and the other contained 4-tert-amylphenol (4-TAP). Both reproduced depigmentation with 

patch testing in all subjects, supporting the results discussed above. Three of 5 and 4 of 7 

subjects experienced pruritus and erythema prior to depigmentation of the patch testing sites. 

Sites of contact with the detergent were affected in all workers, while 2 had involvement of 

remote sites as well (1 in each group). One of the hospitals discontinued use of the detergent 

(O-Syl), while the other did not (Ves-Phene). Two of the 5 workers who discontinued using 

O-Syl regained their pigment27.

An additional study from Russia implicated 4-TBP in workers who manufactured synthetic 

condensation resins. Interestingly, of those who were in contact with the chemical less than 

2 years total, 15% were affected, while of those who were exposed for longer than 2 years, 

over 40% were affected28, suggesting that length of exposure influenced the incidence of 

disease.

Dyes

Taylor, et al. first reported the ability of hair dyes and, specifically, para-phenylenediamine 

(PPD) to induce depigmentation. They described 4 subjects who developed depigmentation 

of the scalp and hair after using hair dyes, and found that 3 of the subjects exhibited 

depigmentation following patch testing (2 with PPD and 1 with the hair dye itself). Three of 

the subjects at least partially repigmented after discontinuing use of the dyes29. Other cases 

implicating PPD in hair dyes have been reported as well, although not all cases confirmed 

depigmentation through patch testing30–34. One group published a case series of 3 subjects 

who developed depigmentation of the scalp that abruptly stopped at the hair line, but was 

independent from hair dye use. They postulated that scalp depigmentation alone did not 

necessarily implicate the use of hair dyes as causative35. Patients may develop hair dye-

induced depigmentation on the scalp or face, depending on the site of application (Fig. 

1A,B).

Alta is a red dye solution used in India as a cosmetic coloring agent for the feet. The dye has 

been reported to induce vitiligo at the location of application, and patch testing in one 

subject implicated the dye components Crocein Scarlet MOO, or brilliant crocein, and 

rhodamine B, or tetraethyl rhodamine. Depigmentation was preceeded by contact dermatitis 

in this subject, and she also developed remote depigmentation on the hands. Negative results 

were observed in over 20 controls who were also patch tested with the dyes. The subject also 

developed a similar reaction to PPD, thought to be a well-known cross-reaction between the 

chemicals, as the alta contained no trace of PPD. All sites depigmented approximately 6 

weeks after application of the patch tests, and repigmented after 6 months36. Some have 

reported that depigmentation occurred following direct exposure to dyes in leather products 

and other clothing when in close contact with the skin, such as shoes, wallets, and 

sandals3, 37, 38 (Fig. 1C).
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Products indirectly implicated in vitiligo induction through population-

based studies

The critical importance of commercial products in the induction of vitiligo became evident 

in the summer of 2013 when Kanebo, a Japanese cosmetics company, was forced to recall a 

new skin lightening cream after over 16,000 users developed vitiligo (~2% of all users). The 

active ingredient was rhododendrol39, 40. A large retrospective analysis of users revealed that 

most experienced depigmentation only at the site of exposure to the cream, however a small 

percentage (5%) experienced depigmentation at remote sites as well41. Data acquired 

through questionnaires of affected individuals reported that following discontinuation of the 

cream, 7% of lesions had completely resolved, 27% had improved by more than half, 38% 

were improved by less than half, 25% were unchanged, and 2% had increased in size (1% 

could not be determined). Many patients (67%) improved even without therapy, while 

slightly more (77%) reported improvement when treated with standard therapies for 

vitiligo40. Lesions induced by rhododendrol were mostly indistinguishable from vitiligo 

clinically and histologically40, 41, although one report suggested that melanocytes were 

largely reduced in number but not always completely absent in chemical-induced lesions42. 

Some affected users developed eczematous reactions after using the cosmetic, and 14% 

reacted to rhododendrol patch testing with pruritus and erythema, although the number of 

those who depigmented at the location of the patch has not been reported40.

A large, prospective population-based study reported that the use of hair dyes increased the 

risk of developing vitiligo. This group queried a database from the Nurses Health Study, 

established in 1976, in which a cohort of over 68,000 participants provided information on 

their health conditions and exposures on a yearly basis. The study had an over 90% response 

rate to biennial questionnaires, and validated accurate reporting of the incidence of vitiligo. 

The authors found that women who started using hair dyes before the age of 30 and those 

who used hair dyes for over 5 years (regardless of the starting age) had a 50% higher risk of 

developing vitiligo43. This used an unbiased approach in a large cohort to support earlier 

case studies that implicated hair dyes in causing vitiligo. One caveat of the study was that it 

couldn’t rule out an association between early hair graying and vitiligo, which has been 

reported previously2, 44, as the causative factor in the use of hair dyes at a young age.

Household products thought to induce vitiligo

A variety of common household products have been reported to induce and/or worsen 

vitiligo in patients, however the offending chemical ingredients have not necessarily been 

identified27, 29, 45, 46. This has resulted in numerous lawsuits against the manufacturers, but 

no option for making safer products or educating patients about which ingredients to avoid. 

Phenol was used as the first surgical antiseptic by Joseph Lister in 186547. Due to the fact 

that it is inexpensive, water-soluble, mildly acidic, and highly reactive, phenol derivatives 

are used to produce a wide variety of common household products, including disinfectants, 

cosmetics, diaper creams, detergents, cosmetic dyes, adhesives, pharmaceutical drugs, and 

others. According to a search of the Household Products Database (U.S. Department of 
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Health and Human Services), 44 unique phenols are used as ingredients in over 8400 

household products sold by 81 distinct manufacturers48.

Outside of patch testing a specific suspected chemical as described above it is difficult, if not 

impossible, to definitively implicate a product as a causative initiator of vitiligo, since there 

are currently no ways to distinguish this from spontaneous or idiopathic vitiligo. Thus, 

causation by a commercial product can only be strongly inferred based on patient history, 

physical examination, exposures, and knowledge about the chemical content of suspected 

products. Ghosh and Mukhopadhyay reported the largest study of the role of exposures in 

patients with vitiligo. They extensively interviewed all patients with vitiligo over a 5-year 

period and identified 864 cases in which they strongly suspected chemically-induced 

disease. They reported that of these cases, 66% were thought to be initiated by the exposure, 

while 34% had preexisting vitiligo that was thought to be exacerbated by use of the product. 

Depigmentation was limited to the site of exposure in 74%, while 26% developed lesions 

remote from the site of contact. While pruritus was present in 22% of cases, only a minority 

(5%) had evidence of contact dermatitis through an eczematous eruption at the site of 

contact and depigmentation. Hair dye was the most commonly implicated product (27%), 

and this was presumably due to PPD. Other products contained 4-TBP, MBEH, and Azo 

dyes, previously implicated by patch testing in other studies (see above). The authors 

reported that a better response to therapy was observed in patients with depigmentation 

localized to the site of chemical contact (de novo vitiligo) than those with pre-existing 

vitiligo, suggesting that identifying and eliminating the chemical improved treatment 

responses45.

Interestingly, the authors noted the presence of “confetti macules” in the majority (89%) of 

their suspected chemical-induced vitiligo patients, and suggested their presence as a distinct 

sign of chemical-induced vitiligo45. This had previously been described by Ortonne, et al. as 

well2. However the presence of confetti-like depigmentation was recently reported to be a 

clinical sign of highly active vitiligo49. I have personally observed these macules to be 

widely distributed in patients with rapidly progressing disease, in areas distinct from 

exposure to chemicals or products (personal observations). Thus, I suspect that confetti 

macules are not necessarily indicative of chemical-induced vitiligo, but rather that chemical-

induced vitiligo is often rapidly progressing, which is why it may be marked by the presence 

of confetti macules.

Other products reported to have induced vitiligo through case reports and case studies are 

prevalent in the literature, and include condoms, colored strings, herbal oils, detergents, 

footwear, hair color, dental acrylics, nylon thread, Vick’s Vaporub, compounded phenol-

containing cream, a methylphenidate patch, electrocardiogram pads, synthetic leather 

wallets, ornamental azo dyes, cinnamon toothpaste, eye drops, rubber, and “black henna” 

tattoos (although the reaction was likely due to PPD in the product, as black henna is not 

actual henna, which is orange or red)3, 23, 29, 36, 37, 50–61. All of these reported cases 

occurred through topical exposures, which theoretically delivers a high concentration of the 

chemical to melanoyctes in their epidermal niche. It is unknown whether systemic exposures 

to similar agents (through diet, medications, or supplements) could result in a similar effect. 

If so, it could have serious implications for individuals who use future “skin-whitening 
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candy” or other supplements, which appear to contain phenols62, 63. One study found that 

intramuscular injection of 4-TBP in black rabbits and dogs caused depigmentation28, while 

there are conflicting reports of depigmentation after feeding MBEH to guinea pigs4, 64.

Mechanism of chemical-induced vitiligo

Depigmentation from chemicals may be associated with an initial reaction consistent with 

allergic contact dermatitis, and so some have dismissed chemical-induced depigmentation as 

a nonspecific post-inflammatory change or koebner response to inflammation. However 

many cases occur in the absence of any apparent dermatitis, and most who experience 

contact dermatitis to these agents do not develop depigmentation. In fact, they typically 

develop post-inflammatory hyperpigmentation2. Also, many subjects with chemical-induced 

depigmentation also develop lesions at sites that are remote from the site of contact with the 

chemical46, 65. These observations are particularly apparent following the therapeutic 

administration of MBEH cream, which most often (>80% of patients) does not induce a 

contact dermatitis, and results in depigmentation of the entire body, including untreated 

sites. Thus, the evidence strongly supports a more complicated pathogenesis, one that 

involves either direct toxicity to melanocytes or subclinical inflammation that can be 

communicated to remote, unexposed melanocytes.

The common feature shared by offending chemicals in this category is their chemical 

structure, which typically includes a phenol group, composed of a benzene ring with a 

hydroxyl side chain. Phenols with a nonpolar side chain in the para (or 4-) position, and in 

particular an ether group at that position, appear to be the most potent depigmenting 

chemicals66. This chemical structure is shared with the amino acid tyrosine, which is the 

basic building block of melanin upon which tyrosinase and other melanogenic enzymes 

make key modifications2 (Table). Thus, offending phenols appear to act as tyrosine analogs 

that interfere with melanogenesis. A small number of these chemicals are not phenols (i.e. 

PPD), and whether these chemicals are “close enough” to phenols or are metabolized into 

phenols before becoming toxic is currently unknown. Early hypotheses suggested that 

depigmenting chemicals entering the melanogenesis pathway generated toxic metabolites 

that destroyed melanocytes from the inside out2, 46.

Initial studies found that adding these chemicals to human melanocytes cultured in vitro 
resulted in toxicity at high concentrations, suggesting that they could be directly toxic to 

melanocytes. This required either tyrosinase or tyrosinase-related protein 1 (Tyrp1), 

depending on the chemical studied67, 68. However this seemed too simplistic, since the 

chemical concentrations required to induce melanocyte death in vitro are likely much higher 

than what is achievable in the basal epidermis following topical exposure, since typically 

only a fraction of chemicals penetrate the skin. According to previous studies with phenol, 

~4% of the total topical dose was ultimately absorbed through the skin, at a rate of 0.25% 

per hour69. When hair dyes are used on the scalp, resorcinol is systemically absorbed at 

0.076% of the total applied dose70, although the highest concentration reached in the 

epidermis is unknown. In addition, the majority of individuals do not depigment after 

exposure, and a large subset of exposed subjects develop lesions remote from the site of 

exposure. This was particularly evident in the large population of Japanese exposed to 
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rhododendrol – only 2% of users developed depigmentation, and about 5% of those had 

remote depigmentation40. Therefore, it is likely that chemicals induce depigmentation 

through an indirect mechanism that requires predisposition of the individual (likely genetic), 

and can spread to unexposed skin following an initial induction event46.

Kroll and colleagues first demonstrated that a depigmenting phenol could act to induce 

melanocyte death indirectly, by activating an inflammatory cascade in dendritic cells co-

cultured with exposed melanocytes. They added 4-TBP to melanocytes and found that this 

induced the cellular stress response, resulting in the secretion of HSP70, a proinflammatory 

heat shock protein. This secreted protein activated dendritic cells that were co-cultured with 

the melanocytes, which then killed the melanocytes71. A separate study found that 4-TBP 

and MBEH induced reactive oxygen species (ROS) in melanocytes and also activated the 

unfolded protein response (UPR), a cellular stress response that results in the production of 

chaperone proteins (including heat shock proteins like HSP70) to aid in protein folding. A 

key mediator of the UPR, a protein called XBP1, induced the production of interleukin 

(IL)-6 and IL-8, both inflammatory cytokines. These data also suggested that vitiligo-

inducing phenols indirectly caused melanocyte death by stressing the cells and inducing the 

secretion of proinflammatory signals.

Van den Boorn et al. found that in addition to these pathways, MBEH treatment of 

melanocytes initiated autophagy in the cells, a condition in which cells under significant 

stress begin to break down organelles and other cytoplasmic contents in order to recycle 

those contents and survive the assault. They observed that tyrosinase became modified by 

the chemical through quinone haptenation, a covalent linking of the enzyme and chemical 

that created a novel protein that could act as a foreign antigen to initiate an immune 

response. This was then secreted from the cells packaged into small nanoparticles called 

exosomes, which were absorbed by co-cultured dendritic cells and presented to autoreactive 

T cells67. More recent work in mice revealed that skin macrophages and natural killer (NK) 

cells activated by MBEH-stressed melanocytes through innate pattern recognition receptors 

may participate in melanocyte destruction as well72.

Rhododendrol treatment of human melanocytes induced tyrosinase-dependent apoptosis, 

activation of ER stress through the UPR, IL-8 production, and autophagy, but not 

ROS39, 73, 74. Interestingly, rhododendrol toxicity correlated with tyrosinase activity in 

human melanocyte cell lines tested from a variety of donors from different racial 

backgrounds, suggesting that individual variability in tyrosinase activity could at least 

partially be responsible for the variable response to rhododendrol73. Histology of 

rhododendrol-induced lesions revealed a significant reduction of melanocytes, melanin 

incontinence, and an increased infiltration of T cells42, 75. Patients also had more 

melanocyte-specific CD8+ T cells in their blood compared to controls76, suggesting that 

these chemically-induced melanocyte changes activated an autoimmune response that has 

been observed in conventional vitiligo patients as well77–79.

Thus, the pathogenicity of vitiligo-inducing phenols appears to be due to their structural 

similarity to the amino acid tyrosine, which is the basic building block of the pigment 

melanin. As a consequence, tyrosinase or other enzymes of melanogenesis engage the 
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chemicals as they would tyrosine, but instead covalently bind to it, resulting in persistent 

ROS generation (in some cases), UPR activation, autophagy, and exosome production. 

Exosomes deliver new antigens to neighboring immune cells, which initiate inflammation 

and activate autoreactive T cells, so the chemical-induced stress in melanocytes initiates an 

autoimmune response that results in their destruction (Figure 2, reviewed in80, 81). This may 

explain why not all exposed individuals develop depigmentation, as genetic influences likely 

predispose affected subjects through more sensitive melanocytes, a predisposition toward 

autoimmunity, or both. It also may explain why exposed subjects can develop 

depigmentation remote from the site of chemical exposure, as an initiated immune response 

would likely target other melanocytes that are not directly stressed through chemical 

exposure. Sparing of the hair pigment following chemical exposure may be due to immune 

privilege of the follicle, meaning that it is protected from immune attack, a phenomenon 

observed in non-chemically induced vitiligo as well.

Summary

Skin depigmentation following exposure to chemical phenols is indistinguishable from 

vitiligo2, 29, 40, 65, and appears to be due to activation of melanocyte-specific autoimmunity, 

as is also seen in non-chemically induced vitiligo81, 82. In fact, chemicals may simply 

accelerate stress pathways that are already present in healthy melanocytes, but push them 

above a tolerated threshold to exceed the capacity that can be appropriately managed by 

healthy cells, leading to autoimmune inflammation. This is likely a mechanism by which 

non-chemically induced vitiligo is initiated as well, but genetic influences may increase 

cellular stress in melanocytes or set a lower threshold for stress that can be tolerated by the 

immune system81.

Therefore, since chemical-induced vitiligo and nonchemically-induced vitiligo appear on the 

same spectrum clinically, histologically, and pathogenically, chemical-induced 

depigmentation should be called “chemical-induced vitiligo”, rather than other names that 

have been used, such as chemical leukoderma, occupational vitiligo/leukoderma, and contact 

vitiligo/leukoderma/depigmentation. Admittedly, it is difficult to rule out a component of 

non-immune direct melanocyte toxicity in subjects exposed to high concentrations of 

chemical, where the effect remains localized to the site of contact. However other terms are 

either less specific or do not apply in all cases, as “contact” implies only a local effect as 

well as allergic response, “leukoderma” is nonspecific and could apply to any form of 

hypopigmentation including post-inflammatory changes, and “occupational” does not 

include the large number of subjects affected at home by commercial products. In addition, 

these chemicals should not be considered “bleaching chemicals” when used in vitiligo, since 

bleaching implies denaturing of pigment proteins, and the mechanism of chemical-induced 

vitiligo is much more complex. The prevalence of phenols in many common household 

products makes this topic of significant importance, particularly in light of potential future 

oral skin-lightening supplements that may soon become available62, 63.
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Key Points

• Chemical exposure may serve as an environmental risk factor for developing 

vitiligo

• Chemical-induced depigmentation is indistinguishable from vitiligo, and 

should be considered “chemical-induced vitiligo”.

• Chemical-induced vitiligo is typically localized to the site of application and 

may also spread to remote, unexposed locations

• Monobenzyl ether of hydroquinone (MBEH) was the first chemical noted to 

induce depigmentation in the skin, and is now used therapeutically in vitiligo 

patients to complete their depigmentation

• Most chemicals that induce vitiligo are phenols and act as tyrosine analogs to 

disrupt melanocyte function, resulting in autoimmunity

• The use of phenols is widespread as ingredients in household commercial 

products

Harris Page 14

Dermatol Clin. Author manuscript; available in PMC 2018 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Harris Page 15

Dermatol Clin. Author manuscript; available in PMC 2018 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Harris Page 16

Dermatol Clin. Author manuscript; available in PMC 2018 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 1. 
(A) Man who used hair dyes and developed scalp depigmentation at the hairline.

Courtesy of William James, MD, Philadelphia, PA.

(B) Man with depigmentation on the face after treating his goatee with a comb-in dye.

Courtesy of Pearl E. Grimes, MD, Los Angeles, CA.

(C) Depigmentation of the feet in the distribution of sandal straps.

Courtesy of Inbal Braunstein, MD, Baltimore, MD.
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Fig. 2. 
Schematic of the pathogenesis of chemical-induced vitiligo. Tyrosine is processed into 

melanin by the enzyme tyrosinase. Chemicals that act as tyrosine analogs interact with 

tyrosinase (or other melanin-producing enzymes), disrupt melanin production, and induce 

the cellular stress response, which leads to inflammation and autoimmune destruction of 

melanocytes.
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Table 1

The amino acid tyrosine and its chemical structure along with patch test-proven vitiligo-inducing chemicals 

and the products in which they are used as ingredients.

Chemical name Structure Commercial products References

Tyrosine

Monobenzyl ether of hydroquinone (MBEH) Benoquin® cream, rubber 1, 7–11

4-tert-butylcatechol (4-TBC) Lubricating oil 17

4-tert-butylphenol (4-TBP) Detergents/disinfectants, sealant/adhesive 19–24, 27, 28

4-tert-amylphenol (4-TAP) Detergents/disinfectants 27

Para-phenylenediamine (PPD) Hair dyes, “black henna” 29–34

Brilliant crocein Alta dyes 3, 36

Rhodamine B Alta dyes, air freshener dyes 3, 36

Rhododendrol Skin-lightening cosmetic 39–42
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