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Preface

Depigmentation (lightening of the skin and mucosa) can be caused by local
or systemic conditions, and there may be partial or complete loss of pigment.
Depigmented patches have serious implications for pigmented skin. Depigmentation
can also be a therapeutic goal for cosmetic treatment. In this book, we will focus on
both sides of depigmentation; diseases of depigmentation and therapeutic depig-
mentation presented by global experts.

Dr. Kamberoğlu Turan summarized about the use of lasers in the treatment of
vitiligo. This chapter includes the 308 nm excimer laser and supplementary use of
fractional carbon dioxide or erbium-YAG laser for repigmentation treatment of
vitiligo, and the Q-switched laser for the depigmentation of remaining normal skin. 

Dr. Yadav presented interesting points on the histopathology and molecular pathol-
ogy of vitiligo.

Depigmentation can also affect mucosal structures. Depigmentation of female geni-
talia can cause severe shame and it can also be a sign of malignancy. Prof. Tsikouras
and colleagues have reviewed benign depigmentation disorders of the vulva and 
clinical management, and have included clear clinical photographs.

When a vitiligo patch is big, therapeutic depigmentation is an easier and more
convenient way to help patients. Dr. Mulekar summarized depigmentation therapies
in vitiligo.

Cosmeceutical depigmentation is a big market for investigators and cosmetic
companies. Ms. Parveen and colleagues presented a very interesting paper about
how depigmenting cosmeceuticals improve hyperpigmentation.

I appreciate the contributions from all of the authors for their excellent academic
efforts.

I want to thank my family, Eun-Mee Kim (Gil), Na-Hyun and Keun-Woo who
comfort my life. I always feel deep thanks to Prof. Ai-Young Lee and Seung-Kyung 
Hann, who worked on vitiligo as my colleague dermatologists and personal tutors
for thirty years. And finally, I wish to thank all of the staff members of the White-
Line Skin Clinic and patients of depigmentation diseases.

Tae-Heung Kim, MD, Ph.D.
White-Line Skin Clinic and Research Center,

Changwon,
Kyungnam,

Korea



Preface

Depigmentation (lightening of the skin and mucosa) can be caused by local 
or systemic conditions, and there may be partial or complete loss of pigment. 
Depigmented patches have serious implications for pigmented skin. Depigmentation 
can also be a therapeutic goal for cosmetic treatment. In this book, we will focus on 
both sides of depigmentation; diseases of depigmentation and therapeutic depig-
mentation presented by global experts.

Dr. Kamberoğlu Turan summarized about the use of lasers in the treatment of 
vitiligo. This chapter includes the 308 nm excimer laser and supplementary use of 
fractional carbon dioxide or erbium-YAG laser for repigmentation treatment of 
vitiligo, and the Q-switched laser for the depigmentation of remaining normal skin. 

Dr. Yadav presented interesting points on the histopathology and molecular pathol-
ogy of vitiligo.

Depigmentation can also affect mucosal structures. Depigmentation of female geni-
talia can cause severe shame and it can also be a sign of malignancy. Prof. Tsikouras 
and colleagues have reviewed benign depigmentation disorders of the vulva and 
clinical management, and have included clear clinical photographs.

When a vitiligo patch is big, therapeutic depigmentation is an easier and more 
convenient way to help patients. Dr. Mulekar summarized depigmentation therapies 
in vitiligo.

Cosmeceutical depigmentation is a big market for investigators and cosmetic 
companies. Ms. Parveen and colleagues presented a very interesting paper about 
how depigmenting cosmeceuticals improve hyperpigmentation.

I appreciate the contributions from all of the authors for their excellent academic 
efforts.

I want to thank my family, Eun-Mee Kim (Gil), Na-Hyun and Keun-Woo who 
comfort my life. I always feel deep thanks to Prof. Ai-Young Lee and Seung-Kyung 
Hann, who worked on vitiligo as my colleague dermatologists and personal tutors 
for thirty years. And finally, I wish to thank all of the staff members of the White-
Line Skin Clinic and patients of depigmentation diseases.

Tae-Heung Kim, MD, Ph.D.
White-Line Skin Clinic and Research Center,

Changwon,
Kyungnam,

Korea



1

Section 1

Diseases of Depigmentation



1

Section 1

Diseases of Depigmentation



3

Chapter 1

Introductory Chapter: 
Depigmentation
Tae-Heung Kim

1. Introduction

Depigmentation, lightening of the skin and mucosa, can be caused by local 
or systemic conditions, and there may be partial or complete loss of pigment [1]. 
Although depigmented patches may not matter in Caucasians, it is very serious for 
pigmented skin [2]. Depigmentation can also be a therapeutic goal for cosmetic 
treatment. Many vitiligo patients, who received depigmentation treatment, 
experience paradoxical jealousy because of their clean white skin. To improve 
facial blemishes, many people spend their money for laser, chemical peel, and 
cosmeceutical [3, 4].

Depigmentation can occur hereditarily or acquiredly. Hereditary diseases if 
depigmentation includes following diseases  (Figure 1) [3]. Oculocutaneous albi-
nism consists of a group of genetic disorders characterized by diffuse pigmentary 
dilution due to a partial or total absence of melanin pigment within melanocytes 
of the skin and eyes. Piebaldism is an genetic disorder characterized by poliosis 
and congenital, stable, circumscribed areas of leukoderma due to an absence of 
melanocytes within involved sites. Waardenburg syndrome is a rare genetic dis-
ease characterized by various combinations of depigmentation of skin and irides, 
and congenital deafness. Hermansky–Pudlak syndrome is a rare genetic disease 
of depigmentation showing pigmentary dilution of the skin, hair, and eyes, and 
serious systemic manifestations including hematopoietic, immune, pulmonary, 
renal, and cardiac symptoms. Chédiak–Higashi syndrome is a rare genetic disorder 
showing features of oculocutaneous albinism, ocular symptoms, hematologic and 
neurologic manifestations. Tuberous sclerosis complex is an autosomal dominant 
disorder characterized by neuroligic disorders and skin findings including depig-
mented macules. Depigmentation along the lines of Blaschko reflects mosaicism 
characterized by a clone of skin cells with a decreased ability to make pigment. 
Hypomelanosis of Ito, linear nevoid hypopigmentation and nevus depigmentosus 
are considered to represent manifestations of cutaneous mosaicism.

Acquired diseases of depigmentation includes vitiligo, hypomelanosis second-
ary to cutaneous inflammation (postinflammatory hypopigmentation, pityriasis 
alba, sarcoidosis, hypopigmented mycosis fungoides, lupus erythematosus and 
lichen sclerosus et atrophicus), infectious hypomelanosis (tinea versicolor, 
leprosy, kala azar...), chemical or pharmacologic hypomelanosis (chemical leuko-
derma, hypomelanosis by strong steroid), hypomelanosis from physical agetnts 
(burn, laser, abrasion...), and miscellaneous (idiopathic guttate hypomelanosis, 
persistent macular hypomelanosis...) (Figure 2) [3].

Diseases of depigmentation can occur hereditarily or acquiredly. Hereditary 
diseases of depigmentation were reviewed excellently by Prof. Carrasquillo and 
colleagues. Albinism, piebaldism, white patches of tuberous sclerosis, Hermansky-
Pudlak syndrome, Chédiak-Higashi syndorme, Waardenburg syndrome, and 
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pigmentary mosaicism including hypomelanosis of Ito and nevus depigmentosus 
would be examples of them (Figure 1) [3].

Acquired diseases of depigmentation includes vitiligo, hypomelanosis second-
ary to cutaneous inflammation (postinflammatory hypopigmentation, pityriasis 
alba, sarcoidosis, hypopigmented mycosis fungoides, lupus erythematosus and 
lichen sclerosus et atrophicus), infectious hypomelanosis (tinea versicolor, 
leprosy, kala azar...), chemical or pharmacologic hypomelanosis (chemical leuko-
derma, hypomelanosis by strong steroid), hypomelanosis from physical agetnts 
(burn, laser, abrasion...), and miscellaneous (idiopathic guttate hypomelanosis, 
persistent macular hypomelanosis...) (Figure 2) [3].

Vitiligo is a common acquired disease of depigmentation, and afflicts and fright-
ens so many patients. In vitiligo, melanocytes that produces melanin pigment of 
the skin are destroyed, and it can occur systemically to affect whole body or locally/
segmentally affecting part of the body (Figure 2a and b) [3].

For the treatment of vitiligo, various lasers including 308 nm excimer laser are 
used successfully which has been used additionally with phototherapy and topical 
or systemic medications [5].

In patients with extensive vitiligo, depigmentation can be an easier and cosmeti-
cally more acceptable option. It includes various chemical and physical modalities. 

Figure 1. 
Hereditary diseases of depigmentation. a. White forelock of piebaldism. b. Piebaldism affecting legs.  
c. Linear nevoid hypopigmentation. d. Nevus depigmentosus.
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Figure 2. 
Acquired diseases of depigmentation. a. Systemic vitiligo affecting the whole body. b. Segmental vitiligo 
affecting one side of the body with white hairs (poliosis). c. Pityriasis alba, hypomelanosis secondary to 
cutaneous inflammation of atopic dermatitis. d. Hypomelanosis by tinea versicolor. e. Hypomelanosis by strong 
steroid (injection of triamcinolone acetonide). f. Hypomelanosis from physical injury induced by burn.  
g. Hypomelanosis from physical injury induced by abrasion wound. h. Idiopathic guttate hypomelanosis in 
older patients which belong to miscellaneous hypopigmentation.
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As in Figure 3a and b, depigmentation therapy can be an ideal treatment for 
advanced vitiligo patients. But cases presented in Figure 3c and d suggests restor-
ing normal pigmentation is also an excellent option, and it would be better to be 
decided by patient’s choice.

Cosmeceutical for depigmentation is a big market field for investigators and 
cosmetic companies. We have tragedic experiencies of chemical leukoderma and 
vitiligo induced by depegmentation cometics manufactured by Kanebo containing 
rhododendrol [6, 7]. Researchers put tremendous efforts to overcome it and there 
are a lot of active researches to find out newer materials for depigmentation [4, 7].

Figure 3. 
Depigmentation therapies for vitiligo. a. Systemic vitiligo patient before depigmentation therapy by 20% mono-
benzyl-ether of hydroquinone (MBEH). b. Systemic vitiligo patient after 6 months of depigmentation therapy 
by 20% MBEH. c. Systemic vitiligo patient before 308 nm excimer laser therapy. d. Systemic vitiligo patient 
after 6 months of 308 nm excimer laser therapy.
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Chapter 2

Lasers in the Treatment of Vitiligo
Isil Kamberoglu Turan

Abstract

Vitiligo is an acquired cutaneous hypopigmentary disorder characterized by 
multiple depigmented macules and patches. There are numerous therapy modalities 
consist of topical corticosteroids and calcineurin inhibitors, phototherapy, surgi-
cal interventions and laser treatments are evaluated. Last 10 years, firstly excimer 
laser treatment has showed good results in repigmentation rates. “Excited dimers” 
produces a 308-nm ultraviolet (UV) monochromatic coherent wavelength, which 
lies within the UVB spectrum that absorb DNA as a chromophore to breakage DNA 
chain that causes a decrease in T-lymphocyte proliferation. Some articles have 
shown different responses depends on the type of vitiligo, number of sessions, 
interval periods and localisation. Researchers have also compared efficacy and 
also side effects of excimer laser between other methods. Combination therapies 
with excimer laser will be also treatment of choice via topical steroids or topical 
calcineurin inhibitors. Some of the patients developed delayed-onset permanent 
hypopigmentation need resurfacing methods such as CO2 or Er:YAG laser which 
mainly aims to ablate the epidermis in specific coagulation columns to promote 
the penetration of externally applied agent. As an alternative treatment modality 
in vitiligo, lasers may help to raise patient compliance and reduce potential risk for 
skin cancer. Its convenience is limited by high cost and accessibility.

Keywords: vitiligo, treatment, excimer, laser, refractory, CO2

1. Introduction

Vitiligo is an autoimmune skin disorder with a 0.5–2.0% incidence worldwide 
without sex or age. It is characterized by hypopigmented macules and patches 
due to dysfunction of melanocytes. Etiology of the disease could not elucidated 
yet. The significant association between vitiligo and other autoimmune diseases, 
including alopecia areata, diabetes mellitus, Addison’s disease, pernicious anemia, 
Graves’ disease, Hashimoto’s thyroiditis, systemic lupus erythematosus, rheuma-
toid arthritis, psoriasis and inflammatory bowel disease. Vitiliginous patches are 
often psychologically distressing and also have risk to loss of social status so that 
they cause negative impact of quality of life index. Two major forms are generally 
recognized that are segmental and nonsegmental types. Treatment of vitiligo is chal-
lenging and consensus of treatment modalities have changed beyond the types and 
places where the lesions mainstay. There are various phototherapy treatments which 
consist of PUVA, narrow-band UVB (NUVB), excimer laser and lamp commonly 
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Chapter 2

Lasers in the Treatment of Vitiligo
Isil Kamberoglu Turan

Abstract

Vitiligo is an acquired cutaneous hypopigmentary disorder characterized by 
multiple depigmented macules and patches. There are numerous therapy modalities 
consist of topical corticosteroids and calcineurin inhibitors, phototherapy, surgi-
cal interventions and laser treatments are evaluated. Last 10 years, firstly excimer 
laser treatment has showed good results in repigmentation rates. “Excited dimers” 
produces a 308-nm ultraviolet (UV) monochromatic coherent wavelength, which 
lies within the UVB spectrum that absorb DNA as a chromophore to breakage DNA 
chain that causes a decrease in T-lymphocyte proliferation. Some articles have 
shown different responses depends on the type of vitiligo, number of sessions, 
interval periods and localisation. Researchers have also compared efficacy and 
also side effects of excimer laser between other methods. Combination therapies 
with excimer laser will be also treatment of choice via topical steroids or topical 
calcineurin inhibitors. Some of the patients developed delayed-onset permanent 
hypopigmentation need resurfacing methods such as CO2 or Er:YAG laser which 
mainly aims to ablate the epidermis in specific coagulation columns to promote 
the penetration of externally applied agent. As an alternative treatment modality 
in vitiligo, lasers may help to raise patient compliance and reduce potential risk for 
skin cancer. Its convenience is limited by high cost and accessibility.

Keywords: vitiligo, treatment, excimer, laser, refractory, CO2

1. Introduction
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without sex or age. It is characterized by hypopigmented macules and patches 
due to dysfunction of melanocytes. Etiology of the disease could not elucidated 
yet. The significant association between vitiligo and other autoimmune diseases, 
including alopecia areata, diabetes mellitus, Addison’s disease, pernicious anemia, 
Graves’ disease, Hashimoto’s thyroiditis, systemic lupus erythematosus, rheuma-
toid arthritis, psoriasis and inflammatory bowel disease. Vitiliginous patches are 
often psychologically distressing and also have risk to loss of social status so that 
they cause negative impact of quality of life index. Two major forms are generally 
recognized that are segmental and nonsegmental types. Treatment of vitiligo is chal-
lenging and consensus of treatment modalities have changed beyond the types and 
places where the lesions mainstay. There are various phototherapy treatments which 
consist of PUVA, narrow-band UVB (NUVB), excimer laser and lamp commonly 
based on stimulation of melanocytes in the outer root sheath of hair follicles and 
on the margins of lesions besides that residual intralesional melanocytes migrate 
and repopulate the vitiliginous areas. Topical corticosteroid, calcineurin inhibitors, 
vitamine E and pseudocatalase could combine with these modalities to increase 
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treatment response. Furthermore in stable vitiligo patients, surgical methods such 
as full-thickness tissue graft (punch graft), split thickness graft, and suction blister 
graft, cellular grafts contains cultured melanocytes/keratinocytes have shown 
promising results [1, 2].

2. Laser treatments approach in vitiligo patients

2.1 Excimer laser for immunomodulation in adult vitiligo patients

Monochromatic excimer light was first described for the treatment of psoriasis 
in 1997 and 4 years later Baltás et al. reported the first case of successful use of the 
excimer laser for the treatment of vitiligo in 2001 [3]. In vitiligo patients, the widely 
use narrowband UVB (NUVB) that contains 310–313 nm wavelength has safety 
profile. At that wavelength arrival we can also conduct monochromatic excimer 
laser (MEL) with an obligation of limited skin areas to protect nonlesional apart. 
Mostly clinicians uses 308 nm wavelength according to obtain skin epidermal 
barrier to induce immunotargeted therapy. New concept of era called targeted 
phototherapy is usually recommended for localized forms of vitiligo affecting less 
than 10% of the body surface area. Although these localized modality could prevent 
hyperpigmentation of uninvolved skin, it could not achieve to deprive new lesion 
output. In the literature we do not have so much scientific verifications. In Egypt, 
Eldin et al. analyzed 30 patients with nonsegmental vitiligo with at least two sym-
metrical vitiliginous patches. They treated twice a week for 6 weeks with 308-nm 
MEL and NUVB for 6 weeks these contralateral lesions. Three punch biopsies were 
taken from baseline and 6 weeks later. At the MEL group statistically significant 
rise in the number of basal pigmented cells in the earlier period [4]. According to 
that, MEL would be treatment of choice rather than NUVB because of rapid onset, 
lower cumulative doses and lesser treatment sessions. This study is the only proof of 
histopathological verification for comparison of these proven treatment modalities. 
Narrowband UVB, excimer laser and lamp has spreaded out similar wavelength 
even though they have different radiation properties. Mostly articles have shown 
that excimer laser and lamp have similar repigmentation rate and also minimal side 
effects so that clinicians should decide how to treat due to cost benefit analysis.

Lopes et al. published a metanalysis, they conducted there is no difference 
between repigmentation rate for all three treatment options. 308 nm excimer 
laser has much more safety profile than narrowband UVB because it works lesser 
time without affecting uninvolved skin and also affect deeper skin via change-
able impulse frequency and intensity. However, excimer laser is characterized by 
monochromatic, coherent, and high-energy light, whereas NB-UVB consists of 
polychromatic, incoherent light with lower intensity [5]. Yan et al. declared that 
lesions located on the face and neck had better repigmentation rate with excimer 
lamp controversially extremities have better response with NB-UVB. Le Duff et al. 
observed that the excimer lamp is less expensive than the laser, allowing cost/
effectiveness prolificacy however treatment period has been longer [6]. Sun et al. 
presented a scientifically supportive study such as seven randomized controlled 
trials. They declined that excimer laser has as similar as therapeutic effects with 
lamp and also combination of 308-nm excimer laser with 0.1% tacrolimus or with 
tacalcitol ointment can improve the repigmentation rate [7]. Different responses 
could be based on different angle of UVB-light emission to epidermis via fiber optic 
devices of excimer laser. Mostly, narrowband UVB treatment is used the most effec-
tive for nonsegmental vitiligo, while excimer laser treatment is commonly chosen 
for localized vitiligo by clinicians.
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Efficacy of the excimer laser depends the number of session in a week or total 
cumulative doses. Fitzpatrick skin types of III and above typically respond bet-
ter than lower skin types. As usual, facial, neck and axillary regions have quick 
response opposed to acral parts of body. Clinicians should refer minimal erythema 
dose (MED) and increment arrival differs between 10 and 25%. Frequency of the 
laser did not play a role in pigmentation although rapid onset of treatment depends 
on suitable action plan. Shen et al. determined that time of repigmentation begins 
earlier as same as in 2.0 and 3.0 frequency period than 1.0 but also all of them 
have same pigmentation areas [8]. According to small spot size, these modality is 
not suitable for patients with vitiligo involving large body surface areas (>15%). 
Repigmentation differs site by site consist of perifollicular, diffuse, marginal, and 
combined. The perifollicular pattern was the most common seen.

There is a negative correlation between the duration of the disease and the 
percentage of repigmentation which could be named as unresponsiveness. Topical 
corticosteroids have been a mainstay in vitiligo treatment for decades. However 
refractory vitiligo patients should need combination modalities. As known, topical 
corticosteroids have significant adverse effects such as skin atrophy, striae, erythema, 
acne, increased glucose level, glaucoma. According to that, topical pimecrolimus or 
tacrolimus ointments have been promising for the treatment of choice. Shin et al. 
would like to analyze combination of NUVB and excimer laser to unresponsive 
patients, they also determined that acral lesions are difficult part to treat but com-
bination could be greater choice due to less adverse effect to difficult cases mainly in 
facial vitiligo group [9]. Latif et al. investigated two randomly selected vitiliginous 
patches, first group of lesions had taken combination of excimer laser and betameth-
asone dipropionate and calcipotriol ointment twice daily and second group had taken 
only excimer laser two unconsecutive days in a week for 12 weeks. They concluded 
that in nonsegmental vitiligo lesions treated with topical combination of vitamin D3 
analogue and steroid with 308 nm MEL gave significant results rather than excimer 
laser alone and it could be promising option for the treatment of vitiligo [10]. All 10 
patients who have bilateral symmetric vitiliginous patches received xenon chloride 
excimer laser three times weekly and calcipotriol ointment was applied twice Daily 
one side of the body. While conversely, during the 15th month follow up Goldinger 
et al. compared a combination of excimer laser and calcipotriol with excimer laser 
alone, and found no significant difference between them [11]. Passeron et al. ana-
lyzed the efficacy of combined tacrolimus (twice daily) and 380 nm excimer laser 
(twice a week) or difference of monotherapy. Twenty three lesions had taken excimer 
laser and tacrolimus combination but also 20 lesions had taken laser monotherapy 
and all lesions have similar repigmentation rates such as 100 versus 85%. They deter-
mined that UV-sensitive areas do not have different response rate but in UV-resistant 
areas combination treatment is clearly superior to laser monotherapy via synergistic 
effects [12]. Park et al. have shown that increment at the molecular level of tyrosinase 
and melanin in human melanocytes with combination of excimer laser and tacroli-
mus rather than each monotherapy in the first 6 month. However, this superiority 
was not observed in the patients who treated more than 6 months [13]. Wang et al. 
published an article, all patients received laser therapy twice weekly combined with 
tacrolimus cream twice daily for 12 weeks. Dermoscopy is a useful tool for asses the 
outcome of the laser. They found statistically significant induction of residual perifol-
licular pigmentation and perilesional hyperpigmentation in active disease rather than 
stable disease [14]. Topical antioxidant cream which includes superoxide dismutase 
and catalase activity could combine with excimer laser. Soliman et al. published an 
article the comparison of excimer laser alone and antioxidant cream combination via 
30 patients have similar vitiliginous patches has followed up maximum 24 sessions, 
they found excellent cosmetic results regard minimal side effects [15] Bapur et al. 
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also has propagated topical tacrolimus or topical clobetasol-17 propionate ointment 
enhance the efficacy of excimer laser [16]. As a summary, there is big gap for to 
discuss which topical choice has better results.

In segmental vitiligo patients, excimer laser has claimed as a treatment of choice. As 
a proof, Bae et al. made a treatment schedule that received 20 mg of prednisolone daily 
for the first 3 weeks, twice a week excimer laser and twice a day tacrolimus ointment. 
They found more than half of the patients with segmental vitiligo showed 75% or more 
repigmentation with combination therapy for mean period is 1 year [17]. Jag et al. also 
investigate small sample size, firstly gave low-dose oral prednisolone (0.3 mg/kg/day) 
for 4–8 weeks, 0.1% topical tacrolimus twice daily, and excimer laser twice a week for 
12 weeks. They found higher response rate rather than current therapies [18].

Bae et al. evaluated 311 Titanium-Sapphire Laser (TSL) Treatment in vitiligo 
that based on 14 patients with non-segmental vitiligo are treated with TSL twice 
a week. They determined working principle as similar as NUVB an EL by immu-
nomodulation and melanocyte stimulation. Main advantage is not necessary to 
check gas charging and also penetrate deeper than 308 nm wavelength of excimer 
laser [19].

BinSheikan et al. suggested a surgical needling technique means 30 Gauge 
inserted almost parallel to the skin surface towards the dermoepidermal junction 
moving towards the pigmented site to depigmented skin could increase the efficacy 
of excimer laser [20]. Mutairi et al. reported that combination of split-skin grafting 
from normal skin to vitiligo part with excimer laser twice a week have long-lasting 
good results in stable vitiligo patients. All of them satisfied to treatment and 
respond excellent as well [21].

Leukotrichia also called poliosis mainstays white hair involving the scalp, 
eyebrows, and pubis has frequently seen together with segmental vitiligo. Kim et al. 
evaluated the effect of the presence of leukotrichia on the response to excimer laser 
therapy at the first time and they suggested that leukotrichia has poor response 
due to lack of melanocyte reservoir. They also did not find any difference between 
vitiligo types [22]. All in all, disease duration longer than 12 months, presence of 
leukotrichia and plurisegmental subtype were identified to be independent poor 
prognostic factors for excimer laser treatment.

Adverse effects of treatments are mild and acceptable which are pruritus, 
burning sensation, and dryness. MEL has a favorable risk-to-benefit ratio which has 
only minimal side effects are mainly acute and self-limited phototoxicity especially 
erythema does not persist longer than 24 hours. Furthermore another local site 
effects are tolerable that consist of blisters, itching or perilesional pigmentation but 
do not seen frequently.

If the patient does not improve meanly after 30 sessions twice or three times weekly, 
it is suggested that further treatment could provide any significant response [23].

Dermatology quality of life index (DLQI) scale could provide us convenient and 
important data for benefits of the treatment. It occasionally contained validated 
questionnaires such as symptoms and feelings, daily activities, leisure, work and 
school, personal relationships and treatment. In some analysis reports has con-
cluded that long duration of disease, hand and face lesions and female patient have 
greater impairment of life index but also Shobaili et al. has shown that excimer laser 
has better improvement in quality of life index [25]. Alghamdi et al. made a survey 
in Saudi Arabia to prove dermatologists’ clinical assessment for vitiligo treatment. 
They found excimer laser was the most common modality used to treat focal and 
segmental vitiligo and occasionally used in private clinics [26].

Excimer laser treatments respond faster recovery period and induce repigmenta-
tion rate so that clinicians use fewer treatments with less cumulative dose in order 
to achieve repigmentation compared with traditional phototherapy. The best result 
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is noticed on UV-sensitive areas and also does not affect unlesional part of the body 
regard as the face and neck; whose has shorter history of vitiligo. Combination with 
topical steroid or topical calcineurin inhibitor (tacrolimus and pimecrolimus) increases 
the efficacy. The excimer laser has proven to be a useful tool in the treatment of vitiligo.

2.2 Excimer laser in child vitiligo patients

NBUVB is a safe and effective, well-tolerated treatment option for childhood 
vitiligo as well as for vitiligo in adults declared as a treatment of choice. Besides 
the adult population, children who has vitiligo also treated with excimer laser 
that based on xenon chloride lasers has been delivering radiation of 308–310 nm, 
with a variable spot size. Acral regions, resistant areas, hidden places are favor-
able for excimer laser. Gianfaldoni et al. determined treatment schedule should 
consist of twice weekly among 13 weeks to achieve good response [27]. Clinicians 
should estimate minimal erythema dose (MED) and begin with 10% lesser than it. 
Occasionally, face and neck has responded well but acral lesions has repigmented 
slowly. Cho et al. suggested that treatment response rate has correlated with ana-
tomic site of the vitiligo lesion especially in localized type [28].

2.3 UVA1 target laser in children

Another optional treatment modality could regard as UVA1 target laser consists 
of an active medium and a Neodymium-doped yttrium orthovanadate (Nd:YVO4) 
crystal that is “energetically pumped” by another laser with 808 nm wavelength 
divided sequentially second (532 nm) and third (355 nm) harmonic wavelength 
delivery. Laser Alba allows the treatment of limited boarded lesional skin areas so 
that clinician can use a more appropriate dose of energy, leading to shorter dura-
tion and less frequent treatment sessions. The treatment with Laser Alba 355 is 
well—tolerated and already known acute side effects, such as erythema or pruritus 
have rarely been described.

Furthermore, innovative modalities consist of excimer laser, focused micropho-
totherapy and also Laser ALBA should investigate to create new options [27, 29].

2.4 Fractional CO2 laser for ablation modalities

As you know, vitiligo therapy is challenging though there is no definitive cure 
regime. Ablation therapy has recently been coalesced into combination therapy for 
vitiligo. These ablation modalities contains dermabrasion, erbium-YAG resurfac-
ing, and ablative CO2 laser treatment. Ablation modalities are not curative but they 
are useful to induce Koebner phenomenon to increase curative topical regimes. 
Fractional ablative laser has worked as a principle of photothermolysis to moder-
ate skin resurfacing. Firstly, beneficial effect of fractional CO2 laser on vitiligo is 
postulated to detachment of epidermis will release of cytokines and growth factors 
for immune response that plays a role as mitogens for melanogenesis. Additionally, 
fractional CO2 laser via photothermolysis could decrease to skin surface so that 
absorb topical treatments and also increase efficacy of narrowband UVB treatment. 
Koebner’s phenomenon defined as the development of isomorphic lesions at trau-
matized uninvolved skin due to that fractional modalities to be concluded follicular 
hyperpigmentation as a different addition for pathogenesis. King et al. published a 
metanalysis, they determined ablation modalities (ER-YAG or fractional CO2 laser) 
manage faster and effective repigmentation than the traditional methods that have 
explained via four different such as more penetration, skin remodeling, melano-
cyte migration and cytokine secretion [30]. Despite of that Koebner phenomenon 
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has not seen in stable lesions so that individual remedy should be chosen. In a 
recent article Yuan et al. aim to investigate three different fractional laser types. 
Ablative fractional laser consist of CO2 lasers have much more satisfied results than 
non-ablative lasers [31]. On the contrary, Mofty et al. evaluated that TCA peel-
ing depends on Koebner phenomenon redounded repigmentation is much more 
cheap, easier and effective than ablative CO2 laser [32]. Lu Li et al. has tried differ-
ent model with CO2 laser. They applied sequentially CO2 laser during half month 
interval and used twice daily betamethasone then took NUVB. They checked the 
response rate at the baseline, 3th and 6th month and also found repigmentation 
more than half of the patients to compare without betamethasone ointment. They 
suggested patient got tolerable pain and gain more satisfied repigmentation rate 
than ER YAG laser is expected [33]. Helou et al. concerned a different modality 
contains CO2 laser three times 1 month apart following that sunlight tanning at least 
2 hours has also significant results. These different opinions will be future play as 
an easy to apply due to cost-benefit analysis [34]. Nevertheless, there is no defined 
protocol for ablation to stimulate melanocyte transmission.

More advanced ablation modalities could combine with other topical remedies 
to optimize results. Feily et al. comprised two group stable refractory vitiligo 
patients got autologous transplantation and phototherapy alone or with fractional 
CO2 laser. They found perifollicular repigmentation was statistically significant 
detectable in CO2 laser group before the transplantation [35]. Vachiremon et al. 
suggested that fractional ablative CO2 laser could combine with NUVB to shorten 
duration time of recovery and increase the penetration of light immunomodula-
tion and also topical clobetasol propionate ointment [36]. Additionally that, acral 
part could not reach the treatments so that alternatives should try. By using CO2 
laser, clinicians have seen lesser hypertrophic scars than ERYAG laser also so that 
treatment of choice in ablative lasers could manifested. Mohamed et al. searched 
the combination of 5-Fluorouracil cream and CO2 laser due to ablation of der-
mis to penetrate cream to migrate melanocytes in acral vitiligo patients. They 
declined that combination treatment is safe and tolerable technique for these 
resistant types [37]. Chen et al. investigated the topical tacrolimus combination 
with CO2 laser, they suggested tacrolimus would be good option with ablation 
therapies, also [38]. Using with CO2 laser, hypertrophic scarring was not reported 
because of the superficial ablation that means removing only the epidermis, 
avoiding the dermis.

As a summary, ablation-based combination therapy is safe and might be more 
effective than treatments without ablation therapy for increment of repigmentation.

2.5 Erbium laser for ablation modalities

The Er:YAG laser emits light at 2940 nm, with the water affinity being nearly 15 
times greater than that of the CO2 laser. Use of the Er:YAG laser requires more skill 
than does use of the CO2 laser as the clinical endpoints allowing the laser surgeon 
require to intervene further penetration into the reticular dermis, are not seen with 
Er:YAG laser ablation. Furthermore, the plateau response of diminishing ablation 
characteristic of the CO2 laser is not seen with the Er:YAG laser [1, 24]. Lotti et al. 
used a different innovation in a ablative model with Fraxel Erbium Laser (fractional 
erbium laser) make epidermal erosion 1 day after apply topical latanoprost solu-
tion and finally use UVA laser. The patients have nine sessions so on 90% of them 
obtained a repigmentation rate higher than 75% [39]. Bayoumi et al. tried to use 
erbium laser firstly for aiming dermabrasion after that 48 hours hydrocortisone 
17-butyrate cream applied three times a day daily for 3 weeks followed by a 1-week 
steroid-free interval and narrowband UVB treatment was performed on both sides 
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twice weekly for 12 weeks. They succeed in refractory lesions due to Koebner’ 
phenomenon almost half of the lesions treated at least 50% repigmentation rate and 
more than 16% achieved a complete or almost complete repigmentation [40]. As 
a point of view, that difference from non-treated part, dermabrasion has induced 
penetration of UVB and topical steroid so it cause enhancement of melanocyte 
stimulation. For example Yan et al. have a different perspective they insisted on 
energy should be set at the level of at least 1200 mJ. They divided four parts such 
as one of them is control group given NUVB and other three of them took different 
frequency of energy to calibrate most effective and least painful method of these 
modality. They found better response at the medium or high energy protocols [41]. 
Mohtari et al. tried to find a unresponsiveness vitiligo part a new modality that is 
firstly used ER:YAG laser than applied clobetasol or 5-FU dressing and found better 
cosmetic results via ablation [42]. As expected, periungual vitiligo hard places 
to treat responded well. Two-thirds of the patients (66.7%) showed moderate to 
marked repigmentation via ER:YAG after dressing 5-FU [43].

On the whole, the acral regions were considered the most resistant to traditional 
treatment modalities. According to that, ER:YAG laser with topical corticoid, 
tacrolimus or 5-FU application could be promising treatment modality for unre-
sponsiveness patients.

2.6 Q-switch laser for depigmentation modalities

Depigmentation is the unique treatment choice who develop vitiligo more than 
90% body surface area, for the term “universal vitiligo” is commonly used. Topical 
agent such as MBEH (monobenzyl ether of hydroquinone) has main role to epider-
mal ablation and resurfacing. Laser therapies depend on therapies via difference to 
intact areas such as epidermal and dermal types. Specifically, Q switch laser could 
achieve faster depigmentation compared with chemical agents and the decrease the 
risk of scar formation. Q-switched Nd:YAG (QS ND:Yag) laser can deliver energy at 
two different wavelengths of 1064 and 532 nm in nanosecond pulses to cause both a 
photothermolytic and photoacoustic damage to melanocytes [1, 24].

Majid et al. followed up 15 patients covered more than 80% depigmentation 
areas whole body who have not respond MBEH least 3 months, They focused 
on Q-switch laser at 532 nm for epidermal component for need any session took 
6th week arrival while continuing MBEH topical agents use has rapid onset 
improvement and minimal adverse effect [44]. Komen et al. has published a 
questionnaire about the result of Q switch (QS) Ruby laser that concluded 48% 
of the treated patients showed >75% depigmentation after a mean of 13 months’ 
follow-up. This is the first study that comparison between active vitiligo during 
QS Ruby laser treatment have properly better results than stable vitiligo [45]. 
As a choice of MBEH, sometimes, the depigmentation site has gave up to fight 
immune system and looked more darker so that clinicians has to improve concen-
tration. Modi et al. rather to use 532-nm Q-switched neodymium-doped yttrium 
aluminum garnet (QS Nd:Yag) laser via 2 sessions with 15 weeks intervals have 
good results. They offer to give 3 or 4 months apart to allow for maximal treat-
ment response [46]. Majid et al. has followed up 25 patients with universal 
vitiligo from 2 to 5 years and determined QS-Nd:Yag laser leads to a long-term 
therapeutic effect in a majority of cases when used at 532-nm wavelength. Less 
than one third of cases during the follow-up period could preserve the therapeu-
tic benefit achieved with laser treatment [47]. Boukari et al. has followed patients 
for 36 months depigmented 20 lesions via Q Switch laser and determined that 
risk of depigmentation parts mainstays in sun exposed areas have need mainte-
nance therapies [48].
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In conclusion, QS Nd:YAG laser at 532-nm wavelength seems to be a safe and 
effective treatment in depigmenting approach to universal vitiligo. The safety and 
long-term benefit achieved should qualify QS laser treatment as first-line treatment 
who did not respond topical bleaching creams. Moreover, QS laser combine with 
topical bleaching creams and sunscreen use, can achieve rapid satisfactory thera-
peutic outcome in universal vitiligo.

3. Conclusion

Vitiligo is a difficult disease to treat because of that new modalities should be 
investigated. As you known, traditional remedies such as NUVB and topical corti-
costeroids or tacrolimus did not respond well than new era has developed a concept 
called targeted phototherapy. Regarded as a targeted phototherapy excimer laser 
has same wavelength as same as NUVB to focused on apoptosis of T lymphocytes. 
However, excimer laser is characterized by monochromatic, coherent, and high-
energy light, whereas NB-UVB consists of polychromatic, incoherent light with 
lower intensity. Excimer laser has significant safety profile and got better results 
than NUVB so that clinicians should decide the option to evaluate cost benefit 
analysis. Other traditional topical remedies could also apply with excimer laser to 
induce effectiveness. In segmental vitiligo patients or child population, excimer 
laser could be treatment of choice also due to localized areas. Another point of 
view of the laser treatment is ablation. Using the Koebner phenomenon, CO2 laser 
and ER:YAG have worked as a principle of photothermolysis to moderate skin 
resurfacing. Traditional remedies could also combine with ablative laser types to 
increase the absorption of the treatments. Clinicians further to analyze depig-
mentation need. If patient has more than 80% depigmented areas, Q switch laser 
combine with topical bleaching creams and sunscreen use, can achieve rapid sat-
isfactory therapeutic outcome in universal vitiligo. Vitiligo does not have a steady 
all known treatment protocols even though clinicians should further to investigate 
new combinations.
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Chapter 3

Histopathology and Molecular 
Pathology of Vitiligo
Amit Kumar Yadav

Abstract

Vitiligo is a common skin disorder that manifests as whitish macules. There 
is no special geographic or sex predilection. Vitiligo is a multifactorial disorder. 
The various theories proposed include neutral theory, autoimmune theory, zinc-
α2-glycoprotein theory, viral infection, intrinsic theory and melanocytorrhagy 
theory. However, the currently favored opinion is that there is a convergence of 
various theories known as the convergence theory. The basic defect is the absence 
of functional melanocytes from the epidermal melanin unit. This absence can be 
demonstrated by using special stains like Fontana-Masson, immunohistochem-
istry like HMB-45 and Melan-A and electron microscopy. Margins of lesions 
especially early lesions show inflammatory cells principally CD4+ and CD8+ T 
cells. The cornerstone of management in vitiligo is correct categorization of a 
case into stable and unstable vitiligo. This distinction is based mainly on clini-
cal criteria. It is recommended that while evaluating biopsies, histopathological 
examination should be primarily concentrated on evaluating five histopathologi-
cal variables—spongiosis, epidermal lymphocytes, basal cell vacuolation, dermal 
lymphocytes and melanophages. These parameters are then scored using a 
scoring system, and the recommended diagnoses based on these scores are given. 
Adoption of a systematic reporting system brings more consistency and objectiv-
ity in the diagnosis.

Keywords: vitiligo, multifactorial, convergence theory, melanocytes,  
histological scoring

1. Introduction

Vitiligo is a common acquired, idiopathic, progressive disorder which is 
characterized by the development of depigmented milky white macules of 
variable sizes. These often enlarge and coalesce to form extensive areas of leu-
koderma [1–3]. It equally affects both sexes with a worldwide prevalence of 
0.1–2% [4]. It is a psychologically devastating and frequently resistant to treat-
ment [5, 6]. The basic defect in vitiligo is a selective destruction of functional 
melanocytes [7].

The role of histopathology in the diagnosis of vitiligo is not yet fully established. 
So much so that routinely in these cases biopsy is not performed. The diagnosis is 
made primarily on clinical grounds.
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Chapter 3

Histopathology and Molecular 
Pathology of Vitiligo
Amit Kumar Yadav

Abstract

Vitiligo is a common skin disorder that manifests as whitish macules. There 
is no special geographic or sex predilection. Vitiligo is a multifactorial disorder. 
The various theories proposed include neutral theory, autoimmune theory, zinc-
α2-glycoprotein theory, viral infection, intrinsic theory and melanocytorrhagy 
theory. However, the currently favored opinion is that there is a convergence of 
various theories known as the convergence theory. The basic defect is the absence 
of functional melanocytes from the epidermal melanin unit. This absence can be 
demonstrated by using special stains like Fontana-Masson, immunohistochem-
istry like HMB-45 and Melan-A and electron microscopy. Margins of lesions 
especially early lesions show inflammatory cells principally CD4+ and CD8+ T 
cells. The cornerstone of management in vitiligo is correct categorization of a 
case into stable and unstable vitiligo. This distinction is based mainly on clini-
cal criteria. It is recommended that while evaluating biopsies, histopathological 
examination should be primarily concentrated on evaluating five histopathologi-
cal variables—spongiosis, epidermal lymphocytes, basal cell vacuolation, dermal 
lymphocytes and melanophages. These parameters are then scored using a 
scoring system, and the recommended diagnoses based on these scores are given. 
Adoption of a systematic reporting system brings more consistency and objectiv-
ity in the diagnosis.

Keywords: vitiligo, multifactorial, convergence theory, melanocytes,  
histological scoring

1. Introduction

Vitiligo is a common acquired, idiopathic, progressive disorder which is 
characterized by the development of depigmented milky white macules of 
variable sizes. These often enlarge and coalesce to form extensive areas of leu-
koderma [1–3]. It equally affects both sexes with a worldwide prevalence of 
0.1–2% [4]. It is a psychologically devastating and frequently resistant to treat-
ment [5, 6]. The basic defect in vitiligo is a selective destruction of functional 
melanocytes [7].

The role of histopathology in the diagnosis of vitiligo is not yet fully established. 
So much so that routinely in these cases biopsy is not performed. The diagnosis is 
made primarily on clinical grounds.
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2. Pathogenesis

Vitiligo is a multifactorial disorder [8, 9]. In its genesis both genetic and non-
genetic factors are believed to play a role. It is observed that clinically no two 
patients of vitiligo are alike. This suggests that etiology also varies among different 
patients. Due to the observed variation in clinical manifestations of the disease, it 
seems likely that etiology of vitiligo may differ among patients [10]. These several 
theories have been combined into the convergence theory [11] which is currently 
the most accepted theory.

Briefly in the earliest theory, it was proposed by Lerner that vitiligo was neural 
in origin [12]. This theory could explain the segmental form of vitiligo which fol-
lows dermatomal distribution and is associated with hyperhidrosis and emotional 
disturbances. In another study the role of sympathetic nervous system in vitiligo 
was studied [13]. It was observed that the cutaneous blood flow in the lesional skin 
was three times higher than the normal skin in cases of segmental vitiligo. However, 
in other cases of non-segmental vitiligo, this was not observed.

Studies on the expression of neural proteins like neuropeptide Y (NPY), calci-
tonin gene-related peptide (CGRP), vasoactive intestinal polypeptide (VIP) and 
polyclonal general neuronal marker (PGP) have shown variable results. In one study 
NPY expression was found to be increased in cases of segmental vitiligo [14]. It is 
proposed that precipitating factors like stress lead to increased NPY expression [15].

But this theory failed to explain the other forms of vitiligo. For that matter gen-
eralized or non-segmental vitiligo is better explained by autoimmune hypothesis. 
In previously done studies, antibodies against various targets like tyrosine hydroxy-
lase, melanin-concentrating hormone receptor-1 (MCHR1), tyrosinase [16] and 
pigment cell surface antigens [17] have been demonstrated. In a study carried out to 
evaluate the various immunoglobulins, it was observed that 80% of active vitiligo 
patients showed the presence of IgG and IgM against melanocytes [17]. Other stud-
ies have shown the presence of anti-thyroglobulin antibodies, antithyroid antibod-
ies, anti-thyroperoxidase and anti-smooth muscle antibody in these cases [18, 19].

Besides humoral immunity, cell-mediated immunity may also play an important 
role. Immunohistochemical examination of perilesional skin in vitiligo patients 
showed increased CD8:CD4 ratio and HLA-DR production along suprabasal and 
basal keratinocytes. Macrophages were found to be quite numerous [20]. However, 
not only the immune cells and antibodies but expression of various cytokines is also 
increased. Chief among these which have been studied are tumor necrosis factor-α 
(TNF-α), interferon-γ (IFN-γ) and IL-10 [21, 22]. IL-17 has also been shown to be 
significantly increased in cases of vitiligo [23].

The redox (reduction–oxidation) state of vitiliginous patients has been studied 
by many authors. These studies have shown increased serum levels of selenium, 
superoxide dismutase (SOD) and malondialdehyde (MDA) [24, 25]. Increased lev-
els of these substances indicate the presence of oxidative stress in vitiligo. Increased 
levels of tetrahydrobiopterin [26] and xanthine oxidase [27] leading to increased 
levels of H2O2 may also be contributory.

Few authors have pointed towards the role of zinc-α2-glycoprotein (ZAG) in the 
pathogenesis of vitiligo. They hypothesize that lack of ZAG causes impaired melano-
cytic adhesion to other cells in the epidermis [28, 29]. The efficacy of zinc in the treat-
ment of vitiligo may be due to its ability to precipitate ZAG at the site of vitiligo [30].

The role of viral infection in vitiligo has been proposed by certain authors. The 
potential candidates include hepatitis C virus (HCV) [31], cytomegalovirus (CMV) 
[32], Epstein–Barr virus (EBV), hepatitis e virus, herpes virus and HIV [33]. 
However, the evidence available is scant and not conclusive enough to attribute a 
significant role for viral agents in vitiligo.
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The intrinsic theory states that in vitiligo there is loss of melanocytes due to 
various abnormalities which lead to increased apoptosis [34] and accelerated cell 
senescence [35, 36]. Studies done previously have shown various abnormalities 
in the melanocytes including cytoplasmic vacuolization, DNA marginalization, 
dendrite loss and detachment [36, 37]. The evidence in favor of increased apoptosis 
in vitiligo includes reduced expression levels of the antiapoptotic proteins Bcl-2 
and FLIP in vitiliginous skin as compared to normal skin [34]. On the other hand, 
marked increase in the expression of proapoptotic factors such as Bax and p53 along 
with the various caspases has also been observed [34].

The melanocytorrhagy theory states that in vitiligo there is chronic melanocyte 
detachment and loss caused by trauma and other stressors which include catechol-
amines, free radicals or autoimmune elements [38].

However, the consensus opinion of majority of experts is that vitiligo occurs 
due to convergence of these various pathways [39]. These are also depicted in 
(Figure 1). The author also is in agreement with this view; however, it is likely that 
in various subtypes of vitiligo the relative contribution of these pathways may vary. 
For example, in segmental vitiligo the neural theory may be more relevant than the 
other theories, whereas the same may not hold true for vitiligo vulgaris.

3. Histopathology

In order to understand the histopathology of vitiligo, it is essential to first 
understand the concept of epidermal melanin unit [40]. Melanocytes are neural 
crest derivatives, and they reach their final destination of basal layer of the epider-
mis and hair follicles via a process of migration. Each melanocyte then transfers its 
melanosomes to approximately 36 keratinocytes via a unique mechanism known as 
the shedding vesicle system. In the normal skin in the basal layer of the epidermis 
for every five basal keratinocytes, there is a presence of a single melanocyte [41].

The basic histopathological finding in vitiligo is the absence of functional mela-
nocytes in the basal layer of the epidermis (Figure 2) [42–44]. This absence can 
also be demonstrated by using special stains like Fontana-Masson (Figure 3) [45]. 

Figure 1. 
Pathogenesis of vitiligo.
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Figure 1. 
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Figure 3. 
(a) Fontana-Masson showing the presence of melanin pigment and melanocytes in the epidermis (X400). 
(b) Fontana-Masson showing the absence of melanin pigment and melanocytes in the epidermis (x400).

Immunohistochemistry for melanocyte-specific markers like HMB-45 and Melan-A 
and electron microscopy can also be performed for this purpose.

Other changes that have been observed include degenerative changes in the 
nerves and adnexa like sebaceous glands and hair follicles especially in long-stand-
ing cases [46].

In the margins of lesions especially early lesions, often inflammatory cells are 
seen. Principally, these cells comprise of CD4+ and CD8+ T cells [47]. These cells 
have been shown to demonstrate melanocyte-specific cytotoxicity [48]. At the 
margins of the lesions, melanocytes have been observed to show morphological 
changes like cellular enlargement, cytoplasmic vacuolization and long dendritic 
processes [29].

However, usually skin biopsy is not performed for making the diagnosis as it is 
primarily a clinical diagnosis. The cornerstone of its management is correct catego-
rization of a case into its two broad types—stable and unstable vitiligo. This distinc-
tion is at present based mainly on clinical criteria because the histopathological 

Figure 2. 
Vitiligo showing the absence of melanocytes in basal layer of the epidermis (H&E, X400).
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features are not fully established. In a study carried out by the author, a reliable and 
systematic approach towards this diagnostic challenge has come up [49]. In that 
study the biopsies (3-mm punch) were taken from the margin of the active lesion.

The author recommends that while evaluating biopsies from cases of vitiligo 
histopathological examination should be primarily focused on evaluating five histo-
pathological variables—spongiosis, epidermal lymphocytes, basal cell vacuolation, 
dermal lymphocytes and melanophages (Figure 4). The morphological criteria 
used to assess these parameters are listed in Table 1. All the cases are then scored 

Figure 4. 
(a) Spongiosis (H&E, x400). (b) Intraepidermal lymphocytes (H&E, x400). (c) Basal cell vacuolation 
(H&E, x400). (d) Dermal lymphocytosis (H&E, x200). (e) Dermal melanophages (H&E, x400).
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using a scoring system devised by the authors Table 2, and the recommended 
diagnoses based on these scores are shown in Table 3. The counting for dermal 
lymphocytes was done in high power (x400) of a Nikon microscope. The scoring 
system can be applied to both segmental and non-segmental vitiligo. Adoption 
of a systematic reporting system brings more consistency and objectivity in the 
diagnosis.

4. Conclusions

Vitiligo is a common skin disorder which is characterized by the presence of 
depigmented milky white macules of variable sizes. Although there are various 
theories on its etiopathogenesis, the consensus opinion is that vitiligo occurs due 
to convergence various pathways. The basic histopathological finding in vitiligo is 
the absence of functional melanocytes in the basal layer of the epidermis. However, 
in order to evaluate for stability, the histopathological examination should be 
primarily focused on evaluating spongiosis, epidermal lymphocytes, basal cell 

S. no. Histological feature Criteria

1 Spongiosis Presence of at least one focus showing intercellular oedema in the 
epidermis

2 Epidermal lymphocytes Presence of at least one lymphocyte in the epidermis

3 Basal cell vacuolation Presence of at least one focus showing basal cell degeneration in the 
form of vacuolation

4 Melanophages Presence of at least one focus in the superficial reticular dermis 
showing melanophages

Table 1. 
Histomorphological criteria for spongiosis, epidermal lymphocytes, basal cell vacuolation and melanophages.

S. no. Histological feature Observation Score

1 Spongiosis Present/absent 1/0

2 Epidermal lymphocytes Present/absent 1/0

3 Basal vacuolation Present/absent 1/0

4 Dermal lymphocytes >100 Present/absent 1/0

5 Melanophages Present/absence 1/0

Table 2. 
Vitiligo histological scoring system.

S. no. Total score Diagnosis

1. 5 Unstable vitiligo

2. 4 Unstable vitiligo

3. 3 Favours unstable, clinical correlation required

4. 2 Favours stable, clinical correlation required

5. 0–1 Strongly favours stable vitiligo, clinical correlation essential

Table 3. 
Final recommended diagnostic categories based on score.
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vacuolation, dermal lymphocytes and melanophages. It is recommended to score 
these parameters, and the final report should incorporate recommended diagnosis 
based on the score. This will bring more objectivity and consistency in reporting 
these biopsies.
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Abstract

The cancer of the vulva is a rare disease with a positive association to poor 
developing countries. However, the incidence of vulvar cancer in situ nearly 
doubled in the last two decades and remained relatively stable. The main reason 
for this increased incidence of vulvar intraepithelial neoplasia (VIN) in women 
younger than 45 years is due to changes in sexual behavior, first intercourse at early 
age, multiple sexual partners, and sexually transmitted diseases that were increas-
ing progressively. Furthermore, it is strongly associated with smoking and the 
increased incidence of HPV infection. The occurrence of early symptoms of VIN-
like pruritus vulvae, pain, and lichen sclerosus led to early diagnosis to perform the 
adequate treatment. VIN tends to appear multifocal, while most invasive cancers are 
unilateral located and appeared with well-circumscribed lesions.

Keywords: lichen sclerosus vulvae, atrophic and hypertrophic disorders, vulvae, 
psoriasis

1. Introduction

1. The all vulva consisting of the mons pubis, the labia majora and minora, the 
clitoris, and the vulval vestibule, is covered by keratinized squamous epithe-
lium as opposed to the vaginal mucosa covered by nonkeratinized epithelium 
of the same type. The labia majora carry hair and contain sebaceous and sweat 
glands. Embryologically, they correspond to the male scrotum. The lymph 
nodes of vulva drain to the external iliac lymph nodes via inguinal lymph 
nodes. The area is extremely vascular [1, 2].

2. After taking a detailed personal medical history regarding to hygiene tech-
niques focusing on the use of antibiotic ointments, antiseptics, topical anal-
gesics, lubricants should the gynecologist establish, whether the examining 
woman suffers from general skin conditions including dermatitis, psoriasis, 
lichen sclerosus, allergic contact dermatitis, or suspicious vulva disorders. It is 
commonly agreed that the rate of allergic dermatitis is high in combination to 
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vulvar symptoms [3]. During the examination, the clinician should carefully 
examine the vulva and pay attention to skin or mucosal color (erythema and 
intense red); texture can provide clues to correct diagnosis (e.g., slight hyper-
keratosis and thickened skin) existence of any lesions, which seems unusual for 
such macules, papules, or ulcers [4, 5]. Ulcers of vulva are diagnostically chal-
lenging due to variation in clinical morphology [4, 5]. The primary morphology 
is clinically relevant for identifying because it can significantly narrow the dif-
ferential diagnosis. Diagnosis of vulvar ulcers based solely on clinical findings 
is often inaccurate, in most cases depending on sexually transmitted infections, 
but the differential diagnosis can include also dermatoses, trauma, neoplasms, 
hormonal-induced ulcers, drug reactions, or ulcer of unknown etiology [6, 7].

Subsequent to the completion of detailed observation, the clinician can decide 
for the diagnosis, if additional tools are necessary like speculum examination, 
vulvoscopy, or dermoscopy. The benefit of vulvoscopy remains controversial [8]. 
The contribution of dermoscope is mainly for the evaluation of both pigmented and 
nonpigmented lesions, presence of scarring, and loss of architecture but required 
training to identified benign structures and suspicious, worrisome features. It is 
crucial to document the number, type, size, border characteristics, and depth of 
lesions, discharge if present, tenderness, and presence or absence of local lymph-
adenopathy, which could influence mode of treatment [9, 10]. Cultures should be 
taken if there is suspicion for an infection, and final genital biopsies were recom-
mended without to be prerequisite for the completion of the definitive diagnosis. It 
is an all common finding for a clinician to be frustrated by pathology report because 
it is sometimes difficult for the gynecologist due to inherent challenges to approach 
the obtaining tissue from the genitalia.

In 1976, Freidich classified skin disorders of the vulva into three categories: 
(a) hyperplastic dystrophy, (b) lichen sclerosus, and (c) dystrophy with or with-
out atypia. For example, the term of hyperplastic dystrophy was used to include 
completely different clinical features, such as psoriasis, chronic lichen planus, and 
Bowen’s disease [11].

Due to diagnostic problems resulting from this classification, in 1989, the 
International Society for the Study of Vulvar Diseases established a new terminol-
ogy, which has been maintained to date [12]. Nonneoplastic epithelial lesions 
were delineated as follows: (a) lichen sclerosus and atrophicus, (b) squamous cell 
hyperplasia (former hyperplastic dystrophy without atypia), and (c) other dis-
eases of vulva, a category in which various injuries occur, such as psoriasis, lichen 
planus, fungal infections, and condyloma acuminata. Since cytological atypia is 
found in this category, the damage is “changing” category and now belongs to the 
VIN classification [12].

2. Disorders of the vulva

2.1 Dermatopathies

“Dystrophy” of the vulva is an abnormality of the vulva epithelium. Epithelial 
growth may be hypoplastic, hyperplastic, or abnormal in some other way [13, 14].

2.1.1 Atrophic and hypertrophic disorders

Atrophic and hypertrophic disorders of the vulva come under the general term 
of dystrophies (formerly characterized as “precancerous” conditions). The skin, 
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depending on the damage, may be appeared as white, dry, and thin or thickened, 
while hyperkeratosis and decreased vasculature are histologically present [15]. 
These alterations are mainly attributed to estrogen deficiency and, to this end, 
are often observed after menopause. The disorders may extend to the vaginal 
entrance, the perineum, etc. Usually there is intense pruritus, and the scratching 
it entails may result in an interception to the continuity of the skin. In addition 
to pruritus, there may be a burning sensation and dyspareunia, especially if the 
damage ( usually atrophy) extends to the vaginal entrance [15]. For the treatment 
of pruritus, anti-inflammatory creams and topical corticosteroids are used (about 
two times a day). Antibiotic treatment is also administered in a transfection. In the 
absence of symptomatic treatment with conservative treatment and very intense 
annoyances of the patient, a simple vulvectomy can be chosen as “final” solution 
provided that the patient has been informed about the fact that in the half of the 
cases, the disease can relapse despite the surgical procedure [15].

Because of the fact that these disorders may coexist with malignancy, careful 
monitoring of the patient is required, and in doubt, multiple biopsies are required 
to exclude intraepithelial neoplasia (vulvar intraepithelial neoplasia/VIN) or 
cancer. Biopsies are often subjected to vulvovaginal screening after a 1–2% acetic 
acid solution is applied. However, the likelihood of developing invasive cancer in 
the soil of previous lesions is low. Given that these situations are well known, their 
descriptive “encyclopedic” terminology (in brackets, in italics) is not mentioned in 
the narrower “gynecological” or histological sense [16–21].

These alterations include:

• Lichen sclerosus

• Scuamous cell hyperplasia

• Condyloma acuminata

• Psoriasis

• Lichen planus

• Mixed lichen sclerosus and atrophicus

The term dystrophic lesions of the vulva according to literature like writhing, 
leukoplakia, lichen sclerosus and atrophicus, it is preferable to not be used anymore 
[16, 20, 21].

2.1.1.1 Lichen sclerosus

“Lichen sclerosus” (LS) is a term used for a benign, chronic, progressive derma-
tological condition characterized by (intense) inflammation [22–25]. The epithe-
lium is getting thinner, and some characteristic dermatological changes appeared 
accompanied by itching and pain.

In general, lichen sclerosus appears in the skin of the genitalia. It was first 
described by Hallopeau and Darier at the end of the nineteenth century as a variety 
of lichen planus, which is not acceptable today. The term lichen sclerosus (and/
or atrophicus) should no longer be used, as forms of lichen sclerosus are not all 
atrophic. When there is coexistence of squamous cell hyperplasia, it is characterized 
as “mixed squamous cell hyperplasia and lichen sclerosus” [26–32].
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ogy, which has been maintained to date [12]. Nonneoplastic epithelial lesions 
were delineated as follows: (a) lichen sclerosus and atrophicus, (b) squamous cell 
hyperplasia (former hyperplastic dystrophy without atypia), and (c) other dis-
eases of vulva, a category in which various injuries occur, such as psoriasis, lichen 
planus, fungal infections, and condyloma acuminata. Since cytological atypia is 
found in this category, the damage is “changing” category and now belongs to the 
VIN classification [12].

2. Disorders of the vulva
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“Dystrophy” of the vulva is an abnormality of the vulva epithelium. Epithelial 
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depending on the damage, may be appeared as white, dry, and thin or thickened, 
while hyperkeratosis and decreased vasculature are histologically present [15]. 
These alterations are mainly attributed to estrogen deficiency and, to this end, 
are often observed after menopause. The disorders may extend to the vaginal 
entrance, the perineum, etc. Usually there is intense pruritus, and the scratching 
it entails may result in an interception to the continuity of the skin. In addition 
to pruritus, there may be a burning sensation and dyspareunia, especially if the 
damage ( usually atrophy) extends to the vaginal entrance [15]. For the treatment 
of pruritus, anti-inflammatory creams and topical corticosteroids are used (about 
two times a day). Antibiotic treatment is also administered in a transfection. In the 
absence of symptomatic treatment with conservative treatment and very intense 
annoyances of the patient, a simple vulvectomy can be chosen as “final” solution 
provided that the patient has been informed about the fact that in the half of the 
cases, the disease can relapse despite the surgical procedure [15].

Because of the fact that these disorders may coexist with malignancy, careful 
monitoring of the patient is required, and in doubt, multiple biopsies are required 
to exclude intraepithelial neoplasia (vulvar intraepithelial neoplasia/VIN) or 
cancer. Biopsies are often subjected to vulvovaginal screening after a 1–2% acetic 
acid solution is applied. However, the likelihood of developing invasive cancer in 
the soil of previous lesions is low. Given that these situations are well known, their 
descriptive “encyclopedic” terminology (in brackets, in italics) is not mentioned in 
the narrower “gynecological” or histological sense [16–21].

These alterations include:

• Lichen sclerosus

• Scuamous cell hyperplasia

• Condyloma acuminata

• Psoriasis

• Lichen planus

• Mixed lichen sclerosus and atrophicus

The term dystrophic lesions of the vulva according to literature like writhing, 
leukoplakia, lichen sclerosus and atrophicus, it is preferable to not be used anymore 
[16, 20, 21].

2.1.1.1 Lichen sclerosus

“Lichen sclerosus” (LS) is a term used for a benign, chronic, progressive derma-
tological condition characterized by (intense) inflammation [22–25]. The epithe-
lium is getting thinner, and some characteristic dermatological changes appeared 
accompanied by itching and pain.

In general, lichen sclerosus appears in the skin of the genitalia. It was first 
described by Hallopeau and Darier at the end of the nineteenth century as a variety 
of lichen planus, which is not acceptable today. The term lichen sclerosus (and/
or atrophicus) should no longer be used, as forms of lichen sclerosus are not all 
atrophic. When there is coexistence of squamous cell hyperplasia, it is characterized 
as “mixed squamous cell hyperplasia and lichen sclerosus” [26–32].



Depigmentation

36

Lichen sclerosus is considered as the most common chronic lesion in vulva, 
referred to a chronic atrophy that usually observed after menopause. Clinically, 
vulva is glossy and dry, with no folds. The lesions are often symmetrical. Although 
the condition is observed over a wide range of ages, it has an increased incidence 
in women aged 50–59 years. Postmenopausal women and young girls are usually 
afflicted before menstruation. There is no clear justification. There is sufficient 
evidence of involvement of autoimmune mechanisms in the pathogenesis of lichen 
sclerosus. It is known that 21% of patients with lichen sclerosus also suffer from 
autoimmune disease more often than with thyroid disease. It is reported that 22% 
of patients with lichen sclerosus have an inherited history, and that 44% have one 
or more autoantibodies. Also, there is a correlation with HLA II antigens. There are 
studies associating inflammatory factors, e.g., Borrelia infection, with the develop-
ment of lichen sclerosus. It is also reported that there is overexpression of wild-type 
P53 protein in lichen sclerosus, which occupies areas adjacent to squamous cell 
carcinoma (SCC) in which HPV is not detected.

Typically, the rash of lichen sclerosus begins as white polygonal papules, which 
flock to plaques. Typically, candlesticks and/or clearly cracked plugs appear on 
the surface of the plate, and they are similar to attached nozzles. Over time, plugs 
and craters may disappear by dropping a smooth, often porcelain plaque, and they 
rarely show up. Thus, the skin appears white and thin, although it may be pres-
ent in SCH [26–32]. Originally, lichen sclerosus may have a bubbling consistency 
and is characterized by edema of the prepuce clitoris and telangiectasia of labia 
and purpura. Stretch marks appear mainly in the middle perineal line. Bullous 
lichen sclerosus is often accompanied by bleeding within the lesion, and the fillet 
can disappear. Later, labia minora and structures around clitoris disappeared too. 
The epithelium of the vagina and the cervix is not affected. However, there may 
be lesions in the forehead of the skin, which will lead to its constriction. Perianal 
lesions are described in 30% of cases [26–32].

Lichen sclerosus is a benign vulva condition associated to chronic and often 
progressive character with dermatologic location. Among the clinical findings 
are included marked inflammation, epithelial thinning, distinct dermal altera-
tions like pruritus, and pain by varying degrees. The described lesions appear 
most frequently in the labia minora, but the early disease course affects not the 
vulvar architecture. During the disease progresses, the following pathological 
signs may be possible to occur: sexual dysfunction, fissuring in perineal region 
and around the clitoris, distinction between labia majora and minora, edema 
from inflammation, purpural lesions, and excoriations ecchymoses given fragil-
ity of the affected skin region [5, 33]. The main symptom is pruritus. Pain occurs 
if there are corrosions and stretch marks. Itching is intense during the night and 
may be so intense that it stops sleeping. Discomfort occurs when there is erosion, 
stretch marks, or narrowing of vaginal orifice [26–32]. Some women are asymp-
tomatic, and LS is a random finding. Most of them had active childhood disease, 
which resulted in skin atrophy without symptomatology. Occasionally, hyper-
keratosis and ecchymosis occur, which should be treated [26–32]. In childhood, 
the lesions are similar to adult lesions. But the ecchymosis may protrude and can 
be so intense that it leads us wrongly to the suspicion of sexual abuse. The diag-
nosis in most patients is indicated by the clinical picture, but its confirmation by 
histopathological examination is considered necessary. LS should be differenti-
ated from lichen planus, vaginal pemphigoid, psoriasis, VIN, and SCC, and this 
is done by biopsy under colposcopic control. Ulcers, nodules, and granulomas 
should be controlled to exclude malignancy. The formation of hyperkeratotic 
plaques and erosions, which do not exist despite the applied treatment, suspects 
malignant transformation [26–32, 34].
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Histologically, there is a decrease in subcutaneous fat, atrophy of all skin layers, 
and destruction of elastic tissue. The dermis is of some degree vitreous degenera-
tion and round cell collections [35–37]. Typical histological findings are also 
including a thinned epidermis with areas hyperkeratosis, acanthosis, a broad band 
of homogenized collagen under the dermo-epidermal ligament, and lymphocyte 
infiltration under the homogenate area [33, 38–39].

Few patients have thickening of the epidermis, and these are those who have 
not been responding to LS and who are at increased risk of developing SCC. Due to 
the frequent association of LS with autoimmune diseases, the appropriate control 
should be performed. In particular, the possibility of autoimmune thyroid disease 
should be investigated [26–32, 34].

Squamous cell carcinoma (SCC) in women with LS is a common malignancy 
described. There are also reports of basal cell carcinoma and melanoma. The risk 
of developing SCC is about 5%. However, histopathologic examination in woman 
with lichen sclerosus during follow-up revealed squamous cell carcinoma. The role 
of HPV as a causative agent in malignant transformation is not entirely clear. There 
are studies suggesting the existence of two types of SCC: one type occurs in older 
patients with chronic LS disease and the other type is in younger women without LS 
but with proven infection by oncogenic HPV types. Although there is no evidence 
of the role of HPV as a causative agent in the development of SCC on LS, there is the 
theoretical risk of developing SCC from the topical use of corticosteroids, which 
may promote the development of HPV oncogenic strains, since it was found that in 
20% of cases LS, there may be HPV infection [40–43]. More recent reports support 
the strong relationship of vulvar invasive squamous cell carcinoma and LS, so that 
lichen sclerosus is considered as precancerous damage [33]. It is not uncommon 
for women with carcinoma of vulva from squamous cells to also have undiagnosed 
lichen sclerosis, which may also be asymptomatic [33, 38].

The role of midwives, especially those who have increased initiatives due to their 
position (e.g., the one who works in the Center of Health), is very important to properly 
direct these postmenopausal women. It is well known that empirical use of ointments 
in precancerous or cancerous lesions of the vulva delays proper treatment and requires a 
high degree of suspicion of the doctor and midwife for malignant malignancy [33, 38].

There is no universally accepted treatment for women with lichen sclerosus. 
The treatment includes education and support, change of behavior to ensure good 
pudding hygiene, medication, and, in a small proportion of cases, surgery or pho-
tochemotherapy. The medical treatment of the condition includes the topical use of 
corticosteroids, such as clobetasol [44–47]. The major importance of LS treatment 
is proved by the fact that about 80% of invasive squamous cell carcinoma (SCC) of 
the vulva in elderly patients was associated with untreated, long-term conditions of 
lichen sclerosus (the final stage of the vicious cycle of itching-scratching-itching). 
Generally, the management should perform in twofold.

The first step aims to resolve LS symptoms, vulvar, and vaginal pain.
The second step’s goal is to reduce the disease signs like hyperkeratosis fissuring 

echymoses [44–47].

2.1.1.2 Squamous cell hyperplasia

The oldest term leukoplakia (“chronic inflammatory disease of the mucosa 
which results in keratinization of the epithelium and in the formation of white 
spots”) is still reported today. The disorder is characterized by white, tough, and 
overwhelmed, hyperkeratotic “plaques” of the vulvar epidermis, and a disorder of 
“hormonal homeostasis” in its etiology. Histologically, squamous cell hyperplasia is 
observed (Figures 1 and 2).



Depigmentation

36

Lichen sclerosus is considered as the most common chronic lesion in vulva, 
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the lesions are similar to adult lesions. But the ecchymosis may protrude and can 
be so intense that it leads us wrongly to the suspicion of sexual abuse. The diag-
nosis in most patients is indicated by the clinical picture, but its confirmation by 
histopathological examination is considered necessary. LS should be differenti-
ated from lichen planus, vaginal pemphigoid, psoriasis, VIN, and SCC, and this 
is done by biopsy under colposcopic control. Ulcers, nodules, and granulomas 
should be controlled to exclude malignancy. The formation of hyperkeratotic 
plaques and erosions, which do not exist despite the applied treatment, suspects 
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may promote the development of HPV oncogenic strains, since it was found that in 
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tochemotherapy. The medical treatment of the condition includes the topical use of 
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is proved by the fact that about 80% of invasive squamous cell carcinoma (SCC) of 
the vulva in elderly patients was associated with untreated, long-term conditions of 
lichen sclerosus (the final stage of the vicious cycle of itching-scratching-itching). 
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The oldest term leukoplakia (“chronic inflammatory disease of the mucosa 
which results in keratinization of the epithelium and in the formation of white 
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overwhelmed, hyperkeratotic “plaques” of the vulvar epidermis, and a disorder of 
“hormonal homeostasis” in its etiology. Histologically, squamous cell hyperplasia is 
observed (Figures 1 and 2).
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This chronic and recurrent condition may occur at any age but is more common 
in older patients and usually manifests with pruritus. Less often, it occurs with 
dyspareunia or pain. It is an autoimmune condition and is associated with other 
autoimmune diseases such as malignant anemia, thyroid disease, diabetes mellitus, 
systemic lupus erythematosus, primary biliary cirrhosis, and bullous pemphigoid. 
Histologically, the skin appears thin with loss of the crevices found between the 
nipples. Surface skin is vitrified, and a set of chronic inflammatory cells is observed 
beneath it [48–53].

Clinically, the skin appears white, thin, and corrugated but may be overlapped 
and keratinized, if there is coexistence of squamous cell hyperplasia. There may 
also be symphysis of the clitoris or the vulva. The diagnosis is made by biopsy. 
Lichen sclerosus is a nonneoplastic condition but can coexist with vulvar intraepi-
thelial neoplasia, while there is correlation with invasive squamous cell carcinoma 
of the vulva in 2–5% of cases. This is describing the reason why possible long-term 
monitoring is required every 6–12 months [26–32].

Treatment is required, especially if the condition is symptomatic, and a strong 
local topical steroid cream (e.g., Dermovate per 12-hour period) is usually used, 
which is gradually replaced by a milder formulation (e.g., hydrocortisone per hour, 
24 h or less) as the symptoms require. Fluorinated corticosteroids or testosterone 

Figure 1. 
VIN lesions are usually characterized by a change in color on the skin of the vulva. They are usually white and/
or gray.

Figure 2. 
VIN lesions: The rarities are lesions in red and brown. Their surface may be flat or abnormal.
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ointment may also be helpful. Vulvectomy has no position in this case, as the recur-
rence rate after surgery is about 50% [26–32].

2.1.1.3 Psoriasis

Psoriasis is manifested as dry, red, and papular rash, which is usually clearly 
circumscribed and extends to the thighs. Diagnosis occurs easily when bleeding is 
observed during the removal of classic silver-like scars. It may be difficult to differenti-
ate psoriasis from candida infection or dermatitis because the vulva is very often fluid. 
Candida infection should be ruled out. The lesions can be treated locally with coal tar 
preparations, ultraviolet maize, steroid creams, or other suitable drugs [54–56].

2.1.1.4 Lichen planus

It is a chronic papular rash with a bluish hue, which is located in the vulva and 
the bendable surfaces. It may be appeared in other areas like the mucous membrane 
of the oral cavity, and the diagnosis is enhanced by finding other lesions. Oral 
lesions precede genital lesions in one-third and simultaneously appear in half of 
women affected from the disease. After the vulva should be a vaginal examination, 
the walls of the vaginal may have following pathological abnormalities: erythema 
erosions and bleeding friable tissue. It is usually idiopathic but can also be related 
to medications. The treatment includes use of strong steroids locally or ultraviolet 
light, and the disease tends to subside within the next 2 years. Surgery removal 
should be avoided [57–62].

2.1.2 Others: vitiligo, intertrigo, aphthae

2.1.2.1 Vitiligo

The lesions of this disease can appear anywhere on the body with a predilec-
tion in the genital area. It can be confused with LS, associated to lack the classical 
signs of inflammation, possible coexistence with LS based on autoimmunogenity. 
In contrast to LS, which has predilection for hypoostrogenic states, vitiligo can be 
appeared at any age. No skin biopsies are necessary. Autoimmune thyroid disease 
is associated to vitiligo. Treatment includes administration of topical steroids and 
vitamins D, E, C, and B12. Surgery remains a viable option in unresponsive local-
ized disease to conventional therapies [63–71].

2.1.2.2 Apthtae

They are vulva disorder associated to pain. Shallow ulcers most commonly 
occur on the oral mucosa and less commonly on the genital mucosa. The reasons 
are uncertain, and risk factors include stress, infections, hormonal factors, vitamin 
deficiency, and family history. The diagnosis result from exclusion of various 
genital ulcers causing in most cases in assumption of sexually transmitted infec-
tion. Aphthosis appears in simple and rare complex form, and the recurrence rate is 
about 20% of the general population. For the treatment, it is important to educate 
the patients to conform in skin and wound care and administration of topical 
corticosteroid propionate ointment in cases of complex aphthosis [63–71]. Apthae 
should differentiate from Behcet syndrome, a disorder that causes inflammation 
of the blood vessels throughout the body, and could affect the vuvla causing open 
sores in the vulva. Furthermore, vulva aphthous ulcers could appear in patients 
with HIV infection, Chrohn disease, and ulcerative colitis.
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This chronic and recurrent condition may occur at any age but is more common 
in older patients and usually manifests with pruritus. Less often, it occurs with 
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Figure 1. 
VIN lesions are usually characterized by a change in color on the skin of the vulva. They are usually white and/
or gray.

Figure 2. 
VIN lesions: The rarities are lesions in red and brown. Their surface may be flat or abnormal.
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ointment may also be helpful. Vulvectomy has no position in this case, as the recur-
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2.1.2.3 Intertrigo combined with candida infection

Intertrigo is a wet inflammatory dermatitis, which can occur on any fold of the 
body because of the irritation of the exposed skin surfaces from friction between 
them. This is more likely to occur in women who are overweight but also in those 
who wear tight clothing.

The skin is painful, often red and flaky, showing wetness and stretch marks. 
Weight loss, local hygiene, and local exposure to air, such as the use of socks and 
cotton lingerie instead of synthetic underwear, should be envisioned. Powders (e.g., 
talc), astringents (e.g., zinc), or blocking agents in the area may also help.

Candida usually complicates intertrigo and should be treated as described according 
to clinical practice guidelines for the management of candidiasis [56, 57]. In order to 
relief the inflammation, since there is no candida infection, steroid creams may be used.

2.1.3 Allergic/irritant dermatitis

The skin of the vulva, and especially the opening of vagina, is often affected by 
dermatitis. Dermatitis can be irritating (nonimmune) or actually allergic (immune-
induced). Chemicals that cause skin hypersensitivity include, but are not limited 
to, cosmetics, perfumes, contraceptive lubricants, sprays, and vaginal washings. 
Detergents, dyes, softeners, bleaches, soaps, and bleach used to clean the under-
wear can also cause irritation. In severe cases, hypersensitivity may occur in topical 
application of anesthetic creams, as well as steroid preparations.

Women with contact dermatitis have an overgrowth inflamed vulva with 
eczema characters, and patch tests can reveal local irritants. Temporary relief can be 
achieved with lubricants of the vulva (e.g., Emulsiderm in a daily bath), softeners 
(e.g., local water creams), and topical corticosteroids (e.g., monthly treatment with 
Dermovate topical application). As before, nonresponsive lesions need biopsy to 
confirm the diagnosis [72–75].

2.2 Pruritus

The term pruritus describes an intense feeling of itching. It is more common 
in women over the age of 40 years, and symptoms are getting worse by stress or 
depression. There are many causes of itching.

Biopsy may be necessary for diagnosis, as well as patch tests may be also helpful. 
If no cause is found, it may be worth considering the possibility of previous sexual 
abuse or psychosocial problems.

It is important to stop the vicious cycle of irritation/itching cycle that is using 
strong local steroids for a short time in order to reduce the local inflammation induced 
by scratching. Applying strong steroid ointment daily for 3 weeks followed by 1% 
hydrocortisone cream once a day is useful, as well as soap substitutes (e.g., Oilatum).

Irritants, cosmetics added to bath, and synthetic pantyhose, as well as soap 
substitutes, should be avoided, and comfortable cotton underwear should be used. 
The area should be gently dry (e.g., with a hairdryer). Antihistamines can also help. 
If depression coexists, it may require treatment [76–84].Reasons of vaginal pruritus

Infection (candida, luteum, filamentous worms)
Eczema
Dermatitis (patch tests)
Irritation due to vaginal excretion
Lichen sclerosus
Lichen planus
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Vulvar intraepithelial neoplasia (VIN)
Vulvar cancer
Systematic diseases (diabetes mellitus, ureamia, or liver deficiency)
Psychogenic [82–84]

2.3 Vulvar intraepithelial neoplasia (VIN)

The term VIN was proposed to include dysplastic lesions and vulvar squamous 
in situ cancer and replace terms such as: (a) Bowen’s disease; (b) Bowen’s papilloma; 
and (c) dystrophy with atypia.

Depending on the degree of maturation of the neoplastic epithelium and the 
extent of atypia, three VIN classes, from I to III, are defined just like in CIN.

2.3.1 New terminology: previous terminology

VIΝ I: mild dysplasia
VIΝ II: moderate dysplasia
VIN III: Toy Bowen’s disease, severe dysplasia
Squamous cell carcinoma in situ, erythroplasia of Queyrat

The lesion is characterized as VIN I when the cellular abnormalities, in compari-
son with absence of layout, are limited to the lower one-third of the vulvar squa-
mous epithelium, VIN II when the abnormalities extend to the middle third of the 
epithelium, VIN III when they extend to the upper third of the epithelium, and CIS 
when lesions occupy all the epithelial layers. Approximately 40% of women present 
without accompanied symptoms and in the rest cases a background of inflamma-
tory skin disease in the majority being lichen sclerosus exist.

The disease is not characterized as invasive carcinoma as long as the basal lamina 
remains intact [72–75].

2.3.2 Risk factors VIN

Common point: VIN is part of a total of epithelial changes in the woman's 
inferior genital system and may coexist (at least 15–20%). In particular, if there are 
acuminate warts in the vulva, the rate for CIN lesions is almost 50%.

2.3.3 Risk factors

1. Early onset of sexual activity

2. Switching (multiple) sexual partners

3. Immune system weakness

4. Cross-reaction or coexistence of high-risk HPV subtypes

5. Smoking, alcohol, and unbalanced diet

6. HPV infection

7. HSV-2 infection

8. Chronic irritation of the vulva

9. Warts
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2.3.4 Biological behavior and prognosis VIN and CIN

In most VIN cases, instead of CIN, the damage is high risk. It is also uncommon 
to diagnose just VIN I lesion.

VIN:

• increased incidence in last two decades

• average age of development 30 years

• risk of progression to invasive cancer increased in women of the fifth decade (20%)

• the recession is twice as likely as invasion.

It is more common in women of 20–30 years, while VIN III in the fourth decade 
whereas invasive cancer mainly in the fifth decade [32, 34, 40].

2.3.5 Clinical finding and diagnose of VIN and CIN

VIN instead of CIN is not appeared during colposcopy with abnormal vasculation 
and mosaicism, but in the form of subtracted white or red plaques with clear borders.

Due to keratinization of the surface layer, in case of VIN, the cytological evalua-
tion is more difficult.

VIΝ: itching, burning sensation, pain, single, or multifocal lesions (40%)
CIN: there are usually no symptoms or findings, single, or multifocal lesions
VIN: lesions often situated in the inner lips of vagina and the perineum
CIN: lesions frequently cited in the transformation zone

3 Basic principles in treatment of depigmentation disorders of the vulva

3.1 Clobetazole (Butavate*)

Treatment of choice is the topical administration of clobetazole, which blocks 
mitosis and induces synthesis of proteins reducing inflammatory response. It is also 
believed that it affects Ki67 as well as promotes p53 expression.

For those cases that diagnosed for the first time, it is recommended to apply 
once daily for 4 weeks, then every second day for 4 more weeks and during the 
third month of treatment, twice a week (once a day is based on pharmacokinetic 
studies). If symptoms reappear, the minimal clobetazole dose in which disease was 
controlled is administered.

A 30 g tube should be used for 12 weeks, and then, the original is reconsidered. 
If treatment is effective, hyperkeratosis, bruising, erosions, and stretch marks will 
disappear, but atrophy and color change still remain.

Clobetazole is continued as needed. Most patients usually need 30–60 g per year. 
If therapy is complete, no further treatment is needed, but other patients will have 
relapses and should continue to receive treatment [72–75].

An alternative option is triamcinolone ointments.

3.2 Testosterone and other hormones

Nowadays, estrogens or testosterone creams have no place in the LS treatment. 
Also recent studies have shown that testosterone is less effective than clobetazole 
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and has same effectiveness with petrolatum, the excipient used to make testoster-
one ointment.

3.3 Progesterone

It is referred to be extremely effective. It is prepared by mixing 400 mg proges-
terone oil with 4 oz Aqua-for. It is prescribed twice a day.

3.4 Retinoids

They are mainly used in the complicated LS on failure of corticoid treatment. It 
is considered that they reduce the degradation of the connective tissue.

3.4.1 Acitrecine (Nco-Tigason*)

Acitrecine (Nco-Tigason*) 25 or 50 mg/24 h per os in a single dose until symp-
tom remission and continue 25–50 mg/24 hours go per os. The treatment stops 
when the lesions fall back.

3.4.2 Isotretinoin (Roaccutan*, Accurane*)

Isotretinoin (Roaccutan*, Accurane*) synthetic 13 is isomer of tretinoin. It reduces 
sebaceous gland size and sebum production and inhibits abnormal keratinization. The 
dose is 0.5–1 mg/kg/24 hours, and the duration of treatment is 4–6 months.

Topical administration of retinoids is not recommended due to the local irrita-
tion they cause.

Close attention should be paid to per os administration of retinoids to adolescents 
due to the teratogenicity they cause and is recommended avoidance of pregnancy for 
2 months (isotretinoin) and 3 years (acitretin) at the end of the treatment [72–75].

3.5 Other medications

Positive results from the administration of potassium para-aminobenzoate, as well as 
psoralen with UVA therapy, stanozolol, antimalarials, antihistamines (e.g. oxatomide), 
and various antibiotics (possible cause or infection by Borrelia), were also observed.

3.6 Surgical treatment

In uncomplicated forms of LS, there is no evidence of removal of vulvar tissue. 
Surgical treatment should be applied exclusively in case of malignant transforma-
tion and recurrent forms.

When there is a narrowing of the opening of vagina, perineoplasty is performed, 
which improves dyspareunia in 90% of cases and improves the quality of sexual life 
in 86% of cases.

Simple vulvectomy should not be preferred because the symptoms do not always 
disappear, the signs reappear, and the likelihood of malignant transformation 
persists. Also, the operation creates many psychosocial problems.

3.7 Alternative treatment

Positive results are reported with LASER ablation treatment, which is applied 
with LASER CO, 1–2 mm deep with complete healing 6 weeks after surgery and low 
relapse rates. It is considered a method of nonresponse to other forms of treatment.
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Photodynamic therapy (topical application of the 5-aminolevulinic acid pho-
tosensitizer and exposure to argon laser light for 1–2 alphas in 1–3 sessions) is also 
used with very good results.

3.8 General considerations for patients during treatment

Patients with LS have thin skin, which is not considered a “satisfactory” barrier to 
the loss of moisture, and it would be a failure not to mention some general measures.

1. Excessive drying after bathing should be avoided.

2. Gentle moisturizing products such as, e.g., Vaseline should be used to improve 
the moisture of the affected skin.

3. Good hygiene, avoidance of irritants and allergens, use of cotton lingerie, and 
avoidance of tight and hot clothes.

A lesion that resides in the vulva or in the vaginal opening and continues after the 
skin lesion is absent is secondary to a sensory disorder. This pain does not correspond 
to topical administration of corticosteroids. A 5% xylocaine ointment is therapeutically 
administered; on failure, administration of amitriptyline is recommended [72–75].

3.9 Failure of treatment

On unsuccessful treatment with corticosteroids, the following should be checked: 
patient compliance, misdiagnosis or coexistence of other disease entities, contact 
dermatitis, secondary candidiasis, VIN, SCC, psoriasis, or pemphigoid vulgaris.

If the symptoms persist after the medical repair of the damage, it is a secondary 
sensory disorder.

3.10 Follow-up

The risk of malignant transformation of LS is very small. Even if malignant trans-
formation occurs, the progression of the disease is slow. However, patients should be 
screened at the end of the first trimester of treatment after 6 months and then yearly.

One-month follow-up requires patients with a poor response to corticosteroid 
therapy, and they are usually those in whom squamous cell hyperplasia coexists and 
are therefore susceptible to malignant transformation.

4. Conclusion

Vulva pathology is varied. Between all the described lesions, precancer condi-
tions should be recognized early in order to stop the evolution. Strong dermocor-
ticoids are the major local treatment on many vulvae chronic diseases. In specific 
conditions, local immune modulators or laser are necessary.
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Photodynamic therapy (topical application of the 5-aminolevulinic acid pho-
tosensitizer and exposure to argon laser light for 1–2 alphas in 1–3 sessions) is also 
used with very good results.

3.8 General considerations for patients during treatment

Patients with LS have thin skin, which is not considered a “satisfactory” barrier to 
the loss of moisture, and it would be a failure not to mention some general measures.

1. Excessive drying after bathing should be avoided.

2. Gentle moisturizing products such as, e.g., Vaseline should be used to improve 
the moisture of the affected skin.

3. Good hygiene, avoidance of irritants and allergens, use of cotton lingerie, and 
avoidance of tight and hot clothes.

A lesion that resides in the vulva or in the vaginal opening and continues after the 
skin lesion is absent is secondary to a sensory disorder. This pain does not correspond 
to topical administration of corticosteroids. A 5% xylocaine ointment is therapeutically 
administered; on failure, administration of amitriptyline is recommended [72–75].

3.9 Failure of treatment

On unsuccessful treatment with corticosteroids, the following should be checked: 
patient compliance, misdiagnosis or coexistence of other disease entities, contact 
dermatitis, secondary candidiasis, VIN, SCC, psoriasis, or pemphigoid vulgaris.

If the symptoms persist after the medical repair of the damage, it is a secondary 
sensory disorder.

3.10 Follow-up

The risk of malignant transformation of LS is very small. Even if malignant trans-
formation occurs, the progression of the disease is slow. However, patients should be 
screened at the end of the first trimester of treatment after 6 months and then yearly.

One-month follow-up requires patients with a poor response to corticosteroid 
therapy, and they are usually those in whom squamous cell hyperplasia coexists and 
are therefore susceptible to malignant transformation.

4. Conclusion

Vulva pathology is varied. Between all the described lesions, precancer condi-
tions should be recognized early in order to stop the evolution. Strong dermocor-
ticoids are the major local treatment on many vulvae chronic diseases. In specific 
conditions, local immune modulators or laser are necessary.
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Chapter 5

Depigmentation Therapies in 
Vitiligo
Sanjeev Mulekar, Madhulika Mhatre and Swapnil Mulekar

Abstract

Vitiligo is a chronic condition characterized by white patches on normal-
appearing skin. It runs an unpredictable course. Main reason of stress in vitiligo 
patients is the presence of two colors on the skin surface. The aim of the treatment 
is to achieve normal skin color. Depigmentation is considered when repigmentation 
is not possible or the patient is willing to accept that repigmentation is not possible 
and opt for irreversible depigmentation. The only agent approved for depigmenta-
tion is monobenzyl ether of hydroquinone or monobenzone for patients with more 
than 50% of body surface area affected with vitiligo. The scope of this chapter is to 
describe modality of depigmentation and its risks and benefits.

Keywords: extensive vitiligo, vitiligo, depigmentation, MBEH

1. Introduction

Vitiligo is a skin condition characterized by loss of pigments on normal skin 
with a worldwide prevalence of 0.1–2%. Due to its cosmetic impact, vitiligo can 
impact the quality of life in children and adults. There are multiple therapies used 
for repigmentation beginning from topical corticosteroids, calcineurin inhibitors, 
and narrowband ultraviolet B (NB-UVB) to oral systemic medications and surgery. 
Even though a good number of patients may achieve successful repigmentation, 
there may be a few in whom the progression of vitiligo may affect extensive body 
surface areas making repigmentation an uphill task. The aim in such patients with 
extensive vitiligo (more than 50% body surface area) would be to achieve a uniform 
skin tone by depigmenting the remaining pigmented sites [1].

Depigmentation therapy is an accomplishable alternative therapy in patients 
who are extensively affected by vitiligo. It can be used in all skin types. Most readily 
used and available depigmenting agents are monobenzyl ether of hydroquinone 
(MBEH), 4-methoxyphenol, and phenol. Other therapies such as lasers and cryo-
therapy have also been used. The depigmentation process is a gradual one and can 
take anywhere between 1 and 3 years. In the author’s experience, those who have 
undergone depigmentation are satisfied and happy with the therapeutic outcome if 
one achieves uniform color.

1.1 What the research says

The depigmentation approach is quite recent and is derived from the 
observations of unwanted depigmenting action of the phenol derivatives [2]. 
However, there are very few published studies on it. The aim of the researchers 
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was to explain the possible mechanism of action for this class of compounds. 
Tyrosinase was the first suggested target. Also the potential of different phenol 
derivatives to act as an alternative substrate of the enzyme or as a competitive 
inhibitor was evaluated. Thus, it was hypothesized that this class of substances, 
or some of them, may be used for the treatment of skin disorders caused due 
to hyperpigmentation or melanocyte hyperproliferation. Further structural 
studies have indicated that the role of the position and type of substitutes in the 
phenolic ring allow the compound to be hydroxylated or oxidated by tyrosinase 
[3]. Considering phenol derivatives have a role in this process, hydroquinone was 
evaluated. Hydroquinone (HQ ) belongs to the phenol/catechol class of chemical 
agents. Tyrosinase gets inhibited by HQ when interaction occurs with copper at 
the active site. This further decreases the amount of intracellular glutathione and 
induces the production of oxygen-reactive species. Thus, HQ acts as an alterna-
tive substrate, according to most part of phenol/catechol compounds, because it 
is similar to tyrosine. The enzyme can thus oxidize HQ without generating the 
pigment. The quinones produced are able to react with the sulfhydryl residues 
of the proteins, generating oxidative damage and affecting the cell growth. The 
depigmenting action is the result of the oxidative damage, involving both lipids 
and proteins of the cellular membranes. Functional studies have demonstrated 
that HQ and other phenolic compounds, such as tert-butylphenol, may even act 
through different mechanisms, including the oxidation of TRP1, and by interfer-
ing with RNA and DNA synthesis. HQ has been identified as the main depig-
menting agent, whereas among the various phenolic derivatives, the monobenzyl 
ether of hydroquinone (MBEH) appeared as the more handful one. In this 
chapter, we will review and compare various established and potential depig-
mentation agents as well as emerging therapies that can be used in extensive and 
universal vitiligo.

2. Selecting the right candidate

Selection of an appropriate patient is of utmost importance in depigmentation 
therapy. The option of depigmentation should be made available to only those 
patients having extensive vitiligo. Detailed and thorough consultation sessions 
should be conducted with the patient and their families (preferably 2–3 sessions), 
explaining to them in detail that this therapeutic modality utilizes a potent depig-
menting agent and should not be used for cosmetic purposes [2, 3]. They should be 
explained with all realistic expectations, treatment time frame, the cost involved, 
and side effects if any, and that once one particular type of treatment is done, they 
will not be a good candidate for any other type of treatment. Subjects with skin 
types (V and VI) with a disfiguring contrast between dark-pigmented skin and 
white vitiliginous areas, especially involving exposed areas (face or the hands), 
may be a candidate for depigmentation. Moreover, incomplete or trichrome repig-
mentation (e.g., when using UV light) may cause more disfigurement, thus making 
such individuals good candidates for depigmentation therapy. The patients should 
be informed that even after depigmentation, spontaneous repigmentation might 
occur in vitiligo lesions, warranting additional depigmenting cycles. Patients must 
be informed that these treatments lead to a definitive irreversible depigmentation. 
Younger patients with extensive involvement can be given an option of repigmenta-
tion instead of opting for depigmentation explaining that complete repigmentation 
may or may not be achieved. Depigmentation therapy should be avoided in children 
less than 12 years of age [4].
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3. Topical therapies for depigmentation

3.1 Monobenzyl ether of hydroquinone (MBEH)

MBEH (monobenzone, p-benzyloxy-phenol) is the most common topical 
depigmenting agent used mainly because it is the only product approved by the 
United States Food and Drug Administration (USFDA) for depigmentation in 
vitiligo, if the affected body surface area is more than 50% [1]. It is a hydroquinone 
(HQ ) derivative and was first introduced in 1930s. MBEH is the first-line agent for 
depigmentation therapy in vitiligo patients.

3.1.1 Mechanism of action

There are multiple pathways through which MBEH causes depigmentation [5]:

1. Reaction with tyrosinase enzyme during melanin synthesis leads to conver-
sion of MBEH to quinones. The reactive quinone products formed bind with 
cysteine found in tyrosinase proteins (sulfhydryl (-SH) group) to form hapten-
carrier compounds resulting in formation of neoantigens. These neoantigens 
stimulate a systemic, melanocyte destruction and an inflammatory reaction.

2. Another result of MBEH conversion by tyrosinase is production of reactive 
oxygen species (ROS). ROS leads to lysosomal degradation of melanosomes. 
Additionally, there is interference of the melanosome structure and mem-
branes, following which the major histocompatibility complex (MHC) class I 
and II routes and initiation of melanocyte Ag-specific T-cell responses cause an 
increase in surface expression of melanosomal antigens.

3. ROS also contributes to an innate immune response due to the release of 
exosomes.

4. MBEH-exposed skin presents with rapid and persistent innate immune activa-
tion. It is quoted by Gupta et al. “that MBEH is a contact-sensitizer, inducer 
of a type IV delayed type hypersensitivity response against the quinone 
hapten. However, this only occurs if there is production of pro-inflammatory 
cytokines such as interleukin (IL)-1b and IL-18 by the Langerhans cells or 
keratinocytes” [6]. 

There have been reports that when MBEH therapy was combined with all-trans 
retinoic acid (ATRA), it enhanced depigmentation process and the melanocytotoxic 
effects via inhibition of the enzyme glutathione S-transferase in melanocytes. This 
could be a possible way to avoid contact dermatitis when using high concentrations 
of 40% MBEH. However, combination of ATRA-MBEH did not affect hair pigmen-
tation in animal studies [7].

3.1.2 Administration of treatment

After the patient has been duly consulted and informed about all the possible 
outcomes and consequences of the treatment, the depigmentation therapy is 
initiated. Application of MBEH can be done by the patient at home. Initially, the 
exposed areas are treated. A test spot is advised over a normal pigmented skin 
(usually forearm) to assess the development of contact dermatitis. If there is no 
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was to explain the possible mechanism of action for this class of compounds. 
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ether of hydroquinone (MBEH) appeared as the more handful one. In this 
chapter, we will review and compare various established and potential depig-
mentation agents as well as emerging therapies that can be used in extensive and 
universal vitiligo.

2. Selecting the right candidate

Selection of an appropriate patient is of utmost importance in depigmentation 
therapy. The option of depigmentation should be made available to only those 
patients having extensive vitiligo. Detailed and thorough consultation sessions 
should be conducted with the patient and their families (preferably 2–3 sessions), 
explaining to them in detail that this therapeutic modality utilizes a potent depig-
menting agent and should not be used for cosmetic purposes [2, 3]. They should be 
explained with all realistic expectations, treatment time frame, the cost involved, 
and side effects if any, and that once one particular type of treatment is done, they 
will not be a good candidate for any other type of treatment. Subjects with skin 
types (V and VI) with a disfiguring contrast between dark-pigmented skin and 
white vitiliginous areas, especially involving exposed areas (face or the hands), 
may be a candidate for depigmentation. Moreover, incomplete or trichrome repig-
mentation (e.g., when using UV light) may cause more disfigurement, thus making 
such individuals good candidates for depigmentation therapy. The patients should 
be informed that even after depigmentation, spontaneous repigmentation might 
occur in vitiligo lesions, warranting additional depigmenting cycles. Patients must 
be informed that these treatments lead to a definitive irreversible depigmentation. 
Younger patients with extensive involvement can be given an option of repigmenta-
tion instead of opting for depigmentation explaining that complete repigmentation 
may or may not be achieved. Depigmentation therapy should be avoided in children 
less than 12 years of age [4].
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There are multiple pathways through which MBEH causes depigmentation [5]:
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sion of MBEH to quinones. The reactive quinone products formed bind with 
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2. Another result of MBEH conversion by tyrosinase is production of reactive 
oxygen species (ROS). ROS leads to lysosomal degradation of melanosomes. 
Additionally, there is interference of the melanosome structure and mem-
branes, following which the major histocompatibility complex (MHC) class I 
and II routes and initiation of melanocyte Ag-specific T-cell responses cause an 
increase in surface expression of melanosomal antigens.

3. ROS also contributes to an innate immune response due to the release of 
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4. MBEH-exposed skin presents with rapid and persistent innate immune activa-
tion. It is quoted by Gupta et al. “that MBEH is a contact-sensitizer, inducer 
of a type IV delayed type hypersensitivity response against the quinone 
hapten. However, this only occurs if there is production of pro-inflammatory 
cytokines such as interleukin (IL)-1b and IL-18 by the Langerhans cells or 
keratinocytes” [6]. 

There have been reports that when MBEH therapy was combined with all-trans 
retinoic acid (ATRA), it enhanced depigmentation process and the melanocytotoxic 
effects via inhibition of the enzyme glutathione S-transferase in melanocytes. This 
could be a possible way to avoid contact dermatitis when using high concentrations 
of 40% MBEH. However, combination of ATRA-MBEH did not affect hair pigmen-
tation in animal studies [7].

3.1.2 Administration of treatment

After the patient has been duly consulted and informed about all the possible 
outcomes and consequences of the treatment, the depigmentation therapy is 
initiated. Application of MBEH can be done by the patient at home. Initially, the 
exposed areas are treated. A test spot is advised over a normal pigmented skin 
(usually forearm) to assess the development of contact dermatitis. If there is no 
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adverse reaction, the patient can continue with the application of the cream on the 
areas of top priority and then move in stages for low priority areas. To avoid contact 
dermatitis, different concentrations of MBEH can be used. MBEH can be diluted to 
5% for use on the neck, 10% on the face, and 20% on the arms and legs. In patients 
who fail to respond to 20% MBEH over a course of 3 to 4 months, the concentration 
of MBEH can be increased to 30% and then further to 40%. Concentrations of 30 
and 40% MBEH have been used primarily on the extremities, especially the elbows 
and knees. Concentrations greater than this are not recommended [8].

It takes anywhere between 4 and 12 months for gradual depigmentation [8]. It is 
to be noted that depigmentation is mostly irreversible and histologically associated 
with loss of melanosomes and melanocytes [1].

3.1.3 Precautions

Patients should always be informed and well instructed about certain precau-
tions while using MBEH.

1. Application of MBEH at one site can lead to loss of pigment at distant body 
sites, i.e., application of MBEH to the arm may result in loss of pigment on the 
face [4]. Moreover, it can also reactivate a stable disease.

2. Application of MBEH to the eyelids is not advised [8] because of risk of 
ochronosis. It may lead to pigmentation of the conjunctiva if MBEH is applied 
on the eyelids.

3. Avoid skin-to-skin contact on a continuous basis with another person as it can 
cause a decrease in pigmentation at the site of contact in the other person.

4. The use of sunscreens with a high-sun protection factor (SPF) is essential. This 
also helps to prevent repigmentation as well as sunburn reactions [4].

5. Follicular repigmentation may occur spontaneously upon sun exposure [8]. 
This happens mainly because MBEH only destroys epidermal melanocytes 
keeping follicular melanocytes intact.

3.1.4 Side effects

Irritant contact dermatitis and common allergic reactions can develop [9]. In 
which event, application of MBEH is stopped, and open wet dressings are applied 
to the affected area along with topical steroids. Once the dermatitis has subsided, 
MBEH can be restarted at a lower concentration of 5% [8]. Other side effects 
include exogenous ochronosis [10], unmasking of telangiectasias and phlebectasias 
on the lower extremities [8], pruritus, xerosis, erythema, rash, edema, conjunctival 
melanosis, and distant depigmentation [4].

Risk of carcinogenesis with MBEH has not been reported but cannot be ruled 
out, and hence it is banned from the European Union since 2001 in cosmetics [11].

3.1.5 Combination therapy

All-trans retinoic acid (RA), which is a vitamin A derivative primarily employed 
in the treatment of acne, is shown to serve as a weak depigmenting agent when used 
for several weeks.
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A combination or RA and MBEH induced significant depigmentation within 
4–8 weeks. Nair et al. proposed that RA might enhance the skin penetration of 
depigmenting agents. Thus, RA increases the susceptibility of melanocytes to 
hydroquinone and 4-hydroxyanisole via the impairment of glutathione-dependent 
defense mechanisms of melanocytes and reducing melanogenesis activity in viable 
melanocytes [12–15].

3.2 Monomethyl ether of hydroquinone/4–0 methoxyphenol

This compound is a phenol derivative and is also known as p-hydroxyanisole 
(HA) or mequinol [1].

3.2.1 Mechanism of action

Mequinol acts in the similar way as MBEH acts. This compound usually acts via a 
dose-dependent response manner. It can be used as monotherapy or in conjunction 
with a Q-switched ruby laser.

3.2.2 Administration of treatment

The compound is used in a 20% concentration in an oil/water cream base. As 
with MBEH, cream is applied on an initial test patch to observe for any allergic 
reactions. If there are no reactions, the patient is advised to apply cream twice daily 
until complete depigmentation is observed [16]. The effectiveness of 4-MP has been 
correlated with the duration of the use of the cream; the longer the cream was used, 
better the results that were obtained [1].

A combination product of 2% 4-hydroxyanisole (mequinol) and 0.01% treti-
noin was tested in a double-blind multicentric study and was found to significantly 
improve solar lentigines and related hyperpigmented lesions of the face and hands 
after a twice-daily application of up to 24 weeks [1].

3.2.3 Side effects

Side effects include mild burning or itching, irregular leukoderma, contact der-
matitis, ochronosis, and risk of carcinogenesis cannot be ruled out [11]. Protection 
from sunlight is necessary or repigmentation risk is high [1, 11].

3.3 Phenol solution (88%)

Phenol is an inexpensive peeling agent having medium-depth capability and 
used for treatment of photodamage or rhytids. The toxicity of phenol toward 
melanocytes is well documented. Phenol has the ability to penetrate deeper into the 
tissue up to the upper reticular dermis.

3.3.1 Mechanism of action

Phenol is involved in melanogenesis, inducing coagulation of protein in 
the epidermis. The melanocytes lose their capacity to synthesize melanocytes 
normally. This property of phenol is different than that of MBEH and hydro-
quinone wherein they destroy the melanocytes [17]. Hence, 88% phenol can be 
used as therapeutic option to eliminate residual normally pigmented lesions in 
patients.
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This compound is a phenol derivative and is also known as p-hydroxyanisole 
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3.2.1 Mechanism of action

Mequinol acts in the similar way as MBEH acts. This compound usually acts via a 
dose-dependent response manner. It can be used as monotherapy or in conjunction 
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reactions. If there are no reactions, the patient is advised to apply cream twice daily 
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better the results that were obtained [1].
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after a twice-daily application of up to 24 weeks [1].

3.2.3 Side effects

Side effects include mild burning or itching, irregular leukoderma, contact der-
matitis, ochronosis, and risk of carcinogenesis cannot be ruled out [11]. Protection 
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melanocytes is well documented. Phenol has the ability to penetrate deeper into the 
tissue up to the upper reticular dermis.

3.3.1 Mechanism of action

Phenol is involved in melanogenesis, inducing coagulation of protein in 
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3.3.2 Administration of treatment

The area to be treated is cleaned with spirit/alcohol. Application of phenol 
is done with the help of a swab soaked with phenol until cutaneous frosting 
occurs. There might be a burning sensation experienced by the patient for 
approximately 60 seconds, which gradually decreases in intensity but can last 
from minutes to hours. In a case study reported by Zanini and Machado Filho, 
they reported the use of 88% phenol on a 62-year-old female patient. Post 2 
sessions, with a gap of 45 days, total elimination of residual pigmentation was 
achieved [17].

3.3.3 Side effects

In general, 88% phenol does not produce any major complications when used 
in limited areas. However, some complications such as cardiotoxicity and other 
systemic toxicities have been reported in patients treated with medium and deep 
peeling over larger areas. Its cellular uptake is both rapid and passive because of 
its lipophilic character and signs of systemic toxicity develop soon after exposure. 
Cardiovascular shock, cardiac arrhythmias, and bradycardia, as well as metabolic 
acidosis, have been reported within 6 hours of skin-peeling procedures with phenol 
[17]. Other complications include non-esthetic scar formation, dyschromia, and 
development of herpetic eczema. However, the authors of this chapter have also 
noted a paradoxical response, wherein phenol application led to repigmentation of 
the skin!

4. Physical therapies for depigmentation

Depigmentation with topicals is effective; however, they come with their share 
of side effects and can take up to 10 months or more for completion of the process 
and rarely complete depigmentation may not be achieved. Depigmentation by 
physical means, i.e., by cryotherapy and lasers, can be done when rapid depigmen-
tation is desired or when patients have not responded well to topicals or have had 
contact dermatitis or any side effects due to the same.

4.1 Cryotherapy

Cryotherapy is nothing but cold therapy or the use of low temperatures to treat 
a variety of tissue lesions. With cryotherapy, it is possible to achieve rapid and 
permanent depigmentation via irreversible tissue damage resulting from intracel-
lular ice formation. Liquid nitrogen is used as a cryogen for clinical use. The degree 
of damage depends on the rate of cooling and minimum temperature achieved. 
Further, inflammation develops within 24 hours of the treatment, which contrib-
utes to destruction of lesions via immunologically mediated mechanisms. In areas 
of koebnerization, cryotherapy is more effective.

4.1.1 Procedure

Initially, spot testing by a single freeze-thaw cycle is done. Once the edema and 
erythema subside, patches are treated with cryotherapy 3–6 weeks later. Either 
CO2 or liquid N2 can be used. A 2-cm flat-topped and round cryoprobe is used at 
approximately 40 mm from the skin surface. The whole patch is frozen with a single 
freeze-thaw cycle from the periphery followed by forming successive rows inward. 
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Procedure should be terminated when a narrow (<1 mm) frost rim forms around 
the periphery of the cryoprobe. The rim can develop within 10–20 s by a cryogun 
connected to a container with barometric pressure above 80 kg/cm2. For lesions 
around the orbits or uneven areas of the nose, cryoprobes having smaller diameters 
may be required. No more than one freeze-thaw cycle is advised per session. There 
have been cases reported which have used two freeze-thaw cycles [18]. Results are 
visible by the end of 4 weeks after the procedure.

Alternatively, a cryospray/cryopen or the traditional dip-stick method of appli-
cation can be used following the same freeze-thaw cycle protocol.

4.1.2 Pros and cons

• Low cost and simple to perform.

• Does not require anesthesia.

• Minimal wound care with no dressing or antibiotics.

• Safe and efficacious.

• No scar formation if performed by an experienced dermatologist.

• It can be performed only on smaller areas.

• Multiple sittings may be required.

• If performed aggressively, it can lead to permanent scarring.

4.2 Laser therapy

Another faster method of depigmentation is the use of laser therapy. Lasers 
have been advocated more than MBEH and other bleaching agents due to their 
failure rate, as they have been proven to selectively destruct the melanocytes 
causing depigmentation. Further the risk of scar formation is minimized with laser 
therapies [16].

Mainly, the Q-switched ruby (QSR, 694 nm) and alexandrite (755 nm) lasers 
have been used in depigmentation. Both of these lasers operate in a similar manner 
in terms of mechanism of action. They induce photothermolysis of the pigmented 
lesions as they have wavelengths between 600 and 800 nm. These wavelengths 
are more readily and well absorbed by melanin. The frequency and pulse width 
is adjusted according to the skin type of the patient by a trained and experienced 
dermatologist. A maximum of 80 cm2 area is treated per session.

Q-switched ruby Q-switched alexandrite

• Selectively targets melanosomes and destroys 
melanocytes and keratinocytes

• Works better on tanned skin

• Fast and safe

• Duration of treatment is short

• Larger areas can be treated effectively

• Reduced risk of scar formation

• Is efficacious in treating naturally occurring 
pigmented lesions as well as exogenous pigments

• Safe, simple, and effective in treating recalcitrant 
pigmentation

• Faster pulse frequency, hence rapid therapy

• Higher wavelength so greater tissue penetration 
with improved results
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Initially, spot testing by a single freeze-thaw cycle is done. Once the edema and 
erythema subside, patches are treated with cryotherapy 3–6 weeks later. Either 
CO2 or liquid N2 can be used. A 2-cm flat-topped and round cryoprobe is used at 
approximately 40 mm from the skin surface. The whole patch is frozen with a single 
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with improved results
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Some other potential Q-switched lasers that can selectively destruct melanocytes 
include neodymium:yttrium aluminum garnet (Nd:YAG) laser (1064 nm) and the 
frequency-doubled Q-switched Nd:YAG laser (532 nm) [1]. In a study by Boen et al., 
Q-switched ruby laser (QSRL) 694 nm, Q-switched alexandrite laser (QSAL) 755 nm, 
and picosecond 755-nm alexandrite lasers provided the most significant pigment 
reduction when different recalcitrant pigmented areas of the body were treated by 
the abovementioned lasers over different areas in the same patient. In all the patients 
treated with this laser therapy, no adverse reactions apart from mild postprocedure 
erythema and crusting were noticed. The picosecond laser poses more advantages 
over the traditional Q-switch laser as it has increased photochemical action due to 
shorter pulse duration, requires lesser treatment sessions, and has reduced specific 
photothermal damage. This results in an increase in the safety profile of the laser and 
improves the effectiveness of this therapeutic modality [19, 24–26].

4.2.1 Points to ponder

• Procedure is slightly painful and may require local anesthesia.

• Treatment is expensive.

• Possibility of failure in removing pigmented patches even after several treat-
ments because of Koebner’s phenomenon.

• Patients with active vitiligo respond better to laser treatments compared to 
those with stable vitiligo. Hence, patients who are Koebner negative may often 
relapse [16].

5. Emerging therapies for depigmentation

5.1 Imatinib

Also known as imatinib mesylate, it is used to treat conditions like leukemia and 
gastrointestinal stromal tumors. It was observed that patients treated with imatinib 
were reported to develop generalized depigmentation as a side effect. Imatinib is a 
tyrosinase kinase inhibitor, thus inhibiting the activity of the enzyme, resulting in 
decreased pigmentation of the skin. The side effects of imatinib include fluid reten-
tion, periorbital edema, diarrhea, and myelosuppression. Some of the dermatological 
side effects include erythroderma, follicular mucinosis, and lichenoid eruption [27].

5.2 Imiquimod

Imiquimod is usually used for topical treatment of anogenital warts and basal cell 
carcinomas [20]. It is an imidazoquinoline and is an immune response modifier. It 
acts by stimulating the monocytes/macrophages and plasmacytoid dendritic cells in 
dermis and epidermis of the immune system to produce pro-inflammatory cytokines, 
mainly interferon α and other signals that activate T-cell-mediated response leading to 
apoptosis of tumor cells. Prolonged use of imiquimod has shown to result in depig-
mentation [1]. Imiquimod also stimulates CD8 cells to become cytotoxic and enhances 
antigen presentation [21]. Recently, it was reported that human melanocytes express 
toll-like receptor 7 (TLR7). When applied topically, imiquimod binds to TLR7 
followed by stimulation of various cytokines, which induce the abovementioned 
T-lymphocytic response [22]. Imiquimod also has a direct action on melanocytes via 
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apoptosis of melanocytes. This action is related to reduction of expression of Bcl-2 
and/or an increase in the proapoptotic stimulus (cytotoxic T lymphocytes, natural 
cytotoxic T cells/killer cells, granzymes B, Fas, TNF, Bax, etc.) [23].

Thus, there is a strong possibility that imiquimod may cause elimination of 
melanocytes by direct influence on cells as well as inducing acquired immunity 
indirectly, which eventually induces vitiligo-like hypopigmented lesions [28]. 
Some common side effects include itching, pain, burning, erosions, erythema, and 
crusting.

5.3 Diphencyprone (DPCP)

DPCP is used traditionally as a treatment modality for alopecia areata. 
Depigmentation was found to be one of the side effects due to the use of DPCP. It 
has an immunomodulatory mechanism of action. As reported by Duhra and Foulds 
[12], in a case of alopecia totalis where topical DPCP was used, there a was marked 
reaction with erythema and edema on the forearm after 3 days, but the scalp mani-
fested only slight macular erythema. The reaction on the forearm subsided after 
2 weeks and was replaced by a depigmented patch over a period of 6 weeks. Upon 
incubating the affected skin with dopa followed by electron microscopy, an absence 
of melanosomes and melanocytes was revealed. It has been observed that vitiligo 
can develop even with DPCP concentrations as low as 0.0001% [12].

Some of the adverse effects include hyperpigmentation, regional lymphade-
nopathy, blistering, and eczematous reactions [20].

6. Limitations

The science of depigmentation is still not a perfected one and that does leave 
many questions unanswered. Further research in this arena can help shed light on 
these doubts:

1. Aspects that cannot be controlled

a. Remote depigmentation.

b. End result (color matching or same color).

c. Hairs do not lose pigment (can give repigmentation especially follicular).

d. Repigmentation during pregnancy (at times extensive).

e. Resistance to MBEH.

2. Can patients with less than 50% involvement, willing to accept that no more 
repigmentation is possible, are candidates for depigmentation?

3. Whether depigmentation in children is a safe and viable alternative?

7. Conclusion

Vitiligo has a huge psychological impact and is also socially stigmatizing, 
particularly for patients with darker skin types in whom the contrast between the 
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vitiliginous lesions and uninvolved skin can be especially apparent and disfiguring. 
In patients with widespread involvement covering more than 50% of their body 
and in cases where medical modalities including phototherapy have proved inef-
fective, depigmentation therapy should be considered. Patient selection, adequate 
counseling, and patient education are extremely important for a positive long-term 
outcome.
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Chapter 6

On the Intricacies of Facial 
Hyperpigmentation and the Use 
of Herbal Ingredients as a Boon 
for Its Treatment: Cosmeceutical 
Significance, Current Challenges 
and Future Perspectives
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Abstract

Facial hyperpigmentation is the term used to express areas on irregular pigmen-
tation in the skin. It appears as darkened patches on the face that make the facial 
skin look uneven. Facial hyperpigmentation is not physically debilitating but has 
been associated with enhanced psychosocial complications including anger, depres-
sion and frustration. These psychosocial burdens, in turn, have inference on quality 
of life and self-esteem. So, the treatment of facial hyperpigmentation seems to be a 
growing concern to the dermatologists today and they have been practising several 
treatment modalities including chemical peeling, laser therapy, dermabrasion, etc. 
But, those are found to be associated with various after-effects. Hence, the use of 
plants and its products is highly recommended as they are reported with either none 
or fewer after-effects. The present chapter draws attention to the forms of facial 
hyperpigmentation with their aetiologies and available treatment options for them 
with associated side effects. Furthermore, we have discussed about the other side 
of treatment with herbal ingredients which are safe and have less or no side effects. 
This chapter will be of value to the dermatologists who are searching for naturally 
derived ingredients for treating facial hyperpigmentation, in line with consumer 
expectations and preferences.

Keywords: hyperpigmentation, psychosocial, treatment modalities, etiology,  
herbal ingredients, novel agents

1. Introduction

Melanin is the natural polymer pigment responsible for imparting color to the 
skin, hair, and eyes as well as provides the photoprotection of the skin against 
ultraviolet radiation. It is produced inside the specialized organelles, melanosomes 
of melanocytes through a complex process called melanogenesis. Although melanin 
protects the skin from UVB radiation damage, its overproduction leads to the prob-
lem of hyperpigmentation and its related disorders. Post-inflammatory disorders, 
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Abstract

Facial hyperpigmentation is the term used to express areas on irregular pigmen-
tation in the skin. It appears as darkened patches on the face that make the facial 
skin look uneven. Facial hyperpigmentation is not physically debilitating but has 
been associated with enhanced psychosocial complications including anger, depres-
sion and frustration. These psychosocial burdens, in turn, have inference on quality 
of life and self-esteem. So, the treatment of facial hyperpigmentation seems to be a 
growing concern to the dermatologists today and they have been practising several 
treatment modalities including chemical peeling, laser therapy, dermabrasion, etc. 
But, those are found to be associated with various after-effects. Hence, the use of 
plants and its products is highly recommended as they are reported with either none 
or fewer after-effects. The present chapter draws attention to the forms of facial 
hyperpigmentation with their aetiologies and available treatment options for them 
with associated side effects. Furthermore, we have discussed about the other side 
of treatment with herbal ingredients which are safe and have less or no side effects. 
This chapter will be of value to the dermatologists who are searching for naturally 
derived ingredients for treating facial hyperpigmentation, in line with consumer 
expectations and preferences.

Keywords: hyperpigmentation, psychosocial, treatment modalities, etiology,  
herbal ingredients, novel agents

1. Introduction

Melanin is the natural polymer pigment responsible for imparting color to the 
skin, hair, and eyes as well as provides the photoprotection of the skin against 
ultraviolet radiation. It is produced inside the specialized organelles, melanosomes 
of melanocytes through a complex process called melanogenesis. Although melanin 
protects the skin from UVB radiation damage, its overproduction leads to the prob-
lem of hyperpigmentation and its related disorders. Post-inflammatory disorders, 
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ephelides, solar lentigines, melasma, etc. are the common diseases of hyperpig-
mentation. Skin color imperfection due to hyperpigmentation spots on the face 
causes psychological problems in patients and takes them far from their social life. 
The public perceptions of tanned skin as being healthy and attractive merged with 
growing demand of treatment of facial hyperpigmentation provoke huge interest 
cosmeceutically as well as pharmaceutically [1–4].

Facial hyperpigmentation is a common and emergent concern to the dermatolo-
gists today. Treatment for facial hyperpigmentation seems to be difficult as there is no 
universally accepted treatment for it, and also the efficiency of known active agents is 
different. Majority of reports concerning the treatment of the disease consist of small 
series of patients. So, it becomes challenging to evaluate the efficacy of variety of 
therapy. Moreover, there are various options, but some of them come under grow-
ing scrutiny, emphasizing the research into pathogenesis and treatment. Sunscreen, 
chemical peeling, laser therapy, dermabrasion, topical treatment, cosmetic camou-
flages, etc. are the different treatment modalities used to treat facial hyperpigmenta-
tion. Though they are very effective and instant treatment for hyperpigmentation, its 
long-term exposure causes various side effects. Persistent erythema, swelling, pain, 
allergic reactions, herpes recurrence, acne, dyspigmentation, etc. are some of the 
various after effects associated with these treatment strategies [5–7].

In opposition to the state of affairs with these treatment options, we have the 
other side with herbal treatment which are nowadays attaining importance due to 
their low cost and ease of use and are believed to be free from risk of handling them 
as well as scarcely pollute the environment. Consequently, a dermatological formula-
tion, including active ingredients of strictly natural origin, is designed by a variety of 
scientist to protect the skin from exogenous and endogenous harmful agents. There 
are many chemical reactions involving various enzymes that are engaged in melano-
genesis. So, there is a wide range of targets or mechanisms against which to screen 
for skin pigmentation control agents. Active compounds isolated from different 
plants inhibit melanogenesis with no cytotoxicity by different mechanisms including 
inhibition of tyrosinase and other related protein expressions, inhibition of tyrosi-
nase activity, inhibition of melanin dispersion and translocation, etc. [8–10].

Hence, the present chapter highlights the commonly occurring hyperpigmen-
tary diseases of the face and their aetiologies. The available treatment options for 
hyperpigmentation along with the problems associated with them. As there is vast 
flora available on earth which has valuable medicinal properties, they are used for 
the treatment of many incurable diseases. Consequently, plants and its products 
are used for the treatment of hyperpigmentation through different mechanisms of 
action. Various studies on the use of plants for hyperpigmentation treatment have 
also been discussed in the present chapter.

2. Biosynthesis of melanin

Melanin is the end product of complex multistep transformation of amino acid, 
L-tyrosine. It is the polymorphous and multifunctional biopolymer represented 
by eumelanin (brown-black melanin), pheomelanin (brown-red melanin), and 
allomelanin (nitrogen-free melanin). This can be differentiated on the basis of 
chemical composition and monomer subunit structure of melanin. It has been 
found that there are four factors involved in melanin formation: (1) tyrosine as 
substrate, (2) tyrosinase with its coenzyme, (3) molecular oxygen, and (4) dihy-
droxyphenylalanine (DOPA). Tyrosine is converted into melanin by a series of 
enzymatic reaction [11–13].
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Biosynthesis of melanin can be initiated from either the hydroxylation 
of L-phenylalanine to L-tyrosine or directly from L-tyrosine, which is then 
hydroxylated to L-dihydroxyphenylalanine (L-DOPA). In the next step, 
L-DOPA is oxidized to dopaquinone which is common to both eu- and phe-
omelanogenic pathways. Formation of eumelanin involves transformation 
of dopaquinone to leukodopachrome, followed by a series of oxidoreduction 
reactions. Dihydroxyindole (DHI) and DHI carboxylic acid (DHICA) are 
produced as intermediates, which undergo polymerization to form eumelanin. 
Pheomelanin synthesis also begins with dopaquinone; this is conjugated to 
cysteine or glutathione to yield cysteinyldopa and glutathionyldopa, for fur-
ther transformation into pheomelanin. Mixed melanin contains both eu- and 
pheomelanin [12, 14–18].

3. Hyperpigmentary diseases of the face and their etiology

Melanocytes are responsible for the synthesis and distribution of melanin 
pigment, by the process of melanogenesis which involves different stages from 
embryonic development, melanin synthesis, to its transfer to neighboring kerati-
nocytes. The importance of each of these stages and their mechanisms is evident in 
clinical defects in the form of hypopigmentation or hyperpigmentation. Exposure 
of the skin to UV radiation or other exo- and endogenous sources/allergen poses 
erythema, variation of vascular responses and immunosuppression, formation of 
inflammatory mediators, or overproduction of melanin which leads to pigmentary 
disorder, i.e. hyperpigmentation [19–21].

Facial hyperpigmentation is a common and growing concern to the dermatolo-
gists today. The difference in structure and function of the skin, as well as the influ-
ence of cultural practices, produces variable skin diseases of the face based on skin 
type. There are many skin conditions quite unique to person skin of color. Some of 
them are summarized here.

3.1 Postinflammatory hyperpigmentation

Postinflammatory hyperpigmentation (PIH) refers to the darkening 
of the skin that arises after cutaneous injury or inflammatory eruption. 
Hyperpigmentation results from the melanocyte’s response to the cutaneous 
insult, which causes increased production of melanin. Acne lesions, scratches, 
insect bites, ingrown hairs, etc. are among such cutaneous insults. It has been 
found that patients of darker skin are more susceptible to this pigment altera-
tion. Postinflammatory changes can occur both in the epidermis and dermis 
of the skin. In epidermal hyperpigmentation, there is an increase in melanin 
production and/or its transfer to keratinocytes. In dermal postinflammatory 
hyperpigmentation, a damaged basement membrane allows melanin to enter the 
dermis, which is then phagocytosed by dermal macrophages, called as melano-
phages. Macrophages may also migrate into the epidermis, phagocytose mela-
nosomes, and then return to the dermis. Melanin within dermal melanophages 
may persist for years [22–25].

Physical examination of PIH includes small to large hyperpigmented macules 
and patches of variable size in any distribution. The time required for the normal-
ization of dyspigmentation is unpredictable and depends on many factors including 
the patient’s baseline skin tone, the type and intensity of the injury or inflamma-
tion, and the patient’s sun exposure habits [22, 24].
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3.2 Maturational dyschromia

It has been observed as darkening of facial skin tone, even outside of extensive 
sun exposure and sometimes termed as general uneven tone. Maturational dyschro-
mia can be described as diffuse hyperpigmentation usually occurs on the lateral 
forehead and cheek bones. According to one of the survey-based studies, more than 
one third of black women have complaint of uneven skin tone. These alterations in 
skin tone are possibly due to chronic sun exposure over many years. Maturational 
dyschromia may be misdiagnosed as melasma, acanthosis nigricans, or postinflam-
matory hyperpigmentation [26].

3.3 Ephelides

Ephelides, or freckles, are caused by an increase in photoinduced melanogen-
esis and increase in transport of fully melanized melanosomes from melanocytes 
to keratinocytes. It occurs on sun-exposed area of the body, predominantly the 
face, dorsal side of hands, and trunk. They are 1–3 mm hyperpigmented macules 
that are round, oval, or irregular in shape. They might increase in number and 
distribution but can fade with aging. Ephelides are benign and there is no tendency 
of it to transform into malignant. Ephelides are benign and show no susceptibil-
ity for malignant transformation. Some ephelides represent as a subtype of solar 
lentigo [27, 28].

3.4 Lentigines

Lentigines are found more commonly in white subjects including African-
Americans and American-Indians. Individuals of skin type I and III are more likely 
to develop solar lentigines. Solar lentigines result from a local propagation of basal 
melanocytes and a consequent increase in melanization, differing from freckles, 
which result from increased melanin production. Like ephelides, they also occur in 
sun-exposed areas, particularly the dorsal side of hands and forearms, face, upper 
back, and chest. Solar lentigines are 2–3 cm well circumscribed, round, oval, or 
irregularly shaped macules that differ in color from tan to dark brown [29, 30].

3.5 Melasma

Melasma is a common and well described form of hyperpigmentation that is 
seen most commonly on the face. It is a common disorder of hyperpigmentation 
affecting millions worldwide and at least 90% of those are females. It predomi-
nantly affects women with darker skin types, i.e. Fitzpatrick skin phototypes III 
and IV. It has also been referred to as chloasma or ‘the mask of pregnancy’ because 
the condition is often associated with pregnant women. There is recently no exact 
etiology, but multiple factors like ultraviolet radiation, hormonal alteration, genetic 
predisposition, and/or inflammation have all been involved. Physical examination 
of the disease includes light to dark-brown patches with irregular margins usually 
distributed symmetrically on the centrofacial, malar, and mandibular regions and 
can also be seen on the forearms [31].

On the basis of location of melanin, melasma can be differentiated into epider-
mal, dermal, mixed, and indeterminate types. In epidermal type, the pigment is 
brown, and borders are well defined, whereas in the dermal type pigment is gray 
brown, and borders are scantily defined. When there is melanin in both epidermis 
and dermis, mixed-type melasma occurs, and the term interdeterminate type may 
be used when it is not easy to classify even with the aid of Wood’s light [32].
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3.6 Lichen planus pigmentosus

Lichen planus pigmentosus is an unusual variant of lichen planus common in indi-
vidual with skin types III and IV. It affects young to middle-aged adults generally those 
from India, Latin America, and the Middle East. Clinically, there are oval or irregular 
gray-brown to brown macules or patches with usually diffused and symmetrical 
pattern on sun-exposed areas, including the forehead, and neck, or intertriginous 
areas. Lesions are often symmetrical and can present in unilateral, linear fashion. The 
etiology for the disease is unknown, but immunological mechanisms associated with 
cellular immunity and exposure to ultraviolet light appear to be concerned [33, 34].

4. Treatment strategies for facial hyperpigmentation

Treatment for facial hyperpigmentation seems to be challenging as there is no 
universally accepted therapy for it, and also the efficacy of existing agents is dif-
ferent. Majority of reports regarding treatment consist of small series of patients, 
so it is difficult to evaluate the efficacy of a variety of therapies. Additionally, there 
are multiple options available, but some of them come under increasing scrutiny, 
underscoring the requirement of research into pathogenesis and treatment. On the 
whole, treatment includes removal of provoking factors, photoprotection, and active 
pigment reduction with either topical formulations or physical approaches [35, 36].

4.1 Sunscreen

Numerous evidence-based studies showed that light from both UV and visible 
spectrum can induce variation in pigmentation pattern of the skin. Both UVA and 
UVB cause increased melanin synthesis resulting in delayed tanning. Sun protection 
is found to be the most significant step which has to be taken to prevent and to cure 
hyperpigmentation. So, broad spectrum UVA and UVB protective sunscreen with 
SPF of at least 30 including a physical block (e.g. titanium dioxide and zinc oxide) 
should be recommended in order to protect the skin from hyperpigmentation [37, 38]. 
It has been observed that the use of broad spectrum sunscreen on the first day after 
skin resurfacing can decrease the incidence of postinflammatory hyperpigmentation 
after laser treatment [39].

4.2 Cosmetic camouflage

Cosmetic camouflage is the application of makeup including cream and powder 
to conceal color. Physical blocking opaque sunscreens also have camouflage facial 
hyperpigmentation and prevent photoinduced darkening. Many patients find that 
the use of makeup helps even out skin tone. Moreover cosmetic camouflage solves 
the psychological problems that a skin imperfection is sometimes able to irritate; 
it allows to rejuvenate its own beauty and to return to its own social life [40]. A 
single-centre clinical trial was conducted by Roberts et al. on females with mild to 
moderate facial hyperpigmentation to assess the efficacy of multifunctional facial 
primer. They found it very effective for immediate or long-term improvement of 
hyperpigmentation when used over a period of 12 weeks [41].

4.3 Chemical peel

Chemical peels can be used for the treatment of facial hyperpigmentation either 
alone or combined with other regimens. Most common chemicals used for peeling 
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are trichloroacetic acid, phenol, lactic, glycolic acid, retinoid, etc. In this technique, 
a chemical solution is applied to the skin which makes it exfoliate and ultimately 
peel off; it means it damages the skin in a controlled manner. Finally the newer skin 
appears with no hyperpigmentary spots. After chemical peel, the skin becomes 
more sensitive to sun, so the use of sunscreen is recommended. Generally, there are 
three types of chemical peels based on the depth of the skin they exfoliate: super-
ficial peel, medium peel, and deep peel. In superficial peel, mild acids like alpha 
hydroxy acids are used to exfoliate the skin. It only penetrates the outermost layer 
of the skin. Trichloroacetic acid or glycolic acids are used in medium peel to remove 
damaged skin; they reach to the middle and outer layer of the skin. On the other 
hand, deep peels fully penetrate the middle layer of the skin. Medium-depth peel 
should be highly recommended and performed with caution, and deep peels are 
not at all recommended because of the high risk of permanent pigmentary changes. 
Although chemical peeling may help in improving facial hyperpigmentation, they 
can also cause irritation which leads to dyspigmentation [42].

4.4 Dermabrasion

Dermabrasion is the non-chemical superficial removal of the upper skin 
with abrasive tool. Patients with resistant melasma, especially with well-known 
dermal components that are hard to treat, have been successfully treated with 
dermabrasion. Methods with the use of 16-mm diameter coarse grit diamond fraise 
are considered successful. Ninety seven percent of patients were found to have 
improvement, and only around 1% was found to develop hypertrophic scars or 
permanent hypopigmentation [43]. In most of the other cases, mild to moderate 
improvement has been shown with dermabrasion. Histopathologically, decreased 
melanization and regular distribution of melanosomes were commonly observed in 
biopsy samples of patients treated with dermabrasion [44].

4.5 Laser therapy

Laser and light therapy is a promising and effective treatment for a variety of 
hyperpigmentation conditions. In particular, longer wavelength is the most widely 
used laser because it can penetrate deeper and can target dermal pigments. Lasers and 
light sources should only be used by the experienced physician, and it should only be 
attempted after other modalities have been proven to be unsuccessful for a particular 
disorder. This treatment strategy however is quite challenging because of the high risk 
of damage to surrounding tissues that can lead to long-lasting and delayed postin-
flammatory hyperpigmentation. So, proper patient counseling with regard to side 
effects, and expectations should always be done prior to any laser therapy [45, 46].

4.6 Topical treatment

The majority of topical agents used are those that disrupt the enzymatic 
processes of pigment production within melanocytes. Different agents like 
hydroquinone, kojic acid, arbutin, retinoids, etc. have been used either alone or 
in combination with varying degree of efficacies. Kligman formulation having 
combination of hydroquinone, tretinoin, and hydrocortisone has been used in 
many skin lightening creams. Modified combination of Kligman formulation has 
also been successfully tested by various scientists during their studies, and now they 
have been practised in various lightening creams. But continuous applications of 
these agents have been found to have certain side effects. Hydroquinone is the gold 
standard for the treatment of facial hyperpigmentation and has been used for many 
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years, but adverse reactions have been associated with hydroquinone, which include 
asymptomatic transient erythema, irritation, and exogenous ochronosis [47]. Kojic 
acid is a known sensitizer and can cause erythema and contact dermatitis. Similarly, 
arbutin at higher concentrations can cause paradoxical hyperpigmentation [48].

There are various national and international brands who are claiming that the 
skin will glow after a short period of time on topical application of their cream. 
They are claiming that their products are entirely safe as they are using herbal 
ingredients. But, it is not possible to make the skin glow and white in a short span 
of time without using harmful substances such as heavy metals. The Centre for 
Science and Environment (CSE) has reported that about half of the 73 national and 
international brands of popular cosmetics contain high levels of toxic heavy metals 
such as mercury, cadmium, etc. The CSE’s Pollution Monitoring Lab had tested 
popular fairness creams and found 44% mercury in it. According to Sunita Narain, 
director general of CSE, ‘Mercury is not supposed to be present in cosmetic prod-
ucts. Its mere presence in these products is completely illegal and unlawful [49]’.

5. Consequences of conventional treatment strategies

Although there are several modalities of treatment for facial hyperpigmenta-
tion available today including physical therapies or chemical agents, none of them 
are entirely satisfactory. Traditional topical agents like hydroquinone, kojic acid, 
arbutin, etc. are highly effective, but their long-term exposure causes several 
side effects. Persistent erythema, swelling, pain, allergic reactions, herpes recur-
rence, acne, dyspigmentation, etc. are some of the various after effects associated 
with treatment strategies like chemical peeling, dermabrasion, laser therapy, and 
cosmetic camouflage [50, 51].

There is a high risk of damage to the surrounding tissues when treated with 
laser therapy. During one of the clinical trials on woman patients, allergic reac-
tions have been reported when treated with chemical peel using tretinoin. Patients 
exhibited itching, swelling, and erythema on their entire face [52]. Though the use 
of sunscreen with 50+ SPF may protect the skin from sun tan, its long-term use 
significantly decreases the cutaneous vitamin D production which is necessary for 
bone health and hence increases the risk of osteoporosis [53].

6. Natural herbal-based treatment for hyperpigmentation

Due to the consequences of conventional treatment modalities for skin hyper-
pigmentation, scientists and dermatologists are now looking for the treatment 
which will be safe and having very less or no side effects as well as do not contami-
nate the environment. Thus, the use of herbs and their ingredients for skin hyper-
pigmentation treatment is gaining interest as they are found to be safer, milder, and 
healthier than synthetic products. Dermatological formulation, including active 
compounds of strictly natural origin, is designed to protect the skin from hyperpig-
mentation. The aim of using natural ingredients is to reduce skin hyperpigmenta-
tion without causing undesirable hypopigmentation and irritation in the skin [10].

As there are many processes and enzymes involved in melanogenesis, there is a 
wide range of targets or mechanisms against which to screen for skin pigmentation 
control agents. Active compounds extracted from different plants inhibit melano-
genesis without melanocyte toxicity by different mechanisms including inhibition 
of tyrosinase and other related protein expressions, inhibition of tyrosinase activity, 
inhibition of melanin dispersion, and translocation.
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6.1 Inhibition of tyrosinase activity

As tyrosinase is the key enzyme of melanogenesis, inhibitors of this enzyme have 
caught the interest of dermatologists to prevent abnormal accumulation of melanin. 
There are various botanical agents that are acting through interfering in the pathway 
leading to melanin synthesis by inhibiting the activity of tyrosinase [54].

p-Coumaric acid extracted from the fresh leaves of Panax ginseng was used 
to inhibit the oxidation of L-tyrosine catalysed by mushroom tyrosinase [55]. 
Epicatechin gallate, gallocatechin gallate, and epigallocatechin gallate were the 
three major components isolated from green tea, and their efficacy of the inhibition 
of mushroom tyrosinase was assessed and found that green tea was the strongest 
inhibitor. Kinetic analysis revealed that these components inhibit tyrosinase via 
competitive inhibition [56]. Similarly, studies of Hridya et al. [57] and Hridya et al. 
[58] demonstrated that brazilein isolated from Caesalpinia sappan and santalin 
isolated from Pterocarpus santalinus have been found to reversibly inhibit tyrosinase 
in a mixed-type manner. Both the compounds inhibited tyrosinase activity dose 
dependently.

Recently, Kim et al. [59] have isolated five flavonoids, kushenol A, 8-prenylkaemp-
ferol, kushenol C, formononetin, and 8-prenylnaringenin, from Sophora flavescens 
to find out compounds with inhibitory activity towards tyrosinase. They have tested 
the ability of these flavonoids to block the conversion of L-tyrosine to L-DOPA by 
tyrosinase. Among the five compounds, kushenol A and 8-prenylkaempferol exhibited 
potent inhibitory activity which was further confirmed by molecular docking analysis.

6.2 Inhibition of tyrosinase and other related protein expressions

To develop treatment therapies for hyperpigmentation, many natural products 
have been tested which aimed at inhibiting production and expression of enzymes 
involved in rate-limiting steps of melanogenesis pathway including tyrosinase, 
tyrosinase-related protein-1 (TRP-1), and tyrosinase-related protein-2 (TRP-2).

Macelignan isolated from Myristica fragrans has shown inhibitory action on 
melanogenesis and significantly decreased the expression of tyrosinase, tyrosinase-
related protein-1, and tyrosinase-related protein-2 expressions in melan-a murine 
melanocytes. Macelignan effectively inhibits melanin synthesis and thus could be 
used as a new skin whitening agent [60]. Panduratin A isolated from Kaempferia 
pandurata was also found to inhibit melanin biosynthesis. Through western blot 
analysis, panduratin A has shown decrease expression of tyrosinase, TRP-1, and 
TRP-2 proteins [61]. Similarly, curcumin suppressed the expression of melano-
genesis-related protein expression such as tyrosinase, TRP-1, TRP-2, and MITF in 
alpha-melanocyte-stimulating hormone (MSH)-stimulated B16F10 cells [62].

Panax ginseng is a medicinal herb, which contains various ginsenoside with 
therapeutic effects. Lee et al. [63] isolated floralginsenoside (FGA), ginsenoside 
Rd. (GRd), and ginsenoside Re (GRe) from Panax ginseng berry. Among the three, 
floralginsenoside (FGA) was observed to impart more inhibitory effect on melano-
genesis through decreased expression of microphthalmia-associated transcription 
factor in a dose-dependent manner. In addition to this, FGA also induced extracel-
lular signal-regulated kinase phosphorylation level in melan-a cells. Peng et al. 
[64] evaluated the antimelanogenic and depigmenting activity of 10-hydroxy-
2-decenoic acid (10-HDA) from royal jelly of Apis mellifera. They have reported 
that 10-hydroxy-2-decenoic acid (10-HDA) would reduce melanin biosynthesis 
through inhibiting the expression of tyrosinase, TRP-1, TRP-2, and MITF in B16F1 
melanoma cells.
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In a recent study, Ko et al. [65] investigated that n-hexane fraction of Sageretia 
thea downregulated melanogenesis through reduced expression of tyrosinase, 
TRP1, TRP2, and MITF. Bioactive compounds responsible for melanogenesis inhibi-
tion were identified through gas chromatography-mass spectrometry (GC-MS) 
analysis as methyl linoleate and methyl linolenate.

6.3 Inhibition of melanosome transfer to keratinocytes

Regulation of skin pigmentation depends on several processes. The transfer 
of melanosomes from melanocytes to keratinocytes is one of the major factors 
which play a crucial role in cutaneous pigmentation. Hence there are various 
treatment modalities developed to inhibit melanosome transfer in order to prevent 
hyperpigmentation.

Niacinamide, a derivative of vitamin B3, can be found in many foods including 
meat, milk, eggs, green vegetables, etc. Greatens et al. [66] found that niacina-
mide inhibits melanosome transfer to keratinocytes in cocultures of keratinocytes 
and melanocytes. They have assessed the effect of niacinamide on facial hyper-
pigmented spots through human clinical trials and observed the reduction of 
hyperpigmented lesion. Methylophiopogonanone B extracted from Ophiopogon 
japonicus also appeared to reduce melanosome transfer [67]. Similarly, centaureidin 
(5,7,3′-trihydroxy-3,6,4′-trimethoxyflavone) derived from Achillea millefolium also 
reduced melanosome transfer to keratinocytes. It was believed that centaureidin 
activates Rho which leads to melanocyte dendrite retraction without affecting mela-
nogenic enzyme expression [68].

7. Conclusion

Hyperpigmentation is a common condition characterized by patches or spots 
on the skin. Pigment spots appear mainly on body parts that are exposed and 
hence are more commonly found on face. Facial hyperpigmentation is not only 
the problem concerned with pharmaceuticals and cosmeceutical sciences, but it 
is a problem that can pressurized the beauticians also to find out its treatment. 
Besides of being a disease, it is also associated with psychosocial complications. 
So, the appropriate treatment for hyperpigmentation is the need of the day. There 
are various treatment modalities available in medical sciences in order to treat 
hyperpigmentation, but many of them come under increasing scrutiny due to 
the side effects they impart on the patient skin. Herbal ingredients on the other 
hand are free from side effects and can hardly contaminate the environment. 
Hence, they are used for the treatment of facial hyperpigmentation. Many plants 
and their products have been used successfully to treat hyperpigmentation. 
But still, there are infinite numbers of plants which are yet to be characterized 
for their efficacy to treat hyperpigmentary problems of the face. Scientists all 
over the world would therefore try to evaluate more potent agents using various 
state-of the-art techniques that are highly effective and safe for the treatment of 
hyperpigmentation.
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