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Preface

Pigmentation disorders affecting the patient’s skin color are relatively common
diseases in skin clinics. The skin gets its color from a pigment called melanin,
which is produced by special cells in the skin called melanocytes. When mela-
nocytes are damaged or unhealthy, melanin production is disrupted. Generally,
pigmentation disorders can be divided into two groups: hyperpigmented and
hypopigmented. In hyperpigmented conditions, there is an increase in melanin
production. Melasma, age spots, and post-inflammatory hyperpigmentation are
common examples of these disorders. Hyperpigmented conditions can be caused
by skin damage, burns, exposure to sunlight, pregnancy, hormone therapy, and
other skin diseases such as acne.

When the body cannot produce enough melanin, the skin loses its color partially or
completely. Hypopigmentation conditions can be caused by genetic factors, immu-
nological changes, trauma, and inflammation, as well as blisters, burns, dermatitis,
and fungal infections. One such disorder, vitiligo, causes white, non-scaly patches
on the skin, especially on the skin of elbows, knees and periorificial areas such as
around the eyes and mouth.

This book contains nine chapters in five sections which discuss the latest find-

ings and treatments of the most common skin pigment diseases. Section 1,
“Hyperpigmentation Disorders”, opens with a chapter on melasma, a common
hyperpigmentation disorder that is classified based on brown pigmentation in sun-
exposed areas such as the face. Extensive courses of treatment, which are often quite
problematic, are required for stable maintenance care As it involves exposed areas
of the face, melasma can have a severe impact on a patient’s quality of life and causes
emotional, psychological, and social stress. Melasma is usually more common in
women with higher phototypes (III-V). It can be triggered by pregnancy, contracep-
tives, thyroid disease, hormone therapy and exposure to sunlight. Chapter 2 explores
the pathogenic mechanism of melasma and reviews treatments.

The two chapters in Section 2, “Hypopigmentation Disorders”, examine the patho-
genesis, clinical features, treatment, and psychological impact of vitiligo, a condition
that affects 0.5-2% of the population worldwide. Selective loss of melanocytes is a
characteristic feature of vitiligo. Among the many theories proposed for melanocyte
loss, the convergence theory, which suggests that a combination of biochemical, envi-
ronmental, and immunological factors play a role in the pathophysiology of vitiligo,
is currently the most widely accepted theory. Treatment options, depending on the
subtype, extent, distribution and activity of the disease, include local and systemic
immunosuppressants, phototherapy, and surgery. Psychological conditions associ-
ated with vitiligo include stigma, adjustment disorders, sleep disturbance, relation-
ship problems including sexual dysfunction, and avoidant or restrictive behavior.
Depression, anxiety and alexithymia have also been reported. Female gender, visible



or genital lesions, age less than 30 years, and more involvement of the body surface
are risk factors for developing mental illnesses. Psychological tests (HADS, TAS-20,
DLQI, or BDI-II) can be useful to evaluate these patients and decide on a better treat-
ment approach.

Section 3, “Medications and Pigmentation Disorders”, opens with an overview

of the most significant skin pigmentation molecules used in hyperpigmentation
treatments. The most effective depigmenting agents, such as hydroquinone and the
Kligman formula, are associated with long-term side effects, but safer depigment-
ing agents, such as kojic acid, arbutin, and niacinamide, may be less effective.
Tranexamic acid and cysteamine are two new and interesting molecules that seem
to fulfill most of the required properties of an acceptable skin-whitening agent.
Drug-induced pigmentation occurs in 20% of skin pigment disorders. Its occur-
rence has been reported in certain drugs, including alkylating/cytotoxic agents,
analgesics, antiarrhythmics, anticoagulants, antiepileptics, antimalarials, antimi-
crobials, antiretrovirals, metals, prostaglandin analogs, and psychotropic agents.
The proposed mechanisms include (1) melanin accumulation, (2) drug accumula-
tion, (3) new pigment production, and (4) iron deposition. Although drug associa-
tion is difficult to confirm, history, with an emphasis on medications currently
being used, and clinical examination, may guide clinicians to an accurate diagno-
sis. Treatment options include drug discontinuation, adequate sun protection, and
non-ablative pigment lasers. The final chapter in this section reviews prominent
hyperpigmentation manifestations such as post-inflammatory hyperpigmentation
(e.g., acne-related), solar lentigo, melasma, and periorbital hyperpigmentation,
together with recent advances in aesthetic interventions.

Section 4 is titled “Pigmentation Disorders in Skin of Color”. Pigment disorders
are more frequently seen in patients with darker phototypes (Fitzpatrick IV to
VI). Inflammatory dermatoses such as acne are often associated with hyperpig-
mentation after inflammation, but psoriasis and lichen planus are associated

with dyschromia. Some skin diseases such as mycosis fungoides have unusual
manifestations in the form of hypopigmented plaques. All of these dyschromias
have a significant impact on quality of life and are responsible for practices such as
voluntary cosmetic depigmentation with products such as steroids, hydroquinone,
mercury salts, and various depigmentation products. This procedure is the source
of pigment disorders such as exogenous ochronosis, lichenoid and lupoid derma-
toses, and hyperpigmentation around the eyes. For this reason, treatment manage-
ment is difficult, so early diagnosis of the disease and appropriate treatment are
recommended.

Section 5, “The Role of Melanin in Internal Organs”, discusses the role of melanin
pigment in the retina and inner ear. Melanin pigment is normally present in the
outermost layer of the retina, in the inner ear adjacent to capillaries in stria vascu-
laris near hair cells, and in vestibular organs. Significant reduction in melanin pig-
ment in mammals is associated with embryonic miswiring and disruption of visual
and auditory function. The consequences for the visual system include abnormal
development of the retina and misrouting of optic pathways into the brain impair-
ing visual acuity, eye movement and stereovision. Lack of melanin pigment in

XIvV



the inner ear is associated with greater susceptibility to noise damage and poorer
localization of sound in space.

I would like to thank the editorial team at IntechOpen for their kind help and
support with the publication of this book.
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Chapter1

Introductory Chapter: Quality of
Life in the Patients with Melasma

Shahin Aghaei and Ali Moradi

1. Introduction

When we were thinking about the title for the introductory chapter, naturally, the
most common pigmentation diseases were the priority [1]. In other chapters of the
book, vitiligo was discussed from both psychological and clinical aspects. On the other
hand, the clinical course of melasma and post-inflammatory hyperpigmentation was
present in other chapters, but there was no room for a psychological discussion of
melasma patients and its effects on the patient’s quality of life.

Melasma is a characteristic pattern of marginated facial hyperpigmentation,
occurring primarily on the face. The cause of melasma is not completely known, but
pregnancy, estrogen therapy, exposure to sunlight and ultraviolet light, and positive
family history in Caucasian patients are well known [2]. Melasma is more common in
women and non-Caucasian people, although it has been seen in men of all races [2, 3].

Melasma can have significant emotional and psychological impacts on patients.
The 10-item the Melasma Quality of Life (MELASQOL) scale was devised from the
comprehensive Health-Related Quality of Life (HRQoL) assessment set [4, 5]. HRQoL
is a scale used to define the social, physical, and psychological well-being of an
individual and to evaluate the distress of disease on daily living [6, 7].

In this chapter, we will concisely review the clinical aspects, treatments, and the
impact of melasma on the quality of life (QoL) of the patients.

2. Clinical manifestations

Melasma is an acquired hyperpigmentation ailment in which some light to dark
brown and irregular macules and patches are distributed on the sunlight-exposed
body areas. Lesions are usually on the skin of the forehead, temples, upper lip, and
cheeks [8].

It is often disseminated in one of four clinical patterns, that is, centrofacial, malar,
mandibular, and extrafacial; the last pattern is variable but is predominantly located
on the upper extremities, often on sun-exposed sites. It is known that the centrofacial
pattern is the most common type. Melasma is sometimes classified as epidermal,
dermal, or mixed types based on the level of melanin deposition in the epidermis
and/or the dermis [2, 9].

The disorder is common in women, especially during reproductive ages,
although it is possible in the teenage years, in older women who take special
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medicines, and sometimes in men [10]. Although the main cause of melasma is still
unknown, it seems to be the result of genetic and environmental factors that play a
role in causing it [4].

Among the many factors that are associated with melasma, contact with sunlight is
the most related [8]. Among other factors, pregnancy, some hormones, birth control
pills, some endocrine disorders, especially thyroid gland disorders, family history,
using some cosmetic products, anti-epileptics, and phototoxic drugs are seen [11, 12].

Wood’s lamp is a simple diagnostic device that can be used to see the depth of
skin pigmentation. When exposed to UV light in a dark environment, the pigmented
skin is clearly visible, and the dark border becomes fluorescent [13]. Moreover, with
Wood’s lamp, superficial or epidermal melasma is usually seen more clearly under
light, whereas deep or dermal melasma shows no particular changes [14].

When examined with a dermoscope, in superficial or epidermal melasma, a
network of brown reticulated islands with dark and small seeds can be seen scattered
[14]. Reflectance confocal microscopy can be used in cellular evaluation in patients
with melasma. Sometimes a skin biopsy is used to confirm the diagnosis of melasma
and of course often to rule out other differential diagnoses.

3. Treatments

The most common therapeutic agents used are those that inhibit the production
of melanin by decreasing melanogenesis and melanocyte proliferation. Using 2-5%
hydroquinone cream at night for 2 to 4 months has a significant improvement in
melasma. Kojic acid, azelaic acid, and tranexamic acid can be mentioned as topical
treatments. In the treatment of melasma, before using chemical peeling or laser
therapy, it is better to use only topical treatments first [15]. Kligman’s formula, which
is a mixture of hydroquinone, tretinoin, and dexamethasone in a cream base, is cur-
rently the best treatment for melasma and leads to recovery in 60-80% of patients,
which is why it is called the gold standard treatment [9, 16, 17]. The use of hats and
broad-spectrum sunblock creams is very important for the success of melasma treat-
ment and the prevention of the recurrence of the disease.

Oral tranexamic acid has become popular because of its low price and availabil-
ity. A meta-analysis study of randomized controlled trials shows that this drug has
significant efficacy and safety [18]. But before prescribing it, the physician should
consult with the patient about the dosage and its side effects. It should be noted that
topical use of tranexamic acid has no significant effect.

The use of chemical peels and lasers should be approached with caution, as they
may exacerbate or cause a relapse of melasma [9]. These interventions should be
undertaken by an expert with an understanding of skin color. A series of 3-6 ses-
sions of chemical peels with active ingredients, such as alpha hydroxy acids (AHA),
for example, 6-12% glycolic acid cream or lotion, and beta hydroxy acids (BHA),
for example, salicylic acid, has also been shown to be useful in the treatment of
melasma as they can remove surface skin and decrease the physiological activity of
tyrosinase [19].

Intense pulsed light (IPL) devices have a range of different wavelengths that
are used to treat superficial and deep melasma [20]. This treatment is better used
together at the same time with topical medications. IPL treatment only gives a mod-
erate improvement if it is not combined with topical treatments, and the recurrence
rate will also be moderate. Q-switched lasers, ablation lasers, and picosecond lasers
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can also be used to treat melasma but may cause deeper hyperpigmentation after
treatment [9, 20].

In general, laser therapy, compared to topical treatments, has a higher probability
of recurrence and disease resistance to treatment [9]. Some treatments may be associ-
ated with post-inflammatory hyperpigmentation or hypopigmentation, which should
be considered before treatment. Cosmetic camouflage creams can be an important
auxiliary treatment for these complications in patients [17].

Finally, it is important to mention that the treatment of melasma should often
be done with a multifaceted approach, and its goal is to reduce pigment production
and achieve balance in the patient’s skin [16]. Because of the high chance of recur-
rence, maintenance treatments are often required, along with protection from strong
sunlight with broad-spectrum sunscreens.

4. Quality of life

Despite the existence of various drugs and methods in the treatment of melasma,
there is little information about their effect on the daily lives of patients. Health-
related quality of life (HRQoL) is a measure to describe a person’s physical, social, and
mental health and assess the disease burden in daily life [6, 7]. When a patient has
extensive melasma on the face, a person’s overall emotional health can be significantly
affected, also leading to reduced social functioning, efficiency at work or school, and
decreased self-confidence [6, 7, 21].

As melasma has a much impact on the psychological aspects of a patient’ life
than on the physical, a new instrument was needed to more accurately determine the
HRQoL in these patients [4].

Some studies have shown that the three life domains most affected by melasma
are social life, recreation and leisure, and emotional well-being. The sensitivity to
change of the MELASQOL was examined in 72.8% of the patients with melasma.
These patients were reassessed 6-8 months following topical treatment and
demonstrated highly significant improvement in the MELASQOL total score. The
largest effect size was obtained in the social life domain. These results indicate
that MELASQOL is able to capture changes in patients’ improvement that are not
reflected in clinical rating scales of melasma severity. In addition, the present studies
provide evidence for the excellent responsiveness of MELASQOL to treatment-
induced changes [4, 5].

As mentioned before, melasma occurs in exposed areas of the body, especially in
the face, and clearly affects the appearance of sufferers, so the patient is affected by
the mental aspects and social illness, and almost always it affects the generality of the
patients and has an effect on the quality of life of the sufferers that results in the influence
of a person’s self-concept and the patient’s self-confidence [22]. Melasma is also due to
people’s complaints about their appearance and beauty, which causes many problems. It
creates an obvious psychological problem in patients [12, 23].

Measuring the quality of life in skin diseases is very important because these
diseases are not mostly life-threatening [12], but through different ways, such as
causing symptoms (itching and pain), mental pressure (deficiency of self-confidence
and nervousness), influence on social relations and family, and treatment problems
(financial burden and waste of time), they can affect the patient’s life [24, 25].

Melasma is no exception to this rule; the results of the studies carried out indicate
that melasma is very destructive to the quality of life of the sufferers and has the
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most negative effect in the areas of social life, entertainment, and mental health of
patients’ lives [23, 26].
5. Conclusions

Melasma has a significant negative impact on the patient’s quality of life. Thus,
evaluating the quality of life of patients with melasma during treatment should not
be ignored. Additionally, utilization of the DLQI and especially the MELASQoL scale
should be considered in the care plan.
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Chapter?2

Melasma: A Review about
Pathophysiology and Treatment

Marisa Gonzaga da Cunha and Ana Paula da Silva Urzedo

Abstract

Melasma is a very common disease that is manifested by increased skin pigmenta-
tion mostly in the face but also in the décolleté, neck, and arms. It is presented as
irregular, light to dark brown spots, placed on the forehead. Cheek bones, mandible,
and supralabial region. It usually affects women in higher phototypes (III-V), more
commonly at a rate of nine women: one man. Melasma is a multifactorial disease, and
we know that some conditions, such as pregnancy, contraceptives, thyroid diseases,
hormone replacement, and solar exposure, could be a trigger to develop this illness.
Despite not being a serious condition, melasma causes discomfort for those who have
it, and it could compromise the patient’s quality of life. The goal of this chapter is to
understand the pathogenic mechanism of melasma as well as revise the treatments of
this disorder.

Keywords: melasma, melasma treatments, melasma oral treatments, laser, pulsed light
intense, peelings and melasma, hormones and melasma

1. Introduction

Melasma is a condition that affects millions of individuals around the world,
most often women than men, in the proportion of 9:1. Although it is not a serious
disease, it has a very important psychological impact on people who suffer from this
condition.

It is known to affect people with higher phototypes; it is related to exposure to UV
radiation and visible light, as well as thyroid disorders, and the use of contraceptives,
hormone replacement, and drugs for epilepsy [1, 2].

2. Methodology

The authors made research on the platform PubMed with the terms: “melasma,”
“melasma and treatment,” melasma and pathophysiology,” “melasma and new treat-
ments,” “melasma and oral treatments,” and “melasma and laser.”

More than 10,660 papers were found. The papers included in this chapter have

been published in the last 5 years.
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3. Objective

The objective of this chapter is to review the pathophysiology of Melasma and
discuss both current treatments and the ones about to come.

4. Etiopathogenesis

For a better understanding of pigmentation disorders, it is important to under-
stand the biology of melanocytes, which are neural crest-derived cells. During
embryogenesis, melanocytes’ precursor’s cells, called melanoblasts, migrate along the
dorsolateral pathway to reach the epidermis and hair follicles.

Causes for the increase in the production of melanin:

1. Expression of proopiomelanocortin (POMC) and its derivatives by cells within
the skin;

2.Number of melanocortin-1 receptors (MC1-R) on melanocytes;

3.Release of diacylglycerol (DAG) from the plasma membrane that activates pro-
tein kinase C;

4.Induction of SOS reaction for UVR-induced cell damage;

5.Production of nitric oxide (NO) that activates the cGMP pathway;

6. Production of cytokines and growth factors by keratinocytes [3].

Five main etiopathogenic mechanisms have been detected in melasma:

1. Inappropriate activation of melanocytes;

2. Aggregation of melanin and melanosomes in the dermis and epidermis;
3.Increased number of mast cells and solar elastosis;

4.Basement membrane changes;

5.Increased vascularization.

4.1 Inappropriate activation of melanocytes

The melanocytes are more active in the area of the melasma, and when exposed
to UV radiation or visible light, they increase the production of melanin through
organelles called melanosomes.

Melanin synthesis is closely related to the enzyme tyrosinase, which, in addition
to several other enzymatic processes, will convert tyrosine into eumelanin. After this
conversion, melanin will be distributed to the keratinocytes. Keratinocytes, fibro-
blasts, and other cells of the immune system will secrete paracrine factors related to
either inflammatory stimuli or sunlight.
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Extracellular matrix (ECM) glycoproteins in peripheral cutaneous nerves can also
be affected by melanogenesis. These mechanisms increase the amount of melanin in
keratinocytes in the epidermis and macrophages in the dermis.

The receptor for tyrosine kinase (c-KIT) is able to place phosphate groups on
the tyrosine residues of other proteins, as well as activate autophosphorylation. The
KIT binding membrane (m-KIT) and its soluble form (s-KIT) have demonstrated
antagonistic mechanisms iz vivo and in vitro. The binding of stem cell factors (SCF) to
m-KIT induces melanogenesis, while the s-KIT production suppresses melanogenesis
in human melanocyte culture.

UVB radiation increases SCF and m-KIT levels and decreases s-KIT expres-
sion levels, resulting in increased melanogenesis. The increase in SCF levels in
the dermis together with the increase in c-KIT in the epidermis of patients with
melasma is partially mediated through cell-cell interactions between melanocytes
and fibroblasts.

Fibroblasts secrete Wnt signaling modulators, which stimulate both melanogenesis
and melanosome transfer. The Wnt/f-catenin pathway includes a large family of
proteins with different cellular functions, such as melanoblast migration, prolifera-
tion, and pigmentation induction. Wntl is a beaded transmembrane receptor binding,
which promotes the accumulation and stabilization of p-catenin. When incubated in
cell culture, melasma fibroblasts also enhance melanogenesis, with overexpression of
nerve-derived growth factor.

Another implicated factor is the UV radiation that induces cyclooxygenase (COX-
2). COX-2 knock-down in melanocytes results in decreased expression of tyrosinase,
protein-1 (TRP-1), TRP-2, glycoprotein 100, and MITF. Besides, COX-2 siRNA-
transfected melanocytes show a reduction of alpha MSH.

Despite the whole face being exposed to the sun, it can be observed that only some
areas, mainly the ones rich in sebaceous glands, will be affected by melasma. This may
be due to the fact that these appendages have the ability to synthesize vitamin D and
secrete various cytokines and growth factors. Sebocytes are controlled by alpha-MSH,
which suggests a connection between these cells and melanocytes. Moreover, skin
surface lipids undergo oxidation by UVR, which can activate melanin synthesis in
melanocyte culture.

There is also a marked increase in superoxide dismutase activity, as well as a
significant reduction in glutathione levels in melasma patients, leading to the belief
that these people suffer from increased oxidative stress [4, 5].

4.2 Aggregation of melanin and melanosomes in the dermis and epidermis

Biopsies of areas affected by melasma demonstrate melanin increase in both
epidermis and dermis when compared to perilesional skin.

Rupture of the basement membrane causes melanocytes to descend into the
dermis as free melanocytes (melanocyte effusion). On electron microscopy, it can be
seen that melanocytes in the area with melasma have more dendrites than those in
normal skin. They also have more mitochondria, golgi complex, rough endoplasmic
reticulum, and ribosomes in their cytoplasm [4].

4.3 Increased number of mast cells and solar elastosis

Solar elastosis is the abnormal accumulation of elastic tissue in a dermis that is
chronically exposed to the sun, and this occurs in 83—93% of patients with melasma.
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Mast cells are most prominent in the elastotic areas of the skin affected by
melasma. In the development of solar elastosis, mast cells have been shown to induce
fibroblasts to produce elastin, either directly or indirectly through other cells or cyto-
kines. Mast cells are capable of inducing vascular proliferation by various angiogenic
factors, such as VEGEF, basic fibroblast growth factor (bFGF-2), and transforming
growth factor beta (TGF-p).

Mast cell tryptase and granzyme B are involved in basement membrane degrada-
tion after UV irradiation. Mast cells are involved with solar elastosis, vasodilation,
and basement membrane rupture, which can be seen in histology [4].

4.4 Basement membrane changes

The rupture of the basement membrane (BM) is described in several studies.
Vacuolar degeneration of basement cells and vacuolar degeneration of the basement
membrane and subbasement membrane region have been described.

Chronic exposure to UV radiation results in increased levels of matrix metal-
loproteinase 2 (MMP2), which degrades collagens IV and VI, leading to basement
membrane rupture. This allows melanocytes to descend through the dermis, which is
known as pendant melanocytes, and they can contribute to pigmentation both during
their migration into the dermis and after trauma or treatment.

BM damage, due to aging, environment, and iatrogenic factors, could facilitate the
migration of active melanocytes and melanin to the dermis, leading to the accumula-
tion of free melanin or melanophages, thus explaining the persistent hyperpigmenta-
tion in melasma.

BM degradation is also mediated by mast cells as seen above. The degradation
of these cells releases tryptase that can activate MMPs and cause direct damage to
extracellular matrix proteins.

Granzyme B, a serine protease expressed by a variety of immune and nonimmune
cells (including mast cells), accumulates in the extracellular space during chronic
inflammation and cleavage of various extracellular matrix proteins, possibly leading
to the ECM degradation after UV irradiation.

Melasma presents an accumulation of photodamaged fibroblasts, which leads us
to believe that the aging caused by UV radiation may be involved in the genesis of this
disease.

BM degradation may facilitate the transfer of multiple growth factors between
dermis and epidermis, which could lead to persistent hyperpigmentation [4].

4.5 Increased vascularization

A pronounced increase in vascularity is seen in melasma, and this can also be
observed in various inflammatory conditions, including the response to UV radiation.

Vascular endothelial growth factor (VEGF) is increased in the vessels in areas
affected by melasma. Normal human melanocytes express VEGF receptors in vitro.
Some of these receptors are functional, suggesting that VEGF plays a role in melano-
cyte behavior in the skin.

VEGEF binds to specific receptors, which are also found on endothelial cells that
have been shown to stimulate pigmentation through the production of endothelin 1.
Endothelin 1 is released by the endothelium of microvessels inducing melanogenesis,
characterized by MIFT phosphorylation and increased tyrosinase levels. VEGF
also influences melanocytes by stimulating the release of arachidonic acid and the
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subsequent activation of phospholipase A. The increased production of melanin may
result from metabolites that are secreted in the arachidonic acid pathway. VEGF may
also partially affect pigmentation through positive regulation of the expression of
protease-activated receptors (PAR-2), especially in melasma patients with prominent
telangiectatic erythema.

Sex hormones alone, mainly estrogen, are not capable of inducing melasma
pigmentation, but they act synergistically with UVB radiation. However, estrogen can
perpetuate hyperpigmentation by increasing vascularity, which, in turn, stimulates
endothelin 1 secretion. As the sensitivity of cells to sex hormones is an individual
factor, this could probably explain the variability in susceptibility to developing the
disease [2, 4].

4.6 The role of visible light in melasma

A follow-up study by Regazzetti et al. was performed on normal human melano-
cytes (NHMs) in order to understand the mechanisms of blue-light-induced hyper-
pigmentation. Blue light has been shown to stimulate melanogenesis by acting on the
microphthalmia-associated transcription factor (MITF), the master pigmentation
gene.

Photons are absorbed and converted into a cellular response through a class of
G-protein-coupled receptors called opsins, which are light-activated. Traditionally,
opsins are well known for their role in the photoreception of the eye. However, recent
studies have shown that rhodopsin (OPN2), cone opsins (OPN1-SW), encephalopsin/
opsin-3 (OPN3), and neuropsin (OPNS5) are expressed both in melanocytes and
keratinocytes. Notably, OPN2 and OPN3 were significantly more abundant than other
opsins. In Regazzetti’s study, after irradiating normal human melanocytes with blue
light, OPN3 was the only significantly expressed opsin. To investigate whether OPN3
could mediate the effects of blue light melanogenesis, OPN3 was knocked down using
small interfering RNA (siRNA). In NHMs with siRNA directed against OPN3, blue
light irradiation no longer had an effect on MITF phosphorylation [6].

5. Treatment

As melasma has a lot of pathways to induce melanogenesis, the treatment must
include many topical and systemic drugs. Antioxidants and photo protectors, as well
as lightning, laser, peeling, and other procedures are usually indicated.

In the paragraph below, we will discuss the indicated treatments and their mecha-
nisms of action (Tables 1 and 2).

Treating melasma is a challenge, and it is known that the treatment must address
the various mechanisms of hyperpigmentation of this condition.

The most frequently cited depigmenting topical agent in literature is still hydro-
quinone. It works by inhibiting the conversion of 1-3,4-dihydroxyphenylalanine into
melanin by competitive inhibition of tyrosinase. Although the risk seems to be only
theoretical, there might be side effects, such as exogenous ochronosis, permanent
depigmentation, and potential carcinogenic risk.

Up to now, other depigmenting agents considered safer to date are 4-n-butylresor-
cinol, niacinamide, ascorbic acid, resveratrol, azelaic acid, and kojic acid. However,
depigmenting agents alone are not able to improve the photoaging issue closely
related to melasma. Therefore, antiaging agents should be associated in order to try
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Active Mechanism of action Drug concentration

Hydroquinone Tyrosinase inhibitor 2-4%

4-N-butyl resorcinol Tyrosinase inhibitor 2-4%

Niacinamide Reduction of melanosome transfer anti- 5-10%
inflammatory antiaging

Ascorbic acid Antioxidant Tyrosinase inhibitor 5-25%

photoprotective effects

Azelaic acid Antiaging effect antiaging 10-20%
Kojic acid Tyrosinase inhibitor trapping free radicals 1-4%
Triple combination Depigment effect Tyrosinase inhibitor 4%, 0,05%
Hydroquinone tretinoin, Anti-inflammatory effect 0,01%

fluocinolone acetonide

Arbutin Tyrosinase inhibitor 1-3%

N-acetyl-4 s cysteamine phenol Antioxidant effects 5%

(NCAP4%)

Resveratrol Melanogenesis inhibitor Tyrosinase inhibitor 1%
Table 1.

Mainly topical treatments for melasma.

Korean red ginseng powder Korean red ginseng powder shows good tolerability and beneficial
effects for melasma

Polypodium leucotomos Oral PLE is not significantly better than placebo as an adjunct to topical
sunscreen for melasma oral polypodium leucotomos extract appears to
be a safe and effective adjunctive treatment in combination with topical
hydroquinone and sunscreen for melasma

Pycnogenol/grape seed extract Pycnogenol 75 mg is therapeutically effective and safe in patients
suffering from melasma
Grape seed extract is safe and useful for improving chloasma

Vitamin E Vitamin C + E combination treatment has significantly better results
than vitamin C alone for chloasma
Oral procyanidin + vitamins A, C, and E are safe and effective for
epidermal melasma.

Refs. [7-10].

Table 2.
Oral treatments for melasma.

and correct the photodamage, as this may be related to the frequent recurrences of
this condition.

The triple combination containing hydroquinone (HQ) 4%, 0.05% tretinoin,
and 0.01% fluocinolone acetonide is the only FDA-approved drug that contains HQ
for the treatment of melasma. Tretinoin has depigmenting and antiaging effects.
Steroids inhibit the secretion of both ET-1 and granulocyte-macrophage colony-
stimulating factor (GM-CSF), acting against the inflammation present in melasma,
which is related to photodamage and melanogenesis. Azelaic acid is an anti-inflam-
matory agent with depigmenting properties that have been reported to reverse the
aging of human fibroblasts after PUVA induction. It also inhibits the secretion of
MMP-1 and growth factors, such as the hepatocyte growth factor (HGF) and the
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SCF, through the activation of the peroxisome proliferator-activated gamma recep-
tor (PPARy).

Wnt antagonists, including cardamonin and FTY720 (fingolimod), have been
shown to suppress melanogenesis in vitro. A recent study has demonstrated that
andropholide inhibits tyrosinase activity and melanin production via the Beta-catenin
degradation into B16F10 in the UVB-induced melanoma cells in guinea pigs [6].

5.1 New topical agents that target hyperactive melanocytes

Linoleic acid: has selectivity for tyrosinase in hyperactive melanocytes and
decreases UVB-induced hyperpigmentation.

Ascorbic acid: decreases dopaquinone oxidation into DHICA dihydrxyindole-
2-carboxylic acid), lowers tyrosinase activity, reduces dermal damage, promotes col-
lagen synthesis, and has both antioxidant and photoprotective effects, thus reducing
pigmentation.

N-acetyl-4S cysteamine phenol (NCAP4%): less irritating and more stable than
hydroquinone, is a tyrosinase inhibitor in hyperactive melanocytes, interfering with
the thiol system, decreasing intracellular glutathione, and favoring pheomelanin
synthesis [11].

5.2 New agents targeting melanogenesis

Aloesin: aloe vera extract that inhibits the conversion of tyrosinase into DOPA and
of DOPA to dopachrome.

Rucinol (4-n-butylresorcinol): a phenolic derivative that inhibits tyrosinase and
TYRP-1.

Flavonoids: benzopyrene derivatives, which are competitive inhibitors of
tyrosinase with anti-inflammatory effects and antioxidant properties. Hesperidin: a
flavonoid that protects against free radical-induced damage caused by UVR.

Epigallocatechin gallate: a phenolic compound, extracted from green tea, which
inhibits melanogenesis and has a significant anti-inflammatory, antioxidant and
anti-cancer effect.

Ellagic acid: a polyphenol derived from green tea, strawberries, and pomegranate
that can inhibit tyrosinase and melanocytic proliferation.

Gentisic acid: a compound extracted from the gentile roots that inhibit melanin
synthesis.

Hydroxycoumarin: occurs naturally in lactones that inhibit tyrosinase due to their
antioxidant action. Umbelliferone (7-hydroxycoumarin) has anti-inflammatory action.

Cinnamic acid: derived from ginseng, inhibits tyrosinase and is more potent than
hydroquinone.

Antisense oligonucleotides: act as a bleaching agent by downregulating the
production of enzymes that involve melanogenesis and decrease the activity of DOPA
oxidase [11].

5.3 Agents against reactive oxygen species (ROS) and inflammation

Liquorice extract: derived from the root of Glycyrrhiza glabra, inhibits melanin
synthesis and disperses melanin, in addition to decreasing ROS production. It has
anti-inflammatory effects and decreases UVB-induced hyperpigmentation in guinea
pigs after 3 weeks of use.
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Acidified amino acid peels: peels with a pH close to the skin’s pH have antioxidant
and tyrosinase inhibitory effects.

Orchid extract: strong antioxidant activity. It has proven to be as effective as
vitamin C in a study with 48 melasma patients.

Coffeeberry extract: has antioxidant properties and reduces hyperpigmentation as
well as photodamage.

Mulberry extract: derived from the Morus alba, its extract is a free radical chelator
and a tyrosinase inhibitor.

Pycnogenol (oral): derived from the bark of Pinus pinaster, it presents antioxidant
and anti-inflammatory activity.

Polypodium leucotomos (oral): this extract works by inhibiting UVR-induced
ROS, including superoxide anions.

Alpha tocopherol: strong anti-inflammatory and marked antioxidant activity.

Proanthocyanidin (oral): grape seed extract with antioxidant action. A study
conducted on women submitted to a 6-month treatment has shown whitening in 10
out of 12 women [11].

5.4 Melanosomal transfer: Protease-activated receptor2

Niacinamide or vitamin B3: active amide of niacin, interferes with melanosome
transfer to the surrounding keratinocytes by inhibiting PAR-2.

Liquiritin: leads to a skin-lightening effect through dispersion of melanin.

Soymilk, soybean (topical): the serine protease inhibitors, such as soy trypsin
inhibitor (STI) and Bowman-Birk inhibitor (BBI), found in soybeans have been
shown to inhibit melanosome phagocytosis by keratinocytes via the inhibition of
PAR-2. Newer agents that target the defective barrier, such as soy topically applied
and active soy moisturizers containing nondenatured serine protease inhibitors
(STT and BBI), can decrease UVB-induced pigmentation by restoring the skin
barrier [11].

5.5 Agents targeting the vascular component

The systemic tranexamic acid (TXA) is an anti-fibrinolytic agent, which has
been shown to be an inhibitor of both UV-radiation-induced melanogenesis and
neovascularization, by blocking the plasminogen activator and plasmin activ-
ity. Oral administration is at a dose of 250 mg from 2 to 3 times a day for 2 to
3 months, with a significant decrease in both melanin and erythema indexes in
the skin with melanin lesions. Histology demonstrates a decrease in pigment,
number of vessels, and mast cells. There is a decrease in ET-1 expression. Despite
being well tolerated, we must be aware that this drug has, in theory, thrombogenic
potential. TXA can also be injected in intradermotherapy associated with lasers
and microneedling, but there are not enough studies and the results are still
limited [11].

5.6 Agents that target mast cells
5.6.1 Tranexamic acid

Zinc: reduces mast cell secretion and has an antioxidant effect [11].
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5.7 Agents with hormonal targets

Flutamide is an antiandrogenic agent that can influence alpha-melanocyte-
stimulating hormone and cyclic adenosine monophosphate, which are key regulators
of melanogenesis [11].

5.8 Newer agents with unique mechanisms: Potential targets of the future

Curcumin (topical) is a bioactive compound extracted from the rhizome of
Curcuma longa and its use is well-established in traditional Chinese medicine for the
treatment of various skin diseases. It inhibits UVB-induced production of ROS and
the expression of matrix metalloproteinase in vitro by blocking the activation of
the UVB-induced mitogen-activated protein kinase, the nuclear factor-«B, and the
AP-1 transcription factor signal pathway. Curcumin gel has been useful in the repair
of photodamaged skin as well as for the associated pigmentary changes and solar
elastosis. In view of its anti-inflammatory, free radical scavenging, and UV-protective
activities, curcumin may serve as a new skin-lightening agent in the future, both in
topical and oral preparations.

Lignin peroxidase (LP, topical use) is an enzyme derived from the fungus
Phanerochaete chrysosporium. Since lignin is structurally similar to melanin,
lignin-degrading enzymes can be utilized to decolorize melanin. Lignin peroxidase is
marketed as a formulation containing the active enzymatic component and its activa-
tor (hydrogen peroxide), causing the destruction of eumelanin.

Treatments with technologies, such as intense pulsed light (IPL), fractional
laser, 1550 nm nonablative laser, Q-Switched neodynium-doped yttrium aluminum
garnet laser (QSNYL), pulsed dye laser (PDL), and copper-bromide laser, have
shown positive results. Laser toning using collimated, low fluence, 1064 nm QSNYL
removes melanosomes and damages the dendrites of melanocytes without destroying
the entire melanocyte (“subcellular selective photothermolysis”). Nevertheless, the
accumulation of energy from several sessions can cause depigmented mottling lesions
similar to scars, which makes melanogenesis difficult [11, 12].

Newer sunscreens: visible light (VL) and infrared light (IR) have been shown
to play an important role in hyperpigmentation, especially in the darker skin types
(IIL, IV, or V). VL may induce the production of ROS, leading to DNA damage. IR
light provokes the activation of the endothelin receptor B and the mitogen-activated
protein kinase, which facilitates melanogenesis. Sunscreens containing iron-oxide are
effective against hyperpigmentation induced by VL.

Other new UV-VL sunscreens that allow absorption of the radiation in the VL
spectrum and systemic antioxidants, such as vitamin A, C, and E, carotenoids, and
beta-carotene, may provide additive protection. Nonorganic and organic filters that
absorb or reflect IR are currently available. Also, topical antioxidants may be able
to offer some protection against IR-related damage. However, their clinical efficacy
remains to be determined.

6. Discussion

Melasma is a multifactorial disease and until now there is not a universal treatment
to solve it. At the moment, the first choice to treat melasma is the triple association
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of tretinoin, hydroquinone, and fluocinolone acetonide associated with a broad-
spectrum pigmented sunscreen, but this treatment presents some side effects, such
as exogenous ochronosis and depigmentation, in confetti when used for a long time.
Despite all the knowledge about the pathophysiology of melasma, we do not have the
cure for the disease. There are many new drugs with different targets to control the
pigmentation, but, unfortunately, there is often resurgence of melasma. The discov-
ery of the influence of the vessels in the pathogenesis of melasma was very important,
and there are some papers about the use of oral tranexamic acid with encouraging
results, but these treatment regimens must be reserved for refractory cases.

Concerning peeling, laser, and other technologies, some publications show good
results, but there is not a big study with a long follow-up period to confirm efficacy. It
is very important to bear in mind that melasma is a chronic disease and these treat-
ments, which are very expensive for the patients, could sometimes generate false
expectations.

7. Conclusion

Melasma is a very common disease that is a challenge to manage. More research
about de pathogenesis of the disease is necessary, leading to the development of new
drugs and therapies to control it.

To sum up, the most interesting approach to treat the disease involves a rotation of
treatments and removing the causes that worsen the condition, as well as teaching the
patient to make up and camouflage the lesions.

8. Key points in this chapter
1. Melasma is a multifactorial disease.

2.Sunscreen with pigment has a very important role in the treatment.

3. Topical treatment with different targets in the pathophysiology of melasma
could control the disease.

4. Laser, peelings, and micro-needling could be an interesting adjuvant treatment.
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Chapter 3
Vitiligo: Pathogenesis, Clinical
Features, and Treatment

Emine Miige Acar

Abstract

Vitiligo is a depigmenting skin disorder of unknown etiology, which presents with
nonscaly, chalky-white macules. Selective loss of melanocytes is the characteristic
feature of vitiligo. Of the many theories proposed for melanocyte loss, convergence
theory, which suggests that the combination of biochemical, environmental, and
immunological factors play a role in the pathophysiology of vitiligo, is currently the
most accepted theory. Treatment options include topical and systemic immunosup-
pressants, phototherapy, and surgical techniques. The subtype, extent, distribution,
and activity of disease are the determining factors for treatment choice. In this
chapter, the pathogenesis, clinical features of vitiligo, and treatment options are
discussed.

Keywords: vitiligo, pathogenesis, clinical features, treatment

1. Introduction

Vitiligo is a pigmentation disorder characterized by depigmented macules and
patches on the skin. The prevalence of vitiligo ranges from 0.4 to 2.0% worldwide.
Vitiligo has no predilection for age, gender, racial background, or skin types [1, 2]. The
peak period of onset is between 10-30 years, although it can develop at any age [3-6].

Vitiligo is classified as an autoimmune disease having a genetic basis and an asso-
ciation with environmental factors, including chemical triggers, skin injury, sunburn,
and virus infection. Vitiligo is considered to develop as a result of metabolic, oxidative
stress, and cell detachment abnormalities [7, 8].

Vitiligo is classified into two major forms: nonsegmental vitiligo (NSV) and seg-
mental vitiligo (SV) [2]. Nonsegmental vitiligo includes acrofacial, mucosal, general-
ized, universal, mixed, and rare variants. Generalized vitiligo is the most common
subtype which often involves the face and acral regions [9].

Vitiligo is a psychologically devastating skin disease, and it is associated with
depression, stress, fear, shame, insecurity, sadness, and low self-esteem, which could
lead to social isolation or even suicidal ideation [10-13].

Therefore, vitiligo has considerable psychological and social effects on daily

life [3].
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2. Etiology and pathogenesis

Vitiligo is characterized by the destruction of melanocytes, which leads to pig-
ment loss in the affected areas. The pathogenesis of vitiligo has not yet been fully
elucidated. Various theories, including autoimmune theory, adhesion defect theory,
biochemical and neural theory, viral theory, intrinsic theory, zinc-o2-glycoprotein
deficiency hypothesis and biochemical, and molecular and cellular alterations
accounting for the loss of functioning melanocytes in vitiligo have been proposed
[14]. Familial aggregation of vitiligo supports the genetic basis of the disease. HLA-
associated genes, including HLA-A2, HLA-DR4, and HLA-DR?7 alleles [15-17] and
non-HLA genes, including DDR1, XBP1, NLRP1, PTPN22, and COMT [18] have been
linked to vitiligo susceptibility.

2.1 Autoimmune theory

The autoimmune theory of vitiligo proposes that autoimmune effector mecha-
nisms are involved in melanocyte destruction. The association of vitiligo with several
autoimmune diseases, including autoimmune thyroid diseases, alopecia areata, halo
nevi, and Addison's disease supports the autoimmune basis of vitiligo [19-23]. Several
circulating autoantibodies having a specificity for pigment cells have been detected
in sera of vitiligo patients. Antimelanocyte antibodies, especially against tyrosinase
one and two (TRP-1 and TRP-2) are found in high levels in about 10% of patients
[24-27]. Although the role of antimelanocyte antibodies in vitiligo is still not well
known. These autoantibodies are currently considered to develop as a consequence
of secondary humoral response to melanocyte destruction [28]. Studies revealing
CD4+ and CD8+ lymphocytes in the dermal-epidermal junction of areas of skin near
a vitiligo lesion suggest the activation of cell-mediated immunity in vitiligo [29, 30].
Cytotoxic CD8+ T cells, which recognize melanocyte-specific antigens, such as tyrosi-
nase, Melan-A/MART-1, gp100, TRP-1, and TRP-2, have been shown to exert anti-
melanocytic cytotoxic activity iz vitro [31, 32]. Elevation of tumor necrosis factor-o
(TNF-a), interferon-y (IFN y), and IL-10 and IL-17 also have been demonstrated in
the blood and tissues of vitiligo patients [33, 34].

2.2 Adhesion defect theory

“Melanocytorrhagy” theory, proposed by Gauthier et al. in 2003 suggests that
the major predisposing factor for the development of vitiligo is the primary defec-
tive adhesion in the epidermis due to the defective synthesis of extracellular matrix
components by keratinocytes and the impaired formation of the basement membrane
[35, 36]. This theory argues that chronic detachment and transepidermal loss of mela-
nocytes caused by trauma underlies vitiligo pathogenesis, which is also supported by
koebnerization, seen in vitiligo lesions. Overexpression of tenascin in vitiligo patients
may play a role in decreasing melanocyte adhesion [37]. Autoantigens released during
melanocytorrhagy are hypothesized to cause autoimmune activation provoked by
dendritic cells or memory T cells [35, 36].

2.3 Biochemical theory

The biochemical hypothesis argues that biochemical abnormalities of melano-
cytes and keratinocytes leading to aberrant melanization are involved in vitiligo
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pathogenesis. Oxidative stress is implicated in the destruction of melanocytes
[37-40]. Defective free radical defense, excessive quantities of hydrogen perox-

ide (H,0,), and the accumulation of toxic intermediate metabolites of melanin
synthesis are suggested to play a role in this process [41]. Danger signals named
damage-associated molecular patterns (DAMPs), including reactive oxygen species
(ROS) and iHSP70, are released from stressed melanocytes [42]. Reactive oxygen
species (ROS) lead to the imbalance of prooxidant and antioxidant systems in favor
of the prooxidant system. Elevation of oxidative stress markers (superoxide dis-
mutase, malondialdehyde, and ROS) and a reduction of antioxidative enzymes
(catalase, glutathione peroxidase, glutathione reductase, thioredoxin reductase,
thioredoxin, and superoxide dismutases), and the repair enzymes result with the
increased sensitivity of melanocytes to external prooxidant stimuli [37-39]. Defective
function of mitochondria, such as alterations in the mitochondrial transmembrane
potential and in the electron transport chain, is also suggested to play a role in the
pathophysiology of vitiligo [37, 43, 44].

Oxidative stress also affects the recycling of tetrahydrobiopterin, which acts as
an essential cofactor in the synthesis of L-tyrosine from L-phenylalanine in tyrosi-
nase synthesis [14]. Tyrosinase is a key enzyme in the formation of melanin [45].
Oxidative stress modifies the active site of dihydropteridin reductase, which plays a
role in the recycling process of 6-tetrahydrobiopterin [39]. As a result, the produc-
tion of hydrogen peroxide increases, and catalase levels decrease, contributing to
melanocyte death [46, 47].

2.4 Neural theory

The “neural theory,” which was proposed by Lerner’s suggests that dysfunction
of the sympathetic nervous system (SNS) affects the melanin production and causes
depigmentation [48]. The cutaneous blood flow was found approximately three
times higher on the segmental vitiligo lesions than on normal skin with iontophoresis
and laser Doppler flowmetry [49]. Elevated levels of nerve growth factor (NGF),
and correlation of HVA and VMA levels with disease activity have been reported in
vitiligo patients [50]. Mental stress can also trigger the secretion of catecholamines by
stimulating the hypothalamic-pituitary-adrenal axis [51, 52]. Catecholamine dis-
charge induced by stressors leads to vasoconstriction, hypoxia, and overproduction of
oxygen radicals that cause melanocyte destruction [51, 52].

2.5 Viral theory

Chronic hepatitis C virus (HCV) infection and autoimmune hepatitis are found
strongly associated with vitiligo [53]. A low hepatitis B virus (HBV) seropositivity
in vitiligo patients has been reported [54]. Previous or concurrent cytomegalovirus
(CMV) infections may play a role in vitiligo onset or deterioration of the disease [55].
Epstein-Barr virus, hepatitis E virus, and the human immunodeficiency virus (HIV)
also have been implicated in vitiligo pathogenesis [55-59].

2.6 Zinc-a2-Glycoprotein deficiency hypothesis

The hypothesis that a probable association may exist between Zinc-o2-Glycoprotein
(ZAG) deficiency and vitiligo was proposed by Bagherani et al. and Yaghoobi et al.
[60, 61]. The ZAG is a 41000 Da adipokine involved in lipolysis, regulation of metabolism,

25



Pigmentation Disovders - Etiology and Recent Advances in Treatments

cell proliferation and differentiation, cell adhesion, and immunoregulation [62, 63].
Zinc-o2-glycoprotein (ZAG) is secreted from keratinocytes and influences melanocyte
proliferation, dendricity, and melanin synthesis [64, 65]. Decreased levels of ZAG detected
in vitiligo patients support this theory [66].

2.7 Intrinsic theory

The intrinsic theory implies that an intrinsic defect in melanocytes may be the
causal factor for melanocyte death. The abnormal rough endoplasmic reticulum, defi-
ciency of melanocyte growth factors, such as basic fibroblast growth factor (bFGF)
and decrease in the number of melanocytes, expressing the c-kit receptor in lesional
skin may play a role in melanocyte damage [67, 68].

2.8 Apoptosis and accelerated cell senescence

Melanocytes from non-lesional skin of vitiligo patients show some cytologic
changes, including cytoplasm vacuolization, DNA marginalization in the nucleus,
loss of dendrites, and detachment [67, 69, 70]. In addition, degeneration of basal and
suprabasal epidermal cells in the depigmented and normally pigmented skin due to
swelling of the membrane-bound organelles, formation of vacuoles, and cytoplasm
condensation are among the apoptotic changes [71]. The lower expression levels of
the antiapoptotic Bcl-2, FLIP proteins in vitiliginous skin, high levels of the proapop-
totic bax, p53 proteins, and of the active forms of caspase-3, 8, and 9 contribute to
the apoptotic process in vitiligo [72, 73]. Modification of proliferation and senescence
marker expressions (p16, p53, and p21) is another finding reported in vitiligo lesions
when compared to keratinocytes from noninvolved skin [73].

2.9 Integrated theory (Convergence theory)

Convergence theory argues that vitiligo may be a syndrome with a multi-facto-
rial etiology rather than a single entity. Since the pathophysiology of vitiligo cannot
be sufficiently explained by immune or nonimmune mechanisms, this theory sug-
gesting that the combination of biochemical, environmental, and immunological
factors play a role in the pathophysiology of vitiligo is currently the most accepted
theory [74].

3. Clinic

The clinical manifestation of vitiligo is chalk-white or milk-white patches with
various sizes ranging from a few millimeters to several centimeters. The lesions are
generally asymptomatic itching/burning sensation may rarely occur in vitiligo onset
[75]. Vitiligo has a chronic, unpredictable course with remissions and exacerbations.
The disease is often progressive; spontaneous repigmentation occurs in 10-20% of
patients [61].

The term non-segmental vitiligo (NSV) refers to all forms of vitiligo that are
not classified as segmental vitiligo (acrofacial, mucosal, generalized, universal,
mixed, and rare variants). Segmental vitiligo tends to have an earlier age of onset than
NSV [76].
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3.1 Non-segmental vitiligo subsets (NSV)
3.1.1 Acrofacial

Acrofacial vitiligo clinically presents as depigmented macules localized on the
face, head, and distal extremities. The perioral and periocular regions are prefer-
ably involved. Vitiligo lesions in the genital areas are also classified in this group.
Progression to generalized or universal vitiligo can be seen during the disease course.

3.1.2 Generalized common vitiligo

Generalized vitiligo is characterized by bilateral, often symmetrical, depigmented
macules or patches involving multiple parts of the body. Hands, fingers, and face are
the most frequent sites involved at the onset. The areas exposed to pressure, friction,
and trauma are often affected [9].

3.1.3 Vitiligo universalis

Vitiligo universalis is the most widespread form of vitiligo that is characterized by
the involvement of 80-90% of the body surface. It is generally preceded by general-
ized vitiligo [7].

3.1.4 Mixed vitiligo

Mixed vitiligo is the concomitant existence of segmental and non-segmental
vitiligo. Non-segmental vitiligo is generally preceded by segmental form. The clini-
cal features are: (1) the absence of depigmented areas in a segmental distribution at
birth and in the first year of life and exclusion of nevus depigmentosus by Wood lamp
examination; (2) NSV development following SV after a period of at least 6 months;
(3) SV involving at least 20% of the dermatomal segment or following a definite
Blaschko linear distribution; (4) different treatment responses to conventional
narrow band ultraviolet B (NB-UVB) between SV (poor response) and NSV (good
response). The presence of leukotrichia and halo nevi at onset in patients with SV
may be risk factors for developing mixed vitiligo [77].

3.1.5 Mucosal vitiligo

Oral and/or genital mucosae are typically involved. Mucosal vitiligo may be an
isolated condition or may occur in the course of generalized vitiligo.

3.1.6 Rave forms

Vitiligo punctata is characterized by 1- to 1.5-mm sized, sharply demarcated
depigmented, and punctiform macules affecting any area of the body [78].

Hypochromic vitiligo or vitiligo minor refers to a partial defect in pigmentation
resulting from hypopigmented macules. A seborrheic distribution on the face and
neck is seen. Hypochromic vitiligo exclusively affects dark-skinned individuals [79].

Follicular vitiligo is characterized by leukotrichia in the absence of depigmenta-
tion of the surrounding epidermis [80].
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Segmental vitiligo presents with depigmented macules arranged in a segmental
pattern that usually does not cross the midline. It is 10 times less common than other
vitiligo types. The majority (87%) of the cases are detected before the age of 30 [76,
81]. Involvement of body hair (leukotrichia) and rapid onset are typical. Similar to
NSV, the characteristic lesion is a nonscaly, chalky-white, amelanotic macule. In more
than 50% of cases, the head is affected with the trigeminal dermatome most com-
monly involved [82]. The other common localizations are the trunk, limbs, extremi-
ties, and neck. In SV, the depigmentation progresses within the segment over a period
of 6-24 months. After this period, the SV patch most often remains stable [76].
Segmental vitiligo is more refractory to treatment than other variants, possibly due
to its more frequent association with leukotrichia and the deficiency of melanocyte
reservoirs, which are involved in the repigmentation process [81].

Unclassifiable forms or undetermined vitiligo include focal vitiligo and mucosal
vitiligo.

a.Focal vitiligo: Focal vitiligo is characterized by depigmented patches located
in a small area without a typical segmental distribution and is classified as an
undetermined type of vitiligo. A more definitive diagnosis can be made when the
lesions have not evolved into non-segmental or segmental vitiligo after a period
of 1-2 years [83].

b.Mucosal vitiligo: Involvement of one mucosal site is classified as
indeterminate [84].

Vitiligo may show morphological variations, including trichrome, quadri-chrome
vitiligo, penta-chrome vitiligo, blue vitiligo, and inflammatory vitiligo.

Trichrome vitiligo is characterized by the presence of an intermediate zone of
hypopigmentation located between a vitiligo macule and normal pigmented sur-
rounding skin. Hann et al. suggested that trichrome vitiligo a as a variant of unstable
vitiligo [85].

Quadri-chrome vitiligo is characterized by the presence of perifollicular repig-
mentation in association with trichrome vitiligo [61].

Penta-chrome vitiligo is a rare vitiligo variant that shows blue-gray hyperpig-
mentation in addition to white, tan, and brown colors [61].

Blue vitiligo: Blue vitiligo is a unique variant of vitiligo presenting with
asymptomatic bluish macules histopathologically corresponding to the presence
of numerous dermal melanophages and the absence of epidermal melanocytes
[86-88]

Inflammatory vitiligo: It is characterized by erythema on the areas of depigmen-
tation and/or the border of the lesion [89]. These changes can be related to aggressive
therapy.

3.2 Treatment

Various treatment strategies aiming to inhibit the immune response, reduce
melanocyte destruction and reactivate residual melanocytes have been designed for
the treatment of vitiligo. Choice of treatment is decided according to the subtype, the
extent, distribution, and activity of the disease. The patient’s age, phototype, effect
on quality of life, and motivation for treatment should be considered in the treatment
plan [7]. Treatments can be categorized as pharmacological, surgical, and physical
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treatments, which can be also used as a combination. Pharmacological treatments
include topical and systemic steroids.

3.3 Pharmacological treatments
3.3.1 Topical treatments
3.3.1.1 Topical corticosteroids

Topical corticosteroids (TCS) are used as first-line treatments as monotherapy in
localized vitiligo or in combination with phototherapy or other topical agents in gen-
eralized vitiligo. Topical corticosteroids (TCS) have anti-inflammatory and immuno-
modulating effects. Potent or ultrapotent corticosteroids may be used for the lesions
on the body; midpotency topical corticosteroids should be used for the face, neck,
intertriginous areas, and the lesions in children. Topical steroids can be used as daily
or twice-daily applications in a cyclical fashion with treatment-free intervals (e.g., 1
week on then 1 week off for 6 months or application for 5 consecutive days followed
by 2 days off) [90]. The treatment period should not be longer than 3 months because
of adverse effects and tachyphylaxis. The advantages of topical steroid treatment
therapy include wide availability, low cost, and efficacy. Recurrence after treatment
cessation, and cutaneous side effects, such as skin atrophy, telangiectasia, and striae
are the factors limiting corticosteroid use.

3.3.1.2 Topical calcineurin inhibitors

Calcineurin inhibitors can be effective in vitiligo treatment by regulating the
altered cytokine network. This class of drugs includes tacrolimus and pimecroli-
mus. Calcineurin inhibitors bind to cytoplasmic protein macrophilin-12, forming a
complex that blocks calcineurin. Calcineurin blockage inhibits the proliferation and
activation of T cells, and the production of IL-2, IL-3, IL-4, IL-5, IFN-y, and TNF-a,
and suppresses the immune-mediated cutaneous inflammation [91]. Topical tacro-
limus also stimulates melanocyte growth resulting in repigmentation [92]. Topical
calcineurin inhibitors are generally the treatment of choice for face and neck vitiligo.

Tacrolimus 0.1% ointment was reported to be almost as efficacious as clobetasol
propionate 0.05% ointment in a double-blind randomized controlled study [93-95].
Furthermore, a twice-weekly application of 0.1% tacrolimus ointment was shown
to prevent the depigmentation of vitiligo patches that showed repigmentation after
treatment [96]. Tacrolimus 0.1% ointment plus excimer laser was found to be more
effective than placebo plus excimer laser [97].

Selective mode of action and absence of cutaneous atrophy and systemic absorp-
tion are some of the advantages of calcineurin inhibitors. No definite relationship
between topical calcineurin inhibitor use and malignant tumors has been identified
[93, 94, 98]. More studies about the possible risks of cutaneous and extracutaneous
cancers are warranted.

3.3.1.3 Topical vitamin D derivatives

Vitamin D is synthesized in the epidermal keratinocytes under UVB light [99].
In addition to its role in regulating calcium and bone metabolism, vitamin D has
immunoregulatory properties. The topical application of vitamin D has been shown
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to increase the number of L-3,4-dihydroxyphenylalanine-positive melanocytes [100].
Vitamin D analogs (calcipotriol and tacalcitol ointment) act in vitiligo by halting the
local autoimmune process and activating melanocytic precursors and melanogenic
pathways [101]. Lack of skin atrophy and easy application are the benefits of topical
vitamin D derivatives. The use of calcipotriene may fasten the process of repigmenta-
tion and reduce overall cumulative exposure during phototherapy but appreciable
repigmentation has not been obtained when used alone [81].

3.3.1.4 Pseudocatalase

Pseudocatalase is a complex, which is activated by ultraviolet B (UVB) radiation
or natural sun and has been used to replace impaired catalase. Controversial results
regarding the efficacy of pseudocatalase in vitiligo have been reported [102-105].

3.3.2 Systemic treatment
3.3.2.1 Systemic corticosteroids

Systemic corticosteroids can be administered as pulse therapy and short periods
to stabilize the progression of vitiligo and induce repigmentation at the onset or early
stages of the disease [106].

3.4 Physical treatment
3.4.1 Phototherapy

Phototherapy comprises narrowband UVB (NB UVB 311 nm), broadband UVB (BB
UVB 290-320 nm), and photochemotherapy. UV plays a role in vitiligo treatment by
regulating the activity of inflammatory cytokines, reducing the number of Langerhans
cells, and polarizing the immune response toward Th2 profile. UV radiation also affects
melanogenic cytokines involved in stimulating melanogenesis and the release of epider-
mal factors that stimulate melanocyte proliferation and migration [107]. Phototherapy
shows better results if initiated early in the disease course [108]. It is used as first-line
therapy in the treatment of extensive diseases. A combination of phototherapy with
topical therapies, such as corticosteroids, tacrolimus, or calcipotriol, is also possible.
Phototherapy cannot be used in patients with a history of xeroderma pigmentosum,
systemic lupus erythematosus, porphyrias, skin viral infections, and previous treat-
ment with photosensitizing agents. Since UV is a well-known cause of nonmelanoma
skin cancers (NMSCs) and melanoma, concerns regarding whether repetitive UV light
exposure during long-term phototherapy leads to an increase in the risk of photocar-
cinogenesis exist. However, in a meta-analysis, UV phototherapy has been reported to
be a safe treatment for vitiligo with no significant risk of skin cancer [109].

3.4.2 Ultraviolet B narrowband

Narrowband UV (NB UVB) light (311 +/-2) is an effective and safe treatment
modality in moderate or severe generalized vitiligo. In the last decade, NB UVB has
become the first-line therapy for extensive progressive vitiligo due to its superiority to
PUVA and relatively few side effects. It also has the advantage of being safely used in
children during pregnancy or lactation.
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Narrowband UV (NB UVB) light has been shown to have a greater response
rate and treatment tolerance than PUVA and results in a better color match [110].
The repigmentation rate has been reported between 12.5% and 71.4% in various
studies [111, 112]. Many therapeutic protocols are available, but the most com-
monly used NBUVB protocol is the application of the first dose of irradiation in
doses between 0.075 J/cm? and 0.25 J/cm? and a dose increase by 20% in successive
applications [113]. Treatment responsive patients can be treated with NBUVB for a
maximum of 24 months. In children, the maximum allowable treatment duration is
12 months [114].

3.4.3 PUVA

Photochemotherapy (PUVA) is a treatment involving an exogenous photosensi-
tizer mainly psoralen, followed by ultraviolet A (UVA) irradiation. UVA (320-400
nm). The mechanism of treatment is based on photoconjugation of psoralens in
melanocyte DNA resulting in the proliferation of melanocytes, increased number of
melanosomes, and their further transfer to keratinocytes. The psoralen derivative
methoxsalen in an oral dose of 0.4 mg/kg body weight is administered 1-2 hours prior
to irradiation. After treatment, UVA-blocking glasses and broad-spectrum sunscreens
should be used [107]. PUVA is moderately effective in widespread vitiligo [115].
Complete repigmentation occurs in only 15-20% of patients treated with PUVA [115].
For patients with involvement of less than 20%, topical PUVA is indicated. For topical
PUVA therapy methoxsalen, 0.1% is applied to vitiligo lesions 30-60 minutes before
treatment.

3.4.4 Water bath PUVA

Water bath PUVA is a phototherapy method, in which the patient lies in a bathtub
containing psoralen water for 15 min to provide the absorption of the drug on the skin
before light therapy. This method is especially beneficial in children for whom oral
medicines are not safe [116].

3.5 Laser therapy

The 308-nm excimer laser, formally named as the xenon chloride (XeCl) excimer
(excited dimer) laser emits a monochromatic and coherent beam of narrow-band
UVB (NbUVB) photons at 308 nm in short pulses focusing on the vitiliginous lesion
[107]. These light sources are useful for safely treating small localized vitiligo lesions.

Fewer side effects compared to NBUVB occur since one lesion is treated at a time.
Optimal esthetic results with minor contrast between normal and affected skin
are obtained [107]. Long targeted treatment with an excimer laser promotes T-cell
apoptosis and stimulates melanocyte development and progression along the hair
follicle [117]. Two treatment sessions per week are administered for about 6 weeks.
Treatment responses with an excimer laser are more rapid than NBUVB. Combination
with topical tacrolimus or steroids results in enhanced treatment efficacy. Despite
the lack of evidence, it is recommended that phototherapy should be continued for
at least 3 months to halt the disease and induce repigmentation. The treatment can
be continued for up to 1 year if there is a clinical response. Phototherapy should be
stopped when there is no further response [117]. No data for cancer risk and long-
term side effects are available, therefore, a cautious use of treatment is recommended.
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4. Surgical treatment

Surgical therapies are reserved for patients with stable diseases who have failed
to respond to medical treatments. Stable vitiligo is described as the absence of new
lesions or an increase in the size of existing depigmented areas for at least 6 months.
These treatment methods are typically used for the treatment refractory regions,
such as the distal extremities (hands, feet, fingers, toes, palms, soles), elbows, knees,
nipples, eyelids, and lips), [118, 119] and better results have been obtained in seg-
mental vitiligo rather than generalized vitiligo [120, 121]. The Koebner phenomenon
should be explained to all patients before performing surgical treatments. Several
surgical options exist for the transplantation of melanocytes, including miniature
punch grafting, suction blister grafting, transfer of noncultured epidermal suspen-
siosn, and transfer of cultured melanocytes [122]. Combination with UVB therapy
results in more favorable treatment outcomes [4].

4.1 Cultured melanocytes

Cultured melanocytes can be transferred as pure-melanocyte suspensions or
as melanocyte-keratinocyte co-cultures. Melanocyte-keratinocyte co-cultures
have the advantage of containing melanogenic factors released by keratinocytes,
which regulate melanocyte growth and differentiation. An autologous melanocyte
culture is an effective tool in the treatment of vitiligo. Excellent repigmentation is
achieved in 41% to 52% of patients and a good response in 7% to 19% [123, 124].
Several factors, including donor site selection and temperature of the donor tissue,
are associated with an increase in the likelihood of successful melanocyte culturing
[123]. Donor specimens can be harvested by biopsy or suction/cryo-induced blister
method. Preparation of the recipient site can be performed by dermabrasion, suc-
tion/cryo-induced blister method Er:YAG laser or CO, laser. One of the most effec-
tive donor sites is the forearm because it has been found to produce melanocytes
that proliferate fastest when cultured [122]. The major advantage of autologous
melanocyte culture is its ability to treat a large vitiliginous area using tissue from
only a small donor site [124].

4.2 Noncultured epidermal suspensions

In this technique, noncultured melanocyte/keratinocyte suspensions, which are
prepared by 0.25% trypsin digestion of a thin piece of donor skin, are grafted to the
recipient area. The procedure is performed by injecting the suspensions into blisters
raised with liquid nitrogen or seeded onto dermabraded vitiligo lesions [107].

4.3 Minigrafting

Mini-punch grafting is the most commonly used technique for vitiligo repigmen-
tation. With this technique, 2- to 4-mm punch grafts are harvested from a normally
pigmented donor site of similar thickness [125, 126]. Generally, the grafts are har-
vested from the gluteus region or extensor surface of the thigh (“bikini area”) [119].
Multiple punch biopsies that are the same size or 0.25 to 0.5 mm smaller than those
taken from the donor site are taken from the recipient site [121]. The epidermis of
the recipient site is often removed with phototherapy, dermabrasion, cryotherapy,
or laser irradiation before the procedure [126]. The grafted area is covered with a
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petrolatum gauze dressing or a transparent adhesive tape and fixed with bandages
for at least one week. Minigrafting method can also be used to treat difficult areas,
such as lips. A cobblestoning appearance is a potential adverse effect of this method
[125, 127]. The risk of cobblestoning appearance increases with the increasing size
of the punch biopsies.

4.4 Suction blister grafting

Epidermal suction blister grafting is another useful tool available in the surgi-
cal management of vitiligo. In this technique, the formation of multiple epidermal
blisters is promoted by a negative pressure apparatus which is applied to the normally
pigmented donor site, producing 300 to 500 mmHg of pressure [128, 129]. Suction
blisters can be simply produced by using the evacuated barrel of a syringe, which can
generate negative pressure [130].

Pretreatment of the donor site with PUVA may increase the number of melano-
cytes available for transplantation [129]. The recipient site is prepared by removing
the epidermis through induction of suction blisters, application of liquid nitrogen,
PUVA, carbon dioxide laser, yttrium aluminum garnet laser, or dermabrasion. The
roofs of the suction blisters formed at the donor site are subsequently removed and
transferred to the newly prepared recipient site. The recipient site should be covered
with a pressure bandage for 1 week, and the application of an antibiotic ointment at
both sites is recommended.

4.5 Split thickness skin grafting

Grafts of the epidermis together with a part of the upper papillary dermis are
implanted onto the recipient site. The grafts are harvested most commonly from the
gluteal region or thigh. The procedure is performed by grafting of donor skin with a
thickness of 0.1-0.2 mm using a hand dermatome or shaving blade fixed in a straight
hemostat [129]. The grafts are implanted in recipient areas that have been prepared by
dermabrasion or laser ablation. This technique is not suitable for vitiliginous lesions
on the palms, soles, and skin folds.

4.6 Micropigmentation

Micropigmentation, also termed medical tattooing, can be a useful alternative
treatment for treatment-resistant vitiligo. This technique is performed by the injec-
tion of pigment particles into the dermis, manually or with electrically driven needles
[131, 132]. Tattooing is useful for sites with a poor rate of repigmentation, such as the
lips, nipples, and distal fingers [131, 132].

4.7 Depigmentation

Depigmentation therapy is performed by the application of monobenzyl ether of
hydroquinone (MBEH) to normally pigmented skin to induce selective melanocyte
destruction. The exact mechanism of MBEH is not clearly known but it has been
suggested that MBEH may act by the induction of necrotic changes in melanocyte
plasma and nuclear membranes [133]. Typically, MBEH is applied twice daily for 6 to
18 months. A patch test should be performed to detect contact sensitivity to MBEH
before treatment.
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Depigmentation therapy is reserved for patients with the extensive or recalcitrant
disease. Though there is no consensus regarding the stage of the disease that depig-
mentation should be initiated, it is usually offered for cases with involvement greater
than 60% of body surface area or if visible areas, such as the face and hands, are
affected [134].

The depigmentation therapy poses a permanent risk of acquiring sunburn.
Patients should therefore be advised to minimize sun exposure and apply broad-
spectrum sunscreens because of the possibility of the pigment relapse within a few
weeks of treatment cessation on sun-exposed sites [135].

The possibility of carcinogenesis from hydroquinones is a debatable issue and the
risk of carcinogenesis related to MBEH cannot be excluded [136].

4.8 Camouflage

The use of cosmetic camouflage on the face and other exposed areas can improve the
quality of life for patients with vitiligo. Camouflage methods include cosmetic tattoos,
dihydroxyacetone, general cosmetics, and various topical camouflage agents [137].

4.9 Novel treatments
4.9.1 Photodynamic therapy

The mechanism of photodynamic therapy (PDT) in vitiligo is based on the
fundamental oxidative response. There are controversial results regarding the effect
of PDT on vitiligo [138, 139]. Poor treatment responses may be related to the fact that
melanin reflects this light length and PDT acts on oxidative stress, which is only one
of the several mechanisms involved in the pathogenesis of vitiligo [139].

4.9.2 JAK inhibitors

JAK inhibitors have been offered as a novel treatment option for vitiligo. JAK
inhibitors target the JAK/STAT pathway. JAK is involved in IFN-y secretion. IFN-y
plays a key role in the pathogenesis of the disease and induces genes, including the
T-cell chemokine receptor (CXCR3) and its multiple ligands, CXCL9, CXCL10, and
CXCL11, which are upregulated in depigmented skin lesions. Activator of transcrip-
tion (STAT)-1 signaling pathway leads to further recruitment of CXCR3+ CD8+ T
cells, which causes melanocyte detachment and apoptosis [140].

JAK inhibitors, including ruxolitinib, baricitinib, and tofacitinib, have been
found to be effective in vitiligo, and increasing treatment response is obtained with
concomitant UV exposure. However, more studies regarding the ideal dosage of these
drugs are required [140, 141]

4.9.3 Non-traditional treatments

Non-traditional treatments may be considered as an alternative for patients unre-
sponsive to standard treatments. Vitamins, nutritional supplements, immunomodula-
tors, khellin, topical and systemic phenylalanine, and herbal products are the most
widely used [107]. Herbal formulations contain Psoralea corylifolia, black cumin,
barberry root, and P leucotomos. Herbal products have anti-oxidative, anti-stress,
immunoregulatory, and skin sensitizating effect to sunlight [116].
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5. Conclusion

The etiopathogenesis of vitiligo has not been fully elucidated, despite the new
discoveries in recent years. Integrated theory (Convergence theory) is currently the
most accepted theory. No treatment option providing a definitive cure for vitiligo
exists. Novel treatment modalities, such as JAK inhibitors and photodynamic therapy,
enhanced the treatment perspective, while the results of these treatments need to be
investigated by further studies.
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Chapter 4
Psychological Impact of Vitiligo
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Abstract

Vitiligo is a depigmentation disorder with a high psychological impact. It affects
0.5-2% of the population worldwide. Psychological comorbidities associated with
vitiligo are feelings of stigmatization, adjustment disorders, sleep disturbance,
relationship difficulties, including sexual dysfunction and avoidance or restriction
behavior. Depression, anxiety, and alexithymia have been associated too and we have
several studies in this way, they will be included in the chapter. Female sex, visible
or genital lesions, age < 30 years, and greater body surface area involvement are risk
factors to develop psychological comorbidities. Psychological test (HADS, TAS-20,
DLQ], or BDI-II) could be useful to assess these patients and to decide the better
therapeutical approach.

Keywords: Vitiligo, psychological, anxiety, depression, alexithymia, stigmatization,
quality of life

1. Introduction

Depression and anxiety are reported as the most frequent psychosocial comorbidi-
ties in vitiligo patients. The following psychological comorbidities have been reported
in more than 50% of these subjects in any study: depression, major depression
disorder, anxiety, social phobia, feelings of stigmatization, adjustment disorders,
sleep disturbances, avoidance and restriction behavior, self-consciousness, emotional
impaired, relationship difficulties, and cognitive impairment. Psychosocial comor-
bidities reported in more than 25% of patients include coexisting depression and
anxiety, sexual dysfunction, alexithymia, anger, suicidal thoughts, and dysthymic
disorders [1]. Therefore, it is important to know the aspects that could aggravate the
course of the disease, so we are going to list all of them.

1.1 Race/ethnicity
People with darker skin present more stigmatization and greater discrimination,

since the contrast between normal and depigmented skin is much more evident. For
this reason, psychosocial issues in this type of patient are very common [2].
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1.2 Extension and localization of vitiligo lesions

Vitiligo lesions can appear in any part of the body, taking more or less extension.

As expected, when vitiligo affects a greater part of the body, the impact on the
patient’s life quality is much more severe.

Is important to highlight that vitiligo does not affect equally when lesions are
more visible since the more visible the lesions are to society, the more repercussions it
has in the life quality of the individuals. In this case, the areas with greater exposure
and psychological affectation usually are the face (Figure 1) and hands (Figure 2),
without forgetting sensitive areas, such as genitals. With regard to this last part, when
vitiligo is present in genitals, most of the time it is not reported to specialists because
of embarrassment or stigmatization that it could be related to a sexually transmitted
disease [3].

We know that vitiligo is usually asymptomatic, so the negative impact in the life
quality is related to several psychological issues, such as a decrease in self-confidence
or failure in social relationships [4].

Figure 1.
Vitiligo lesions on the face (perioral distribution) with wood light.

Figure 2.
Vitiligo lesions on the dorsum of the left hand with wood light.
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1.3 Gender

There are skin diseases that do not affect equally between sexes. The social stigma
to which they are bound and the lack of information from society in general lead us to
“a weaker sex.”

Like in other skin disorders, such as alopecia, women who suffer from vitiligo have
higher stress level than men. In addition to this, women manifest more hopelessness
feelings [5].

1.4 Physical appearance

Nowadays, many cultures and societies give great importance to appearance,
esthetic, and pigmentation. Therefore, any condition that affects appearance can lead
to loss of privileges and opportunities.

The visibility of vitiligo, like other skin disorders, can affect considerably in terms
of self-confidence. Patients who suffer from any skin disease like acne or vitiligo have
experienced the feeling of being ugly or unattractive [6].

2. Psychological impairment and vitiligo
2.1 Stigmatization and quality of life

Vitiligo is more than a biological disorder. Several psychological and social dis-
turbances have been described in these patients, which could interfere with their
interpersonal relationships. The location and visibility of the lesions, as well as their
size, are reported as a cause of suffering, not only for esthetic reasons but because
of the discriminatory and stigmatizing views received in different social areas [1].
Stigmatization and discrimination are “justified” as a sign of fear of getting the
disease. A negative image of themselves is usually associated with these patients.
Thus, several resources to hide or camouflage the signs of vitiligo have been used by
them, such as the use of makeup or the adaptation of their clothing. In addition, these
subjects develop avoidance behaviors. All of this can lead to social isolation and low
self-esteem [7].

Many civilizations and global societies assign great importance to physical appear-
ance, esthetics, and skin pigmentation. Any condition that involves the esthetic
appearance may lead to a loss of privileges and opportunities, and could disturb the
professional career as well as personal and social interactions. This effect on self-
esteem and the perception of beauty transcends race, age, gender, and socioeconomic
status [3].

The impact of vitiligo on patients’ quality of life has been estimated in global pop-
ulations with variable results. However, most of the results corroborate the negative
impact of the disease on the self-esteem and quality of life of these patients [3]. When
the affected body surface is greater than 25%, studies suggest a significant deteriora-
tion in the quality of life [8]. On the other hand, multiple studies have reported that
lesions that affect more visible areas, such as the face or hands, and more sensitive
areas, such as the genitals, have a more severe impact on the quality of life of these
patients. Patients with involvement in the genital areas often do not consult doctors
due to embarrassment or even the stigmatization that it could be related to a sexually
transmitted disease. In addition, these patients may present sexual dysfunction, with
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equal frequency in male and female patients. Therefore, genital involvement and gen-
eralized vitiligo are significant risk factors that affect the sexual life of patients [3].

By gender, studies have reported more difficulties to accept the disease in women,
secondary to its esthetic dysfunction, showing more troubles in social adaptation.

A relationship between culture and the psychological burden of vitiligo has been
reported. In addition, in young single women who live in a country with arranged
marriages, vitiligo decreases the chances of marriage and in married women who
develop the disease, the chance of divorce is increased. On the other hand, it is often
assumed that the psychological disturbance is greater in racial or ethnic groups with
darker skin [1, 3, 9].

The 25-38% of vitiligo patients are children. As in adults, several studies suggest
that children experience a substantial disturbance related to vitiligo with a worse
quality of life. Children and parents consider the face and legs as the most stigmatized
areas. A large extension (BSA >25%) was associated with self-consciousness, fear, and
bullying [8]. Negative childhood experiences may develop more problems in social
relationships in adult life [10]. Furthermore, the quality of life of relatives has also
been evaluated, and the findings suggest that parents of children with vitiligo experi-
ence significant psychological trauma and altered quality of life [3].

2.2 Alexithymia and vitiligo

Alexithymia is not only related to psychosomatic illnesses. Nowadays, it is con-
sidered as a risk factor for many medical and psychiatric illnesses [11]. Historically,
much of the attention regarding alexithymia has focused on its overlap with autism
spectrum disorder (ASD). The prevalence of alexithymia in ASD has been reported to
be up to 63%, compared with the general population [12]. It is defined as a difficulty
in differentiating, describing, distinguishing, or expressing one’s own feelings and
those of others. Therefore, alexithymic subjects have a lower capacity to cope with
stress. Psychological stress is known to be an important trigger in the onset or exacer-
bation of many dermatological diseases, including vitiligo [11].

Alexithymia is defined by three main features:

* Difficulty in identifying feelings, and, further, difficulty distinguishing between
feelings and the bodily sensations of emotional arousal.

* Difficulty in describing feelings to other people.
* Restricted imaginative processes and externally oriented cognitive style.

The highly sensitive to physical stimuli is the link between alexithymia, a psycho-
logical construct, and physical illness. This high sensitivity may increase their likeli-
hood of experiencing somatic symptoms during long periods of time. Alexithymia is
often accompanied by mind-body mismatch and poor quality of social relationships,
which may result in psychological distress and negative emotions. Such negative
emotions and the physical sensations that accompany them (e.g., increased heart rate,
sweating) tend to be confused with symptoms of illness. If this situation is prolonged
in time, an intensified nervous system response from the neuroendocrine system
could be arisen, further contributing to somatic disease [12].

Beyond somatic illness, alexithymia is related to other mental diseases. In fact, up
to 58%, 51%, and 49% of alexithymic patients appear to suffer anxiety, depression,
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and addictive behaviors, respectively. Even more, higher levels of alexithymia appear
to be associated with more severe manifestations of psychiatric illness [12].

An important interaction between alexithymia and skin disease has been reported.
A 2008 systematic review concluded that alexithymia, which is related to changes
in sympathetic activity, immunity, and brain activity, is associated with a number
of dermatological diseases. In the findings reported up to September 2008, it was
concluded that patients with alopecia areata, vitiligo, and urticaria have a higher
prevalence and severity of alexithymia compared with healthy controls. For patients
with psoriasis and atopic dermatitis, the results were contradictory, so that some
studies suggested a higher prevalence of alexithymia in patients with these diagnoses
and others did not [13].

More recently, in another systematic review published in 2022, the evidence
accumulated after September 1, 2008, up to March 12, 2021, is reviewed, to better
understand the relationship between alexithymia and dermatological diseases. Due
to the inability of these people to understand, describe and specify emotions, which
can create a significant barrier to self-control (essential in dermatology given the
chronicity of many conditions), the impact of alexithymia on the burden of the
disease was also investigated, psychosocial comorbidities and quality of life, as well
as treatment success. Data from September 2008 onwards corroborate significant
associations between alexithymia and dermatological disease. Consistent with previ-
ous data, the prevalence of alexithymia in patients with skin disease (5-76.4%) is
markedly higher than the prevalence of alexithymia in the general population (10%).
In reference to vitiligo, a prevalence of clinically significant alexithymia of up to
65.4% in patients was reported [12]. A case-control study involving 52 patients found
no significant difference in prevalence between patients and controls, but a cross-
sectional study involving 30 patients did. In both studies, patients had significantly
higher TAS-20 total scores than controls [14, 15]. Any study included in this review
reported data on alexithymia after the treatment of diseases other than psoriasis and
alopecia areata [12].

Regarding the physiological mechanisms linking alexithymia to dermatological
disease, the “stress-alexithymia hypothesis” proposes that specific cognitive, behav-
ioral, and physiological components of alexithymia may contribute to the patho-
genesis of stress-related disorders, including dermatological diseases. According to
this hypothesis, the combined effects of a lack of emotional awareness, as well as
effective expression and verbalization (cognitive component), can lead to ineffec-
tive and/or maladaptive coping attempts (behavioral component). This, in turn, can
lead to prolonged exposure to stress, which exacerbates the somatovisceral response
(physiological component), thus increasing susceptibility to disease. In addition, it
has been observed that the immune response of alexithymic subjects is similar to that
of individuals exposed to chronic stress, with a higher production of glucocorticoids,
a depressed cell-mediated immunity response, and an alteration of ratio Th1/Th2
(toward Th2 response). All of these findings are associated with cutaneous disease
too [16, 17]. With regard to alexithymia and skin disease morbidity, perceived
defects in physical appearance may develop significant emotional and social conse-
quences, in particular, the experience of shame, stigmatization, social exclusion, and
loneliness. Failure to discern psychological manifestations from physical symptoms
can lead to additional inappropriate somatovisceral responses that further precipi-
tate disease. Furthermore, this impaired emotional self-awareness and emotional
regulation may also be related to impaired self-control, possibly worsening the
duration and severity of the disease. So, beyond the high prevalence of alexithymia
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in dermatology patients, it may influence the development of psychosocial comor-
bidities and their treatment [12, 16, 17].

2.3 Anxiety and depression in vitiligo

Studies show that two-thirds of patients feel embarrassed and more than one-half
report feeling socially anxious [18]. In one study of more than 600 patients, 59% of
them reported an incident in the past three weeks in which their vitiligo had made
them feel somehow bad [19]. More than a half of patients have been stared at, and
16% had overhead rude remarks, such as “Yuck, what’s wrong with him?” or “People
like that should not go out in public” [20]. Moreover, when talking about the psycho-
logical aspects in vitiligo, Silvan M [21] reports that his patients described similar
incidents, such as one man who told him how, when he holds the handrail on the
subway, and the person next to him often moves his or her hand away. Many patients
have also felt job discrimination [20].

Bearing all these experiences in mind, it is not difficult to understand the psycho-
social impact of the disease and how it may impact mood and cause disorders, such as
anxiety and depression.

A systematic search for observational studies that examined the prevalence of
anxiety in vitiligo patients found 15 studies, including 1176 patients. The general
prevalence of anxiety using random-effects models was 35.8%. A statistically signifi-
cant difference in anxiety rates was found among female patients (47.32 vs. 42.4%)

(P = 0.03). In addition, the pooled odds ratio among vitiligo and non-vitiligo patients
did not indicate a statistical significance among patients coming from different conti-
nents, comparing African, European, Middle East, and South Asian countries [22].

On the other hand, a cross-sectional self-assessment questionnaire-based study
conducted in Thailand, including 104 patients with vitiligo [23], showed the mean
Dermatology Life Quality Index [24] score was 7.46, meaning a moderate impact on
quality of life. Domains that had higher scores were those related to embarrassment,
social activities, and clothing. Depression was evaluated using the Patient Health
Questionnaire (PHQ-9) [25] and it showed scores equal to or above 9, which has been
reported to be the optimal cutoff score for diagnosing major depression in the Thai
population [26], in a 13.5% of patients. These patients showed higher scores for social
activities, embarrassment, clothing, shopping, and homecare. Depression was consid-
erably more frequent in patients with active vitiligo than in those with stable disease.
Those patients with new appearing lesions were more likely to be depressed than
those with no new macules [23]. Nevertheless, no differences were found when taking
into account age, gender, educational level, skin phototype, or type of vitiligo [23].
Both questionnaire measures correlated well, meaning that higher levels of depression
were found among patients with the worst quality of life and vice versa [23].

A recent study analyzes not only anxiety and depression but hopelessness [5]
using the Beck’s Depression and Anxiety Inventory (BDI and BAI) [27, 28], the
Beck’s Hopelessness Scale (BHS) [29], and the General Health Questionnaire (GHQ-
28) [30] among 100 vitiligo patients and 100 healthy controls in an Iranian popula-
tion. Anxiety and hopelessness levels were significantly higher in vitiligo patients
than in control participants and this difference was more important among women
with vitiligo.

All three variables had a positive and significant relationship with disease dura-
tion, but age had a negative relationship with all of them, so as younger they were,
they felt worst.
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It was also demonstrated that single patients were more anxious, hopeless, and
depressive than those married. Patients living with their couples were only more
anxious and hopeless than healthy controls.

Vitiligo patients, women in special, showed the worst general health in this
study [5].

We can also consider the role of stress, along with anxiety and depression. A
cross-sectional study includes 50 vitiligo patients and 50 matched healthy controls
[4] in which all patients were assessed by the Depression Anxiety Stress Scale (DASS)
[31] to determine the severity of these three aspects and, Dermatology Life Quality
Index (DLQI) [24] only in vitiligo patients, to evaluate the impact of the disease on
daily life [4]; disease activity was measured using Vitiligo Area and Severity Index
[32], and showed that the prevalence of stress was 76%, anxiety 78%, and depression
80% among vitiligo patients, and the difference was statistically significant between
patients and controls. They also found that stress, anxiety, and depression were
higher among women (P < 0.05). The degree of the disease implies more anxiety and
depression (p > 0.05). The familiar history of vitiligo had a positive relationship with
depression. Nevertheless, this study failed to demonstrate any statistically significant
correlation with age, marital status, type of work, type of vitiligo, site of the lesions,
and type of therapy with stress, anxiety, or depression. It is also interesting that they
found a positive correlation between stress and feelings of embarrassment from
vitiligo and clothes choice [4]. They feel embarrassed, and try to hide the lesions with
clothes and it means more stress.

Another recent study conducted in Egypt [33] collected 100 patients with vitiligo
that were subjected to clinical examination and disease activity was measured with
VASI; they were compared with 50 healthy controls and assessed for quality of life
with the DLQI and for anxiety and depression with the Hamilton Anxiety Rating
Scale (HARS) [34, 35]. This tool rates depression by probing mood, feelings of
guilt, suicide ideation, insomnia, agitation or retardation, weight loss, and somatic
symptoms. They found higher scores on DLQI, showing worst levels of quality of life
among patients (P<0.001), and also significant differences in the Hamilton Anxiety
and Depression Score than the control group. A significant positive correlation was
found between VASI score and extension of the disease, in special those with exposed
areas of skin affected, with DLQI and HARS. Patients with a progressive course of the
disease showed the worst quality of life. Female patients also showed higher levels of
impairment. Although not significant, patients with lower skin phototypes showed
lower levels of depression and better quality of life [33].

As stated above, alexithymic people have a lower ability to deal with difficult
life events. As anxiety and depression, alexithymia might be a triggering factor for
diseases [36, 37]. Namdar ND and Kurtoglu Y [38] conducted a study, including 50
vitiligo patients and 70 healthy controls, matched in age and sex and investigated
anxiety, depression, and alexithymia among them. They grouped patients as general-
ized and localized vitiligo according to their clinical involvement. Depression was
assessed with the Beck Depression Inventory [35], anxiety with the Beck Anxiety
Inventory [28], and alexithymia using the Toronto Alexithymia Scale with 20 items,
TAS-20 [39, 40]. Anxiety and depression levels were higher in vitiligo patients than
in healthy control individuals (P = 0.000, P = 0.009 respectively), but no differences
between alexithymia scores (P = 0.103). No correlation could be found between
psychiatric scale scores and disease duration, age or gender of patients, or educational
levels. Nevertheless, alexithymia levels correlated positively with anxiety and depres-
sion levels in vitiligo patients [38]. So, when psychosocial impairment is evident,
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feelings might be more difficult to recognize and show to patients, and these facts do
not help them at all.

In 2009 ESDAP Congress, we report a case-control study that included 100
patients with vitiligo who attended our outpatient clinics between January and
August, and 100 control subjects without clinical history of vitiligo. The aim was
to analyze the prevalence of depression and/or anxiety in patients with vitiligo. All
the patients were older than 16 years old. Both groups were matched in age and sex.
They were included consecutively, using the Spanish version of the Hospital Anxiety
and Depression Scale (HADS) [41]. The statistical analysis was performed with the
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Figure 3.
Anxiety and probably anxiety cases distributed by gender.
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Figure 4.
Depression and probably depression cases distributed by gender.
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SPSS program version 17.0. For the depression subscale, 3 patients had a score of 11
or higher (3.6%), 12 between 8 and 10 (14.5%), and 68 of 7 or lower (81.9%). For
anxiety, 15 had a score of 11 or higher (18.1%), 20 between 8 and 10 (24.1%), and

48 of 7 or lower (57.8%). Anxiety was more frequent in women (24% in women vs.
9.1% in men) (Figure 3). Women also showed more cases (4% vs. 3%) and probable
cases (20% vs. 6.1%) of depression (Figure 4). However, no significant differences
were found between the sexes for anxiety or depression (p=0.224 and p=0.196). The
prevalence of anxiety between age groups showed significant differences (p=0.022,
p<0.05). In the analysis, differences were observed between patients aged 37-46 years
and those over 66, who presented the highest and lowest frequency of cases, respec-
tively. Higher levels of anxiety correlate with higher levels of depression (Rho=0.609,

p<0.0001) [42].

3. Psychological approach

Patients with vitiligo usually feel socially isolated and with limitations in their
daily life and that’s why they usually present depressive and anxious symptomatology.
Therefore, it is very important that vitiligo treatment includes a complete psycho-
logical intervention. Moreover, data show that a multidisciplinary treatment in this
type of patient can slow down the progression of vitiligo and even reduce the size of
affected areas. It is usually patients with psychological deficits and strong emotional
vulnerability and this is why it’s hard to find the right treatment. Taking this into
account, it is crucial to take medical and psychological treatment simultaneously [21].

In view of the above, it would be accurate to give some surveys to the patients in
order to have a qualitative and quantitative description of their psychological state.
The surveys that we can use are Toronto Alexithymia Scale (TAS-20), Dermatology
Life Quality Index (DLQI), and Beck Depression Inventory (BDI-II).

3.1 Toronto Alexithymia Scale (TAS-20)

This scale (Figure 5) was developed by Bagby, Parker and Taylor in 1994 [40]
from former versions with 26 and 23 questions.
The TAS-20 is based on three factors:

* Evaluation of difficulty in identification of feelings and distinguishing them from
physiological sensations that go with emotional activity (factor 1).

* Difficulty in describing feelings (factor 2).
* Thought focused on the external (factor 3).

It is a self-report with 20 questions, with a Likert-type scale of 5 points that show
from “total agree” to “total disagree” with each of the statements [39].

3.2 Dermatology Life Quality Index (DLQI)

The DLQI survey (Figure 6) was developed in the U. K by AY Finlay and GK
Khan in 1994 [24]. This instrument is simple, sensitive, and compact. It is made of 10
questions referred to in the last seven days. It presents a Likert-type scale with four
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Toronto Alexithymia Scale -

I have feelings that I can’t quite identify

I often don't know why I am angry

It is difficult for me to find the right words for my feelings

I am often puzzled by sensations in my body

I am often confused about what emotion I am feeling

I have physical sensations that even doctors don’t understand
I find it hard to describe how I feel about people

I don’t know what’s going on inside me

When I'm upset, I don’t know if I'm sad, frightened, or angry
I wish I were not so shy

I'm able to describe my feelings easily

When I cry I always know why

I spend much time daydreaming whenever I have nothing else to do
I daydream rarely

I'use my imagination a great deal

I often daydream about the future

Daydreaming is a waste of time

I prefer to analyze problems rather than just describe them

One should look for deeper explanations

I like to let people know where I stand on things

It’s not enough for me that something gets the job done; I need to
know why and how it works

People tell me to describe my feelings more

Knowing the answers to problems is more important than knowing
the reasons for the answers

I prefer to just let things happen rather than to understand why they
turned out that way

Being in touch with emotions is essential

I seem to make friends as easily as others do

Figure 5.
Toronto Alexithymia Scale.

possible answers: «not at all», «a little», «alot» o «very much», with respective 0, 1,
2, and 3 punctuation, also having the possibility «not relevant». The health domains
included in DLQI are as follows:

* Symptoms and perceptions (questions 1, 2).

* Daily activities (3, 4).

Leisure (5, 6).

Work/study (7).
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* Interpersonal relationships, including sexuality (8, 9).
¢ Treatment (10).
The total punctuation will give us a global value from 0-30. Such punctuation

could be presented as the percentage of the impact of skin affection on the patient’s

life quality. The more punctuation, the more impact on life quality related to patient’s
health (HRQOL) [43].

DERMATOLOGY LIFE QUALITY INDEX (DLAQI)

Hospital No: . Date:
Name: Score:
Address: Diagnosis: ....

The aim of this questionnaire is to measure how much your skin problem has affected your life
OVER THE LAST WEEK. Please tick (+') one box for each question.

1. Over the last week, how itchy, sore, painful or stinging Very much o
has your skin been? Alot a
Alitle o
Not at all [n]
2. Over the last week, how emt i or self i Very much n]
have you been because of your skin? Alot a
A little o
Not at all a
3. Overthe last week, how much has your skin interfered with Very much o
you going shopping or looking after your home or garden? Alot a
Alittle u]

Not at all o Notrelevant O
4. Over the last week, how much has your skin influenced the Very much o
clothes you wear? Alot a
A little o

Not at all o Notrelevant 0
5. Over the last week, how much has your skin affected any Verymuch o
social or leisure activities? Alot o
A little o

Not at all [n] Notrelevant O
6. Over the last week, how much has your skin made it difficult Very much o
for you to do any sport? Alot o
Alittle n]

Not at all a Notrelevant O
7. Overthe last week, has your skin prevented you from Yes [n]

working or studying? No a Notrelevant 0O
If "No", over the last week how much has your skin been a Alot o
problem at work or studying? Alittle fa]
Not at all o
8. Overthe last week, how much has your skin created Very much o
problems with your partner or any of your close friends or Alot o
relatives? Alittle u)

Not at all o Notrelevant 0O
9. Overthe last week, how much has your skin caused any Very much o
sexual difficulties? Alot a
Alittle n]

Not at all o Notrelevant O
10. Over the last week, how much of a problem has the Very much a
treatment for your skin been, for example by making your Alot a
home messy, or by taking up lime? Alittle o

Not at all o Motrelevant O

Please check you have answered EVERY question. Thank you.

“AY Finlay, GK Khan, April 1992 ww rg.uk, this must not the permission of the authors

Figure 6.
Dermatology Life Quality Index.
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Figure 7.
Beck Depression Inventory.

3.3 Beck Depression Inventory (BDI-II)

Robert A. Steer and Gregory K. Brown (BDI-II). It is a self-report made up of 21

The original version of the Beck Depression Inventory was published in 1961 by
Beck, Ward, Mendelson, and Erbaugh [9] and updated in 1996 by Aaron T. Beck,

Likert-type items. Its items do not arise from any specific theory about depression
but describe the most frequent clinical symptoms of patients with depression, such as
sadness, crying, loss of pleasure, failure and guilt feelings, suicide thoughts or desire,
and pessimism [44].
As previously mentioned, the BDI-II versién (Figure 7) was published in 1996,

while in 2011, Jests Sanz and Carmelo Vizquez, published the Spanish adaptation of
this test [45].
This inventory is of great relevance and that is why it is considered the fifth most
used test by Spanish psychologists [46].

4. Psychological treatment

4.1
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Depression

The cognitive therapy (CT) developed by Aaron T Beck in the late 50s is the most
accurate procedure to treat depression since it’s specifically designed to work on this

construct.
The CT gives us a complete concept of depression because it presents:

* A theory.
* A diagnostic evaluation.

* A therapeutic procedure.
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With this theory, depression is explained by the existence of negative thoughts
about oneself, about the world, and/or the future. This is due to depressive factors and
failure in processing information.

This type of psychological treatment is very organized and consists of 15-25
sessions, including continuation and termination sessions. The CT is conceived from
a psychoeducational point of view, since it tries to modify cognitions and behaviors.
That is why it is also named as cognitive-behavioral therapy (CBT) [47].

The main features of this theory are the following:

* It emphasizes the relationship between cognitions, behavior, and emotions.

¢ It must be formulated individually in order to establish the therapeutic goals and
the treatment to be followed.

* A good therapeutic relationship is key to achieve change.

* The patients will obtain a new way to understand their problems.
¢ Itis focused on the current factors that sustain the problem.

* It needs active collaboration between therapist and patient.

* The patients will get the resources and skills required to manage their problems
autonomously.

* It’s short (usually less than 30 sessions).
* The activities between sessions are very important for the treatment.

* It uses many cognitive and behavioral techniques and other approaches, such as
full consciousness or mindfulness [48]

4.2 Anxiety

It is very important to know the existing differences between the different anxiety
disorders and to know the diagnostic criteria of each one of them in order to take
the right treatment in vitiligo patients. Otherwise, in many cases, in primary care
medicine, anxiety disorders are not diagnosed. And this is why it is very important to
detect and work on them.

In order to make an appropriate treatment, we must know the three components
of anxiety, which are subjective fear, physiological activation, and avoiding behavior.
These three components do not always change in the same way. So, the treatment
will be aimed at that anxiety component that is affecting the patient. The effective
physiological intervention trains an individual to reduce physiological activation
through biofeedback and with several relaxing skills. Each method leads to self-calm
of the body and reduction in physiology of stress and alert, so the patient will manage
subjective fear. Cognitive therapy teaches the patients to modify fearful thoughts and
redirect their attention far from fears, and self-training to overcome fearful experi-
ences. With all the above, a full recovery needs a change in the cognitive-affective
area, physiology activation, and behavioral avoidance [49].
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4.3 Alexthymia

Over the years, changes have been proposed in order to conceptualize and mea-
sure alexithymia. This psychological feature has been related to several disorders. In
general, psychotherapy seems to be useful to patients with alexithymia. There are
several aspects that will help the patient to build a consistent narrative and explore
the emotional dimensions. These aspects are the development of vocabulary in emo-
tions, the learning of reading the emotions of others, and the relation between alexi-
thymia and early life experiences. With this, we develop social and emotional skills.
Interventions could be made individually or in groups. Another important aspect of
the therapeutic process in patients with alexithymia is the empathy of the therapist.
This allows the understanding of others, their goals, intentions and feelings, makes
exploration easier, promotes the opening to new experiences and a curious behavior
toward emotional experiences, and at the same time allows the deconstruction of
assumptions and values [50].

Several neurobiological studies performed so far suggest that people who present
alexithymia usually have a deficit in emotion recognition. Therefore, effective treatments
for alexithymia include the training of skills in the domain of emotion recognition. It has
been proven that the interventions based on smartphones (SBI), which offer training in
skills, are great complements of psychological treatments. In 2019, a pilot study with 29
subjects with high levels of alexithymia were randomly assigned to an intervention group
(SBI group) or a control group. Participants assigned to SBI group received a psycho-
education session and 14 days of training with the app alexitimia mindtastic (MT-ALEX)
and the control group only received the psychoeducation session. MT-ALEX includes 14
emotion-specific workouts for training inter- and intraindividual recognition of seven
basic emotions: fear, anger, disgust, sadness, joy, pride, and surprise. The results showed
higher rates of emotion recognition skills by the SBI group. By this way, the SBI could
improve emotion recognition skills in patients with alexithymia [51].

5. Conclusions

Vitiligo is one of the most psychologically devastating diseases in dermatology.
Although the contrast of vitiligo lesions is more visible in racial/ethnic groups with
darker skin, all vitiligo patients experience some degree of emotional disturbance
caused by the disease. Therefore, health professionals should be aware that patients
suffer from a significant psychosocial burden, which suggests that vitiligo treat-
ment will always be necessary, not only for esthetic purposes. It is very important to
recognize and assess the psychological and social problems of this disease to improve
quality of life and treatment results.

In addition, an added factor is the high prevalence of alexithymia in these patients,
as this may influence the development of other psychosocial comorbidities and their
treatment. It is likely that early recognition and management of the alexithymia may
improve dermatological care, mitigate psychological comorbidities, improve quality
of life, improve self-management, get stronger patient-physician relationships, and
reduce inappropriate use of drugs and health resources. More randomized clinical
trials should be conducted to investigate the usefulness of therapeutic approaches
targeting alexithymia to improve disease outcomes and quality of life for patients.

In conclusion, psychodermatology is a necessary subspecialty in our daily derma-
tological practice, especially in patients with vitiligo.
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Chapter 5

Skin Depigmenting Agents: Where
Do We Stand?

Behrooz Kasraee

Abstract

Skin hyperpigmentary disorders are frequent and psychologically disturbing
conditions for patients. Skin depigmenting agents have been widely used for the treat-
ment of such disorders. The most efficacious depigmenting agents, such as hydro-
quinone and the Kligman’s formula, are associated with long-term side effects, and
safer skin depigmenting agents, such as kojic acid, arbutin, and niacinamide, might
suffer from a significantly lower depigmenting efficacy. Therefore, there is still a need
for safe and simultaneously efficacious skin depigmenting compounds. Tranexamic
acid and cysteamine are two new and interesting molecules that seem to fulfill the
majority of the needed characteristics of an acceptable skin depigmenting agent. In
this chapter, a review of most important molecules as well as their side effects will be
provided with a focus on the newest skin depigmenting molecules recently emerged
into the armamentarium of hyperpigmentation treatments.

Keywords: hyperpigmentation, depigmenting molecules, melanogenesis, melanin

1. Introduction

As dermatologists, we often find ourselves confronted with patients suffering
from hyperpigmentation disorders such as, post-inflammatory hyperpigmentation
(PIH), melasma, solar lentigines as well as facial dyschromia. What we see as dark
spots or patches on the skin is the result of altered melanin production and/or mela-
nocyte density. Focal hyperpigmentation typically occurs after skin injury or other
causes of inflammation including acne vulgaris and eczema. Chronic exposure to
UV light also represents a risk factor for the development of skin hyperpigmentation
as well as premature aging due to the oxidative stress and cellular damage caused by
UVA and UVB rays. These conditions generally do not impact health of the patients;
however, as they may significantly affect their appearance, they can be psychologi-
cally disturbing and have an impact on patient’s quality of life. According to a recent
study, patients with pigmentary disorders have a high prevalence of psychological
distress, including stress, anxiety, and depression [1]. Therefore, it is of utmost
importance for patients’ psychological well-being to provide them with efficacious
and safe treatments for short- as well as long-term use. Maintenance therapy is espe-
cially important in hyperpigmentation disorders such as melasma, which has a high
recurrence rate. However, the most effective depigmenting agents that are currently
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available in the armamentarium of dermatologists often take long to show results,
have poor patient compliance, and/or do not have a safety profile that allow long-term
use due to the risk of causing unwanted side effects.

In this chapter, the most efficacious topical, oral, and injectable depigmenting
agents for treating hyperpigmentation will be discussed, and special attention will be
given to the most recent and promising ones.

2. Skin depigmenting agents throughout history

Skin whitening is an ancient practice with a long and complex history. In ancient
Greece, women painted their faces with white lead to achieve a lighter and unblem-
ished skin tone as at that time pale skin was a sign of beauty and prestige [2]. Ancient
Egyptians, like other Mediterranean populations, used to lighten their skin as well.
Corroborating this was the uncovering of a 3500-year-old mummy head in the area of
the Theban necropolis that exhibited pathological signs typical of exogenous ochro-
nosis, an inflammatory skin condition, which is currently linked to the long-term and
unsupervised application of creams containing the depigmenting agent hydroquinone
[3]. In ancient Rome, people used a mixture of vinegar and white lead (called cerussa,
the lead sugar) with the purpose of whitening their faces. Another widely used skin
lightening ingredient was mercury. Creams and ointments containing mercury have
been used for centuries to treat infections as well as inflammatory skin diseases and
more recently as topical skin whiteners or “freckle removers” [4]. Inorganic mercury
compounds are absorbed through the skin and cause depigmentation by competing
with copper and resulting in an inactivation of tyrosinase, the enzyme responsible for
melanin synthesis. After World War II, the toxic effects of mercury and lead became
more evident. Cases of nephrotic syndrome as well as gastrointestinal and neuro-
toxicity were associated to the use of mercury-containing skin lightening products
[5]. Finally, in 1973, the FDA banned the use of mercury in cosmetics [6]. Mercury
was therefore replaced by other active ingredients, i.e., hydroquinone, which became
the gold standard depigmenting agent for the treatment of hyperpigmentation.
Hydroquinone also encountered safety concerns in recent years due to its potential
mutagenic effect and was banned in several countries. This let dermatologists and
patients with few options for the treatment of hyperpigmentary disorders. Oral and
injectable tranexamic acid and topical cysteamine entered into the scope of effective
depigmenting options, and much research has been done on these two promising
molecules in recent years.

2.1 Topical treatments

The first-line treatment for hyperpigmentation involves topical application of
formulations incorporating depigmenting agents. If such options do not prove to be
efficacious in the patient, more invasive treatments such as microneedling, meso-
therapy, microdermabrasion, chemical peels, or laser are often performed. These
however might be associated with post-inflammatory hyperpigmentation especially
in higher phototypes. On the other hand, these methods are rather invasive and costly,
and a long-term maintenance treatment is usually not acceptable by the patients. Oral
administration of drugs, e.g., tranexamic acid (TXA), is usually considered as last
therapeutic option. Although TXA treatment is very effective, the risk of life-threat-
ening side effects such as thrombus formation causes it to be hardly acceptable for
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the treatment of “cosmetic” problems. The optimal treatment for hyperpigmentary
disorders would thus be a topical treatment employable by patients at home and not
only effective, but also safe enough to be used long term as the maintenance therapy.
The most well-known topical depigmenting molecules will be discussed in the next
sections. Their efficacy as well as safety profile for long-term use will be addressed,
and the most appropriate topical depigmenting agent available today will be discussed
in more detail.

2.1.1 Hydroquinone and its derivatives

Hydroquinone (HQ) is a biphenol. Its widespread application in human and
industrial activities made hydroquinone a ubiquitous molecule in the environment.
In 1936, Oettel reported that black-haired cats turned gray when fed with HQ over
a period of 6-8 weeks, and after stopping the treatment, the hair became repig-
mented as quick [7]. This finding was confirmed a few years later by Martin and
Ansbacher [8].

In 1939, Oliver et al. published about an antioxidant (monobenzylether of hydro-
quinone) used in rubber gloves to reduce their deterioration, which was responsible
for depigmentation of the skin of workers wearing the gloves [9]. In 1941, Peck and
Sobotka found out that oral administration monobenzylether of hydroquinone to
guinea pigs did not result in any depigmentation. However, when topically applied, it
caused depigmentation of the epidermis [10].

HQ was shown to act as an inhibitor of tyrosinase in vitro, but in vivo it likely acts
through the release of free radicals, which are toxic to melanocytes [11]. In 1981, Passi
and Nazzaro-Porro showed that HQ acts as an alternative substrate for tyrosinase,
whose oxidation product is the highly toxic metabolite 1,4-benzoquinone [12]. Other
studies reported that the depigmenting activity of HQ results from its potent melano-
cytotoxic effects, which are mediated via its enzymatic oxidation to quinones [13-15].
Other enzymes, such as peroxidase, can metabolize hydroquinone resulting in toxic
metabolites responsible for melanocytotoxicity [13, 16].

For many decades, hydroquinone has been recognized as the gold standard topical
agent for skin lightening. Hydroquinone alone is of moderate to good efficacy for the
treatment of most hyperpigmentary disorders. Epidermal melasma and post-inflam-
matory hyperpigmentation respond fairly well to topical hydroquinone, while dermal
melasma and lentigines are not responsive. Efforts have been made to increase the
efficacy of topical hydroquinone formulations by changing the vehicle as well as by
adding other depigmenting agents. Alpha-hydroxy acids (AHAs), kojic acid, azelaic
acid, etc., are examples of agents added to hydroquinone to enhance its depigmenting
activity. A considerable increase in the depigmenting efficacy of hydroquinone was
achieved by Kligman in 1975.

2.1.2 Kligman’s formula

In 1975, Kligman and Willis investigated ways to enhance the depigmenting effect
of hydroquinone [17]. It was found that the skin of acne patients treated with topical
retinoic acid occasionally showed a light hypopigmentation after several months of
use and that intradermal injection of corticosteroids into darker skin types resulted
in depigmentation. These observations brought to the idea of combining HQ with
retinoic acid and corticosteroids [17]. Surprisingly, this combination was found to
have a synergistic depigmenting action. Retinoic acid promotes skin desquamation,
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therefore increases melanin loss from the superficial epidermal layers. In recent years,
retinoic acid was found to be an inhibitor of glutathione S-transferase resulting in
melanocytes becoming more susceptible to the cytotoxic effects of HQ [18].

Several studies demonstrated the superior efficacy of KF over HQ alone, resulting
in KF quickly becoming the new gold standard. The KF has been modified over the
years. Modifications of the initial formula involved changes in the types of corticoste-
roids and vehicles used. Modified Kligman’s formulas (mKF) have become the most
widely used HQ-based products for treatment of melasma [19, 20].

It is worth notice though that HQ nonresponsive pathologies, such as dermal
melasma and lentigines, still remain unresponsive to the KF. The presence of retinoic
acid in the KF counteracts to some extent the corticosteroid-induced skin atrophy.
However, evident cases of skin atrophy after long-term use of KF have been reported
[21]. In my hands, KF is an efficacious topical formula for the treatment of hyperpig-
mentary disorders, but at the expenses of a more irritant potential and of possible side
effects with long-term use due to the presence of corticosteroids.

Most recently HQ became object of controversy as regulatory agencies around
the world began questioning its safety. In Europe and in some Asian countries,
hydroquinone has become unavailable due to concerns regarding carcinogenesis and
melanocyte toxicity [22]. A study demonstrated that large amounts of oral hydroqui-
none caused cancer in rodents [23]. However, human being exposed to hydroquinone
dust in hydroquinone factories showed a lower cancer rate compared with the normal
population adding to the complexity of hydroquinone controversy. Adverse effects,
such as skin irritation, contact dermatitis, and exogenous ochronosis, may occur
with the unsupervised use of this compound. As a result of the controversy around
the use of HQ, there exists a large and growing market for alternative products that
are as effective in depigmenting the skin. Meanwhile, other formulations containing
already existing depigmenting molecules, such as arbutin, kojic acid and azelaic acid,
remained available, but unfortunately with a far less efficacy profile compared with
hydroquinone formulations.

2.1.3 Arbutin

Arbutin is a HQ glycoside in which one molecule of D-glucose is bound to HQ. Its
depigmenting effects result from the inhibition of tyrosinase. Many in vitro studies
can be found in the literature showing arbutin’s inhibitory effects on melanin syn-
thesis [24-26]; however, the efficacy observed could hardly reach that of HQ. Several
clinical studies have been performed in which arbutin was combined with other
agents in formulations, e.g., niacinamide, bisabolol, retinyl aldehyde [27], or with
tranexamic acid [28], showing to be as effective as 4% HQ in reducing pigmentation.
According to some authors, arbutin is thought to work following its decomposition to
HQ. Bang et al. report that arbutin can be hydrolyzed by the natural skin microbiota
(Staphylococcus epidermidis and Staphylococcus aureus) leading to its conversion to HQ
[29]. Others reported that arbutin can be converted into HQ by effect of UV radiation
[30]. Thus, arbutin-containing skin lighteners are not totally HQ free. In addition,
there are reports arguing that arbutin has pro-melanogenic effects in vitro, which
obviously conflict with others reporting a depigmenting activity of arbutin [31].
Even if arbutin was as effective as 4% HQ , it is because it is actually converted to HQ.
Therefore, there is no advantage in using arbutin instead of HQ.

On the other hand, as a dermatologist, arbutin-containing products in my hands
are far less effective than HQ-containing formulations.
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2.1.4 Kojic acid

Kojic acid (5-hydroxy-2-hydroxymethyl-4-pyrone) is a naturally occurring,
hydrophilic fungal product obtained from various genera of fungi, such as the ones
belonging to the genus Aspergillus and Penicillium [32]. It is a potent antioxidant,

a tyrosinase inhibitor and a copper chelator, showing depigmenting effects in vitro
[33]. A quick search on the literature confirms that at the moment there are no
vehicle-controlled studies confirming the depigmenting action of kojic acid alone, in
animal or in human trials. In an in vivo animal study on black Guinea pig skin, kojic
acid did not show any depigmenting action when applied topically at 4% for 6 weeks
(unpublished data).

When combined with other actives, kojic acid has been demonstrated to be
effective in reducing hyperpigmentation, including melasma. A double-blind, split
face study compared the efficacy of a gel containing 2% kojic acid in combination
with 10% glycolic acid and 2% HQ to the same preparation without kojic acid for the
treatment of epidermal melasma. Improvement of melasma was observed on both
the facial sides, but higher efficacy was obtained with the gel containing the kojic
acid [34]. Kojic acid is often combined with HQ for a synergistic depigmenting effect
[32, 35]. Combination therapy including kojic acid may be an option in case a patient
shows tolerability issues with other first-line therapies. However, kojic acid may be
irritant and having sensitizing potential. Side effects reported following its topical
application are contact dermatitis and erythema [36, 37].

2.1.5 Azgelaic acid

In 1978, Dr. Nazzaro-Porro studied the mechanism of hypopigmenting effects
in Pityriasis versicolor. At that time, a causative relation between the fungus
Pityrosporum and hypopigmentation was suggested. It was postulated that certain
metabolites secreted by the fungus might penetrate down the skin reaching the basal
layer and damage melanocytes resulting in hypopigmentation [38, 39]. This hypoth-
esis was confirmed, observations by electron microscopy revealed that melanocytes
in the hypopigmented areas were highly damaged. Additional investigations followed
showing that when Pityrosporum cultures were fed with unsaturated fatty acids with
double bonds in 6-12 positions, dicarboxylic acids were produced. These metabolic
products, including azelaic acid, were found to competitively inhibit tyrosinase in
vitro [38]. Important observations suggest that medium chain-length dicarboxylic
acids could be useful for treating hyperpigmentary disorders. Azelaic acid formulated
in a cream was then used and showed good results in clinical studies on melasma
patients first and later on patients affected by lentigo maligna [39, 40]. Histological
analysis performed in the latter study shed light on the mechanism of action of azelaic
acid, evidencing a progressive destruction of abnormal melanocytes followed by their
replacement by normal ones. Further in vitro studies elucidated that azelaic acid has
no depigmenting effect on normal melanocytes; instead, it has selective cytotoxic
effect (inhibition of DNA synthesis and mitochondrial enzymes) in abnormal
melanocytes [41].

Azelaic acid is a naturally occurring nine carbon Cg-Cy4 dicarboxylic acid
produced by Malassezia furfur (formerly known as Pityrosporum ovale). Obtained
from whole grain cereals, rye, wheat, and barley, azelaic acid has multiple func-
tions; it scavenges reactive oxygen species, it has anti-inﬂammatory, antibacterial,
comedolytic as well as anti-keratinizing properties, and last but not least, it inhibits
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tyrosinase as well as thioredoxin activities [39, 40, 42-44]. It is precisely because of
these many properties that azelaic acid has been and is still used as a topical anti-

acne agent [45]. Despite the fact that azelaic acid showed no depigmenting action

in animal studies performed by Dr. Pathak et al. in 1985, [46] some human studies
showed that very long treatment protocols (up to 24 weeks) could induce some
depigmenting action in melasma lesions. In some of these studies, azelaic acid used
for at least 6 months could show comparable effects to topical 4% HQ. The efficacy of
a cream containing 20% azelaic acid has been compared with one containing 2% HQ
in one study and with one containing 4% HQ in a second study involving 155 and 329
patients, respectively, both studies being 24-weeks long. Results showed that azelaic
acid provides at least equivalent or, in the first study, even higher efficacy to HQ in
the treatment of melasma [47, 48]. Side effects documented with topical use of azelaic
include pruritus, mild erythema, and burning. Since azelaic acid is not cytotoxic to
normal melanocytes, adverse events such as exogenous ochronosis or leukoderma are
not associated with its use [48]. In addition, azelaic acid is not known to have muta-
genic and carcinogenic potential.

In my experience, topical azelaic acid has a very long onset of action, which is not
comparable with HQ or other effective depigmenting compounds, and this is associ-
ated with a very low compliance of patients who expect a depigmenting effect at least
during the first weeks of application.

3. Newly emerging depigmenting agents
3.1 TXA in different forms

Tranexamic acid (TXA)—IUPAC name: trans-4-aminomethyl cyclohexane
carboxylic acid—is a synthetic lysine analog well known for its anti-fibrinolytic
activity. TXA has been used for several years to treat heavy bleedings, e.g., during
menstruation or surgery as well as in case of trauma and bleeding disorders [49]. In
recent years, TXA became more and more popular as a depigmenting agent. The first
report describing the depigmenting effects of TXA dates back to 1979 [50]. The skin-
whitening effects of oral TXA were accidentally found by Nijo Sadako, a Japanese
investigator who had used TXA to treat patients with urticaria and observed improve-
ments in their melasma. It has been postulated and later on reported that TXA is
effective by modulating the vascular component of melasma [51, 52]. Recent studies
have shown promising results on TXA for the treatment of melasma due to its ability
to block melanin synthesis. Maeda investigated the mechanism of action of TXA in
cultured human melanocytes. It was suggested that TXA inhibits melanin synthesis
without interacting directly with melanocytes, but by interfering with the interac-
tion between melanocytes and keratinocytes through the inhibition of plasminogen
activator and therefore interfering with the plasminogen/plasmin pathway [53].

This results in a decrease of free arachidonic acid production and as a consequence
melanogenic factors, such as prostaglandin and leukotrienes—which are known to
stimulate tyrosinase activity—are reduced [54].

The paracrine melanogenic factor Endothelin-1 (ET-1) is generally increased in
patients affected by melasma. In 2016, Kim at al. published about a possible mecha-
nism of action of topical TXA in melasma patients. Topical application of 2% TXA
resulted in ET-1 downregulation as shown in skin biopsies taken from the patients
[55]. In addition, a slight decrease in the number of CD 31" blood vessels was also
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found in patients applying TXA. Additional literature aiming at elucidating the
mechanism of action of TXA showed that it reduces tyrosinase protein expression as
well as tyrosinase-related protein 1and 2 (TRP1/2) levels [56].

TXA is a relatively new depigmenting agent, and it is used topically, by intrader-
mal microinjection, and as oral agent for the treatment of melasma. TXA is an amino
acid derivative, thus it does not adequately penetrate into the epidermis. A limited
number of studies compared the efficacy of topical TXA at concentrations of 2% up
to 5% to that of HQ (2-3%) alone or in combination with dexamethasone showing
a comparable MASI score reduction with no statistical difference between groups
[57-59]. The efficacy of the topical forms of tranexamic acid is rather controversial,
and there is a need for large-scale, randomized controlled clinical trials comparing the
efficacy of topical TXA versus oral or intradermal TXA [60]. However, the intrader-
mal injection as well as the oral form of TXA tends to work as efficient depigmenting
method for hyperpigmentary disorders.

A concern associated with the use of TXA for melasma has been the risk of devel-
oping arterial and venous thrombosis. The reported cases of thrombosis with oral
TXA for the treatment of heavy bleeding refer to patients with risk factors for hyper-
coagulability, including clotting disorders, history of pulmonary emboli, prolonged
immobility, hormone therapy, active bleeding, etc. [61-63]. This might be considered
as a prohibiting factor for long-term use of TXA especially the oral form in patient
with hyperpigmentary disorders.

To date, there are no studies comparing directly the efficacy of TXA with the one
of triple combination cream (modified Kligman’s formula).

In my hands, the topical form of TXA when not combined with other depig-
menting molecules did not show any significant depigmenting results in patients
with hyperpigmentary disorders. The intradermal form is quite effective, but is
associated with pain, and most patients do not wish to continue the intradermal
injections further than 4-6 months. The oral form of TXA is significantly effective
in most patients with melasma, but is associated with a recurrence as soon as the
treatment is stopped. Topical treatments proved to be ineffective in prohibiting such
arecurrence.

3.2 Cysteamine

Cysteamine is the simplest aminothiol present in nature. It is an endogenous
molecule resulting from the degradation of L-cysteine in mammalian cells during the
Coenzyme A metabolic pathway [64]. Plasma concentrations of cysteamine are low,
but it is highly concentrated in human milk. Cysteamine plays several key roles in
human biology [65]. It acts as an intracellular antioxidant and has protective proper-
ties [65-67]. Cysteamine is orally administered to treat different pathologies, such as
cystinosis and neurodegenerative disorders [67, 68].

The first evidence of the depigmenting activity of cysteamine dates back to
1966 when Chavin injected cysteamine hydrochloride into the skin of black gold
fish model and observed a discoloration of the fish [69]. The higher depigmenting
properties of cysteamine compared to HQ were demonstrated by two independent
studies on animal models published by Frenk et al. and Bleehen et al., a couple of
years later [70, 71]. Qiu et al. demonstrated that cysteamine exerts no cytotoxic
effects on melanocytes and that it acts through melanogenesis inhibition [72].
Despite the high efficacy and high safety profile, two problems have precluded the
use of cysteamine as a depigmenting agent: its instability and its offensive odor
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upon oxidation [65, 73]. These problems were overcome in 2012, and the first topi-
cal product containing cysteamine came to the market.

The first clinical evidences of the efficacy of topical stabilized cysteamine
for the treatment of melasma were demonstrated in two double-blind, random-
ized, vehicle-controlled trials [74, 75]. The first trial involved 50 female melasma
patients. At 2 and at 4 months, a statistically significant reduction in mMASI score
(41.8% reduction at 2 months and 58.1% reduction at 4 months) as well as melanin
index (47.2% at 2 months and 65.1% at 4 months) was observed in the group treated
with stabilized cysteamine compared with placebo vehicle (mMASI: 7.1% reduction
at 2 months and 10.8% reduction at 4 months; melanin index: 7.1% reduction at
2 months and 10.8% reduction at 4 months) [74]. The second vehicle-controlled
study involved 40 melasma patients. mMASI scores were significantly reduced
in the cysteamine group (55.6% reduction at 4 months) compared with placebo
(7.6% reduction at 4 months). Melanin index measured by Mexameter and by
Dermacatch was also reduced by 59.2% (versus 10% for placebo) and by 63.6%
(versus 5.5% for placebo), respectively. Recent double-blind and randomized clini-
cal trials compared the efficacy and tolerability of topical cysteamine with that of
4% HQ, TXA, and triple combination cream. When compared with Hydroquinone
and TXA mesotherapy, stabilized cysteamine was shown to be as effective and
better tolerated [76-79].

3.3 Mechanism of action

Cysteamine inhibits melanin production at different levels of the melanogenesis
pathway by inhibiting tyrosinase and peroxidase, both essential enzymes leading
to the conversion of tyrosine into dopaquinone and the further polymerization of
indoles into melanin. Cysteamine is also a chelator of iron and copper ions, thus pre-
venting Fenton-type reactions [80]. As an antioxidant and scavenger of free radicals,
cysteamine suppresses all oxidation steps in the melanogenesis pathway also prevent-
ing photo-oxidation. Another interesting feature of cysteamine is that it is also able to
increase levels of intracellular glutathione, amplifying natural depigmenting effects
[81, 82]. In addition, cysteamine has the ability to cleave keratin disulfide bonds,
thus enhancing the shedding of melanin in the corneal layer promoting epidermal
turnover [76].

3.4 New formulations based on cysteamine

New formulations combining cysteamine with other molecules, such as certain
vitamin B3 derivatives as well as with alpha hydroxy acids (AHAs) (cysteamine triple
combination), recently entered the market. This triple combination was aimed at
increasing the efficacy and accelerating the onset of action of cysteamine through the
inhibition of melanosomal transfer by vitamin B3 derivatives and by increasing the
epidermal penetration of cysteamine by AHA.

A very recent double-blind, randomized, and placebo-controlled 16-week long
clinical trial has been performed to compare the efficacy, safety, and tolerability of
the cysteamine triple combination with that of modified Kligman’s formula for the
treatment of melasma. Results are about to be published and showed an equivalent
onset of action in terms of mMASI reduction and melasma/normal skin contrast
reduction at 4 weeks post initiation of the treatment. Similar efficacy was shown at
16 weeks with no significant differences between the group applying the cysteamine
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triple combination and the group applying the modified Kligman’s formula. No severe
adverse events were reported in any groups.

Vitamin B3 group of chemicals in general confers anti-inflammatory, anti-pruritic,
antimicrobial, and lightening effects. The latter results from the inhibition of melano-
somal transfer. The combination of a vitamin B3 derivative with cysteamine exploits
the complementary depigmenting action of the two molecules to achieve an additive
depigmenting effectiveness.

An important advantage of cysteamine, in contrast to the gold standard triple
combination (Kligman’s formula), is the possibility of long-term use as a maintenance
therapy. In addition, topical cysteamine is shown to be efficacious for the treatment of
lentigines, which are usually resistant to most topical depigmenting agents [65].

It is possible that cysteamine triple combination could in the near future serve as a
safe and effective long-term treatment for hyperpigmentary disorders in humans.

3.5 New oral and/or injectable treatments
3.5.1 Polypodium

Polypodium leucotomos (PL) is an anti-inflammatory, antioxidant, and photopro-
tective agent extracted from fern species [83-85]. These activities are attributed to
the presence of several compounds in the extract, among others p-cumaric, ferulic,
caffeic, and vanillic acids [86]. In 2004, it was shown that oral administration of PL
(7.5 mg/kg) provided photoprotective effects in patients who were previously exposed
to photochemotherapy [87]. The effect of oral PL extract (480 mg daily) was also
assessed on pigmentation following visible light exposure in patients with Fitzpatrick
skin type IV-VI for a period of 28 days. A significant decrease in persistent pigment
darkening and delayed tanning were observed accompanied by a decrease in markers
for cellular damage, suggesting that PL has depigmenting and cytoprotective effects
[88, 89]. The clinical efficacy of PL was demonstrated also for the prevention and
treatment of melasma. At 12 weeks, mean MASI score was significantly decreased in
patients treated with PL as compared with placebo [90]. Another randomized and
placebo-controlled clinical trial was performed with 40 Hispanic female patients with
moderate to severe melasma, who were given either Polypodium (240 g doses, three
times daily) or placebo for 12 weeks, both groups applied topical sunscreen (SPF 55).
Both melanin index and MASI scores were reduced in both groups, and PL was found
to have no significant depigmenting effect [91]. Another study was performed on 40
Asiatic patients with melasma comparing the combination of PL (twice daily, total
daily dose of 480 mg) with topical 4% HQ and SPF50 sunscreen to the combination
of HQ and sunscreen alone over a period of 12 weeks. Significant improvement in
mMASI scores was observed for both groups, and at day 56, PL treatment was sig-
nificantly better than placebo. The authors of this study suggested that PL is a useful
adjunctive for treatment of melasma [92].

3.5.2 Grape seed extract

Grape seed extract (GSE) contains proanthocyanidin, a powerful antioxidant.
Although there are no studies on the topical use of grape seed extract, oral intake for
6 months has been found beneficial in patients with melasma in a study conducted
by Yamakoshi, et al. [93] L* value and melanin index were measured. Both indices
increased after 6 months of grape seed extract intake confirming the depigmenting
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action of GSE. The study suggested that GSE is effective in reducing hyperpigmen-
tation in melasma patients. The depigmenting effects were only observed after 6
months with no further improvements afterward. The extract was shown to be safe
and well tolerated. Another recent study on 30 women with mild-to-moderate facial
melasma assessed the depigmenting efficacy of oral supplementation including GSE
in combination with Pinus pinaster, vitamins, and minerals, used concomitantly with
a high SPF sunscreen. MASI score decreased significantly at days 28, 56, and 84. A
significant decrease in the melanin index between melasma affected skin and adjacent
area was observed. Also a reduction in the number and areas of UV pigmented spots
and in the areas of melasma was seen overtime [94].

Regarding the very slow onset of action, GSE might only be interesting as
an adjuvant treatment for melasma in addition to topical agents and not as a
monotherapy.

3.5.3 Glutathione

Glutathione (GSH) is a tripeptide of glutamate, cysteine, and glycine and is a
powerful endogenous antioxidant. Endogenous GSH produces depigmentation by
inhibiting tyrosinase and bypassing the production of eumelanin to that of phe-
omelanin [95]. At the time of authoring this chapter, only a few published clinical
studies evaluated the efficacy of oral and topical glutathione as depigmenting agent.
An open-label, 8-week study published in 2016 involved 30 healthy Filipino women,
who were treated with a 500-mg buccal (sublingual lozenge) glutathione. The results
showed a significant reduction in the melanin index (determined by Mexameter),
and moderate lightening was observed in 90% of the subjects [96]. Topical oxidized
glutathione (GSSG) at 2% was tested on 30 healthy women in a randomized, double-
blind, split-face, and placebo-controlled study. Changes in melanin index values
determined by Mexameter, moisture content of the stratum corneum determined by
corneometry, smoothness, wrinkle formation, and elasticity of the skin were mea-
sured. The study lasted 10 weeks and showed a significant reduction of the melanin
index in the GSSG-treated side [97]. The findings of these studies, however, need
to be interpreted with caution due to some important limitations, such as the small
samples size, the short study period, and no follow-up, no evidence of GSH effi-
cacy on patients having hyperpigmentation but studies performed only on healthy
subjects and lack of measurement of blood levels of glutathione. To date, there is
no in vivo evidence on the efficacy of GSH on the treatment of hyperpigmentary
disorders.

Systemic GSH through IV injection has been used as an off-label treatment for
hyperpigmentary disorders and general skin whitening. This practice is forbidden by
the FDA due to its hazardous side effects, such Stevens-Johnsons syndrome associated
with IV injection of glutathione. The depigmenting action of IV GSH is not yet shown
in any studies.

4, Conclusions

Topical cysteamine and tranexamic acid (intradermal and oral forms) are newer
options that physicians can incorporate into their armamentarium. TXA, because
of its demonstrated efficacy, is a good tool in hands of dermatologists for stubborn
lesions.
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The depigmenting efficacy of TXA and cysteamine has been evidenced in several
clinical trials; however, additional larger studies are needed. To date, cysteamine has
never been associated to severe adverse effects and thus represents an interesting
alternative treatment to the Kligman’s formula. If the results of the current studies
showing the comparable efficacy of cysteamine with HQ and especially the Kligman’s
formula are confirmed in further clinical trials, cysteamine can be considered as one
of the primary treatments for hyperpigmentary disorders. The absence of side effects
associated with long-term use of cysteamine preparations suggests that it could be
safely employed in the maintenance phase, since the Kligman’s formula, although very
effective for the acute treatment, is not a long-term option.

The existing risk of hazardous side effects such as thrombosis makes the long-term
use of oral TXA risky. This causes TXA not to be considered as a long-term tool for the
treatment of patients with recurring pigmentary disorders as melasma.

The other agents presented in this chapter, such as arbutin, kojic acid, and azelaic
acid, are generally well tolerated, but appear having low efficacy and/or slow onset
of action, although combinations of two or more depigmenting agents could improve
that. More research and evidences are needed to demonstrate their individual benefits
as well as optimal formulations.
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Chapter 6
Drug-Induced Pigmentation

Ivan Arni C. Preclaro

Abstract

Drug-induced pigmentation occurs in up to 20% of acquired pigmentary disorders
of the skin. Association of its occurrence was reported in certain drugs, including
alkylating/cytotoxic agents, analgesics, antiarrhythmics, anticoagulants, antiepilep-
tics, antimalarials, antimicrobials, antiretrovirals, metals, prostaglandin analogs, and
psychotropic agents, among others. Proposed mechanisms include (1) accumulation of
melanin, (2) accumulation of drug, (3) generation of new pigment, and (4) deposition
of iron. Though difficult to confirm the drug association, the history, with emphasis on
currently used drugs, and clinical examination may guide practitioners to an accurate
diagnosis. Treatment options include cessation of the drug, adequate sun protection,
and non-ablative pigment lasers.

Keywords: drug reactions, pigmentation, drug-induced, pigment lasers,
histopathology of pigmented disorders

1. Introduction

Pigmentary disorders are commonly seen in dermatologic practice that may have a
negative impact on the quality of life of patients. In some of them, it may be brought
by the use of certain medications leading to drug-induced pigmentation. The occur-
rence of drug-induced pigmentation has been estimated in 10-20% of acquired
pigmentary disorders seen in the clinics [1]. Its incidence depends on the suspected
medication, which varies from exceptional incidents to 25% of patients taking the
medication [2]. Based on the literature, a number of reports have been attributed to
be associated with developing drug-induced pigmentation. This includes alkylating/
cytotoxic agents, analgesics, antiarrhythmics, anticoagulants, antiepileptics, antima-
larials, antimicrobials, antiretrovirals, metals, prostaglandin analogs, and psycho-
tropic agents, among others [1]. Despite the documented associations, the level of
evidence supporting these has been variable. Most of these associations were reported
in individual case reports and some case series. In addition, published systematic
reviews have been limited; hence, the need for further prospective investigations
regarding this disorder.

2. Pathomechanism of drug-induced pigmentation

The exact mechanism in the development of pigmentary disorders related to
drug use is currently unknown. From the currently published papers, the evidence
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pointing to the pathomechanism of drug-induced pigmentation have been limited.
Despite its occurrence in newer drugs, the deposition of pigments in the skin and
mucosal surfaces has remained to be elucidated. With the advent of more sophisti-
cated techniques, such as electron microscopy and mass spectrometry, further prog-
ress in its pathogenesis can be seen. Currently, there are four mechanisms proposed in
the development of drug-induced pigmentation.

The first mechanism involves the accumulation of free melanin pigments in the
dermis, or in the macrophages surrounding the blood vessels. This may be due to Ref.
[1], the direct stimulation of the melanocytes by the culprit drug to produce melanin,
[2] the inflammatory response to the culprit drug, or [3] the formation of a stable
drug-melanin complex incapable of macrophage clearance [1]. Another mechanism
implicates the accumulation of the culprit drug saturating the macrophages, which
incapacitates its function to clear the foreign materials, or the culprit drug itself freely
exists within the dermis as pigment granules [1]. Next, the culprit drug may influence
directly the generation of new pigments, such as lipofuscin [1]. Lastly, the culprit
drug may induce vascular damage within the dermis causing red blood cell extravasa-
tion and degradation, eventually leading to the deposition of iron [1].

These proposed mechanisms may not strictly explain the pathway in the devel-
opment of pigmentation in each drug reported. With the development of new
medications on the horizon, this may be accompanied by future perspectives on the
pathogenesis of drug-induced pigmentation.

3. Clinical manifestations

The clinical picture varies for each drug based on the available reports. However,
the sites of involvement, the pattern of pigmentation, and the color of pigmentation
may help the clinician to suspect the culprit drug involved. The author divided the
section into the pattern of pigmentation caused by drugs which is shown in Table 1.

3.1 Localized and diffuse pigmentation

There are many cases documented presenting with localized and diffuse pigmen-
tation associated with medication use. Most of them usually start with a localized
pigmentation evolving into a diffused pattern in the sun-exposed areas. The drugs
more commonly described to cause pigmentary changes are clofazimine, amiodarone,
minocycline, antimalarials, and chemotherapeutic drugs [3].

Clofazimine, an agent used in the treatment of leprosy, causes reddish-blue
discoloration evolving into a violaceous to reddish-brown pigmentation. The pig-
mentation may be found in the skin and conjunctiva with prolonged use [5]. On
dermoscopy, it shows yellow to white globules on a black background and honey-
comb patterns [6]. Clofazimine-induced pigmentation resolves after months to years
upon discontinuation [7].

Amiodarone-induced pigmentation has been well documented. It manifests with
slate-gray to purple skin pigmentation found in sun-exposed areas, such as face, nose,
and ears. The pigmentation appears after 6 months of administration and may be
dose dependent. Patients who are taking more than 400—800 mg/day have a higher
risk of developing pigmentation. It also may resolve upon drug cessation but in some
cases, it persisted for up to 1 year [1, 8].
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Distribution of pigmentation Reported causative drug

Localized Antimalarials, Tetracyclines, Amiodarone, Adriamycin, Tegafur,
Antiretrovirals

Diffuse Antimalarials, Tetracyclines, Amiodarone, 5-Fluorouracil,

Cyclophosphamide, Adriamycin, Gefitinib, Sorafenib,
Anticoagulants, Antipsychotics, Clofazimine, Antiretrovirals

Reticulated Diltiazem, Paclitaxel
Flagellated Bleomycin
Nail pigmentation Antimalarials, Tetracyclines, Amiodarone, Clofazimine,

5-Fluorouracil, Cyclophosphamide, Adriamcin, Hydroxyurea,
Sunitinib, Dapsone, Antiretrovirals

Mucosal pigmentation Antimalarials, Tetracyclines, Antipsychotics, Amiodarone, Dapsone,
Rifampin

Table1.
Some drugs reported to cause pigmentation [4].

Minocycline, another established inducer of pigmentation, develops four char-
acteristic clinical patterns. Type I shows blue-black pigmentation in the sites of
previous inflammation or acne scars. Type II shows localized diffuse pigmentation
in the anterior lower legs or in the photosensitive areas. Type III produces “muddy
skin” presenting with diffuse bluish-brown to slate-gray pigmentation that can be
aggravated by ultraviolet rays. Lastly, a noticeable pigmentation along the vermilion
border of the lower lip. In addition, pigmentation of the other mucosal surfaces, such
as conjunctiva, sclera, and nails, have also been described. Minocycline-induced
pigmentation has a higher risk in the following: [1] those on prolonged treatment,

[2] with a cumulative dose of more than 50 g, [3] with presence of other cutaneous
inflammatory disorders, and [5] with co-administration of drugs that may induce
pigmentation. Minocycline pigmentation occurs as early as 1 week of therapy up to
3 years after initiation [1, 8-11].

Chloroquine, hydroxychloroquine, mefloquine, and quinacrine are antimalarial
drugs associated with drug-induced pigmentation. Its incidence occurs in one in
every four patients taking these drugs. Generally, the discoloration is characterized by
bluish-gray to deep purple shade of macules forming patches in the anterior legs and
head that may progress into diffuse pigmentation accentuated in the photo distrib-
uted areas. In quinacrine-induced pigmentation, light yellow discoloration may be
appreciated in the skin and mucosal areas. The pigmentation improves 2-6 months
after drug cessation [1, 4, 12, 13].

Antipsychotic medications, such as phenothiazines (chlorpromazine) and tricy-
clic antidepressants (imipramine/desipramine), produce slate-gray to purple-gray
pigmentation in the photodistributed areas, including the face and the extremities.
Other affected areas include the nail beds and the eyes. The pigmentation happens
over time and was associated with high cumulative doses. It was proposed that the
antipsychotic medications, together with sun exposure, stimulate the melanocytes to
produce melanin that results in discoloration. In chlorpromazine-induced pigmenta-
tion, the drug binds to the melanocyte to stimulate melanin synthesis. On the other
hand, in imipramine-induced pigmentation, the drug or its metabolite may activate
the enzyme tyrosinase subsequently increasing melanin production [1, 4, 14].
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3.2 Reticulated pigmentation

Reticulated pigmentation has been described as “net-like” and “chicken wire”
pigmentation with varying shades of pigments and unclear borders [15]. Drug-
induced reticulated pigmentation was considered rare and was associated with
some medications [16]. Diltiazem is a calcium channel blocker used to treat cardio-
vascular diseases. The development of diltiazem-induced pigmentation happens
between 8 to 15 months from the administration of the drug. It was described as
slate-gray reticulated pigmentation found in sun-exposed areas. Interestingly, the
histopathologic findings reported were similar to lichen planus pigmentosus [17, 18].
Chemotherapeutic drugs, such as paclitaxel, cyclophosphamide, 5-fluorouracil, ida-
rubicin, ifosfamide, and cytarabine, have also been implicated to cause reticulated
pigmentation [19]. However, previous reports have used multiple chemotherapeutic
drugs, and implicating its association in the development of reticulated pigmenta-
tion is quite limited [20].

3.3 Flagellate pigmentation

Bleomycin is a cytotoxic agent used to treat squamous cell carcinomas, testicular
cancers, and lymphomas [21]. It is known to develop flagellate pigmentation that may
be appreciated upon administration for up to 9 weeks. The pigmentation starts from
erythema that can be found anywhere in the face, trunk, and extremities. It usually
resolves after drug cessation and in some cases, it may persist up to 1 year later. In
patients with more than 100 units of cumulative doses, the incidence of developing
cutaneous reactions to bleomyecin is around 8—20% [22]. Other medications reported
with flagellate pigmentation include docetaxel, trastuzumab, peplomycin, and benda-
mustine [23-26].

3.4 Nail pigmentation

Drug-induced pigmentation of the nails may be due to the melanocyte activation
in the nail matrix, or the deposition of the drug or its metabolites in the nail unit.
Melanonychia usually results from the activation of melanocytes in the nail matrix.
This produces streaks of longitudinal or transverse bands of brown to black stripes
involving several nails [27]. Several medications have been reported to cause nail
pigmentation which include zidovudine, 5-fluorouracil, methotrexate, cyclophospha-
mide, hydroxyurea, bleomycin, and daunorubicin. Melanonychia usually starts after
3-8 weeks of drug administration and resolves upon cessation of the drug between
6 weeks to months [28-30]. In some reports, the deposition of the drug happens in
the nail plate. It may present with yellow tinted color of the nail plate in gold salts
and tetracyclines while dark-brown to bluish-brown discoloration is associated with
clofazimine and antimalarial administration [27, 31, 32].

3.5 Mucosal pigmentation

Mucosal pigmentation has been fairly documented in the conjunctiva and oral
mucosa. This is more commonly documented in females and found in the gingiva, tongue,
and buccal cavity. It presents with blue to poorly defined black pigmentation, which
is promptly investigated to rule out the possibility of a mucosal melanoma [9, 33]. The
development of drug-induced mucosal pigmentation may happen rapidly at onset or may
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take several days or years [34]. Its pathogenesis is still under investigation but may still be
attributed to the proposed mechanisms mentioned [35]. Patients, who take antineoplas-
tics, antimalarials, minocycline, and chemotherapeutic drugs, have a significantly higher
risk of developing drug-induced mucosal pigmentation. Other drugs include zidovudine,
golimumab, amlodipine, and clofazimine [36].

4. Diagnosis and assessment

The diagnosis of drug-induced pigmentation can directly be made on clinical
grounds if the typical presentation of the pigmentation coincides with the exposure
of the culprit drug especially with the known medications to cause drug-induced
pigmentation. However, it may also be complicated due to insufficient evidence relat-
ing to the culprit drug, especially in the delayed onset of manifestations and the use of
multiple drugs [37]. Given its complicated situation, the diagnosis for drug-induced
pigmentation may be guided as follows:

1. A thorough patient history is recommended with emphasis on previous and
current medications, including over-the-counter drugs and supplementation,
and detailed medical history. If feasible, electronic medical records and previous
pharmacy visits may aid the clinician in retrieving the drug list of the patient. It
is important to take note of the common drugs that have been documented in the
literature that may induce pigmentation. This includes antiarrhythmics, antico-
agulants, antiepileptics, antimalarials, antimicrobials, antiretrovirals, metals,
prostaglandin analogs, and psychotropic agents.

2.The onset and evolution of the lesions should be asked from the patient as keenly
as possible. This should be done with a drug chart corresponding to the clini-
cal course of the disease. It is important to note the changes in the intensity of
pigmentation in correlation with the change in drugs as some drugs may be dose-
dependent like amiodarone. An adverse drug reaction probability scale may help
to assess the drug causality, such as the Naranjo algorithm [38].

3. Complete physical examination of the skin, nails, and mucosal surfaces is a
must. The distribution pattern, morphology, and color may aid the clinician to
suspect which drug may have caused the disease. Dermoscopic examination may
be able to help distinguish other diseases that may present with odd pigmenta-
tion such as melanoma and hemosiderin deposition from a purpuric disorder.

4. Skin biopsy should be considered and may be correlated with the clinical picture.
The location of the pigment, pattern of inflammation, and special stain patterns
should be documented.

5. Differential diagnosis

Sun exposure has been the greatest contributory factor in developing pig-
mentary disorders and, coincidentally, a number of reports have documented the
development of drug-induced pigmentation in sun-exposed areas. However, more
common pigmentary disorders should have been considered first before thinking of

91



Pigmentation Disovders - Etiology and Recent Advances in Treatments

Melasma

Addison’s disease

Hemochromatosis

Nutritional deficiencies (niacin and vitamin B12 deficiencies)

Ashy dermatosis or erythema dyschromia perstans

Pigmented contact dermatitis

Poikiloderma of civatte

Table 2.
Differential diagnosis of drug-induced pigmentation [1].

a possible drug-induced pigmentation in a patient. The list of differential diagnoses
is included in Table 2.

Melasma is characterized by symmetrical hyperpigmented macules and patches
on centrofacial and malar areas, especially in patients with skin of color. The factors
contributing to its development include sun exposure, pregnancy, and hormone
replacement therapy. Addison’s disease presents with slate-gray pigmentation on both
skin and mucosal surfaces. Pigmentation is accentuated in the flexural areas, scars,
and areola. The diagnosis can be established with symptoms related to adrenal insuf-
ficiency and hormonal laboratory workup. Hemochromatosis should be considered in
patients presenting with bluish-gray discoloration involving the skin and nails. This
hereditary condition is usually accompanied by other diseases, such as diabetes mel-
litus, ophthalmologic problems, heart failure, and liver cirrhosis. Laboratory workups
show abnormal levels of iron or copper and may be related to genetic mutations
involving iron absorption.

Nutritional deficiencies, such as niacin and vitamin B12 deficiencies, may present
with photodistributed pigmentation. Ashy dermatosis or erythema dyschromia per-
stans is a rare progressive disorder presenting with ash-brown discoloration predomi-
nantly seen in the trunk and proximal extremities. This condition may be hereditary
and may be transmitted in an autosomal dominant way. Pigmented contact dermatitis
is usually exacerbated by cosmetic products and is prevalent in middle-aged females
of skin of color. It starts as erythematous pruritic patches progressing to diffuse and
reticulated hyperpigmentation on face and neck. Poikiloderma of Civatte may also
present with reticulated hyperpigmentation of the sides of the neck and V area of the
chest. Factors contributing to the development of this condition include sun expo-
sure, allergic reactions to fragrances/cosmetics, menopause, and genetic predilection
[39]. Though histopathology may describe the deposition of some pigments in the
skin, it is best to be correlated with the clinical information to arrive at the diagnosis
of drug-induced pigmentation.

6. Histopathology of drug-induced pigmentation

Limited studies have correlated the histologic features with the clinical presenta-
tion of each drug class reported in the literature. This section will be discussing on
the histologic findings of each drug class published. The histologic findings in each
culprit drug-producing drug pigmentation mostly vary [40]. Generally, the epidermis
may or may not show proliferation of melanin in the basal cell layer of the epidermis.
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In the dermis, free pigment granules can be appreciated in perivascular and/or inter-
stitial patterns. The pigment granules may show yellow-brown to black color. Some
of these granules can be found inside the macrophages or adhere to the elastic fibers.
The granules may have positive staining for Perls’ method for iron, Masson-Fontana
method for melanin, or both.

In minocycline-induced pigmentation, the histologic findings depend on its
clinical variants. The type I and II variants show normal melanin pigmentation of the
basal layer of the epidermis and the presence of golden brown to brown-black gran-
ules engulfed by macrophages in perivascular and periccrine patterns in the dermis.
In type III variant, there is an increase in basal cell melanin pigmentation [41-43].

Amiodarone-induced pigmentation shows normal pigmentation of the epidermis
with yellow-brown, lipofuscin-like granules surrounding the blood vessels in the der-
mis. These granules were positive for periodic acid—Schiff, Ziehl-Neelsen, Fontana,
and Sudan black stains. At first, the granules were thought to be lipofuscin but recent
findings support that the granules were amiodarone deposits in the dermis [44-47].

The histopathologic findings of pigmentation caused by the antimalarials,
quinacrine, and hydroxychloroquine, show yellow-brown granular deposits within
the macrophages scattered throughout the dermis and may be found extracellularly.
However, the pigments in quinacrine-related pigmentation show a weak reaction or
Perls’ iron stain and negative for Masson-Fontana, while the pigments in hydroxy-
chloroquine-related pigmentation show a positive reaction to Masson-Fontana and
negative to Perls’ iron stain [48, 49].

Antipsychotics, such as chlorpromazine, imipramine, and desipramine, demon-
strate golden brown granules seen in the upper dermis surrounding the superficial
vascular plexus. These granules are found within the macrophages. However, in
imipramine and desipramine pigmentation, some granules are found floating in the
dermis. The granules stain is positive for Masson-Fontana and negative for Perls’ iron
stain [50, 51].

In clofazimine-induced pigmentation, routine hematoxylin-eosin sections
do not show any pigment deposits; however, birefringent red crystals can be
appreciated in the fresh frozen sections. On fluorescence microscopy, these crys-
tals are found surrounding large vessels in the dermis and show vivid red color.
Interestingly, recent animal studies found that the crystals attributed to clofazimine
pigmentation were from the separation of the free base form of clofazimine into the
subcutaneous layer [52].

7. Treatment

Treatment strategies for drug-induced pigmentation have been limited. Avoidance
and substitution of the culprit drug are the most reasonable option to treat drug-
induced pigmentation. In some drugs, such as amiodarone, decreasing the dosage may
help ameliorate the occurrence and severity of drug-induced pigmentation. In addition,
sun protection, with the use of sunscreens, may avoid some drug-induced pigmenta-
tion brought by sun exposure from the use of certain drugs, such as antimalarials,
antipsychotics, amiodarone, and tetracyclines [53]. Aside from sunscreens, physical
barriers like umbrellas, hats, and wide-rimmed sunglasses should be advised, especially
in patients at risk for intense sun exposure. Whitening topical medications, such as
hydroquinone and hydroxy acids, have been found to be ineffective due to the location
of pigment deposition in the dermis and/or adnexal structures [54].

93



Pigmentation Disovders - Etiology and Recent Advances in Treatments

Physical modalities, such as cryotherapy, have been documented in a case report
of drug-induced pigmentation of the lip. A single cryotherapy session of open spray
method using liquid nitrogen was applied for 30 seconds producing frost on the
affected mucosal surface. Two weeks after, it produced a shallow ulceration which
further improved 4 weeks after with minimal residual discoloration [55]. However,
the improvement with the use of cryotherapy may be site-specific. The desired target
in the dermis may outweigh the benefits of this modality, especially in the skin.
Complications include scar formation, further pigmentary changes, and tissue disfig-
urement [56]. On a positive note, cryotherapy may be a good, cheaper alternative to
lasers in drug-induced pigmentation of the mucosal surfaces.

Evidence supporting the use of lasers who may have failed or are unsatisfied with the
current treatment option has been promising and may be an option for patients [54].
Conventional pigment lasers, such as quality-switched neodymium-doped yttrium alumi-
num garnet (Nd:YAG), alexandrite, and ruby lasers, have shown favorable results. Some
studies have demonstrated good results in combining Q-switched pigment lasers with
pulsed dye lasers or non-ablative 1550 nm fractional resurfacing lasers [57, 58]. These con-
ventional pigment lasers induce photothermolysis of the pigment particles, making them
less visible or promoting their clearance via recruitment and engulfment of pigments by
phagocytic cells [59]. Frequency of treatment varies from a single treatment session of
combination laser to multiple treatment sessions in single laser modality. This may suggest
a combination of treatment strategies with the use of lasers may be more advantageous
than single modality alone. Despite favorable reports of its efficacy, the optimal settings
with the use of lasers have been variable. In addition, limited clinical trials have been
published hence, the need for more studies such as prospective clinical trials.

Currently, picosecond lasers are cleared by the United States Food and Drug
Administration in the treatment of pigmented disorders. It has been proven to be
safer and more effective than nanosecond lasers in the treatment of dermal pigmen-
tary disorders [60]. Several case reports and a case series have been published in
terms of its efficacy in treating drug-induced pigmentation specifically to minocy-
cline [61-64]. The frequency of treatment varies from a single session to five monthly
sessions of picosecond lasers. All of them resulted in significant clinical improvement
to complete clearance of pigmentation. Although the results were promising, further
evidence is required to conclude its better efficacy than nanosecond lasers. Also, the
lack of studies for other medications inducing drug pigmentation should reserve the
use of picosecond lasers in the future and depend on the clinician’s call.

8. Course and prognosis

Upon discontinuation of the culprit drug, pigmentation persists in most cases
that may even last decades after drug cessation. This may result in an impact on
the psychological and social aspects of each patient’s life. Despite higher chances of
persistence, drug-induced pigmentation is not associated with higher chances of
mortality [65].

9. Conclusions

Drug-induced pigmentation is a rare, acquired pigmentary disorder brought on by
various medications that have been used in our daily lives. Its development remains
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elusive but with the enhancements in research, the pathogenesis may be explained in
the future. As clinicians, we have to keep in mind to include the possibility of drug-
induced pigmentation in patients who have history of medication use. Prospective
studies in the treatment of this condition may help clinicians to ease the burden on the
patients’ quality of life.
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Chapter7

Skin Pigmentation and Cosmetic
Considerations for Even Skin Tone

Anita Damodavan and Nirmala Nair

Abstract

The pigment polymer, melanin is the major determinant of visible pigmentation of
skin, hair, and eyes. Its synthesis within organelles called melanosomes in melanocytes
and transfer to and distribution within keratinocytes in the epidermis regulates skin
pigmentation. Sunlight and its ultraviolet radiation component have a well-established
role in skin tanning, through increasing epidermal melanin. Additionally, linked to
the pigmentary system are disorders of pigmentation, resulting in problems ranging
from hypopigmentation to hyperpigmentation. This chapter provides an overview of
the prominent hyperpigmentary manifestations such as post-inflammatory hyperpig-
mentation (e.g., that associated with acne), solar lentigo, melasma, and peri-orbital
hyperpigmentation and recent advances in cosmetic interventions borne out of strong
scientific understanding and consumer clinical studies.

Keywords: hyperpigmentation, niacinamide, resorcinol, cosmetic, even skin tone

1. Introduction

Visual appearance is the reflection of one’s inner self and is hence associated with
self-esteem. To achieve skin devoid of imperfections has been an age-old quest, as it
plays an important role in social acceptability. One such important aspect of appear-
ance is skin color and its associated disorders. Skin color is determined by the amount
and type of melanin (i.e., eumelanin and pheomelanin) synthesized in melanocytes
and distributed within epidermal layers. It is also widely agreed that the type of
melanin and its distribution in the epidermis are the most important factors in the
protection of human skin from the detrimental effects of ultraviolet radiation (UVR).
Constitutive skin color is what a person is born with and is genetically determined,
while environmental factors such as UVR and pollution and physiological changes
such as inflammation, hormonal changes, age, etc., influence facultative skin color.

Many constitutive pigmentation genes have been identified through spontaneous
mutations causing a visible change in hair or skin color phenotype in mice or humans.
All these genes are associated with either regulation of the pigmentation process in
melanocytes or its development, survival, differentiation, and/or responses to stimuli
[1]. In recent studies, using a genome-wide association approach complemented
with targeted resequencing, scientists have identified previously unreported non-
canonical skin pigmentation pathways in African populations, suggesting that the
architecture of skin pigmentation can vary across humans subjected to different local
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evolutionary pressures [2-4]. Thus, novel variants in genes not previously linked to
pigmentation are being discovered, and mounting evidence appears to suggest that
there could be many more variants yet to be identified.

On the other hand, the molecular regulation of facultative pigmentation also
called hyperpigmentation, has not been very well characterized. Limited knowl-
edge exists on the etiology and the key genes/proteins involved in the induction,
characteristics, and maintenance of the pathology of these conditions. Facial hyper-
pigmentary conditions like melasma, post-inflammatory hyperpigmentation (PIH),
periorbital darkening, and solar lentigines (SL, age spots) are common cosmetic
concerns across populations, especially in individuals of skin of color. Some of these
conditions are described in the next section with the latest understanding of their
underlying biology.

2. Hyper pigmentary conditions and biology
The common facial melanotic conditions prevalent in humans are shown in Figure 1.
2.1 Solar lentigines

Solar lentigines (SL) is a common hyperpigmentary disease occurring in
approximately 90% of old Caucasians and 70% of old Asians [5]. It is reported to
develop more frequently in men than women [6, 7]. It presents a well-demarcated
circumscribed yellow or brown macule with a diameter of 1-3 cm, predominantly on
sun-exposed areas such as the face and the dorsal aspects of the hands and forearms
[8]. However, unlike UV tanning, which may disappear with time in the absence of
further sun exposure, SL is not known to resolve on its own, probably due to irrevers-
ible damage resulting from repeated sun exposure. Besides sun exposure, environ-
mental factors such as constituents of ambient air pollution; may also contribute to SL
development [9].

Histopathological assessment of SL has been carried out by several independent
investigators. Prominent features include hyperpigmentation of the basal cell layer
with a characteristic club-shaped elongation of rete ridges, numerous melanocytes,
and increased melanin production without cellular atypia. A significant increase in
both the epidermal area and the number of melanocytes, compared to that with a simi-
lar degree of photodamage, but frequently lacking the rete ridge hyperplasia classically

A)

Figure 1.
Various facial hyper melanosis prevalent in humans. (A) Periorbital hyperpigmentation (POH); (B) solar/senile
lentigines (SL); (C) post inflammatory hyperpigmentation (PIH); (D) melasma.
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associated with lentigines from other anatomic sites have been reported for facial SL
[10, 11]. Classification of human SL progressive stages, based on the degree of melanin
deposition and the depth and complexity of the rete ridges has been proposed with
early stages of SL presenting with lower melanin levels as well as shorter and simpler
rete ridges, whereas later stages show an accumulation of melanin and intricated rete
ridges protruding into the thinning dermis and epidermis [12-14]. More recent studies
have also pointed to the role of underlying inflammation in SL pathogenesis [15].

In recent years, insights generated through several qualitative and quantitative
studies have significantly advanced our understanding of the underlying mechanisms
in SL pathogenesis. Gene profiling studies reported upregulation of genes related to
inflammation, fatty-acid metabolism, and melanogenesis, and downregulation of
cornified envelope-related genes, indicating that solar lentigo is likely induced by
mutagenic effects of repeated ultraviolet light exposures, thereby increasing melanin
production, with a concomitant reduction in proliferation and differentiation of kera-
tinocytes [14, 16]. The observed reduction in keratinocyte proliferation has been cor-
roborated in a subsequent study, wherein the authors propose that early events may
involve pigment-related genes, but with increasing time, increased levels of keratins 5
and 10 may put pressure on the basement membrane with basal keratinocytes loaded
with melanin, pushing down toward the dermis to form rete ridges instead of moving
upwards toward the stratum corneum as in normal skin [17]. Analysis of 160 skin
biopsy samples from the lesional skin of SL showed a gradual increase in the expres-
sion of specific microRNAs from photo protected to peri-lesional skin to SL [18]. The
profile reveals a significant change in microRNAs that regulate genes involved in lipid
and fatty acid metabolism as well as inflammation.

Several independent studies have implicated cell types besides melanocytes in SL
pathogenesis. In a study to decipher morphological and immunohistochemical changes
of keratinocytes in facial SL, it was shown that individual keratinocytes were larger
in size and showed increased pl6 staining, pointing to a role for senescent changes
underlying the pathogenesis [19]. More recently, in a study on 190 SL subjects, Notch1-
dependent keratinocyte malfunction was suggested as the cause of the development
of SL [20]. Besides the epidermal compartment, several independent studies have also
reported changes in epithelial-mesenchymal crosstalk in SL pathogenesis. Prominent
among these are endothelin-1 (ET-1), hepatocyte growth factor (HGF), keratinocyte
growth factor (KGF), and stem cell factor (SCF) [21, 22]. An interesting difference
between UVB melanosis and SL is that in the former, ET-1 and SCF are stimulated by
interleukin-1 alpha (IL-1a), while in SL, they are stimulated by tumor necrosis factor-
alpha (TNFa) [23]. Observed degradation of heparan sulfate chains owing to increased
heparinase at the dermal-epidermal junction (DEJ), may exacerbate the transfer of
growth factors and cytokines between the epidermis and dermis, contributing to
hyperpigmentation in SL [24]. Studies have also pointed to increased blood flow and
vasculature in SL using immunohistochemistry [25], 3D microvascular analysis [26],
and optical coherence tomography angiography [27]. Most recently, a dysregulation
of Nrf2 signaling has been shown to be associated with SL pathogenesis [28]. Taken
together, these pieces of evidence point to a complex network of cells and secreted
factors that are likely involved in the development and progression of SL.

2.2 Postinflammatory hyperpigmentation

Postinflammatory hyperpigmentation (PIH) is one of the most common causes
of altered normal skin color [29]. It is an acquired hyper-melanosis and a common
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sequela of various inflammatory episodes. It primarily afflicts patients with darker skin
types (Fitzpatrick types I1I-VI), although all skin types can develop PIH [30]. As com-
pared to 25% in white patients, the prevalence of PIH in Hispanic and black patients is
48 and 65%, respectively [31]. Additionally, it has been reported to occur with equal
incidence in males and females of all ages [32]. Although PIH is easily diagnosed from
the patient’s history and the presence of inflammation, several dermatoses lead to

PIH without noticeable inflammation. Hence, while visual assessment can aid in PIH
evaluation, the use of non-invasive methods can further aid diagnosis [33].

PIH presents itself in two forms—epidermal (light to dark brown) which usu-
ally disappears spontaneously and dermal (blue-gray coloration) which has a more
prolonged course and may either take years to resolve or may be permanent [33, 34].
Unfortunately, a vicious cycle may emerge leading to new areas of hyperpigmenta-
tion if the underlying inflammatory disorder is not resolved [34]. In many cases, the
extent of damage to the skin may result in scars and keloids.

Causative factors can be divided into endogenous and exogenous factors. The former
includes PIH from inherited diseases such as incontinentia pigmenti, cutaneous diseases
such as acne, lichen planus, erythema dyschromia persistans, and facial melanoses, as
well as systemic diseases such as morphea, porphyria, and biliary cirrhosis [29]. The
latter on the other hand include mechanical trauma, extremes of temperature, ionizing
and non-ionizing radiation, phototoxic reactions, laser resurfacing [35, 36], and cases
of contact dermatitis [37]. Noteworthy is the PIH commonly accompanying acne, often
considered more bothersome than acne itself [38] and that accompanying axillary
darkening because of shaving, plucking, and/or antiperspirant use [39].

Different histological patterns of PIH emerge, depending on which skin layer
is involved. For the epidermal type, there appears to be an increase in the number
(hyperplasia), size (hypertrophy), and activity of melanocytes, leading to increased
melanin content, with little dermal changes [40]. On the other hand, in the dermal
type, melanin enters the dermis, contributing to dermal pigmentation, with an
accompanying perivascular lymphocytic infiltrate [40, 41].

Likely pathogenic mechanisms underlying PIH include inflammatory mediators
such as arachidonic acid metabolites, nitric oxide, etc., and crosstalk between mela-
nocytes and neighboring keratinocytes and fibroblasts, resulting in the exchange of
several melanogenic factors [42].

2.3 Periorbital hyperpigmentation

Periorbital hyperpigmentation (POH) is a common dermatological condition that
presents as a dark periorbital area beneath or around the eyes. While it afflicts about
78% of the global population, the majority of the affected individuals are of Asian
and African origin [43]. It is reported to occur in both sexes with a greater frequency
in females with early onset at age 16-25 [44, 45]. It can also frequently be seen in
multiple members of the same family [46].

While the etiology is multifactorial, prominent causative factors include familial,
UV, inadequate sleep, post-inflammatory hyperpigmentation following atopic derma-
titis, allergic contact dermatitis, lichen planus pigmentosus, erythema dyschromicum
perstans [47] tear-trough depression, and periorbital edema [43, 48, 49]. Basis the
clinical pattern of pigmentation and vasculature, POH can be classified into (a) consti-
tutional, which involves the presence of a curved band of dark brown to black pigmen-
tation on the skin of the lower eyelids, (b) postinflammatory pigmentation, marked by
the presence of irregular patches of dark brownish or gray pigmentation on the skin of
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the lower, upper, or both the eyelids with lichenifed eczema in surrounding areas, (c)
vascular, involving bluish discoloration of the lower eyelids and visible greenish blue
veins that become more prominent on stretching of the overlying skin, (d) the shadow
effect, involving the presence of deep tear trough over the medial aspect of the inferior
orbital rim that disappears with direct lighting, and (e) mixed highlighted by presence
of periorbital blue, purple, or pink hue with puffiness associated with palpebral bags,
blepharoptosis, and loss of fat with bony prominence [43, 50, 51].

The pathogenesis of POH may be due to one of many factors, notably, dermal
melanocytosis [52], an extension of pigmentary demarcation lines of the face [45],
postinflammatory hyperpigmentation, superficial location of the vasculature [53],
tear-trough depression [52], and thinning of skin [54]. Ultraviolet-induced damage
stimulates melanogenesis through multiple pathways [55] or melasma, if it appears on
the eyelids, leading to dark eyelids and a tanned lower eyelid region [56].

Histological examination reveals that the most consistent features of POH are hyper
melanization of the basal layer and lower malpighian layer with increased melanin gran-
ules together with dermal melanin incontinence, dermal melanophages, and perivascular
lymphocytic infiltrate [53, 57, 58]. Additionally, the dilation of dermal blood vessels may
contribute to the severity of POH [58]. In a study on Asian subjects, the group reported
dermal melanocytosis along with melanophages in patients with POH as detected by
immune-histochemical staining with S-100 antigen [59]. The almost universal presence
of dermal melanin is likely to influence poor treatment outcomes of POH.

Recently, in a study on Caucasian, Asian, and African subjects, it was confirmed
through various instrumental measurements that the three features associated with
the occurrence of infraorbital dark circles, were hyperpigmentation, a tendency
for more dilated, thicker, or increased number of capillaries and thinner skin in the
under-eye area in Caucasian subjects. These trends were also observed in the African
and far east Asian subjects [60]. However, detailed molecular mechanisms involved in
POH continue to elude us.

2.4 Melasma

Melasma is defined as a chronic, acquired disorder of hyperpigmentation, present-
ing as symmetrical, light to dark brown and ashen gray-brown macules and patches
on sun-exposed areas of the face and neck [61]. It is also sometimes referred to in
medical literature as the “mask of pregnancy or chloasma,” the latter originating from
the Greek word chloazein, meaning to be green [62]. It is primarily a disease of adult
women, with reported cases in men being only 10% [63], presenting mostly in the
facial area of darker-complexioned individuals (skin types IV-VI) of Hispanic, East
Asian, and Southeast Asian origin exposed to intense ultraviolet radiation [62] and
shorter wavelengths of visible light [64]. In a multicenter survey from nine countries,
the mean onset of age was 34 years [65]. It negatively impacts the quality of life; often,
poor therapeutic responses pose a huge challenge to dermatologists and escalate the
cost of treatment for affected individuals [66]. Predisposing factors include pregnancy,
hormonal therapies (including oral contraceptives), phototoxic and anti-epileptic
medications, intense sun exposure [67], and genetic predisposition [68, 69]. Recent
studies suggest that thyroid hormones may play a key role in melasma [70].

There are two broad ways to classify melasma: (a) based on the distribution of
lesions, three clinical patterns of melasma have been recognized—Centro facial, malar,
and mandibular; (b) based on the distribution of melanin in the epidermis and dermis
using a Woods lamp into epidermal, dermal, mixed, and indeterminate types [62].
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As with other hyperpigmentary conditions, the pathogenesis is multifactorial
and poorly understood. Some of the prominently reported mechanisms underlying
melasma pathogenesis include melanocyte activation, melanin and melanosome
retention in the epidermis and dermis, basement membrane damage, solar elastosis,
increased mast cell count and increased vascularization [71]. Overall, the epidemio-
logical and pathophysiological data seem to suggest that melasma is a photoaging
disorder [64].

Transcriptional profiling revealed that a subset of Wit signaling modulators,
including Wat inhibitory factor-1 (WIF-1), secreted frizzled-related protein 2
(sFRP2), and Wntba, were upregulated in lesional melasma skin [72]. The down-
regulation of WIF-1 which may occur in keratinocytes and fibroblasts can influence
melasma pathogenesis through the up-regulation of canonical and non-canonical Wat
signaling [73]. Given that UV is implicated in melasma pathogenesis, the upregulation
of several of the UV-induced cytokines in melasma is not surprising.

Likewise, melanocytes in melasma can also be activated by hormones. Notably,
lesional skin shows increased expression of progesterone receptors [74, 75] and
estrogen receptor beta expression in the dermis [74]. Significant advances have been
made in elucidating the influence of estrogens on melanogenesis [76].

The number of blood vessels, vessel size, and vessel density are greater in lesional
melasma skin than in perilesional skin [77-79]. Factors that could influence vascular-
ization and pigmentation in melasma are upregulated in lesional areas of melasma.
Prominent among these are vascular endothelial growth factor (VEGF), stem cell
factor (SCF), and inducible nitric oxide synthase (iNOs) [77, 80, 81]. Endothelin-1
(ET-1) released from endothelial cells stimulates pigmentation through endothelin
receptor B activation at the surface of melanocytes [82]. Concerning solar elastosis,
the current consensus is that 83-93% of melasma patients show a variable degree
of solar elastosis with abnormal elastotic material [83, 84]. An increased number of
mast cells, particularly around elastotic areas of the dermis in lesional melasma [83] is
believed to exacerbate solar elastosis, besides promoting basement membrane disrup-
tion and extracellular matrix (ECM) degradation through the release of tryptase,
vascular endothelial growth factor (VEGF), fibroblast growth factor (FGF)-2, and
transforming growth factor-beta (TGF-p) [85].

Basement membrane damage has been reported in melasma patients via periodic
acid-Schiff-diastase (D-PAS) staining and anti-collagen type IV immunohistochem-
istry, respectively [84]. This predisposes melanocytes to hang into the dermal com-
partment—the characteristic pendulous melanocytes observed in histology leading
to dermal incontinence [86]. Increased expression of matrix metalloproteinases
such as MMP2 and 9 in response to chronic UV exposure is likely to contribute to
basement membrane damage [87]. The outcomes of these events result in melanin
or melanophages in the dermis [84, 88]. Recently, melanin content, location and
distribution in melasma, and elastosis severity were confirmed using multiphoton
microscopy [89]. Dermal incontinence is a challenge across hyperpigmentation
and one, that is likely to significantly contribute to the recalcitrant nature of these
conditions.

While we continue to investigate the pathology and biology of various hyperpig-
mentary conditions, the other key question that needs to be addressed is the factors
that make an individual susceptible to a particular hyperpigmentary disorder, besides
family history. An in-depth analysis of the epidemiology and population genetics
data may help in identifying key population or individual biology, which will in turn
support the designing of better preventive options.
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3. Role of UV and visible light in skin pigmentation

From the discussion on hyperpigmentary disorders prevalent in humans in the
previous section, the role of UV is quite evident and seems to be central to all condi-
tions, so it is worthwhile to discuss the effects of UV and solar spectrum on the skin in
the following section.

Ultraviolet radiation on the earth’s surface, both UVB and UVA radiation, consti-
tutes about 5% of total sunlight received. In skin phototypes I-1I, exposure to UVB
radiation, leads to erythema and sunburns [90]. Skin pigmentation or tanning induced
by UV radiation in skin phototypes III-IV, occurs in three different phases-immediate
pigment darkening (IPD) and persistent pigment darkening (PPD), both thought to be
the result of oxidation or redistribution of melanin while delayed tanning (DT), a char-
acteristic of UVB is because of new melanin synthesis [91, 92]. There is limited data on
the skin types V-VI and their response behavior to UV. While erythema, IPD, and DT
are the noticeable effects of UV-induced damage to the skin in a short period, repeated
exposure may result in one of the chronic effects of sun exposure such as photo-aging
which results in the development of deep wrinkles and spots on the exposed skin [93].

UVB (290-320 nm) being more energetic directly damages DNA by causing
cyclobutane pyrimidine dimerization and the formation of 6-4 photoproducts. UVA
rays (320-400 nm) on the other hand generate reactive oxygen species (ROS) that,
in turn, cause indirect DNA damage and activation of several cellular pathways [94].
At the molecular level, UV has been shown to cause DNA damage with subsequent
accumulation of p53 protein which regulates the expression of the transcription factor
hepatocyte nuclear factor-1a in melanocytes, which in turn regulates MITF and
tyrosinase levels [95] and the transcription of the pro-opiomelanocortin (POMC)
gene in keratinocytes which eventually regulates MCIR induced melanogenesis in
melanocytes [96]. GWAS, linkage, and association-based studies on European and
non-European populations suggest the role of distinct genes like glutamate metabo-
tropic receptor 6 (GRM6), activating transcription factor 1 (ATF1), WNT1, and pre
melanosome protein 17 (SILV/Pmel17) in observed differential tanning response [1,
971 pointing to the fact that the genetic makeup of the population could drive the
nature and the molecular events leading to a tan.

In the past decade, the focus has shifted to the other wavelengths of light namely
visible light (400-700 nm) and infrared radiation (IR; 700-1400 nm) which form a
major part of the solar spectrum, 45 and 54%, respectively. These longer wavelengths
penetrate deeper into the skin and can induce ROS and potentially cause erythema in
light skin and pigmentary changes in individuals with darker skin types [92, 98-101].
Furthermore, susceptibility to pigmentation by visible and IR radiation was shown to
reside in darker skin types more than Caucasian skin [92, 102, 103]. Visible light and
IR activate metalloproteinases and decrease collagen production by inducing oxida-
tive stress [104, 105]. Damodaran et al. [106] demonstrated that among variable parts
of the visible light spectrum, blue wavelength contributes maximally to pigmentation
in human subjects (Figure 2A and B). As the blue region is adjacent to UV radiation
in terms of wavelength and frequency, blue light is expected to induce photobiologi-
cal effects like UV radiation, including photoaging and skin pigmentation [101,

107]. In the field of ophthalmology, researchers have identified that “excessive blue
light exposure” may cause photokeratitis and retinal injury [108]. Interestingly, the
prevalence of photoreceptors like opsins, which recognize blue and green wavelengths
of visible light in the eye, have been demonstrated in human skin [109, 110] including
in melanocytes, which could be modulated by light exposure.
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Figure 2.

Ef]%ect of visible light on skin pigmentation—clinical evidence. (A) Effect of different wavelengths of light on skin
pigmentation; (B) effect of visible light on color (L', b*, and a*), hydration, TEWL, antioxidants (catalase, total
antioxidants [TOAX], superoxide dismutase [SOD], and free fatty acids [faa]), and inflammation markers
(IL-1a) as measured from tape strips.

Multiple studies also suggest that sun exposure (UVA, B, and visible light) could
have a role in the induction or exacerbation of hyperpigmentary conditions like
freckles, solar lentigines, PIH, melasma, and dark circles [45, 111-113]. In a random-
ized study with melasma subjects, Castanedo-Cazares et al. [114] showed that UV
sunscreens with visible light protection along with 4%HQ treatment significantly
improve MASI scores as against just UV protection with HQ treatment [114, 115].

Therefore, it can be assumed that protection is mandatory not only against UV
but against the whole spectrum of light as an adjuvant to regular therapy for hyper-
pigmentation [99, 116]. In addition to UV, the role of blue light /high-energy visible
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light from non-solar sources like digital devices also needs to be investigated for its
contribution to the exacerbation of hyperpigmentation.

4. Cosmetic agents for hyperpigmentation

The consumer desire to achieve uniform skin tone or complexion has been actively
supported and promoted by the cosmetic industry for several decades. The commonly
used agents for the treatment of hyperpigmentation are hydroquinone, arbutin, kojic
acid, and their derivatives, various derivatives of vitamin C, tretinoin, and natural
extracts [117] besides chemical peels, lasers, and light-based therapies. This section
will focus on topical solutions recommended for hyperpigmentation.

Hydroquinone (HQ) has been the gold standard in the treatment of hyperpig-
mentation for over five decades although due to its adverse effects (including toxicity
and mutagenicity), it is now banned from use in cosmetics or for over-the-counter
(OTC) sales in many countries. Currently, HQ is banned in OTC and available only
under prescriptions [118, 119], Considering its deleterious effects, consumer interest
is shifting to safer and naturally derived actives.

Over time, HQ has been combined with other drugs, with the intent of improving
its efficacy. It was Albert Kligman who first developed and demonstrated the efficacy
of a formula containing 0.1% tretinoin, 5% hydroquinone, and 0.1% dexamethasone
in 1975. A modified Kligman’s formula containing 4% HQ, 0.05% tretinoin, and
0.01% fluocinolone acetonide is currently in use, with the backing of successful
clinical on melasma patients [120-122]. This mix is popularly called Tri-Luma or the
triple combination, can be used across all Fitzpatrick phototypes, and is reported to
be better tolerated.

Hydroquinone’ action is mostly suggested to be via its ability to inhibit melanin
formation by blocking tyrosinase enzyme activity [123, 124]. Deri et al. [125], by
visualization studies of HQ in the active site of tyrosinase protein crystals, together
with molecular modeling, binding constant analysis, and kinetic experiments, have
confirmed that HQ can act both as a tyrosinase enzyme substrate and as an inhibi-
tor. As a substrate, instead of forming melanin, it gets metabolized to quinones and
free radicals which cause lipid peroxidation, damaging the melanocyte membrane
and leading to melanocyte cytotoxicity and depigmentation [126, 127]. However, in
arecent study designed to compare the effects of arbutin, HQ, and kojic acid with
numerous resorcinol vis-a-vis inhibition of recombinant human tyrosinase [128, 129],
HQ was found to be ineffective against tyrosinase enzyme as compared to resorcinol
(Figure 3). Thus, although considered to be a tyrosinase inhibitor for a long, it appears
that the cytotoxic potential of HQ may largely contribute to its depigmentation effect.

Other tyrosinase inhibitors like arbutin, a derivative of hydroquinone, and kojic
acid, have lesser adverse effects, unlike hydroquinone. Glycolic acid, on the other
hand, works by causing the desquamation of keratinocytes or epidermolysis when
used at higher concentrations [130].

A range of vitamins and their derivatives with enhanced stability or improved
dermal penetration are also in use in various cosmetic and pharmaceutical products
for skin tone benefits [131, 132].

Vitamin C (VC), also known as ascorbic acid, is a water-soluble vitamin, essential
for several processes in human skin, such as dermal collagen synthesis, cell turn-
over, ROS scavenging, and many more [133]. Emerging evidence indicates that VC
and its derivatives can exert therapeutic effects on recalcitrant melasma and facial
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Figure 3.

Inhibition of vecombinant human tyrosinase engyme activity by different vesorcinols and known tyrosinase
inhibitors. Dose-dependent inhibition of tyrosinase enzyme activity was performed using synthetic recombinant
human tyrosinase enzyme protein and DOPA as the substrate.

hyperpigmentation, especially with improved dermal delivery [134, 135]. Vitamin C
and its derivatives, magnesium ascorbyl phosphate, and 3-O-ethyl-L-ascorbic acid,
exert their depigmenting effect by acidification of the melanocyte cytoplasm, which
in turn suppresses the catalytic activity of tyrosinase. Cytoplasmic pH is critical for
the catalytic activity of tyrosinase and for the assembly of Pmell7 protein fibrils in the
melanosome to form the scaffold upon which melanin is deposited, and any change
would therefore influence the melanogenesis process in melanocytes [136, 137].
Vitamin C seems to induce the expression of sodium-dependent VC transporter-2
that further facilitates the transmembrane transport of VC which in turn leads to
acidification of the cytoplasm [138]. In addition, 3-O-ethyl-L-ascorbic acid was

also shown to modulate the function through Nrf2-mediated a-MSH inhibition in
UVA-irradiated keratinocytes and by autophagy induction and inhibition of a-MSH-
stimulated melanogenesis in melanocytes [139].

The amide form of vitamin B3, niacinamide has been shown to inhibit melano-
some transfer from the melanocytes to the epidermal keratinocytes [140-142].
Various other functions of niacinamide, including improved immunity, barrier func-
tion, etc., make it a popular ingredient in multiple cosmetic preparations [132, 143].

Oral and topical tranexamic acid is a recent addition to dermatologists’ treatment
options to tackle recalcitrant conditions such as melasma and PIH, in combination
with other skin tone agents, though more successful studies are needed to back its
topical use [144, 145]. In addition, superficial chemical peeling alone or in combina-
tion with other topical procedures is also key in the treatment of hyper-pigmentary
conditions [146]. In such treatment, avoidance of sun exposure and the use of
sunscreens is a must for a successful outcome. Then there are laser and light-based
therapies like intense pulsed light, low fluence Q-switched lasers, and non-ablative
fractionated lasers that are currently prevalent for use for melasma. Though effective
these are also associated with an increased risk of recurrence and PIH [146].
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In the next section, we will focus on currently popular cosmetic ingredients such
as niacinamide, resorcinol, and retinoids and their potential for the future.

4.1 Niacinamide

Niacinamide has been reported to possess numerous properties, for instance,
anti-inflammatory, antimicrobial, immunity booster, bioenergetics modulator, and
antioxidant, which makes it suitable for various dermatological uses [132, 143, 147].
Niacinamide can effectively treat various skin conditions viz. aging, hyperpigmenta-
tion, acne, rosacea, psoriasis, pruritus, dermatitis, etc. [132, 143]. It increases the
biosynthesis of ceramides, as well as other stratum corneum lipids and thus enhances
epidermal permeability barrier function [148]. Studies have shown that niacinamide
modulated NFkB-mediated inflammatory response, which could support its anti-
aging activity [149]. In addition, niacinamide protected against collagen loss in the
dermis by preventing its glycation and activation of fibroblast function [150].

Niacinamide is also a well-established and commonly used skin-brightening agent
and has been reported to have a significant effect on various hyperpigmentary condi-
tions [142, 151, 152]. Navarrete-Solis et al. [152] showed significant improvement in
MASI scores in melasma subjects treated with 4% niacinamide same as for 4% hydro-
quinone, with less melanin and inflammatory infiltration on histological evaluation
of biopsies. However, the lightening effect of hydroquinone was evident as early as
the first month of treatment, albeit with some adverse events, whereas with niacina-
mide, it was noted only in the second month of treatment The effect of niacinamide
on melasma was attributed to its anti-inflammatory, melanosome transfer inhibition,
and antiaging effects on elastosis [152].

Another study was carried out by a group from Iran [153], on the efficacy of topi-
cal 4% niacinamide and 1% clindamycin gels in a randomized, double-blind clinical
trial on acne patients with moderate inflammatory acne vulgaris. The mean grade of
acne and mean count of papules in patients were comparable in both treatments at
the end of the study. In a double-blind study carried out on Indian subjects with acne
marks, the application of 1.25% of niacinamide significantly reduced acne marks
within 6 weeks as compared to baseline, assessed visually using a skin color scale by
an expert dermatologist (Figure 4A and B) [154].

In an axillary depigmentation trial in phototype III-V, the treatment of 4%
niacinamide and desonide 0.05%, significantly reduced the hyperpigmentation of
the axillae in 9 weeks versus the placebo group. However, the efficacy of the topi-
cal steroid was significantly better than niacinamide treatment and the effect was
apparent in desonide-treated subjects by 6 weeks of application. There were also
reduced mononuclear and phagocytic cell infiltrates, as well as melanin expression
in niacinamide-treated subjects, compared with baseline as determined from the
biopsies. However, desonide, in addition, improved the basement membrane as seen
in histopathology [155].

Studies have supported the use of anti-inflammatory and depigmenting agents
for treatments of PIH, however very few have objectively evaluated PIH develop-
ment. Damodaran et al. [154] used the sodium dodecyl sulfate (SDS) occluded patch
test human trial model of irritation [156] to evaluate the effects of inflammation on
pigmentation and the efficacy of niacinamide on inflammation and PIH. The study
showed that the pigment or L* value increased with an increasing irritation score
(Figure 5A). Pre-application of niacinamide reduced inflammation resulting from
SDS and the subsequent development of pigmentation (Figure 5B and C).
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Clinical benefits of niacinamide for acne marks. (A) The average extent of lightening of blemishes after product
usage for week 2/4/6/8. Statistically significant reduction in the intensity of blemish color at week 2/4/6/8. The
negative y-axis values indicate a brightening effect. (B) The facial images of subjects at weeks 0 and 8, after the
application of a niacinamide-containing formulation. These photographs are true evidence from the study and are
representative of some of the best responders from the study.

A possible molecular mechanism in the efficacy of niacinamide on PIH could be
attributed to the modulation of a protein called SERPINB3 in the skin [157]. Serpin
Family B Member 3 (SERPINB3) is an endogenous protease inhibitor known for its
role in maintaining epidermal barrier homeostasis and is implicated in inflammatory
skin conditions including acne [158, 159]. Nair et al. [157] demonstrated that the
dermal fibroblasts secrete SERPINB3 in response to inflammatory cytokine interleu-
kin-1 alpha, that in turn induced melanin production in melanocytes (Figure 6A).
Niacinamide could blunt the SERPINBS3 secretion by fibroblasts (Figure 6B) suggest-
ing the novel role of SERPINB3 in its anti-inflammatory and anti-PIH activity for the
potential amelioration of acne and acne marks.

112



Skin Pigmentation and Cosmetic Considerations for Even Skin Tone
DOI: http://dx.doi.org/10.5772/intechopen.108693

9.0 —[
8.0 ﬂ‘ ¢ Iritation score
7.0 4 ——DiffinL* value
el
5.0 ‘
4.0
3.0 4
0
2.0 ‘ 0.5%B3
1.0 ﬂ‘
0.0 + : .
(0-2} (3-4) {5-6) (7-8) 1%B3
(A) ®)
6 -
5 4
24
1
T3
$21
o
1
0+ L - ‘
Base=SDS HNia+Base=$0$
(©
Figure 5.

SDS-induced human occluded patch test. (A) Irritation scove induced by SDS follows the trends as with
pigmentation (L increase); (B) inhibition of SDS-induced inflammation by pre-application of niacinamide in a
dose-dependent manner; (C) niacinamide-containing formulation reduced PIH induced by SDS.

4.2 Resorcinol

The synthesis and distribution of melanin contribute to skin and hair color in
mammals. In human melanocytes, melanin is synthesized within melanosomes by the
enzyme tyrosinase, which catalyzes the rate-limiting reaction ie. the conversion of
tyrosine to DOPA quinone [160-162].

Tyrosinase, also known as polyphenol oxidase (PPO), is a copper-containing mixed-
function oxidase, widely distributed in micro-organisms, animals, and plants. These
oxidases catalyze two distinct reactions of melanin synthesis: hydroxylation of a tyrosine
amonophenol (monophenolase activity) and the oxidation of DOPA-an o-diphenol
to the corresponding o-quinone (diphenolase activity). The quinones formed being
highly reactive, polymerize spontaneously to form high molecular weight compounds
or pigments—melanin [163]. Melanin is then secreted by melanocyte cells, which are
distributed in keratinocytes in the basal layer of the epidermis in the skin. However,
abnormal accumulation of melanin has been associated with hyper-pigmentary condi-
tions, including melasma, freckles, and senile lentigines as covered in the earlier section.
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Figure 6.

Ef]%ect of SERPINEB3 on pigmentation and its modulation by niacinamide. (A) 24 h of IL-1a treatment increased
SERPINBS3 protein secretion (25% vs. control) from dermal fibroblasts. (B) Pre-treatment of cells with 5 mM
niacinamide significantly reduced (29% vs. IL-1a) the SERPINB3 secretion of cells. The values are mean + SE of
cells from three independent donors. *p < 0.05 vs. control, #p < 0.05 vs. IL-1a.

Identification of potent and specific tyrosinase inhibitors has been ongoing for
several decades due to its wider implications for the food, pharmaceutical, and cos-
metic industries [164, 165]. However, most of the initial discoveries were made using
mushroom tyrosinase as a model system [166, 167]. It is only in recent times that more
potent tyrosinase inhibitors have been identified using enzymes sourced from human
melanocytes or recombinant human tyrosinase protein with superior efficacy on
melanotic conditions like solar lentigines and melasma, [129, 168]. The commonly used
compounds in the class of tyrosinase inhibitors include hydroquinone, arbutin, kojic
acid, thiols, and resorcinol and among them, resorcinol derivatives are the most potent
in enzyme inhibition [128, 129]. It has been shown that resorcinol is a mono-oxygenase
substrate and gets oxidized to hydroxy intermediate; 3-hydroxy-ortho-quinone, which
results in irreversible elimination of Cu (0) of tyrosinase enzyme leading to inactivation
of the enzyme [169, 170]. Tyrosinase inhibition activity, though, is mainly attributed to
its resorcinol moiety, the efficacy can be further modulated by the various substitution
at the 4-position of resorcinol [129, 168, 170]. The levels of tyrosinase inhibition by
various 4-resorcinols vary with respect to their alkyl chain length (Figure 3).
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Phenylethyl resorcinol (PER, 4-(1-phenylethyl)1,3-benzenediol) is a potent
inhibitor of tyrosinase [171-173]. PER has been in use as a skin lightener in cosmetics
for more than a decade, but the clinical demonstration of its efficacy on hyperpig-
mentation is limited by its chemical instability to UV light [174, 175].

The clinical efficacy of 4-butyl resorcinol (BR) on the other hand, has been very
well established in multiple human trials [173, 176-179]. A randomized, single-blind
clinical study was conducted on female subjects with 0.3% 4-butyl resorcinol, 0.3%
4-hexyl resorcinol, and 0.5% 4-phenylethy resorcinol for 12 weeks. 4-butyl resorcinol
significantly reduced the appearance of age spots on the forearm after 8 weeks, while
others did in 12 weeks. Thereafter, 1% 4-butyl resorcinol was clinically evaluated on
age spots on the forearm again; enhancement in skin tone was noticeable by the end
of the 16 weeks and was judged to be significant after 4 weeks [173]. The 0.1% 4-butyl
resorcinol cream showed rapid efficacy with excellent tolerability in patients with
melasma [177, 180]. Liposome-encapsulated 4-butyl resorcinol had a significantly
improved effect on the melanin index after 8 weeks of application, without any
occurrence of adverse events [178]. In a study on Indian subjects to assess the efficacy,
safety, and tolerability of 0.3% 4-butyl resorcinol in melasma patients, a significant
decrease in MASI score was observed with no evidence of adverse effect [179].

Another alkyl resorcinol in the skin tone benefit market is 4-hexyl resorcinol
(4-HR), an effective tyrosinase inhibitor that was used earlier in the food and medical
industries [181-183]. 4-HR has been demonstrated through in-vitro and human trials
to improve hyperpigmentation through its tyrosinase inhibition activity and its anti-
inflammatory potential [184, 185]. 4-HR could regulate collagen and elastin produc-
tion by inhibiting NF-kB activity in fibroblasts and improving photodamaged skin
and clinical signs of aging [186]. Chaudhuri [187] reported multiple benefits of 4-HR,
including evidence for its anti-microbial, antioxidant, and anti-glycation effects, along
with its effect on extracellular matrix proteins. In a face study by Won et al. [188],
4-HR successfully improved overall skin tone when used in an emulsion over 12 weeks.

The most recent entrant in the skin tone market is the imidazolyl derivative of
resorcinol, thiamidol, identified through a high throughput screening of a large
compound library on human tyrosinase protein. With an IC50 of 1 pM for tyrosinase
enzyme inhibition, it is the most potent inhibitor known so far [129, 168]. The group
has also demonstrated the efficacy of thiamidol on various hyperpigmentary condi-
tions like melasma [189-191], solar lentigines [192], PIH [193], and UV-induced skin
damage [194] and demonstrated its efficacy to be superior to HQ [190].

The availability of recombinant human tyrosinase protein [128, 129] combined with
new platforms that allow for structure-active site prediction based on amino acid sequence
[168] will hopefully promote further investigations on tyrosinase chemistry, leading to the
identification of inhibitors with greater potency and reduced safety concerns.

In general, as apparent with hydroquinone, the efficacy of a molecule gets com-
promised when safety becomes paramount. The usage of high doses of ingredients is
also a concern in terms of formulation compatibility, sensory, and cost. In such cases,
efficacy could be boosted by combining it with other potent agents with a differ-
ent mode of action and examples do exist where combination therapies have been
shown to work for the treatment of recalcitrant hyperpigmentary conditions such as
melasma, with a clear example being Kligman’s triple combination.

Shariff et al. [128] successfully adopted a combinatorial approach to demonstrate
the superior clinical efficacy of a cosmetic formula containing 4-hexyl resorcinol and
niacinamide. Based on the in vitro evaluation, appropriate ingredients, and doses
were selected to develop a formulation which was then evaluated for spot lightening
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and anti-aging on Chinese subjects. In the double-blind split-face study comparing
3% niacinamide with 0.4% 4-HR+ 3% niacinamide over 12 weeks of application, sig-
nificant improvement was achieved for spot lightening and fine lines and wrinkles in
crow’s feet and perioral areas by the combination of 4HR+ niacinamide over niacina-
mide alone. This highlighted that combining molecules with different modes of action
on pigmentation, resorcinol as a tyrosinase inhibitor and niacinamide as a melano-
some transfer and anti-inflammatory molecule, may lead to better and safer skin tone
formulas with efficacy on par or better than prescription drugs like hydroquinone.

Another ingredient with a different and established mode of action is retinoid and
will be covered in the next section.

4.3 Retinoids

Topical retinoids are recommended by the American academy of dermatology as
the first line of treatment for acne and hyperpigmentation, based on strong levels of
evidence from well-controlled clinical trials [195, 196]. For issues related to irritation
from retinoids, the use of moisturizers is reccommended. Dermatologists use tretinoin
along with other topical agents and procedures such as superficial chemical peels, to
treat hyperpigmentation and improve outcomes [197].

Retinoids have been shown to bind and activate retinoid X nuclear receptors and
mediate their cellular function which includes inhibition of keratinocyte proliferation
and normalization of follicular differentiation which restores normal desquamation and
helps to unclog pores [198]. Retinoids are also anti-inflammatory and suppress toll-like
receptors, cytokine, and nitric oxide production [199, 200]. It also corrects pigmenta-
tion by inhibiting melanosome transfer and the rate of epidermal turnover [196].

Though tretinoin is recommended for the treatment of dark circles [201], melasma
[202], and acne [203], some new retinoid derivatives such as adapalene, tazarotene,
and trifarotene have also come into the market for dermatological usage [204, 205].

The effects of retinoids on hyperpigmentation have been evaluated in various stud-
ies, either for efficacy or safety assessment, with favorable results [195]. Tretinoin was
the first retinoid specifically evaluated on hyperpigmentation in patients with melanin-
rich skin. Tretinoin reduced hyperpigmented lesions mostly due to PIH in phototype
IV-VI skin subjects, with improvement evident as early as week 4 [206]. However,
irritation continued to be an issue and was managed by emollients and moisturizers.

The new derivative, tazarotene has FDA approval at 0.1% levels for use as an
adjunct for the treatment of fine lines and wrinkles, mottled hyperpigmentation, and
lentigines on the face [207]. In an acne-induced PIH or marks study with skin types
I1I-VI, statistically significant reductions were achieved with tazarotene versus vehicle
on hyperpigmented lesions, [208]. However, adverse events were still observed
with tazarotene as in the case of tretinoin. Trifarotene 0.005% cream is a fourth-
generation retinoid approved for the treatment of facial and truncal acne [209], but
its clinical effects on PIH in patients with skin of color have not yet been reported.

Combination therapies are the mainstay of retinoid therapies which also help
counteract associated irritation issues, essentially either with other topical drugs like
HQ, clindamycin or light/laser therapies [196, 197].

Retinyl esters, such as retinyl propionate, are known to be less irritating and less
efficacious than retinol or tretinoin and this was hypothesized to be the result of rapid
degradation of retinoic acid generated endogenously from esters, by P450 (CYP)
protein. Adamus et al. [210] demonstrated the use of climbazole a weak pan-inhibitor
P450 (CYP) to prevent loss due to the degradation of retinoic acid thus boosting
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the efficacy of retinyl propionate in vitro. This was followed by a human trial which
confirmed the hypothesis and demonstrated that retinyl propionate alone, and in
combination with climbazole, was significantly less irritating than a similar serum
containing retinol. The retinyl propionate with climbazole serum treatment also
showed equal, or better efficacy than retinol alone serum on fine and coarse lines and
wrinkles, as well as pigmentation. Additionally, the combined retinol/climbazole was
shown to modulate histological biomarkers of skin aging viz. epidermal thickness,
procollagen-1 protein, Ki-67, and retinoid activity (CRABP2, KRT4) [211].

Thus, milder but efficacious retinoids like retinyl propionate with climbazole
could be another ingredient with a different mode of activity for the exploration of
potential combinations in the future.

5. Conclusion

Melanin in the skin provides better photoprotection to melanated skin. However,
abnormal accumulation of melanin as seen in hyperpigmentary conditions, viz.
melasma, freckles, senile lentigines, etc. is undesirable. Hyperpigmentary conditions
are by and large refractory and recurrent in nature, particularly to traditional cosmetic
actives. Multiple risk factors, together with the complex and less understood biology
of these conditions, largely contribute to poor treatment outcomes. The most effective
interventions for their management are mostly drug-based preparations and physical
methods such as lasers that are not very well tolerated, particularly in skin of color.

A comprehensive understanding of hyperpigmentation biology combined with
the development of potent mixes that target multiple pathogenic mechanisms is likely
the way to provide prescription strength efficacy for its control, without associated
safety concerns and side effects. Also, as our understanding of the impact of sunlight
and its various components (besides UV) on skin pigmentation and health improves,
it is imperative to educate consumers on the diligent use of more comprehensive sun
protection measures, regardless of skin phototype.
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Chapter 8

Pigmentary Disorders in Black Skin
from Pathophysiology to Treatment

Fatimata Ly

Abstract

Pigmentary disorders are frequent and more visible in patients with darker
phototypes (Fitzpatrick’s IV-VI). They also have an important psychological impact
and are the cause of inappropriate cosmetic practices. Pigmentary disorders comprise
a wide range of pathologies, and the pathophysiological mechanisms have evolved
considerably in recent years. Pigment disorders vary in their clinical presentation
from achromia to hyperpigmentation to hypopigmentation. Inflammatory derma-
toses, such as acne, are often complicated by postinflammatory hyperpigmentation;
psoriasis and lichen planus are accompanied by dyschromia. Some skin diseases,
such as mycosis fungoides, have atypical presentations in the form of hypopigmented
plaques. All these dyschromias have an important impact on the quality of life and are
responsible for practices such as voluntary cosmetic depigmentation with products
like dermocorticoids, hydroquinone and mercury salts, and various depigmenting
products. This practice is at the origin of pigmentary disorders, such as exogenous
ochronosis, lichen-like and lupus-like dermatoses, and periorbital hyperpigmenta-
tion. Therapeutic management is difficult and relies on chemical (peeling), physical
(laser), and medicinal means (tranexamic acid); hence, the interest is in prevention
through early diagnosis and the avoidance of favorable factors.

Keywords: postinflammatory hyperpigmentation, black skin, pigmentary disorders

1. Introduction

Pigmentary disorders refer to all alterations in skin pigmentation, which may
be congenital or acquired. They may be hypo- or hyperpigmentation secondary or
not to underlying conditions, most often inflammatory. These pigmentation dis-
orders or dyschromias may also be manifestations of underlying systemic diseases.
Postinflammatory hyperpigmentation (PIH) due to acne is defined as hyperchromic
skin macules varying from brown to black affecting the face and/or body occur-
ring after and sometimes during acne. It results from an overproduction of melanin
following skin inflammation. It can occur on all skin types but is generally more
frequent, visible, and persistent in phototypes IV-VI according to the Fitzpatrick
classification [1]. In black skin, pigmentary disorders are frequent reasons for consul-
tation [2]. Indeed, almost all pathologies can be complicated by dyschromic disorders
during their evolution. Whether it is postinflammatory hyperpigmentation or
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hypopigmentation, the functional and esthetic repercussions are significant, and the
impact on quality of life (QOL) is considerable [3]. Curative treatments are expensive
and have a limited response; hence, the interest is in prevention based on the avoid-
ance of risk factors, an early diagnosis and treatment, and photoprotection [4].

In this chapter, we will successively classify the different pigmentary disorders and
describe the epidemiology and the pathophysiology of these different pigmentary
disorders as well as the clinical and dermoscopic aspects. We will end with the treat-
ment of pigmentary disorders.

2. Skin diseases according to the phototype

The vast majority of books devoted to the study of dermatological conditions are
illustrated with photos of light-skinned patients. This makes it difficult for learners
to identify these diseases in patients with black skin. The clinical and dermoscopic
semiological aspects of dermatological diseases vary according to the patient’s photo-
type. In addition, the therapeutic and evolution of skin diseases are different between
white and black skin.

Indeed, the intense pigmentation on black skin can modify the clinical aspects.

By example, the erythema appears less visible and had a shiny appearance [5]. The
classical aspect of the malar erythema of systemic lupus erythematosus may appear as
hyperpigmentation; in lichen planus, the lesions appear shiny with a silvery sheen [6].

Generally, in the inflammatory skin diseases, the pigmentary disorders are more
visible. For the vitiligo, the contrast with the black skin leads to a negative impact on
the quality of life and psychological impairment [7].

The systemic diseases, such as lupus, systemic scleroderma, dermatomyositis, and
sarcoidosis, are different in clinical aspect; the dyschromia is in the foreground [8].

For tumoral skin diseases, the characteristics are different; for melanoma, the
most common localization is on the palms, soles, or nail [9].

The basal cell carcinoma is very rare and is sometimes has a tattooed appearance.
For squamous cell carcinoma, it is secondary to preneoplastic skin diseases (genetic,
chronic inflammation, scare of burns, etc.) [9].

Generally, the bacterial, viral, and parasitological infections are not different in
their clinical presentation. The modifications seen are more linked to the long delay
of consultation or the impact of alternative therapeutic in the clinical aspects. Some
infections such HTLV1 and associated diseases such as infective dermatitis are more
prevalent in some geographical areas (Sub-Saharan Africa) [10].

Owing to some practices, such as skin bleaching with high-potent corticosteroids, the
superficial fungal infections are widespread and localized on the face like tinea faciei [11].

Treatment may be different due to the inaccessibility of health facilities and cer-
tain drugs not marketed in low-income countries. In the majority of cases of chronic
diseases, such as atopic dermatitis psoriasis and systemic and autoimmune diseases,
the rate of loss to follow-up is very high because of the lack of therapeutic education.

3. Different types of pigmentation disorders

Pigmentary disorders in black skin are varied and arise from different mecha-
nisms. They may either result from postinflammatory damage or constitute manifes-
tations of the disease.
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Type of pigmentation Disease

Hypopigmentation Psoriasis
Systemic scleroderma
Vitiligo
Discoid lupus
Eczematides
Hansen disease
Achromic mycosis fungoides
Parapsoriasis

Hyperpigmentation Postacne hyperpigmentation
Rosacea
Melasma
Atopic dermatitis
Psoriasis
Acute lupus
Lichen planus
Exogenous ochronosis
Lichen- and lupus-like
hyperpigmentation of the articulations
Periorbital hyperpigmentation
Adverse drug reaction (ADR)

Hypopigmentation and hyperpigmentation Poikiloderma
Tinea versicolor

Table 1.
Classification of pigmentary disorders by appearance and etiology.

In Table 1, we list the main pigmentary disorders according to the hypo- or hyper-
pigmented aspect and according to the nosological group.

4. Epidemiology of pigmentary disorders in black skin

The pigmentary disorders are very frequent in black skin, with prevalence
ranging from 5.4% in Nigeria [12] to 19.9% in the USA [13]. In a cross-sectional
study conducted in public hospitals in Durban, South Africa, the authors found than
dyschromias are the third most common dermatologic diagnosis with a frequency
of 8% [14]. The most common subtypes of pigmentary disorders found in this
study include vitiligo, postinflammatory hyperpigmentation, and melasma. In our
experience, at the Department of Dermatology, Hospital Institut d’Hygiene Sociale
of Dakar, the frequency of skin diseases with pigmentary disorders was 34.67%
(unpublished data). In a multicentric descriptive study conducted in Paris, France,
among 1064 Afro-Caribbean people, the main motifs of consultation were acne and
pigmentary disorders, which represent 8.4% [15]. Pigmentary disorders affect the
women and the adult more. Indeed, the majority of the patients in the study were
female (n = 229; 75.8%) [7]. The most common pigmentary disorders in terms of
frequency are postacne hyperpigmentation and pigmentary disorders. The postacne
hyperpigmentation is very frequent estimated to be in 87% and persistent for one
year or more in 52.6% [16].

The prevalence of pigment disorders in psoriasis was 23.7% in a single-center pro-
spective study from February 2018 to March 2019. This study included 459 patients,
out of which 287 are men with a mean age: 49.9 years (o = 16.2) [17].
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In systemic scleroderma, the prevalence of pigmentation disorders was 36.8%.
Hyperpigmentation and hypopigmentation can be diffused or localized in sun-
exposed area [18].

During cosmetic skin bleaching practice, the pigmentary disorders are very
frequently found in 84.5%, and they are variable: hyperpigmentation of the joints,
exogenous ochronosis, and lichenoid dermatitis [19].

5. Pathophysiology of pigmentary disorders
5.1 Postinflammatory hyperpigmentation

Recently, Maghfour et al. [20] have focused on the pathophysiology of PIH with
recent development. The melanocytes and the dermal fibroblasts are involved. The
mechanisms implicated are the release of inflammatory cytokines and growth factors.
Among the mechanisms identified, the following are worth noting:

* The increase production of arachidonic acid metabolites (leukotrienes LTC4 and
LTD4, prostaglandins, and thromboxane) that promotes melanogenesis through
an increase of tyrosinase-related protein.

* Inflammatory reactions and UV light exposure induce the production and
upregulation of prostaglandins, which are considered as paracrine factors for
melanocytes.

* Some receptors (the most common on the skin PGE-2 and PGF2-«) activated by
their ligands increase the dendricity of melanocytes, and then, the transfer of
melanosomes is facilitated.

The mechanisms by NO production after UV light exposure also play a clue role in
the upregulation of tyrosinase activity and tyrosinase related protein (TPR).

Another mediator of melanogenesis is histamine, which is released from dermal
mast cell and mediated by UV irradiation. Recently, Nakaro et al. [21] have revealed
the prominent distribution of dermal mast cells in PIH lesions.

Mast cells are implicated in another way by the secretion of IL33 that pro-
motes the expression of microphthalmia-associated transcription factor (MITF)
(microphthalmia) and thyrosinase related proteins involved in melanogenesis.

5.2 Systemic scleroderma

In systemic scleroderma, there is a dysregulation of CCN3, a matricellular protein
implicated in angiogenesis and pigmentation regulation [22].

Some authors found a downregulation of this protein in melanocytes in patients
with systemic scleroderma and pigmentary disorders.

6. Clinical aspects of pigmentary disorders

The PIH is frequent in many inflammatory skin diseases; the most common are
acne, lichen planus, and psoriasis, but also in cutaneous infectious and tumoral
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diseases. Others autoimmune skin diseases, such lupus erythematosus, scleroderma,
and dermatomyositis, are frequently associated with dyschromias, which can lead to
misdiagnosis. Wood’s light examination and dermoscopy help to assess the diagnosis
showing the common signs in different pathologies.

In addition to the common dermatological conditions, there are other dermatoses
that are secondary to the cosmetic use of depigmenting products. The pigmentary
disorders that accompany these various conditions are the cause of inappropriate
cosmetic practices.

We will consider successively inflammatory dermatoses, infectious autoimmune
systemic dermatoses, and finally dermatoses associated with the use of depigmenting
cosmetics.

6.1 Inflammatory and autoimmune skin diseases
6.1.1 Acne
For acne, PIH (Figure 1) is very frequent and has an important impact on the

quality of life and is a frequent reason for consultation more than acne lesions
[1]. The clinical presentation is polymorphous, and the adult women are often

Figure 1.
Postinflammatory hyperpigmentation during acne.
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affected [23]. A multicentric study had shown that PIH and involvement of the
cheeks and forehead were significantly more common in darker phototype patients
(p <0.001) [24].

Pandaya et al. had already designed a scale to measure the severity of postin-
flammatory hyperpigmentation during acne [25]. This scale has been recently
validated in phototype VI patients from Sub-Saharan Africa [26]. In addition to the
severity of hyperpigmentation, this scale is useful for monitoring the evolution of
the disease.

6.1.2 Psoriasis

Psoriasis can appear as lichenoid aspect, and dyschromias are frequently observed
in psoriasis and may be either hyperpigmentation or hypopigmentation (Figure 2).
Hyperpigmentation appears to be more frequent and occurs either in a lentiginous or
diffuse form. Hypopigmentation has a well-limited border in the Wood’s light [27].
These pigmentary disorders seem to be associated with an insufficient duration of
treatment. It should also be noted that vitiligo can be associated with psoriasis [28].
The dermoscopic aspects showing the vascular aspect as globules and white squames
help to assess the diagnosis.

(A) B

Figure 2.
Clinical (A) and dermoscopic (B) aspects of psoviasis on the hand.
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¢

(A)

Figure 3.
Clinical appearance with hyperpigmented (A) and dermoscopic papule with Wickham’s streaks (B) of lichen
planus.

6.1.3 Lichen planus

In patients with phototype VI, the lichen planus is characterized by pruriginous
hyperpigmented silvery papules, which regress leaving large patches of hyperpig-
mented macules (Figure 3), which are unsightly. The topography is variable; the
lesions may be localized or generalized sparing the face. No factors have been found to
favor borderline or diffuse nature [29].

Clinical forms of pigmentogenic lichen planus have been reported in patients with
a darker phototype. The dermoscopy is very helpful for diagnosis and to characterize
the aspect of pigmentation, which can be homogenous or granular depending on the
site of melanocytes [30].

6.1.4 Melasma

In black skin, melasma is a common condition more frequently seen in women, the
etiopathogeny remains unclear, and many factors were incriminated: genetics, estro-
progesterone, sun exposure, thyroid dysfunction, and pregnancy.

The clinical aspect is a brown or black macule localized on centrofacial, malar, and
mandibular regions. Wood’s lamp illumination shows epidermal (black or brown) or
dermal (blue) pigmentation.

The dermoscopy shows scattered islands of brown reticular network with dark
fine granules scattered on surface suggesting epidermal type of pigmentation.
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In the dermal type of pigmentation, uniform skin involvement and no areas of
sparing with dark brown gray hyperpigmented lesions with reticulo-globular pattern,
telangiectasia and arciform structures [31].

6.1.5 Vitiligo

In patients with black skin, the clinical aspects with achromic macules on the skin
and mucous membranes. Dermoscopy is useful to determine the disease’s activity.
Thus, perifollicular depigmentation (PFD) was predictive of stable vitiligo, and peri-
follicular pigmentation (PFP) was characteristic of active disease. Starburst appear-
ance, altered pigment network, and comet tail appearance were also noted, and these
were typical of progressive vitiligo [32].

Vitiligo is very stressful with psychological and emotional impact. Recently, in
Nigeria, some authors assess the QOL impairment among Nigerian patients with
vitiligo using a disease-specific quality-of-life index questionnaire (VitiQoL). They
include 77 patients, and they found that QOL is impaired significantly in Nigerian
patients with vitiligo [26].

6.2 Infectious skin diseases

The tinea versicolor can be associated in black skin with dyschromia [33]. Thus,
macules may present as hyperpigmented or hypopigmented on the usual topography
(Figure 4). However, in patients using high-potent corticosteroids for cosmetic
purposes, clinical forms with achromic and atrophic lesions on the lower limbs may
be found [34].

Figure 4.
Tinea versicolor on the face after skin bleaching by high-potent corticosteroids.
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The clinical presentation of scabies varies with sometimes very diffuse hyperpig-
mented macules particularly in immunocompromised patients [35].

For other infectious skin diseases, the clinical aspects are variable: hypopigmenta-
tion is common in Hansen disease, in endemic treponematosis such Pinta, and in
onchocerciasis. These latter are now very rare [36].

6.3 Systemic autoimmune diseases with skin manifestations
6.3.1 Lupus
In lupus, the dermatological manifestations are polymorphous; in patients with

phototype VI, the skin disorders are often of pigmentary type (Figure 5). Whether
it is specific acute, subacute or chronic lupus, or nonspecific, hyperpigmentation or

Figure 5.
Discoid lupus on the back clinical and dermoscopic aspect.
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hypopigmentation is found in almost all the patients. For acute lupus, the vesper-
tilio involvement may be complicated by hyperpigmented scars, depending on the
intensity of the junctional involvement. For subacute lupus, it is more often the
psoriasiform form that is complicated by hypochromia, whereas the annular form
is rather hyperchromic. Finally, in chronic lupus, in addition to atrophy, erythema,
and scaling, hypopigmentation is the hallmark. All these lesions have a consider-
able esthetic impact. Let us mention vitiligoid lupus, which is a variant of chronic
lupus [37].

6.3.2 Systemic scleroderma

On black skin, scleroderma is characterized by pigmentary disorders, which are
distinguished into five types. Hypopigmentation may be localized on the face, neck,
and trunk (Figure 6), or on the extremities, or it may be diffuse, whereas hyper-
pigmentation may be either diffused or localized to the photoexposed areas [38].
The clinical aspects of pigmentary disorders during systemic scleroderma are the
following:

* confetti depigmentation synonyms “salt and pepper,” pseudo-vitiligo, speckled
achromia, and speckled spots;

* diffuse hyperpigmentation;

* hyper- and hypopigmentation in areas of sclerosis;

* linear pigmentation within depigmented areas next to superficial vessels;
* localized hyperpigmentation;

* localized hyperpigmentation;

* Hyper- and depigmentation in belt with telangiectasia;

* hyperpigmented macules without cutaneous sclerosis.

Dyschromias are associated with the severity of the sclerosis. Indeed, diffused
hyperpigmentation and hypopigmentation are more frequently found with a modi-
fied Rodnan score of over 30. The Rodnan score allows one to assess the degree of
cutaneous sclerosis on different segments of the body (face, thorax, abdomen, and
lower and upper limbs); it varies from 0 to 51.

Moreover, the duration of Raynaud’s phenomenon of less than 10 years seems to be
associated with the presence of dyschromic disorders.

6.3.3 Dermatomyositis
The particularities of dermatomyositis in black skin are flagellated macules and

hyperpigmentation. Gottron’s papules may take on a hypopigmented appearance. The
association with muscular involvement helps the diagnosis [39].
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(A)

(B)

Figure 6.
Clinical (A) and dermoscopic (B) aspects of speckled achromia in systemic sclevoderma.

6.4 Skin diseases associated with the cosmetic use of skin bleaching products

Skin bleaching is a practice consisting of the use of products containing high-
potent topical corticosteroids, hydroquinone, and mercury or other depigmenting
substances (fruit acids, kojic acid, arbutin, and injectable glutathione) for cosmetic
purpose. It is a worldwide practice widely used by women from Sub-Saharan Africa,
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Asia, and America. It is common in women from Sub-Saharan Africa where preva-
lence from 52-71% was found [40, 41].

The complications associated with this practice are varied, essentially bacterial,
fungal, and parasitic infections, but also acne, trophic disorders, and pigmentary
disorders. The latter include exogenous ochronosis, lichen- and lupus-like dermato-
ses, poikiloderma, and hyperpigmentation of the joints.

6.4.1 Exogenous ochronosis

Clinically, exogenous ochronosis is manifested by blackish papules with a tar-like
appearance and a sensation of rape on palpation; these lesions are grouped in vast
sheets and are located in the exposed areas (Figure 7). The back and the face are the
most common localization, but recently other localizations have been described, such
as hands on interdigital spaces and the backs of the feet [42].

6.4.2 Lichen- and lupus-like dermatoses

First described in 1976 by Marchand, the lupus- and lichen-like dermatoses are
associated with a long-term use of hydroquinone.

The lesions occurred in a mean duration of 7.5 months after the use of hydroqui-
none and as macule or infiltrated papule with an annular border or hyperpigmented
or macules (Figure 8). These lesions are localized on the face or upper limbs on the
photoexposed area [43].

6.4.3 Poikiloderma

The poikiloderma associates atrophy, telangiectasia, and dyschromia and is
secondary to the the association of high-potent corticosteroids and hydroquinone.
The localization is preferentially on the upper limbs [44]. These complications are
observed after a long-term use of bleaching products.

6.4.4 Hyperpigmentation

Hyperpigmentation can be localized or generalized; preferential localizations are
the periorbital area or at the interphalangeal joints (Figure 9). This hyperpigmenta-
tion is one of the stigmata of skin bleaching.

This hyperpigmentation had a high psychological impact. Different types of
pigmentary disorders can be associated in the same patient.

7. Treatment of pigmentary disorders

The treatment strategy of pigment disorders in patients with black skin remains a
veritable challenge.

For symptomatic treatment, topical corticosteroids and retinoids are the most
common treatment. However, hydroquinone at 4% alone, or in magistral prepara-
tions, gives a good result; arbutin and kojic acid are also indicated at all the stages of
postinflammatory hyperpigmentation [42].

The photoprotection is also necessary for the treatment and the prevention of
different pigmentary disorders.
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(A)

(B)

Figure 7.
Exogenous ochronosis on the back: Clinical with black papules (A) and dermoscopic aspect with brown gray
globular structures(B).

For physical treatment, different types of lasers are available: 755-nm alexandrite
picosecond, 694-nm ruby, and 532- and 1064-nm neodymium: YAG nanosecond lasers
appear to be safe and effective modalities for the removal of pigmentary disorders in
skin of color patients with no long-term complications if used appropriately [43].

For general treatments, tranexamic acid was used with good results in patients
with melasma [44]. The early treatment of acne with low doses of isotretinoin, topical
retinoids (adapalene), and photoprotection is associated with good results in acne
postinflammatory hyperpigmentation.

For each disease, a specific treatment is indicated depending on the etiology and
the patient’s needs.
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Figure 8.
Lichen-like dermatosis after skin bleaching with hydroquinone.

Figure 9.
Hyperpigmentation on the joints’ dorsal aspect on the hand associated with exogenous ochronosis on interdigital

folds.
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Depending on the quality of life and the impact on pigmentary disorders, a
psychological approach can be indicated [45].

Finally, prevention is particularly indicated in women using corticosteroids,
hydroquinone, and mercury in cosmetic purpose. By information, communica-
tion and education by using safe cosmetics and by improving the cosmetovigilance
system.

8. Conclusion

Pigmentary disorders are very frequent in phototype VI patient; etiologies are
variables. Indeed, all the skin diseases can be associated with hyper- or hypopigmen-
tation. The last few years’ news data about the pathophysiology of postinflammatory
hyperpigmentation were available. This latter is particularly associated with acne
and can be evaluated by a scale that has been validated in phototype VI patients from
Sub-Saharan Africa. The impact of pigmentary disorders on the quality of life of the
patients with black skin was also evaluated. Moreover, dermoscopy, a noninvasive
tool, is very helpful to establish the diagnosis and prognosis of such disorders.

The treatment is symptomatic and etiologic, and the prevention by photoprotec-
tion is a veritable challenge.
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Chapter 9

Role of Melanin Pigment in Retina
and Inner Ear

Donmnell J. Creel

Abstract

Melanin pigment is normally present in the outermost layer of the retina of the
eye, the inner ear adjacent to capillaries in stria vascularis near hair cells, and
vestibular organs. Significant reduction in melanin pigment in mammals is associ-
ated with embryonic miswiring and disruption of visual and auditory functions.
The consequences for the visual system include abnormal development of the
retina and misrouting of optic pathways into the brain impairing visual acuity, eye
movement, and stereovision. Lack of melanin pigment in the inner ear is associ-
ated with greater susceptibility to noise damage and poorer localization of sound
in space.

Keywords: Albinism, melanin pigment, inner ear, retina, optic chiasm, stria vascularis

1. Introduction

The organization of the visual system varies among mammals. Most primates
display well-defined retinal foveae, foveal avascular zone, and large numbers of
uncrossed optic fibers at the optic chiasm. Mammals with laterally placed eyes, for
example, guinea pig, rat, mouse, have little temporal retina producing few uncrossed
fibers at optic chiasm. Cats and more so primates with forward-facing eyes have
significant temporal retina, with nearly half of optic fibers remaining uncrossed at
the chiasm of some primates. Mammals vary in proportion of optic nerve fibers that
cross at the chiasm, embryonic development and optic projections terminating in
vision centers from suprachiasmatic nuclei to midbrain, to geniculate nuclei, to visual
cortex.

Most albino human beings and albino cats lacking retinal pigment have observ-
able nystagmus and many exhibit strabismus. The optic chiasm of albino mammals
including human beings and cats shows that almost all retinal ganglion cells cross at
the optic chiasm with few uncrossed optic fibers. This misrouting has dramatic effects
on organization of the visual system.

In 1965, C.L. Sheridan noticed that retinal ganglion cells originating in temporal
retina of albino rats did not function well, hypothesizing that albino rats have fewer
uncrossed, non-decussating optic fibers [1]. R.D. Lund anatomically verified that
albino rats have fewer non-decussating optic fibers compared to pigmented rats [2].
For several years the abnormality of reduced non-decussating optic fibers at the
optic chiasm in albinos was thought to be limited to rats and rabbits [3]. Guillery [4]
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reported atypical visual system organization in Siamese cats, but the association with
albinism was not identified.

In 1971, Creel initially published the connection between Siamese cats and
albinism, and hypothesis that reduced non-decussating optic fibers likely is a
“highly general transspecies phenomenon in albino mammals” [5, 6]. Siamese cats,
Himalayan mice, rats, and rabbits express a mutation that is a temperature-sensitive
pigmentation defect, that is, allowing pigment only on the cold parts of the body.
Their retinae lack pigment.

The studies of Siamese cat showed that a single recording site over each visual
cortical area reflected differences between pigmented and albino cats [5]. Hence,
scalp-recorded visually evoked potentials might detect optic misrouting in human
albinos. Testing human albinos using scalp-recorded visually evoked potentials
revealed human albinos have reduced non-decussating optic fibers [6, 7]. Animal
studies reported that all albino mammals with oculocutaneous, or only ocular
albinism, demonstrate reduced uncrossed optic projections [8-10]. Visual system
abnormalities in albino mammals include fewer photoreceptors, foveal/area centralis
hypoplasia, misrouting of the temporal retinal ganglion cells, variation of geniculate
terminations, vascular intrusion into foveal area, abnormal cortical projections, and
fewer cones in macular area [11-17].

The animal model close to organization of primate visual system studied the most
is the albino cat. Albino cats have observable nystagmus, and many have strabismus.
Figure 1 pictures the optic chiasm of an OCA1 albino cat showing almost all retinal
ganglion cells (RGCs) cross at the chiasm. The number of binocular cells is reduced
in visual cortical areas 17, 18, and 19 in Siamese cats and albino cats impairing
stereovision [19-21].

CONTRALATERAL

Figure 1.

Dark-field autoradiograph of coronal section through the optic chiasm of a Type 1 albino cat after injection of
tritiated leucine into right eye showing difference between contralateral and ipsilateral RGC projections. Almost
all RGC:s cross at the optic chiasm. Arrows point to projections to suprachiasmatic nuclei. Scale bar 1 mm. From
Creel et al. [18].
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Phylogenetically older connections are less abnormal in albino mammals as
seen in Figure 1 showing bilateral suprachiasmatic projections appear to be unaf-
fected [18]. Optic projections near chiasm projecting into hypothalamus antecede
vertebrates, occurring in early chordates. Chordates have retinal pigment match-
ing vertebrates [22]. Melanopsin retinal ganglion cells are completely crossed or
bilaterally projected into suprachiasmatic nuclei above the optic chiasm [23, 24].
These projections are not affected by albinism. The crossed/uncrossed proportion
of optic neurons to the suprachiasmatic nuclei in albino cats is like the proportion
stated for pigmented cats [25]. The earlier appearing melanopsin pathway is not
affected.

Abnormalities associated with hypopigmented retinae vary between species.
Most human albinos have poorly formed foveae and little or no vascular sparing of
central foveal area of retina [12, 26]. Visually evoked potential studies and functional
magnetic resonance imaging reflect the preponderance of crossed optic fibers at
the chiasm [15]. Few retinal ganglion cells originating temporal side of fovea in
pigmented human beings cross at the optic chiasm. In albino mammals most retinal
ganglion cells originating in temporal retina cross at the optic chiasm. Figure 2 shows
approximate differences between the optic chiasm of ocularly pigmented and albino
human beings.

PIGMENTED ALBINO

Nasal

Temporal Temporal

Chiasm Chiasm

55% Crossed 45% Uncrossed 80% Crosse 20% Uncrossed

Figure 2.
Schematic of approximate distribution of crossed and uncrossed optic fibers in human beings. From Creel,
webvision.med.utah.edu (2014).

Many possibilities are suggested for controlling embryonic retinal ganglion
cells coursing through the chiasm. Some conclusions are likely to be correct within
the model studied, but not a solution for optic misrouting seen throughout albino
mammals. Each species varies. As an example, significant differences between
mouse and human embryogenesis specific to chiasm formation are described [27].
Temporal timing of axon arrival at the optic chiasm and path through the chiasm
are different between man and mouse. The development of contralateral followed
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by ipsilateral optic projections is sequential. There are no absolutes. Variable
expression is seen even in littermate animal models [9]. Additionally, exceptions are
reported [28, 29].

Due to millions of years of divergent evolution, the micro mechanisms of axon
guidance underlying optic neuron decussation and target fate are likely idiosyncratic
for each species. Pax2, Pax6, SOX2, and SOX21 seem to participate in development
of the visual system. Several conserved loci including ROBO and PAX2/PAX 6 affect
guidance in mammals including humans [14, 30-33].

Additionally, intra-genome communication is probably taking place. Visual
embryogenesis is possibly affected by contributions from noncoding DNA and
conserved noncoding portions of the genome. Noncoding DNA probably modifies
expression [32, 33]. Variance within species appears to originate more in noncoding
space [34].

Melanin is present in vertebrates and seen in early chordates. Melanin pigment is
prevalent in mammalian embryonic development. Melanin pigment’s function in the
eye is different than in other parts of the body. Melanin pigment is present with mela-
nocytes that are mostly active during early vertebrate embryogenesis. The melanin
pigment chemical pathway initiated with tyrosine is expressed similarly from dro-
sophila to primates. The sequence leading to eye formation in the fly is recapitulated
in the developing human eye [35, 36]. Phylogeny is recapitulated in the embryonic
development of the mammalian visual system.

1.1 Human pigmented vs albino visual system

Figure 3 shows OCT (optical coherence tomography) of the foveal area of a
pigmented person (A) and an albino (B). In pigmented retina, the red nerve fiber
layer does not cross the fovea. In most human albinos the nerve fiber layer (B) passes
over fovea. Poor foveal development and variability among albino foveae are likely
due to amount of ocular pigment and genetic background [37]. Albino human beings

Figure 3.

Ocular coherence tomography (OCT) through the fovea of a normally pigmented (A) and albino (B) human
being. Note the absence of foveal pit with the nerve fiber layer (ved) continuing over foveal avea in albino retina.
From Creel, webvision.med.utah.edu (2014).

162



Role of Melanin Pigment in Retina and Inner Ear
DOI: http://dx.doi.org/10.5772/intechopen.106910

Figure 4.
Angiogram of pigmented human ocular fundus (A) showing vascular sparing of foveal area compared to albino
(B) with vascular intrusion into vascular avea. From Creel, webvision.med.utah.edu (2014).

manifest a reduction in cone density in the central retina [13]. Ocularly pigmented
primates are the only mammals with developed foveae. In most mammals with
albinism, the retinal macular area is underdeveloped [38, 39].

In humans with pigmented retinae, retinal blood vessels spare the foveal area.
In albino human retinae, blood vessels intrude into foveal area. Figure 4 com-
pares the central vascular distribution in human pigmented and albino retinae.
Pigmented humans exhibit an avascular zone surrounding the fovea. Albinos
do not.

1.2 Pigment in inner ear

Vision and hearing evolved together dating back to the PaxB gene, whichisa
single gene controlling eye and precursors to hearing (mechanoreceptors) in box
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Figures.
Decalcified guinea pig cochlea (A) and sagittal section (B) through guinea pig cochlea show melanin pigment in
stria vascularis. Red boxed area enlarged in Figuve 6. From Creel, webvision.med.utah.edu (2014).

jellyfish before independent Pax 2 and Pax 6 genes [40]. There are evolutionary
connections between eyes and mechanoreceptors of the inner ear to the extent that
during evolution, “sensory cells can shift their sensory modalities” [41].

There is normally melanin pigment in the inner ear [42, 43]. Figure 5A shows
band of melanin pigment (P) in a guinea pig cochlea. Figure 5B is a section through
a guinea pig cochlea showing melanin pigment (P). Figure 6 displays a microscopic
view of area like that in red box in Figure 5B. Red arrows point at capillaries.
Melanocytes are adjacent to capillaries in the stria vascularis of inner ear.

Binaural hearing tells eyes where to look [44, 45]. Spatial vision and auditory
localization function in a coordinated manner. From diapsids to mammals interaural
sound localization circuits are similarly organized. The auditory map in the brain is
like the visual space map [46]. Visual and auditory space interact in the brain. When
blind individuals localize auditory echoes, fMRIs reveal more brain activity in visual
cortex than auditory cortex [47].

Albino mammals are not hearing impaired. The absence of melanin pigment in the
inner ear is associated with susceptibility to noise damage [48-50]. Also, prolonged
sensitivity to noise measured as a longer temporary threshold shift (TTS) following
exposure to loud sounds is documented in albinos [51-53]. In the medial superior
olivary nucleus, cell size and dendritic length are decreased in albinos [54]. In albinos
component III of auditory brainstem responses is attenuated, which are generated in
region of the medial superior olivary nuclei reflecting the reduced neuronal size and
dendritic length in albino mammals [54-57].

The brainstem auditory pathways of albino mammals have anomalies like the
visual system. Reduced cell size in brainstem olivary nuclei is associated with reduced
binaural cell responses in medial superior olive of albino cats [58] resulting in disrup-
tion of sound localization, like finding of reduced binocular cells in visual cortex.
Moore & Kowalchuk [59] described reduced ipsilateral projections from the cochlear
nuclei in hypopigmented ferrets.
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Figure 6.
Enlavgement of red-boxed area in Figure 5 shows melanin adjacent to capillaries indicated by ved arrows. From
Creel, webvision.med.utah.edu (2014).

1.3 Creel theory

The Creel theory proposes that the lack of melanin pigment initiates atavistic
expression of visual and auditory embryogenesis. Melanin pigment is an environmen-
tal cue. Embryonic progression in albino mammals’ visual and auditory systems take
a step back initiated by lack of melanin pigment. Abnormalities of chiasmic misrout-
ing in albino mammals is a developmental field defect that is normal in preceding
phylogeny [60]. Complete crossing of optic neurons at the chiasm is normal in most
vertebrates prior to mammals.
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The presence of melanin pigment in the embryonic retina, or possibly genetic cod-
ing for melanin pigment, initiates retinal ganglion cell pathway routing. Insufficient
coding for retinal pigment launches an earlier, more stable genetic package directing
targeting of optic neurons.

Genetic makeup includes preserved earlier evolutionary features. Charles Darwin
[61] popularized atavism as the term for reappearance of ancestral characteristics in
future generations. Expression of atavistic features, such as complete crossing of optic
fibers, is likely due to the flaw in the embryonic environment, in this case, lack of
melanin pigment, precipitating formation of an earlier ancestral pathway.

2. Conclusion

Mammals lacking melanin pigment in retina and inner ear have abnormal visual
and auditory systems. Mammals preserve the genetic instructions for complete
decussation of the retinal ganglion cells at the optic chiasm and presence of melanin
pigment adjacent to capillaries in inner ear. Phylogenetically newer genetic direc-
tions for formation of a central retinal area, fovea, and vascular sparing of the foveal
area are vulnerable. Recent genetic addendums to conserved instructions are at risk
if genetic cues, such as sufficient melanin pigmentation, are not present to support
variation from ancient instructions. In albino mammals, the genetic instruction for
visual pathways defaults to the simpler, more entrenched, platform. The auditory
system follows with similar disarray.
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Skin pigmentation disorder is one of the common skin diseases. In general, skin gets
its color from melanin pigment, which is produced by melanocytes in the skin. When
these cells are damaged, they can negatively affect melanin production. Pigmentation

disorders in the skin are classified as hyperpigmentation and hypopigmentation.
Hyperpigmentation appears due to increased melanin in the skin. Typical
hyperpigmentation disorders include post-inflammatory hyperpigmentation, melasma,
solar lentigines, freckles, and café au lait macules. These conditions are generally
benign but can be distressing to patients. Addison’s disease and some other endocrine
disorders may cause diffuse hyperpigmentation. Hypopigmentation is caused by a
decrease in melanin production in the skin. Examples of hypopigmentation include
vitiligo, albinism, fungal infections, and post-inflammatory hypopigmentation, for
example after burns or psoriasis. The nine chapters in this book discuss the latest
clinical and therapeutic findings on the most common skin pigmentation disorders and
their effect on patients’ quality of life.

ISBI

N 978-1-80356-901-7

818037569017

Published in London, UK
© 2023 IntechOpen

© lekcej/ iStock InteChOpen

9”7



	Pigmentation Disorders - Etiology and Recent Advances in Treatments
	Contents
	Preface
	Section 1
Hyperpigmentation Disorders
	Chapter1
Introductory Chapter: Quality of Life in the Patients with Melasma
	Chapter2
Melasma: A Review about Pathophysiology and Treatment

	Section 2
Hypopigmentation Disorders
	Chapter3
Vitiligo: Pathogenesis, Clinical Features, and Treatment
	Chapter4
Psychological Impact of Vitiligo

	Section 3
Medications and Pigmentation Disorders
	Chapter5
Skin Depigmenting Agents: Where DoWe Stand?
	Chapter6
Drug-Induced Pigmentation
	Chapter7
Skin Pigmentation and Cosmetic Considerations for Even SkinTone

	Section 4
Pigmentation Disorders in Skin of Color
	Chapter8
Pigmentary Disorders in Black Skin from Pathophysiology toTreatment

	Section 5
The Role of Melanin in Internal Organs
	Chapter9
Role of Melanin Pigment in Retina and Inner Ear




