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Abstract

Hyperpigmentation occurs when there is an increase in melanin content in the skin. It can be localised i.e. limited
to a certain area or it can be diffuse i.e. occurring all over the body. Localised form of hyperpigmentation can happen
as a result of injury or inflammation from conditions such as Acne, contact dermatitis, lupus etc known as post
inflammatory hyperpigmentation or Melasma. Diffuse generally results from a systemic disease, drug or neoplasm.
Localised hyperpigmentation like PIH and melasma can lead to a lot of psychological distress with skin type IV and
above being particularly susceptible. It is not only important to find the cause of pigmentation in order to arrest further
progression but it is also important to treat the pigmented lesions. Further prevention should advocate the use of daily
sun protection with sunscreen agents and other sun avoidance measures.

Keywords: Melasma; Hyperpigmentation; Melanin

Introduction

Hyperpigmentation occurs when there is an increase in melanin
content in the skin. It can be localised i.e. limited to a certain
area or it can be diffuse i.e. occurring all over the body. Localised
form of hyperpigmentation can happen as a result of injury or
inflammation from conditions such as Acne, contact dermatitis, lupus
etc known as post inflammatory hyperpigmentation or Melasma.
Diffuse generally results from a systemic disease, drug or neoplasm.
Localised hyperpigmentation like PIH and melasma can lead to a
lot of psychological distress [1] with skin type IV and above being
particularly susceptible [2]. It is not only important to find the cause
of pigmentation in order to arrest further progression but it is also
important to treat the pigmented lesions. Further prevention should
advocate the use of daily sun protection with sunscreen agents and
other sun avoidance measures.

Topical Agents

Number of topical agents is used to treat PIH. The most commonly
used agent is hydroquinone between 2 to 10% though 2 to 4% of
hydroquinone alone or with of tretinoin 0.05 to 0.1% is used [3].
Hydroquinone is a hydroxyphenolic chemical classically used in
melasma treatment.

Hydroquinone

Hydroquinone is one of the important agents when treating PTH.
It is a phenol compound which inhibits tyrosinase, thereby reducing
the conversion of dihydroxyphenylalanine (DOPA) to melanin [4]. In
the US, hydroquinone is available over the counter (OTC) at 2% and
in a prescription strength from 3% to 10%, although hydroquinone is
typically used at 2-4% concentrations [5,6].

Daily concomitant use of a broad-spectrum sunscreen can also be
beneficialas sunexposure canhindertheeffects ofhydroquinone,leading
to repigmentation. Antioxidants such as 0.5% ascorbic acid (vitamin C)
and retinoid as well as a-hydroxy acids are used as additives to increase
penetration and enhance efficacy. Cook- Bolden and Hamilton [7]
conducted a 12-week, open-label study of microencapsulated 4%
hydroquinone and 0.15% retinol with antioxidants in the treatment of
21 patients (17 PIH, 4 melasma). Significant decreases in lesion size,
pigmentation, and disease severity were noted as early as 4 weeks after
initiating treatment and remained significantly decreased throughout
the study (all p<0.032). The majority of patients (63%) experienced
either marked improvement (75% overall improvement) or complete
clearing (95% or greater overall improvement), and reflectance

spectrophotometer readings showed statistically significant reductions
in melanin content as early as week 4. Similar results were obtained in a
previous study [8]. The 5% concentration of hydroquinone may also be
compounded with 0.5% ascorbic acid in a low-potency corticosteroid
base to increase penetration and reduce irritation, respectively. An
improvement in the hyperpigmentation may be noticeable after 4 weeks
of therapy but the optimal effect is typically achieved after 6-10 weeks
of therapy [9]. Prolonged daily use of 4-5% hydroquinone can lead to
a high incidence of irritant reactions particularly when combined with
retinoic acid [9].

A triple combination cream in a stabilized formulation, containing
4% hydroquinone, 0.05% tretinoin, and 0.01% fluocinolone acetonide,
has been demonstrated to be both safe and effective in the treatment
of moderate to severe melasma [6,9-11] and has also been successfully
used in the treatment of PIH, although formal clinical studies are
needed.

In 1982, the US FDA originally proposed that OTC hydroquinone
at 1.5-2% concentrations was generally safe and effective. However,
in 2006, the FDA released a statement proposing a ban on all OTC
hydroquinone agents and a requirement for any currently marketed
hydroquinone product to submit New Drug Application (NDA) or be
withdrawn from the market [12]. This change in position was based
on rodent studies, which suggested that oral hydroquinone may be a
carcinogen [12]. The FDA has yet to make a final ruling. In light of the
controversy surrounding the use of topical hydroquinone, clinicians
are looking to other products with depigmenting effects. Mequinol,
tretinoin monotherapy, and azelaic acid have also been proven to be
effective in the treatment of PTH.

Mequinol

Mequinol (4-hydroxyanisole) is a derivative of hydroquinone
but may cause less skin irritation than its parent compound.
Mequinol may involve in competitive inhibition of tyrosinase thereby
inhibiting melanin formation [13]. An open-label, split face, non-
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inferiority, comparison study of 2% mequinol/0.01% tretinoin versus
4% hydroquinone cream was conducted in 61 patients with mild
to moderate facial PIH [14]. Patients applied 2% mequinol/0.01%
tretinoin to one side of the face and 4% hydroquinone to the contra
lateral side for 12 weeks. The mequinol/tretinoin solution was found to
be non-inferior to the hydroquinone cream in the treatment of PIH as
81% of mequinol/tretinoin-treated and 85% of hydroquinone-treated
patient’s experienced clinical success.

Retinoids

Tretinoin (all-trans retinoic acid), a vitamin A analog, used to
treat hyperpigmentation of photo aged skin, post inflammatory
hyperpigmentation, and melasma. Tretinoin 0.1% has been used to
successfully treat melasma in Black patients; improvements of up to
73% were seen after 40 weeks of treatment [5]. Erythema and peeling in
the area of application are adverse effects of tretinoin 0.05 to 0.1%; post
inflammatory hyperpigmentation can also occur.

Concentrations range from 0.01% to 0.1%. However, irritant
dermatitis can be a frequent adverse effect, and caution should be
used when prescribing higher concentrations of tretinoin in darker
skin types, since the irritation can lead to further PIH. To determine
the safety and efficacy of 0.1% tretinoin in the treatment of PIH,
a randomized, double-blind, vehicle-controlled clinical trial was
conducted in 54 Black patients [5]. Patients applied either tretinoin
or vehicle cream to the face, arms, or both areas daily for 40 weeks.
At the study endpoint, the PIH lesions of the tretinoin-treated group
were significantly lighter than those of the vehicle-treated group as
assessed by clinical (p<0.001) and colorimetric (p=0.05) examinations.
However, it is important to note that patients treated with tretinoin
experienced minimal lightening of normal skin and 50% of these
patients also developed retinoid dermatitis. It is possible to reduce
this irritation by reducing dose and titrating to higher doses gradually
or by using cream based formulations [15] or even diluting it with a
moisturizer.

Other retinoid compounds are also available including isotretinoin,
adapalene, and tazarotene. Isotretinoin is available in both oral and
topical formulations and is widely used in the treatment of acne.

Azelaic acid

Topical azelaicacid 15 to 20% can be as efficacious as hydroquinone,
but is less of an irritant.

Azelaic acid is a dicarboxylic acid isolated from Pityrosporum
ovale, the organism responsible for pityriasis versia color [9].

Studies have shown that 20% azelaic acid cream produces
significantly greater decreases in pigmentary intensity than the vehicle
[16] and, when combined with 15-20% glycolic acid, is as effective
as 4% hydroquinone in the treatment of facial hyperpigmentation
including melasma and PIH [17]. Azelaic acid is generally well tolerated
with only mild adverse effects reported, such as pruritus, transient
erythema, scaling, and irritation, which disappear in a few weeks [18].

Kojic Acid

Kojic acid has recently been used as a 2% cream, alone or in
combination with glycolic acid or hydroquinone, due to its inhibitory
action on tyrosinase. In a comparative study in Chinese women with
epidermal melasma, half of the face was treated with kojic acid 2% gel
plus glycolic acid 10% and hydroquinone 2%, and the other half of

the face with just glycolic acid 10% and hydroquinone 2% [19]. Better
results were obtained on the half of the face treated with the cream

including kojic acid.

A common adverse effect with kojic acid use is contact dermatitis
[20,21]. Although kojic acid had been widely used in skin care
products in Japan, more recent clinical studies conducted there have
demonstrated its highly sensitizing potential [22]. Kojic acid has also
been recently banned from the Japanese market over mutagenicity
concerns.

Arbutin

Arbutin works by inhibiting tyrosinase activity as well as
melanosome maturation, and its efficacy is concentration dependent
but higher concentrations can lead to a paradoxical hyperpigmentation
[23]. a-Arbutin and deoxyarbutin are both synthetic forms with greater
tyrosinase inhibition than the original arbutin [24,25]. Clinical studies
have demonstrated that 3% deoxyarbutin is effective in lightening solar
lentigines in light-skinned patients [26]; however, there are no data on
its efficacy for PIH.

Niacinamide

Niacinamide is the water-soluble, physiologically active derivative
of niacin (vitamin B3). Topical niacinamide has been used in the
treatment of acne but studies now suggest that there may be a role
for niacinamide in the treatment of pigmentary disorders. Hakozaki
et al. [27] showed through in vitro studies that niacinamide decreases
melanosome transfer by 35-68% without inhibiting tyrosinase activity
or cell proliferation. Research also suggests that niacinamide may
decrease melanogenesis by interfering with the interaction between
keratinocytes and melanocytes but not through a directly inhibitory
effect on melanocytes. Two to five percent niacinamide has proven
to be an effective lightening agent for patients with melasma or UV
induced hyperpigmentation [27-29]; however, studies are needed to
determine its safety and efficacy in the treatment of PIH.

N-Acetyl Glucosamine

Multiple, double-blind, controlled, clinical trials demonstrated
the clear benefit of 2% N-acetyl glucosamine in the treatment of
hyperpigmentation secondary to sun exposure [28,30] but none
secondary to inflammatory causes.

Ascorbic Acid (Vitamin C)

Ascorbic acid is a depigmenting agent that suppresses melanin
synthesis by its antioxidant properties, Ascorbic acid is not a very
effective skin lightening agent when used as monotherapy; however,
5-10% ascorbic acid is still frequently formulated in combination with
other depigmenting agents such as hydroquinone given its excellent
safety profile [31]. Further studies are needed to determine the utility
of ascorbic acid in the management of PIH. However, ascorbic acid
has shown some efficacy as combination therapy for photo aging and
melasma.

Licorice Extract

Licorice extract is a very common component of depigmenting
cosmetic products sold worldwide. There are several active agents in
licorice extract including glabridin and licochalcone A, which have
both been shown to inhibit tyrosinase activity [32,33]. In addition,
glabridin exhibits anti-inflammatory properties. Liquiritin, another
active ingredient of licorice extract, does not inhibit tyrosinase activity
but causes depigmentation by melanin dispersion [34]. There are very
few clinical studies with licorice extract; however, liquiritin 1 g/day has
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been shown to be effective treatment for melasma, although no patients
with PIH were included in the study.

Soy

Soy extracts are commonly used in cosmetic skin moisturizers for
their skin-lightening properties [31] and a manufacturer’s study has
demonstrated improvement of certain dyschromias including PIH
with the use of a daily SPF 15 soy moisturizer. Whole soy extract has
also shown some efficacy in the treatment of PIH secondary to acne
when formulated with salicylic acid and retinol.

Chemical Peels

One of the most common indications for chemical peeling is
dyschromias such as PIH. Chemical peels used alone or in combination
with lightening agents can be very efficacious. Typically, superficial
chemical peels have been studied as therapy for PIH. These peels can be
used in all skin types, and are commonly used in patients with darker
skin tones because they are generally well tolerated with proven results.
Care should be taken in selecting the specific chemical peel to avoid
possible irritation, which can worsen PTH. Patients should also practice
sun avoidance and wear sunscreen to avoid PIH after having received
a chemical peel.

Chemical peeling with glycolic acid utilizes strengths ranging
from 20% to 70% and requires neutralization with water or sodium
bicarbonate to terminate the peel. Burns et al. [35] conducted a study
of 16 African American patients with facial PIH in which the control
group was treated with 2% hydroquinone/10% glycolic acid gel and
0.05%tretinoin and the peel group was treated with the same topical
regimen plus a series of six glycolic acid peels (50-68%) at 3-week
intervals. Significant clinical improvement was noted compared to
baseline in the peel group using the Hyperpigmentation Area and
Severity Index (HASI) (p<0.02); however, the difference between
the two treatment groups was close to but did not reach statistical
significance. The peel group also experienced a more rapid and greater
improvement by colorimetric analysis but results were of borderline
significance (p<0.09). The authors also reported a greater lightening of
normal pigmentation in the peel group.

Superficial salicylic acid peels typically utilize strengths ranging
from 20% to 30%. A clinical study was conducted using salicylic acid
peels in 24 Korean patients with PTH secondary to acne [36]. Salicylic
acid (30%) peels were performed every 2 weeks for 3 months. Although
the level of lightness from baseline to the first post-peel period was
significant (p<0.02) by colorimetric analysis, final levels did not reach
statistical significance. However, colorimetric analysis did show a
highly significant reduction in erythema (p<0.0001), and clinical
improvement was noted in greasiness, dryness, scaliness, and erythema
at the study endpoint.

Laser Therapy

There are a number of different lasers and light sources currently
available that can also be effective for PIH. Due to the wide absorption
spectrum of melanin, which ranges from 250 to 1200 nm, melanin
can be targeted specifically by all visible light and near-infrared
dermatologic lasers currently in use [37].

Lasers with shorter wavelengths are not optimal for treatment
in darker-skinned patients since the individual’s normal epidermal
melanin is also targeted at these wavelengths. The absorption
coefficient of melanin decreases exponentially as the wavelength
increases [38]. Therefore, lasers generating wavelengths that are less

efficiently absorbed by endogenous melanin, such as the 1064 nm QS
neodymium: yttrium-aluminum-garnet (Nd:YAG) laser can provide a
greater margin of safety while still allowing the laser surgeon to achieve
satisfactory results in darker-skinned individuals.

Emerging Therapies

As there is more demand for new depigmenting agents, A recent,
randomized, double-blind, vehicle-controlled clinical trial showed that
2% undecylenoyl phenylalanine effectively treats solar lentigines [39],
and a published case-report explains how topical 5% methimazole
was successfully used to treat PIH secondary to a chemical burn [40].
Dioic acid has been compared with hydroquinone in the treatment of
melasma, showing it to be a possible treatment alternative [41], and
aloesin has been shown in studies to suppress pigmentation induced
by UV radiation [42]. Other agents that require further research
and development include 4-(1-phenylethyl)1,3-benzenediol, paper
mulberry, ellagic acid, quinolines, piperlonguminine, luteolin, and
calycosin [20].

Conclusion

Hyperpigmented disorders of the skin pose a significant medical
and esthetic problem for individuals with any skin complexion.
A variety of topical and systemic agents have been employed in the
treatment of these disorders. Many studies are conducted and being
conducting however more studies are needed to elucidate the exact
role of most of the agents used for depigmentation. As the cosmetic
industry is growing faster, more agents are expected to be discovered.
Simultaneously market/consumers are looking for alternatives for
prescribed treatments for skin lightening and inclining towards
natural/ neutral agents.
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