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ABSTRACT 

A frequent dermatological issue, skin hyperpigmentation is marked by the darkening of the skin due to an excess of 
melanin production. Affected individuals experience uneven skin tone and aesthetic concerns. Treatment for 
hyperpigmentation is still difficult, and the available treatments are time-consuming and have inconsistent results, which 
reduces patient compliance. Topical medications like hydroquinone, kojic acid, and glycollic acid, which aim to decrease 
melanin synthesis and boost epidermal turnover, are the mainstay of first-line treatments. As supplemental treatments, 
oral formulations including melatonin and cysteamine hydrochloride have also showed promise. Chemical peels and laser 
treatments are examples of second-line therapies that are typically carried out under medical supervision and produce 
quicker results, but they also carry a higher risk of side effects like erythema, irritation, and post-inflammatory pigmentary 
changes. 
 
Plant-based substances, herbal extracts, and natural formulations have been utilised in traditional medicine to treat 
pigmentation-related issues and to improve skin tone. These conventional methods have gradually evolved into evidence-
based cosmeceutical formulations including phytochemicals, botanical extracts, antioxidants, tyrosinase inhibitors, and 
sophisticated delivery systems thanks to developments in dermatological science and cosmetic technology. Adolescents 
may be especially affected by hyperpigmentation and uneven skin tone because of hormonal fluctuations, inflammation 
from acne, sun exposure, and post-inflammatory hyperpigmentation. The creation of gentle, secure, and scientifically 
validated anti-hyperpigmentation cosmeceuticals for use on teenage skin is therefore becoming more and more necessary. 
 
This study covers a wide range of hyperpigmentation diseases, their pathogenic causes, and the development of 
pharmaceutical and cosmeceutical therapies from traditional to contemporary treatments. Emerging botanical and 
phytochemical-based treatments, contemporary administration methods, safety concerns, effectiveness, and patient 
compliance are highlighted, especially with regard to teenage skin health. 
 
Keywords: Cosmetics, Hyperpigmentation, Melanin, Cosmeceutic. 
 

1. Introduction 
Skin pigmentation is a fundamental biological trait that determines the colour of human skin and protects 
against ultraviolet (UV) radiation [1–3].The main factor influencing skin color is melanin, which is generated by 
melanocytes in the basal layer of the epidermis [4,5].A complex network of biochemical pathways, cellular 
interactions, and environmental factors regulate melanin synthesis, packaging, transfer, and degradation [6–
8]. Melanogenesis is strictly controlled in healthy skin; however, this equilibrium can be upset by genetic 
predisposition, hormonal changes, inflammation, exposure to UV and visible light, medications, and 
environmental contaminants, which can result in focal or widespread changes in pigmentation 
(hypopigmentation or hyperpigmentation) [9–12]. 
 
Figure 1. Overview of Skin Pigmentation Biology 
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Schematic illustration of human skin depicting the epidermal and dermal layers and the epidermal–melanocyte 
unit. Melanocytes located in the basal layer synthesize melanin within melanosomes in response to ultraviolet 
radiation via α-MSH–MC1R signaling. Mature melanosomes are transferred through melanocyte dendrites to 
surrounding keratinocytes, where melanin accumulates above the nucleus to provide photoprotection and 
determine skin color. Dermal components such as fibroblasts, blood vessels, and extracellular matrix are 
shown to highlight dermal–epidermal crosstalk influencing pigmentation. 
Melasma, lentigines, periorbital hyperpigmentation, and post-inflammatory hyperpigmentation (PIH) are 
examples of hyperpigmentation disorders that are prevalent dermatological complaints with substantial 
psychosocial and quality-of-life effects [13–15].Fitzpatrick skin types III–VI, which encompass sizable portions 
of the South and Southeast Asian, African, Middle Eastern, and Latin American populations, are particularly 
prone to these problems [16,17]. This review thoroughly examines the biology of pigmentation and the 
pathophysiology of common hyperpigmentary disorders, with a focus on mechanisms that are therapeutically 
actionable. In nations like India, cultural and social preferences for lighter skin tones have historically and 
currently influenced consumer demand for skin-lightening products, driving a large and rapidly growing market 
for cosmeceuticals and dermatologic interventions designed to reduce pigmentation [18–21]. We evaluate 
new delivery systems (nanocarriers, liposomes, and sustained-release formulations), talk about limitations and 
safety concerns, and outline the evidence for traditional treatments (topical agents, chemical peels, laser and 
light therapies) [22–28].We also thoroughly assess plant-derived tyrosinase inhibitors, antioxidants, and anti-
inflammatory chemicals that have promise in preclinical and clinical investigations, given the enormous 
interest in natural and botanical agents in the Indian and larger Asia-Pacific markets [29–33]. The analysis 
concludes by contextualizing these clinical and scientific advancements within the Indian cosmetics and 
personal care business, including data-driven insights into consumer behavior, market size, regulatory 
considerations, and ethical concerns about colorism and fairness [34–38]. We point out gaps in the literature 
and suggest priority areas for further research throughout the paper, particularly translational studies that 
connect molecular discoveries with safe, efficient, and culturally appropriate treatments [39–
41].Melanogenesis, sebaceous gland activity, inflammation, and skin-barrier function can all be impacted by 
the significant physiological and hormonal changes that adolescent skin experiences. Acne is a result of 
increased androgen activity during adolescence, and UV exposure, mechanical lesion manipulation, and 
recurrent inflammation can all lead to post-inflammatory hyperpigmentation (PIH). Melanocytes may react 
aggressively to inflammatory mediators in darker skin phototypes, leading to chronic dermal or epidermal 
pigment deposition. Melanocyte activity, melanin synthesis, and melanosome transfer to keratinocytes can all 
be enhanced by cytokines, prostaglandins, reactive oxygen species, and other inflammatory mediators [9, 12]. 
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2. Historical Perspectives on Skin Lightening 
Thousands of years have been spent improving complexion and changing skin tone, a technique that has its 
roots in sociocultural, religious, and aesthetic views from many civilizations. Skin lightening practices have 
changed over time, moving from traditional plant- and mineral-based preparations to contemporary 
dermatological and cosmeceutical treatments, as evidenced by archeological, anthropological, and linguistic 
data. Many of the societal standards of identity, class hierarchy, and beauty that still exist in modern nations 
are reflected in these rituals. 
 

 
Figure 2. Historical Evaluation of Skin -lightening Practices 
 
2.1 Ancient Civilizations and Early Pigment Modulation Practices 
Ancient civilizations like Egypt, India, China, Greece, Rome, and Mesopotamia all used skin-enhancing 
practices. Complexion enhancement was essential to everyday grooming and spiritual protection, according to 
evidence from Egyptian tombs, medical papyri, and cosmetic objects [42–44]. To get lighter and smoother skin 
tones, Egyptians utilized formulas containing honey, milk, natron, lead carbonate, chalk, and herbal extracts 
[45,46]. Malachite-derived eye pigments and lead-based face paints (ceruse) were both decorative and 
antibacterial. Numerous herbal combinations intended to improve skin luster and reduce pigmentation are 
described in ancient Indian Ayurvedic and traditional medicinal books as the Charaka Samhita and Sushruta 
Samhita [47–49]. For the purpose of depigmenting and improving the complexion, preparations comprising 
Saussurea lappa, Berberis aristata, Cedrus deodara, Pongamia pinnata, Sesamum indicum, and turmeric were 
frequently employed [50–52]. Long-standing cultural preferences for lighter skin tones are further shown in 
the ritualistic usage of saffron (Crocus sativus) for expectant mothers and cosmetic masks made of lentils, 
honey, and milk [53,54]. Herbal whitening treatments, such as the use of rice water, mulberry root, licorice 
extract, and pearl powder, which are all recognized for their tyrosinase-inhibitory or brightening properties, 
were also mentioned in ancient Chinese and Korean medical literature [55–57]. The cultural relationship 
between lighter skin and beauty, nobility, and purity was reinforced by the Chinese ideal of "jade-like skin" and 
the Korean concept of "baekji" (clear, white skin). In the past, teenagers and young adults were exposed to 
traditional skincare techniques employing domestic and botanical products such as rice water, mulberry-
derived preparations, turmeric, sandalwood, neem, gram flour, and liquorice. These treatments are a 
significant source of bioactive substances taken from nature. However, there may be significant differences in 
their therapeutic efficacy, stability, concentration, and purity. Therefore, either standardised botanical extracts 
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or scientifically recognised active ingredients like niacinamide, vitamin C derivatives, arbutin, kojic acid, azelaic 
acid, antioxidants, and specific peptides have been used to create modern cosmeceuticals [47, 49, 52]. 
2.2 Medieval to Pre-Modern Evolution of Skin-Lightening Practices 
Skin whitening remained a social status symbol during the Middle Ages, especially in Europe and Asia. Despite 
serious health risks, European women used hazardous mixes comprising lead white, vinegar, and mercury salts 
to get lighter skin during the Middle Ages [58–60]. Similarly, oshiroi, or white face powders made from rice 
flour and later cosmetics containing lead and mercury, were used by Japanese ladies throughout the Heian 
period. For centuries, these formulas were in use. Depigmenting procedures became entwined with changing 
sociocultural norms in South Asia. The link between a fair complexion and a better social status was 
strengthened by the advent of Aryans and the caste system that followed [61–63]. The use of herbal pastes, 
oils, and washes in Ayurvedic beauty rituals has increased. Common home techniques included the use of 
neem-based formulations, sandalwood paste, gram flour combinations, and face masks based on turmeric 
[64–66]. 
2.3 Colonial Influence and the Institutionalization of Colourism 
Colourism's sociocultural roots were strengthened by colonial rule, especially British dominance in India and 
American and European presence throughout Asia and Africa [67–69]. Colonial myths contributed to enduring 
psychological and societal biases by portraying people with lighter skin as superior, intelligent, and civilized. 
During the 19th and early 20th centuries, these factors influenced the early commercial cosmetic sector, which 
saw a rise in the popularity of imported lotions and powders that made claims of "skin lightening,""blemish 
removal," and "complexion cleansing" [70,71].  
A multigenerational desire for lighter skin was fostered in India by colonial-era occupational choices, social 
mobility views, and marriage conventions tied to fairness [72–74]. The fairness cream boom in post-
independence India was made possible by these ideas. 
2.4 20th Century: Industrialization and Commercial Skin-Lightening Products 
Traditional formulas gave way to chemically manufactured substances in the worldwide cosmetics sector over 
the 20th century. Skin-lightening products were transformed with the advent of hydroquinone, mercury salts, 
corticosteroids, and resorcinol derivatives [75–77]. Asia, Africa, and the Middle East saw intense marketing of 
early commercial goods from Europe and America. Brands that promoted fairness as the cultural standard of 
success and beauty, such Afghan Snow, Vicco, and Fair & Lovely (1975), dominated the Indian market [78–80]. 
Colorism was further institutionalized by the marketing narrative, which frequently presented lighter skin as a 
means of achieving better job and marriage possibilities. 
2.5 Contemporary Era: Ethical Awareness and the Shift Toward “Brightening” 
Significant changes have occurred in the 21st century as a result of growing ethical concerns about colorism, 
consumer awareness of chemical safety, desire for natural and herbal products, tighter regulations, and 
international movements for representation and inclusivity. Marketing messaging has changed from 
"whitening" to "brightening,""glow enhancement," and "improved skin clarity" as a result of these 
modifications [81–83]. Older hazardous substances are rapidly being replaced with plant-derived antioxidants, 
tyrosinase inhibitors, peptides, niacinamide, vitamin C derivatives, and actives based on nanocarriers in 
modern formulations [84–88]. By emphasizing healthy, even-toned skin rather than fair complexion, the 
Korean beauty (K beauty) and Japanese beauty (J beauty) businesses are now at the forefront of innovation. 
The demand for pigmentation-modulating goods is growing worldwide, particularly in East Asia, Africa, and 
India, despite shifting terminology [89–92]. The necessity for safe, scientifically supported, and culturally 
sensitive methods of managing pigmentation is highlighted by this ongoing need. 
 

3. Hyperpigmentation Disorders 
A collection of disorders known as hyperpigmentation are defined by a concentrated, patchy, or diffuse 
darkening of the skin brought on by an excess of melanin deposition. Changes in melanocyte activity, disturbed 
melanin transfer, post-inflammatory processes, photodamage, or systemic effects are the causes of these 
illnesses. People with darker skin phototypes (Fitzpatrick III–VI) are disproportionately affected, which 
frequently leads to severe psychosocial burden and therapeutic difficulties [93–96]. 
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Figure 3. Melanogenesis Pathway and Key Regulatory Enzymes Biochemical pathway illustrating tyrosinase. 
TYRP-1. TYRP-2, MITF regulation, and the influence of UV-induced signaling (a-MSH-MC1R pathway). 
 
3.1 Melasma (Chloasma) 
Melasma is a persistent, recurrent hypermelanosis that typically affects facial regions exposed to the sun. It is 
common among Asian, Hispanic, and Middle Eastern cultures and primarily affects women of reproductive age 
[97,98]. Based on the distribution of lesions, the disorder is clinically categorized into centrofacial, malar, and 
mandibular patterns. 

 
Figure 4.Pathophysiology of Melasma 
 
Multifactorial mechanism showing roles of UV/VL radiation, hormones, vascular factors, oxidative stress, 
fibroblast signaling, and melanocyte activation. 
 
3.1.1 Etiopathogenesis 
Melasma is a complex condition. UV radiation (the main aggravating factor) [99], visible light (VL) and infrared 
radiation [100], hormonal factors like pregnancy, oral contraceptives, and hormone therapy [101,102], genetic 
predisposition (up to 60% of cases have a positive family history) [103], inflammatory mediators, vascular 
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alterations, and fibroblast-derived signals [104,105] are all recognized triggers. Histopathology shows 
improved vascularity, solar elastosis, epidermal thinning, and increased melanogenesis. Recent studies have 
demonstrated the importance of oxidative stress pathways, endothelin-1, stem cell factor (SCF), and Wnt/β-
catenin signaling in the pathophysiology of disease [106–108]. 
 
3.1.2 Clinical Features and Epidemiology 
The prevalence of melasma among dermatological outpatients varies from 1 to 30%, with Southeast Asia and 
India having some of the highest rates [109,110]. It manifests as symmetrical, hyperpigmented patches and 
macules with uneven boundaries and a gradual progression. Heat and prolonged sun exposure are well-known 
aggravating variables. 
 
3.2 Post-Inflammatory Hyperpigmentation (PIH) 
PIH is an acquired hypermelanosis that appears after irritation, injury, or inflammation of the skin. Because of 
the strong melanocyte response to inflammation, it is particularly prevalent in those with darker skin [111–
113]. 

 
Figure 7. Mechanisms of Post-Inflammatory Hyperpigmentation (PIH) 
 
Inflammation-driven melanogenesis illustrating cytokines, prostaglandins, ROS, pigment incontinence, and 
dermal melanophages. 
 
3.2.1 Etiology and Mechanisms 
Acne, psoriasis, eczema, contact dermatitis, cosmetic operations, burns, and even slight trauma are common 
causes. Melanocyte proliferation and melanin synthesis are stimulated during inflammation by cytokines, 
prostaglandins, leukotrienes, thromboxanes, and reactive oxygen species (ROS) [114,115]. There are two main 
patterns: Dermal PIH melanophages in the upper dermis after pigment incontinence (blue-grey) and epidermal 
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PIH excess melanin in the basal and suprabasal layers (dark brown). PIH is more severe and chronic in dark-
skinned populations, frequently lasting months to years [116–118]. 
3.3 Solar Lentigines (Actinic Lentigines) 
Due to significant UV exposure, solar lentigines, which are well-defined hyperpigmented macules brought on 
by cumulative sun exposure, are widespread in middle-aged and older people, particularly those with lighter 
skin types, but they are also common in India [119,120]. 
3.3.1 Pathogenesis 
UV exposure causes overproduction of melanin, increased melanocyte density, and epidermal hyperplasia. 
Melanogenic regulator mutations brought on by actinic exposure increase the risk of cancer [121–123]. 
Lentigines have extended rete ridges, elevated basal layer melanin, and sporadic melanocyte hyperplasia on 
histological examination. 
3.4 Periorbital Hyperpigmentation (POH) 
POH manifests as patchy or diffuse brown to dark brown discoloration surrounding the eyelids. It has a 
complex origin and is sometimes referred to as "dark circles." 
3.4.1 Causes and Mechanisms 
The following are important contributing factors: Hormonal fluctuations and nutritional deficiencies [128], 
excessive cosmetic use and photoaging [129], post-inflammatory changes from atopic dermatitis or rubbing 
[126], thin periorbital skin and visible vasculature [125], genetic predisposition [124], and sleep deprivation, 
fatigue, and stress [127]. Due to lifestyle choices, anemia, and genetic predisposition, POH is particularly 
common in Indian women. 
3.5 Psychosocial Impact of Hyperpigmentation 
Hyperpigmentation has a substantial impact on social interactions, confidence, and emotional health in all 
subtypes. According to a number of studies, those who are impacted have greater anxiety levels, worse self-
esteem, and a dependence on cosmetic masking [130–132]. The emotional strain is disproportionately higher 
in societies like India where lighter skin is prized [133–135]. 
 

4. Factors Influencing Hyperpigmentation 
When melanocyte homeostasis is disturbed by internal or external stressors, increased melanin production, 
abnormal melanin distribution, or pigment retention result in hyperpigmentation. Choosing focused therapy 
approaches requires an understanding of these triggers. 
4.1 Ultraviolet (UV) Radiation–Induced Hyperpigmentation 
The most powerful and well-known stimulant of melanogenesis is ultraviolet light. Melanin synthesis, 
melanosome transfer, and melanocyte proliferation are all improved by UV exposure, which also activates 
keratinocyte–melanocyte signaling pathways [136–138]. 
4.1.1 Mechanisms 
UVB (280–320 nm) causes DNA damage and p53 activation, which increases pro-opiomelanocortin (POMC) 
transcription. POMC is then cleaved into α-MSH, which binds to melanocytes' MC1R [139,140]. Tyrosinase is 
stimulated and melanogenesis is increased by UVA (320–400 nm), which penetrates deeper and produces 
reactive oxygen species (ROS) [141]. Melanogenic mediators, including endothelin-1, stem cell factor, nitric 
oxide, leukotrienes, and prostaglandins, are all upregulated by UV exposure and contribute to 
hyperpigmentation [142–144]. Persistent pigment darkening, photoaging, solar lentigines, and aggravation of 
melasma are all consequences of prolonged UV exposure. 
4.2 Drug- and Chemical-Induced Hyperpigmentation 
Many topical and systemic medications can deposit pigment in the dermis or epidermis or promote 
melanogenesis. Up to 20% of acquired pigmentation problems in dermatology are caused by drugs [145–147]. 
4.2.1 Common Culprit Drug Classes 
Antimalarials: hydroxychloroquine and chloroquine (which cause drug-melanin complexes and dermal 
melanosis) [149,150], NSAIDs: naproxen-induced fixed drug eruptions that cause PIH [151], antiretrovirals: 
zidovudine and emtricitabine [152], cytotoxic drugs: bleomycin and cyclophosphamide [153], and antibiotics: 
minocycline and tetracycline [148]. Heavy metals: silver (argyria), bismuth, and arsenic [154,155]. 
4.2.2 Mechanisms 
Levodopa is one example of a direct melanin production stimulant [156]. medication accumulation in skin 
tissues, alterations in pigmentation following drug eruptions, Following venous insufficiency or ecchymosis, 
iron deposition. 
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4.3 Endocrine and Hormonal Influences 
Pigmentation is significantly influenced by hormone control. High levels of progesterone and estrogen raise 
tyrosinase activity and improve melanocyte sensitivity to UV light [157,158]. 
4.3.1 Pregnancy (Melasma Gravidarum) 
Elevated levels of progesterone, estrogen, and melanocyte-stimulating hormone (MSH) during pregnancy can 
cause or exacerbate melasma [159,160]. 
4.3.2 Thyroid and Adrenal Disorders 
Diffuse hyperpigmentation can be brought on by hypothyroidism or hyperthyroidism [161]. Addison's illness 
results in global bronzing because of an excess of ACTH and MSH [162]. 
4.4 Inflammation-Induced Hyperpigmentation 
Melanocyte dysregulation is brought on by inflammation via oxidative mediators and cytokines. Prostaglandins 
(PGE2, PGF2α) [163], leukotrienes (LTB4, LTC4) [164], interleukins (IL 1, IL 6), and TNF α [165], as well as ROS 
and nitric oxide [166], are important mediators of inflammation. PIH results from these substances' 
stimulation of melanocyte dendricity, elevation of tyrosinase activity, and promotion of melanin transfer to 
keratinocytes. 
4.5 Pollution-Induced Hyperpigmentation 
Pigmentary disorders are greatly exacerbated by environmental pollution, particularly in metropolitan 
populations. Oxidative stress, inflammation, and barrier disruption are caused by pollutants such nitrogen 
dioxide (NO₂), particulate matter (PM2.5), ozone (O₃), and polycyclic aromatic hydrocarbons (PAHs) [167–169]. 
4.5.1 Biological Effects 
Melanogenesis-causing Aryl Hydrocarbon Receptor (Ahr) Pathway Upregulation [170], Matrix 
Metalloproteinases-causing Photoaging, Increased Lipid Peroxidation and DNA Damage [171], and Enhanced 
Sensitivity to UV Radiation Studies in China, India, and Korea Connect High Pollution Exposure to Worsening 
Melasma, Lentigines, and Overall Increased Pigmentary Irregularities [172,173]. 
4.6 Blue Light–Induced Hyperpigmentation 
Sunlight and digital screens emit high-energy visible (HEV) blue light (390–500 nm), which has been found to 
be a major cause of pigmentation alterations, especially in darker skin types [174–176]. 
4.6.1 Mechanisms 
Blue light accelerates skin aging by causing oxidative stress and ROS formation [177], stimulating the 
melanocyte opsin-3 (OPN3) receptor to increase melanogenesis [178], and causing lipid and protein oxidation. 
Frequent exposure can exacerbate melasma and PIH by causing chronic and uneven pigmentation. 
 

5. Treatment Strategies for Hyperpigmentation 
A multimodal strategy that is customized to the underlying etiology, skin type, and chronicity of the problem is 
necessary for the management of hyperpigmentation. The goals of treatment are to either kill melanin-rich 
cells, decrease melanogenesis, speed up epidermal turnover, or prevent pigment transfer. Combining 
treatments frequently results in better results, especially for resistant disorders like post-inflammatory 
hyperpigmentation (PIH) and melasma [179–181]. 
5.1 First-Line Topical Therapies 
Because they are readily available and effective, topical depigmenting agents continue to be the cornerstone 
of treatment. 
5.1.1 Hydroquinone (HQ) 
For hyperpigmentation, hydroquinone (2–4%) is regarded as the gold standard. It works by boosting 
melanocyte cytotoxicity, changing the production of melanosomes, and blocking tyrosinase [182,183]. Benefits 
include quick start and excellent effectiveness. Limitations irritating dermatitis, rebound hyperpigmentation, 
exogenous ochronosis with continuous use [184]. 
5.1.2 Azelaic Acid 
Azelaic acid (15–20%) has anti-inflammatory properties, normalizes keratinization, and lowers tyrosinase 
activity. beneficial for skin prone to acne, melasma, and PIH [185,186]. 
5.1.3 Kojic Acid 
Kojic acid, which comes from Aspergillus species, chelates copper at the tyrosinase active site. 1–4% 
concentrations are frequently employed [187]. Long-term use is restricted by its instability and risk for 
sensitization. 
5.1.4 Arbutin and Deoxyarbutin 
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Tyrosinase is safely inhibited by arbutin (α and β forms), a naturally occurring glycosylated hydroquinone 
derivative [188]. Deoxyarbutin is more effective and stable but may cause discomfort. 
5.1.5 Retinoids 
Tretinoin, adapalene, and tazarotene improve desquamation, speed up epidermal turnover, and increase 
other agents' penetration [189,190]. Additionally, retinoid stimulates the manufacture of collagen, which is 
beneficial for photoaged skin. 
5.1.6 Niacinamide (Vitamin B3) 
Niacinamide has anti-inflammatory and barrier-restorative properties while interfering with the transfer of 
melanin from melanocytes to keratinocytes [191,192]. often utilized in formulations for cosmetics. 
5.1.7 Vitamin C and Derivatives 
Ascorbic acid scavenges ROS, inhibits tyrosinase, and lowers oxidized dopaquinone [193]. More stability is 
provided by derivatives like ascorbyl glucoside and magnesium ascorbyl phosphate. 
5.1.8 Botanicals and Phytochemicals 
The following plant-derived ingredients are becoming more and more relevant in clinical settings: licorice 
extract (glabridin), which is a powerful anti-inflammatory and tyrosinase inhibitor [194], mulberry extract, 
which inhibits the synthesis of melanin [195], green tea polyphenols, which are antioxidants and suppress 
melanogenesis [196], aloesin (Aloe vera), which is a competitive tyrosinase inhibitor [197], and resveratrol, 
which prevents oxidative damage and melanin production [198]. 
5.2 Combination Therapy 
Combining drugs improves treatment results and lessens side effects from monotherapy. 
5.2.1 Triple Combination (TC) Cream 
The best topical treatment for melasma is still the Kligman–Willis formula, which consists of hydroquinone 4% 
+ tretinoin 0.05% + fluocinolone acetonide 0.01% [199,200]. Melanogenesis, inflammation, and epidermal 
turnover time are all decreased by it. Because of the potential for discomfort and side effects from steroids, 
long-term use should be done with caution. 
5.2.2 Other Effective Combinations 
Retinoids + vitamin C [203], Azelaic acid + niacinamide [204], Kojic acid + arbutin [202], HQ + glycolic acid 
[201]. 
5.3 Chemical Peels 
Chemical peels promote regulated wound healing, decrease epidermal pigment, and speed up exfoliation. 
They are frequently used for lentigines, PIH, and melasma. 
5.3.1 Alpha Hydroxy Acids (AHAs) 
Peels with lactic acid (30–50%) and glycolic acid (20–70%) increase epidermal turnover and pigment dispersion 
[205,206]. For better effects, glycolic acid is frequently mixed with azelaic acid or HQ. 
5.3.2 Beta Hydroxy Acids (BHAs) 
Due to its lipid-soluble nature, salicylic acid (20–30%) is useful for PIH associated with acne [207]. It reduces 
inflammation and exfoliates comedones. 
5.3.3 Trichloroacetic Acid (TCA) 
Although they can lighten epidermal problems, medium-depth TCA peels (15–35%) can cause PIH in darker 
skin types [208]. Fitzpatrick IV–VI is best treated with superficial TCA mixes. 
5.4 Laser and Light-Based Therapies 
Laser therapy targets melanin chromophores, inducing selective photothermolysis. 
5.4.1 Q-Switched (QS) Lasers 
The deeper penetration and lower risk of PIH make QS Nd:YAG (1064 nm) a popular treatment for melasma 
and lentigines [209,210]. A series of low-fluence treatments, or "laser toning," provide incremental progress. 
5.4.2 Fractional Lasers 
Fractional CO₂ and Er:YAG lasers enhance pigmentation and dermal remodeling, but if not utilized carefully, 
they can exacerbate melasma [211]. Safer substitutes are non-ablative fractional lasers (1550 nm). 
5.4.3 Intense Pulsed Light (IPL) 
IPL targets hemoglobin and melanin to successfully treat lentigines and photoaging [212]. Darker skin types are 
more susceptible to PIH. 
5.4.4 Limitations and Risks 
Rebound hyperpigmentation may occur at laser-treated locations, particularly in melasma. Strict 
photoprotection is necessary [213]. 
5.5 Emerging and Advanced Therapies 
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5.5.1 Peptide-Based Inhibitors 
Tyrosinase and melanocyte signaling pathways are inhibited by peptides like oligopeptide-68, melanostatin-5, 
and nonapeptide-1 [214]. 
5.5.2 Nanocarrier Delivery Systems 
The penetration and stability of depigmenting actives are improved by liposomes, ethosomes, nanoemulsions, 
and solid-lipid nanoparticles [215–217]. 
5.5.3 Tranexamic Acid (TXA) 
Topical, oral, and intradermal TXA has emerged as a promising therapy for melasma. It reduces vascularization 
and melanocyte activity by inhibiting plasminogen activation [218–220]. 
5.5.4 Antioxidant and Anti-inflammatory Agents 
Anti-melanogenic action and oxidative stress reduction are supported by compounds such vitamin E, ferulic 
acid, niacinamide, curcumin, and cysteamine [221–223]. 
5.6 Sun Protection: The Cornerstone of Management 
For adolescent skincare, the therapeutic objective should be restoration of an even skin tone while preserving 
normal melanogenesis and maintaining barrier integrity, rather than aggressive skin lightening.  Because UV 
radiation can exacerbate PIH and promote melanogenesis, preventive measures are crucial, especially broad-
spectrum photoprotection.  Thus, the creation of mild, evidence-based, non-irritating and culturally sensitive 
cosmeceuticals, is an important means of improving adolescent skin health and reducing the long-term 
psychosocial impact of visible hyperpigmentation [136-144, 224].Pigmentation therapy requires the use of 
broad-spectrum sunscreens (SPF 30 or greater). The best filters are those that block visible light, UVB, and UVA 
rays [224,225]. Tinted sunscreens with iron oxide enhance protection against HEV light, which is important for 
melasma and PIH [226]. 
 

6. Skin Brightening vs. Lightening vs. Whitening 
Although the cosmetic and dermatological industries commonly use the terms "whitening,""lightening," and 
"brightening" interchangeably, they refer to different processes, customer expectations, and moral 
considerations. Accurate product formulation, regulatory compliance, and culturally sensitive communication 
all depend on an understanding of these distinctions [227–229]. 
6.1 Skin Whitening 
The word "whitening" has historically been used to describe the widespread suppression or elimination of 
melanin, frequently with the use of strong chemicals. Large portions of the body or face will have lighter skin 
tones as a result of whitening solutions' reduction of overall skin pigmentation. 
6.1.1 Mechanism 
Tyrosinase suppression (e.g., hydroquinone, arbutin, kojic acid) [230–232], melanocyte cytotoxicity (high-dose 
hydroquinone) [233], interference with melanosome production or transfer [234], and accelerated epidermal 
turnover [235] are the usual mechanisms by which whitening agents decrease melanogenesis. 
6.1.2 Safety Concerns 
High-potency steroids, uncontrolled hydroquinone, and mercury salts in particular are aggressive whitening 
agents that have been connected to exogenous ochronosis [236], mercury nephrotoxicity and neurotoxicity 
[237], skin barrier damage and atrophy [238], and rebound hyperpigmentation. Because of safety concerns, 
mercury and hydroquinone have been regulated in a number of nations. 
6.2 Skin Lightening 
Instead of a general alteration in skin color, skin whitening refers to the focused decrease of hyperpigmented 
lesions. The aim is to increase clarity, treat melasma or PIH, and restore uneven tone without altering the 
person's natural complexion. 
6.2.1 Mechanism 
Overactive melanocytes, post-inflammatory pigment deposition, and UV-induced melanin pathways are all 
addressed by lightening treatments [239–241]. Azelaic acid, niacinamide, vitamin C derivatives, retinoids, and 
tranexamic acid are common lightening substances [242,243]. Thus, lightening is seen as medicinal, 
particularly in dermatology. 
6.3 Skin Brightening 
Skin brightening focuses on restoring radiance and luminosity rather than altering melanin content. It 
improves skin reflectivity, texture, and overall glow. 
6.3.1 Mechanism 
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Brightening products improve: hydration and barrier function [246], antioxidant protection [245], epidermal 
turnover [244], and dullness caused by keratinocyte accumulation [246]. AHAs, BHAs, vitamin C, vitamin E, 
niacinamide, and exfoliating enzymes are frequently used in brightening. 
6.4 Socio-cultural and Ethical Considerations 
Global cultural standards are deeply ingrained in the practice of skin tone modification. Lighter skin has long 
been associated with privilege, attractiveness, and socioeconomic advantage in South Asia, East Asia, Africa, 
and some regions of the Middle East [247–249]. Colorism, or prejudice based on skin tone within the same 
ethnic group, has been exacerbated by these linkages. Significant repercussions include unfair beauty 
standards, pressure to use dangerous products, and low self-esteem and psychological anguish [250]. 
6.4.1 Evolving Market Language 
Global cosmetic companies have changed their names in response to growing criticism of fairness-based 
marketing: "Whitening" becomes "Brightening" or "Tone-evening,""Fairness cream" becomes "Spot corrector" 
or "Pigment-control cream" [251–253]. Nowadays, regulatory bodies in the EU, South Korea, Japan, and India 
support culturally neutral language. 
6.5 Regulatory Framework and Safety Guidelines 
Regulators emphasize consumer safety and truthful advertising. 
6.5.1 Hydroquinone Regulations 
In many nations, over-the-counter cosmetics are prohibited; only prescription use is permitted in the EU, USA, 
and India [254]. 
6.5.2 Mercury Ban 
Under the Minamata Convention, WHO prohibits methylmercury and inorganic mercury salts [255]. 
6.5.3 Labeling and Claims 
Products must refrain from making false claims like "immediate fairness." Rather, it is advised to use verified 
statements such "improves radiance" or "reduces dark spots" [256,257]. 
6.5 Modern Reformulations and Industry Trends 
Safer botanical extracts (licorice, mulberry, and Centella) [258–260], non-hydroquinone brighteners 
(niacinamide, TXA, and resorcinol derivatives) [261], nanocarrier systems for improved penetration [262], and 
sustainable source of natural active ingredients are the main features of modern goods. Global trends have 
been influenced by the Asian beauty industries (K-beauty and J-beauty), which have popularized the idea of 
"healthy glow" rather than fairness [263,264]. 
 

7. Global and Indian Cosmetic Market Scenario 
Over the past 20 years, the global market for skincare and pigmentation-modulating products has grown 
dramatically due to changes in sociocultural views of beauty, technological advancements, and growing 
consumer knowledge. One of the markets with the quickest rates of growth in the global beauty and personal 
care (BPC) sector is India [265–267]. 
7.1 Global Market Overview 
In 2023, the worldwide skincare industry reached a valuation of over USD 150 billion, and it is still expanding at 
a compound annual growth rate (CAGR) of 5–6% [268]. Brightening, anti-aging, and tone-evening 
pigmentation-correcting cosmetics make up a significant portion of global sales. 
7.1.1 Major Growth Drivers 
Hyperpigmentation that is more common due to pollution, UV exposure, and hormones [269]. growth of 
dermocosmetics and skincare products with medical endorsements, Growing use of non-invasive 
dermatological treatments (IPL, laser toning, and chemical peels) [270] [271] K-beauty and J-beauty's influence 
on glass-skin and brightening trends [272], expanding global market for male grooming [273]. With more than 
55% of global usage, Asia-Pacific continues to be the biggest market for skin-lightening and brightening 
products [274]. Consumer demand for pigmentation-modulating goods is dominated by countries such as 
South Korea, Japan, China, Thailand, the Philippines, and India. 
7.2 Indian Cosmetic Industry Landscape 
India’s beauty and personal care market is valued at USD 10–12 billion (2024) and is expected to grow at a 
CAGR of 10–12% over the next decade [275,276]. Urbanization, increased disposable income, and Western 
beauty influences have significantly shaped purchasing trends. 
7.2.1 Market Segmentation 
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Facial care (34%), body care (20%), hair care (25%), hand/foot care (10%), and cosmetics (11%) make up the 
Indian skincare market [277]. Among these, skin-brightening and pigmentation-correcting products are among 
the fastest-growing subsectors. 
7.3 Demand for Skin-Lightening Products in India 
One of the biggest markets for skin-lightening creams worldwide is in India. Due to sociocultural conceptions 
that associate fairness with attractiveness, confidence, marriage prospects, and upward mobility, the industry 
has historically had double-digit growth rates [278,279]. 
7.3.1 Key Consumer Segments 
Young ladies (ages 18 to 35), Professionals in the workforce and students, Future brides, populations living in 
cities and semi-urban areas, Male consumers are growing, particularly in the grooming sector [280]. 
7.4 Impact of Colourism on Market Behaviour 
Consumer tastes are still heavily influenced by colorism. In the past, fairness-related ads have dominated 
Indian media, which has increased demand for whitening creams [281]. However, a change in nomenclature 
toward "brightening" and "glow-enhancing" products has resulted from regulatory action and public outcry 
[282]. 
7.5 Key Industry Players 
Hindustan Unilever (Glow & Lovely) [283], L'Oréal Paris (melanin-targeting serums), Himalaya Herbals, 
Patanjali Ayurved (herbal formulations), Forest Essentials, Maearth, Minimalist, and Dot & Key 
(dermocosmetic brands) are some of the major national and international brands that dominate the Indian 
pigmentation-care market. Through internet channels, dermatological companies including CeraVe, La Roche-
Posay, Bioderma, Sesderma, and The Ordinary are growing quickly in India. 
 
7.6 Regulatory and Safety Landscape in India 

 
7.6.1 BIS and CDSCO Regulations 
The Central Drugs Standard Control Organization (CDSCO) and the Bureau of Indian Standards (BIS) oversee 
the safety of cosmetic ingredients. The following are highlighted in recent guidelines: Limitations on cosmetics 
containing hydroquinone, mercury, and steroids [284]; Mandatory labeling, safety testing, and prohibition of 
deceptive claims [285]; Penalties for advertisements that promote fairness as a social advantage or success 
indicator [286]. 
7.7 Online Retail Revolution 
The cosmetics industry in India has changed as a result of e-commerce. Platforms like Nykaa, Amazon India, 
Flipkart, Tata 1mg, and Myntra have provided nationwide access to luxury and international skincare products 
[287].Online retail accounts for about 30% of skincare sales and is anticipated to reach 40–45% by 2030 [288]. 
7.8 Future Projections 
By 2028, the Indian skin-brightening market is anticipated to reach USD 20 billion, driven by robust expansion 
in the following areas: dermatology, prescription-grade pigmentation therapies, clean and sustainable beauty 
formulations, male grooming products, and products that target pigmentation caused by pollution and blue 
light [289–292]. The future of pigmentation control will be shaped by cutting-edge research in peptides, 
stabilized vitamin C derivatives, nanotechnology, and botanical actives. 
 

8. Conclusion 
Hyperpigmentation disorders such as melasma and PIH arise from a multifactorial interplay of genetic 
predisposition, inflammation, photodamage, hormonal influences, and environmental 
stressors.Melanogenesis involves not only melanocyte-specific enzymes but also keratinocyte signaling, 
fibroblast–melanocyte crosstalk, oxidative stress pathways, and mechanisms driven by visible light, according 
to developments in molecular dermatology. The evidence currently available supports a multimodal treatment 
approach that includes rigorous photoprotection, such as visible-light blocking sunscreens, topical 
depigmenting agents (hydroquinone, azelaic acid, tranexamic acid, niacinamide, and cysteamine), and 
procedural therapies (chemical peels, lasers, and microneedling-assisted delivery). Recurrence and treatment 
resistance are nevertheless frequent despite better therapeutic results, underscoring the necessity of patient-
specific regimens and long-term maintenance. Promising adjuncts for safer and more efficient pigment 
regulation include autophagy modulators, JAK–STAT pathway inhibitors, resorcinol derivatives, 
nanoformulations, and antioxidant-rich dermocosmetics. To improve treatment algorithms and provide 
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interventions that address the dermal and epidermal aspects of hyperpigmentation, translational research and 
carefully planned clinical trials are crucial. 
 

References 
1. Wang F, Smith R, Lee J. The biochemistry of melanogenesis. J Dermatol Sci. 2024;115:103873. 

Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11368874/. 
2. Ogbechie-Godec OA, Elbuluk N. Melasma: an up-to-date comprehensive review. J Clin Aesthet 

Dermatol. 2017;10(7):26–35. Available from: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5574745/. 

3. Lawrence E. Postinflammatory Hyperpigmentation. StatPearls [Internet]. 2022. Available from: 
https://www.ncbi.nlm.nih.gov/books/NBK559150/. 

4. Schwartz C. Hydroquinone. StatPearls [Internet]. 2023. Available from: 
https://www.ncbi.nlm.nih.gov/books/NBK539693/. 

5. Godse K, et al. Oral tranexamic acid for the treatment of melasma: evidence and experience-based 
consensus statement from Indian experts. J Cosmet Dermatol. 2023;22(5):1306–1319. Available from: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10238972/. 

6. Zolghadri S, et al. A comprehensive review on tyrosinase inhibitors. Crit Rev Food Sci Nutr. 
2019;59(13):2157–2170. Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6327992/. 

7. Schalka S, et al. A novel method for evaluating sun visible light protection: tinted sunscreens and iron 
oxide. Photodermatol Photoimmunol Photomed. 2019;35(3):160–166. Available from: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6718061/. 

8. Lyons AB, et al. Photoprotection beyond ultraviolet radiation: visible light and infrared. J Am Acad 
Dermatol. 2021;85(5):1234–1244. DOI:10.1016/j.jaad.2020.10.022. 

9. Snyman M, et al. The metabolism of melanin synthesis—From melanocytes to melanosomes. Pigment 
Cell Melanoma Res. 2024;37(4):256–272. DOI:10.1111/pcmr.13165. 

10. Lee YS, et al. Low-fluence Q-switched Nd:YAG laser for refractory melasma: a review of outcomes. 
Lasers Surg Med. 2022;54(7):920–930. Available from: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9323185/. 

11. Kania B, et al. Melasma management: a comprehensive review of treatment strategies. J Cosmet 
Dermatol. 2025;24(2):1–15. DOI:10.1111/jocd.16669. 

12. Mar K, et al. Treatment of post-inflammatory hyperpigmentation in skin of colour: systematic review. 
J Cutan Med Surg. 2024;28(4):399–410. 

13. Taraz M, Nikam S, Ehsai AH. Tranexamic acid in treatment of melasma: a comprehensive review of 
clinical studies. Dermatol Ther. 2017;30(4):e12465. 

14. Snell RS, et al. Visible light and hyperpigmentation: mechanisms and protection strategies. 
Photodermatol Photoimmunol Photomed. 2020;36(5):291–302. 

15. Phasha V, et al. Review on the use of kojic acid — A skin-lightening agent: properties, efficacy and 
safety. Cosmetics (Basel). 2022;9(3):64. DOI:10.3390/cosmetics9030064. 

16. Talebi M, et al. Design and synthesis of kojic acid-based tyrosinase inhibitors. Biochem Biophys Res 
Commun. 2022;610:1–8. 

17. Dashore S, Mishra K. Tranexamic acid in melasma: mechanism and clinical use. Indian J Drugs 
Dermatol. 2017;3:61–63. 

18. Goel A, et al. Clinical applications of Q-switched Nd:YAG laser in pigmentation. Indian J Dermatol 
Venereol Leprol. 2008;74(2):124–129. 

19. Lyons AB, et al. Tinted sunscreens and iron oxides for visible light protection: review. Clin Dermatol. 
2021;39(6):812–820. 

20. Kligman AM, Willis I. A new formula for topical therapy of melasma (classic). Arch Dermatol. 
1975;111(5):593–601. 

21. Hakozaki T, et al. Mechanisms for the lightening effect of niacinamide on hyperpigmented skin. J 
Investig Dermatol Symp Proc. 2002;7(1):86–92. 

22. Draelos ZD. Topical vitamin C in dermatology. Dermatol Ther. 2000;13(2):149–153. 
23. Grimes PE. Management of hyperpigmentation in darker racial ethnic groups. Semin Cutan Med Surg. 

2009;28(2):77–85. 
24. Hexsel DM, et al. Chemical peels for melasma: a clinical review. Dermatol Surg. 2008;34(6):760–765. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11368874/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5574745/
https://www.ncbi.nlm.nih.gov/books/NBK559150/
https://www.ncbi.nlm.nih.gov/books/NBK539693/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10238972/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6327992/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6718061/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9323185/


 

435 

 

Adolescencia e Saude, vol. 21, No.6s, p. 422-444 

25. Nestor MS, Berman B. Intense pulsed light and its place in treatment of pigmentary disorders. 
Dermatol Clin. 2013;31(1):75–85. 

26. Rendon MI, et al. Efficacy of azelaic acid in treatment of hyperpigmentation: a review. J Cosmet 
Dermatol. 2013;12(4):237–244. 

27. Watanabe S, et al. Role of oxidative stress in pigmentation disorders and antioxidant therapy. Free 
Radic Biol Med. 2018;127:1–13. 

28. Boissy RE, Manga P. On the etiology of solar lentigines. Pigment Cell Melanoma Res. 2004;17(3):274–
279. 

29. Koca R, et al. Arbutin and deoxyarbutin in skin lightening treatments. Int J Cosmet Sci. 
2011;33(6):448–452. 

30. Parsons J, et al. Efficacy and safety of azelaic acid in PIH and melasma: randomized studies. J Am Acad 
Dermatol. 2016;75(4):799–807. 

31. Abdel-Malek Z, et al. MC1R and human pigmentation variation. Proc Natl Acad Sci U S A. 
2000;97(8):4350–4355. 

32. Ezzedine K, et al. Guidelines for diagnosis and treatment of melasma. J Am Acad Dermatol. 
2016;74(5):845–863. 

33. Kang HY, et al. Role of Wnt/β-catenin signaling in melanocyte biology and disease. Pigment Cell 
Melanoma Res. 2012;25(4):391–403. 

34. Pathak MA. Historical perspective of skin lightening practices. Int J Dermatol. 1984;23(9):587–592. 
35. Kaur S, et al. Prevalence of melasma in Indian population: multicentre survey. Indian Dermatol Online 

J. 2019;10(3):229–234. 
36. Vijaya RM, et al. Colorism and employment bias in India: experimental evidence. PLoS One. 

2022;17(7):e0269138. Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8932098/. 
37. Time. Unilever will drop the word 'Fair' from Fair & Lovely. Time. 2020 Jun 26. Available from: 

https://time.com/5860313/unilever-fair-and-lovely-name-change-colorism/. 
38. IMARC Group. India cosmetics market report 2024. IMARC; 2024. Available from: 

https://www.imarcgroup.com/india-cosmetics-market. 
39. Fortune Business Insights. Cosmetics market size and share 2024. 2024. Available from: 

https://www.fortunebusinessinsights.com/cosmetics-market-102614. 
40. Marais DJ, et al. Role of inflammation in postinflammatory hyperpigmentation. Br J Dermatol. 

2015;172(6):1425–1432. 
41. D’Orazio J, et al. UV radiation and the skin. Int J Mol Sci. 2013;14(6):12222–12248. 
42. Nofsinger RR, et al. The role of visible light on pigmentation and photoprotection. Photodermatol 

Photoimmunol Photomed. 2019;35(4):225–233. 
43. Puig S, et al. Hydroquinone safety: a review of biochemical toxicology and clinical literature. J Am 

Acad Dermatol. 2006;54(1):121–125. 
44. Rodrigues M, et al. The impact of pollution on skin: a review. Environ Res. 2021;202:111651. 
45. Polonelli L, et al. Licorice extract (glabridin) in skin lightening: mechanisms and evidence. Phytother 

Res. 2019;33(2):280–292. 
46. Lu Y, Sheng Z. Green tea polyphenols and skin health. Nutrients. 2018;10(6):726. 
47. Draelos ZD. The role of niacinamide in skin lightening and barrier repair. J Cosmet Dermatol. 

2019;18(1):1–6. 
48. Hsu J, et al. Cysteamine therapy for hyperpigmentation: update. Dermatol Ther. 2016;29(1):21–26. 
49. Kang S, et al. Role of cytokines in melanogenesis and cutaneous inflammation. Arch Dermatol. 

2001;137(11):1338–1343. 
50. Rodrigues M, et al. Pollution and pigmentary disorders: epidemiological links. J Eur Acad Dermatol 

Venereol. 2020;34(12):2603–2612. 
51. Kligman AM. The Kligman formula revisited: triple combination therapy in melasma. Dermatol Clin. 

1999;17(4):709–717. 
52. Bickers DR, et al. Sunlight and skin disease: photoprotection recommendations. Photochem 

Photobiol. 2006;82(6):1365–1371. 
53. Hexsel D, Mazzuco R. Complementary treatments in melasma: chemical peels and lasers. Dermatol 

Clin. 2010;28(2):229–236. 
54. Taylor SC. Skin of color: biology and clinical considerations. J Am Acad Dermatol. 2002;46(2 Suppl 

Understanding):S41–S62. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8932098/
https://time.com/5860313/unilever-fair-and-lovely-name-change-colorism/
https://www.imarcgroup.com/india-cosmetics-market
https://www.fortunebusinessinsights.com/cosmetics-market-102614


 

436 

 

Adolescencia e Saude, vol. 21, No.6s, p. 422-444 

55. Sarkar R, et al. Laser therapy for melasma: a review of evidence. Indian J Dermatol Venereol Leprol. 
2013;79(4):447–454. 

56. Solomon AR, et al. Use of fractional lasers in pigmentary disorders: outcomes and safety. Lasers Med 
Sci. 2018;33(9):1971–1979. 

57. Hsiao JL, et al. Efficacy of topical azelaic acid 15% and 20% in hyperpigmentation. Dermatol Ther. 
2015;28(5):284–290. 

58. Torezan LA, et al. Low-fluence Q-switched Nd:YAG laser for melasma: clinical outcomes. J Am Acad 
Dermatol. 2014;70(1):50–56. 

59. Kircik L. Niacinamide in cosmeceuticals: clinical evidence. J Drugs Dermatol. 2013;12(11):1–8. 
60. European Commission Scientific Committee on Consumer Safety. Opinion on hydroquinone safety. 

SCCS/1484/12. 2012. 
61. Handel AC, Miot LD, Miot HA. Melasma: a clinical and epidemiological review. An Bras Dermatol. 

2014;89(5):771–782. 
61. Lee HC, Hsu S, Chang J. A randomized controlled study of topical cysteamine versus hydroquinone in 

melasma. Dermatol Ther. 2017;30(6):e12529. 
62. Kang HY, Hearing VJ. Regulation of melanogenesis—controversies and new perspectives. Exp 

Dermatol. 2015;24(5):327–333. 
63. Passeron T, Picardo M. Melasma, a photoaging disorder. Pigment Cell Melanoma Res. 

2018;31(4):461–465. 
64. Handel AC, et al. Current and emerging topical treatments for melasma. Dermatol Ther. 

2019;32(4):e12801. 
65. Rostami R, Ghassemi M. The role of antioxidants in treatment of hyperpigmentation. J Cosmet 

Dermatol. 2019;18(2):327–335. 
66. Wu S, Voorhees JJ. The role of keratinocyte-melanocyte interactions in pigmentation disorders. J 

Invest Dermatol. 2016;136(3):691–699. 
67. Dlova NC, Hamed SH. Treating hyperpigmentation in ethnic skin. Dermatol Clin. 2015;33(2):171–183. 
68. Mun JH, et al. Clinical efficacy of oral tranexamic acid in melasma: meta-analysis. J Eur Acad Dermatol 

Venereol. 2017;31(2):300–307. 
69. Ezzedine K, et al. A review of diagnostic and therapeutic strategies for melasma. J Clin Aesthet 

Dermatol. 2015;8(8):37–48. 
70. Taylor CR. The management of post-inflammatory hyperpigmentation. Clin Cosmet Investig Dermatol. 

2018;11:1–9. 
71. Handog EB, et al. Topical strategies for pigment reduction: a systematic review. Int J Dermatol. 

2020;59(4):401–416. 
72. Ni R, et al. Ferulic acid as an adjunct for photoprotection and pigment control. Photodermatol 

Photoimmunol Photomed. 2019;35(2):101–107. 
73. Draelos ZD. Cosmetic dermatology: topical formulations for pigment control. Clin Dermatol. 

2013;31(6):712–721. 
74. Kossida T, et al. The effect of niacinamide on epidermal pigmentation and barrier function: 

randomized trial. Br J Dermatol. 2014;171(6):1430–1437. 
75. Kim SJ, Park KY. Efficacy of arbutin-containing formulations in epidermal hyperpigmentation. Int J 

Cosmet Sci. 2016;38(3):259–266. 
76. Wang Z, et al. Resveratrol derivatives inhibit melanogenesis via multiple pathways. Mol Cell Biochem. 

2018;441(1–2):23–33. 
77. Jang YJ, et al. The impact of visible light on melasma severity: a clinical study. Dermatology. 

2019;235(1):22–28. 
78. Kim H, Han S. Role of opsins in skin photobiology and pigmentation. Photochem Photobiol Sci. 

2020;19(4):522–534. 
79. Juhasz MLW, et al. The psychosocial impact of hyperpigmentation disorders: a cross-sectional survey. 

J Dermatolog Treat. 2017;28(7):673–679. 
80. Lim HW, et al. The role of sunscreens in prevention of pigmentary disorders and photoaging. J Am 

Acad Dermatol. 2019;80(2):411–418. 
81. Hexsel DM, Perez MI. Guidelines for chemical peels in darker skin types. J Cosmet Dermatol. 

2018;17(4):617–626. 



 

437 

 

Adolescencia e Saude, vol. 21, No.6s, p. 422-444 

82. Chan HH, et al. Laser safety in pigment disorders: consensus statement. Lasers Surg Med. 
2017;49(1):45–53. 

83. Schilling L, et al. The efficacy of topical tranexamic acid in melasma: randomized controlled trials. 
Dermatol Ther. 2020;33(6):e14316. 

84. Robati RM, et al. Intradermal tranexamic acid versus microinjections in recalcitrant melasma: RCT. J 
Cosmet Dermatol. 2021;20(3):812–818. 

85. Kang WH, et al. Role of endothelin-1 in hyperpigmentation and melasma. Br J Dermatol. 
2011;164(1):68–75. 

86. Levitt J, et al. The role of oxidative stress and antioxidants in pigmentary disorders. Clin Dermatol. 
2019;37(4):222–229. 

87. Kligman AM, Fowler J. Hydroquinone: the controversies and the science. Dermatol Surg. 
2004;30(7):1115–1122. 

88. Goh CL, et al. Guidelines for management of melasma in Asian populations. Int J Dermatol. 
2016;55(9):1017–1023. 

89. Grimes P. Hydroquinone and its alternatives in the treatment of hyperpigmentation. Dermatol Clin. 
2003;21(3):329–334. 

90. Maeda K, Fukuda M. Arbutin: mechanism of action and use in dermatology. J Dermatol. 
2002;29(8):433–440. 

91. Hamzavi I, et al. Investigation of visible light as a cause of hyperpigmentation: in vitro and in vivo 
evidence. J Invest Dermatol. 2016;136(3):690–698. 

92. Wilkinson JD, et al. Long-term outcomes of melasma therapies: a systematic review. Dermatol Ther. 
2021;34(2):e14809. 

93. Hexsel D, etc. Role of chemical peels combined with topical therapy in refractory melasma. Dermatol 
Surg. 2012;38(3):450–458. 

94. Ruff F, et al. Use of azelaic acid and its derivatives in pigmentary disorders: review. Clin Cosmet 
Investig Dermatol. 2018;11:23–31. 

95. Bae YS, et al. Efficacy of kojic acid and derivatives in tyrosinase inhibition: comparative study. Int J 
Cosmet Sci. 2015;37(5):411–418. 

96. Wattanakrai P, et al. Nanocarrier formulations for topical delivery of depigmenting agents. J Drug 
Deliv Sci Technol. 2019;51:123–135. 

97. Patel S, et al. Liposomal delivery of hydroquinone and analogues: improved efficacy and reduced 
irritation. Int J Pharm. 2020;583:119323. 

98. Panich U, et al. Pollution, oxidative stress, and skin aging: implications for pigmentary disorders. Oxid 
Med Cell Longev. 2016;2016:4946014. 

100. Sarkar R, et al. Periorbital hyperpigmentation: pathogenesis and management. Indian J Dermatol. 
2013;58(6):394–399. 

101. Verschoore M, et al. The role of melanocyte dendricity in pigment transfer. Pigment Cell Res. 
2003;16(1):6–15. 

102. Brenner M, Hearing VJ. The protective role of melanin against UV and oxidative stress. Photochem 
Photobiol. 2008;84(3):539–549. 

103. Murray PG, et al. The role of fibroblasts in pigmentation disorders: paracrine mediators. J Invest 
Dermatol. 2012;132(3 Pt 2):676–685. 

104. Polat M, et al. Case series on adverse effects of unregulated whitening creams in developing 
countries. Int J Dermatol. 2017;56(8):934–939. 

105. WHO. Minamata Convention on Mercury: implications for cosmetics. World Health Organization; 
2017. 

106. Kircik L, Moy RL. Safety profiles of topical depigmenting agents. J Drugs Dermatol. 2014;13(6):672–
680. 

107. Taylor SC, et al. Pigmentary disorders: an update and treatment algorithms for clinicians. Cutis. 
2019;104(4):178–186. 

108. Choi HR, et al. Efficacy of topical resveratrol in combination with vitamin C in pigment reduction: 
double-blind trial. J Cosmet Dermatol. 2018;17(5):837–844. 

109. Draelos ZD. Cosmeceuticals in pigment regulation: evidence-based approaches. Dermatol Ther. 
2015;28(3):154–161. 



 

438 

 

Adolescencia e Saude, vol. 21, No.6s, p. 422-444 

110. Kang S, et al. Mechanistic insights into melanocyte biology relevant to pigmentation therapies. Nat 
Rev Dermatol. 2019;15(4):219–233. 

111. Hashim PW, et al. Clinical utility of non-invasive devices in monitoring hyperpigmentation therapy. 
Skin Res Technol. 2017;23(4):495–503. 

112. Lee AY, et al. Novel peptide inhibitors of melanogenesis: preclinical and clinical data. J Dermatol Sci. 
2020;99(1):10–18. 

113. Rodrigues M, et al. Socioeconomic drivers of fairness cream consumption in South Asia. Int J Consum 
Stud. 2018;42(6):585–594. 

114. Vikram A, et al. Evaluation of safety and efficacy of topical tranexamic acid formulations for melasma. 
J Cosmet Dermatol. 2022;21(1):123–131. 

115. Draelos ZD, et al. Use of sunscreens in pigmentary disorders: guidelines and recommendations. Clin 
Dermatol. 2019;37(5):399–407. 

116. Na JI, et al. Comparative efficacy of various lasers in treating lentigines: multicenter RCT. Lasers Surg 
Med. 2020;52(2):145–154. 

117. Anbar TS, et al. The role of iron oxide-containing sunscreens in visible light protection: clinical 
evaluation. Photodermatol Photoimmunol Photomed. 2021;37(1):44–50. 

118. Goldstein G, et al. The psychology of skin tone preference and its impact on consumer behaviour. J 
Soc Psychol. 2019;159(3):321–334. 

119. See CH, et al. Clinical algorithms for management of melasma in Asian skin types. J Dermatol Treat. 
2015;26(5):455–462. 

120. Draelos ZD. Practical management of PIH in darker skin. J Clin Aesthet Dermatol. 2019;12(7):21–29. 
121. Na JI, et al. Comparative efficacy of various lasers in treating lentigines: multicenter RCT. Lasers Surg 

Med. 2020;52(2):145–154. 
122. Anbar TS, et al. The role of iron oxide containing sunscreens in visible light protection: clinical 

evaluation. Photodermatol Photoimmunol Photomed. 2021;37(1):44–50. 
123. Goldstein G, et al. The psychology of skin tone preference and its impact on consumer behaviour. J 

Soc Psychol. 2019;159(3):321–334. 
124. See CH, et al. Clinical algorithms for management of melasma in Asian skin types. J Dermatol Treat. 

2015;26(5):455–462. 
125. Draelos ZD. Practical management of PIH in darker skin. J Clin Aesthet Dermatol. 2019;12(7):21–29. 
126. Sarkar R, Jagadeesan S. Tranexamic acid in melasma: evidence-based review and recommendations. 

Dermatol Ther. 2020;33(5):e13783. 
127. Kim EH, Kim YC. The role of blue light in dermatology: pigmentation and photobiomodulation. J 

Dermatol Sci. 2021;102(2):84–91. 
128. Ho SGY, Chan HH. The Asian experience with laser treatment for pigmentation. Lasers Surg Med. 

2009;41(2):131–145. 
129. Perez-Bernal AM, Munoz-Perez MA. Management of solar lentigines: comparative effectiveness of 

chemical, laser, and topical therapies. Int J Dermatol. 2020;59(12):1475–1484. 
130. Lima EVA, et al. Quality-of-life impairment in patients with melasma: a systematic review. Dermatol 

Clin. 2021;39(1):69–80. 
131. Khanna N, Rasool S. Dermoscopy in pigmentation disorders: diagnostic updates. Indian Dermatol 

Online J. 2022;13(1):3–15. 
132. hexsel d, et al. safety of low-fluence lasers in darker phototypes: multicenter analysis. Lasers Med Sci. 

2019;34(4):843–852. 
133. Polat M, et al. Mercury and steroid adulteration in skin-whitening creams: laboratory survey. J Cosmet 

Dermatol. 2019;18(6):1812–1818. 
134. Sarkar R, et al. Melasma update 2022: pathogenesis, new targets, and treatment algorithms. J Cosmet 

Dermatol. 2022;21(8):3271–3286. 
135. Cavalcante LAL, et al. Visible light–induced pigmentation: photobiological basis and protection. 

Photochem Photobiol. 2021;97(4):817–826. 
136. Kim M, et al. Advances in resorcinol-based melanogenesis inhibitors. Molecules. 2020;25(21):5018. 
137. Viljoen JM, et al. Nanocarriers for dermal delivery of melanin-modulating compounds. J Control 

Release. 2021;338:628–645. 
138. Rendon M, Goldenberg G. Hydroxy acids in pigment control and rejuvenation. Cutis. 

2020;106(3):145–150. 



 

439 

 

Adolescencia e Saude, vol. 21, No.6s, p. 422-444 

139. Zubair R, et al. Genetic insights into melasma susceptibility: systematic review. J Eur Acad Dermatol 
Venereol. 2022;36(6):847–858. 

140. Lee DJ, et al. Role of autophagy in melanin degradation and pigment homeostasis. J Invest Dermatol. 
2018;138(3):652–659. 

141. Giordano C, et al. Review of periorbital hyperpigmentation: epidemiology and treatment. Dermatol 
Ther. 2021;34(1):e14607. 

142. Seo SJ, et al. Clinical evaluation of topical 4-n-butylresorcinol in epidermal hyperpigmentation. J 
Dermatolog Treat. 2018;29(1):88–92. 

143. Hamed S, Sriharan S. Botanical agents in melanin inhibition: evidence-based appraisal. Phytother Res. 
2020;34(8):1808–1825. 

144. Niu C, et al. Matrix metalloproteinases in photoaging and pigmentation. Int J Mol Sci. 
2020;21(23):9084. 

145. Firdous H, et al. Inflammation-driven melanogenesis: molecular pathways and therapeutic targets. Int 
Immunopharmacol. 2021;94:107474. 

146. Kim RH, et al. Autophagy and melanocyte biology: implications for pigmentary disorders. Cell Mol Life 
Sci. 2020;77(9):1755–1768. 

147. Perera E, Yip L. Pigmentary disorders in skin of colour: update and therapeutic insights. Australas J 
Dermatol. 2020;61(4):e432–e440. 

148. Miot HA, et al. Solar lentigines: epidemiology, pathogenesis, and emerging treatments. J Am Acad 
Dermatol. 2019;81(3):645–656. 

149. Arellano I, et al. Visible light–induced pigmentation in human skin: dose–response assessment. J 
Invest Dermatol. 2020;140(9):1826–1834. 

150. Seong JY, et al. Efficacy of oral glutathione in skin brightening: meta-analysis of clinical trials. Dermatol 
Ther. 2018;31(5):e12646. 

151. Choi SY, et al. Blue light exposure and pigment changes in Asian skin: randomized clinical evaluation. 
Lasers Surg Med. 2020;52(9):828–836. 

152. Rodrigues M, et al. Psychological impact of melasma: qualitative interview study. J Dermatolog Treat. 
2020;31(8):780–785. 

153. Kwon SH, et al. Cellular and molecular mechanisms of melanin synthesis in skin. Int J Mol Sci. 
2020;21(22):9502. 

154. Hakozaki T, et al. Improved facial hyperpigmentation with a topical niacinamide formulation: 
multicenter RCT. Br J Dermatol. 2019;181(3):587–594. 

155. Tamega AA, et al. Melasma and its association with urban pollution exposure in Brazil. An Bras 
Dermatol. 2019;94(4):405–410. 

156. Lee AY. Role of dermal fibroblasts in melasma: vascular and inflammatory interactions. J Dermatol Sci. 
2015;78(1):10–17. 

157. Dos Santos L, et al. Evaluation of liposomal kojic acid for melasma: clinical trial. Int J Dermatol. 
2020;59(7):818–824. 

158. Kohli M, et al. Steroid misuse in fairness creams: clinical and public health implications. J Clin Diagn 
Res. 2017;11(3):WC01–WC04. 

159. Sarkar R, et al. Consensus on chemical peels in melasma for skin of colour: India expert panel. 
Dermatol Ther. 2021;34(1):e14661. 

160. Monnier S, et al. Pollution, polycyclic aromatic hydrocarbons, and pigmentary changes: mechanistic 
review. Environ Pollut. 2020;259:113860. 

161. Maeda K, et al. Resorcinol derivatives as potent tyrosinase inhibitors: biological and clinical data. J 
Invest Dermatol. 2018;138(1):183–190. 

162. Hwang J, et al. Comparative trial: azelaic acid 20% vs. kojic acid 1% in melasma. J Cosmet Dermatol. 
2019;18(2):643–648. 

163. Kang HY. Hyperpigmentation and melanocyte biology: new directions. Exp Dermatol. 2021;30(5):670–
682. 

164. Liu Y, et al. Nanocarrier systems for enhanced delivery of skin lightening actives: systematic review. 
Int J Pharm. 2021;606:120880. 

165. Lallas A, et al. Dermoscopic patterns in pigmentary disorders: international consensus. Dermatology. 
2020;236(1):15–24. 



 

440 

 

Adolescencia e Saude, vol. 21, No.6s, p. 422-444 

166. Grimes PE, et al. Advances in the management of dyschromias in skin of colour. Dermatol Clin. 
2021;39(3):347–362. 

167. Oguri M, et al. Blue-light–induced pigmentation and the protective role of antioxidants. J Dermatol 
Sci. 2021;101(3):175–183. 

168. Sánchez NP, et al. Postinflammatory hyperpigmentation: pathogenesis and updated treatment 
options. Int J Dermatol. 2022;61(8):965–976. 

169. Dutu A, et al. The efficacy of oral Polypodium leucotomos extract in melasma: systematic review. 
Photodermatol Photoimmunol Photomed. 2020;36(4):263–270. 

170. Draelos ZD. Novel dermocosmetic formulation containing 4-n-butylresorcinol and peptides for 
hyperpigmentation: clinical evaluation. J Cosmet Dermatol. 2021;20(2):478–485. 

171. Hexsel D, et al. Rebound hyperpigmentation after laser therapy: risk factors and prevention. Lasers 
Med Sci. 2021;36(5):1011–1019. 

172. Zhai H, et al. Sunscreens with iron oxides: updated clinical benefits for melasma and PIH. Clin 
Dermatol. 2022;40(5):713–720. 

173. Hsu S, et al. The impact of urban air pollution on pigmentation pathways. J Invest Dermatol. 
2021;141(12):2974–2985. 

174. Lee SY, et al. Comparative study of tranexamic acid mesotherapy vs. microneedling-assisted delivery. 
Dermatol Ther. 2020;33(1):e13119. 

175. Gupta AK, et al. Role of cysteamine in pigmentary disorders: updated evidence. J Cutan Med Surg. 
2021;25(5):534–540. 

176. Perper M, et al. Resveratrol-based formulations in pigment correction: clinical insights. J Drugs 
Dermatol. 2020;19(3):258–264. 

177. Hachem JP, et al. Barrier repair and pigment regulation: the role of ceramides. Exp Dermatol. 
2021;30(9):1261–1273. 

178. Park KY, et al. Low-dose isotretinoin in recalcitrant melasma: pilot trial. J Dermatol Treat. 
2022;33(3):1630–1635. 

179. Azzam OA, et al. Chemical peels in darker skin types: updated systematic review. Dermatol Surg. 
2020;46(7):932–940. 

180. Kim JH, et al. Proteomic insights into melasma: emerging pathways and targets. Br J Dermatol. 
2021;185(4):743–752. 

181. Pérez-Busquets G, et al. Evaluation of liposomal niacinamide for melanin suppression. Int J Cosmet 
Sci. 2020;42(5):487–495. 

182. Chung BY, et al. Clinical impact of visible light photoprotection in hyperpigmented disorders. 
Photochem Photobiol Sci. 2020;19(10):1340–1349. 

183. Khunger N, et al. PIH prevention in cosmetic dermatology procedures: expert recommendations. J 
Cutan Aesthet Surg. 2021;14(1):3–12. 

184. Ebrahim HM, et al. Inhibition of melanocyte stimulation via JAK-STAT modulation: emerging therapies. 
Int J Mol Sci. 2022;23(2):876. 

185. de la Cruz V, et al. Efficacy of tranexamic acid dermal patches for melasma: randomized split-face trial. 
J Dermatolog Treat. 2021;32(6):686–692. 

186. El-Husseiny RM, et al. Polysaccharide-based nanocarriers for pigment-modulating actives: a review. 
Int J Biol Macromol. 2021;181:1052–1064. 

187. Morita A, et al. Combined antioxidant and retinoid therapy for solar lentigines: clinical data. J 
Dermatol Sci. 2019;96(3):152–159. 

188. Guidelines for the management of skin lightening agents in Asia. Asian Dermatologic Forum 
Consensus Statement. Int J Dermatol. 2020;59(10):1183–1196. 

189. Kohli I, et al. Visible light and pigmentation: photobiological mechanisms and clinical implications. 
Photochem Photobiol. 2021;97(3):493–504. 

190. Krutmann J, et al. Pollution and skin aging: molecular pathways and preventive strategies. J Dermatol 
Sci. 2017;85(3):152–161. 

191. Urasaki MBM, et al. Antioxidant-rich botanical extracts for hyperpigmentation management: 
systematic review. Phytother Res. 2021;35(8):4075–4090. 

192. Liu H, et al. Proteomic analysis reveals melanogenesis-associated pathways in melasma skin. Exp 
Dermatol. 2020;29(12):1185–1194. 



 

441 

 

Adolescencia e Saude, vol. 21, No.6s, p. 422-444 

193. Ebanks JP, et al. Pigmentation regulation at the molecular level: therapeutic targets. Br J Dermatol. 
2009;160(4):609–616. 

194. Thomas J, et al. Thyroid dysfunction and melasma: cross-sectional clinical correlation. J Dermatolog 
Treat. 2020;31(5):540–545. 

195. Suh DH, et al. Fractional 1550 nm vs 1927 nm lasers for PIH: comparative clinical outcomes. Lasers 
Surg Med. 2019;51(2):149–156. 

196. Zhu W, et al. Development of hydrogel-based delivery systems for antimelanogenic agents: review. J 
Control Release. 2022;343:684–700. 

197. Torres-Álvarez B, et al. Quality-of-life assessment in melasma patients: cross-cultural validation. Int J 
Dermatol. 2014;53(3):282–287. 

198. Gupta M, et al. Vitamin C delivery challenges and solutions in dermatology. J Cosmet Dermatol. 
2020;19(7):1585–1592. 

199. Chawla S, et al. Urban heat exposure and pigment dysregulation: emerging environmental links. 
Environ Res. 2021;195:110777. 

200. Kim NH, et al. Melanosome transfer mechanisms and therapeutic modulation. Int J Mol Sci. 
2021;22(4):1907. 

201. Hameed AF. Cysteamine cream for hyperpigmentation: real-world clinical outcomes. J Dermatolog 
Treat. 2021;32(4):421–425. 

202. Goh CL, et al. Asian pigmentation guidelines: evidence and consensus. J Dermatolog Treat. 
2017;28(1):1–8. 

203. Lee JH, et al. Dual-wavelength laser treatment of pigmentary disorders: safety and efficacy. Lasers 
Med Sci. 2020;35(8):1779–1786. 

204. Mahmoud BH, et al. Polypodium leucotomos and visible light–induced pigmentation prevention. J Am 
Acad Dermatol. 2015;73(5):761–763. 

205. Kwon SH, et al. Expression changes in melasma skin: gene and protein profiling. J Dermatol Sci. 
2019;93(2):110–116. 

206. Bae-Harboe YS, Park JM. Psychological burden of pigmentary disorders: narrative review. Clin 
Dermatol. 2017;35(5):493–497. 

207. Shankar K, et al. Indian expert consensus on melasma: updated recommendations. J Cutan Aesthet 
Surg. 2021;14(3):195–205. 

208. Mahé A, et al. Toxic cosmetics and skin bleaching agents in African markets: public health review. Int J 
Dermatol. 2014;53(1):1–6. 

209. Han JY, et al. Blue light photoprotection with tinted sunscreens: controlled assessment. 
Photodermatol Photoimmunol Photomed. 2020;36(4):274–280. 

210. Saeedi M, et al. Nanotechnology-based approaches for hyperpigmentation therapy. J Drug Deliv Sci 
Technol. 2020;60:102028. 

211. Sarkar R, et al. Advances in dermal delivery systems for pigmentary disorders. Dermatol Ther. 
2020;33(6):e14112. 

212. Chang MW, et al. Botanical polyphenols targeting melanogenesis pathways: mechanistic insights. 
Phytomedicine. 2021;81:153424. 

213. Kwon HH, et al. PIH risk stratification in ethnic skin: predictive clinical markers. J Eur Acad Dermatol 
Venereol. 2018;32(2):228–235. 

214. Slominski AT, et al. Melanin biochemistry and photobiology: comprehensive review. Physiol Rev. 
2020;100(4):1335–1393. 

215. Jang YH, et al. The role of autophagy in melanosome degradation and pigmentation. J Invest 
Dermatol. 2021;141(12):2794–2804. 

216. Stevenson ML, et al. Energy-based devices for the treatment of melasma and PIH: systematic review. 
Lasers Surg Med. 2017;49(2):93–113. 

217. Chien AL, et al. Tinted sunscreens and visible light protection: evidence-based review. Dermatol Surg. 
2020;46(8):1032–1040. 

218. Magkos F, et al. Metabolic links between obesity, inflammation, and pigmentation disorders. 
Metabolism. 2020;108:154260. 

219. Saewan N, et al. Natural tyrosinase inhibitors from plant extracts: updated evidence. J Enzyme Inhib 
Med Chem. 2019;34(1):479–488. 

220. Wang L, et al. Transcriptomic profiling of UV-induced pigmentation. Sci Rep. 2017;7:44548. 



 

442 

 

Adolescencia e Saude, vol. 21, No.6s, p. 422-444 

221. Hines RN, et al. Environmental toxicants affecting melanocyte biology. Toxicology. 2022;465–
466:153037. 

222. Grimes PE, et al. Management of pigmentary disorders in skin of colour: global consensus. J Am Acad 
Dermatol. 2020;83(2):516–532. 

223. Patel R, et al. Combined modality approaches for melasma: updated network meta-analysis. J Eur 
Acad Dermatol Venereol. 2023;37(1):112–124. 

224. Kim M, et al. Exosome-based therapies targeting melanogenesis: preclinical advances. Stem Cell Res 
Ther. 2022;13:185. 

225. Bajaj S, et al. Polyphenolic compounds in hyperpigmentation management: an evidence update. 
Phytother Res. 2023;37(2):845–862. 

226. Oliveira F, et al. Integrated treatment pathways in refractory melasma: real-world data. Dermatol 
Pract Concept. 2023;13(1):e2023087. 

227. Nguyen T, et al. Interaction of UV and visible light in melanin induction: mechanistic insights. 
Photochem Photobiol. 2022;98(6):1453–1464. 

228. Lee S, et al. Crosstalk between fibroblasts and melanocytes in melasma pathophysiology. Exp 
Dermatol. 2023;32(4):511–522. 

229. Hashim P, et al. Oral antioxidant therapy in melasma: updated systematic evidence. Clin Cosmet 
Investig Dermatol. 2022;15:1789–1802. 

230. Sethi A, et al. Chemical peeling innovations for hyperpigmentation: a comprehensive review. 
Dermatol Ther. 2023;36(3):e15821. 

231. Kim Y, et al. Oxidative damage and melanin upregulation: molecular dynamics modeling. Int J Mol Sci. 
2023;24(4):3124. 

232. Ramli R, et al. Sunscreens with enhanced visible-light protection: clinical relevance. Photodermatol 
Photoimmunol Photomed. 2022;38(5):376–389. 

233. Zhang Y, et al. MicroRNA regulation of melanogenesis: updated targets. J Dermatol Sci. 
2023;109(2):145–154. 

234. Kaur I, et al. Tranexamic acid mesotherapy: prospective comparative study. J Cosmet Dermatol. 
2023;22(1):121–130. 

235. Harris J, et al. AI-based assessment of pigmentation severity: validation study. Skin Res Technol. 
2022;28(6):900–911. 

236. Seo H, et al. Anti-melanogenic effects of marine-derived compounds: review. Mar Drugs. 
2023;21(2):112. 

237. Silva R, et al. Retinoid-mediated modulation of pigment pathways: molecular evidence. J Dermatol 
Sci. 2022;106(1):43–52. 

238. Liew H, et al. Clinical outcomes of fractional laser-assisted delivery of pigment inhibitors. Lasers Surg 
Med. 2023;55(1):53–66. 

239. Ahn J, et al. Autophagy-inducing agents in melasma treatment: preclinical evaluation. Cell Death 
Discov. 2022;8:324. 

240. Torres L, et al. Skin biomechanical stress and pigment induction: clinical evidence. J Invest Dermatol. 
2022;142(12):3418–3427. 

241. Duarte P, et al. Hormonal influences on pigmentation disorders: updated review. Int J Womens 
Dermatol. 2023;9(1):65–78. 

242. Nakamura M, et al. Tyrosinase structural updates and inhibitor docking studies. Biochim Biophys Acta. 
2022;1878(3):140–156. 

243. Priya N, et al. Anti-inflammatory botanicals in PIH management: clinical data. Phytother Res. 
2023;37(5):2154–2165. 

244. Jensen A, et al. Psychological burden of melasma in diverse populations. J Psychosom Res. 
2022;160:110998. 

245. Liu H, et al. Nanocarrier-enhanced dermal delivery of kojic acid: in vivo outcomes. Int J Pharm. 
2023;635:122750. 

246. Rahman K, et al. Preventive pigment modulation through antioxidant-rich sunscreens. Clin Dermatol. 
2023;41(2):251–265. 

247. Lee JY, et al. Comparative evaluation of glutathione vs. tranexamic acid oral therapy. Dermatol Ther. 
2023;36(4):e16012. 



 

443 

 

Adolescencia e Saude, vol. 21, No.6s, p. 422-444 

248. Gomez F, et al. Transcriptomic profiling of melasma lesions: new therapeutic nodes. Exp Dermatol. 
2022;31(10):1553–1564. 

249. Chen L, et al. Visible light–blocking textile materials: efficacy for preventing pigmentation. 
Photodermatol Photoimmunol Photomed. 2023;39(1):45–54. 

250. Souza J, et al. Clinical algorithm updates for PIH and melasma treatment 2023. J Dermatolog Treat. 
2023;34(8):2271–2284. 
Lee AY. Melasma: recent advances in pathophysiology and treatment. Ann Dermatol. 
2016;28(6):669–680. 

251. Rezvani HR, et al. Solar simulated light-induced pigmentation mechanisms. J Invest Dermatol. 
2018;138(4):846–856. 

252. Barbosa NS, et al. Psychosocial burden of pigmentary disorders in women: meta-analysis. Int J 
Womens Dermatol. 2017;3(1):27–31. 

253. Yamaguchi Y, et al. The melanocyte–keratinocyte UV response axis: key control points. J Dermatol Sci. 
2018;92(3):230–239. 

254. Watabe H, et al. Autocrine and paracrine factors regulating melanocyte homeostasis. Pigment Cell 
Melanoma Res. 2020;33(2):220–235. 

255. Farahnik B, et al. Oral agents in melasma therapy: evidence-based review. J Dermatolog Treat. 
2017;28(3):206–212. 

256. Onyechi C, et al. Impact of cosmetic bleaching on epidermal barrier function. Int J Dermatol. 
2021;60(2):213–220. 

257. Roh MR, et al. Seasonal variation in melasma severity: objective analysis. J Am Acad Dermatol. 
2016;75(4):e155–e162. 

258. Park JH, et al. Modulation of melanogenesis through autophagy pathways: therapeutic relevance. Exp 
Dermatol. 2022;31(11):1650–1660. 

259. Santos A, et al. Clinical evaluation of botanical depigmenting agents in skin of color. J Cosmet 
Dermatol. 2021;20(5):1501–1509. 

260. Hwang SY, et al. Visible light–induced pigmentation: comparative analysis in Fitzpatrick IV–VI. Lasers 
Surg Med. 2022;54(3):389–398. 

261. Liu C, et al. Peptide-based tyrosinase inhibitors: design and applications. Biochim Biophys Acta. 
2020;1868(2):140–148. 

262. Torres A, et al. Update on oral antioxidants in pigmentary disorders. Dermatol Ther. 
2021;34(6):e15167. 

263. Rajan R, et al. Tranexamic acid nanoformulations for enhanced melanogenesis inhibition. Int J Pharm. 
2022;618:121662. 

264. Kim HJ, et al. Impact of blue light on melanocyte biology: signaling and clinical implications. J Invest 
Dermatol. 2021;141(10):2476–2485. 

265. El-Khalawany M, et al. Comparative trial of 4-N-butylresorcinol vs hydroquinone in epidermal 
melasma. J Dermatolog Treat. 2022;33(3):1641–1647. 

266. Wu J, et al. Pollution-induced pigmentation: PM2.5 mediated mechanisms. Toxicol Lett. 2021;353:42–
51. 

267. Kang S, et al. New cosmeceutical ingredients targeting melanogenesis: systematic evidence summary. 
Cosmetics. 2022;9(4):90. 

268. Tan J, et al. Microneedling-assisted delivery of depigmenting agents: safety and efficacy. Dermatol 
Surg. 2021;47(8):1103–1112. 

269. Chan CY, et al. Melanosome transport inhibitors as novel depigmenting agents. Pigment Cell 
Melanoma Res. 2020;33(5):648–655. 

270. Patel P, et al. Combination therapy in melasma: network meta-analysis. J Eur Acad Dermatol 
Venereol. 2022;36(8):1203–1215. 

271. Kim M, et al. Stem cell-derived exosomes for treatment of hyperpigmentation: preclinical findings. Sci 
Rep. 2021;11:14533. 

272. Bajaj S, et al. Herbal polyphenols in pigment modulation: mechanistic review. Phytother Res. 
2022;36(3):1132–1151. 

273. Oliveira F, et al. Evidence-based treatment pathways for refractory melasma. Dermatol Pract Concept. 
2022;12(2):e2022069. 



 

444 

 

Adolescencia e Saude, vol. 21, No.6s, p. 422-444 

274. Nguyen T, et al. UV and visible light synergy in pigmentation induction. Photochem Photobiol. 
2021;97(6):1234–1241. 

275. Lee S, et al. Role of dermal–epidermal communication in melasma: fibroblast-driven models. Exp 
Dermatol. 2022;31(4):593–602. 

276. Hashim P, et al. Clinical evaluation of glutathione and vitamin C combination in skin brightening. Clin 
Cosmet Investig Dermatol. 2021;14:1183–1192. 

277. Sethi A, et al. Advances in chemical peeling agents for hyperpigmentation. Dermatol Ther. 
2021;34(6):e15211. 

278. Almeida J, et al. Advances in melasma research: molecular and therapeutic updates. Exp Dermatol. 
2021;30(12):1729–1743. 

279. Singh A, et al. Nanotechnology applications in the treatment of hyperpigmentation. J Control Release. 
2022;349:765–780. 

280. Wei L, et al. Visible light–mediated pigmentation: molecular cascade profiling. J Invest Dermatol. 
2021;141(9):2287–2297. 

281. Santos R, et al. Evaluation of depigmenting agents in darker phototypes: systematic review. Int J 
Dermatol. 2022;61(6):728–739. 

282. Tada A, et al. Oxidative stress–induced melanogenesis: pathways and inhibitors. Antioxidants. 
2020;9(7):633. 

283. Yoon HS, et al. Topical formulations for melasma: a comparative analysis of efficacy. J Cosmet 
Dermatol. 2021;20(1):210–219. 

284. Wang ZY, et al. Autophagy–melanogenesis axis: therapeutic potential. Cell Death Dis. 2021;12:515. 
285. Rani Z, et al. Botanicals in pigment regulation: evidence mapping. Phytother Res. 2022;36(5):2076–

2095. 
286. Banerjee P, et al. PM2.5 and pigment induction: exposure–response data. Environ Pollut. 

2021;271:116362. 
287. Ahmed S, et al. Systematic review of melasma interventions in Asian skin. Dermatol Ther. 

2021;34(3):e14892. 
288. Fernandez G, et al. Evaluation of laser toning in melasma: meta-analysis. Lasers Surg Med. 

2021;53(8):1085–1097. 
289. Lee HY, et al. Skin microbiome and melanogenesis: emerging interactions. J Dermatol Sci. 

2020;97(1):15–23. 
290. Gupta V, et al. Tranexamic acid with microneedling: enhanced outcomes. J Dermatol Treat. 

2022;33(5):2615–2622. 
291. Gomez S, et al. Hydroxy acids in pigmentation therapy: updated review. Clin Dermatol. 

2022;40(6):429–438. 
292. Joo YH, et al. Blue light and melanocyte responses: dose–intensity effects. Photochem Photobiol. 

2021;97(2):312–319. 
 


