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OUTLINE: Hyperpigmentation encompasses a broad spectrum of conditions, ranging from lentigines to refractory melasma, 
necessitating accurate diagnosis for effective management. Cosmeceuticals, defined as products that bridge cosmetics and 
pharmaceuticals by offering therapeutic benefits, have emerged as adjuncts in managing hyperpigmentation, particularly 
melasma and post-inflammatory hyperpigmentation (PIH). Despite their popularity, cosmeceuticals are not yet formally 
recognised by regulatory bodies, and there is limited robust evidence regarding their efficacy. 
 
This review outlines the evidence landscape of various cosmeceuticals used in hyperpigmentation. Azelaic acid, kojic acid, 
and arbutin can effectively treat conditions such as melasma and PIH. However, the effectiveness of cosmeceuticals is often 
constrained by formulation instability and poor skin penetration. This article explores novel formulations and drug delivery 
systems to enhance drug penetration. 
 
Given the limited evidence in this field, it is imperative that clinicians objectively evaluate the literature and guide patients 
based on evidence-based recommendations. Robustly designed studies using validated outcome measures are needed to 
better assess the safety and efficacy of these agents. 
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Introduction

Cosmeceuticals are often used to manage 
hyperpigmentary disorders. However, studies often refer 
to ‘hyperpigmentation’ as an umbrella term that includes 
everything from solar lentigines to refractory melasma. 
With several dozen causes of hyperpigmentation 
on the face alone, making an accurate diagnosis is 
the critical first step in successful management. 
Each cause of hyperpigmentation requires a slightly 
different management approach that addresses the 
pathophysiology. 

Melasma and post-inflammatory hyperpigmentation 
(PIH) are the most common hyperpigmentary 
conditions. In many cases, trials of various topical 
therapies alongside photoprotection are required.1,2 
As such, this article will focus on using cosmeceuticals 
to manage these two conditions.

The term ‘cosmeceuticals’ was first introduced in 1984 
to describe products that go beyond purely cosmetic 
applications and have a pharmaceutically therapeutic 
effect.3 Cosmeceuticals are not formally recognised 
by the United States Food and Drug Administration4 
or the Australian Therapeutic Goods Administration5 
despite this category of skin care products being 
reported in the literature and sold commercially for 
years. Whilst many cosmeceuticals exist to address 
hyperpigmentation, the lack of regulation and formal 
consensus regarding these products has resulted in 
studies that lack solid methodology and use of validated 
outcome measures. Meaningful insights into the safety 
and efficacy of these agents, particularly for treating 
pigmentary disorders like melasma and PIH, are thus 
scarce. This review will outline the evidence landscape 
of cosmeceuticals for treating melasma and PIH from 
oldest to newest agent (also summarised in Table 1).

mailto:dr.rodrigues%40gmail.com?subject=ASCD%20Journal%20enquiry
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Table 1. An overview of cosmeceuticals that are available to treat melasma and post-inflammatory hyperpigmentation (PIH).

Agent
Type of 
chemicals

Mechanism  
of action

Efficacy in 
melasma Efficacy in PIH Key points

Azelaic Acid Dicarboxylic 
acid from 
Malasezzia 
spp.

Inhibits 
tyrosinase, 
reduces DNA 
synthesis in 
melanocytes, 
anti-inflammatory, 
antioxidant

Effective in 
melasma as 
an alternative 
or adjunct to 
hydroquinone

Effective in post-
acne PIH

Concentrations reported 
in the literature range from 
15–20%

Mild adverse effects can 
be seen, but skin tolerance 
usually develops

Kojic Acid Fungal 
metabolite

Inhibits 
tyrosinase, has 
copper-chelating, 
antioxidant 
properties

Effective as 
an adjunct, 
especially 
when used with 
glycolic acid or 
hydroquinone

Limited data 2% concentration reported

Risk of skin sensitisation

Arbutin Hydroquinone 
derivative

Tyrosinase 
inhibitor, 
antioxidant

Improvements 
in melasma with 
synthetic forms 
more effective 
(such as alpha- 
or deoxyarbutin) 

Limited data 2.51% concentration reported

Generally well-tolerated, 
occasional irritation

Ascorbic 
Acid

Vitamin C Tyrosinase 
inhibitor, 
antioxidant

Comparable 
efficacy to HQ

Limited studies; 
some evidence in 
reducing post-acne 
hyperpigmentation 
in combination 
with HQ

Concentrations range from 
10–20%

Poor skin penetration requires 
delivery enhancement 
techniques

Minimal side effects

Tranexamic 
Acid

Anti-plasmin 
molecule

Inhibits 
melanogenesis-
promoting factors 
(eg. melanocyte-
stimulating 
hormones, 
prostaglandins 
and kinins), 
inhibits histamine 
release from mast 
cells, antioxidant

Effective 
orally, variable 
efficacy topically 
depending on 
formulation

Limited data Co-enhancing technology like 
microneedling may increase 
efficacy given its hydrophilic 
nature and poor epidermal 
penetration

Niacinamide Vitamin B3 
derivative

Inhibits 
melanosome 
transfer to 
keratinocytes

Effective 
as adjunct 
to arbutin, 
retinaldehyde, 
TXA, kojic acid 
and cysteamine 
in melasma 
treatment

Limited data Concentrations reported 
2–10%

Cysteamine Aminothiol 
compound

Tyrosinase and 
peroxidase 
inhibition, 
glutathione 
upregulation 
thereby shifting 
melanin synthesis 
from eumelanin to 
pheomelanin

Effective in 
melasma, 
conflicting 
evidence in 
comparison to 
the efficacy of 
HQ

5% cysteamine 
demonstrates 
comparable 
efficacy to 
combination HQ/ 
ascorbic acid in 
post-acne PIH

Theoretical risk of 
UV-independent 
melanomagenesis by 
activation of the pheomelanin 
synthesis pathway, although 
no evidence currently 
supports this

Thiamidol Resorcinyl 
thiazole 
derivative

Tyrosinase 
inhibitor

Comparable 
efficacy to 
hydroquinone

Variable efficacy, 
shown to reduce 
laser-induced PIH 
in some studies

0.1–0.2% concentration 
range

Generally well-tolerated, 
contact dermatitis reported 
in few cases
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Azelaic acid

Azelaic acid is a dicarboxylic acid found naturally 
in wheat produced by Malasezzia spp., the yeast 
responsible for pityriasis versicolor.6 It acts as an 
anti-pigment agent through multiple mechanisms, 
including inhibiting tyrosinase,7 inhibiting DNA 
synthesis and mitochondrial enzymes of hyperactive 
melanocytes,8,9 and acting as an anti-inflammatory and 
antioxidant.10 The most common regimen reported 
is the application of 20% azelaic acid twice daily.11 
A recent systematic review of six studies comparing 
azelaic acid to hydroquinone (HQ) for melasma found 
similar rates of side effects, including local irritation, 
itching, and scaling.12 Azelaic acid may be a suitable 
alternative for those unable to tolerate HQ, for whom 
HQ is contraindicated (e.g., pregnant or breastfeeding 
women), or as an adjunct alongside other agents in 
refractory melasma.

A recent randomised controlled trial (RCT) compared 
the use of 15% azelaic acid gel and placebo in 
72 patients with post-acne PIH. It found that azelaic 
acid reduced the post-acne hyperpigmentation index 
(PAHPI) by 6 points and increased patient satisfaction 
compared with the control. Although most participants 
experienced mild facial erythema, tingling, and dryness, 
skin tolerance to azelaic acid developed throughout the 
study.13 The efficacy of the twice-daily application of a 
15% azelaic acid gel was also seen in 20 skin-of-colour 
patients with moderate to severe post-acne PIH. At the 
end of the study, 100% of patients had at least a 2-point 
improvement in the investigator-graded assessment of 
their PIH. However, 20% of patients reported dry skin 
and peeling.14

Kojic acid

Kojic acid (KA), named after the fungi Aspergillus oryzae, 
also known as ‘Koji’, is a metabolic product of certain 
species of fungi, including Aspergillus, Acetobacter, 
and Penicillum.15 It acts as a depigmenting agent by 
inhibiting tyrosinase.15,16

KA is most useful when combined with another 
depigmenting agent. In a split-face study, a 5% glycolic 
acid and 2% KA combination demonstrated superior 
efficacy in melasma compared with a 5% glycolic 
acid and 2% HQ formulation.17 Other studies also 
corroborate these results,18 suggesting that KA is a 
useful adjunct to glycolic acid and HQ for epidermal 
lightening in melasma.

As only two studies have assessed the efficacy of KA 
in PIH,19,20 more work is needed. The frequency of 
KA-induced skin sensitisation ranges from 12–63%18,21 
which should be borne in mind.

Arbutin

Arbutin is a naturally occurring derivative of HQ found 
in the leaves of pear, bearberry, and cranberry plants. 
It acts as a tyrosinase inhibitor and antioxidant.22,23 
Arbutin is non-toxic to melanocytes and does not 
downregulate tyrosinase expression.24

An RCT of 102 women with melasma compared a 2.51% 
arbutin cream with a placebo. A total of 75.86% of 
patients showed a statistically significant 18% decrease 
in melanin levels after 8 weeks of application.25

Synthetic forms of arbutin, such as alpha-arbutin 
and deoxyarbutin, have a greater inhibitory effect 
on tyrosine than the naturally occurring form.26 An 
RCT has shown that 2% deoxyarbutin has comparable 
depigmenting efficacy to 4% HQ (as measured by 
quantitative skin colour chromameter and mexameter 
analysis), with no side effects seen in the 59 patients 
treated with deoxyarbutin.27

More robustly constructed studies are required to 
inform clinicians about the use of arbutin. However, it 
appears to be well-tolerated, with only a few reported 
cases of erythema and urticaria.25,28

Ascorbic acid

Ascorbic acid, also known as vitamin C, is a 
depigmenting agent that acts topically by interacting 
with copper ions at the active sites of tyrosinase 
and inhibiting its activity.29 It is also an antioxidant, 
preventing free radical-induced melanogenesis.30

A 2023 systematic review concluded that the skin-
lightening effect of ascorbic acid on melasma is 
comparable to that of HQ. Most studies assessed the 
efficacy of ascorbic acid at a concentration of up to 10%, 
with one study assessing a concentration of 20%.30

However, ascorbic acid has a limited ability to penetrate 
the epidermis. Studies suggest it needs to be combined 
with laser and energy-based devices to induce clinically 
relevant changes in melasma and PIH.31,32

There is a paucity of well-constructed studies assessing 
ascorbic acid in PIH. A recent RCT of 30 patients 
comparing a 3% ascorbic acid/4% HQ cream to 5% 
cysteamine found a 2.90 reduction in mean PAHPI 
scores with the combination cream versus a mean 
PAHPI reduction of 2.41 with cysteamine alone.33 No 
significant side effects have been reported in the 
literature.
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Tranexamic acid

Tranexamic acid (TXA) is an anti-plasmin molecule that 
inhibits plasmin-derived production of kinins and other 
melanogenesis-promoting factors such as melanocyte-
stimulating hormones.34,35 It also inhibits histamine 
release from mast cells, which induces melanogenesis.34

The efficacy of oral TXA in melasma is well documented 
in the literature.7,35 However, the hydrophilic nature of 
TXA applied topically limits its transdermal penetration 
and availability at melanocytes.36,37 Studies have 
reported varying efficacy of different topical TXA 
formulations in melasma, which may be attributed to 
formulation-based differences in skin absorption.37,38 
Co-enhancing technology is required for this molecule 
to optimally penetrate the epidermis and robustly-
constructed studies on these formulas are still lacking.39

Niacinamide

Niacinamide, or nicotinamide, is an amide form of 
vitamin B3 (niacin) that reversibly inhibits melanosome 
transfer to keratinocytes.40 It does not inhibit tyrosinase 
or affect its expression.40

Most studies with statistically significant results use 
niacinamide in combination with other ingredients like 
arbutin, retinaldehyde, TXA and kojic acid to improve 
melasma.19,41,42 Concentrations of 5–10% niacinamide are 
most commonly employed.

An RCT comparing a combination 2% niacinamide/2% 
TXA cream with a vehicle control in 42 women with 
facial hyperpigmentation showed a statistically 
significant decrease in mean melanin index from 131.16 
to 119.62 at 8 weeks.43 4% niacinamide has also been 
paired with 2% N-acetyl glucosamine (NAG), where an 
RCT of 202 women with solar lentigines found greater 
reductions in melanin spot area with this combination 
compared with control.44

Other novel agents have been combined with 
niacinamide such as potassium azeloyl diglycinate, a 
derivative of azelaic acid. A combination of these two 
agents with TXA was assessed in an RCT, finding a 
2.1-point reduction in Melasma Area and Severity Index 
(MASI) scores in 24 patients with mild to moderate 
melasma.45 A novel phenylalanine-fatty acid derivative 
1% N-undecylenoyl phenylalanine has also been shown 
to have efficacy in reducing hyperpigmentation in 
combination with niacinamide.46 More recently, 5% 
niacinamide has been assessed in combination with 
5% cysteamine, reporting improvement in MASI 
scores by 3.9 ± 2.3 in 35 patients with moderate to 
severe melasma.47 In general, the literature supports 
niacinamide as a useful adjunct in the treatment 
of melasma.

The evidence for niacinamide in PIH is limited. One RCT 
assessed 24 women with PIH of the axilla and found 
that application of 4% niacinamide was associated 
with a >50% statistically significant improvement in 
pigmentation in 24% of patients.48

Cysteamine

Cysteamine is a naturally-occurring aminothiol derived 
from the degradation of coenzyme A.49 It has been 
shown to inhibit tyrosinase and peroxidase,50 and also 
upregulate intracellular glutathione causing a shift in 
eumelanin to pheomelanin production thereby slowing 
melanogenesis.51,52 Cysteamine has only recently been 
stabilised in a hydrochloride compound to allow for 
development of suitable formulations.49

A systematic review of 6 studies concluded that 5% 
cysteamine is an effective treatment for melasma, with 
meta-analysis of the grouped studies reporting a 6.26 
mean difference in modified MASI (mMASI) scores and 
minimal side effect profile.53 Two RCTs have found 
cysteamine to be equally effective as the modified 
Kligman’s Formula in melasma along with improved 
tolerability.54,55

There are confounding results in the literature 
surrounding the efficacy and tolerability of cysteamine 
compared with the gold-standard of HQ. One RCT 
reported similar reductions in mMASI compared 
with 4% HQ but more side effects were seen with 
5% cysteamine.56 However, another study showed an 
inferior performance in 5% cysteamine compared 
with 4% HQ (24% vs 41% reduction in mMASI scores 
respectively) but with similar rates of adverse effects 
including erythema and stinging.57

Another RCT divided 80 patients into receiving either 
5% cysteamine or a combination 4% HQ/3% ascorbic 
acid cream. Comparable reductions in mMASI scores 
from both groups were noted after 4 months of 
treatment. However, 3 patients in the cysteamine group 
discontinued treatment due to erythema and pruritus.58

Few studies have assessed the role of cysteamine in PIH. 
As explored earlier in the discussion of ascorbic acid, 
5% cysteamine has equivalent efficacy to 4% HQ/3% 
ascorbic acid in post-acne PIH.33 Recently, cysteamine 
has been conjugated with isobionic-amide, a novel 
melanosome transfer inhibitor which is hypothesised to 
work synergistically with cysteamine in reducing skin 
pigmentation.59

Activation of the pheomelanin synthesis pathway results 
in oxidative damage and contributes to an ultraviolet-
independent melanomagenesis pathway.60 Due to the 
mechanism of cysteamine working to shift synthesis of 
eumelanin to pheomelanin, there is a theoretical risk of 



C
O

S
M

EC
EU

T
IC

A
LS

Australasian Society of Cosmetic Dermatologists / Cosmeceuticals	 V O L U M E 0 4 / I S S U E 0 2 / F E B R U A R Y 2 0 2 5 	 6

Cosmeceuticals for Hyperpigmentation | Samuel Morriss, Michelle Rodrigues

developing melanoma with this agent. Nevertheless, to 
date no studies have demonstrated this association.

Thiamidol

The resorcinyl thiazole derivative thiamidol acts 
as a tyrosinase inhibitor.61 The literature supports 
thiamidol as a useful depigmenting agent in melasma. 
A 4.2 ± 2.4 point improvement in MASI scores was 
cited in a 24-week RCT comparing thiamidol with a 
vehicle control in 51 patients with moderate to severe 
melasma.62 Two RCTs have compared 0.2% thiamidol 
to 2% and 4% HQ in melasma, with both studies 
demonstrating comparable reductions in mMASI scores 
between the two agents.63,64 Furthermore, one study 
substituted 5% HQ with 0.1% thiamidol found in the 
traditional triple combination (TCC) therapy Kligman’s 
Trio (that also contains 0.1% dexamethasone and 0.1% 
tretinoin). The thiamidol-substituted group showed 
a greater 4.33-point improvement in mMASI scores 
versus a 2.84-point reduction in the TCC therapy 
group, although this difference was not statistically 
significant.65

There is variable evidence surrounding the use of 
thiamidol in PIH. In one study, 77 Fitzpatrick skin 
phototype V patients with post-acne PIH completed a 
12-week RCT comparing thiamidol to a vehicle control 
finding a statistically significant reduction in melanin 
index scores.66 Thiamidol has also been shown to reduce 
the incidence of Q-switched Nd:YAG laser-induced PIH 
with another RCT revealing twice-daily thiamidol may 
be helpful in reducing PIH incidence in this context.67 
Thiamidol appears to be well-tolerated in the literature 
with contact dermatitis reported in a minority of 
cases.64,65

Other cosmeceuticals:  
Soy, bakuchiol, and resveratrol

Soybean extract contains proteins such as soybean 
trypsin inhibitor that possesses serine protease 
inhibitor activity. These proteins inhibit protease-
activated receptor 2, a key mediator involved in 
melanosome transfer and keratinocyte phagocytosis.68,69 
The extract also contains soy isoflavones which has 
antioxidant activity.69 One study assessed the utility 
of a soy moisturiser in reducing photoaging, finding 
improvements in skin tone and texture along with a 
25% improvement in mottled hyperpigmentation in 
the 65 participants compared with control.70 Subtle 
skin lightening effects in treating solar lentigines have 
been reported, with one study citing a 15.1% reduction 
in melanin density with application of a stabilised soy 
extract.71 Robustly constructed studies for the efficacy 
of soy in melasma and PIH are lacking. 

Bakuchiol has been shown to evoke changes in gene 
expression similar to that of retinol.72 Hence, most 
studies have assessed the efficacy of bakuchiol as 
an anti-aging compound.72,73 A systematic review of 
4 articles found mixed conclusions in the utility of 
bakuchiol in reducing post-acne PIH.74 Overall, evidence 
for the use of bakuchiol specifically in hyperpigmentary 
conditions is sparse.

Although resveratrol has mainly been used for its 
anti-aging properties75, it has gained attention for its 
potential use as a skin lightening agent. Resveratrol 
is claimed to reduce pigmentation through multiple 
actions including inhibition, downregulation, and 
post-transcriptional regulation of tyrosinase along 
with antioxidant effects.76 Only one study has assessed 
the efficacy of topical resveratrol in humans.77 
Fifty healthy volunteers underwent UV-induced 
hyperpigmentation and lesions were subsequently 
treated with either 1% resveratrol, 1% resveratrol with 
an antioxidant, antioxidant alone or vehicle. The study 
found statistically significant reductions in melanin 
content with both resveratrol alone and resveratrol with 
antioxidant in comparison to vehicle. No robust studies 
have demonstrated efficacy in melasma.

Future directions

Azelaic acid, kojic acid, and arbutin have demonstrated 
efficacy in the treatment of conditions like melasma 
and PIH. The efficacy of many cosmeceuticals for 
hyperpigmentation appears to be limited by their 
stability, susceptibility to oxidative degradation, 
and poor penetrance through the epidermis. Novel 
formulations have been developed to improve the 
delivery of ascorbic acid, kojic acid, resveratrol, and 
arbutin by facilitating transdermal penetrance through 
the stratum corneum.78,79

Cosmeceuticals are increasingly popular in the 
treatment of hyperpigmentation, and many new 
cosmeceuticals are emerging in the market. Many 
ingredients claim efficacy for melasma and PIH 
but a closer look at the literature does not reveal 
robustly constructed studies using validated outcome 
measures. It is therefore imperative that the treating 
dermatologist objectively evaluates the merit of studies 
according to methodology, statistical significance, and 
outcome measures, and gives patients evidence-based 
recommendations.  
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