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ABSTRACT

This study evaluated the in vitro cytocompatibility and anti-melanogenic potential of Schizophyllum commune 
(cendawan kukur) extracts prepared at two temperatures, 4 °C (K4C) and 30 °C (K30C), followed by a human skin 
biophysical assessment of S. commune-based topical formulations. Cytotoxicity was assessed using MTT assays in 
CRL-2691 human dermal fibroblasts and MNT-1 human melanoma cells. Anti-melanogenic activity was evaluated in  
MNT-1 cells by measuring melanin content, tyrosinase (TYR) transcript abundance, and intracellular tyrosinase  
activity. Both extracts maintained high cell viability across the tested concentration range. K30C showed a more  
consistent response, with modest reductions in melanin content and TYR transcript abundance at 50 and 100 μg/mL,  
but did not significantly reduce intracellular tyrosinase activity, while K4C showed a less consistent response. A  
supportive human skin biophysical evaluation was subsequently conducted using topical creams containing the S. 
commune extract prepared at 30 °C. Fifteen participants used the formulations for 12 weeks. The exploratory evaluation  
indicated reductions in melanin and erythema indices. Overall, the in vitro findings and preliminary human skin 
observations support further investigation of S. commune-derived ingredients as potential natural cosmeceutical  
candidates.
Keywords: Anti-melanogenic activity; human skin assessment; in vitro assay; mushroom extract; Schizophyllum 
commune

ABSTRAK

Kajian ini menilai keserasian sel secara in vitro dan potensi anti-melanogenik ekstrak Schizophyllum commune (cendawan 
kukur) yang diekstrak pada dua suhu, iaitu 4 °C (K4C) dan 30 °C (K30C), diikuti dengan penilaian biofizik kulit 
manusia terhadap formulasi topikal berasaskan S. commune. Kesitotoksikan dinilai menggunakan ujian MTT dalam  
sel fibroblas dermal manusia CRL-2691 dan sel melanoma manusia MNT-1. Aktiviti anti-melanogenik dinilai dalam sel 
MNT-1 melalui pengukuran kandungan melanin, kelimpahan transkrip tirosinase (TYR) dan aktiviti tirosinase intrasel. 
Kedua-dua ekstrak mengekalkan keviabelan sel yang tinggi dalam julat kepekatan yang diuji. K30C menunjukkan 
tindak balas yang lebih tekal dengan pengurangan sederhana dalam kandungan melanin dan kelimpahan transkrip TYR  
pada 50 dan 100 μg/mL, tetapi tidak mengurangkan aktiviti tirosinase intrasel dengan ketara, manakala K4C menunjukkan 
tindak balas yang kurang tekal. Seterusnya, penilaian biofizik kulit manusia secara sokongan dijalankan menggunakan 
krim topikal yang mengandungi ekstrak S. commune yang disediakan pada 30 °C. Lima belas peserta menggunakan 
formulasi tersebut selama 12 minggu. Penilaian eksploratori menunjukkan pengurangan indeks melanin dan eritema. 
Secara keseluruhan, keputusan in vitro dan pemerhatian awal pada kulit manusia menyokong kajian lanjut terhadap  
bahan terbitan S. commune sebagai calon kosmeseutikal semula jadi.
Kata kunci: Aktiviti anti-melanogenik; ekstrak cendawan; penilaian kulit manusia; Schizophyllum commune; ujian in 
vitro
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INTRODUCTION

Natural products have attracted interest as potential 
cosmeceutical ingredients because they contain 
antioxidant, anti-inflammatory, and enzyme-modulating 
compounds that may support skin health. Mushrooms 
are particularly relevant in this context because 
they contain polysaccharides, phenolic compounds,  
terpenoids, peptides, and other metabolites with reported 
cosmetic and cosmeceutical potential (Taofiq et al. 
2016; Wu et al. 2022). Schizophyllum commune, locally 
known as cendawan kukur, is an edible basidiomycete 
valued in Southeast Asia and is known to produce 
bioactive constituents such as schizophyllan, a β-glucan 
with established biological relevance. Recent reviews 
have highlighted the nutritional, antioxidative and  
anti-inflammatory properties of S. commune, supporting 
its broader potential as a source of functional bioactive 
materials (Kumar & Xu 2025; Razak et al. 2024).  
Oxidative stress may contribute to melanogenesis by 
increasing reactive oxygen species and influencing 
melanogenesis-related signalling and tyrosinase 
activity. Previous work on non-fermented S. commune 
fruitbody extracts demonstrated antioxidant and cell-free 
anti-tyrosinase activities, suggesting that mushroom-
derived antioxidant constituents may have relevance 
to pigmentation-related responses (Dang Lelamurni 
et al. 2020). However, its specific application as an 
anti-pigmentation cosmeceutical ingredient remains 
insufficiently explored.

Anti-melanogenic activity is commonly investigated 
using cell-based assays that measure cytotoxicity, 
melanin content, tyrosinase-related gene expression, and 
tyrosinase activity. These in vitro assays are useful for 
early-stage mechanistic screening because they allow 
controlled assessment of whether a test material affects  
melanogenesis-related cellular responses (Baber et al. 
2023; Hassan, Shahzadi & Kloczkowski 2023; Kooltheat 
et al. 2023). However, cell-based assays alone cannot 
fully represent the complexity of topical cosmetic 
use, in which formulation properties, skin penetration,  
skin-barrier condition, baseline pigmentation, erythema, 
and participant-level variability can influence the 
observed outcome (Firooz et al. 2012; Moniz et al. 2020).  
Supportive human skin biophysical evaluation can 
therefore strengthen the translational relevance of in vitro 
findings, particularly when non-invasive parameters such 
as melanin and erythema indices are measured under 
controlled conditions (Fullerton et al. 1996; Takiwaki 
1998). Combining in vitro and human assessments 
provides a more integrated evaluation. In vitro assays 
indicate possible cellular responses, whereas human skin 
measurements provide formulation-level evidence of 
whether a product influences pigmentation-related skin 
parameters after topical application.

Previous work evaluated hot- and cold-water extracts 
of S. commune fruitbodies using chemical-content, 

antioxidant, anti-hyaluronidase, and cell-free mushroom 
tyrosinase assays (Dang Lelamurni et al. 2020). The 
present study differs by examining S. commune water 
extracts prepared at 4 °C and 30 °C and evaluating their 
potential anti-melanogenic effects using in vitro assays. 
It also incorporates supportive human skin biophysical 
observations from a formulated topical product. Thus, 
the present work extends the earlier cell-free screening 
to cellular and formulation-level assessments, although it 
remains a preliminary investigation of crude extracts.

MATERIALS AND METHODS

In vitro ANTI-MELANOGENIC EXPERIMENTS

Cell Culture
Two human skin-derived cell lines were used: (i) CRL-
2691 cells, also referred to as CCD-1135Sk human 
dermal fibroblasts (ATCC, USA), and (ii) MNT-1 human 
melanoma cells (a gift from Prof. Michael Marks, 
University of Pennsylvania). CRL-2691 fibroblasts were 
maintained in IMDM supplemented with 10% FBS and 
1% amino acids, whereas MNT-1 melanoma cells were 
maintained in DMEM supplemented with 20% FBS, 10% 
AIM-V medium, 1% non-essential amino acids, and 1% 
sodium pyruvate. Both cell lines were cultured at 37 °C in 
a humidified atmosphere containing 5% CO₂.

PREPARATION OF Schizophyllum commune EXTRACTS

Two S. commune (cendawan kukur) extracts prepared 
by researchers at MARDI were used; K4C (extracted at  
4 °C) and K30C (extracted at 30 °C), as described by  
Dang Lelamurni et al. (2020). For each extract, the stock 
solution was diluted in cell-culture medium containing 
<0.1% dimethyl sulfoxide (DMSO) to obtain final 
concentrations of 1, 5, 10, 50, 100, and 500 µg/mL. The 
full concentration range was used for cell-viability testing; 
50 and 100 µg/mL were selected for the subsequent 
melanin-content, TYR transcript, and intracellular 
tyrosinase-activity assays. Growth medium without  
extract was used as the negative control.

CELL VIABILITY ASSAY

The effects of K4C and K30C on cell viability were 
evaluated using the 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay. CRL-2691 
fibroblasts and MNT-1 melanoma cells were seeded in  
96-well plates (~5 × 10⁴ – 1 × 10⁵ cells/mL) and incubated 
overnight at 37 °C in a humidified atmosphere containing 
5% CO₂. The growth medium was replaced with treatment 
medium containing K4C or K30C at final concentrations 
of 1, 5, 10, 50, 100 or 500 μg/mL, and the cells were 
incubated for 24 h. After treatment, the cells were washed 
twice with 200 μL of DPBS, and 100 μL of MTT 
solution (1 mg/mL) was added to each well, followed by  
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incubation for 3 h. The MTT solution was then removed, 
and 100 μL of isopropanol was added to solubilise the 
formazan. After shaking for 2 h at room temperature, the 
solutions were transferred to a new 96-well plate, and 
optical density was measured at 570 nm using a plate 
spectrophotometer.

MELANOMA CELL TREATMENT

MNT-1 cells were selected because they produce high 
and consistent levels of melanin without requiring 
α-melanocyte-stimulating hormone stimulation. The 
cells were seeded in 12-well culture plates (1.5 × 10⁵ 
cells/well in 1 mL) in triplicate and treated with K4C or 
K30C at concentrations of 50 and 100 μg/mL. Medium 
containing kojic acid (100 μg/mL) was used as a positive  
control for the anti-melanogenic assays. Treatment was 
conducted for 48 h.

MELANIN CONTENT ANALYSIS

Melanin content was measured using a protocol adapted 
from Martínez-Gutiérrez et al. (2024). After treatment, the 
cells were harvested and counted, and an equal number 
of viable cells from each treatment group was used for  
melanin extraction. The cells were washed twice 
with DPBS and lysed in 2% SDS at 65 °C for 1 h. To  
solubilise melanin, the cell lysates were treated with 
1 M NaOH in 10% DMSO (total volume, 200 μL) 
and incubated at 80 °C for 1 h. A 100 μL aliquot of 
each extract was transferred to a 96-well plate, and 
absorbance was measured at 340 nm using a plate 
spectrophotometer. Melanin content was expressed  
relative to the untreated control. Because equal numbers 
of viable cells were analysed, additional normalisation to  
total protein was not performed.

TYR TRANSCRIPT ABUNDANCE ANALYSIS

RNA was extracted from treated cells using GENEzol 
reagent according to the manufacturer’s protocol 
(Geneaid, Germany). Purified RNA (10 ng/μL) was 
converted to cDNA using Thunderbird ReverTra Ace 
RT Master Mix (Toyobo, Japan). Quantitative PCR 
(qPCR) was performed using a CFX96 real-time PCR 
system (Bio-Rad, USA), Thunderbird SYBR qPCR 
Mix (Toyobo, Japan), and tyrosinase-specific primers  
(forward: 5′-AGATTCAGACGCAGACTCTTTTCA-3′; 
reverse: 5′-GACACAGCAAGCTCACAAGC-3′). A 
standard curve was generated using pJET-cbl plasmid 
DNA containing a 134-bp insert at copy numbers ranging 
from 10¹ to 10⁸. Forty qPCR cycles were performed at 95 
°C for 30 s (denaturation), 55 °C for 15 s (annealing), and  
72 °C for 30 s (extension). Fluorescence signals detected 
during the annealing step were used to determine Cq 
values, which were plotted against the standard curve  
[Slope = -3.5869; R2=0.9897; 90.02%]. Data were 
expressed as log₁₀ copy number in 10 ng of cDNA.

INTRACELLULAR TYROSINASE ACTIVITY ASSAY

Protein concentrations in the cell lysates were estimated 
using a microplate bicinchoninic acid (BCA) assay, with 
bovine serum albumin (BSA) as the standard, before 
the tyrosinase activity assay. The BCA working reagent 
was prepared by mixing reagent A (BCA solution) with  
reagent B (4% copper (II) sulphate pentahydrate solution) 
at a ratio of 50:1. Ten microlitres of each sample or  
standard was added to a 96-well microplate, followed 
by 200 µL of freshly prepared BCA working reagent. 
The microplate was gently shaken and incubated at  
37 °C for 30 min or at 60 °C for 15 min. Absorbance was  
then measured at 551 nm using a microplate reader 
(BioTek®), and protein concentrations were estimated 
from the BSA standard curve. After the 48-h treatment, 
the six-well plate containing melanoma cells was placed 
on ice, and the attached cells were washed with 1 mL 
of ice-cold PBS to remove residual growth medium. 
The PBS was aspirated, and 500 µL of ice-cold lysis 
buffer consisting of 0.1 M sodium phosphate buffer  
(pH 6.8), 1% Triton X-100, and a protease-inhibitor 
cocktail was added to each well. The cell suspensions 
were transferred to pre-cooled microcentrifuge tubes 
and centrifuged at 16,099 × g for 20 min at 4 °C. The  
supernatants were recovered, and their protein 
concentrations were determined using the BSA standard 
curve. After the protein concentrations had been  
quantified and adjusted with lysis buffer, 50 µL of each 
lysate was transferred to a 96-well plate, followed by 
125 µL of 0.1 M sodium phosphate buffer (pH 6.8) and 
25 µL of freshly prepared 10 mM L-DOPA in 0.1 M 
sodium phosphate buffer (pH 6.8). The reaction mixture 
was incubated for 30 min at 37 °C, and tyrosinase activity 
was measured at 475 nm using a microplate reader.  
The percentage of tyrosinase activity was calculated 
relative to the untreated control using the following 
equation, where A represents the absorbance of a 
treated sample and B represents the absorbance of 
the untreated control: intracellular tyrosinase activity  
(%) = (A/B) × 100.

HUMAN SKIN BIOPHYSICAL EVALUATION

STUDY DESIGN AND PARTICIPANTS

A supportive human skin biophysical evaluation was 
incorporated using data from a controlled topical-
formulation study of S. commune-based creams. Eligible 
participants were healthy Malaysian women aged  
25-55 years with no active facial dermatological  
disorders. Participants were excluded if they were 
pregnant or breastfeeding; had known hypersensitivity to  
cosmetic ingredients; had undergone dermatological or 
cosmetic procedures within the previous three months; 
were using topical depigmenting or anti-ageing products; 
or had a medical condition or were taking medication 
known to influence skin pigmentation or wound healing. 
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The test formulation was applied to one side of the 
face, and a placebo base cream without S. commune 
extract was applied to the contralateral side. Treatment  
allocation was known only to the research assistant, 
whereas the participants, investigators, and sponsor 
were blinded. The human study was approved by the  
Research Ethics Committee of Universiti Kebangsaan 
Malaysia (reference UKM PPI/111/8/JEP-2020-
525; approval dated 17 October 2020) under the title 
‘Anti-Aging and Whitening Effect of Schizophyllum 
commune-Based Topical Cream on Human Skin’. 
The approved protocol included several cosmetic 
outcomes, including anti-ageing and whitening  
(pigmentation-related) endpoints. This paper reports 
only melanin and erythema indices, which are directly 
relevant to the study objective. Written informed consent 
was obtained from all participants before enrolment,  
and the study was conducted in accordance with the 
relevant institutional ethical requirements.

SAMPLE SIZE DETERMINATION

The sample size was estimated using Sample Size 
Calculation Software (version 3.0.14), with a two-tailed 
significance level of 0.05 and 80% statistical power. 
Estimates were informed by variability reported in a 
previous exploratory split-site cosmetic study (Snatchfold 
& Targett 2019). Given the pilot and exploratory nature  
of the present evaluation, 15 participants were recruited.

TEST PRODUCTS AND APPLICATION PROCEDURE

The investigated products comprised a placebo cream 
and an active formulation containing S. commune extract. 
The placebo comprised the identical cream base without 
the extract. The cream base contained purified water, 
emulsifying agents, emollients, humectants, and cosmetic 
preservatives. The active formulation contained 1% (w/w) 
S. commune extract incorporated into the cream base.  
Both formulations were prepared under hygienic 
laboratory conditions and immediately transferred to 
identical sterile, opaque polypropylene containers to 
minimise contamination and preserve blinding. The 
products were stored at room temperature (25 ± 2 °C)  
and protected from direct light throughout the study. 
Packaging integrity was inspected before the products  
were dispensed to participants. Microbiological 
quality testing confirmed compliance with cosmetic 
microbiological specifications before participant use. The 
human skin biophysical evaluation used a randomised, 
participant- and assessor-blinded, split-face design. 
An independent research assistant managed treatment 
allocation and product coding, whereas participants, 
assessors, and data analysts remained blinded throughout 
the study. Participants were instructed to apply the 
assigned formulations twice daily, in the morning 

and evening, to the designated areas throughout the  
12-week study. They were allowed to continue their  
routine skincare and make-up but were instructed to avoid 
other anti-ageing, firming, or anti-pigmentation products 
during the study.

SKIN BIOPHYSICAL MEASUREMENTS

Skin biophysical parameters were measured at baseline 
and during follow-up visits over the 12-week study. 
Measurements were obtained using the DermaLab 
Combo® (Cortex Technology, Denmark) according 
to the manufacturer’s operating procedures. The 
instrument was calibrated before each measurement 
session. Melanin and erythema indices were measured 
in triplicate at the same predetermined facial location by 
the same trained assessor throughout the study. Before 
each assessment, participants underwent a 20-min  
acclimatisation period in a controlled environment  
(22 ± 2 °C; relative humidity, 45-60%). Participants were 
instructed to refrain from applying skincare products, 
cosmetics, or sunscreen for at least 12 h before each visit.

STATISTICAL ANALYSIS

Data were analysed using SPSS. All in vitro experiments 
were performed in triplicate, and the data are presented 
as the mean ± standard error of the mean (SEM).  
Statistical significance was assessed using one-way 
analysis of variance (ANOVA), followed by Tukey’s post 
hoc test. Values of p < 0.05 were considered statistically 
significant. For the human skin biophysical analyses, 
changes in melanin and erythema indices between 
baseline and follow-up measurements were analysed using 
paired-samples t-tests. The test and placebo sides were 
also compared at each time point using paired-samples 
t-tests because the measurements were obtained from the  
same participants. To account for multiple comparisons 
across the three follow-up visits (Weeks 4, 8, and 12), 
a Bonferroni correction was applied, resulting in a 
significance threshold of p < 0.033.

RESULTS AND DISCUSSION

EFFECT OF EXTRACTS ON CELL VIABILITY

The MTT assay showed that CRL-2691 fibroblasts 
and MNT-1 melanoma cells maintained high viability 
after treatment with K4C or K30C across the tested 
concentration range of 1-500 μg/mL (Figure 1). In MNT-1 
cells, viability remained close to or above 95%, whereas 
CRL-2691 fibroblasts also showed no evidence of  
extract-induced cytotoxicity under the tested conditions. 
These findings indicate that neither S. commune extract 
caused marked cytotoxicity in the cell models used 
and support the selection of 50 and 100 μg/mL for the 
subsequent anti-melanogenic assays.
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The absence of marked cytotoxicity is important 
because anti-melanogenic effects must be distinguished 
from non-specific reductions in cell number or metabolic 
activity. In melanogenesis studies, a reduction in 
melanin content may be misleading if the test material is  
cytotoxic or suppresses cell viability. The MTT results 
therefore provide essential cytocompatibility context 
for interpreting the subsequent melanin, TYR transcript, 
and tyrosinase-activity assays. However, these findings 
indicate in vitro cytocompatibility only and do not replace 
formulation-level safety assessments, such as irritation, 
sensitisation, or phototoxicity testing.

EFFECTS OF EXTRACTS ON MELANIN CONTENT

Treatment with K30C was associated with a modest 
reduction in melanin content in MNT-1 cells at both 50 
and 100 μg/mL, whereas K4C reduced melanin content  
at 50 μg/mL but not at 100 μg/mL (Figure 2). These  
findings indicate a measurable response under the 
conditions tested, with K30C showing a more consistent 
pattern across the two concentrations. However, the 
limited number of concentrations and absence of a 
clear dose–response relationship preclude conclusions  
regarding relative potency or efficacy. 

The reduction in melanin content suggests that  
selected S. commune extracts may contain bioactive 
constituents capable of modulating melanogenesis. 
Natural products continue to be investigated as sources 
of tyrosinase inhibitors and melanogenesis-modulating 

compounds, although their effects frequently depend 
on concentration, extract composition, cell model, and 
experimental endpoint (Baber et al. 2023; Hassan, 
Shahzadi & Kloczkowski 2023). In the present study, 
K30C reduced melanin content at both 50 and 100 μg/mL, 
whereas K4C produced a reduction at 50 μg/mL but not 
at 100 μg/mL. These findings do not demonstrate a clear 
concentration-dependent response, and the K4C pattern 
was non-monotonic under the conditions tested. Melanin 
content is a downstream endpoint influenced by several 
processes, including TYR protein abundance, maturation 
and turnover, tyrosinase activity, melanosome biogenesis 
and trafficking, and the timing of cellular responses. 
Therefore, the observed changes in melanin content 
cannot be causally attributed to the measured changes 
in TYR transcript abundance. Instead, the results should 
be interpreted as preliminary, associated responses at 
the individual concentrations tested. Kojic acid was  
included as a positive control to confirm assay 
responsiveness; direct comparisons of potency or efficacy 
are inappropriate because the treatments differed in 
concentration and may act through different mechanisms.

Kojic acid is a well-established tyrosinase inhibitor 
and reference compound in melanogenesis studies. 
Nevertheless, its use in cosmetic products is subject 
to safety assessment and concentration limits. The  
Scientific Committee on Consumer Safety concluded 
that kojic acid is safe as a skin-lightening agent in 
cosmetic products at concentrations up to 1% (SCCS 
2022). Therefore, the absence of marked cytotoxicity for 

Values are mean ± SEM. *p < 0.05 versus the untreated control, based on Tukey’s HSD test

FIGURE 1. Effects of K4C (KK4C-1, 5, 10, 50, 100 & 500) and K30C (KK30C-1, 5, 10, 50,  
100 & 500) extracts on the viability of CRL-2691 fibroblasts and MNT-1 melanoma cells, as  
determined using the MTT assay. Cell viability is expressed relative to the untreated control 
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(a) (b)
Values are mean ± SEM from three replicates. *p < 0.05 versus the negative control (NC), based on Tukey’s HSD test

FIGURE 2. Effects of K4C (KK4C-50 & 100) and K30C (KK30C-50 & 100) extracts on melanin content 
in MNT-1 melanoma cells with kojic acid as positive control (PC-KA-100). (a) Melanin content after 

treatment; (b) melanin content relative to the negative control (NC).

K4C and K30C in the present in vitro assays supports 
further evaluation but does not establish cosmetic 
safety. Additional studies of irritation, sensitisation,  
phototoxicity, formulation stability, skin penetration, and 
controlled human use are needed before these extracts  
can be proposed as cosmetic active ingredients.

EFFECT OF EXTRACTS ON TYR TRANSCRIPT ABUNDANCE

K30C treatment at 50 and 100 µg/mL was associated 
with lower TYR transcript abundance than the negative 
control. K4C produced a concentration-dependent 
pattern, with a reduction observed at 100 μg/mL  
(Figure 3). These findings describe changes in TYR 
transcript abundance and do not establish the underlying 
regulatory mechanism. K30C produced a more consistent 
pattern of reduced TYR transcript abundance than K4C. 
The partial mismatch between melanin content and 
TYR transcript abundance, particularly for K4C, should 
not be considered contradictory. Melanin accumulation 
is a downstream phenotype influenced not only by 
TYR transcription but also by tyrosinase maturation, 
protein stability, melanosome biology, substrate 
availability, oxidative state, and the timing of the cellular 
response. Previous studies and reviews have shown 
that melanogenesis is controlled at multiple regulatory  
levels, with tyrosinase functioning as a key enzyme  
but not the sole determinant of melanin production 
(D’Mello et al. 2016; Iozumi et al. 1993; Videira, Moura & 
Magina 2013; Wang et al. 2024).

Melanogenesis involves a coordinated regulatory 
network that extends beyond tyrosinase catalytic activity. 
MITF is widely recognised as a central transcriptional 
regulator of melanocyte development and melanogenesis 

and regulates melanogenesis-related genes such as TYR, 
TYRP1, and DCT/TYRP2. Upstream pathways, including 
cAMP/PKA/CREB, MAPK/ERK, PI3K/AKT, and  
Wnt/β-catenin signalling, can influence MITF expression, 
tyrosinase expression, melanogenic-enzyme stability,  
and melanosome maturation (D’Mello et al. 2016; Wang 
et al. 2024). The reduced TYR transcript abundance  
observed particularly in K30C-treated cells was 
associated with lower melanin content, but TYR 
transcript measurements alone do not establish a causal  
mechanism. Future studies should examine MITF, TYRP1, 
DCT/TYRP2, and selected signalling proteins, such as 
phosphorylated CREB, ERK, and AKT, to investigate 
whether the extracts affect upstream melanogenic 
regulation.

EFFECT OF EXTRACTS ON INTRACELLULAR  
TYROSINASE ACTIVITY

Neither K4C nor K30C significantly reduced intracellular 
tyrosinase activity at the tested concentrations, whereas 
kojic acid showed the expected inhibitory effect  
(Figure 4). Thus, the reductions in melanin content 
observed with K30C, and to a lesser extent K4C, 
were not accompanied by a detectable reduction in 
intracellular tyrosinase activity under the conditions tested.  
The mechanism underlying the observed melanin  
response remains unresolved.

This distinction is important because some anti-
melanogenic studies use the term ‘tyrosinase inhibition’ 
broadly, although reduced melanin content can  
occur through several mechanisms. Anti-melanogenic 
compounds may act by reducing TYR transcript 
abundance, modulating MITF, altering oxidative stress, 
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Values are mean ± SEM from three replicates. *p < 0.05 versus the negative control (NC), based on  
Tukey’s HSD test

FIGURE 4. Effects of K4C (KK4C-50 & 100) and K30C (KK30C-50 & 100) extracts  
on intracellular tyrosinase activity in MNT-1 melanoma cells with kojic acid as  

positive control (PC-KA-100) 

Data are expressed as copy number in 10 ng of cDNA. Values are mean ± SEM from three replicates. *p < 0.05  
versus the negative control (NC), based on Tukey’s HSD test

FIGURE 3. Effects of K4C (KK4C-50 & 100) and K30C (KK30C-50 & 100) extracts on TYR 
transcript abundance in MNT-1 melanoma cells with kojic acid as positive control (PC-KA-100) 
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TABLE 1. Summary of the in vitro anti-melanogenic responses to K4C and K30C

Treatment Melanin level reduced TYR transcript abundance 
reduced

Intracellular tyrosinase 
activity reduced

K4C-50 + - -
K4C-100 - + -
K30C-50 + + -
K30C-100 + + -

                       Note: (+) indicates an anti-melanogenic effect observed in the assay; (−) indicates no significant effect under the tested  
                       conditions

affecting melanosome maturation, or influencing 
intracellular trafficking and enzyme stability (D’Mello 
et al. 2016; Wang et al. 2024; Zolghadri et al. 2019).  
Based on the present dataset, K4C and K30C should 
therefore be described as extracts with anti-melanogenic 
potential rather than as direct tyrosinase inhibitors.  
This cautious interpretation is consistent with the  
absence of a significant reduction in intracellular  
tyrosinase activity.

INTEGRATED INTERPRETATION OF in vitro  
ANTI-MELANOGENIC EFFECTS

When the in vitro findings are considered together, K30C 
showed a more consistent pattern across the two tested 
concentrations, although it did not significantly reduce 
intracellular tyrosinase activity (Table 1). K4C showed 
a less consistent pattern: K4C at 50 μg/mL reduced  
melanin content without a measurable reduction in 
TYR transcript abundance, whereas K4C at 100 μg/mL  
reduced TYR transcript abundance without reducing 
melanin content. These findings suggest that extraction 
temperature may influence the bioactivity of S. commune 
extracts; however, further chemical profiling is required 
before the differences can be attributed to specific 
metabolites.

The different response patterns of K4C and K30C 
may reflect differences in chemical composition 
resulting from the different extraction temperatures.  
The constituents responsible for the observed responses 
were not identified in the present study. Previous  
analysis of S. commune fruitbody extracts detected 
phenolic, polysaccharide, and glucan components and 
suggested that their biological activities may reflect the 
combined contribution of multiple constituent classes 
rather than a single compound (Dang Lelamurni et al. 
2020). Phenolics and polysaccharides may therefore 
be possible contributors to the activity observed in  
the present extracts. However, extraction or processing 
conditions may influence extract composition, and 
the observed effects cannot be attributed to any 
particular constituent without direct chemical profiling,  
marker-based standardisation, and bioassay-guided 
fractionation.

Overall, K30C was associated with reduced melanin 
content and TYR transcript abundance in MNT-1 cells, 
whereas neither extract significantly reduced intracellular 
tyrosinase activity. The mechanism underlying these 
observations remains unresolved. Additional analyses of 
MITF, TYRP1, DCT/TYRP2, oxidative-stress markers, 
and metabolite composition are needed to investigate 
the relevant regulatory pathways and identify the active 
constituents.

SUPPORTIVE HUMAN SKIN BIOPHYSICAL EVALUATION OF 
AN S. commune-BASED ANTI-PIGMENTATION CREAM

The supportive human skin biophysical evaluation  
provides formulation-level context for the in vitro 
findings. In the human study, an S. commune-based 
anti-pigmentation cream was applied using a controlled 
split-face design, with the product applied to one side 
of the face and a placebo cream applied to the other. 
The study protocol included non-invasive assessments 
of pigmentation-related skin parameters, particularly  
melanin and erythema indices, at baseline and throughout 
the 12-week application period. This design is relevant 
because human skin assessment captures formulation-
related factors that cannot be represented in cell culture, 
including product delivery, skin-barrier interactions, 
baseline skin variability, and local skin responses.

The S. commune-based anti-pigmentation cream was 
associated with reductions in melanin index during the  
12-week application period relative to baseline and  
placebo-treated sites (Figure 5). This observation is 
directionally consistent with the in vitro reduction in 
melanin content observed for S. commune extracts, 
particularly K30C. Objective measurements of skin 
colour, pigmentation, and erythema using non-invasive 
instruments are widely used in dermatology and cosmetic 
science; however, results can be influenced by anatomical 
site, baseline skin tone, environmental conditions, and 
inter-individual variability (Fullerton et al. 1996; Takiwaki 
1998).

Absolute erythema index values and percentage 
changes from baseline are presented in Figure 6. 
Mean erythema decreased on both sides at Week 4 and 
subsequently approached baseline. At Week 12, the 
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Values are mean ± SEM (n = 15). *p < 0.033 versus placebo, based on a paired-samples t-test

FIGURE 5. Absolute melanin index and percentage change from 
baseline after 12 weeks of application 

product-treated side remained below baseline, whereas 
the placebo-treated side showed a modest, variable 
increase; however, the between-side difference was not 
statistically significant. The cause of this variation cannot 
be determined from the available data. These exploratory 
measurements should be interpreted cautiously and  
do not establish product safety or exclude irritation, 
particularly given the limited adverse-event documentation 
and absence of clinical dermatological assessment.

Overall, the human skin evaluation provides 
exploratory formulation-level observations that are 
directionally consistent with the in vitro melanin 
findings. However, the human study should be regarded 
as supportive and exploratory because participant-level 
numerical data and adverse-event documentation were 
incomplete. Fifteen participants were enrolled, and 
some withdrew after reporting skin-related complaints. 
Detailed information on onset, duration, severity, 
affected side, management, and causality was not 
prospectively collected and was unavailable for analysis.  
Consequently, no definitive conclusions regarding 
product safety can be drawn. Larger controlled studies 
with complete participant accounting, clear inclusion 
and exclusion reporting, adverse-event documentation, 
standardised dermatological assessment, and formulation 
characterisation are required before definitive anti-
pigmentation or clinical efficacy claims can be made.

LIMITATIONS AND FUTURE WORK

Several limitations constrain the interpretation of this 
study. Only two concentrations were evaluated, and 
no clear dose–response relationship was established; 
notably, K4C showed a non-monotonic response. The  
mechanistic assessment was limited to TYR transcript 
abundance and intracellular tyrosinase activity. Because 
melanin content is a downstream endpoint influenced 
by TYR protein turnover, melanosome biology, 
response timing, and other regulatory processes, the 
findings demonstrate an association rather than a causal  
mechanism.

The use of highly pigmented MNT-1 melanoma 
cells may also limit extrapolation to normal human  
melanocytes. In addition, the crude extracts were not 
comprehensively characterised or standardised, leaving 
the active constituents and potential batch variability 
unresolved. The human evaluation was exploratory 
and limited by the small sample, use of formulated 
products, and incomplete participant-level and adverse-
event data. Future studies should examine a broader 
concentration range, additional melanogenesis markers, 
and physiologically relevant skin models, together with  
extract standardisation and adequately powered human 
studies with complete efficacy and safety reporting.
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Values are mean ± SD (n = 15). *p < 0.033 versus placebo, based on a paired-samples t-test

FIGURE 6. Absolute erythema index and percentage change from 
baseline after 12 weeks of application 

TABLE 2. Summary of supportive human skin biophysical observations after 12 weeks of topical application

Parameter Main observation Interpretation

Melanin index
Anti-pigmentation cream decreased melanin 
index at weeks 4, 8 and 12 compared with 

baseline and placebo

Directionally supports anti-pigmentation 
potential observed in vitro

Erythema index
Erythema decreased after S. commune cream 
application; placebo showed higher erythema 

at week 12

Exploratory erythema measurement; does 
not establish safety or exclude irritation; 
adverse events require fuller reporting

CONCLUSION

The research questions were addressed at a preliminary 
level. The S. commune extracts were non-cytotoxic at the 
concentrations tested under the present in vitro conditions. 
K30C treatment was associated with modest reductions 
in melanin content and TYR transcript abundance at  
50 and 100 μg/mL, whereas K4C produced a less  
consistent response. Neither extract significantly reduced 
intracellular tyrosinase activity under the conditions  
tested; therefore, the underlying mechanism remains 
unresolved. The human skin biophysical observations 
were exploratory and do not establish clinical efficacy or 
product safety. Interpretation is limited by the restricted 
concentration range, absence of a clear dose–response 
relationship, use of MNT-1 melanoma cells, limited 

mechanistic and chemical characterisation, small human 
sample, and incomplete participant-level and adverse-
event documentation. Further standardised mechanistic, 
formulation, efficacy, and safety studies are required  
before definitive cosmeceutical claims can be made.
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