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ABSTRACT

Natural-based skin-lightening cosmeceutical products are attracting high popularity nowadays due to their relatively 
high bioavailability upon application. Artocarpus species have been highlighted with such potential, and our previous 
studies have reported that Artocarpus heterophyllus Lam. stem bark extract exhibited a potent anti-melanogenic activity 
by reducing melanin content and inhibiting cellular tyrosinase activity in B16F10 melanoma cells. Hence, this study aimed 
to identify the bioactive fraction from A. heterophyllus Lam. stem bark and determine its anti-melanogenic mechanisms 
in B16F10 melanoma cells. Our results showed that a fraction (H-3) demonstrated the most pronounced anti-melanogenic 
effect at 12.00 µg/mL by reducing melanin content to 22.86 ± 2.90% and inhibiting cellular tyrosinase activity at treatment 
concentration 33-fold lower than kojic acid, without being cytotoxic against B16F10 melanoma cells. Moreover, 
treatment with H-3 for 24 and 48 h substantially scavenged intracellular reactive oxygen species (ROS) of hydrogen 
peroxide-challenged B16F10 melanoma cells by 1.8 and 4.4%, respectively. Based on the microarray profiling and 
qPCR analysis, H-3 downregulated Creb3l1, Creb3l2, Creb3l3, Mitf, Tyr, Tyrp1, and Dct genes in B16F10 melanoma 
cells, whereas the expression of Map3k20, Mapk14 (p38), and Foxo3 genes was markedly increased. Altogether, these 
results demonstrated that H-3 exhibited its anti-melanogenic activity in B16F10 melanoma cells through scavenging 
ROS and concurrent inhibition of the cAMP and activation of the p38/MAPK signaling pathways. These findings indicate 
that H-3 has the potential to be used as a skin lightening cosmeceutical agent in the treatment of skin hyperpigmentation. 
Keywords: B16F10 melanoma cells; melanin; microarray profiling; microphthalmia-associated transcription factor; 
tyrosinase

ABSTRAK

Produk kosmetik pencerah kulit berasaskan sumber semula jadi mempunyai populariti yang tinggi pada masa 
kini kerana bioketersediaannya yang tinggi apabila digunakan. Spesies Artocarpus telah diserlahkan dengan potensi 
sedemikian, dan kajian kami yang terdahulu telah melaporkan bahawa ekstrak kulit batang Artocarpus heterophyllus Lam. 
menunjukkan aktiviti anti-melanogenik yang kuat dengan menurunkan kandungan melanin serta menghalang aktiviti 
tirosinase sel pada sel melanoma B16F10. Oleh itu, kajian ini bertujuan untuk mengenal pasti fraksi bioaktif daripada 
kulit batang A. heterophyllus Lam. dan menentukan mekanisme anti-melanogenesis dalam sel melanoma B16F10. 
Hasil menunjukkan bahawa fraksi H-3 menunjukkan kesan anti-melanogenik yang ketara pada 12.00 µg/mL dengan 
menurunkan kandungan melanin kepada 22.86 ± 2.90% serta menghalang aktiviti tirosinase sel pada kepekatan 33 kali 
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ganda lebih rendah berbanding asid kojik tanpa kesan ketoksikan pada sel melanoma B16F10. Tambahan pula, rawatan 
dengan H-3 selama 24 dan 48 jam dapat menghapuskan spesies oksigen reaktif (ROS) intrasel daripada sel melanoma 
B16F10 yang dicabar dengan H2O2 dengan ketara masing-masing sebanyak 1.8 dan 4.4%. Berdasarkan profil jujukan 
mikroarai dan analisis qPCR, H-3 menurunkan pengekspresan gen Creb3l1, Creb3l2, Creb3l3, Mitf, Tyr, Tyrp1 dan Dct 
dalam sel B16F10, manakala pengekspresan gen Map3k20, Mapk14 (p38), dan Foxo3 telah meningkat dengan ketara. 
Secara amnya, keputusan ini menunjukkan bahawa H-3 menunjukkan aktiviti anti-melanogenesis dalam sel melanoma 
B16F10 dengan mengikis ROS intrasel dan pada masa yang sama menghalang laluan isyarat cAMP serta mengaktifkan 
isyarat laluan p38/MAPK. Penemuan ini menunjukkan bahawa H-3 berpotensi untuk digunakan sebagai agen kosmetik 
pencerah kulit dalam rawatan hiperpigmentasi kulit.
Kata kunci: Faktor transkripsi berkaitan mikroftalmia; melanin; profil mikroatur; sel melanoma B16F10; tirosinase

INTRODUCTION

Melanin determines the skin color and it is synthesized 
in melanosome through a series of complex oxidation 
steps, with tyrosinase as the rate-limiting enzyme (Parvez 
et al. 2006).  Although melanin is beneficial to human, an 
excess deposition of melanin pigments in the epidermis 
and/or dermis layer of skin caused hyperpigmentation, 
making the skin appear darker than the natural skin color 
and thereby negatively affect the aesthetics (Hwang 
et al. 2022). Examples of hyperpigmentation-related 
disorders are melasma, solar lentigines, ephelides 
(freckles), and post-inflammatory hyperpigmentation 
(Plensdorf & Martinez 2009). The high aggressiveness of 
instrumental approach (e.g., cryotherapy, chemical peels, 
and lasers) and adverse effects of common synthetic 
anti-melanogenic agents (e.g., kojic acid, hydroquinone, 
and arbutin) (Ko, Shrestha & Cho 2018; Plensdorf & 
Martinez 2009; Solano et al. 2006; Takizawa et al. 2004) 
have shifted the consumers’ preference to natural origin 
skin-lightening cosmeceutical agents (Chaikul et al. 2017; 
Chiang et al. 2014; Zheng et al. 2023).

Artocarpus heterophyllus Lam. (Moraceae), 
commonly known as jackfruit, is distributed widely in 
tropical and subtropical regions of Asia. It is a large 
(10-15 m in height) evergreen tree and usually cultivated 
for its edible fruits (Nguyen et al. 2012; Prakash et al. 
2009). Various parts of A. heterophyllus Lam. including 
the root, leaves, stem bark, and latex have been utilized 
in folkloric medicine to treat a number of ailments 
(diarrhoea, fever, cough, wound, and asthma) and skin 
problems (abscesses and dermatitis) (Jagtap & Bapat 
2010; Prakash et al. 2009). Recent studies have also 
reported that secondary metabolites from A. heterophyllus 
exerted various biological activities, such as anti-cancer, 
anti-inflammatory (Morrison et al. 2021), cytoprotective, 
antioxidant (Li et al. 2021), anti-bacterial (Ramli et al. 

2021), anti-fungal (Vázquez-González, Ragazzo-Sánchez 
& Calderón-Santoyo 2020), anti-viral (Fu et al. 2020), and 
anti-tyrosinase (Arung, Shimizu & Kondo 2006; Li et al. 
2020). Our previous studies have provided preliminary 
insight into the anti-melanogenic and anti-oxidation 
activities of five ethanolic extract of Actocarpus species, 
including A. heterophyllus (Saad et al. 2021). It was 
demonstrated that the A. heterophyllus stem bark extract 
exhibited the most pronounced anti-melanogenic 
effects without significant toxicity to the B16F10 
melanoma cell line. In agreement with our previous 
report, Arung, Shimizu and Kondo (2011) have also 
reported that the woody part of A. heterophyllus exhibited 
great potential to be developed as a skin lightening 
agent due to its strong inhibitory effect on tyrosinase. 
Nonetheless, the anti-melanogenic mechanisms of the A. 
heterophyllus stem bark extract in B16F10 cells remain 
elusive.

In continuation to our previous studies (Saad 
et al. 2021), we herein performed bioassay-guided 
fractionation of the ethanolic A. heterophyllus Lam. stem 
bark extract, followed by a mechanistic investigation. The 
active fraction of the extract was identified by performing 
cell viability and melanin content assays using B16F10 
melanoma cells. The bioactive fraction was then selected 
for further analyses, including cellular tyrosinase assays, 
flow cytometry, microarray profiling, and qPCR analysis. 

MATERIALS AND METHODS

CHEMICALS AND REAGENTS

All chemicals were acquired from Sigma-Aldrich 
except for resazurin which was acquired from Bio-Rad 
Laboratories. ROS detection kit was acquired from 
Promokine. The microarray slides, qPCR consumables, 
and RNA isolation kit were acquired from Agilent 
Technologies.
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PLANT MATERIALS

Stem bark of A. heterophyllus Lam. was collected from 
Rimba Ilmu Botanical Garden, Institute of Biological 
Sciences, Faculty of Science, Universiti Malaya, Kuala 
Lumpur, Malaysia on 28th June 2018. The plant was 
identified, and the plant name has been checked with 
http://www.theplantlist.org/tpl1.1/record/kew-2653982. 
The voucher specimen of A. heterophyllus Lam. (KLU 
49925) was deposited at the herbarium of the Institute 
of Biological Sciences, Faculty of Science, Universiti 
Malaya, Kuala Lumpur, Malaysia.

EXTRACTION AND BIOASSAY-GUIDED FRACTIONATION

The overa l l  b ioassay-guided f rac t ionat ion is 
demonstrated in Figure 1. Briefly, A. heterophyllus 
Lam. ethanolic stem bark extract (6.63 g) which was 
previously obtained (Saad et al. 2021) was partitioned 
with water and chloroform to yield water (1.46 g) and 
chloroform (2.67 g) sub-extracts. The sub-extracts were 
then assessed with cell viability and melanin content 

assays (Saad et al. 2021) using B16F10 melanoma cells 
at a treatment concentration of 0.78-25.00 µg/mL. The 
chloroform sub-extract, being the more active sub-extract 
was subjected to flash column chromatography (silica 
gel, 230-400 mesh) that eluted using hexanes-chloroform 
(9:1, 1:1, 1:4), chloroform (100%), chloroform-methanol 
(1-20%), followed by ethanol to furnish 12 semi-pure 
fractions (fraction A-L, 500 mL each). The bioactivity 
assessments were conducted on these fractions by 
performing the above-mentioned assays at the same 
treatment concentration, and fraction H was then 
identified as the bioactive fraction. Fraction H (0.75 g) 
was therefore further purified using preparative radial 
chromatography (silica gel 60 PF254), and eluted using 
hexanes-diethyl ether (9:1, 4:1, 1:1, 2:3, 3:7, 1:9), diethyl 
ether (100%), diethyl ether–methanol (3-12%), followed 
by ethanol to yield five fractions (H-1-H-5, 40 mL each). 
Aside from the cell viability and melanin content assays, 
additional assays were performed on these fractions at a 
treatment concentration of 0.38-12.00 µg/mL. 

FIGURE 1. Fractionation of stem bark extract of A. heterophyllus Lam.

LIQUID CHROMATOGRAPHY-MASS SPECTROMETRY (LC 
MS/MS) ANALYSIS

The phytochemical analysis of H-3 was performed as 
previously reported by Pang et al. (2022).

CELL CULTURE, CELL VIABILITY, MELANIN CONTENT, 
AND CELL TYROSINASE ASSAYS

The cell culture procedure of B16F10 murine melanoma 
cells and the assays were conducted as outlined previously 

http://www.theplantlist.org/tpl1.1/record/kew-2653982
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by Saad et al. (2021) with kojic acid as a positive control. 
The subsequent assays (flow cytometry, microarray 
profiling, and qPCR analysis) were conducted on the 
fraction that demonstrated the highest reduction of 
melanin content, strongest inhibition of cell tyrosinase 
activity, and least cytotoxic.

MEASUREMENT OF INTRACELLULAR REACTIVE 
OXYGEN SPECIES (ROS)

The intracellular ROS level in B16F10 melanoma cells 
was measured using flow cytometry according to the 
protocol outlined by Promokine ROS Detection Assay 
Kit, which utilized 2’7’-dichlorodihydrofluorescin 
diacetate as the fluorescence probe. In brief, cells were 
seeded with a density of 1 × 105 cells/dish in a 60-mm 
cell culture dish. After incubated overnight, the cells 
were exposed to hydrogen peroxide (H2O2) (20 mM) 
for 1 h, following by treatment with H-3 (12 µg/mL) in 
the presence of α-MSH (100 nM) for 24 and 48 h. Wells 
containing cells and α-MSH without treatment were 
accounted as negative control, while those incubated 
with H2O2 for 1 h and α-MSH without treatment were 
used as positive control. After the designated treatment 
periods, the cells were washed with PBS twice, 
harvested, and resuspended in assay buffer provided by 
the kit at concentration of 1 × 106 cells/mL, followed 
by incubation with 2’7’-dichlorodihydrofluorescin in 
the dark for 30 min at 37 °C. The fluorescence intensity 
of 2›7›-dichlorofluorescin was measured by a BD FACS 
Canto II flow cytometer and analyzed using a FACSDiva 
software. A total of 1 × 104 events was collected.

TOTAL RNA EXTRACTION, MICROARRAY ANALYSIS, 
AND REAL-TIME PCR (qPCR)

The total RNA from treated (H-3, 12 µg/mL) and 
untreated B16F10 melanoma cells, the microarray 
(Agilent SurePrint G3 Mouse Gene Expression 
Microarray v3, design ID: 072363) and the qPCR analysis 
were performed as previously described by Tan et al. 
(2022). The sequence of the primers and their amplicon 
sizes used are displayed in Supplementary Information 
1. Gapdh was used as a reference gene for normalization. 
The qPCR experiments were carried out according to the 
MIQE guidelines (Bustin et al. 2009).

STATISTICAL ANALYSIS

All data were presented as the means ± standard 
deviation of three independent experiments. Single 
comparison between the means of two groups was 
analyzed using Student’s t-test. The statistical analysis 
was performed using the GraphPad Prism 7.0 software 

(GraphPad Software). The values are considered 
statistically significant when p < 0.05.

RESULTS

BIOASSAY-GUIDED FRACTIONATION OF A. heterophyllus 
Lam. Stem Bark Extract

The effect of water and chloroform sub-extracts (Figure 
1) on cell viability and melanin content in B16F10 
melanoma cells were examined and the results are 
presented in Figure 2(A). Chloroform sub-extract 
exerted a higher anti-melanogenic activity compared 
to water sub-extract as evident from a lower melanin 
content (36.67 ± 7.75%) at a concentration of 25.00 
µg/mL without appreciable cytotoxicity (cell viability 
> 50%). Thus, the chloroform sub-extract was selected 
for further fractionation using silica gel flash column 
chromatography and produced 12 semi-pure fractions (A-
L) (Figure 1). Owing to a minute amount of fraction A (6.4 
mg) and B (3.3 mg), these fractions were not tested in 
bioassays. The anti-proliferative and anti-melanogenic 
activities of fractions C–L were investigated using the 
same assays, and the results of active fractions (H, I, 
and J) are presented in Figure 2(B), whereas the non-
active fractions (C, D, E, F, G, K, and L) are presented 
in Supplementary Information 2. All fractions were not 
cytotoxic (cell viability > 50%), except for the fraction 
H (11.21 ± 7.85%) and I (44.56 ± 3.79%) at the highest 
concentration tested (25.00 µg/mL). In the melanin 
content assay, fraction H recorded the lowest melanin 
content (27.49 ± 0.52%) at a non-cytotoxic concentration 
of 12.50 µg/mL, and it was therefore selected for further 
purification using preparative radial chromatography to 
obtain another five fractions (Figure 1). Fraction H-5 
was not tested in biological assays due to its extremely 
low yield (2.9 mg). The anti-proliferative and anti-
melanogenic effects of fractions H-1 to H-4 were assessed 
and the results are illustrated in Figure 2(C). All fractions 
H-1 to H-4 are not cytotoxic, with fraction H-3 recorded 
the lowest melanin content (22.86 ± 2.90%) at the highest 
concentration tested (12.00 µg/mL) and it was 4-fold 
better than kojic acid (93.26 ± 3.23%). Hence, H-3 was 
selected for subsequent investigation.

THE EFFECT OF FRACTION H-3 ON CELLULAR 
TYROSINASE ACTIVITY

Fraction H-3 exerted significant inhibition on cellular 
tyrosinase activity in a dose-dependent manner, from 
74.47 ± 3.78% at treatment concentration of 6.00 µg/
mL to 40.41 ± 4.89% at 12.00 µg/mL (Figure 2(D)). 
Interestingly, the inhibition of cellular tyrosinase activity 
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by fraction H-3 at 12.00 µg/mL was similar to that of 
kojic acid (37.55 ± 8.43%) at 400 µg/mL, indicating that 
the former has reduced cellular tyrosinase activity at a 
treatment concentration 33-fold lower than kojic acid. 

IDENTIFIED COMPOUNDS IN H-3

Based on the LC MS/MS analysis of H-3, six compounds 
have been identified based on Metlin database or 
Molecular Formula Generator algorithm with a score of 

FIGURE 2. Viability and melanin content of B16F10 melanoma cells after treatment with A. 
heterophyllus Lam. stem bark (A) sub extract, (B) fractions (H–J), and (C) fractions (H-1–H-4) for 
48 h. (D) effects of fraction H-3 and kojic acid on cellular tyrosinase activity. The concentrations 

of fractions that reduced ≥ 50% cell viability were excluded from the melanin content assay. Kojic 
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> 90% (deviation ±2). Two of the identified compounds 
are fatty acids (N-palmitoyl serine and palmitic amide) 
and four are flavonoids (artonin B, cudraflavone A, 

cyclomorusin, and polystachin). Table 1 summarized 
the identified compounds from H-3 through LC MS/MS 
analysis with reported bioactivities from literature.

TABLE 1. List of compounds present in H-3 based on LC MS/MS analysis

Class Compound Chemical structure m/z 
[M+H]+ Mass Bioactivity Reference

Fatty acid N-palmitoyl 
serine
(C19H37NO4)

344.2797 343.2718 Not reported -

Palmitic amide
(C16 H33 NO)

256.2637 255.256 Not reported -

Flavonoid Artonin B
(C30H30O7)

503.2077 502.2008 Anti-inflammatory 
activity by inhibiting 
superoxide anion 
generation in rat 
neutrophil cells

Wei et al. 
(2005)

Cytotoxic against 
human CCRF-CEM 
leukemia cells by 
inducing apoptosis

Lee et al. 
(2006)

Radical scavenging 
activity by inhibiting 
iron-induced lipid 
peroxidation in rat 
brain homogenate 
and copper-catalyzed 
oxidation of 
human low-density 
lipoprotein. Scavenged 
DPPH radical

Ko, Shrestha, 
S. & Cho 
(1998)

Cudraflavone 
A (C25H22O6)

419.1485 418.1415 Anti-inflammatory 
activity by inducing

Wei et al. 
(2005)

Cyclomorusin
(C25H22O6)

419.1485 418.1415 Anti-inflammatory 
activity by inducing

Wei et al. 
(2005)

Anti-platelet activities 
in rabbit blood 
suspension

Lin et al. 
(1993)

Anti-tyrosinase activity 
(mushroom tyrosinase)

Ryu et al. 
(2008)

Inhibited human 
phosphodiesterase-4 
activity

Guo et al. 
(2018)

Polystachin 
(C26H26O8)

467.1705 466.1634 Not reported - 
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THE EFFECT OF H-3 ON INTRACELLULAR ROS LEVEL

The reactive oxygen species (ROS) scavenging effect of 
H-3 in B16F10 melanoma cells are presented in Figure 
3. Treatment with either α-MSH or H-3 individually did 
not affect the ROS level in the cells (ROS level < 1%). 
The generation of ROS in the cells was induced by pre-

incubation with H2O2 for 1 h prior to the treatment with 
H-3 for 24 and 48 h. The results showed that H-3 slightly 
reduced the intracellular ROS level from 2.5 to 1.8% after 
24 h treatment. On the extension of the treatment to 48 
h, H-3 further reduced the ROS level from 8.8 to 4.4%, 
indicative of a substantial ROS scavenging activity of H-3. 

FIGURE 3. Effects of H-3 (12 μg/mL) on intracellular ROS level in B16F10 
melanoma cells after 24 and 48 h of treatment. Cells treated with medium containing 
α-MSH only were regarded as a negative control, while those incubated with H2O2 

(20 mM) and α-MSH were regarded as a positive control
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THE EFFECT OF H-3 ON THE TRANSCRIPTOME IN B16F10 
MELANOMA CELLS

The transcriptome analysis in B16F10 melanoma cells 
showed that 4633 (14.62%) genes were differentially 
expressed upon treatment with H-3 at 12 µg/mL at 48 h, 
out of 31700 that are present in the microarray (Figure 
4(A)). Among these differentially expressed genes 
(DEGs), 1729 (5.45%) of them were upregulated, ranging 
from 2.00- to 16.95-folds, while 2904 (9.16%) of them 
were downregulated, ranging from 2.00- to 61.37-folds. 

Through Gene Ontology, these DEGs can be grouped 
into three domains, namely biological process (BP), 
cellular component (CC), and molecular function (MF) 
(Figure 4(B)). The specific cellular events taken part by 
these DEGs in each domain were further elaborated and 
are presented in Figure 4(C1)–4(C3). Particularly, the 
DEGs involved in BP were subjected to further analysis, 
whereupon 29 genes that are related to melanogenesis 
were identified and are listed in Supplementary 
Information 3. Among these genes, the expression of a 

FIGURE 4. Microarray analysis of B16F10 melanoma cells treated with H-3 (12 µg/mL) for 48 h. (A) Volcano 
plot of DEGs after treatment with H-3. Each dot represents a gene. The red field represents the upregulated genes, 

and the blue field represents the downregulated genes with fold change > 2.0 and p < 0.05. The grey coloured 
field represents the genes that do not meet the selection criteria, and they are non-DEGs. (B) Venn diagram shows 
the number of DEGs and their biological roles are classified into the biological process, cellular component, and 
molecular function. (C) Cellular events in B16F10 melanoma cells affected by H-3 based on GO analysis. (C1) 
Ten most significant biological process affected by H-3 treatment. (C2) Ten most significant cellular component 

affected by H-3 treatment. (C3) Ten most significant molecular function affected by H-3 treatment
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master regulator of melanogenesis (Mitf), a rate-limiting 
enzyme in melanogenesis (Tyr), and a melanosome 
transport-associated gene (Mlph) were significantly 
downregulated by 2.69-6.78-fold. In addition, the 
markers of autophagy (involved in melanogenesis) 
were also significantly upregulated, such as Sqstm1 and 
Ulk1 (2.24-fold for both genes). The genes related to 
the cAMP signaling pathway, such as Creb3l1, Creb3l2, 
Creb3l3, and Atf1 were downregulated by 2.10–3.58-fold. 
Furthermore, the genes involved in the MAPK signaling 

pathway, i.e., Map3k20 and Mapk14 were upregulated 
by 4.10- and 2.01-fold, respectively. 

The expression of selected DEGs involved in 
melanogenesis was validated using qPCR analysis and 
the results are shown in Figure 5. Treatment with H-3 for 
48 h has significantly downregulated Creb3l2, Creb3l3, 
Mitf, Tyr, Tyrp1, and Dct; while Map3k20 and Mapk14 
presented a significant increment in the expression 
level. The results of the qPCR analysis were therefore 
consistent with the microarray profile (Supplementary 
Information 3). 

FIGURE 5. mRNA level of selected genes related to melanogenesis in B16F10 melanoma cells. mRNA level 
was examined using qPCR analysis. The 2-ΔΔCq method was employed to quantify the change in expression 

level between the untreated control and H-3 (12 µg/mL) cells and was based on the normalization with Gapdh 
(reference gene). The data are presented as the means ± SD of three experimental observations (*p < 0.05, 

**p < 0.005, ***p < 0.0005, multiple t-test)

DISCUSSION

Our previous screening on the anti-melanogenic 
activity of A. heterophyllus Lam. (Saad et al. 2021) 

demonstrated that the stem bark extract exhibited a 
pronounced inhibitory effect on melanin production and 
cellular tyrosinase activity in B16F10 melanoma cells 
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without significant cytotoxicity. Hence, bioassay-guided 
fractionation of the extract was carried out in the current 
study. Prior to fractionation, proximate composition and 
pesticide residue testing was performed (Supplementary 
Information 4). It was found that A. heterophyllus Lam. 
stem bark extract contained a high amount of crude fibre 
(41.20%) and carbohydrate (33.20%), with a minute 
percentage of protein (2.20%) and crude fat (0.20%). 
Based on the pesticide residue analysis using GC/MS, 
the pesticide components, e.g., insecticides, rodenticides, 
fungicides, acaricides, and herbicides were not detected 
in the extract (Supplementary Information 5). A semi-
pure fraction H-3 (Figure 1) was obtained through the 
bioassay-guided fractionation which potently reduced 
melanin content and inhibited cellular tyrosinase 
activity in B16F10 melanoma cells at concentration 
of 12 µg/mL. Based on the LC MS/MS analysis, three 
prenylated flavonoids including artonin B, cudraflavone 
A, cyclomorusin, and a flavone (polystachin) have been 
identified in H-3. These prenylated flavonoids were 
reported in the Moraceae family with several biological 
activities, including anti-tyrosinase effect (Table 1). 
Hence, it is tentatively suggested that these compounds 
which presented in H-3 might be contributed to the strong 
anti-melanogenic effect in B16F10 melanoma cells. 

To further understand the anti-melanogenic 
mechanisms of H-3 in B16F10 melanoma cells, 
microarray profiling and qPCR analysis were performed. 
With all the gene expression results (Figures 4, 5 
and Supplementary Information 3), the probable 
mechanisms of H-3 in B16F10 melanoma cells 
are outlined in Figure 6. Notably, H-3 treatment 
downregulated the expression of Mitf, a dimeric 
transcription factor that functions as a master regulator 
of melanogenesis, as well as a regulator of survival and 
differentiation of melanocytes (Bino Duval & Bernerd 
2018; Levy, Khaled & Fisher 2006). This indicated that 
H-3 could have directly decreased the expression of 
Mitf gene that subsequently downregulated three crucial 
genes for melanogenesis, viz., Tyr, Tyrp1, and Dct (Sun 
et al. 2020) (Figure 6), leading to a decreased melanin 
content and inhibition of cellular tyrosinase activity in 
B16F10 melanoma cells. 

The expression of MITF protein can be regulated 
transcriptionally through the cAMP signaling pathway 
(Price et al. 1998). Since our current study showed that 
H-3 treatment also decreased the expression of Creb3l1, 
Creb3l2, and Creb3l3 genes (CREB), it is suggested that 
H-3 could have downregulated the Mitf gene in B16F10 
melanoma cells through the inhibition of the cAMP/PKA 
signaling pathway. In addition, the Atf1 gene (cAMP 

dependant transcription factor, ATF-1) was downregulated 
upon H-3 treatment. ATF-1 is a crucial component in 
the cAMP signaling pathway, where the binding of this 
protein will activate CREB (Kawakami & Fisher 2017). 
The decreased Atf1 gene expression and the ensuing 
inhibition of the cAMP/PKA signaling pathway have 
been observed in our studies, which are in accordance 
with those conducted by Roh et al. (2014) thus providing 
further verification that H-3 exhibited anti-melanogenic 
activity through the inhibition of this pathway.

Since treatment with H-3 has significantly increased 
the expression of Map3k20 and Mapk14 genes (p38) 
(Figure 5 and Supplementary Information 3), another 
hypothesized mechanism of H-3 is through the post-
translational modification of MITF via ubiquitination 
(Alam et al. 2017; Wu et al. 2000) which involved the 
activation of the MAPK signaling pathway (Hsiao & 
Fisher 2014). Studies conducted by Ko et al. (2019, 2014) 
reported that eupafolin and Annona squamosa leaves 
extract have increased the expression of p38, subsequently 
leading to the manifestation of their anti-melanogenic 
activities. In addition to Map3k20 and Mapk14 genes 
(p38), H-3 also upregulated the expression Uchl1os 
gene (ubiquitin carboxyl-terminal hydrolase isozyme L1), 
indicating that H-3 reduced melanogenesis in B16F10 
melanoma cells through the activation of the MAPK 
pathway, subsequently ubiquitinating the proteins 
involved in melanogenesis, such as MITF, tyrosinase, 
TYRP-1, and DCT in a proteasome-dependent mechanism 
(Figure 6) (Alam et al. 2018; Bellei et al. 2010).

The synthesized melanin in the melanosome 
will be transported to neighboring keratinocytes to 
distribute the melanin (Tsatmali, Ancans & Thody 
2002). Aside from reducing melanin synthesis, H-3 
could have interfered the melanosome transport, as 
downregulation of the genes involved in melanosome 
transport was detected, such as Mlph (Lee et al. 2018; 
Taira et al. 2018) and Gpr143 (Makbal et al. 2020) 
(Supplementary Information 3). It has been reported 
that autophagy plays an important role in regulating 
melanogenesis by inducing melanosome degradation 
through autophagosomes (Jeong et al. 2020; Kim et al. 
2020). In accordance with this, the markers for autophagy, 
such as Sqstm1 (p62) and Ulk1 (ULK1) were upregulated 
upon H-3 treatment for 48 h (Supplementary Information 
3), suggesting that H-3 have probably activated autophagy 
and carried out melanosome degradation.  

Reactive oxygen species (ROS) is a signaling 
molecule in the activation of the melanogenic pathway, 
hence, it is reasonable to suggest that scavenging ROS 
could be an effective approach to inhibit melanogenesis 
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(Ochiai et al. 2008). The effect of H-3 on intracellular 
ROS was analyzed using flow cytometry and the results 
showed that H-3 reduced ROS level in B16F10 melanoma 
cells that was previously elevated by H2O2 (Figure 3). 
Kim et al. (2014) have shown that radical scavengers, 
such as vitamin C, N-acetylcysteine, and Trolox potently 
inhibited melanogenesis in melanoma cells by activating 
Forkhead Box O3 transcription factor (FOXO3a), a 
regulator that involved in the antioxidative response in 
skin cells and other cell types. Additionally, Kwon et al. 

(2017), reported that resveratrol, an anti-melanogenic 
agent exhibited ROS scavenging effect and induced the 
expression of FOXO3a protein in melanoma cells. In 
line with these studies, our microarray profile revealed 
that H-3 significantly upregulated the expression of the 
Foxo3 gene (Supplementary Information 3). Therefore, 
it can be hypothesized that the ROS scavenging ability 
of H-3 could be one of its anti-melanogenic mechanisms 
in B16F10 melanoma cells.

FIGURE 6. Putative anti-melanogenesis mechanisms of H-3 in B16F10 melanoma cells

CONCLUSIONS

In summary, the bioassay-guided fractionation of A. 
heterophyllus Lam. stem bark extract showed that H-3 is 
the bioactive fraction in suppressing melanogenesis in 
B16F10 melanoma cells by reducing melanin content and 
inhibiting cellular tyrosinase activity at a non-cytotoxic 
concentration (12 µg/mL). The molecular analyses 
showed that H-3 exhibited multifunctional inhibitory 
activity against melanogenesis by direct suppression of 
Mitf, inhibition of the cAMP pathway, activation of the 
MAPK signaling pathways, melanosome degradation, as 

well as scavenging the ROS in B16F10 melanoma cells. 
This study has provided substantial experimental evidence 
to support the potential use of A. heterophyllus stem bark 
as an active ingredient in skin-lightening cosmeceutical 
for the treatment of hyperpigmentation disorder on 
the molecular basis. It is hoped that when the in vivo 
studies of H-3 are clarified, the attractiveness and 
potential of H-3 from A. heterophyllus Lam. stem bark 
as active ingredients in skin-lightening cosmeceutical 
for the treatment of hyperpigmentation disorders can be 
substantially enhanced.
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S1. Primers of selected genes for qPCR analysis

Genes Primer sequence Amplicon size (base pair) Reference
Creb3l2 F: 5′-GACTCTGAGGGCAGCTTGAG-3′

R: 5′-AGATGTGGACAAGGCAGAGG-3′
111 -

Creb3l3 F: 5′-CTGACCCCAGCTCTCCATTA-3′
R: 5′-ACTACGAGGAGGGGTGTCCT-3′

95 -

Map3k20 F: 5′-ACACACATGTCCTTGGTTGG-3′
R: 5′-CAGGTTTCAGACACAGGGAGA-3′

77 -

Mapk14 F: 5′-GGACCTGAACAACATCGTGA -3′
R: 5′-CCCTCGGAGGATCTGGTAGA-3′

79 -

Mitf F: 5′-GTATGAACACGCACTCTCGA-3′
R: 5′-GTAACGTATTTGCCATTTGC-3′

135 Oskoueian et al. (2020)

Tyr F: 5′-CGCCCTCTTTTGGAAGTTTA-3′
R: 5′-GAGCGGTATGAAAGGAACCA-3′

84 -

Tyrp1 F: 5′-CTTTCTCCCTTCCTTACTGG-3′
R: 5′-TCGTACTCTTCCAAGGATTC-3′

163 Sangkaew & Yompakdee 
(2020)

Dct F: 5′-TTATATCCTTCGAAACCAGGA-3′
R: 5′-GGGAATGGATATTCCGTCTTA-3′

176 Oskoueian et al. (2020)

Gapdh F: 5′-TTGGCATTGTGGAAGGGCTC-3′
R: 5′-ACCAGTGGATGCAGGGATGA-3′

134 Seo et al. (2019)

S2. Biological assays for non-active fractions

Viability (B) and melanin content (B) of B16F10 melanoma cells after treatment with A. heterophyllus stem bark non-active fractions for 48 h. Values are expressed as the 
means ± SD of three independent experiments. *p < 0.05 indicates significant different from untreated control
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S3. List of up- and down-regulated genes in B16F10 melanoma cells after treatment with H-3 (12 µg/mL)

Gene 
symbol Gene name Biological process Log10 (FC) Reference(s)

Il6st Interleukin 6 signal 
transducer

Cell differentiation, cell 
population proliferation, 
homeostasis, immune system, 
protein and lipid metabolic 
process, response to stimulus, 
signaling, system development

2.05 Bult et al. (2019); Kumari et al. 
(2018)

Map3k20 Mitogen-activated protein 
kinase kinase kinase 20

Cell death, cellular component 
organization, protein metabolic 
process, respond to stimulus, 
signaling

2.04 Bult et al. (2019); Gotoh, Adachi 
& Nishida (2001); The UniProt 
(2019)

Csnk2a2 Casein kinase 2, alpha 
prime polypeptide

Cell death, protein metabolic 
process, response to stimulus,  
signaling 

1.49 Bult et al. (2019); The UniProt 
(2019); Villareal et al. (2012)

Tpr Translocated promoter 
region

Cellular component organization, 
establishment of localization, 
nucleic acid-templated 
transcription, protein metabolic 
process, response to stimulus, 
signalling

1.45 Bult et al. (2019); Makbal et al. 
(2020)

Gnao Guanine nucleotide 
binding protein, alpha O

Establishment of localization, 
response to stimulus, signaling

1.23 Bult et al. (2019); Kanehisa & Goto 
(2000)

Mtfr2 Mitochondrial fission 
regulator 2

Cellular component organization 1.20 Bult et al. (2019); Kumari et al. 
(2018)

Sqstm1 Sequestosome 1 Cell death, cell differentiation, 
cell population proliferation, 
cellular component organization, 
establishment of localization, 
homeostasis, immune system 
process, nucleic acid-templated 
transcription, protein metabolic 
process, response to stimulus, 
signaling

1.16 Bult et al. (2019); Jeong et al. 
(2020); Liu et al. (2016)

Ulk1 Unc-51 like kinase 1 Cell death, cell differentiation, 
cellular component organization, 
establishment of localization, 
protein metabolic process, 
response to stimulus, signaling, 
system development

1.16 Bult et al. (2019); Jeong et al. 
(2020)

Uchl1os Ubiquitin carboxy-
terminal hydrolase L1, 
opposite strand

Protein metabolic process, 
response to stimulus  

1.15 Bult et al. (2019); Seo et al. (2017) 

Csnk1a1 Casein kinase 1, alpha 1 Protein metabolic process, and 
response to stimulus, signaling 

1.10 Bult et al. (2019); Villareal et al. 
(2012)

Foxo3 Gpr143 Cell death, cell differentiation, 
cell population proliferation, 
homeostasis, immune system, 
nucleic acid-templated 
transcription, protein metabolic 
process, response to stimulus, 
signaling, system development 

1.10 Bult et al. (2019); Kim et al. (2014)
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Mapk14 Mitogen-activated protein 
kinase 14

Cell death, cell population 
proliferation, cell differentiation, 
cellular component organization, 
establishment of localization, 
homeostasis, immune system, 
nucleic acid-templated 
transcription, protein and lipid 
metabolic process, response 
to stimulus, signaling, system 
development

1.01 Bult et al. (2019); Keshet & Seger 
(2010); The UniProt (2019)

Creb3l1 cAMP responsive element 
binding protein 3-like 1

Cell death, Cell differentiation, 
cellular component organization, 
establishment of localization, 
nucleic acid-templated 
transcription, response to 
stimulus, signaling, system 
development

−1.07 Bult et al. (2019); Greenwood et al. 
(2017); Kanehisa & Goto (2000)

Fzd3 Frizzled class receptor 3 Cell death, cell population 
proliferation, cell differentiation, 
cellular components organization, 
response to stimulus, signaling, 
system development

−1.07 Bult et al. (2019); Carlson et al. 
(2007); Kanehisa & Goto (2000)

Gpr143 Mapk14 Melanosome organization, 
melanosome localization, 
melanosome transport, response 
to stimulus, signaling

−1.14 Bult et al. (2019); Makbal et al. 
(2020) 

Prkca Protein kinase C, alpha Cell death, cell differentiation, 
cell population proliferation, 
cellular component organization, 
establishment of localization, 
homeostasis, immune system, 
protein metabolic process, 
response to stimulus, signaling, 
system development

−1.23 Bult et al. (2019); Kanehisa & Goto 
(2000)

Creb3l2 cAMP responsive element 
binding protein 3-like 2

Cell differentiation, cellular 
component organization, 
establishment of localization, 
nucleic acid-templated 
transcription, response to 
stimulus, signaling, system 
development

−1.29 Bult et al. (2019); Kanehisa & Goto 
(2000); Villareal et al. (2012)

Sorbs3 Sorbin and SH3 domain 
containing 3

Cellular component organization, 
nucleic acid-templated 
transcription, response to 
stimulus, signaling

−1.29 Bult et al. (2019); Villareal et al. 
(2012)

Creb3l3 cAMP responsive element 
binding protein 3-like 3

Nucleic acid-templated 
transcription, response to 
stimulus, signaling 

−1.33 Bult et al. (2019); Glick, Barth & 
Macleod (2010); Kanehisa & Goto 
(2000)

Calm1 Calmodulin-1 Establishment of localization, 
homeostasis, protein metabolic 
process, response to stimulus

−1.42 Bult et al. (2019); Kanehisa & Goto 
(2000)
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Tyr Tyrosinase Cell population proliferation, 
immune system process, respond 
to stimulus, system development, 
melanin biosynthesis, 
pigmentation, 

−1.43 Bult et al. (2019); The UniProt 
(2019) 

Trpm1 Transient receptor 
potential cation channel 
subfamily M, member 1

Cell differentiation, cellular 
component organization, 
establishment of localization, 
homeostasis, response to stimulus, 
signaling, system development

−1.64 Bult et al. (2019); Ma, Guo & Li 
(2017)

Kif6 Kinesin family member 6 Microtubule-based movement −1.65 Miki et al. (2001); The UniProt 
(2019)

Plcb1 Phospholipas C, beta 1 Carbohydrate derivative 
metabolism, cell differentiation, 
cellular component organization, 
establishment of localization, 
homeostasis, immune system, 
nucleic acid-templated 
transcription, protein and lipid 
metabolic process, response 
to stimulus, signaling, system 
development

−1.70 Bult et al. (2019); Kanehisa & Goto 
(2000)

Mitf Melanogenesis associated 
transcription factor

Cell death, cell population 
proliferation, cell differentiation, 
melanocyte differentiation, 
pigmentation, cellular component 
organization, immune system, 
nucleic acid-templated 
transcription, response to 
stimulus, signaling, system 
development

−1.77 Bult et al. (2019); Makbal et al. 
(2020); Villareal et al. (2012)

Atp7b ATPase, Cu++ 
transporting, beta 
polypeptide

Establishment of localization, 
homeostasis, protein metabolic 
process, respond to stimulus, 
system development

−1.78 Bult et al. (2019); Matsui et al. 
(2015)

Atf1 Activating transcription 
factor 1

Cell differentiation, cellular 
component organization, nucleic 
acid-templated transcription, 
system development

−1.84 Bult et al. (2019); Kawakami & 
Fisher (2017); Roh et al. (2014)

Fzd6 Frizzled class receptor 6 Cell population proliferation, 
nucleic acid-templated 
transcription, response to 
stimulus, signaling, system 
development

−2.26 Bult et al. (2019); Carlson et al. 
(2007); Kanehisa & Goto (2000)

Mlph Melanophilin Melanocyte differentiation, 
melanosome localization, 
pigmentation, protein targeting

−2.76 Lee et al. (2018); The UniProt 
(2019)
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S4. Experimental

Pesticide Residue Testing
The identification of pesticide components from A. 
heterophyllus Lam. stem bark extract was performed at 
Alpha Testing Labs, Malaysia using Bruker Scion 456 GC 
with a triple quadrupole mass spectrometer equipped with 
MEGA-5MS fused silica capillary column (length: 30 m, 
inner diameter: 0.25 mm, film thickness: 0.25 mm). The 
carrier gas used was hydrogen with a flow rate of 1 mL/
min. The injection was conducted in splitless mode at a 
temperature of 250 °C. The initial GC column temperature 
was 50 °C and then was raised to 320 °C at the rate of 10 
°C/min. The MS was operated in the electron ionization 
mode at 70 Ev. The ion source temperature for MS was 
250 °C with a transfer line temperature of 300 °C. The 

mass spectra scan mode was range from 45-450 m/z. 
The peaks were identified by comparing with their mass 
fragmentation pattern from the NIST17 library. 

Proximate Composition
The proximate analysis of A. heterophyllus Lam. stem 
bark extract was performed at Alpha Testing Labs, 
Malaysia. In accordance with Pearson (1976) the 
carbohydrate content was determined by differential 
summation of combined protein, fat, ash, crude fibre, 
and moisture. Fat content was determined using Soxhlet 
extraction, followed by gravimetric quantification of the 
extract and protein content was determined using the 
Kjedahl method for total nitrogen multiply by a factor 
of 6.25.

S5. Pesticide residue analysis

Pesticide Result
2,6-Dichlorobenzamide ND1

4,4-Dichlorobenzophenone ND1

a-BHC ND1

Acetochlor ND1

Acrinathrin ND1

a-Ebdosulfan ND1

Alachlor ND1

Allethrin 1 ND1

Allethrin 2 ND1

Ametryn ND1

Amitraz ND1

Anilofos ND1

Atrazine ND1

Azaconazole ND1

Azamethiphos ND1

Azinphos-ethyl ND1

Azinphos-methyl ND1

Azoxystrobin ND1

b-BHC ND1

b-Endosulfan ND1

Benfluralin ND1

Benfuresate ND1

Benalaxyl ND1

Benthiocarb ND1

Bifenox ND1

Bifenazate ND1

Bifenthrin ND1

Bioresmethrin ND1

Biromuconazole 2 ND1

Biphenyl ND1

Bitertanol 1 ND1
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Bitertanol 2 ND1

Bromacil ND1

Bromobutide ND1

Bromophos ND1

Bromopropylate ND1

Bromuconazole 1 ND1

Buprofezin ND1

Butachlor ND1

Butafenacil ND1

Butamifos ND1

Butylate ND1

Cadusafos ND1

Cafenstrole ND1

Captafol ND1

Captan ND1

Carbetamide ND1

Carbophenothion ND1

Carfentrazone-ethyl ND1

Chinomethionat ND1

Chlorfenapyr ND1

Chlorfenson ND1

Chlormephos ND1

Clomeprop ND1

Chlomethoxynil ND1

Chloridazon ND1

Chlornitrofen ND1

Chlorobenzilate ND1

Chlorothalonil ND1

Chlorpropham ND1

Chloropropylate ND1

Chlorpyrifos ND1

Chlorpyrifos-methyl ND1

Chlorthiophos ND1

Cinmethylin ND1

Crimidine ND1

Cyanazine ND1

Cyanofenphos ND1

Cyanophos ND1

Cyflufenamid ND1

Cyfluthrin 1 ND1

Cyfluthrin 2 ND1

Cyfluthrin 3 ND1

Cyfluthrin 4 ND1

Cyhalofop butyl ND1

Cyhalothrin 1 ND1

Cyhalothrin 2 ND1

Cypermethrin 1 ND1

Cypermethrin 2 ND1
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Cypermethrin 3 ND1

Cypermethrin 4 ND1

Cyproconazole ND1

Cyprodinyl ND1

d-BHC ND1

Deltamethrin ND1

Demeton-S-methyl ND1

Desmedipham ND1

Dialifos ND1

Diazinon ND1

Dibrom ND1

Dichlobenil ND1

Diclobutrazol ND1

Diethofencarb ND1

Dichlofenthion ND1

Dichlofluanid ND1

Dichlofluanid metabolite ND1

Dicloran ND1

Dichlorvos ND1

Dicrotophos ND1

Difenoconazol 1 ND1

Difenoconazol 2 ND1

Diflufenican ND1

Dimepiperate ND1

Dimethametryn ND1

Dimethenamid ND1

Dimethipin ND1

Dimethoate ND1

Dimethomorph 1 ND1

Dimethomorph 2 ND1

Dimethylvinphos 1 ND1

Dimethylvinphos 2 ND1

Diniconazole ND1

Dioxabenzofos ND1

Dioxathion ND1

Diphenamid ND1

Diphenylamine ND1

Disulfoton ND1

Ditalimfos ND1

Dithiopyr ND1

Edifenphos ND1

Esprocarb ND1

Ethion ND1

Ethofenprox ND1

Ethoprophos ND1

Ethychlozate ND1

Ethyl dipropylthiocarbamate ND1

Etobenzanid ND1
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Etoxazole ND1

Etridiazole ND1

Etrimfos ND1

Fenamiphos ND1

Fenarimol ND1

Fenbuconazole ND1

Fenchlorphos ND1

Fenitrothion ND1

Fenothiocarb ND1

Fenoxanil ND1

Fenoxaprop ethyl ND1

Fenoxycarb ND1

Fenpropathrin ND1

Fenpropimorph ND1

Fensulfothion ND1

Fenthion ND1

Fenvalerate 1 ND1

Fenvalerate 2 ND1

Ferimzone ND1

Fipronil ND1

Fluacrypyrim ND1

Flucythrinate 1 ND1

Flucythrinate 2 ND1

Fludioxunil ND1

Flumioxazin ND1

Fluquinconazole ND1

Flusilazole ND1

Flusilazole metabolite ND1

Fluthiacet-methyl ND1

Flutolanil ND1

Fluvalinate 1 ND1

Fluvalinate 2 ND1

Folpet ND1

Fonofos ND1

Formothion ND1

Fosthiazate 1 ND1

Fosthiazate 2 ND1

Furametpyr ND1

Furametpyr metabolite ND1

Halfenprox ND1

Hexaconazole ND1

Hymexazol ND1

Indanofan ND1

Indoxacarb ND1

Iprobenfos ND1

Iprodione ND1

Iprodione metabolite ND1

Isazophos ND1
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Isocarbophos ND1

Isofenphos ND1

Isoprothiolane ND1

Isoxathion ND1

Kresoxim-methyl ND1

Lenacil ND1

Leptophos ND1

Lindane ND1

Malathion ND1

MCPB ethyl ester ND1

Mecarbam ND1

Mefenacet ND1

Mepronil ND1

Metalaxyl ND1

Methacrifos ND1

Methidathion ND1

Methyl parathion ND1

Methoprene 1 ND1

Methoprene 2 ND1

Metolaclor ND1

Metominostrobin E ND1

Metribuzin ND1

Mexinphos ND1

Molinate ND1

Monocrotophos ND1

Myclobutanil ND1

Napropamide ND1

Nereistoxin oxalate ND1

Nitrofen ND1

Nitralin ND1

Omethoate ND1

Oxabetrinil ND1

Oxadiazon ND1

Oxadixyl ND1

Paclobutrazol ND1

Parathion ND1

Penconazole ND1

Pendimethalin ND1

Pentoxazone ND1

Permethrin 1 ND1

Permethrin 2 ND1

Phenothiol ND1

Phenothrin 1 ND1

Phenothrin 2 ND1

Phenthoate ND1

Phosmet ND1

Phosphamidon 1 ND1

Phosphamidon 2 ND1
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Phorate ND1

Phosalone ND1

Phthalide ND1

Piperophos ND1

Piperonyl butoxide ND1

Pirimiphos-methyl ND1

Pretilachlor ND1

Procymidone ND1

Profenofos ND1

Prohydrojasmon ND1

Prometryn ND1

Propachlor ND1

Propanil ND1

Propaphos ND1

Propargite 1 ND1

Propargite 2 ND1

Propiconaaole 1 ND1

Propiconazole 2 ND1

Propyzamide ND1

Prothiofos ND1

Pyiminobac-methyl (Z) ND1

Pyraclofos ND1

Pyraflufen-ethyl ND1

Pyrazophos ND1

Pyrazoxyfen ND1

Pyributicarb ND1

Pyridaben ND1

Pyridaphenthion ND1

Pyrifenox 1 ND1

Pyrifenox ND1

Pyrimethanil ND1

Pyrimidifen ND1

Pyriminobac-methyl (E) ND1

Pyriproxyfen ND1

Pyroquilon ND1

Quinalphos ND1

Quintozene ND1

Quizalofop-ethyl ND1

Silafluofen ND1

Simazine ND1

Simeconazole ND1

Simetryn ND1

Spirodiclofen ND1

Sulfotep ND1

Sulprofos ND1

Swep ND1

Tebuconazole ND1

Tebufenpyrad ND1
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Tecnazene ND1

Tefluthrin ND1

Terbacil ND1

Terbucarb ND1

Terbufos ND1

Tetrachlorvinphos ND1

Tetradifon ND1

Tetramethrin 1 ND1

Tetramethrin 2 ND1

Thenylchlor ND1

Thifluzamide ND1

Thiocyclam ND1

Thiometon ND1

Tolclofos-methyl ND1

Tolfenpyrad ND1

Tolyfluanid ND1

Tolylfluanid metabolite ND1

Triadimefon ND1

Triadimenol 1 ND1

Triadimenol 2 ND1

Triazophos ND1

Trichlamide ND1

Trichlorfon ND1

Trifloxystrobin ND1

Trifluralin ND1

Uniconzole ND1

Vinclozolin ND1

Xylylcarb ND1

Pesticide screening on A. hetrophyllus Lam. stem bark was carried out using GC/MS analysis. ND: not detected; 1Limit of quantification 0.1 mg/kg

S6. Cell viability of kojic acid at 200-1200 µg/mL. Effect of kojic acid on the cell viability of B16F10 melanoma cells at 
concentration 200-1200 µg/mL. Values are represented as the means ± SD of three independent experiments. *p < 0.05 

indicates significant different from untreated control
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