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ABSTRACT

Objective: To evaluate the effects of phenolic acids (caffeic, ferulic,
and coumaric acids) and flavones (luteolin and apigenin) on the
proliferation and melanogenesis in murine melanoma B16-F10 cells.
Methods: Cell proliferation was determined after 24 and 48 hours of
incubation using MTT assay. The effects of these tested compounds
on cell cycle progression were analyzed by flow cytometry.
Moreover, the melanin content and tyrosinase activity were
measured spectrophotometrically at 475 nm.

Results: Luteolin and apigenin exhibited significant anti-proliferative
activity against B16-F10 cells, while caffeic, ferulic, and coumaric
acids induced slight inhibition after 24 and 48 hours of incubation.
The tested compounds disturbed cell cycle progression of B16-F10,
by a subsequent decrease in G, and arrested cycle progression in
either G,/S or G,/M phase. Furthermore, apigenin provoked an
increase in melanin content of B16-F10 cells. In contrast, luteolin,
caffeic, ferulic and coumaric acids induced a decrease in melanin
content of B16-F10 cells by inhibiting tyrosinase activity.
Conclusions: These active polyphenols may be used as skin
whitening agents or natural tanning agents to treat skin pigmentation

disorders.
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1. Introduction

Melanogenesis is a process that produces melanin by cells
called melanocytes. It leads to pigmentation in the skin, eyes,
hair, nasal cavity, and inner ear and protects the hypodermis, the
layer under the skin, from damage by UV radiation[1]. Disorders

of hyperpigmentation, including solar lentigines, infections, and,

allergic reactions, occur widely and gain interest among scientists
and dermatologists[2]. Otherwise, hypopigmentation leading to
discoloration or complete lack of pigmentation of underlying tissue
represents either a serious problem. Hence, regarding the nature
of pigmentation disorders, people are usually looking forward to
uniform skin color.

Several compounds that interfere with this biosynthetic pathway
have been identified as pigmentation modulators for cosmetic
purposes, such as skin whitening or pro-pigmenting agents[3].
However, few substances are used in commercial skin products
due to their carcinogenic potential. Many side effects, such as
dermatitis and irritation are caused by agents used to treat skin

hyperpigmentation[4].

Significance

Our study demonstrated the potential use of tested compounds
as antiproliferative agents against B16-F10 melanoma cells and
as modulator agents of melanogenesis for cosmetic purposes.
These compounds also showed a lower cytotoxic effect on
normal primary human keratinocytes. Nevertheless, further
studies are needed to verify the molecular mechanism of these
compounds in modulation of skin pigmentation under clinical or
physiological conditions.

“To whom correspondence may be addressed. E-mail: soumaya.kilani@]aposte.net

This is an open access journal, and articles are distributed under the terms of the
Creative Commons Attribution-Non Commercial-ShareAlike 4.0 License, which
allows others to remix, tweak, and build upon the work non-commercially, as long
as appropriate credit is given and the new creations are licensed under the identical
terms.

For reprints contact: reprints@medknow.com

©2022 Asian Pacific Journal of Tropical Biomedicine Produced by Wolters Kluwer-
Medknow.

How to cite this article: Sioud F, Maatouk M, Bzeouich IM, Ghedira LC, Kilani-
Jaziri S. In vitro anti-melanoma effect of polyphenolic compounds. Asian Pac J Trop
Biomed 2022; 12(10): 446-452.

Article history: Received 18 July 2022; Revision 10 August 2022; Accepted 9 September
2022; Available online 21 October 2022



In vitro anti-melanoma effect of polyphenolic compounds

Tyrosinase is a crucial enzyme involved in melanin biosynthesis.
Indeed, melanogenesis entails the hydroxylation of L-tyrosine to
3,4-dihydroxy-L-phenylalanine (L-DOPA)[5], which is then oxidized
to dopaquinone by tyrosinase. In fact, the treatment of pigmentation
disorders is based on the application of tyrosinase inhibitors|6] and
should improve the efficacy of melanoma therapy. Melanoma is
certainly an issue that cannot be ignored and on which our efforts
need to be focused due to its aggressive metastatic potential(7].

Polyphenols, potent bio-actives, and low toxic substances are
recently used to treat pigmentary disorders. Thus, previous studies
reported that many natural compounds such as flavonoids and
phenolic acids which represent one of the most omnipresent groups
of plant phenolics inhibit or enhance melanin biosynthesis[8] and
have multiple biological potentials like antiproliferative, anticancer,
antioxidant, and antimelanogenic activities. They may play a part in
chemotherapeutic treatments and prevent many human diseases|9].

In the present study, we investigated the effects of flavones (luteolin
and apigenin) and phenolic acids (caffeic, coumaric, and ferulic
acids) on cell proliferation and cell cycle progression in a murine
sarcoma cell line (B16-F10). In addition, we evaluated the effect of

each compound on tyrosinase activity and melanin production.

2. Materials and methods

2.1. Chemicals and reagents

Flavones and phenolic acids were purchased from Extrasynthese
(Genay, France). Trypsin, penicillin, streptomycin, vitamins,
sodium pyruvate, RPMI-1640 medium, non-essential amino acids,
and fetal bovine serum were purchased from Sigma Cell Culture
(Courtaboeuf, France). Moreover, 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazoliumbromide (MTT) was purchased from Euromedex
(Mundolsheim, France). Triton X-100 was purchased from Biomatik
Corporation (Cambridge, UK), L-DOPA and ribonuclease A (RNase)
were purchased from Sigma Aldrich (St. Louis, USA) and dimethyl
sulfoxide was procured from Sigma-Aldrich (St. Quentin Fallavier,
France). Ethylenediaminetetraacetic acid (EDTA; Honeywell
Burdick and Jackson, Germany), tris(hydroxymethyl)aminomethane
hydrochloride (Tris-HCI; Biobasic, Canada), phosphate-buffered
saline (PBS; Gibco by Life Technology, France) and sodium
hydroxide (NaOH; Applichem, Germany) were bought. Propidium
iodide was purchased from Sigma-Aldrich (Steinheim, Germany).

Kojic acid was obtained from Fluka.

2.2. Culture of B16—F10 and primary human keratinocyte
(PHK) cells

B16-F10 murine melanoma cells were cultured in RPMI
supplemented with 10% fetal bovine serum, 1% non-essential amino
acids (100%), 1% L-glutamine (200 mM), 1% vitamins (100x), 1%
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penicillin (10000 U/mL), streptomycin (10000 pg/mL) and 1%
sodium pyruvate (100 mM).

PHK cells were cultured in a CnT-07BM basal medium. Cells were
incubated at 37 °C in a humidified atmosphere with 5% CO, and the

medium was renewed every day.

2.3. Antiproliferative assay of B16—F10 and PHK cells

The antiproliferative activity of flavones and phenolic acids on
B16-F10 melanoma and PHK cells was evaluated by MTT assay,
which is used to measure cellular metabolic activity as an indicator
of cell viability. Cells (5x10° cells/well) were seeded in 96-well
plates and incubated overnight at 37°C. Then, 100 pL of various
concentrations of the tested compound were added to cells. After
incubation for 24 h and 48 h, cells were washed and treated with
MTT (2 mg/mL). Two hours later, the formazan blue formed in the
cells was dissolved by adding dimethyl sulfoxide. The absorbance
was measured at 570 nm on a microplate reader (Thermo Scientific).
The concentration of 50% cell inhibition (ICs,) was calculated
from the graph of inhibition percentage against different molecule
concentrations.

2.4. Cell cycle progression of B16—F10 cells

Murine B16-F10 cells (5x10° cells) were incubated for 24 h and
then treated with different concentrations of compounds for 48 h.
After incubation for 30 min at room temperature with ribonuclease A
(10 mg/mL) and staining for 10 min with 50 mL propidium iodide (1
mg/mL), cell cycle analysis was conducted using a flow cytometry
system (Beckman Coulter, Switzerland). Percentages of cells in each

phase of the cell cycle were determined.

2.5. Melanin content assay of B16—F10 cells

Melanin content was determined, as described by Lee et al[10].
Briefly, B16-F10 cells (10° cells/well) were incubated for 24 h at
37°C and 5% CO,. Then, different concentrations of flavones (10,
25, and 50 pM) and phenolic acids (500, 800, and 1000 pM) were
added to cells for 48 h. After treatment, cells were trypsinized and
solubilized in tubes containing 1 mL of Triton X100 (0.1%). The
intracellular melanin content was measured by spectrophotometric

absorbance at 475 nm.

2.6. Tyrosinase assay of B16—F10 cells

The tyrosinase activity was assessed by measuring the rate of
L-DOPA oxidation[11]. B16-F10 cells were treated with flavones
(50 uM) and phenolic acids (1000 uM) for 48 h, and 10° cells
were solubilized with Triton X100 (0.1%). After centrifugation
at 12000 rpm for 15 min at 4 °C, the supernatant was mixed
with L-DOPA (0.15%). The tyrosinase activity was determined

spectrophotometrically at 475 nm, every minute for 10 min, after the
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addition of L-DOPA. Kojic acid (1000 uM) was used as a positive 3, Results
control.
3.1. Cell viability assay
2.7. Statistical analysis
Since the main purpose of our study was to explore natural and

The results are presented as mean+standard deviation (SD) and all ~ safe pigmentation modulators, the cytotoxicity effect of the studied
experiments were carried out in triplicate. Statistical comparisons  compounds against PHK cells was tested. Furthermore, the cytotoxic
among groups were analyzed using one-way and two-way analysis  effect on B16-F10, a well-known human melanoma cell line, was
of variance (ANOVA), followed by Dunnett’s test, using GraphPrism  determined. As shown in Figure 1, the proliferation of B16-F10
software 6.01. Statistical significance was considered at P-value<0.05. cells was inhibited by flavones and phenolic acids in a time- and

- B16-F10 -=PHK

>
v
kN
=

48 h 24h 48 h

Kk *k

_.
S
i
=
3
=
S
T
=
3

sk

3
S
3
(=]
n
@
(=]

ok

ok

=)
(=}
D
=]

ok

sk Kk
ke

N
(=]
S
[=]
h
N
(=}

sk

[5o]
(=]
3]
[=]
h

[3S I =)\ N ]
[
=1

Cytotoxicity (% of control)

0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
Luteolin (uM) Luteolin (uM) Apigenin (uM) Apigenin (M)

Cytotoxicity (% of control) =
[N}
[=}

Cytotoxicity (% of control)
Cytotoxicity (% of control)

(=]
(=]

0

(=1

Figure 1. Inhibitory effect of luteolin (A) and apigenin (B) on B16-F10 and primary human keratinocyte (PHK) cells after 24 h and 48 h of incubation. The cell
viability percentage was assessed by MTT assay. Results are expressed as mean+SD of three independent experiments and analyzed by Dunnett’s test. "P<0.05
and "'P<0.01 compared with the control group.
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Figure 2. Inhibitory effect of cafteic acid (A), coumaric acid (B), and ferulic acid (C) on B16-F10 and PHK cells after 24 h and 48 h of incubation. Growth
inhibition was assessed by MTT assay. Results are expressed as mean+SD of three independent experiments and analyzed by Dunnett’s test. P<0.05 and
"P<0.01 compared with the control group.
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Figure 3. Cell cycle progression of B16-F10 cells after 48 h incubation with flavones (A: luteolin; B: apigenin) and phenolic acids (C: caffeic acid; D: ferulic

acid; E: coumaric acid). Values represent mean+SD of three independent experiments and analyzed by Dunnett’s test. "P<0.05, ~"P<0.01 and

compared with the control group.
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Figure 4. Effect of flavones (A) and phenolic acids (B) on melanin content in B16-F10 cells after 48 h of incubation. Values represent mean+SD of three
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concentration-dependent manner. The ICs, values for B16-F10 cells
receiving luteolin and apigenin treatment for 24 h were 22 uM and
25 uM, respectively. After 48 h of treatment, the IC,, values were 4
UM and 5 pM, respectively.

Phenolic acids were less effective against melanoma cells. Indeed,
B16-F10 cells exposed to higher concentrations ranging from 100
to 1000 pM of compounds after 24 h of treatment showed a higher
viability rate compared to flavones. The ICs, value was 800 uM
for ferulic acid and exceeded 1000 pM in the presence of caffeic
and coumaric acids. Nevertheless, the IC;, values were around
500 puM, 780 puM, and 550 pM for caffeic, coumaric and ferulic
acids, respectively after 48 h of treatment. As expected, the tested
compound showed lower cytotoxic effects on PHK cells compared
to B16-F10 cells (Figure 2).

3.2. Cell cycle analysis

The percentage of cells in the G, phase markedly decreased after
exposure to 25 and 50 pM of luteolin and apigenin (Figure 3).
Moreover, we observed a marked increase in the G,/M phase after
exposure to different concentrations of flavones (25 uM and 50 uM)
(P<0.05). However, caffeic, ferulic, and coumaric acids induced G,/M
phase arrest. Flavones were found more efficient than phenolic acids
to regulate the distribution of melanoma cells in different phases of the

cell cycle (Figure 3).

3.3. Effect of flavones and phenolic acids on melanogenests

To explore the effect of phenolic compounds on melanin
production, B16-F10 cells were treated with different concentrations
of the compounds for 48 h, and then melanin contents were
determined (Figure 4). A significant decrease was found in the
production of intracellular melanin when cells were treated with the
highest concentration of luteolin, caffeic, and ferulic acids compared
to the untreated cells (P<0.05). In contrast, apigenin stimulated
significantly melanin production in a dose-dependent manner
(P<0.05).

The tyrosinase activity was also measured in cells treated with the
tested compounds. Since the melanogenic activity showed a dose-
dependent change, we chose to examine the effect of the compounds
at the highest concentrations (50 uM for flavones and 1000 uM
for phenolic acids) on tyrosinase activity. According to the results,
apigenin increased tyrosinase activity while luteolin and caffeic,
coumaric, and ferulic acids decreased tyrosinase activity (Figure 5).
Interestingly, the inhibitory effect of coumaric acid on tyrosinase
activity was more significant than that of the positive control kojic

acid.
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4. Discussion

All organisms exist in different colors which arise from the unique
distribution of pigments throughout the body. Pigmentation is
regulated by genetic, environmental, endocrine factors, and natural
plant products that modulate the amount, type, and distribution of
melanins in the skin, hair, and eyes|11.12]. Therefore, in response
to the growing interest in natural compounds, new approaches
have been under improvement for several years to search for safe
compounds, thus enabling the skin to better withstand treatment]13].

Despite various therapeutic studies on flavonoids and phenolic
acids (chemotherapeutic efficacy, free radical scavengers, etc)[14],
there is scarce information about their effects on the melanogenesis
process. The present study highlights the ability of flavones and
phenolic acids to act as anticancer agents against a melanoma cell
line and as modulatory agents of melanogenesis.

Before the investigation of melanogenesis, herein, we tested the
cytotoxicity of flavonoids and phenolic acids against PHK cells. In
comparison with B16-F10, significantly lower toxicity was observed
in PHK cells suggesting that natural compound selectively targets
tumor cells rather than normal cells. The higher inhibitory effect
affecting cytotoxic and/or antiproliferative activities obtained with
luteolin and apigenin may be attributed to the different factors
involving the saturation and the position of the C,-C, bond as well
as the number and substitution of hydroxyl groups in the A and B
rings[15.16]. Indeed, significant variations in biological tested activity
may be attributed to the modifications of their chemical structures.

Programmed cell death is a highly regulated process used to
eliminate damaged and cancerous cells. Dysregulation of cell
cycle progression is one of the triggering aspects of apoptosis[17].
Substances that can disturb cell-cycle progression, leading to
cell cycle arrest may represent a good option to prevent and treat
cancer18]. Thus, considerable interest has been attributed to the
effect of polyphenols on arresting cell cycle progression|19].

In the present study, we assessed the ability of both flavones and
three phenolic acids to disturb the cell cycle in melanoma cells.
Natural products can disturb cell cycle progression by arresting cell
division at either G,/S or G,/M checkpoints in a dose-dependent
manner.

In line with the present finding, several authors demonstrated that
flavones-mediated inhibitory effects on cell proliferation were in part
attributed to cell cycle arrest at the G,/M phase|20]. Moreover, Zhao
et al.[20] showed that apigenin suppressed melanoma cells (A375
and C8161 cells) by arresting cells in the G,/M phase and inducing
apoptosis.

Furthermore, George et al.[21] demonstrated that luteolin inhibits
the proliferation of HaCaT and human melanoma A375 cells by
disturbing cell cycle and promoting apoptosis. Kilinc et al.[22]
demonstrated that ferulic and p-coumaric acids reduced the
percentages of G,-phase cells and increased the percentages of S and

G,/M phases in Caco-2 cells.
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Moreover, our results on cell cycle progression of B16-F10 cells
showed a modulatory effect of caffeic acid on cell cycle distribution.
In fact, Pelinson et al.[23] reported that this compound altered the cell
cycle of human melanoma SK-Mel-28 cells.

A recent study showed that Origanum vulgare L. hydroalcoholic
extract inhibited melanogenesis and melanoma cell proliferation. The
oregano extract obtained by chromatographic methods confirmed
the presence of caffeic acid, p-coumaric acid, and apigenin[24].
Moreover, another study revealed that rosemary extract enhanced the
cytotoxic effect on ovarian cancer cell lines (RA2780) by disturbing
the cell cycle[25].

Our finding follows a previous study that phenolic substances
having the hydroxyl group, methoxy, or polyphenols with ortho-
or para-dihydroxyl groups, or phenols containing condensed rings
have a significant apoptotic effect and they also reported the order of
effectiveness of caffeic > ferulic > p-coumaric acids|26.27].

Epidermal melanocytes are involved in skin pigmentation by
the regulation of melanin synthesis and ensuing transfer of the
pigment to keratinocytes. The murine B16-F10 cells are used as a
melanogenic cell model to evaluate the effect of tested flavones and
phenolic acids on melanogenesis.

In B16-F10 cells, luteolin repressed the synthesis of melanin in
a dose-dependent manner. However, cells exposed to the highest
concentration of apigenin produced an amount of melanin nearly
three times greater than control (untreated cells). Comparing the
structures of apigenin and luteolin, the only extra hydroxyl group in
luteolin may be responsible for the observed inhibition of melanin
synthesis. Similar to others[28], an increase in melanogenesis activity
in B16 cells was detected in cells treated with plant extracts from
mango-steen, Erica multiflora, Pyrostegia venusta, and Daphne
gnidium.

The assessment of melanin amount in B16-F10 exposed to
different phenolic acids revealed that caffeic, coumaric, and ferulic
acids inhibit melanogenesis at the highest concentration. However,
conflicting data are found in the literature in regard to the effect of
ferulic acid on melanogenesis. Some works revealed a stimulatory
effect while others exhibited an inhibitory effect[29].

To understand the mechanism underlying the melanogenesis
modulation by flavones and phenolic acids, we further evaluated the
tyrosinase activity. In this study, we observed that luteolin, caffeic,
coumaric, and ferulic acids inhibited tyrosinase activity in B16-F10
cells, as revealed by the enzyme kinetic curve. In this respect,
many works reported that methoxylation in ferulic acid replaced
with hydroxylation in caffeic acid is a substantially more effective
activity. However, ferulic acid is estimated to be more active than
p-coumaric acid, since the electron-donating methoxy group led
to increased stabilization of the aryloxy radical through electron
delocalization after hydrogen donation by the hydroxyl group|27].

Recent studies showed that caffeic and p-coumaric acids reduced
the mushroom tyrosinase activity more effectively than kojic

acid[30,31]. Besides, many reports found that the level of tyrosinase
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protein in cells decreased when they were treated with Pistacia
atlantica subsp. mutica extract, which contains quercetin, luteolin,
isoquercetin, rutin, and other polyphenols[32].

Based on the results, it can be concluded that flavones and phenolic
acids exert a significant cytotoxic effect against melanoma cells
with significant induction of cell cycle arrest. Interestingly, luteolin,
and caffeic, coumaric, and ferulic acids could increase tyrosinase
inhibitory activity and could be a potential therapeutic agent for skin
disease treatment such as skin cancers. However, further studies
are needed to elucidate the mechanisms of action of the tested
compounds at the molecular and cellular levels and to explore the in

vivo anti-melanoma potential.

Conflict of interest statement

The authors declare that they have no conflict of interest.

Acknowledgments

The authors acknowledge the Tunisian Ministry of Higher
Education and Scientific Research for the financial support of this

study.

Funding

The study was supported by the Tunisian Ministry of Higher

Education and Scientific Research.

Authors’ contributions

FS performed the experiments and analyzed the data; MM and
IMB helped in flow cytometry analysis; LCG and SKJ supervised

the overall project.

References

[1]Nahhas AF, Abdel-Malek ZA, Kohli I, Braunberger TL, Lim HW,
Hamzavi IH. The potential role of antioxidants in mitigating skin
hyperpigmentation resulting from ultraviolet and visible light-induced
oxidative stress. Photodermatol Photoimmunol Photomed 2019; 35(6):
420-428.

[2] Tangau MJ, Chong YK, Yeong KY. Advances in cosmeceutical
nanotechnology for hyperpigmentation treatment. J Nanoparticle Res
2022; 24(8): 1-18.

[3] Couteau C, Coiffard L. Overview of skin whitening agents: Drugs and
cosmetic products. Cosmetics 2016; 3(27): 1-16.



452

[4] Bonesi M, Xiao J, Tundis R, Aiello F, Sicari V, Loizzo MR. Advances in
the tyrosinase inhibitors from plant source. Curr Med Chem 2019; 26(18):
3279-3299.

[5] Pillaiyar T, Manickam M, Namasivayam V. Skin whitening agents:
Medicinal chemistry perspective of tyrosinase inhibitors. J Enzyme Inhib
Med Chem 2017; 32: 403-425.

[6] Zolghadri S, Bahrami A, Hassan Khan MT, Munoz-Munoz J, Garcia-
Molina F, Garcia-Canovas F, et al. A comprehensive review on tyrosinase
inhibitors. J Enzyme Inhib Med Chem 2019; 34(1): 279-309.

[7] Slominski A, Zbytek B, Slominski R. Inhibitors of melanogenesis increase
toxicity of cyclophosphamide and lymphocytes against melanoma cells.
Int J Cancer 2009; 124: 1470-1477.

[8] Song X, Ni M, Zhang Y, Zhang G, Pan J, Gong D. Comparing the
inhibitory abilities of epigallocatechin-3-gallate and gallocatechin gallate
against tyrosinase and their combined effects with kojic acid. Food Chem
2021; 349: 129172.

[9] Ghasemzadeh A, Ghasemzadeh N. Flavonoids and phenolic acids: Role
and biochemical activity in plants and humans. J Med Plant Res 2011;
5(31): 6697-6703.

[10]JLee SW, Kim JH, Song H, Seok JK, Hong SS, Boo YC. Luteolin
7-sulfate attenuates melanin synthesis through inhibition of CREB-and
MITF-mediated tyrosinase expression. Antioxidants 2019; 8(4): 87.

[11]Slominski RM, Zmijewski MA, Slominski AT. The role of melanin
pigment in melanoma. Exp Dermatol 2015; 24(4): 258-269.

[12]Cavar Zeljkovié S, Siskova J, Komzakova K, De Diego N, Kaffkova K,
Tarkowski P. Phenolic compounds and biological activity of selected
Mentha species. Plants (Basel) 2021; 10(3): 550.

[13]Qian W, Liu W, Zhu D, Cao Y, Tang A, Gong G, et al. Natural skin
whitening compounds for the treatment of melanogenesis (Review). Ex

Ther Med 2020; 20: 173-185.

[14]Tungmunnithum D, Thongboonyou A, Pholboon A, Yangsabai A.
Flavonoids and other phenolic compounds from medicinal plants for
pharmaceutical and medical aspects: An overview. Medicines 2018;
5(93): 1-16.

[15]Kilani-Jaziri S, Mokdad-Bzeouich I, Krifa M, Nasr N, Ghedira K,
Chekir-Ghedira L. Immunomodulatory and cellular anti-oxidant activities
of caffeic, ferulic, and p-coumaric phenolic acids: A structure—activity
relationship study. Drug Chem Toxicol 2017; 40: 416-424.

[16]Wen C, Song D, Zhuang L, Liu G, Liang L, Zhang J, et al. Isolation
and identification of polyphenol monomers from celery leaves and their
structure-antioxidant activity relationship. Process Biochem 2022; 121:
69-77.

[17]Shin SY, Yoon H, Ahn S, Kim DW, Bae DH, Koh D, et al. Structural
properties of polyphenols causing cell cycle arrest at G, phase in
HCT116 human colorectal cancer cell lines. Int J Mol Sci 2013; 14(8):
16970-16985.

[18]Giancotti FG. Deregulation of cell signaling in cancer. FEBS Lett 2014;
588: 2558-2570.

[19]Zhan XK, Li JL, Zhang S, Xing PY, Xia MF. Betulinic acid exerts potent
antitumor effects on paclitaxel-resistant human lung carcinoma cells

(H460) via G,/M phase cell cycle arrest and induction of mitochondrial

Fairouz Sioud et al./ Asian Pacific Journal of Tropical Biomedicine 2022; 12(10): 446-452

apoptosis. Oncol Lett 2018; 16: 3628-3634.

[20]Zhao G, Han X, Cheng W, Ni J, Zhang Y, Lin J, et al. Apigenin inhibits
proliferation and invasion, and induces apoptosis and cell cycle arrest in
human melanoma cells. Oncol Rep 2017; 37: 2277-2285.

[21]George VC, Kumar DRN, Suresh PK, Kumar S, Kumar RA.
Comparative studies to evaluate relative in vitro potency of luteolin in
inducing cell cycle arrest and apoptosis in HaCat and A375 cells. Asian
Pac J Cancer Prev 2013; 14: 631-637.

[22]Kilinc K, Demir S, Turan I, Mentese A, Orem A, Sonmez M, et al. Rosa
canina extract has antiproliferative and proapoptotic effects on human
lung and prostate cancer cells. Nutr Cancer 2020; 72(2): 273-282.

[23]Pelinson LP, Assmann CE, Palma TV, Da Cruz IBM, Pillat MM, Manica
A, et al. Antiproliferative and apoptotic effects of caffeic acid on SK-
Mel-28 human melanoma cancer cells. Mol Biol Rep 2019; 46: 2085-
2092.

[24]Nanni V, Di Marco G, Sacchetti G, Canini A, Gismondi A. Oregano
phytocomplex induces programmed cell death in melanoma lines via
mitochondria and DNA damage. Foods 2020; 9(1486): 1-27.

[25]Tai J, Cheung S, Wu M, Hasman D. Antiproliferation effect of Rosemary
(Rosmarinus officinalis) on human ovarian cancer cells in vitro.
Phytomedicine 2012; 19(5): 436-443.

[26]Yoon HS, Lee NH, Hyun CG, Shin DB. Differential effects of
methoxylated p-coumaric acids on melanoma in B16/F10 cells. Prev Nuir
Food Sci 2015; 20: 73-77.

[27]Maruyama H, Kawakami F, Lwin TT, Imai M, Shamsa F. Biochemical
characterization of ferulic acid and caffeic acid which effectively inhibit
melanin synthesis via different mechanisms in B16 melanoma cells. Biol
Pharm Bull 2018; 41(5): 806-810.

[28]Chaabane F, Pinon A, Simon A, Ghedira K, Chekir-Ghedira L.
Phytochemical potential of Daphne gnidium in inhibiting growth of
melanoma cells and enhancing melanogenesis of B16-FO melanoma. Cell
Biochem Funct 2013; 31: 460-467.

[29]An SM, Kim HJ, Kim JE, Boo YC. Flavonoids, taxifolin and luteolin
attenuate cellular melanogenesis despite increasing tyrosinase protein
levels. Phyther Res 2008; 22: 1200-1207.

[30]Te-Sheng C. Natural melanogenesis inhibitors acting through the down-
regulation of tyrosinase activity. Materials 2012; 5(9): 1661-1685.

[31]Ye Y, Chou GX, Wang H, Chu JH, Yu ZL. Flavonoids, apigenin and
icariin exert potent melanogenic activities in murine B16 melanoma
cells. Phytomedicine 2010; 18(1): 32-35.

[32]Eghbali-Feriz S, Taleghani A, Al-Najjar H, Emami SA, Rahimi H, Asili
J, et al. Anti-melanogenesis and anti-tyrosinase properties of Pistacia
atlantica subsp. mutica extracts on BI6F10 murine melanoma cells. Res

Pharm Sci 2018; 13(6): 533-545.

Publisher’s note

The Publisher of the Journal remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.



