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1. Abstract

2. Introduction

Pigmentation disorders leading to discoloration or hyperpigmentary of underlying tissue occur widely and gain interest. This study
is within the framework of strategies under-developing safe compounds to modulate melanognonesis pathway. Phenolic acids and
flavones were tested for their effects, on the viability in murine
melanoma (B16-F10) and in primary human keratinocyte (PHK).
Flavones, luteolin and apigenin exhibited significant anti-proliferative activity against cell skin cancer B16-F10, while phenolic acids, caffeic, ferulic and coumaric acids, induced slight inhibition.
Tested compounds were found to disturb cell cycle progression of
B16-F10, by a subsequent decrease of post-mitotic phase G1 and
arrest cycle progression at either G1/S or G2/M. We further examined and evaluated the effects of flavonoids and phenolic acids on
melanogenesis in the melanogenic cells model, murine B16F10
cells. While, apigenin and ferulic acid revealed an ability to enhance melanogenesis melanoma cells; luteolin, caffeic and coumaric acids decreased the melanin contents of the cells. To understand
the mechanism underlying the melanogenesis modulation, we further evaluated the tyrosinase activity using L-DOPA as tyrosinase
substrate. This study underlines the potential use of tested compounds as therapeutic agents in the treatments of human melanoma and as modulator of melnogenesis for cosmetic purpose.

Melanogenesis is a crucial biosynthetic pathway responsible for
determining eye, hair, and skin color and protecting hence, the
body from serious damage caused by ultraviolet (UV) radiation
[1]. Hyperpigmentary disorders, including solar lentigines, melasma and, postinflammatory hyperpigmentation, 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.

http://www.acmcasereport.com/

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. Some agents used to treat skin hyperpigmentation, like hydroquinone, can cause side effects such as
dermatitis and skin irritation (Maeda and Fukuda 1996).
Tyrosinase is a crucial enzyme involved in melanin biosynthesis.
Indeed, the melanogenesis entail the hydroxylation of L-tyrosine to
L-3,4-dihydroxyphenylalanine (L-DOPA) [4], then the oxidation
of L-DOPA to L-DOPA quinine through the enzymatic reaction
of tyrosinase. Tyrosinase inhibitors are considered as options for
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the treatment of some dermatological issues associated with pigmentation disorders [5]. The inhibition of melanogenesis should
obviously 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 its aggressive metastatic potential [6].
Polyphenols, potent bio-actives and low toxic substances, are recently used to treat pigmentary disorders. Many inhibitors and enhancers of melanin biosynthesis have been described. Kojic acid,
for example, is a well-known tyrosinase inhibitor produced by Aspergillus and Penicillium fungi [7]. Some polyphenols, nevertheless, have been described as melanin inducer.
Flavonoids and phenolic acids represent one of the most pervasive
groups of plants phenolics. Acting as reducing agents, free radical
scavengers, and quenchers of singlet oxygen formation, flavonoids
and phenolic acids components may play important roles in chemotherapeutic treatments and other human diseases [8].
In the present study, we investigated whether flavones, luteolin and
apigenin, and phenolic acids, caffeic, coumaric and ferulic acids,
were able to inhibit cell proliferation and cell cycle progression
in murine sarcoma cell line (B16F10), without compromising the
viability of primary human keratinocytes (PHK) cells. In the continuing search for effective melanogenesis modulators from natural sources, we evaluated the effect of each of compounds on melanin content and tyrosinase activity. In addition, effects of all tested
compounds on progression through the cell cycle were analyzed
by flowcytometry.

3. Material and Methods
3.1. 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). 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), 3,4-dihydroxy-L-phenylalanine (L-DOPA) and ribonuclease A (RNase) were purchased from
Sigma Aldrich (St. Louis, USA) and dimethyl sulfoxide (DMSO)
was procured from Sigma-Aldrich (St. Quentin Fallavier, France).
Ethylenediaminetetraacetic acid (EDTA; Honeywell Burdick and
Jackson, Germany), tris(hydroxymethyl)aminomethane hydrochloride (Tris–HCl; Biobasic, Canada), phosphate-buffered saline
(PBS; Gibco by Life Technology, France) and sodium hydroxide
(NaOH; Applichem, Germany). Propidium iodide (PI) was purchased from Sigma-Aldrich (Steinheim, Germany).
3.2. Cells and Culture Conditions
B16-F10 mouse melanoma cells were cultured in RPMI supplemented with 10% heat-inactivated fetal bovine serum, 1% non-essential amino acids (100×), 1% L-glutamine (200 mM), 1% vitahttp://www.acmcasereport.com/
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mins (100×), 1% penicillin (10,000 Uml−1), streptomycin (10,000
μgml−1) and 1% sodium pyruvate (100 mM). Cells were grown at
37°C in a humidified atmosphere containing 5% CO2.
Primary human keratinocytes (PHK) were isolated as primary
cells from the human foreskin. Keratinocytes were isolated from
the epidermis using overnight 4 °C dispase/trypsin digestion (Joly-Tonetti et al., 2013). Isolated keratinocytes were grown in a
CnT-07BM.1 basal medium (CELL N TEC). Incubation was performed at 37°C in a humidified atmosphere with 5% CO2. The
medium was renewed every day. For all experiments, cells were
seeded at passage numbers 1–3 and treated upon reaching 60–80%
confluence.
3.3. Cell Viability Assay
The effect of flavones and phenolic acids (Figure 1) on the viability of B16-F10 melanoma and PHK cells was determined using
the 3-(4,5-dimethylthiazol-2-yl)-2,5- diphenyltetrazoliumbromide
(MTT) assay, which is based on the cleavage of a tetrazolium salt
by mitochondrial dehydrogenase in viable cells. Cells were seeded
in 96-well microtitration plates at a concentration of 5 × 103 cells/
well, and incubated overnight at 37°C. Twenty-four hours after
seeding, cells were treated with 100 μl of various concentrations
of the tested compound, before incubating the plates for 24 h and
48 h at 37 °C. Cells were washed once before adding 50 μl of 2
mg/ml MTT. After 2 h of incubation at 37 °C, the medium was
discarded, and the formazan blue formed in the cells was dissolved
by adding 100 μl DMSO. Negative control without the tested compound but with DMSO was prepared in the same manner. Optical density (OD) was measured at 570 nm on a microplate reader
(Thermo Scientific). The IC50 value (the concentration of 50% cell
inhibition) was calculated from the graph of inhibition percentage
against different molecules concentrations.
3.4. Determination of Melanin Content
Melanin released by cells was measured, as described previously
[9]. Briefly, B16-F10 cells (105 cells/ well) were seeded into a 25
cm2 culture dish with 5 ml of culture medium, and incubated for
24 h at 37 °C, 5% CO2. Then, cells were treated with flavones (10,
25 and 50 μM) and phenolic acids (500, 800 and 1000 µM) for
48 h. After treatment, melanogenesis activity (closely related to
the amount of produced melanin) was estimated from the amount
of melanin retained in cells (intracellular melanin). Adherent cells
were detached by incubation in trypsin–EDTA 0.05%; 106 cells
were solubilized in tubes containing 1 ml of Triton X100 (0.1%).
Spectrophotometric absorbance of intracellular melanin content
was measured at 475 nm. Absorbance was compared against a
standard curve of known concentrations of synthetic melanin, and
amounts of melanin were estimated.
3.5. Tyrosinase Activity
Tyrosinase enzyme activity was estimated by measuring the rate
of 3, 4-dihydroxy-L-phenylalanine (L-DOPA) oxidation, as de2
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scribed previously by [10], with slight modifications. Briefly,
B16-F10 cells were treated with flavones (50 μM) and phenolic
acids (1000 µM) for 48 h, and 106 of viable cells were then solubilized in phosphate buffer (0.1 M; pH 6.8) containing 0.1% Triton

X100. Lysate was clarified by centrifugation at 12,000 rpm for 20
min at 4°C; 400 μl of supernatant was mixed with 400 μl of L-DOPA (0.15%), and absorbance was measured spectrophotometrically
at 475 nm, every minute for 10 min, after the addition of the substrate (L-DOPA).

Figure 1: The chemical structure of luteolin, apigenin, caffeic acid, p-coumaric acid and ferulic acid.

3.6. Cell Cycle Analysis Using Flow Cytometry
Mouse melanoma cells (B16F10 5 × 10 cells) were seeded into
a 50 cm2 culture dish and incubated for 24 h. Cells were treated
with different concentrations of compounds for 48 h, trypsinized
and washed twice in PBS (pH = 7.4). Cells were harvested and incubated for 15 min at room temperature and washed twice in cold
PBS (pH = 7.4). After treatment with Ribonuclease A (10 mg ml−1)
for 30 min at room temperature and staining with 50 ml propidium
iodide (1 mg ml−1) for 10 min, cell cycle analysis was conducted
using FACS system (Beckman Coulter, Switzerland). Percentages
of cells in each phase of the cell cycle were calculated.
5

inhibited by flavones and phenolic acid in a time- and concentration-dependent manner. Indeed, the inhibitory concentration of 50
percent of tumoral cells (IC50) was 22 µM for luteolin and 25 µM
for apigenin, respectively (Figure 2 and 3). Very interestingly, the
same treatments carried out on primary human keratinocytes cells
show a slight cytotoxic effect.

3.7.Statistical Analysis
All tests were carried out in triplicate and results were presented as mean ± SD (Standard deviation). Statistical comparisons
among groups were analyzed using one-way and two-way analysis
of variance (ANOVA), followed by Tukey’s multiple comparison
test, using GraphPrism software. Statistical significance was considered for p-value < 0.05
4. Results
4.1. Cell Viability Assay
Since the main purpose of the present study was to investigate
natural and safe pigmentation modulators, the cytotoxicity effect
of studied molecules was tested against primary human keratinocytes, PHK. Furthermore, we have evaluated their cytotoxic effects on a well-known human melanoma cell line, B16F10. As revealed by cytotoxic curves, the proliferation of B16F10 cells was

http://www.acmcasereport.com/

Figure 2: Inhibitory effect of flavones on B16-F10 melanoma cells and
primary human keratinocytes (PHK). After treatment of B16-F10 and
PHK with increasing concentrations (0-100 μg/mL) for 24 and 48 h of
luteolin (A) and apigenin (B), the percentage of cell viability was determined by MTT assay. Results are expressed as mean percentage of control
growth ± SD of three independent experiments
3
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Phenolic acid seemed to be less effective against melanoma cells.
Indeed, cells exposed with higher concentrations ranging from 100
to 1000 µM of caffeic, coumaric and ferulic acid showed higher
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viability rate. Interestingly, treatment with the same doses induced
no significant toxicity on PHK cells, except for the highest tested
concentration of 1000 µM and after 48 hour of direct exposure to
the agents (Figure 3).

Figure 3: Inhibitory effect of phenolic acids on B16-F10 melanoma cells and primary human keratinocytes (PHK). Growth inhibition of B16-F10
and PHK cells were determined by crystal violet assay after 24 and 48 h of exposure to increasing concentrations (0-1000 μg/mL) of caffeic acid (A),
coumaric acid (B) and ferulic acid (C). Results are expressed as mean percentage of control growth ± SD of three independent experiments

4.2. Cell Cycle Analysis
Studies have previously shown that various natural compounds
(i.e. resveratrol, xanthohumol) affect cell viability by disturbing
cell cycle progression. Melanoma cells were exposed for 48 h to
the different compounds. The results reveal that the percentage of
cells in the post-mitotic phase G1 increased after exposure to dif-

http://www.acmcasereport.com/

ferent concentrations of caffeic, coumaric and ferulic acids; preventing cells from enterings phase (Figure 4). Indeed, we observed
a marked increase of cells percentage in the S and G2/M phases
after exposure to different concentrations of flavones and phenolic
acids. flavones were found more efficient than phenolic acids, to
cause repercussions on the distribution of melanoma cells in G1the different phases of the cell cycle (Figure 4)

4
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Figure 4: Cell cycle distribution of B16F10 cells after treatment with luteolin, apigenin caffeic acid, ferulic acid, and coumric acid. Values represent
the mean ± SD of three separate experiments
http://www.acmcasereport.com/
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4.3. Effect of Flavones and Phenolic Acids on Melanin Synthesis and Tyrosinase Activity
To investigate the effect of phenolic compounds on melanin synthesis, B16-F10 melanoma cells were exposed to different concentrations of the molecules for 48 h and then melanin contents were
measured (Figure 5). Our experiment indicates that luteolin, caffeic and coumaric acids and ferulic acids significantly decreased the
production of intracellular melanin in the compared to the rate of
melanin synthesis in untreated cells. Whereas apigenin and ferulic
acid stimulated significantly the production of intracellular melanin in a dose dependent manner when compared to the untreated
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cells.
As far as melanin synthesis pathway involved a rate-limiting regulatory melanogenic enzyme (Hearing, 1999), which is the tyrosinase, we attempted the assessing of the aforementioned protein in
cells incubated with different doses of the tested molecules. Since
the finding of melanogenic activity showed a doses depending relation activity- dose, we chose to test the highest concentrations
(50 µM for flavones and 1000 µM for phenolic acids) to examine
tyrosinase activity. Our results revealed that apigenin increased tyrosinase activity in a dose and time dependent manner, whereas
luteolin, caffeic, coumaric and ferulic acids decreased tyrosinase
activity (Figure 6).

Figure 5: Effect of flavones (A) and phenolic acids (B) on melanin content in B16F10 cells after 48 h incubation. Values represent the mean ± SD of
three separate experiments. Data are expressed as mean ± SEM of three independent experiments. p values were determined by a student est. *p < 0.05
and ***p < 0.001.

http://www.acmcasereport.com/
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In spite of various therapeutic approaches of flavonoids and phenolic acids (chemotherapeutic efficacy, free radical scavengers...)
[14], there are a few information about its effects on melanogenesis process. The present study highlights the ability of flavones,
luteolin and apigenin, and phenolic acids including caffeic, coumaric, and ferulic acids, to act as a chemopreventive against a melanoma cell line and as modulators of melanogenesis.
Prior to the investigation of melanogenesis, herein, we tested for
the first time the cytoxic of above-mentioned molecules against
primary human keratinocytes PHK. In comparison with B16F10,
a significantly lower toxicity rate was observed in primary cells
suggesting that natural compound selectively targets tumor cells
rather than normal cells. The higher inhibitory effect obtained with
luteolin and apigenin, may be attributed to the number of hydroxyl
groups in the A and B rings [15].
Different factors affecting cytotoxic and/or antiproliferative activities of polyphenols involve the saturation and the position of
the C2-C3 bond as well as the number and substitution of hydroxyl groups in the A and B rings [16]. Indeed, any modifications in
a molecule chemical structure can be responsible for significant
variations in their activity.
One of the major incidents required for any cancer development
known as a hallmark of malignant cells is deregulation of the cell
cycle [17]. Substance that can disturb cell-cycle progression and
lead to cell-growth arrest may represent a good option for cancer
prevention and therapy strategies [17]. Thus, a considerable attention has been paid to the ability of polyphenols to inhibit cell-cycle
progression [18].
In the current study, we evaluated the ability of both flavones and
phenolic acids to disturb cell cycle in melanoma cells. Natural
compounds have been found to arrest cell-cycle progression at either G1/S or G2/M boundaries in a dose dependent manner.

Figure 6: Effect of luteolin (A) and apigenin (B) caffeic acid (C), ferulic
acid (D), and coumric acid (E) on tyrosinase activity in B16F10 cells after
48 h of incubation. Values represent the mean ± SD of three separate
experiments

5. Discussion
Although the main function of melanogenesis is to protect against
UV radiation, melanin pigment can also interfere with epidermal
homeostasis and may entail a melanoma [11]. Numerous options
have been shown as potent modulators of melanogenesis, however, their use in the cosmetics industry has been hampered by its
toxicity and its side effects [12].
Therefore, in response to the growing interest in natural compounds, new strategies have been under development for several
years aimed at searching safe compounds, thus enabling the skin
to better withstand treatment [13].
http://www.acmcasereport.com/

In line with the present finding, several authors demonstrated that
flavonoids-mediated inhibitory effects of cell proliferation were
accompanied by cell cycle arrest at G2/M phase
the ability of flavones to cause cell cycle arrest at G2/M phase [19].
In fact, this study showed that treatment of breast cancer cells
with flavonoids resulted in increase in percentage of cells at G2/M
phase and decrease in percentage of cells at G1 and S phase in
a dose-dependent manner. Moreover, another study conducted by
Zhao et al., 2017 showed that apigenin suppressed of melanoma
cells (A375and C8161 cells) by inducing G2/M phase arrest and
apopotosis.
Furthermore, George et al., 2013 demonstrated that luteolin inhibits the proliferation of HACAT and human melanoma cells A375
and promotes cell cycle arrest and apoptosis with possible involvement of programmed cell death.
Besides [20] demonstrated that ferulic and p-coumaric acid decreased the proportion of cells in the G1 phase and increased the
7
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proportion of cells in the S and G2 phases in Caco-2 cells. They
concluded that p-coumaric and ferulic acids inhibited cell proliferation by presumably affecting different cell cycle phases.
Furthermore, our results on cell cycle progression of B16F10
cells are in agreement with recent studies showing cell cycle modulation of caffeic acid in human melanoma SK-Mel-28. In fact,
treatment with caffeic acid increased the population of cells at G0/
G1 phase, reduced the population of cells at S phase also reduced
G2/M phase in these cells (Pelinson et al., 2019)
Our finding is in accordance with previous studies on the effects
of hydroxycinnamates on the induction period of autoxidizing fats
[21]. They also demonstrated the order of effectiveness caffeic >
ferulic > p-coumaric acid. Phenolic substances are the most effective antioxidants al hydroxyl group, usual methoxy, or polyphenols with ortho- or para-dihydroxylic groups, or phenols containing condensed rings, for example, anthocyanins [16].
Epidermal melanocytes are involved in skin pigmentation by the
regulation of melanin synthesis and ensuing transfer of the pigment
to keratinocytes. The murine B16F10 melanoma cells are used as
melanogenic cells model to evaluate the effect of tested flavones
and phenolic acids on melanogenesis. Of importance is that although some flavones have similar structures, they show opposite
effects on melanogenisis regulation. Luteolin markedly inhibited
melanin synthesis in B16F10 cells in a dose-dependent. However,
cells exposed to the highest dose of apigenin produced an amount
of melanin nearly three times greater than control (untreated cells).
In comparing the structures of apigenin and luteolin (Figure 1),
there is only one extra hydroxyl group in luteolin. It is postulated
that this extra hydroxyl group in luteolin palyed an important role
in determing some specificities of this molecule.
The assessment of melanin amount in B16 F10 exposed to different phenolic acids showed that caffeic acid, p-coumaric acid and
ferulic acid inhibits the melanogenesisis in a dose dependent manner. Conflicting data are found in literature in regards to the effect
of ferulic acid on melanogenesis. Some studies showed stimulatory effect [22] and others showed an inhibitory effect [23].
Tyrosinase plays a critical regulatory role in the biosynthetic
pathway of melanin pigments, since it catalyzes the oxidation of
monophenols, o-diphenols, and o-quinones [24]. To understand
the mechanism underlying the melanogenesis modulation by flavonoid and phenolic acids, we further evaluated the tyrosinase
activity using L-DOPA as tyrosinase substrate. We demonstrated
that luteolin, caffeic acid, coumaric acid and ferulic acid decreased
tyrosinase activity in B16F10 cells, as revealed by the enzyme kinetic curve. Similarly, in correlation with the anti-melanogenesis
activity, apigenin were found to increase tyrosinase acivity.
This result may be explained that the concentrations of flavonoids
required for the inhibition of tyrosinase enzyme reaction in vitro
were too high, compared with those inhibiting melanogenesis in
http://www.acmcasereport.com/

Research Article

cells [25].
Regarding phenolic acids, methoxylation of the hydroxyl group in
the ortho position of the diphenolics, as in ferulic acid, results in a
decrease in the scavenging reaction, for instance, hydroxylation as
in caffeic acid in place of methoxylation is substantially more effective. Ferulic acid is, indeed, expected to be more effective than
p-coumaric acid, since the electron-donating methoxy group let
to increased stabilization of the aryloxyl radical through electron
delocalization after hydrogen donation by the hydroxyl group [26].

6. Conclusion
On the basis of the findings, Flavones and phenolic acids have a
potential to be used as potent therapeutic agents in the treatments
of human melanoma and as modulator of melanogenesis for cosmetic purpose. We also reported that phenolic acids, caffeic, ferulic and coumaric acids exerts a significant cytotoxic effect against
melanoma cells with significant induction of cell cycle arrest.
However same doses of same agents tested on normal skin cells
showed no or low toxicity level.

References
1.

Costin GE, Hearing VJ. Human skin pigmentation: melanocytes modulate skin color in response to stress. FASEB J. 2007; 21: 976-994.
doi.org/10.1096/fj.06-6649rev.

2.

Şöhretoğlu D, Sari S, Barut B, ozel A. Tyrosinase inhibition by
some flavonoids: Inhibitory activity, mechanism by in vitro and in
silico studies. Bioorg Chem. 2018; 81 : 168-174. doi.org/10.1016/j.
bioorg.2018.08.020

3.

Ortonne JP, Bissett DL. Latest insights into skin hyperpigmentation, in: Journal of Investigative Dermatology Symposium Proceedings. Nature Publishing Group, pp. 2008 ; 10-14. doi.org/10.1038/
jidsymp.2008.7.

4.

Couteau C, Coiffard L. Overview of Skin Whitening Agents: Drugs
and Cosmetic Products. Cosmetics 2016 ; 3 : 27. doi.org/10.3390/
cosmetics3030027

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. doi.org/10.1080/14756366.2
016.1256882

6.

Zolghadri S, Bahrami A, Hassan Khan MT, Munoz-Munoz J, Garcia-Molina F, Garcia-Canovas F, Saboury AA. A comprehensive review on tyrosinase inhibitors. J. Enzyme Inhib. Med. Chem. 2019;
34: 279-309. doi.org/10.1080/14756366.2018.1545767

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. doi.org/10.1002/
ijc.24005

8.

Smit N, Vicanova J, Pavel S. The Hunt for Natural Skin Whitening
Agents. Int. J. Mol. Sci. 2009; 10: 5326-5349. doi.org/10.3390/
ijms10125326.

9.

Khlifi R, Dhaouefi Z, Toumia IB, Lahmar A, Sioud F, Bouhajeb R,
8

Volume 7 Issue 2 -2021

et al. Erica multiflora extract rich in quercetin-3-O-glucoside and
kaempferol-3-O-glucoside alleviates high fat and fructose diet-induced fatty liver disease by modulating metabolic and inflammatory pathways in Wistar rats. J. Nutr. Biochem. 2020; 86. doi.
org/10.1016/j.jnutbio.2020.108490
10. Slominski RM, Zmijewski MA, Slominski AT. The role of melanin pigment in melanoma. Exp. Dermatol. 2015; 24(4): 258-9. doi.
org/10.1111/exd.12618.
11. Yokozawa T, Kim YJ. Piceatannol inhibits melanogenesis by its
antioxidative actions. Biol. Pharm. Bull. 2007; 30: 2007-2011. doi.
org/10.1248/bpb.30.2007.

Research Article

nica 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. doi.org/10.1007/s11033-019-04658-1
23. Yoon HS, Lee NH, Hyun CG, Shin DB. Differential effects of methoxylated p-coumaric acids on melanoma in B16/F10 cells. Prev.
Nutr. Food Sci. 2015; 20: 73-77. doi.org/10.3746/pnf.2015.20.1.73
24. 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.

12. Qian W, Liu W, Zhu D, Cao Y, Tang A, Gong G, Su H. Natural skin
whitening compounds for the treatment of melanogenesis (Review).
Exp. Ther. Med. 2020; 20: 173-185. doi.org/10.3892/etm.2020.8687

25. An SM, Kim HJ, Kim JE, Boo YC. Flavonoids, taxifolin and luteolin attenuate cellular melanogenesis despite increasing tyrosinase
protein levels. Phyther. Res. 2008; 22: 12001207. doi.org/10.1002/
ptr.2435

13. Tungmunnithum D, Thongboonyou, Pholboon A, Yangsabai A.
Flavonoids and Other Phenolic Compounds from Medicinal Plants
for Pharmaceutical and Medical Aspects: An Overview. Medicines.
2018; 5: 93. doi.org/10.3390/medicines5030093.

26. Castelluccio C, Paganga G, Melikian N, Paul Bolwell G, Pridham J,
Sampson J, Rice-Evans C. Antioxidant potential of intermediates in
phenylpropanoid metabolism in higher plants, FEBS Letters. 1995;
368(1): 188-92.

14. 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: 416424. doi.org/10.1080/01480545.2016.1252919
15. Rice-Evans CA, Miller NJ, Paganga G. Structure-antioxidant activity relationships of flavonoids and phenolic acids. Free Radic. Biol.
Med. 1996; 20: 933-956. doi.org/10.1016/0891-5849(95)02227-9
16. Shin SY, Yoon H, Ahn S, Kim DW, Bae DH, Koh D, et al. Structural
properties of polyphenols causing cell cycle arrest at G1 phase in
HCT116 human colorectal cancer cell lines. Int. J. Mol. Sci. 2013;
14: 16970–16985. doi.org/10.3390/ijms140816970.
17. Giancotti FG. Deregulation of cell signaling in cancer. FEBS Lett.
2014; 588: 2558-2570. doi.org/10.1016/j.febslet.2014.02.005
18. 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 G2/M phase cell cycle arrest and induction of
mitochondrial apoptosis. Oncol. Lett. 2018; 16: 3628-3634. doi.
org/10.3892/ol.2018.9097.
19. Zhao G, Han X, Cheng W, Ni J, Zhang Y, Lin J, Song Z. Apigenin
inhibits proliferation and invasion, and induces apoptosis and cell
cycle arrest in human melanoma cells. Oncol. Rep. 2017; 37: 22772285. doi.org/10.3892/or.2017.5450.
20. 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 Pacific J. Cancer Prev. 2013; 14: 631-637. doi.org/10.7314/
APJCP.2013.14.2.631
21. Janicke B, Önning G, Oredsson SM. Differential effects of ferulic
acid and p-coumaric acid on S phase distribution and length of S
phase in the human colonic cell line Caco-2. J. Agric. Food Chem.
2005; 53: 6658-6665. doi.org/10.1021/jf050489l
22. Pelinson LP, Assmann CE, Palma TV, da Cruz IBM, Pillat MM, Mâhttp://www.acmcasereport.com/

9

