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Abstract: Controlling unwanted hyperpigmentation is a major challenge in dermatology and
cosmetology, and safe and efficacious antimelanogenic agents are deemed useful for this purpose.
p-Coumaric acid is a natural metabolite contained in many edible plants, and its antioxidant activities in
reducing oxidative stress and inflammatory reactions have been demonstrated in various experimental
models. p-Coumaric acid has the optimal structure to be a competitive inhibitor of tyrosinase that
catalyzes key reactions in the melanin biosynthetic pathway. Experimental evidence supports this
notion as it was found to be a more potent inhibitor of tyrosinase, especially toward human enzymes,
than other well-known tyrosinase inhibitors such as arbutin and kojic acid. p-Coumaric acid inhibited
melanin synthesis in murine melanoma cells, human epidermal melanocytes, and reconstituted
three-dimensional human skin models. Ex-vivo skin permeation experiments and in-vivo efficacy tests
for p-coumaric acid confirmed its efficient transdermal delivery and functional efficacy in reducing
erythema development and skin pigmentation due to ultraviolet radiation exposure. Human studies
further supported its effectiveness in hypopigmentation and depigmentation. These findings suggest
that p-coumaric acid has good potential to be used as a skin-lightening active ingredient in cosmetics.
Future studies are needed to extensively examine its safety and efficacy and to develop an optimized
cosmetic formulation for the best performance in skin lightening.

Keywords: p-coumaric acid; 4-hydroxycinnamic acid; cosmetics; skin; melanin; pigmentation;
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1. Introduction

Melanin synthesis is an important topic in medical and cosmetic industries owing to its relevance to
photo-protection, carcinogenesis processes, and skin pigmentation disorders [1-5]. Skin pigmentation
disorders are socially significant because they can cause mental stress and lower productivity and
quality of life [6].

Prevention and treatment strategies for hyperpigmentation include surgical treatment (chemical
peeling and laser treatment), pharmacotherapy, and cosmetic camouflage [7-9]. Hydroquinone is
primarily used as a pharmacotherapy agent, and a combination drug including retinoid is additionally
used, but it can cause adverse effects such as skin irritation, allergy, mutations, and cancer [10]. In the
cosmetic industry, various active ingredients such as arbutin and kojic acid have been used to control
skin pigmentation [11-13]. However, consumers’ satisfaction is low and more effective and safer skin
lightening ingredients are still in high demand [14,15].

p-Coumaric acid (4-hydroxycinnamic acid) is a phytochemical with multiple health benefits [16,17].
Its chemical structure is very similar to that of L-tyrosine, the natural substrate of tyrosinase involved
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in the cellular melanogenesis in melanocytes. Recently, p-coumaric acid was found to be a potent and
selective inhibitor of human tyrosinase [18]. Its antimelanogenic effects have been demonstrated in
various experimental settings including human studies [19]. Considering the need for natural skin
lightening agents in cosmetics, it is of interest to scrutinize recent literature on the biological activities
of p-coumaric acid. This review focused on the antimelanogenic properties of p-coumaric acid to
extensively examine its potential as an active ingredient in cosmetics.

2. Skin and Pigmentation

The skin is the outermost, largest, multi-layered organ that provides a multi-functional interface
between the body and external environments [20]. Humans have varied skin color that is determined
by the composition and distribution of a variety of chromophores such as melanin, hemoglobin,
and carotenoids [21]. Melanin is a polymeric dark pigment synthesized in melanocytes [22].
Melanin-containing melanosomes are transferred from melanocytes to adjacent keratinocytes via
dendrites, distributing melanin throughout the epidermis [23]. Melanin is not only a major determinant
of the colors of skin, hair, eyes, and other tissues but also an important regulator of biological functions
associated with skin homeostasis [24]. Melanin plays an important role in providing a “shield” against
harmful ultraviolet (UV) radiation that can cause carcinogenesis [25]. It is known that the incidence
of malignant melanoma is lower in dark-skinned than in light-skinned people [26]. Experimentally
increased melanin synthesis as a result of forskolin treatment reduced the rate of UV-induced skin
cancer development in mice [27]. Thus, melanin pigment is critical in protection against UV radiation
and in the regulation of epidermal homeostasis associated with the behaviors of melanocytes and
melanoma [3,28].

In addition to the genetic background of an individual, a variety of non-genetic factors such
as hormonal changes, nutritional status, chronic inflammation, aging, and UV radiation affect skin
pigmentation [21,29]. Dysfunctions associated with melanin synthetic mechanism cause clinically
relevant pigmentation disorders, that can be congenital or acquired, skin-restricted or systemic,
temporary or permanent, and hypo- or hyperpigmentation related [4,30]. Hyperpigmentation
disorders include melasma, freckles, and senile lentigines, in which dark pigment is deposited
abnormally, unevenly, or excessively in the skin due to either endogenous and pathophysiological
factors, or exogenous and environmental factors [31]. Hyperpigmentation can also occur as a secondary
phenomenon after acute inflammatory reactions induced by acne, eczema, allergies, injury, burns,
drug rashes, laser procedures, or as a natural process of skin aging [32]. Hyperpigmentation is an
aesthetically and clinically important disease that can cause mental stress and decrease the quality of
life [6]. Thus, skin hyperpigmentation is an important issue in dermatology as well as in cosmetics.

3. Melanin Synthetic Pathway and Its Regulation

The gene expression of tyrosinase, tyrosinase-related protein 1 (TYRP1), and dopachrome
tautomerase (DCT) in melanocytes is directed by microphthalmia-associated transcription factor
(MITF) [22,30,33]. On binding of alpha-melanocyte-stimulating hormone (x-MSH) or other
proopiomelanocortin-derived peptide hormones, melanocortin 1 receptor (MC1R), a G-protein-coupled
receptor, undergoes conformational change, to enhance the dissociation of the G protein subunits and
activate adenylate cyclase that produces cyclic AMP (cAMP) [30,34]. Then, cAMP-responsive element
binding protein (CREB) transcription factor becomes active by the action of cAMP-dependent protein
kinase A (PKA) and promotes gene expression of its downstream targets including MITF [35-37].
The gene expression and activation process of MITF are also regulated by other mechanisms
involving the c-kit or WNT pathways [38]. The newly expressed tyrosinase protein further undergoes
post-translational modifications to the active mature form [39-41].

Melanin synthesis starts with the oxidation of L-tyrosine and/or L-3,4-dihydroxyphenylalanine
(DOPA) to L-DOPA quinone, which are catalyzed by tyrosinase enzyme [42,43]. These enzyme
reactions constitute common regulatory points of biosynthetic routes for reddish-yellow pheomelanins
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and brownish-black eumelanins, and thus, tyrosinase is considered to be a useful target for the
control of unwanted skin pigmentation. There are multiple strategies targeting tyrosinase to control
melanin synthesis: (1) modulation of tyrosinase gene expression at the transcription and translation
steps, (2) modulation of the post-translational modifications of tyrosinase protein and its proteolytic
degradation, and (3) modulation of the catalytic activity of tyrosinase [14,44]. A variety of natural and
synthetic compounds that inhibit tyrosinase catalytic activity are reported in literature [14,45-50]. Some
selected examples are as follows: (1) simple phenols such as hydroquinone, arbutin, deoxyarbutin,
resorcinol, 4-n-butylresorcinol, and vanillin; (2) phenolic acids such as p-coumaric, caffeic acid, ferulic
acid, p-hydroxybenzoic acid, vanillic acid, protocatechuic acid, and chlorogenic acid; (3) flavonoids
such as luteolin, apigenin, baicalein, chrysin, and their glycosides; and (4) stilbenoids such as resveratrol
and oxyresveratrol.

4. p-Coumaric Acid: A Phytochemical with Multiple Biological Activities

A variety of phenolic compounds found in the plant kingdom are a group of natural antioxidants
with potential benefits to human health and beauty [16,17,51]. Phenolic compounds with reducing
power and free radical scavenger activity may be helpful in the prevention or alleviation of many
chronic diseases caused by oxidative stress [52,53]. Coumaric acids are derivatives of cinnamic
acid mono-hydroxylated at the phenyl group, and p-coumaric acid is the most abundant isoform.
p-Coumaric acid is found at significant levels in many fruits, vegetables, and cereals [54,55].

It is stated that p-coumaric acid is a relatively potent antioxidant and a scavenger of reactive oxygen
species (ROS) and free radicals [56,57]. Its antioxidant activity has been demonstrated in cultured
endothelial cells exposed to high glucose and free fatty acid [58], in keratinocytes exposed to UV [59],
and in lens epithelial cells exposed to hydrogen peroxide [60]. It also shows antimicrobial activity by
disrupting bacterial cell membranes and intercalating the groove in bacterial genomic DNA [54,61].
Polymeric preparations containing p-coumaric acid showed antioxidant and antimicrobial properties,
aiding in the regeneration process of wounded skin [62,63].

In animal models, p-coumaric acid decreased basal oxidative stress more effectively than vitamin
E, as assessed by DNA damages in rat colonic mucosa [64]. It enhanced cardiac antioxidant capacity in
rats by activating nuclear factor erythroid 2-related factor 2 (Nrf2), a transcription factor that regulates
antioxidant response element (ARE)-mediated gene expression of downstream target genes, such as
glutathione peroxidases [65].

p-Coumaric acid showed anti-inflammatory effects in adjuvant-induced arthritic rats, reducing
the levels of tumor necrosis factor-alpha (TNF-«) and macrophage phagocytic index, while
increasing serum immunoglobulin levels [66]. It further attenuated hepatotoxicity due to alcohol or
acetaminophen [67,68], pulmonary inflammation due to lipopolysaccharide or cigarette smoke [51,69],
and cardiotoxicity due to arsenite or doxorubicin [70,71].

In addition, p-coumaric acid has been shown to inhibit proliferation and migration of cancer
cells and promote apoptotic cancer cell death, supporting its potential anticancer effects [72-75]. Its
chemopreventive effects against colon cancer have been demonstrated in animal models, wherein
p-coumaric acid reduced inflammatory reactions and increased antioxidant capacity [76,77].

5. p-Coumaric Acid Inhibits Catalytic Activity of Tyrosinase

Many studies have used mushroom tyrosinase as an alternative for human tyrosinase in the
investigation of melanogenesis, probably because it is commercially available and shares similar
enzyme activities with human tyrosinase [78-80]. However, there are significant differences in the
amino acid sequences of human and mushroom tyrosinase [81,82]. Human and mushroom tyrosinases
are inhibited similarly or differently by various inhibitors, depending on their mode of actions [83-86].

In 1999, p-coumaric acid was identified as an active constituent of ginseng leaves that inhibited
mushroom tyrosinase activity in vitro [87]. In later studies, dimeric coumaroyl amides such as
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N,N’-di-p-coumaroyl-1,3-diaminopropane and N,N’-di-p-coumaroyl-1,3-diaminoethane inhibited
mushroom tyrosinase activity as compared to dimeric feruloyl amide derivatives [88-90].

A systematic assay using mushroom, murine, and human tyrosinase preparations revealed that
p-coumaric acid is a very selective and more potent inhibitor toward human and murine tyrosinases
than toward mushroom tyrosinase [18]. p-Coumaric acid inhibited human and murine tyrosinases
~100 and ~10 times more strongly than kojic acid, respectively, although their inhibitory effects against
mushroom tyrosinase were comparable [18].

In another study, using human tyrosinase expressed in human embryonic kidney 293 cells,
p-coumaric acid was shown to be the most potent inhibitor of human tyrosinase among the various
phenolic acids tested [91]. The concentrations of some phenolic acids required for 50% inhibition of
the enzyme activity (ICsg) were as follows: 3 pM p-coumaric acid, 120 pM p-methoxycinnamic acid,
200 uM cinnamic acid, 250 uM caffeic acid, and 750 uM ferulic acid. p-Coumaric acid was more active
than m-coumaric acid (ICsp, 270 M), o-coumaric acid (ICsg, 300 uM), and other tested compounds,
indicating it has an optimized structure to be an effective human tyrosinase inhibitor.

On the basis of enzyme kinetics studies, p-coumaric acid was classified as a mixed type or
competitive inhibitor of human tyrosinase depending on the substrates used: L-tyrosine or L-DOPA [18].
Given the structural resemblance to endogenous substrate L-tyrosine, p-coumaric acid might bind to
and block the active site of the enzyme, preventing access to its substrates.

6. p-Coumaric Acid Inhibits Cellular Melanogenesis

In 2004, Kubo et al. reported that methyl p-coumarate decreased melanin formation in B16 mouse
melanoma cells whereas p-coumaric acid did not show this activity [92]. In later studies, p-coumaric
acid inhibited melanin synthesis in B16F10 cells whereas ferulic acid showed rather melanogenic or
cytotoxic effects [93]. In addition, methyl p-coumarate showed more potent inhibition of melanin
synthesis compared to methyl ferulate [94].

In 2008, Park et al. tested the constituents of Rhodiola sachalinensis against melanin synthesis in
B16F10 cells and observed that only p-coumaric acid inhibited melanin synthesis, whereas catechin,
chlorogenic acid, and p-tyrosol did not show such an effect [95]. In their experiment, p-coumaric acid
competitively inhibited tyrosinase catalytic activity but had no effect on CREB phosphorylation or
tyrosinase protein expression [95]. An et al. identified p-coumaric acid as an active constituent of
Sasa quelpaertensis that attenuated cellular melanin synthesis stimulated by a-MSH [96]. The authors
showed that p-coumaric acid was more active than structurally similar caffeic acid and cinnamic acid.
They further showed that p-coumaric acid decreased tyrosinase protein levels.

Although there are minor inconsistencies among study results, most evidence supports that
p-coumaric acid can attenuate cellular melanogenesis. Indeed, the antimelanogenic effects of p-coumaric
acid were verified in later studies using human epidermal melanocytes [18,91] and 3-dimensional
human skin equivalents [97]. Table 1 shows the studies on the antimelanogenic effects of p-coumaric
acid-containing plant extracts.

Table 1. Studies on the antimelanogenic effects of various plant extracts containing p-coumaric acid.

Literature Plants Additional Constituents
Park et al, 2008 [95] Rhodiola sachalinensis catechin, chlorogenic acid, p-tyrosol
An et al., 2008 [96] Sasa quelpaertensis -

cinnamic acid, chrysoeriol, cyanidin,

Chao et a., 2013 [98] Arthrophytum scoparium catechol, caffeoylquinic acid

. . protocatechuic acid, vanillic acid, salicylic
Jiang et al., 2017 [99] Panax ginseng acid, caffeic acid,
Choi et al., 2018 [100] Phyllostachys nigra catechin, chlorogenic acid, caffeic acid
Lee at al., 2019 [101] Kummerowia striata quercetin

Lorz at al., 2019 [102] Pradosia mutisii -
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7. Comparison of p-Coumaric Acid and Other Tyrosinase Inhibitors

Various plant extracts have been screened for their effects against the activities of human
and mushroom tyrosinases, with the aim to identify selective inhibitors toward human
tyrosinase [97,103,104]. In a study that tested 50 plant extracts, only that of Vaccinium bracteatum
showed the strongest inhibition of human tyrosinase, followed by the extract of Morus bombycis [97].
Interestingly, the Vaccinium bracteatum extract did not significantly inhibit mushroom tyrosinase while
Morus bombycis extract caused potent inhibition. Thus, the former extract was assumed to contain
human tyrosinase-selective inhibitor which was finally identified to be p-coumaric acid (ICsp, 2 uM) [97].
In-vivo efficacy of p-coumaric acid was evidenced by subsequent animal and human studies [19,105].

In another study, of the 52 medicinal plant extracts tested, strong inhibition of human tyrosinase
was observed with the extracts of Mori ramulus and Vitis viniferae caulis. The former extract strongly
inhibited mushroom tyrosinase activity but the latter did not. The active constituent of Vitis viniferae
caulis responsible for the preferential inhibition of human tyrosinase was identified as resveratrol (ICs,
2 uM) [103]. In later studies, resveratrol and its semi-synthetic derivatives were shown to inhibit
cellular melanin synthesis and showed depigmenting effects in human skin [106-111].

An additional screening assay of 50 marine algae extracts led to the discovery of the
Phyllospadix iwatensis extract that inhibited human tyrosinase activity more effectively than mushroom
tyrosinase [104]. Its active constituent was identified to be luteolin 7-sulfate that exhibited inhibitory
effects toward human tyrosinase (ICsp, 6 pM) but not mushroom tyrosinase. It was further found
that luteolin 7-sulfate was a more potent inhibitor of human tyrosinase compared to luteolin and that
the former was less cytotoxic to melanocytic cells than luteolin. Luteolin 7-sulfate also decreased the
expression levels of tyrosinase in cells [112].

Compared to resveratrol and luteolin 7-sulfate, it is conceivable that p-coumaric acid has
comparable effects on cellular melanogenesis and is relatively less cytotoxic [96,103,104]. Tyrosinase
inhibition is likely not the only mechanism for antimelanogenic effects of p-coumaric acid, resveratrol
and luteolin 7-sulfate, because they also show inhibitory effects on the tyrosinase protein expression in
cells [96,106,112].

8. Mechanisms for Antimelanogenic Effects of p-Coumaric Acid

p-Coumaric acid did not significantly decrease the melanin levels of “unstimulated” B16/F10
cells [88,92], but its inhibitory effects on cellular melanogenesis were clearly observed in cells in the
presence of x-MSH stimulation [96]. This may indicate that p-coumaric acid prevents “stimulated”
new melanin synthesis rather than decreasing preexisting melanin.

As inferred from the in-vitro studies, p-coumaric acid can reduce new melanin synthesis through
direct inhibition of the catalytic activity of tyrosinase [18,95]. p-Coumaric acid more potently inhibited
tyrosinase catalytic activity when L-tyrosine rather than L-DOPA was used as the substrate [18,95].
The structural similarity of p-coumaric acid to L-tyrosine suggests that the former may compete with
the latter for the limited active sites on the tyrosinase enzyme.

The effect of p-coumaric acid on tyrosinase expression levels in cells is controversial. In some
studies, p-coumaric acid attenuated the protein expression of tyrosinase stimulated by «-MSH [96],
but other studies showed that CREB phosphorylation and tyrosinase expression were not affected
by p-coumaric acid [95]. Interestingly, L-tyrosine is known to not only act as the substrate for
tyrosinase enzyme but also play a hormone-like stimulatory role in tyrosinase gene expression.
L-tyrosine enhances the binding capacity of the receptors for x-MSH [113], increasing tyrosinase gene
expression [114-116]. It is tempting to speculate that the binding of L-tyrosine to the regulatory site on
the MSH receptors may be prevented by structurally similar compounds such as p-coumaric acid. This
could be an additional mechanism for the antimelanogenic effects of p-coumaric acid under certain.

p-Coumaric acid was shown to suppress hydrogen peroxide-induced phosphorylation of
mitogen-activated protein (MAP) kinases such as p-38, extracellular signal-regulated kinase (ERK), and
c-Jun N-terminal kinase (JNK) in human lens epithelial cells [60]. It suppressed hepatic cell apoptosis
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by modulating the MAP kinase-signaling axis in an ROS-dependent manner [68]. p-Coumaric acid
was also shown to alleviate cardiotoxicity and lung inflammation in animal models by scavenging
ROS production and modulating Nrf2 and nuclear factor kappa B (NF-«B) signaling pathways [51,117].
Although direct evidence is currently lacking, p-coumaric acid has the potential to modulate redox
signaling pathways associated with melanin synthesis and melanosome biogenesis. It was reported
that a plant extract containing p-coumaric acid attenuated the gene expression of tyrosinase through
modulation of the PKA/CREB/MITF pathway, although the results could not be attributed to the sole
effect of p-coumaric acid [100]

9. Skin and Cell Membrane Permeability of p-Coumaric Acid

Enzyme-mediated melanin synthesis occurs in the melanosome of melanocytes, and a tyrosinase
inhibitor should access and act on the target enzyme inside melanocytes cells, which are localized at
the stratum basale of the epidermis. Thus, skin and cell membrane permeability are crucial factors that
determine the in-vivo efficacy of tyrosinase inhibitors.

Although p-coumaric acid is a small molecule (molar mass: 164) that may be advantageous for skin
and cell membrane permeability, it has one carboxyl group that is deprotonated at neutral pH, making
the compound negatively charged and decreasing cell membrane permeability. Upon direct treatment
of mouse melanoma cells in vitro, p-coumaric acid showed weaker inhibition of melanin synthesis
than methyl p-coumarate [92]. Although p-coumaric acid was a more potent inhibitor of human
tyrosinase (ICsp, 3 uM) than methyl p-coumarate (ICsg, 30 uM), the former inhibited melanin synthesis
less effectively than the latter in human epidermal melanocytes stimulated with L-tyrosine [105]. This
phenomenon may be explained by lower cell membrane permeability of p-coumaric acid than methyl
p-coumarate, as demonstrated in the assay using a hexadecane-filled membrane as a model of lipophilic
cell membranes [105].

Excised porcine skin is a good model for the study of permeation of human skin, because they
share similar histological and barrier properties [24]. Skin permeability of p-coumaric acid and methyl
p-coumarate were compared using a vertical type simple diffusion device where excised porcine skin
was placed between the donor and acceptor chambers [105]. p-Coumaric acid and methyl p-coumarate
were separately applied in the form of semi-solid emulsion to the donor chamber, and aqueous medium
in the acceptor chamber was used for the analysis of p-coumaric acid and methyl p-coumarate with
high-performance liquid chromatography. The results showed that p-coumaric acid can pass through
the skin into the underneath aqueous media, whereas methyl p-coumarate was captured in lipophilic
skin layers or transferred into the aqueous media only after being converted to p-coumarate [105].
Although a hydrophobic property of a molecule is needed to enter the lipophilic layer of the skin,
a hydrophilic property is also needed for diffusion out of the skin into the aqueous medium [118].
Because p-coumaric acid is an amphiphilic compound that possesses both hydrophobic and hydrophilic
properties at neutral pH, its transdermal delivery can be faster than methyl p-coumarate which is
very hydrophobic.

10. In Vivo or Clinical Studies on the Hypopigmentation Efficacy of p-Coumaric Acid

Although the antimelanogenic effects of p-coumaric acid were observed in cultured mammalian
melanocytic cells, experiments using the animal model of zebrafish indicated that p-coumaric acid was
not as effective as other shikimic acid pathway compounds such as shikimic acid [119].

When a cream containing 1.5% p-coumaric acid was applied on the skin of SKH-1 hairless mice,
it attenuated UV-induced inflammatory responses as monitored by skin thickness and skin redness,
compared to the animals treated with a control cream [120]. The effects of p-coumaric acid cream
on UV-induced skin pigmentation were also examined in Hos:HRM-2 melanin-possessing hairless
mice [105]. UV exposure of mice increased the a* values and decreased L* values, representing erythema
and skin lightness, respectively. The UV-induced changes in a* and L* values were significantly more
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reduced in mice pretreated with creams containing 1.5% p-coumaric acid or methyl p-coumarate than
those pretreated with control cream.

Inaddition, p-coumaric acid cream was found to mitigate the UV-induced erythema and subsequent
pigmentation in human skin [19]. These effects of p-coumaric acid cream were attributed to p-coumaric
acid because control cream lacking p-coumaric acid did not show such effects. p-Coumaric acid cream
showed a skin depigmenting effect when it was applied after human skin was fully tanned by UV [19].
Thus, the application of p-coumaric acid to skin, before or after sun exposure, would be beneficial in
terms of mitigating UV-induced erythema and maintaining a lighter skin color.

p-Coumaric acid showed no significant cytotoxicity at the effective concentration range inhibiting
cellular melanin synthesis [96]. In addition, no toxic effects were observed in animal experiments and
human studies [19,105]. Rhododendrol isolated from Acer nikoense showed antimelanogenic effects in
cells, and this compound was used as a skin-brightening ingredient until its cosmetic use was stopped
in 2013 because of side effects causing leukoderma and vitiligo vulgaris [121,122]. Subsequent studies
found these mechanisms to be associated with these toxic effects inducing the death of melanocytes in
a tyrosinase-dependent manner [123-126]. Considering the structural similarity between p-coumaric
acid and rhododendrol, it would be interesting to compare the safety and efficacy of p-coumaric acid
versus rhododendrol in future studies.

11. Protective Effects of p-Coumaric Acid against UV

Solar UV radiation is a primary cause of extrinsic skin aging [127,128]. UV radiation stimulates the
production of ROS and depletes endogenous antioxidants in the skin [129,130]. Natural products that
provide UV-shielding and/or anti-oxidant effects are attractive cosmetic ingredients [131]. Plant extracts
from Gardenia jasminoides, Bambusae caulis in Taeniam, and Scutellaria baicalensis showed protective
activity against UV in vitro and in vivo [59,132,133].

Melanin plays an essential role in protection against UV radiation-induced skin damage, skin
aging, and carcinogenesis [25], and thus artificial inhibition of melanin synthesis in the absence of
UV protection may have negative effects on skin health. The inhibition of cellular melanin synthesis
by small interfering RN A-mediated knockdown of tyrosinase decreased the viability of melanocytes
exposed to UV [134]. In this regard, p-coumaric acid is an excellent candidate for dual function cosmetic
agents that provide both antimelanogenic and UV-protection effects.

There have been preliminary observations suggesting that p-coumaric acid may protect skin cells
from UV-induced damage. Human epidermal melanocytes treated with p-coumaric acid before UV
exposure showed significantly lesser cell death than the control cells exposed to UV or the cells treated
with p-coumaric acid after UV exposure [18]. This phenomenon is considered melanin-independent,
because p-coumaric acid attenuated the UV-induced cellular melanin synthesis regardless of whether
it was added before or after UVB exposure.

UV exposure of the skin induces gene expression and activation of matrix metalloproteinases
(MMPs), a family of peptidases that degrade the extracellular matrix protein, thereby causing
remodeling of intradermal tissue and formation of thick wrinkles [135]. Stratifin released from
epidermal keratinocytes shows a paracrine effect on dermal fibroblasts, stimulating fibroblastic MMP1
gene expression by a p38 MAP kinase-dependent mechanism [136,137]. In an in vitro study, p-coumaric
acid lowered the levels of stratifin released from the epidermal keratinocytes exposed to UV [138]. The
conditioned media from epidermal keratinocytes containing different levels of stratifin stimulated
MMP1 expression in dermal fibroblasts to varying degrees, indicating that p-coumaric acid indirectly
reduced MMP1 expression in dermal fibroblasts by down-regulating stratifin expression in epidermal
keratinocytes exposed to UV.

Urocanic acid is biosynthesized from L-histidine by the action of L-histidine ammonia lyase
(also called histidase) and it has been found to be a major acid-soluble, UV-absorbing compound
in the stratum corneum [139,140]. Urocanic acid is considered as a “natural sunscreen”, having
controversial effects on skin health [141-143]. p-Coumaric acid is similar to urocanic acid, in that it
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is synthesized from L-tyrosine, another aromatic amino acid, in a reaction catalyzed by L-tyrosine
ammonia lyase in prokaryotes, plants, and animals [144,145]. p-Coumaric acid rescued the viability of
HaCaT keratinocytes exposed to UV as effectively as urocanic acid in vitro [120]. Topical application of
p-coumaric acid onto the dorsal skin of Hos:HRM-2 melanin-possessing hairless mice or SKH-1 hairless
mice attenuated the inflammatory erythema responses caused by UV [105,120]. Pre-application of
p-coumaric acid on human skin attenuated erythema due to UV exposure [19].

Like the skin, the eye is constantly exposed to light-induced photo-oxidative reactions.
p-Coumaric acid has been shown to attenuate UV-induced oxidative damages in the eye in vitro
and in vivo [146-148].

The UV-protective effects of p-coumaric acid may be due to the following: (1) direct UV absorption
and dissipation of the absorbed energy in the form of heat, (2) multiple antioxidant actions decreasing
the levels of reactive oxygen species or enhancing cellular antioxidant capacity, and (3) modulation of
MAP kinase-mediated and other signaling pathways [18,58,59,120,149].

12. Conclusions and Future Directions

In conclusion, p-coumaric acid has a unique chemical structure, and many of its biochemical
properties are suitable for its use as a skin-lightening cosmetic ingredient. p-Coumaric acid inhibited the
catalytic activity of tyrosinase in vitro, especially toward human tyrosinase, more effectively than other
structurally similar compounds, especially when L-tyrosine was used as the substrate. p-Coumaric acid
inhibited tyrosinase gene expression stimulated by x-MSH. Antimelanogenic effects of p-coumaric acid
were observed in murine melanoma cells, human epidermal melanocytes, and 3-dimensional human
skin equivalents. p-Coumaric acid also attenuated UV-induced cytotoxicity. Its skin permeability and
hypopigmenting effects were shown in in ex-vivo and in-vivo experiments, respectively. The clinical
outcome from human studies was also supportive for the efficacy of p-coumaric acid-attenuating
UV-induced inflammation and subsequent pigmentation. Therefore, the antimelanogenic effects of
p-coumaric acid in the UV-exposed skin are considered to involve multiple mechanisms: (1) absorption
of UV, (2) inhibition of new synthesis of tyrosinase, and (3) inhibition of catalytic activity of preexisting
tyrosinase (Figure 1).

In addition to the melanogenesis in the melanosome, the biogenesis of melanosome and the
transfer of melanosome to keratinocytes are also important steps in skin pigmentation. Currently, it is
unknown whether p-coumaric acid has any impact on the latter two steps of skin pigmentation. Further
studies are needed to address this issue and examine possible synergic effects between p-coumaric
acid and other modulators of melanosome biogenesis and transfer. Future studies are also needed
to enhance the efficacy of p-coumaric acid through development of the optimized formulations for
efficient transdermal delivery. It is also an attractive idea to use p-coumaric acid in combination
with other modulators of skin pigmentation, or to make hybrids between p-coumaric acid and other
active ingredients, for the best clinical performance for skin-lightening effects [150]. Skin-lightening
ingredients may be further combined with other ingredients of different functions for optimized
aesthetic effects in human skin. Although p-coumaric acid is a natural antioxidant and has been used in
cosmetics for decades, its safety should be extensively evaluated to avoid any human risk considering
the long-term use of cosmetics.
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Figure 1. p-Coumaric acid can attenuate skin hyperpigmentation through multiple mechanisms. UV
and other pathophysiological conditions stimulate the production of reactive oxygen species (ROS)
and multiple signaling pathways leading to enhanced gene expression of tyrosinase and increased
melanin synthesis. The melanin can absorb ultraviolet (UV) radiation and alleviate oxidative stress
and inflammatory reactions caused by UV radiation, but the melanin deposition may cause skin
pigmentation disorders. p-Coumaric acid has a chemical structure similar to L-tyrosine and inhibits the
activity of tyrosinase, which catalyzes the oxidation of L-tyrosine and/or L-DOPA to L-DOPA quinone
in the melanin biosynthetic pathway. Due to its UV absorption and antioxidant action, p-coumaric
acid can inhibit the signaling pathways linked to gene expression of tyrosinase and inflammatory
mediators. p-Coumaric acid can also reduce the stimulatory effects of hormones and L-tyrosine on the
gene expression of tyrosinase. Thus, it is proposed that p-coumaric acid has advantageous biochemical

properties suitable for use as a skin-lightening active ingredient in cosmetics.

Author Contributions: Investigation, writing, and funding acquisition, Y.C.B.

Funding: This work was supported by the National Research Foundation of Korea (NRF) grant funded by the
Korea government (Ministry of Science and ICT) (No. 2019R111A2A01045132).

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

Maresca, V.; Flori, E.; Picardo, M. Skin phototype: A new perspective. Pigment Cell Melanoma Res. 2015, 28,

378-389. [CrossRef] [PubMed]
Nasti, T.H.; Timares, L. MC1R, eumelanin and pheomelanin: Their role in determining the susceptibility to

skin cancer. Photochem. Photobiol. 2015, 91, 188-200. [CrossRef] [PubMed]
Slominski, R-M.; Zmijewski, M.A.; Slominski, A.T. The role of melanin pigment in melanoma. Exp. Derm.

2015, 24, 258-259. [CrossRef] [PubMed]
Fistarol, S.K.; Itin, P.H. Disorders of pigmentation. J. Dtsch. Derm. Ges. 2010, 8, 187-201. [CrossRef] [PubMed]

Davis, E.C.; Callender, V.D. Postinflammatory hyperpigmentation: A review of the epidemiology, clinical
features, and treatment options in skin of color. J. Clin. Aesthet. Derm. 2010, 3, 20-31.


http://dx.doi.org/10.1111/pcmr.12365
http://www.ncbi.nlm.nih.gov/pubmed/25786343
http://dx.doi.org/10.1111/php.12335
http://www.ncbi.nlm.nih.gov/pubmed/25155575
http://dx.doi.org/10.1111/exd.12618
http://www.ncbi.nlm.nih.gov/pubmed/25496715
http://dx.doi.org/10.1111/j.1610-0387.2009.07137.x
http://www.ncbi.nlm.nih.gov/pubmed/19788584

Antioxidants 2019, 8, 275 10 of 16

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

27.

Maymone, M.B.C.; Neamah, H.H.; Secemsky, E.A_; Vashi, N.A. Correlating the Dermatology Life Quality
Index and Skin Discoloration Impact Evaluation Questionnaire tools in disorders of hyperpigmentation. J.
Derm. 2018, 45, 361-362. [CrossRef] [PubMed]

Pavlic, V.; Brkic, Z.; Marin, S.; Cicmil, S.; Gojkov-Vukelic, M.; Aoki, A. Gingival melanin depigmentation by
Er:YAG laser: A literature review. | Cosmet. Laser Ther. 2018, 20, 85-90. [CrossRef]

Saxena, S.; Andersen, R.M.; Maibach, H.I. Pitfalls in clinical trials reveal need for well tolerated, more effective
depigmenting agents. |. Dermatol. Treat. 2015, 26, 440-450. [CrossRef]

Levy, L.L.; Emer, ].J. Emotional benefit of cosmetic camouflage in the treatment of facial skin conditions:
Personal experience and review. Clin. Cosmet. Investig. Derm. 2012, 5, 173-182.

Jow, T.; Hantash, B.M. Hydroquinone-induced depigmentation: Case report and review of the literature.
Dermatitis 2014, 25, e1-e5. [CrossRef]

Cabanes, J.; Chazarra, S.; Garcia-Carmona, F. Kojic acid, a cosmetic skin whitening agent, is a slow-binding
inhibitor of catecholase activity of tyrosinase. |. Pharm. Pharm. 1994, 46, 982-985. [CrossRef] [PubMed]
Maeda, K.; Fukuda, M. Arbutin: Mechanism of its depigmenting action in human melanocyte culture.
J. Pharm. Exp. Ther. 1996, 276, 765-769.

Hu, ZM.; Zhou, Q.; Lei, T.C; Ding, S.F; Xu, S.Z. Effects of hydroquinone and its glucoside derivatives
on melanogenesis and antioxidation: Biosafety as skin whitening agents. J. Derm. Sci. 2009, 55, 179-184.
[CrossRef] [PubMed]

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

Desmedyt, B.; Courselle, P; De Beer, J.O.; Rogiers, V.; Grosber, M.; Deconinck, E.; De Paepe, K. Overview of
skin whitening agents with an insight into the illegal cosmetic market in Europe. J. Eur. Acad. Derm. Venereol.
2016, 30, 943-950. [CrossRef]

Rice-Evans, C.A.; Miller, N.J.; Paganga, G. Structure-antioxidant activity relationships of flavonoids and
phenolic acids. Free Radic. Biol. Med. 1996, 20, 933-956. [CrossRef]

Croft, K.D. The chemistry and biological effects of flavonoids and phenolic acids. Ann. N. Y. Acad. Sci. 1998,
854, 435-442. [CrossRef]

An, SM.; Koh, ].S.; Boo, Y.C. p-coumaric acid not only inhibits human tyrosinase activity in vitro but also
melanogenesis in cells exposed to UVB. Phytother. Res. 2010, 24, 1175-1180.

Seo, YK.; Kim, S.J.; Boo, Y.C.; Baek, ].H.; Lee, S.H.; Koh, J.S. Effects of p-coumaric acid on erythema and
pigmentation of human skin exposed to ultraviolet radiation. Clin. Exp. Derm. 2011, 36, 260-266. [CrossRef]
Menon, G.K,; Kligman, A.M. Barrier functions of human skin: A holistic view. Ski. Pharm. Physiol. 2009, 22,
178-189. [CrossRef]

Costin, G.E.; Hearing, V.J. Human skin pigmentation: Melanocytes modulate skin color in response to stress.
Faseb. ]. 2007, 21, 976-994. [CrossRef] [PubMed]

Schiaffino, M.V. Signaling pathways in melanosome biogenesis and pathology. Int. J. Biochem. Cell Biol. 2010,
42,1094-1104. [CrossRef] [PubMed]

Cardinali, G.; Ceccarelli, S.; Kovacs, D.; Aspite, N.; Lotti, L.V.; Torrisi, M.R.; Picardo, M. Keratinocyte growth
factor promotes melanosome transfer to keratinocytes. J. Investig. Derm. 2005, 125, 1190-1199. [CrossRef]
[PubMed]

Slominski, A.T.; Zmijewski, M.A.; Skobowiat, C.; Zbytek, B.; Slominski, R.M.; Steketee, ].D. Sensing the
environment: Regulation of local and global homeostasis by the skin’s neuroendocrine system. Adv. Anat.
Embryol. Cell Biol. 2012, 212, 1-115.

Epstein, J.H. Photocarcinogenesis, skin cancer, and aging. J. Am. Acad. Derm. 1983, 9, 487-502. [CrossRef]
Yamaguchi, Y.; Beer, ].Z.; Hearing, V.J. Melanin mediated apoptosis of epidermal cells damaged by ultraviolet
radiation: Factors influencing the incidence of skin cancer. Arch. Derm. Res. 2008, 300, S43-S50. [CrossRef]
[PubMed]

D’Orazio, J.A.; Nobuhisa, T.; Cui, R.; Arya, M.; Spry, M.; Wakamatsu, K.; Igras, V.; Kunisada, T.; Granter, S.R.;
Nishimura, E.K.; et al. Topical drug rescue strategy and skin protection based on the role of Mclr in
UV-induced tanning. Nature 2006, 443, 340-344. [CrossRef]


http://dx.doi.org/10.1111/1346-8138.14172
http://www.ncbi.nlm.nih.gov/pubmed/29498101
http://dx.doi.org/10.1080/14764172.2017.1376092
http://dx.doi.org/10.3109/09546634.2014.998609
http://dx.doi.org/10.1097/01.DER.0000438425.56740.8a
http://dx.doi.org/10.1111/j.2042-7158.1994.tb03253.x
http://www.ncbi.nlm.nih.gov/pubmed/7714722
http://dx.doi.org/10.1016/j.jdermsci.2009.06.003
http://www.ncbi.nlm.nih.gov/pubmed/19574027
http://dx.doi.org/10.1080/14756366.2016.1256882
http://www.ncbi.nlm.nih.gov/pubmed/28097901
http://dx.doi.org/10.1111/jdv.13595
http://dx.doi.org/10.1016/0891-5849(95)02227-9
http://dx.doi.org/10.1111/j.1749-6632.1998.tb09922.x
http://dx.doi.org/10.1111/j.1365-2230.2010.03983.x
http://dx.doi.org/10.1159/000231523
http://dx.doi.org/10.1096/fj.06-6649rev
http://www.ncbi.nlm.nih.gov/pubmed/17242160
http://dx.doi.org/10.1016/j.biocel.2010.03.023
http://www.ncbi.nlm.nih.gov/pubmed/20381640
http://dx.doi.org/10.1111/j.0022-202X.2005.23929.x
http://www.ncbi.nlm.nih.gov/pubmed/16354189
http://dx.doi.org/10.1016/S0190-9622(83)70160-X
http://dx.doi.org/10.1007/s00403-007-0807-0
http://www.ncbi.nlm.nih.gov/pubmed/17985102
http://dx.doi.org/10.1038/nature05098

Antioxidants 2019, 8, 275 11 of 16

28.

29.

30.

31.
32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Slominski, A.; Kim, TK.; Brozyna, A.A.; Janjetovic, Z.; Brooks, D.L.; Schwab, L.P.; Skobowiat, C.; Jozwicki, W.;
Seagroves, T.N. The role of melanogenesis in regulation of melanoma behavior: Melanogenesis leads to
stimulation of HIF-1alpha expression and HIF-dependent attendant pathways. Arch. Biochem. Biophys. 2014,
563,79-93. [CrossRef]

Visscher, M.O. Skin Color and Pigmentation in Ethnic Skin. Facial. Plast. Surg. Clin. N. Am. 2017, 25, 119-125.
[CrossRef]

Slominski, A.; Tobin, D.J.; Shibahara, S.; Wortsman, J. Melanin pigmentation in mammalian skin and its
hormonal regulation. Physiol. Rev. 2004, 84, 1155-1228. [CrossRef]

Rose, PT. Pigmentary disorders. Med. Clin. N. Am. 2009, 93, 1225-1239. [CrossRef] [PubMed]

Callender, V.D.; St Surin-Lord, S.; Davis, E.C.; Maclin, M. Postinflammatory hyperpigmentation: Etiologic
and therapeutic considerations. Am. J. Clin. Derm. 2011, 12, 87-99. [CrossRef] [PubMed]

Tachibana, M. MITF: A stream flowing for pigment cells. Pigment Cell Res. 2000, 13, 230-240. [CrossRef]
[PubMed]

Simon, J.D.; Peles, D.; Wakamatsu, K.; Ito, S. Current challenges in understanding melanogenesis: Bridging
chemistry, biological control, morphology, and function. Pigment Cell Melanoma Res. 2009, 22, 563-579.
[CrossRef] [PubMed]

Busca, R.; Ballotti, R. Cyclic AMP a key messenger in the regulation of skin pigmentation. Pigment Cell Res.
2000, 13, 60-69. [CrossRef]

Yasumoto, K., Yokoyama, K., Takahashi, K.; Tomita, Y., Shibahara, S. Functional analysis of
microphthalmia-associated transcription factor in pigment cell-specific transcription of the human tyrosinase
family genes. J. Biol. Chem. 1997, 272, 503-509. [CrossRef] [PubMed]

Mas, ]J.S.; Gerritsen, I.; Hahmann, C.; Jimenez-Cervantes, C.; Garcia-Borron, J.C. Rate limiting factors in
melanocortin 1 receptor signalling through the cAMP pathway. Pigment Cell Res. 2003, 16, 540-547. [CrossRef]
Flaherty, K.T.; Hodi, F.S.; Fisher, D.E. From genes to drugs: Targeted strategies for melanoma. Nat. Rev.
Cancer 2012, 12, 349-361. [CrossRef]

Spritz, R.A.; Ho, L.; Furumura, M.; Hearing, V.J., Jr. Mutational analysis of copper binding by human
tyrosinase. J. Investig. Derm. 1997, 109, 207-212. [CrossRef]

Halaban, R.; Cheng, E.; Hebert, D.N. Coexpression of wild-type tyrosinase enhances maturation of
temperature-sensitive tyrosinase mutants. J. Investig. Derm. 2002, 119, 481-488. [CrossRef]

Park, H.Y,; Perez, ] M.; Laursen, R.; Hara, M.; Gilchrest, B.A. Protein kinase C-beta activates tyrosinase by
phosphorylating serine residues in its cytoplasmic domain. J. Biol. Chem. 1999, 274, 16470-16478. [CrossRef]
[PubMed]

Jimenez-Cervantes, C.; Garcia-Borron, J.C.; Valverde, P; Solano, F.; Lozano, J.A. Tyrosinase isoenzymes in
mammalian melanocytes. 1. Biochemical characterization of two melanosomal tyrosinases from B16 mouse
melanoma. Eur. |. Biochem. 1993, 217, 549-556. [CrossRef] [PubMed]

Solano, F; Briganti, S.; Picardo, M.; Ghanem, G. Hypopigmenting agents: An updated review on biological,
chemical and clinical aspects. Pigment Cell Res. 2006, 19, 550-571. [CrossRef] [PubMed]

Ando, H.; Kondoh, H.; Ichihashi, M.; Hearing, V.J. Approaches to identify inhibitors of melanin biosynthesis
via the quality control of tyrosinase. J. Investig. Derm. 2007, 127, 751-761. [CrossRef] [PubMed]

Kim, Y.J.; Uyama, H. Tyrosinase inhibitors from natural and synthetic sources: Structure, inhibition
mechanism and perspective for the future. Cell. Mol. Life Sci. 2005, 62, 1707-1723. [CrossRef] [PubMed]
Parvez, S.; Kang, M.; Chung, H.S.; Bae, H. Naturally occurring tyrosinase inhibitors: Mechanism and
applications in skin health, cosmetics and agriculture industries. Phytother. Res. 2007, 21, 805-816. [CrossRef]
[PubMed]

Khan, M.T. Novel tyrosinase inhibitors from natural resources—Their computational studies. Curr. Med.
Chem. 2012, 19, 2262-2272. [CrossRef]

Wu, B. Tyrosinase inhibitors from terrestrial and marine resources. Curr. Top. Med. Chem. 2014, 14, 1425-1449.
[CrossRef]

Lee, S.Y.; Baek, N.; Nam, T.G. Natural, semisynthetic and synthetic tyrosinase inhibitors. J. Enzym. Inhib.
Med. Chem. 2016, 31, 1-13. [CrossRef]

Zolghadri, S.; Bahrami, A.; Hassan Khan, M.T.; Munoz-Munoz, J.; Garcia-Molina, F.; Garcia-Canovas, F.;
Saboury, A.A. A comprehensive review on tyrosinase inhibitors. J. Enzym. Inhib. Med. Chem. 2019, 34,
279-309. [CrossRef]


http://dx.doi.org/10.1016/j.abb.2014.06.030
http://dx.doi.org/10.1016/j.fsc.2016.08.011
http://dx.doi.org/10.1152/physrev.00044.2003
http://dx.doi.org/10.1016/j.mcna.2009.08.005
http://www.ncbi.nlm.nih.gov/pubmed/19932328
http://dx.doi.org/10.2165/11536930-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/21348540
http://dx.doi.org/10.1034/j.1600-0749.2000.130404.x
http://www.ncbi.nlm.nih.gov/pubmed/10952390
http://dx.doi.org/10.1111/j.1755-148X.2009.00610.x
http://www.ncbi.nlm.nih.gov/pubmed/19627559
http://dx.doi.org/10.1034/j.1600-0749.2000.130203.x
http://dx.doi.org/10.1074/jbc.272.1.503
http://www.ncbi.nlm.nih.gov/pubmed/8995290
http://dx.doi.org/10.1034/j.1600-0749.2003.00073.x
http://dx.doi.org/10.1038/nrc3218
http://dx.doi.org/10.1111/1523-1747.ep12319351
http://dx.doi.org/10.1046/j.1523-1747.2002.01824.x
http://dx.doi.org/10.1074/jbc.274.23.16470
http://www.ncbi.nlm.nih.gov/pubmed/10347209
http://dx.doi.org/10.1111/j.1432-1033.1993.tb18276.x
http://www.ncbi.nlm.nih.gov/pubmed/8223598
http://dx.doi.org/10.1111/j.1600-0749.2006.00334.x
http://www.ncbi.nlm.nih.gov/pubmed/17083484
http://dx.doi.org/10.1038/sj.jid.5700683
http://www.ncbi.nlm.nih.gov/pubmed/17218941
http://dx.doi.org/10.1007/s00018-005-5054-y
http://www.ncbi.nlm.nih.gov/pubmed/15968468
http://dx.doi.org/10.1002/ptr.2184
http://www.ncbi.nlm.nih.gov/pubmed/17605157
http://dx.doi.org/10.2174/092986712800229041
http://dx.doi.org/10.2174/1568026614666140523115357
http://dx.doi.org/10.3109/14756366.2015.1004058
http://dx.doi.org/10.1080/14756366.2018.1545767

Antioxidants 2019, 8, 275 12 of 16

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Kheiry, M., Dianat, M., Badavi, M., Mard, S.A.; Bayati, V. p-Coumaric Acid Attenuates
Lipopolysaccharide-Induced Lung Inflammation in Rats by Scavenging ROS Production: An In Vivo
and In Vitro Study. Inflammation 2019. [CrossRef] [PubMed]

Calinoiu, L.F.; Vodnar, D.C. Whole Grains and Phenolic Acids: A Review on Bioactivity, Functionality, Health
Benefits and Bioavailability. Nutrients 2018, 10, 1615. [CrossRef] [PubMed]

Bento-Silva, A.; Koistinen, V.M.; Mena, P.; Bronze, M.R.; Hanhineva, K.; Sahlstrom, S.; Kitryte, V.; Moco, S.;
Aura, A.M. Factors affecting intake, metabolism and health benefits of phenolic acids: Do we understand
individual variability? Eur. J. Nutr. 2019. [CrossRef] [PubMed]

Boz, H. p-Coumaric acid in cereals: Presence, antioxidant and antimicrobial effects. Int. ]. Food Sci. Technol.
2015, 50, 2323-2328. [CrossRef]

Pei, K;; Ou, J.; Huang, J.; Ou, S. p-Coumaric acid and its conjugates: Dietary sources, pharmacokinetic
properties and biological activities. J. Sci. Food Agric. 2016, 96, 2952-2962. [CrossRef] [PubMed]

Zang, L.Y.; Cosma, G.; Gardner, H.; Shi, X.; Castranova, V.; Vallyathan, V. Effect of antioxidant protection by
p-coumaric acid on low-density lipoprotein cholesterol oxidation. Am. . Physiol. Cell Physiol. 2000, 279,
C954-C960. [CrossRef]

Kilic, L; Yesiloglu, Y. Spectroscopic studies on the antioxidant activity of p-coumaric acid. Spectrochim. Acta
A Mol. Biomol. Spectrosc. 2013, 115, 719-724. [CrossRef]

Lee, S.J.; Mun, G.I; An, S.M.; Boo, Y.C. Evidence for the association of peroxidases with the antioxidant effect
of p-coumaric acid in endothelial cells exposed to high glucose plus arachidonic acid. BMB Rep. 2009, 42,
561-567. [CrossRef]

Seok, J.K.; Kwak, J.Y.; Seo, H.H.; Suh, H.].; Boo, Y.C. Effects of bambusae caulis in Taeniam extract on
UVB-induced cell death, oxidative stress and matrix metalloproteinase 1 expression in keratinocytes. J. Soc.
Cosmet. Sci. Korea 2015, 41, 9-20.

Peng, J.; Zheng, T.T,; Liang, Y.; Duan, L.F; Zhang, Y.D.; Wang, L.J.; He, G.M.; Xiao, H.T. p-Coumaric Acid
Protects Human Lens Epithelial Cells against Oxidative Stress-Induced Apoptosis by MAPK Signaling. Oxid.
Med. Cell Longev. 2018, 2018, 8549052. [CrossRef]

Lou, Z.X.; Wang, HX,; Rao, 5.Q.; Sun, ].T.; Ma, C.Y,; Li, J. p-Coumaric acid kills bacteria through dual damage
mechanisms. Food Control 2012, 25, 550-554. [CrossRef]

Contardi, M.; Heredia-Guerrero, J.A.; Guzman-Puyol, S.; Summa, M.; Benitez, ]J.J.; Goldoni, L.;
Caputo, G.; Cusimano, G.; Picone, P.; Di Carlo, M.; et al. Combining dietary phenolic antioxidants
with polyvinylpyrrolidone: Transparent biopolymer films based on p-coumaric acid for controlled release.
J. Mater. Chem. B 2019, 7, 1384-1396. [CrossRef]

Contardi, M.; Alfaro-Pulido, A.; Picone, P.; Guzman-Puyol, S.; Goldoni, L.; Benitez, ].; Heredia, A.; Barthel, M.].;
Ceseracciu, L.; Cusimano, G.; et al. Low molecular weight epsilon-caprolactone-p-coumaric acid copolymers
as potential biomaterials for skin regeneration applications. PLoS ONE 2019, 14, e0214956. [CrossRef]
[PubMed]

Guglielmi, F; Luceri, C.; Giovannelli, L; Dolara, P; Lodovici, M. Effect of 4-coumaric and
3,4-dihydroxybenzoic acid on oxidative DNA damage in rat colonic mucosa. Br. ]. Nutr. 2003, 89,
581-587. [CrossRef] [PubMed]

Yeh, C.T,; Ching, L.C.; Yen, G.C. Inducing gene expression of cardiac antioxidant enzymes by dietary phenolic
acids in rats. J. Nutr. Biochem. 2009, 20, 163-171. [CrossRef]

Pragasam, S.J.; Venkatesan, V.; Rasool, M. Immunomodulatory and Anti-inflammatory Effect of p-Coumaric
Acid, a Common Dietary Polyphenol on Experimental Inflammation in Rats. Inflammation 2013, 36, 169-176.
[CrossRef] [PubMed]

Lee, S.I; An, SM.; Mun, G.I; Lee, S.J.; Park, KM.; Park, S.H.; Boo, Y.C. Protective effect of Sasa quelpaertensis
and p-coumaric acid on ethanol-induced hepatotoxicity in mice. J. Appl. Biol. Chem. 2008, 51, 148-154.
[CrossRef]

Cha, H.; Lee, S.; Lee, ].H.; Park, ].W. Protective effects of p-coumaric acid against acetaminophen-induced
hepatotoxicity in mice. Food Chem. Toxicol. 2018, 121, 131-139. [CrossRef]

Kim, W,; Lim, D.; Kim, J. p-Coumaric Acid, a Major Active Compound of Bambusae Caulis in Taeniam,
Suppresses Cigarette Smoke-Induced Pulmonary Inflammation. Am. ]. Chin. Med. 2018, 46, 407-421.
[CrossRef]


http://dx.doi.org/10.1007/s10753-019-01054-6
http://www.ncbi.nlm.nih.gov/pubmed/31267276
http://dx.doi.org/10.3390/nu10111615
http://www.ncbi.nlm.nih.gov/pubmed/30388881
http://dx.doi.org/10.1007/s00394-019-01987-6
http://www.ncbi.nlm.nih.gov/pubmed/31115680
http://dx.doi.org/10.1111/ijfs.12898
http://dx.doi.org/10.1002/jsfa.7578
http://www.ncbi.nlm.nih.gov/pubmed/26692250
http://dx.doi.org/10.1152/ajpcell.2000.279.4.C954
http://dx.doi.org/10.1016/j.saa.2013.06.110
http://dx.doi.org/10.5483/BMBRep.2009.42.9.561
http://dx.doi.org/10.1155/2018/8549052
http://dx.doi.org/10.1016/j.foodcont.2011.11.022
http://dx.doi.org/10.1039/C8TB03017K
http://dx.doi.org/10.1371/journal.pone.0214956
http://www.ncbi.nlm.nih.gov/pubmed/30958838
http://dx.doi.org/10.1079/BJN2003849
http://www.ncbi.nlm.nih.gov/pubmed/12720578
http://dx.doi.org/10.1016/j.jnutbio.2008.01.005
http://dx.doi.org/10.1007/s10753-012-9532-8
http://www.ncbi.nlm.nih.gov/pubmed/22923003
http://dx.doi.org/10.3839/jabc.2008.026
http://dx.doi.org/10.1016/j.fct.2018.08.060
http://dx.doi.org/10.1142/S0192415X18500209

Antioxidants 2019, 8, 275 13 of 16

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Prasanna, N.; Krishnan, D.N.; Rasool, M. Sodium arsenite-induced cardiotoxicity in rats: Protective role of
p-coumaric acid, a common dietary polyphenol. Toxicol. Mech. Methods 2013, 23, 255-262. [CrossRef]
Abdel-Wahab, M.H.; El-Mahdy, M.A.; Abd-Ellah, M.F,; Helal, G.K.; Khalifa, F.; Hamada, EM. Influence
of p-coumaric acid on doxorubicin-induced oxidative stress in rat’s heart. Pharm. Res. 2003, 48, 461-465.
[CrossRef]

Janicke, B.; Hegardt, C.; Krogh, M.; Onning, G.; Akesson, B.; Cirenajwis, HM.; Oredsson, S.M. The
Antiproliferative Effect of Dietary Fiber Phenolic Compounds Ferulic Acid and p-Coumaric Acid on the Cell
Cycle of Caco-2 Cells. Nutr. Cancer Int. ]. 2011, 63, 611-622. [CrossRef]

Nasr Bouzaiene, N.; Kilani Jaziri, S.; Kovacic, H.; Chekir-Ghedira, L.; Ghedira, K.; Luis, J. The effects of caffeic,
coumaric and ferulic acids on proliferation, superoxide production, adhesion and migration of human tumor
cells in vitro. Eur. J. Pharm. 2015, 766, 99-105. [CrossRef]

Jaganathan, S.K; Supriyanto, E.; Mandal, M. Events associated with apoptotic effect of p-Coumaric acid in
HCT-15 colon cancer cells. World J. Gastroenterol. 2013, 19, 7726-7734. [CrossRef]

Roy, N.; Narayanankutty, A.; Nazeem, P.A,; Valsalan, R.; Babu, T.D.; Mathew, D. Plant Phenolics Ferulic Acid
and P-Coumaric Acid Inhibit Colorectal Cancer Cell Proliferation through EGFR Down-Regulation. Asian
Pac. ]. Cancer Prev. 2016, 17, 4019-4023.

Sharma, S.H.; Rajamanickam, V.; Nagarajan, S. Antiproliferative effect of p-Coumaric acid targets UPR
activation by downregulating Grp78 in colon cancer. Chem. Biol. Interact. 2018, 291, 16-28. [CrossRef]
Sharma, S.H.; Rajamanickam, V.; Nagarajan, S. Supplementation of p-coumaric acid exhibits chemopreventive
effect via induction of Nrf2 in a short-term preclinical model of colon cancer. Eur. |. Cancer Prev. 2018.
[CrossRef]

Osaki, S. The mechanism of tyrosine oxidation by mushroom tyrosinase. Arch. Biochem. Biophys. 1963, 100,
378-384. [CrossRef]

Nairn, R.; Cresswell, W.; Nairn, J. Mushroom tyrosinase: A model system to combine experimental
investigation of enzyme-catalyzed reactions, data handling using R, and enzyme-inhibitor structural studies.
Biochem. Mol. Biol. Educ. 2015, 43, 370-376. [CrossRef]

Hassani, S.; Gharechaei, B.; Nikfard, S.; Fazli, M.; Gheibi, N.; Hardre, R.; Legge, R.L.; Haghbeen, K. New
insight into the allosteric effect of L-tyrosine on mushroom tyrosinase during L-dopa production. Int. |. Biol.
Macromol. 2018, 114, 821-829. [CrossRef]

Kwon, B.S.; Haq, A.K.; Pomerantz, S.H.; Halaban, R. Isolation and sequence of a cDNA clone for human
tyrosinase that maps at the mouse c-albino locus. Proc. Natl. Acad. Sci. USA 1987, 84, 7473-7477. [CrossRef]
Wichers, H.J.; Recourt, K.; Hendriks, M.; Ebbelaar, C.E.; Biancone, G.; Hoeberichts, F.A.; Mooibroek, H.;
Soler-Rivas, C. Cloning, expression and characterisation of two tyrosinase cDNAs from Agaricus bisporus.
Appl. Microbiol. Biotechnol. 2003, 61, 336-341. [CrossRef]

Kahn, V. Effect of kojic acid on the oxidation of DL-DOPA, norepinephrine, and dopamine by mushroom
tyrosinase. Pigment Cell Res. 1995, 8, 234-240. [CrossRef]

Sugimoto, K.; Nomura, K.; Nishimura, T.; Kiso, T.; Kuriki, T. Syntheses of alpha-arbutin-alpha-glycosides
and their inhibitory effects on human tyrosinase. J. Biosci. Bioeng. 2005, 99, 272-276. [CrossRef]
Garcia-Jimenez, A.; Teruel-Puche, J.A.; Berna, J.; Rodriguez-Lopez, ] N.; Tudela, ].; Garcia-Canovas, F. Action
of tyrosinase on alpha and beta-arbutin: A kinetic study. PLoS ONE 2017, 12, e0177330. [CrossRef]

Mann, T.; Gerwat, W.; Batzer, ].; Eggers, K.; Scherner, C.; Wenck, H.; Stab, E; Hearing, V.J.; Rohm, K.H.;
Kolbe, L. Inhibition of Human Tyrosinase Requires Molecular Motifs Distinctively Different from Mushroom
Tyrosinase. |. Investig. Derm. 2018, 138, 1601-1608. [CrossRef]

Lim, J.Y;; Ishiguro, K.; Kubo, I. Tyrosinase inhibitory p-coumaric acid from ginseng leaves. Phytother. Res.
1999, 13, 371-375. [CrossRef]

Choi, SSW.; Lee, S.K.; Kim, E.O.; Oh, J.H.; Yoon, K.S.; Parris, N.; Hicks, K.B.; Moreau, R.A. Antioxidant and
antimelanogenic activities of polyamine conjugates from corn bran and related hydroxycinnamic acids.
J. Agric. Food Chem. 2007, 55, 3920-3925. [CrossRef]

Criton, M.; Le Mellay-Hamon, V. Dimeric cinnamoylamide derivatives as inhibitors of melanogenesis. Biol.
Pharm. Bull. 2011, 34, 420-425. [CrossRef]

Ha, J.H,; Park, S.N. Dimeric cinnamoylamide analogues for regulation of tyrosinase activity in melanoma
cells: A role of diamide-link chain length. Bioorg. Med. Chem. 2018, 26, 6015-6022. [CrossRef]


http://dx.doi.org/10.3109/15376516.2012.748116
http://dx.doi.org/10.1016/S1043-6618(03)00214-7
http://dx.doi.org/10.1080/01635581.2011.538486
http://dx.doi.org/10.1016/j.ejphar.2015.09.044
http://dx.doi.org/10.3748/wjg.v19.i43.7726
http://dx.doi.org/10.1016/j.cbi.2018.06.001
http://dx.doi.org/10.1097/CEJ.0000000000000496
http://dx.doi.org/10.1016/0003-9861(63)90101-2
http://dx.doi.org/10.1002/bmb.20887
http://dx.doi.org/10.1016/j.ijbiomac.2018.03.185
http://dx.doi.org/10.1073/pnas.84.21.7473
http://dx.doi.org/10.1007/s00253-002-1194-2
http://dx.doi.org/10.1111/j.1600-0749.1995.tb00669.x
http://dx.doi.org/10.1263/jbb.99.272
http://dx.doi.org/10.1371/journal.pone.0177330
http://dx.doi.org/10.1016/j.jid.2018.01.019
http://dx.doi.org/10.1002/(SICI)1099-1573(199908/09)13:5&lt;371::AID-PTR453&gt;3.0.CO;2-L
http://dx.doi.org/10.1021/jf0635154
http://dx.doi.org/10.1248/bpb.34.420
http://dx.doi.org/10.1016/j.bmc.2018.10.036

Antioxidants 2019, 8, 275 14 of 16

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

Kim, M.; An, S.M.; Koh, ].S.; Jang, D.I.; Boo, Y.C. Use of non-melanocytic HEK293 cells stably expressing
human tyrosinase for the screening of anti-melanogenic agents. J. Cosmet. Sci. 2011, 62, 515-523.

Kubo, I; Nihei, K.; Tsujimoto, K. Methyl p-coumarate, a melanin formation inhibitor in B16 mouse melanoma
cells. Bioorg. Med. Chem. 2004, 12, 5349-5354. [CrossRef]

Yoon, H.S.; Lee, N.H.; Hyun, C.G.; Shin, D.B. Differential Effects of Methoxylated p-Coumaric Acids on
Melanoma in B16/F10 Cells. Prev. Nutr. Food Sci. 2015, 20, 73-77. [CrossRef]

Cho, ].G.; Huh, J.; Jeong, R.H.; Cha, B.].; Shrestha, S.; Lee, D.G.; Kang, H.C.; Kim, ].Y.; Baek, N.I. Inhibition
effect of phenyl compounds from the Oryza sativa roots on melanin production in murine B16-F10 melanoma
cells. Nat. Prod. Res. 2015, 29, 1052-1054. [CrossRef]

Park, S.H.; Kim, D.S,; Park, S.H.; Shin, ] W.; Youn, S.W.; Park, K.C. Inhibitory effect of p-coumaric acid by
Rhodiola sachalinensis on melanin synthesis in B16F10 cells. Pharmazie 2008, 63, 290-295.

An, SM,; Lee, S.I; Choi, S.W.; Moon, S.W.; Boo, Y.C. p-Coumaric acid, a constituent of Sasa quelpaertensis
Nakai, inhibits cellular melanogenesis stimulated by alpha-melanocyte stimulating hormone. Br. J. Derm.
2008, 159, 292-299. [CrossRef]

Kim, M.; Park, J.; Song, K.; Kim, H.G.; Koh, ].S.; Boo, Y.C. Screening of plant extracts for human tyrosinase
inhibiting effects. Int. J. Cosmet. Sci. 2012, 34, 202-208. [CrossRef]

Chao, H.C.; Najjaa, H.; Villareal, M.O.; Ksouri, R.; Han, J.; Neffati, M.; Isoda, H. Arthrophytum scoparium
inhibits melanogenesis through the down-regulation of tyrosinase and melanogenic gene expressions in B16
melanoma cells. Exp. Derm. 2013, 22, 131-136. [CrossRef]

Jiang, R.; Xu, X.H.; Wang, K; Yang, X.Z.; Bi, YE; Yan, Y, Liu, J.Z; Chen, XN,; Wang, Z.Z;
Guo, X.L.; et al. Ethyl acetate extract from Panax ginseng C.A. Meyer and its main constituents inhibit
alpha-melanocyte-stimulating hormone-induced melanogenesis by suppressing oxidative stress in B16
mouse melanoma cells. |. Ethnopharmacol. 2017, 208, 149-156. [CrossRef]

Choi, M.H,; Jo, H.G.; Yang, ].H.; Ki, S.H.; Shin, H.J]. Antioxidative and Anti-Melanogenic Activities of Bamboo
Stems (Phyllostachys nigra variety henosis) via PKA/CREB-Mediated MITF Downregulation in B16F10
Melanoma Cells. Int. J. Mol. Sci. 2018, 19, 409. [CrossRef]

Lee, ].Y,; Cho, Y.R.; Park, ].H.; Ahn, E.K; Jeong, W.; Shin, H.S.; Kim, M.S; Yang, S.H.; Oh, ].S. Anti-melanogenic
and anti-oxidant activities of ethanol extract of Kummerowia striata: Kummerowia striata regulate
anti-melanogenic activity through down-regulation of TRP-1, TRP-2 and MITF expression. Toxicol. Rep. 2019,
6,10-17. [CrossRef]

Lorz, L.R.; Yoo, B.C; Kim, M.Y.; Cho, J.Y. Anti-Wrinkling and Anti-Melanogenic Effect of Pradosia mutisii
Methanol Extract. Int. . Mol. Sci. 2019, 20, 1043. [CrossRef]

Park, J.; Boo, Y.C. Isolation of resveratrol from vitis viniferae caulis and its potent inhibition of human
tyrosinase. Evid. Based. Complement. Altern. Med. 2013, 2013, 645257. [CrossRef]

Kwak, J.Y,; Seok, ] K.; Suh, HJ.; Choi, YH.; Hong, S.S.; Kim, D.S.; Boo, Y.C. Antimelanogenic effects of
luteolin 7-sulfate isolated from Phyllospadix iwatensis Makino. Br. J. Derm. 2016, 175, 501-511. [CrossRef]
Song, K.; An, SM.; Kim, M.; Koh, ].S.; Boo, Y.C. Comparison of the antimelanogenic effects of p-coumaric
acid and its methyl ester and their skin permeabilities. J. Derm. Sci. 2011, 63, 17-22. [CrossRef]

Park, J.; Park, J.H.; Suh, H.J.; Lee, I.C.; Koh, J.; Boo, Y.C. Effects of resveratrol, oxyresveratrol, and their
acetylated derivatives on cellular melanogenesis. Arch. Derm. Res. 2014, 306, 475-487. [CrossRef]

Ryu, J.H.; Seok, ] K.; An, S.M.; Baek, ].H.; Koh, ].S.; Boo, Y.C. A study of the human skin-whitening effects of
resveratryl triacetate. Arch. Derm. Res. 2015, 307, 239-247. [CrossRef]

Boo, Y.C. Clinical evaluation of skin whitening effect of a cream containing resveratryl triacetate. Fragr. J.
Korea 2016, 3, 72.

Park, S.; Seok, ] K.; Kwak, J.Y,; Choi, YH.; Hong, S.S.; Suh, H.J.; Park, W.; Boo, Y.C. Anti-melanogenic effects
of resveratryl triglycolate, a novel hybrid compound derived by esterification of resveratrol with glycolic
acid. Arch. Derm. Res. 2016, 308, 325-334. [CrossRef]

Choi, G.W.; Jeong, H.J.; Sek, ].K.; Baek, J.H.; Kim, YM.; Boo, Y.C. Skin Anti-aging Effects of a Cream
Containing Resveratryl Triacetate (RTA). J. Soc. Cosmet. Sci. Korea 2018, 44, 161-170.

Jo, D.J.; Seok, ] K; Kim, S.Y.; Park, W.; Baek, ].H.; Kim, Y.M.; Boo, Y.C. Human skin-depigmenting effects of
resveratryl triglycolate, a hybrid compound of resveratrol and glycolic acid. Int. J. Cosmet. Sci. 2018, 40,
256-262. [CrossRef]


http://dx.doi.org/10.1016/j.bmc.2004.07.052
http://dx.doi.org/10.3746/pnf.2015.20.1.73
http://dx.doi.org/10.1080/14786419.2014.968155
http://dx.doi.org/10.1111/j.1365-2133.2008.08653.x
http://dx.doi.org/10.1111/j.1468-2494.2012.00704.x
http://dx.doi.org/10.1111/exd.12089
http://dx.doi.org/10.1016/j.jep.2017.07.004
http://dx.doi.org/10.3390/ijms19020409
http://dx.doi.org/10.1016/j.toxrep.2018.11.005
http://dx.doi.org/10.3390/ijms20051043
http://dx.doi.org/10.1155/2013/645257
http://dx.doi.org/10.1111/bjd.14496
http://dx.doi.org/10.1016/j.jdermsci.2011.03.012
http://dx.doi.org/10.1007/s00403-014-1440-3
http://dx.doi.org/10.1007/s00403-015-1556-0
http://dx.doi.org/10.1007/s00403-016-1644-9
http://dx.doi.org/10.1111/ics.12458

Antioxidants 2019, 8, 275 15 of 16

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

Lee, SW.; Kim, J.H.; Song, H.; Seok, ].K.; Hong, S.S.; Boo, Y.C. Luteolin 7-Sulfate Attenuates Melanin Synthesis
through Inhibition of CREB-and MITF-Mediated Tyrosinase Expression. Antioxidants 2019, 8, 87. [CrossRef]
Slominski, A.; Jastreboff, P.; Pawelek, J. L-tyrosine stimulates induction of tyrosinase activity by MSH and
reduces cooperative interactions between MSH receptors in hamster melanoma cells. Biosci. Rep. 1989, 9,
579-586. [CrossRef]

Slominski, A.; Moellmann, G.; Kuklinska, E.; Bomirski, A.; Pawelek, J. Positive regulation of melanin
pigmentation by two key substrates of the melanogenic pathway, L-tyrosine and L-dopa. J. Cell Sci. 1988, 89,
287-296.

Slominski, A.; Paus, R. Towards defining receptors for L-tyrosine and L-dopa. Mol. Cell Endocrinol. 1994, 99,
C7-C11. [CrossRef]

Schwahn, D.J.; Xu, W.; Herrin, A.B.; Bales, E.S.; Medrano, E.E. Tyrosine levels regulate the melanogenic
response to alpha-melanocyte-stimulating hormone in human melanocytes: Implications for pigmentation
and proliferation. Pigment Cell Res. 2001, 14, 32-39. [CrossRef]

Sunitha, M.C.; Dhanyakrishnan, R.; PrakashKumar, B.; Nevin, K.G. p-Coumaric acid mediated protection
of H9c2 cells from Doxorubicin-induced cardiotoxicity: Involvement of augmented Nrf2 and autophagy.
Biomed. Pharm. 2018, 102, 823-832. [CrossRef]

Evtodienko, V.Y.; Bondarenko, D.I.; Antonenko, Y.N. Permeation of dicarboxylic acids with different terminal
position of two carboxylic groups through planar bilayer lipid membranes. Biochim. Biophys. Acta 1999, 1420,
95-103. [CrossRef]

Chen, Y.H; Huang, L.; Wen, Z.H.; Zhang, C.; Liang, C.H,; Lai, S.T.; Luo, L.Z.; Wang, Y.Y.; Wang, G.H. Skin
whitening capability of shikimic acid pathway compound. Eur. Rev. Med. Pharm. Sci. 2016, 20, 1214-1220.

Song, K.; Boo, Y.C. UVB shielding Effects of para-Coumaric acid. J. Soc. Cosmet. Sci. Korea 2012, 38, 263-273.
Akazawa, H.; Akihisa, T.; Taguchi, Y.; Banno, N.; Yoneima, R.; Yasukawa, K. Melanogenesis inhibitory and
free radical scavenging activities of diarylheptanoids and other phenolic compounds from the bark of Acer
nikoense. Biol. Pharm. Bull. 2006, 29, 1970-1972. [CrossRef]

Yoshikawa, M.; Sumikawa, Y.; Hida, T.; Kamiya, T.; Kase, K.; Ishii-Osai, Y.; Kato, J.; Kan, Y.; Kamiya, S.;
Sato, Y.; et al. Clinical and epidemiological analysis in 149 cases of rhododendrol-induced leukoderma.
J. Derm. 2017, 44, 582-587. [CrossRef]

Sasaki, M.; Kondo, M.; Sato, K.; Umeda, M.; Kawabata, K.; Takahashi, Y.; Suzuki, T.; Matsunaga, K.;
Inoue, S. Rhododendrol, a depigmentation-inducing phenolic compound, exerts melanocyte cytotoxicity via
a tyrosinase-dependent mechanism. Pigment Cell Melanoma Res. 2014, 27, 754-763. [CrossRef]

Kasamatsu, S.; Hachiya, A.; Nakamura, S.; Yasuda, Y.; Fujimori, T.; Takano, K.; Moriwaki, S.; Hase, T.;
Suzuki, T.; Matsunaga, K. Depigmentation caused by application of the active brightening material,
rhododendrol, is related to tyrosinase activity at a certain threshold. J. Derm. Sci. 2014, 76, 16-24. [CrossRef]
Ito, S.; Ojika, M.; Yamashita, T.; Wakamatsu, K. Tyrosinase-catalyzed oxidation of rhododendrol produces
2-methylchromane-6,7-dione, the putative ultimate toxic metabolite: Implications for melanocyte toxicity.
Pigment Cell Melanoma Res. 2014, 27, 744-753. [CrossRef]

Kim, M.; Baek, H.S.; Lee, M.; Park, H.; Shin, S.S.; Choi, D.W.; Lim, K.M. Rhododenol and raspberry ketone
impair the normal proliferation of melanocytes through reactive oxygen species-dependent activation of
GADD45. Toxicol. Vitr. 2016, 32, 339-346. [CrossRef]

Fisher, G.J.; Kang, S.; Varani, J.; Bata-Csorgo, Z.; Wan, Y,; Datta, S.; Voorhees, ].J]. Mechanisms of photoaging
and chronological skin aging. Arch. Derm. 2002, 138, 1462-1470. [CrossRef]

Helfrich, Y.R.; Sachs, D.L.; Voorhees, ].J. Overview of skin aging and photoaging. Derm. Nurs. 2008, 20,
177-183; quiz 184.

Rittie, L.; Fisher, G.J. UV-light-induced signal cascades and skin aging. Ageing Res. Rev. 2002, 1, 705-720.
[CrossRef]

Pillai, S.; Oresajo, C.; Hayward, J. Ultraviolet radiation and skin aging: Roles of reactive oxygen species,
inflammation and protease activation, and strategies for prevention of inflammation-induced matrix
degradation—A review. Int. . Cosmet. Sci. 2005, 27, 17-34. [CrossRef]

Svobodova, A.; Psotova, J.; Walterova, D. Natural phenolics in the prevention of UV-induced skin damage.
A review. Biomed. Pap. Med. Fac. Univ. Palacky Olomouc Czech. Repub. 2003, 147, 137-145. [CrossRef]


http://dx.doi.org/10.3390/antiox8040087
http://dx.doi.org/10.1007/BF01119801
http://dx.doi.org/10.1016/0303-7207(94)90001-9
http://dx.doi.org/10.1034/j.1600-0749.2001.140106.x
http://dx.doi.org/10.1016/j.biopha.2018.03.089
http://dx.doi.org/10.1016/S0005-2736(99)00095-4
http://dx.doi.org/10.1248/bpb.29.1970
http://dx.doi.org/10.1111/1346-8138.13694
http://dx.doi.org/10.1111/pcmr.12269
http://dx.doi.org/10.1016/j.jdermsci.2014.07.001
http://dx.doi.org/10.1111/pcmr.12275
http://dx.doi.org/10.1016/j.tiv.2016.02.003
http://dx.doi.org/10.1001/archderm.138.11.1462
http://dx.doi.org/10.1016/S1568-1637(02)00024-7
http://dx.doi.org/10.1111/j.1467-2494.2004.00241.x
http://dx.doi.org/10.5507/bp.2003.019

Antioxidants 2019, 8, 275 16 of 16

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

Park, J.; Seok, ] K.; Suh, H.J.; Boo, Y.C. Gardenia jasminoides extract attenuates the UVB-induced expressions
of cytokines in keratinocytes and indirectly Inhibits matrix metalloproteinase-1 expression in human dermal
fibroblasts. Evid. Based. Complement. Altern. Med. 2014, 2014, 429246. [CrossRef]

Seok, ].K.; Kwak, J.Y.; Choi, G.W.; An, S.M.; Kwak, J.H.; Seo, H.H.; Suh, H.].; Boo, Y.C. Scutellaria radix
Extract as a Natural UV Protectant for Human Skin. Phytother. Res. 2016, 30, 374-379. [CrossRef]

An, SM.; Koh, J.S.; Boo, Y.C. Inhibition of melanogenesis by tyrosinase siRNA in human melanocytes. BMB
Rep. 2009, 42, 178-183. [CrossRef]

Brennan, M.; Bhatti, H.; Nerusu, K.C.; Bhagavathula, N.; Kang, S.; Fisher, G.].; Varani, ].; Voorhees, ].J. Matrix
metalloproteinase-1 is the major collagenolytic enzyme responsible for collagen damage in UV-irradiated
human skin. Photochem. Photobiol. 2003, 78, 43-48. [CrossRef]

Ghahary, A.; Marcoux, Y.; Karimi-Busheri, F; Li, Y,; Tredget, E.E.; Kilani, R.T.; Lam, E.; Weinfeld, M.
Differentiated keratinocyte-releasable stratifin (14-3-3 sigma) stimulates MMP-1 expression in dermal
fibroblasts. |. Investig. Derm. 2005, 124, 170-177. [CrossRef]

Lam, E.; Kilani, R.T.; Li, Y.; Tredget, E.E.; Ghahary, A. Stratifin-induced matrix metalloproteinase-1 in
fibroblast is mediated by c-fos and p38 mitogen-activated protein kinase activation. J. Investig. Derm. 2005,
125, 230-238. [CrossRef]

Seok, J.K.; Boo, Y.C. p-Coumaric Acid Attenuates UVB-Induced Release of Stratifin from Keratinocytes and
Indirectly Regulates Matrix Metalloproteinase 1 Release from Fibroblasts. Korean J. Physiol. Pharm. 2015, 19,
241-247. [CrossRef]

Tabachnick, J. Urocanic acid, the major acid-soluble, ultraviolet-absorbing compound in guinea pig epidermis.
Arch. Biochem. Biophys. 1957, 70, 295-298. [CrossRef]

Tabachnick, J. Studies on the biochemistry of epidermis. I. The free amino acids, ammonia, urocanic acid and
nucleic acid content of normal albino guinea pig epidermis. J. Investig. Derm. 1959, 32, 563-568. [CrossRef]
Gibbs, N.K,; Norval, M. Urocanic acid in the skin: A mixed blessing? ]. Investig. Derm. 2011, 131, 14-17.
[CrossRef]

Barresi, C.; Stremnitzer, C.; Mlitz, V.; Kezic, S.; Kammeyer, A.; Ghannadan, M.; Posa-Markaryan, K.; Selden, C.;
Tschachler, E.; Eckhart, L. Increased sensitivity of histidinemic mice to UVB radiation suggests a crucial role
of endogenous urocanic acid in photoprotection. J. Investig. Derm. 2011, 131, 188-194. [CrossRef]

Reeve, VE; Greenoak, G.E.; Canfield, PJ.; Boehm-Wilcox, C.; Gallagher, C.H. Topical urocanic acid enhances
UV-induced tumour yield and malignancy in the hairless mouse. Photochem. Photobiol. 1989, 49, 459—464.
[CrossRef]

Fritz, R.R.; Hodgins, D.S.; Abell, C.W. Phenylalanine ammonia-lyase. Induction and purification from yeast
and clearance in mammals. J. Biol. Chem. 1976, 251, 4646-4650.

Turner, N.J. Ammonia lyases and aminomutases as biocatalysts for the synthesis of alpha-amino and
beta-amino acids. Curr. Opin. Chem. Biol. 2011, 15, 234-240. [CrossRef]

Lodovici, M.; Raimondi, L.; Guglielmi, F; Gemignani, S.; Dolara, P. Protection against ultraviolet B-induced
oxidative DNA damage in rabbit corneal-derived cells (SIRC) by 4-coumaric acid. Toxicology 2003, 184,
141-147. [CrossRef]

Lodovici, M.; Caldini, S.; Morbidelli, L.; Akpan, V.; Ziche, M.; Dolara, P. Protective effect of 4-coumaric acid
from UVB ray damage in the rabbit eye. Toxicology 2009, 255, 1-5. [CrossRef]

Larrosa, M.; Lodovici, M.; Morbidelli, L.; Dolara, P. Hydrocaffeic and p-coumaric acids, natural phenolic
compounds, inhibit UV-B damage in WKD human conjunctival cells in vitro and rabbit eye in vivo. Free
Radic. Res. 2008, 42, 903-910. [CrossRef]

An, SM.; Lee, SJ.; Koh, ].S.; Park, K.; Boo, Y.C. Effects of plant extract-containing creams on UVB
radiation-induced inflammatory responses in mice. J. Soc. Cosmet. Sci. Korea 2010, 36, 271-280.

Kwak, J.Y,; Park, S.; Seok, ] K.; Liu, K.H.; Boo, Y.C. Ascorbyl coumarates as multifunctional cosmeceutical
agents that inhibit melanogenesis and enhance collagen synthesis. Arch. Derm. Res 2015, 307, 635-643.
[CrossRef]

@ © 2019 by the author. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1155/2014/429246
http://dx.doi.org/10.1002/ptr.5534
http://dx.doi.org/10.5483/BMBRep.2009.42.3.178
http://dx.doi.org/10.1562/0031-8655(2003)078&lt;0043:MMITMC&gt;2.0.CO;2
http://dx.doi.org/10.1111/j.0022-202X.2004.23521.x
http://dx.doi.org/10.1111/j.0022-202X.2005.23765.x
http://dx.doi.org/10.4196/kjpp.2015.19.3.241
http://dx.doi.org/10.1016/0003-9861(57)90107-8
http://dx.doi.org/10.1038/jid.1959.94
http://dx.doi.org/10.1038/jid.2010.276
http://dx.doi.org/10.1038/jid.2010.231
http://dx.doi.org/10.1111/j.1751-1097.1989.tb09195.x
http://dx.doi.org/10.1016/j.cbpa.2010.11.009
http://dx.doi.org/10.1016/S0300-483X(02)00572-3
http://dx.doi.org/10.1016/j.tox.2008.09.011
http://dx.doi.org/10.1080/10715760802510077
http://dx.doi.org/10.1007/s00403-015-1583-x
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Skin and Pigmentation 
	Melanin Synthetic Pathway and Its Regulation 
	p-Coumaric Acid: A Phytochemical with Multiple Biological Activities 
	p-Coumaric Acid Inhibits Catalytic Activity of Tyrosinase 
	p-Coumaric Acid Inhibits Cellular Melanogenesis 
	Comparison of p-Coumaric Acid and Other Tyrosinase Inhibitors 
	Mechanisms for Antimelanogenic Effects of p-Coumaric Acid 
	Skin and Cell Membrane Permeability of p-Coumaric Acid 
	In Vivo or Clinical Studies on the Hypopigmentation Efficacy of p-Coumaric Acid 
	Protective Effects of p-Coumaric Acid against UV 
	Conclusions and Future Directions 
	References

