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ABSTRACT: Excessive UV radiation (UVR) exposure has been shown in
studies to be a major risk factor for most melanomas, causing premature skin
aging as well as immune system suppression due to the increased production of
hydrogen peroxide (H,O,) and other reactive oxygen species (ROS) during the
melanogenesis process. Although several compounds with antioxidant and
antityrosinase activities are widely used in the cosmetic industry, like kojic acid,
hydroquinone, ascorbic acid, and arbutin, their use has been limited due to their
adverse effects on the skin and cytotoxic issues. Recently, attempts have been
made to develop new natural skin-lightening products by using plant extracts e
that are less toxic and exhibit numerous biological properties with great market vt T

demand. In this study, information on the depigmentation effects of various e < Antioxicars >
natural plant species was gathered from the SCOPUS database according to the

PRISMA guidelines. A total of 414 records were retrieved, and finally, 76

articles were included in the qualitative synthesis by fulfilling all the inclusion criteria. In this review, we discuss the extraction
methods and biological assays of 75 highly potential plant species, including the olive, yuzu, longan, and lotus. We concluded that the
use of natural plants as skin-whitening agents is highly effective as there is a significant correlation between the content of
polyphenolic compounds, antimelanogenesis, antityrosinase, and antioxidant activities. However, it is worth noting that the use of
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Prasiola japonica
et <Antityrosinast2>
Rubus caesius L.
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extraction methods or types of solvents is very important in determining the biological activities of plants.

1. INTRODUCTION

Melanin is a pigment that is responsible for skin color as well
as the protection of skin from ultraviolet (UV) damage, and
free radicals from the sun are thought to be responsible for the
majority of pigmentation disorders, especially hyperpigmenta-
tion." There are two common types of melanin, eumelanin and
pheomelanin. It is produced by the melanocytes in the
membrane-bound compartments known as melanosomes and
transported to keratinocytes through melanogenesis.”’ How-
ever, excessive synthesis and accumulation of melanin can
cause abnormal hyperpigmentation, freckles, melasma, and
other pigmentation disorders.

Melanogenesis is a complex process regulated by the
microphthalmia-associated transcription factor (MITF) and
tyrosinase and tyrosinase-related proteins (TRPs)." This
process is triggered by a variety of stimuli such as UV radiation
(UVR) and a-melanin-stimulating hormone (a-MSH) in
melanocytes.” Stimulation of a-MSH binds to melanocortin 1
receptor (MCIR) on the melanocytes’ surface, thereby
increasing the intracellular cytoplasmic cyclic AMP (cAMP)
concentration.”” High cAMP levels activate the protein kinase A
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(PKA) cascade, which leads to the phosphorylation of cAMP
response element-binding protein (CREB) and in turn induces
the expression of MITF.” Activation of MITF, which is a crucial
transcription factor, increases melanin synthesis by promoting
expression of tyrosinase and TRPs.”® Tyrosinase is one of the
key enzymes in the melanin biosynthesis pathway.’ Tyrosinase
plays a significant role in the initial steps of melanin production
by catalyzing the hydroxylation of L-tyrosine into 3,4-dihydroxy-
L-phenylalanine (L-DOPA), followed by oxidation of L-DOPA to
dopaquinone and finally the production of melanin.”® Hence,
inhibition of tyrosinase activity can be used to achieve skin
hypopigmentation because it catalyzes the rate-limiting steps in
melanogenesis.'
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Repeated short-term exposure to UVR causes erythema of
the skin and subsequently activates the melanocytes. This leads
to increased tyrosinase activity and melanin production.” As a
result, darkening of skin color known as tanning which is a type
of hyperpigmentation occurs.” Excessive long-term exposure to
UVR leads to premature aging of the skin, immune system
suppression, and development of skin cancers such as
melanoma skin cancers.”'’ Additionally, UVR exposure
increases the production of hydrogen peroxide (H,O,) and
other reactive oxygen species (ROS) during the melanogenesis
process, which induce melanocytes to undergo oxidative
stress.””’ Consequently, melanin production will be increased
due to the formation of ROS, producing key signals that
stimulate melanogenesis.” It can be concluded that ROS
scavengers and tyrosinase inhibitors can act as antimelano-
genesis agents.' It is also widely recognized that UV-induced
ROS generation plays a role in the pathogenesis of a variety of
skin disorders, including aging, wrinkles, photosensitivity, and
cancer."" Several compounds that are melanin inhibitors are
utilized widely in cosmetic industries including kojic acid,
hydroquinone, ascorbic acid, and arbutin.” These compounds
possess antioxidant and antityrosinase activities.'”” However,
their use has been limited because they can cause adverse
effects on the skin and cytotoxic issues.'”

Due to increasing health and environmental awareness,
many researchers have recently been attempting to develop
new natural skin-lightening products that contain phytochem-
icals, for instance, polyphenol, flavonoids, and carotenoids, to
prevent excessive melanogenesis and hyperpigmentation.13”14
Various phytochemicals and plant extracts have been
discovered to be less toxic and exhibit numerous biological
properties.”> Thus, the studies involving the investigation of
antimelanogenesis, antityrosinase, and antioxidant activities of
plants are crucial to discovering their potential whitening
benefits toward human skin. In this systematic review, the
antimelanogenesis, antityrosinase, antioxidant, and other bio-
logical activities of various natural plant species for the
development of natural product-based skin-lightening agents
were summarized. This review provides information on the
different extraction methods using various solvent systems to
extract bioactive compounds from plant extracts, and the
evaluation of their biological activities such as antimelanogenesis,
antityrosinase, and antioxidant was reviewed and presented in
Table 1.

2. METHODS

Preferred reporting items for systematic review and meta-
analyses (PRISMA) were used as a standard to conduct the
systematic review. This published standard allowed authors to
gather all relevant information and used various inclusion and
exclusion criteria to determine the articles that will be included
in the review. It also ensures that all components of the
research are reported accurately and transparently.'® Article
resources were searched using the Scopus database in May
2022. The first step of the systematic review process involved
the development of a search string based on the identification
of keywords from my research question and the use of Boolean
Operators. The keywords used for this review were based on
various plant species with antimelanogenesis and antityrosinase
activities to produce a comprehensive review covering most
aspects of these two activities, using the search string (“plant”
OR “medicinal plant”) AND (“anti-melanogenesis” OR

“anti-tyrosinase”). As a result, a total of 414 records were
successfully retrieved from the Scopus database.

No duplicated articles were found, and 414 records were
further screened using several inclusion and exclusion criteria.
The first criteria was the document type by focusing only on
primary source research articles and excluded sources in the
form of a review, erratum, book chapter, and conference paper.
The second and third criteria were the publication stage and
language, respectively, by selecting final articles only in English.
Additionally, it should be noted that the timeline was chosen as
a S-year period (2017—2022). Based on these criteria, 181
articles were excluded. It is worth noting that only articles with
full text were included. Search engines such as Google, Google
Scholar, Elsevier, and ResearchGate were used to download
the full texts. The screening stage of the articles was done
based on the abstract, which indicates that articles with
irrelevant content will be eliminated from this study based on
the abstract screening.

After screening, a total of 185 articles were selected for the
eligibility assessment process. For the eligibility assessment, the
main contents of the articles were assessed thoroughly to
ensure that relevant and sufficient information matches with
the objectives of the review. Hence, 109 articles were eliminated
due to lack of data and insufficient information on the evaluation
of biological activities of plants and did not focus on the
biological activities of individual plant species but rather a variety
of plant species. Finally, the remaining 76 articles were included
in the qualitative synthesis as shown in Figure 1.

3.0. RESULTS AND DISCUSSION

Table 1 shows the antimelanogenesis, antityrosinase, anti-
oxidant, and other biological activities of various natural plant
species. The plant parts, extraction methods, and biological
assays used for investigation of biological activities were also
recorded in the table.

Based on the strong evidence of biological activities of plant
extracts, the studies that focus on the determination of melanin
content, tyrosinase inhibition, and antioxidant activity can
identify natural plants with potent depigmenting effects. To
investigate the antimelanogenesis activity, the quantification
analysis of melanin contents was measured using a specific
melanoma cell line, while mushroom tyrosinase activity and
cellular tyrosinase activity assays were generally used to evaluate
antityrosinase activity. In addition, there were a variety of assays such
as DPPH, ABTS, CUPRAC, and FRAP that can be performed to
examine the antioxidant activity of plant extracts. Other biological
activities including antiaging, antidiabetic, and anti-inflammatory
activities also have been identified from the plant extracts.

3.1. Extraction Methods. Extraction is the crucial first
step in the analysis of natural plants because it is important to
extract the desired bioactive compounds from the plant
materials for further separation and characterization.'” Differ-
ent solvent systems are available to extract the bioactive
compounds from plants, and the solvent is chosen based on
the polarity of the solute of interest.'”'® The solute will
dissolve properly in a solvent with polarity identical to the
solute.'® Solvents such as ethanol, methanol, ethyl acetate,
water, chloroform, acetone, acetonitrile, dichloromethane, and
butanol or nonpolar solvents such as hexane, benzene, and
petroleum ether are commonly employed for extraction. In
particular, ethanol and water are the most popular solvents
used by biologists for extraction due to their lower toxicity and
effectiveness in extracting bioactive compounds. However,
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alcohol is much more effective than water for phytochemical
extraction due to its ability to extract polar compounds and
some nonpolar compounds.

Ethanol is one of the most suitable solvent extractions that
can extract both polar compounds and nonpolar compounds.
Ethanol was being used to extract the bioactive compounds
from Acer rubrum, Achillea biebersteinii, Achillea filipendulina,
Aerva lanata (L.) Juss, Allium ursinum, Artemisia asiatica,
Artemisia capillaris, Aurea helianthus, Cymbidium sp. (Orchid-
aceae), Cytinus hypocistis, Dalea pazensis Rusby, Erica arborea
L., Fagus sylvatica L., Hippophae rhamnoides L., Kadsura
coccinea, Kummerowia striata, Lepechinia meyenii, Morus alba L.,
Myrica rubra, Persicaria orientalis, Phyllostachys nigravar henosis,
Potentilla anserina L., Potentilla paradoxa Nutt., Prasiola
japonica, Pterocarpus marsupium, Rosa chinensis cv. “JinBian”,
Schisandra chinensis (Turcz.) baillon, Sorghum bicolor, Vigna
subterranea, and Vitis vinifera L. The ethanol used in these
extractions of plants was from 25% ethanol in water up to
100%. By mixing ethanol with water, this can extract bioactive
compounds with a wider polarity due to the ethanol solvent
polarity being influenced by the high concentration of water
contained in ethanol.

Water is widely utilized as solvent for extraction because it is
the most polar and greenest solvent. It is nontoxic to human
health and the environment, cost-effective, and safe to use.'’
Among the included articles, water was used to extract the
bioactive compounds from Achillea biebersteinii and Aerva
lanata (L.) Juss., Allium ursinum, Aronia melanocarpa, Camellia
oleifera Abel, Celastrus hindsii, Cosmos caudatus Kunth,
Cymbidium sp. (Orchidaceae), Cytinus hypocistis, Dendropanax
morbiferus H. Lev, Dimocarpus longan Lour., Fagus sylvatica L.,

solvent or commonly mixed with ethanol, methanol, or
acetone. Further, properties of water extracts can be improved
by increasing the temperature.” Boiling water has been used as
an extract solvent for Carapa procera, Phyllostachys nigravar.
Henosis, Vigna subterranea, and lotus.

Methanol generally produces higher extraction yields and
extracts more phytochemical constituents due to its higher
polarity than ethanol. Based on the study review, methanol
extracts produce better results in terms of the biological
activities. Methanol was used to extract the following plants:
Camellia oleifera Abel, Carapa procera, Celastrus hindsii,
Clausena indica, Galla rhois, Granny Smith apple, Juglans
mandshurica, Leonurus japonicus, Limonium delicatulum,
Lophira lanceolata Tiegh. ex Keay, Maclura tricuspidata,
Manilkara kauki, Nardostachys jatamansi, Nepeta glomerulosa
Boiss., Olea europeae, Pelargonium graveolens, Persicaria
orientalis, Phyllanthus phillyreifolius, Phyllostachys nigravar.
Henosis, Pistacia atlantica subsp. mutica, Pistacia lentiscus L.,
Rubus cesius L., Scabiosa columbaria, Schinus terebinthifolius,
Scorzonera tomentosa L., Stenocarpus sinuatus, Tricholosporum
goniospermum, and Ziziphora taurica subsp. Cleonioides. The
methanol used in the extractions of plants was from 50% in
water up to 100%.

Acetone, butanol, ethyl acetate, and dichloromethane are
also regarded as polar solvents but much less polar than
ethanol, methanol, and water. Hence, they can extract a
mixture of both polar and nonpolar components. From the
studies reviewed, acetone has been used to extract Acanthus
ilicifolius, Cinnamomum camphora, Dimocarpus longan Lour.,
Melastoma normale, Nardostachys jatamansi, Photinia fraseri,
Polygonum maritimum L., and Schinus terebinthifolius, whereas
butanol had extracted Kummerowia striata, Maclura tricuspida-
ta, Morus alba L., Nepeta glomerulosa Boiss., Pistacia atlantica
subsp. Mutica, Rubus cesius L., and Schisandra chinensis (Turcz.)
Baillon. The acetone used for extraction was from 70% in water
up to 100%. Moreover, ethyl acetate was used to extract the
tollowing plants: Asparagus cochinchinensis, Celastrus hindsii,
Cinnamomum camphora, Clausena indica, Cymbidium sp.
(Orchidaceae), Dalea pazensis Rusby, Juglans mandshurica,
Kummerowia striata, Leonurus japonicus, Maclura tricuspidata,
Melastoma normale, Morus alba L., Nepeta glomerulosa Boiss,
Persicaria orientalis, Phyllanthus phillyreifolius, Phyllostachys
nigravar. Henosis, Pistacia atlantica subsp. Mutica, Potentilla
anserina L., Rubus cesius L., Schisandra chinensis (Turcz.)
Baillon, Scorzonera tomentosa L., Tricholosporum goniospermum,
Ziziphora taurica subsp. Cleonioides, dichloromethane-extracted
Cymbidium sp. (Orchidaceae), Kummerowia striata, Maclura
tricuspidata, Nepeta glomerulosa Boiss, Pelargonium graveolens,
Pistacia atlantica subsp. Mutica, Schisandra chinensis (Turcz.)
Baillon, and Scorzonera tomentosa L.

Compared with polar solvents, there were fewer studies
using nonpolar solvents. Based on the studies reviewed, non-
polar solvents used by the studies are chloroform, acetonitrile,
n-hexane, benzene, 1,3-butanediol, oil, and petroleum ether.
Chloroform was used as a single solvent or combined in
use with ethanol to extract Dalea pazensis Rusby, Juglans
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mandshurica, and Nardostachys jatamansi. Hexane has been
used to extract the following plants: Celastrus hindsii, Clausena
indica, Dalea pazensis Rusby, Leonurus japonicus, Maclura
tricuspidata, Morus alba L., Nepeta glomerulosa Boiss.,
Pelargonium graveolens, Persicaria orientalis, Phyllostachys
nigravar. Henosis, Pistacia atlantica subsp. mutica, Schinus
terebinthifolius, Schisandra chinensis (Turcz.) Baillon, Scorzonera
tomentosa L., Stenocarpus sinuatus, and Tricholosporum
goniospermum. There was only one study each for acetonitrile,
1,3-butanediol, and benzene solvents for extraction, which are
Nardostachys jatamansi, Camellia oleifera Abel, and Dalea
pazensis Rusby, respectively. Essential oils were isolated from
Achillea filipendulina and Beta vulgaris subsp. Maritime (L.)
Arcang., Melaleuca quinquenervia, Pistacia atlantica subsp.
Mutica, and Schinus terebinthifolius by subjecting to hydro-
distillation. Essential oils are known for having numerous
amounts of bioactive compounds. Petroleum ether was also
utilized to extract Cinnamomum camphora, Dimocarpus longan
Lour., Melastoma normale, Potentilla anserina L., and Rosa
chinensis cv. “JinBian”.

Other than solvent extraction, bioactive compounds also can
be extracted using various conventional (classical) and
nonconventional (innovative) methods. The methods that
were used to extract bioactive compounds according to the
studies reviewed included fractionation, accelerated solvent
extraction (ASE) or pressurized solvent extraction (PLE),
maceration (M), ultrasonic-assisted extraction (UAE), shaking
extraction (SE), infusion, microwave-assisted extraction
(MAE), Soxhlet (SOE), homogenizer-assisted extraction
(HAE), pulsed electric field (PEF), and decoction. Among
the methods described above, fractionation is most frequently
used by separating plant extracts into various fractions. The
fractions are then used to further isolate the bioactive com-
pounds.” Extracts that were subjected to fractionation from
the following plants were Achillea biebersteinii, Celastrus hindsii,
Clausena indica, Dalea pazensis Rusby, Juglans mandshurica,
Leonurus japonicus, Lepechinia meyenii, Maclura tricuspidata,
Melastoma normale, Morus alba L., Pistacia atlantica subsp.
Mutica, Potentilla anserina L., Schisandra chinensis (Turcz.)
Baillon, and Stenocarpus sinuatus.

In the Soxhlet extraction method, the plant sample was first
placed in the thimble chamber of the Soxhlet apparatus.
The extraction solvent was heated in a round-bottom flask,
vaporized into a sample timber, condensed in the condenser,
and dripped back into the extract sample. A siphon was then
used to aspirate the mixtures of solvent and extracts and
emptied into the round-bottom flask to mix with the clean
solvents.”' In the included articles, the following plants are
mentioned: Erica arborea L., Lophira lanceolata Tiegh. ex Keay,
Phyllanthus phillyreifolius, and Vigna subterranea were extracted
by this technique. The Soxhlet has several advantages including
required smaller volume of solvents, simple to use, low-cost
equipment, lack of filtration, and continuous contact between
the solvent and the sample.”’ In addition, maceration is a
method that immerses the plant materials in extracting solvent
in a stoppered container. The mixture was then incubated for
2 to 3 days at room temperature with constant stirring to
obtain the plant extracts.”’ Plant parts of Achillea biebersteinii,
Achillea filipendulina, Carapa procera, Erica arborea L.,
Lophira lanceolata Tiegh. ex Keay, Morus alba L., Phyllanthus
phillyreifolius, and Vigna subterranea were extracted by this
method. Although this method is time consuming, it is still

widely used because it is an easy to use and inexpensive
method.

ASE and PLE are nonconventional methods introduced as
an alternative to maceration and Soxhlet extraction. They are
automated methods using liquid solvents to extract under
elevated pressures and temperatures.”> ASE or PLE was used
to extract Achillea biebersteinii, Erica arborea L., and Pistacia
lentiscus L. Furthermore, infusion applied a principle similar to
maceration and decoction by soaking the plant material in
solvents. Carapa procera and L. lanceolata Tiegh. ex Keay used
infusion as an extraction method. Moreover, MAE uses
microwave energy that results in rapid heating extraction of
Erica arborea L. and Fagus sylvatica L. UAE was used to
extract Achillea biebersteinii and Erica arborea L. Other methods
that have been mentioned, which are SE, HAE, PEF, and
decoction, had only been used by one study each, respectively,
to extract Achillea biebersteinii, Lophira lanceolata Tiegh. ex
Keay, Morus alba L., and Phyllanthus phillyreifolius, respectively.

4. BIOLOGICAL ACTIVITIES

Biological activities such as antimelanogenesis, antityrosinase,
antioxidant, and anti-inflammatory various natural plant
species are summarized and tabulated in Table 1.

In order to pursue natural novel melanin inhibitors with
fewer side effects, the investigation of various natural plant
species has prompted the identification of numerous plant
extracts or bioactive compounds that have the potential to be
used as skin-whitening agents. Based on the studies we reviewed,
the antimelanogenesis of natural plants was evaluated using
melanin content assay in B16 melanoma cell lines, A375.S2
melanoma cells, and A2058 human melanoma cells. The
effectiveness of melanogenesis inhibition was expressed as ICs
values, percentage of the control, and percentage of melanin
inhibitory effects. ICy, values represent the concentration of
extract required to inhibit melanin synthesis by 50%. Kojic acid
and arbutin were commonly used as a positive control.

Tyrosinase is a multifunctional copper-containing enzyme
that is commonly found in microorganisms, animals, and
plants.* It is an essential enzyme in the melanin biosynthesis
pathway and has always been a popular target to be used as
melanogenesis inhibitors. Based on the studies we reviewed,
the antityrosinases of natural plants were evaluated using the
tyrosinase activity assay or mushroom tyrosinase activity assay
using L-tyrosine and/or L-DOPA as substrates, the dop-
achrome method using L-DOPA as a substrate, and cellular
tyrosinase activity assay using B16 melanoma cell lines. The
effectiveness of tyrosinase inhibition was expressed as ICs
values, EC, values, milligrams of kojic acid equivalent per
gram of dry extract, and percentage of tyrosinase inhibitory
effects. ICg, values represent the concentration of extract
required to inhibit tyrosinase activity by 50%, while ECs,
values represent the concentration of extract required to
produce a half-maximal response. Kojic acid, arbutin, and
ascorbic acid were commonly used as a positive control.

Antioxidants are molecules that neutralize free radicals by
donating electrons to them. These can help to prevent cellular
damage through their free radical scavenging ability.” Plants are
found to comprise a variety of natural antioxidants that may have
the potential to protect humans from UV-induced disorders.
Based on the studies we reviewed, the antioxidant activities of
natural plants were evaluated using a number of assays with six
commonly used assays including 2,2-diphenyl-1-picrylhydrazyl
(DPPH), 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic) acid
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(ABTS), cupric-reducing antioxidant capacity (CUPRAC),
ferric-reducing antioxidant power assay (FRAP), metal chelating,
and a phosphomolybdenum assay (PM). The effectiveness of
antioxidant activity was generally expressed as ICs, values, ECy
values, percentage of free radical scavenging ability, millimoles of
Trolox equivalent per gram of dry extract, and milligrams of
ethylenediaminetetraacetic acid equivalent per gram of dry
extract. BHT, ascorbic acid, BHA, Trolox, and Vitamin C were
commonly used as standards for DPPH, ABTS, FRAP,
CUPRAC, and PM assays, whereas EDTA was used as a
standard for the metal-chelating assay.

Other than depigmentation effects, anti-inflammatory and
enzyme inhibitory activities such as cholinesterase, a-amylase,
a-glucosidase, elastase, and collagenase inhibition were also
commonly evaluated by researchers. Inflammation occurs in
the body in response to tissue injury, cell death, and cancer or
when infectious microorganisms such as bacteria, viruses, or
fungi enter our body.”’ Inflammation can result in common
symptoms including redness, swelling, heat, and pain; thus,
anti-inflammatory activity plays a significant function in
alleviating these symptoms. The anti-inflammatory activities
of natural plant species were performed using several types of
assays, but the assay commonly used to examine the anti-
inflammatory activity is the assessment of nitric acid production
using LPS-stimulated RAW 264.7 macrophages.

4.1. Acanthus ilicifolius. The antityrosinase and antiox-
idant activities of the condensed tannins (CTg) of A. ilicifolius
leaves were explored by Gong et al.”* The tyrosinase inhibitory
activity of A. ilicifolius leaves of CTg was found to be
comparable to the positive control, arbutin, with IC;, values of
19.7 + 0.13 pg/mL and 10.89 mg/mlL, respectively, on
mushroom tyrosinase activity assay. This result indicated the
high potential of A. ilicifolius CTg in tyrosinase inhibition
activity. The antioxidant effects of CTg from A. ilicifolius were
reflected in the DPPH, ABTS, and FRAP assays, compared
with ascorbic acid as a standard antioxidant. The ECy, values
of DPPH and ABTS scavenging activities were 104 =+
0.894 pg/mL and 86 + 0.616 ug/mlL, respectively, which
were higher than that of ascorbic acid equivalent under the
same conditions,”* and the FRAP value was 758.28 + 2.42 mg
of AAE/g, indicating the high antioxidant activities of the CT
from A. ilicifolius.**

4.2. Achillea biebersteinii. Strzepek-Gomolka et al. were
the first to report the antimelanogenesis activity of A. biebersteinii
flower extracts in mammalian cells. The results showed that
fractions 25 and 27 obtained from the extracts using the ASE
method reduced the release of melanin from B16F10 murine
melanoma cells stimulated with a@-melanocyte-stimulating
hormone (a-MSH), without affecting the viability and
morphology of the cells.”® In view of the tyrosinase inhibitory
activity of A. biebersteinii flower extracts, the most significant
mushroom tyrosinase inhibitory activity was found in fractions 5,
6, and 7, displaying 34.9, 24.3, and 31.5% inhibitory activity,
respectively.” While fractions 25 and 27 showed the most
significant murine tyrosinase inhibition of about 80% murine
tyrosinase inhibitory activity, which was higher than kojic acid,
the control tyrosinase inhibitor at the same conditions was about
100 pg/mL. However, the extracts obtained by UAE and SE had
better antioxidant activity than extracts obtained by ACE and
maceration.”

4.3. Achillea filipendulina. Asghari and co-workers
investigated the cholinesterase, a-amylase, and a-glucosidase
inhibition activity of ethanol extracts and essential oils of

Achillea filipendulina flowers and leaves using enzyme
inhibition assays. Overall, ethanol extracts were found to be
able to inhibit cholinesterase, a-amylase, and a-glucosidase
more efficiently compared to essential oil. Ethanol flowers and
leaf extracts presented the highest inhibitory effects against
a-amylase (1.91 + 0.05S mmol ACE/g extract) and a-§lucosidase
(297 + 0.06 mmol ACE/g extract), respectively.”® Ethanol
flower extract demonstrated strong inhibitory effects against
acetylcholinesterase and butyrylcholinesterase (AChE: 2.46 +
0.06 mmol GALAE/g extract; BChE: 3.65 + 0.07 mmol
GALAE/g extract). Lastly, antielastase and anticollagenase
activities can contribute to antiaging activity. The inhibition of
cholinesterase including acetylcholinesterase and butyrylcholi-
nesterase is able to effectively treat Alzheimer’s disease since
cholinesterase inhibitors were commonly prescribed to treat
Alzheimer’s disease. Also, a-amylase inhibition and a-glucosidase
inhibition can be used as a therapeutic approach to treat diabetic
patients by reducing the rate of glucose absorption.”**® Enzyme
inhibitory activities were commonly evaluated using the
colorimetric method or enzyme inhibition assays. Galantamine
was used as a positive control for cholinesterase inhibition, while
acarbose was used as a positive control for a-amylase and
a-glucosidase inhibition. Furthermore, ethanol extracts of A.
filipendulina flowers and leaves were reported with promising
tyrosinase inhibitory effects with values of 23.97 and 24.41 mg
KAEs/g extract, respectively.”® On the other hand, the
antioxidant activities of ethanol extracts and essential oils of
Achillea filipendulina flowers and leaves were evaluated by DPPH,
ABTS, PM, and metal chelating assays. Ethanol extracts of
A. filipendulina flowers and leaves exhibited strong antiradical
effects with values of 53.93 and 51.70 mg TEs/g sample for
DPPH assays and 43.47 and 35.03 mg TEs/g sample for ABTS
assays, respectively. The radical scavenging activity of flowers and
leaves of essential oils against DPPH were moderate with values
of 25.87 and 22.13 mg TEs/g sample, respectively. This trend
was also observed in the abilities of essential oils of flowers
(18.23 mg TEs/g sample) and leaves (15.40 mg TEs/g sample)
in scavenging ABTS radicals. The ethanol extracts of A.
filipendulina flowers and leaves exhibited stronger antioxidant
effects in total antioxidant (84.03 and 70.17 mg AAEs/g sample)
and metal chelating assays (37.13 and 30.47 mg EDTAEs/g
sample) than the essential oils. In all types of antioxidant assays,
flower extract showed higher activity than those of leaves.”®
4.4. Aerva lanata (L). Juss. Pieczykolan et al. evaluated
the antiaging activity of Aerva lanata (L). Juss extracts using
elastase and collagenase inhibition assays.”” The researchers
found that 50% ethanol extract at 180 °C exhibited the highest
antielastase and anticollagenase activities with EC, values of
35.81 + 0.81 and 21.76 + 1.27 mg/mlL, respectively. The
highest antityrosinase activity was found in 80% ethanol extract
at 60 °C with the ECsy of 43.32 + 0.57 pg/mL, which is
comparable with the positive control, kojic acid with an ECy,
of 2842 + 0.11 pug/mL. Notably, water extract at 60 °C
showed the highest EC;, value of tyrosinase inhibition with
155.97 + 1.34 pg/mL. The 80% ethanol extract (180 °C)
exhibited the highest DPPH (119.85 mg of Trolox/g DE) and
ABTS (107.58 mg of Trolox/g DE) scavenging activity. The
lowest antioxidant properties in both tests were obtained when
100% ethanol was used as a solvent: 9.17 mg of Trolox/g of
DE at 80 °C (DPPH) and 9.90 mg of Trolox/g of DE at 60 °C
(ABTS). The 100% ethanol extract at 60 °C showed the
greatest metal chelating activity with an ECg, value of 1.58 =+
0.17 mg/mL. The highest value of oxygen radical absorbance
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capacity was determined in the extract obtained in 50% ethanol
at 180 °C with a value of 3.84 + 0.06 mM TE/g.”’

4.5. Allium ursinum. Nikkhahi et al. explored the
antioxidant and tyrosinase inhibitory activities of A. ursinum
extracts by using DPPH and mushroom tyrosinase assays.”®
From the results obtained, the water extract showed the
highest DPPH radical scavenging activity with a SCg, (values
of active DPPH scavengers) of 0.471 mg/mL, compared to
70% ethanol extract (0.532 mg/mL) and 100% ethanol extract
(0.643 mg/mL). The SCs of ascorbic acid (positive standard)
was 0.008 u/mL. On the other hand, the 70% ethanol extract
exhibited the highest antityrosinase activity compared to water
extract and 100% ethanol extract, with IC, values of 0.392,
0.414, and 0.402 mg/mL, respectively. The positive control,
kojic acid, indicated an ICs, value of 0.031 mg/mL in this
study.”®

4.6. Aronia melanocarpa. Based on Svarc-Gajic et al., the
antityrosinase activity of the subcritical water extracts of chokeberry
(A. melanocarpa) stems was calculated to be 15.87 + 3.82 mg
KAE/g extract by using the dopachrome method, while kojic
acid was used as the positive control.” In the same study, the
antioxidant activity of the chokeberry stem extracts was determined
using the DPPH assay and reducing power tests. The ICs, values of
chokeberry stem extracts in the DPPH assay and reducing
power assay were reported as 0.10 + 0.02 mg/mL and 125 +
0.03 mg/mL, respectively.”

4.7. Artemisia asiatica. The antimelanogenesis and
antityrosinase activities of 95% ethanol extract of Artemisia
asiatica were reported by Jeong et al.’’ The studies found that
the ethanol extract significantly suppressed melanin secretion
and decreased the melanin content in @-MSH-stimulated
B16F10 cells in a dose-dependent manner; the suppressive
effect was comparable to the arbutin, the positive control in
this study. Furthermore, the ethanol extract was found to
inhibit both the mushroom and B16F10 cellular tyrosinase
activity in a dose-dependent manner, and a stronger tyrosinase
inhibitory effect than arbutin was reported.”

4.8. Artemisia capillaris. Woo et al. explored the in vitro
antimelanogenesis and antityrosinase effects of Artemisia
capillaris (100% ethanol extract) in different concentrations
on B16F10 melanoma cells.’’ The results obtained showed
that the extract reduced the cellular melanin content in a dose-
dependent manner in @-MSH-stimulated B16F10 cells, with a
40.24% inhibition at 50 pg/mL. Besides, the ethanol extract
also significantly decreased cellular tyrosinase activity in a
dose-dependent manner, with a 30.92% inhibition at SO yg/mL
reported.”’

4.9. Asparagus cochinchinensis. Wang et al. examined
the fermented and unfermented Asparagus cochinchinensis root
extracts in antimelanogenesis, antityrosinase, and antioxidant
activities. The published results show that both fermented
and unfermented extracts inhibited melanogenesis in human
epidermal melanocytes (HEMs) and the human malignant
melanoma cell line A375.52 in a dose-dependent manner.*”
In the mushroom tyrosinase activity assay, fermented extracts
were significantly higher than the unfermented extracts, with
ICs, values of 50.6 + 3.1 and 527.3 + 23.6 mg/L, respectively.
By contrast, the ICs, values of the antityrosinase activity for the
positive controls kojic acid and a-arbutin were 18.6 & 0.5 and
2614 + 12.8 mg/L, respectively.”” Similarly, the results of
cellular antityrosinase activity were 48.6% + 1.8%—55.8% =+
2.3% and 3.6% =+ 2.0%—28.4% =+ 1.3% for the fermented and

unfermented extracts, respectively, at a 1000 mg/L concentration.

The fermented extract exhibited stronger radical scavenging
activity with ICy, values of 250.6 + 32.5 mg/L for the DPPH
assay and 25.7 + 3.5 mg/L for the reducing power assay
compared to the unfermented extract (DPPH assay: 586.9 +
86.1 mg/L; reducing power assay: 59.0 + 6.2 mg/L). The
butylated hydroxytoluene (BHT) was used as a positive control
(ICsp: 105.3 + 285.6 mg/L) in the DPPH assay, while beta
hydroxy acid (BHA) (ICsy: 354 + 2.6 mg/L), ascorbic acid
(ICs: 76.8 = 62 mg/L), and a-tocopherol (ICgy: 532 =+
3.7 mg/L) were the standards for reducing the power assay.’

4.10. Aurea helianthus. According to Kim et al., the Aurea
helianthus stem extract was found to exhibit an antimelano-
genesis effect by reducing the melanin content by 20% in
a-MSH-stimulated B16 melanoma cells. The extract was
reported to inhibit the cellular tyrosinase activity in a dose-
dependent manner in B16 cells.*

4.11. Beta vulgaris subsp. Maritime (L) Arcang.
Zardi-Bergaoui et al. reported the antityrosinase activity of
hydrodistilled essential oil of the aerial parts of B. vulgaris, with
an inhibition rate of 67% (cc = 100 ug/mL) compared to the
positive standard, kojic acid (85%, 50 ug/mL).** The essential
oil exhibited a significantly higher antioxidant activity according
to the DPPH radical scavenging assay with an ICg, of 0.055 +
0.006 mg/mL when compared to the BHT reference value of
0.018 + 0.010 mg/mL. Similarly, in the ABTS and reducing
power assays, the essential oil had reported ICs, values of
0.079 + 0.010 and 0.120 + 0.002 mg/mL, comparable to the
BHT reference value of 0.050 + 0.0 and 0.020 + 0.010 mg/mL,
respectively.”” On the other hand, the study demonstrated
significant activity of the enzyme catalase in the oil (524.447 +
2.58 p/mg protein) as compared to vitamin C (747.384 + 016).
In view of the paraoxonase test, the essential oil exhibited an
interesting activity (55.0 = 1.5 yM/min/L) comparable to that
of ascorbic acid (55 + 0.2 gM/min/L).*

4.12. Camellia oleifera Abel. Liu et al. evaluated the
antityrosinase activity of Camellia oleifera Abel shell extracts
by different solvent extraction. The results showed that the
1,3-butanediol extract has the highest tyrosinase inhibition rate
of 71.9%, compared to those of the methanol extract (49.2%)
and water extract (39.3%). Kojic acid was used as the positive
control in this study.>*

4.13. Carapa procera. According to Sinan et al, the
tyrosinase inhibition activity of Carapa procera leaf extract was
found as 73.43 + 0.07 mg KAE/g extract, while the stem barks
were reported to be 75.25 + 0.20 mg KAE/g extract.”” In
general, methanol extract of stem bark had the highest anti-
oxidant activity in all tested assays with 3.14 + 0.01 mmol of
TE/g of the ABTS assay, 447 + 0.07 mmol of TE/g of the
CUPRAC assay, and 2.15 + 0.01 mmol of TE/g of the FRAP
assay. Methanol extracts of both plant parts exhibited moderate
inhibitory activity against a-glucosidase (0.95 + 0.01 mmol
ACAE/g) and high inhibitory activity against a-amylase
(0.77 + 0.01 mmol ACAE/g). As for anticholinesterase assays,
the methanolic extracts of the two parts gave the highest
inhibitory effects on acetylcholinesterase (AChE) and
butyrylcholinesterase (BChE), respectively (leaves: 2.55 =+
0.02 and 4.16 + 0.26; stem bark: 2.54 + 0.01 and 4.58 +
0.13 mg GALAE/g).”

4.14. Celastrus hindsii. Viet et al. reported the anti-
tyrosinase and antioxidant activities of Celastrus hindsii leaf
extracts (@-amyrin and f-amyrin).*® The tyrosinase inhibition
ICsy of a-amyrin and f-amyrin was 178.85 + 3.28 ug/mlL,
while the ICs, for positive control of kojic acid was 15.55 +
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228 pg/mL. The DPPH radical scavenging activity of
a-amyrin and f-amyrin was 125.55 + 0.98 ug/mL, and a value
of 15528 + 1.01 ug/mL for the ABTS assay was reported.*®
Both antioxidant assays were used BHT as a positive control,
with the IC;, value of 8.22 + 0.89 ug/mL for the DPPH assay
and 53.40 + 1.52 pug/mL for the ABTS assay, respectively.*®

4.15. Cinnamomum camphora. Yang et al. investigated
the antityrosinase and antioxidant activities of Cinnamomum
camphora leaf and branch extracts.”” The results found that the
leaves exhibited higher antityrosinase activities in both
monophenolase and diphenolase assays with an inhibition
ICso of 167 + 18 and 70 + 7 pg/mL, respectively, compared to
the branches with tyrosinase monophenolase inhibition ICg, of
268 + 24 and 91 + 8 ug/mL in a tyrosinase diphenolase assay.
Similar results were found in the antioxidant assays, as leaves
exhibited great DPPH and ABTS radical scavenging activities
with ICy, values of 78 + 13 and 117 + 16 pg/mL, respectively.
Branch extracts showed relatively high ICs, values in the
DPPH assay (274 + 28 ug/mL) and ABTS assay (230 =+
30 ug/mL). In contrast, the ICs, values of the positive control,
Vitamin C, were 72.9 + 0.5 and 74 + 9 pg/mL in DPPH and
ABTS assays, respectively. Interestingly, the branch extract
showed a lower IC,, value in the FRAP assay (3.6 +
0.4 pg/mL) compared to leaves with an IC, value of 4.7 +
0.5 ug/mL.”

4.16. Citrus junos. Based on the studies by Adhikari et al,,
1000 pg/mL of Citrus junos callus extract showed a 59.3 +
4.20% inhibition of melanogenesis in B16F10 melanoma cells,
which was stronger than the positive control, arbutin.*® The
callus extract was also reported to inhibit mushroom tyrosinase
activity in a dose-dependent manner. In view of the DPPH
assay, 1000 pug/mL of callus extract exhibited 68.5 + 9.49% of
DPPH free radical scavenging ability, which was comparable to
125 uM of ascorbic acid (62.3 + 1.78%).%°

4.17. Clausena indica. Quan et al. explored the
antityrosinase and antioxidant activities of Clausena indica
root extract by using tyrosinase inhibitory assay and DPPH,
ABTS, and lipid peroxidation inhibitory (LPI) assays.”
Among the isolated active components, the C. indica roots,
clausine K and fraction Re4, performed the most remarkable
tyrosinase inhibition, with ICy, values of 179.5 and 243.8 ug/mlL,
respectively, stronger than the positive control, myricetin
(735.6 ug/mL). For the antiradical activities against DPPH
and ABTS, nordentatin showed the lowest ICy, values of 49.2 +
0.5 and 69.9 + 1.1 pug/mL, respectively, among other isolates and
comparable to the BHT standard (DPPH: 16.0 + 0.2 ug/mL;
ABTS: 82.8 + 1.1 ug/mL). Markedly, relatively high ICg, values
were found in clausine K against DPPH and ABTS, with values
of 2197.8 + 53.3 and 5264.0 + 164.0 ug/ml, respectively.
Similarly, in the LPI assay, nordentatin also showed the highest
LPI value with 69.8 + 0.4%, compared to dentatin (37.9 + 0.8%)
and clausine K (60.6 + 1.1%). The BHT showed 82.7 + 0.3%
inhibition as standard in the LPI assay.””

4.18. Cosmos caudatus Kunth. Azwanida et al. reported
the antityrosinase and antioxidant activities of Cosmos caudatus
Kunth leaf extract by using an antityrosinase assay and
DPPH and ABTS assays.”’ The extract showed an ICg,
value of 693.2 ug/mL for tyrosinase inhibition, while the
positive control, kojic acid, showed a value of 77.8 g/mL. In
the DPPH and ABTS assays, the extract was reported with ICy,
values of 163.6 and 57.2 pg/mL, respectively. By contrast, the
IC, values of the antioxidant activity for the standard used,
Trolox, were 3.32 and 6.51 pg/mL, respectively.*’

4.19. Cymbidium sp. (Orchidaceae). Axiotis et al. studied
the antityrosinase, antioxidant, and collagenase inhibitory
activities of all the Cymbidium sp. byproduct extracts.”' From
the results obtained, the pseudobulbs’ ethanol/water extract
presented the highest antityrosinase activity among other
extracts, showing 64.11 + 2.34% inhibition at 300 pg/mL. For
the ethyl acetate extracts, flowers, pseudobulbs, and roots
exhibited a dose-dependent inhibition of 2829 + 2.93%,
37.50 + 2.54%, and 54.19 + 3.72% at 300 pug/mL, respectively.
In the DPPH assay, ethyl acetate extracts of pseudobulbs and
roots exhibited moderate antiradical activity with ICs, values
of 114.18 and 127.17 ug/mL, respectively. However, the
dichloromethane (DCM) and ethanol/water extracts of
pseudobulbs (ICg, = 165.78 and 233.32 pg/mL, respectively)
and roots (IC5, = 174.61 and 304.02 ug/mL, respectively)
showed weak antioxidant activity. Regarding the collagenase
inhibitory test, ethyl acetate extracts of pseudobulbs and roots
exhibited high inhibitory activity by displaying 4.01 + 1.32%
and 82.79 + 1.60% inhibition of collagenase at 75 ug/ mL.*!

4.20. Cytinus hypocistis. According to Silva et al, the
antityrosinase, antioxidant, and anti-inflammatory activities of
Cytinus hypocistis whole plants, petals, stalks, and nectar
extracts were evaluated.*” The highest tyrosinase inhibitory
activity was found in Cytinus hypocistis stalk extracts, with an
ICs, value of 0.09 + 0.02 mg/mlL, followed by a petal extract
(0.19 + 0.01 mg/mL), whole plant extract (0.20 + 0.01 mg/mL),
and nectar extract (27.6 + 0.7 mg/mL), comparable to the
positive control, kojic acid (0.078 = 0.001 mg/mL). Interestingly,
in the oxidative hemolysis inhibition assay and thiobarbituric acid
reactive substance assay, petal extract exhibited the highest
antioxidant activity among other tested extracts, with the ICy
value of 279 + 5 and 342 + 2 ng/mL, respectively. In the anti-
inflammatory studies, petals and stalk extracts showed similar
nitric oxide production inhibitory effects, with ICg, values of
127 + 8 and 127 + 12 ug/mlL, respectively. While the ICy, values
of the whole plant extract and nectar extract were 136 + 11 and
277 + 14 pg/mlL, respectively. The positive control in this assay,
dexamethasone, was reported with an ICy, of 16 + 1 ,ug/mL.42

4.21. Dalea pazensis Rusby. Santi et al. reported the
antimelanogenesis and antityrosinase activities of Dalea
pazensis Rusby root extract by using the melanin content
assay of B16 murine melanoma cells and mushroom tyrosinase
assay and intracellular tyrosinase inhibition assay in B16 cells.**
The isolated compound 1 from Dalea pazensis Rusby root
extracts showed the lowest melanin inhibition ICs, of 0.75 +
0.2 uM, followed by compounds 4 (1.0 + 0.4 uM), 2 (5.0 +
1.0 uM), and 3 (5.0 + 1.8 uM). In the mushroom tyrosinase
activity assay, the lowest IC, was reported in compound 4
(2.32 + 0.06 uM), comparable to kojic acid (4.93 = 0.01 uM),
while the highest ICy, was found in compound 3 (49.80 +
0.09 uM). The ICg, values of both compounds 1 and 2 were
not determined in this assay. However, in the intracellular
tyrosinase inhibitory assay, compounds 1, 2, and 3 were found
to have 0% inhibition, while compound 4 was reported with
34.2 + 0.2% tyrosinase inhibition in B16 cells. The positive
control used was kojic acid, with 45.4 + 0.1% inhibitory
activity reported.*’

4.22. Dendropanax morbiferus H. Lev. Park et al
revealed the antimelanogenesis and antityrosinase activities of
Dendropanax morbiferus H. Lev leaf extracts by using melanin
content assay and intracellular tyrosinase activity assay in
BI6F10 melanoma cells.® Water extract of Dendropanax
morbiferus H. Lev leaves was reported to effectively decrease
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the melanin content in a-MSH-stimulated B16F10 cells.
Furthermore, the extract also remarkably reduced the intra-
cellular tyrosinase activity in @-MSH-stimulated B16F10 cells
in a dose-dependent manner.”

4.23. Dimocarpus longan Lour. (Longan). Based on
Chai et al,, the antimelanogenesis and antityrosinase activities
of longan bark extract were studied by using the melanin
content assay, monophenolase and diphenolase activity assay,
and intracellular tyrosinase activity assay using B16 mouse
melanoma cells.** The 200 ug/mL of condensed tannins from
longan bark extract reportedly decreased the melanin content
of B16 cells to 45.2 & 1.3%. The ICs, values of the condensed
tannins reported in the monophenolase activity assay were
43.7 + 0.3 and 11.5 + 0.8 pg/mL in the diphenolase activity
assay. Besides, 200 pg/mL of condensed tannins significantly
reduced the intracellular tyrosinase activity of B16 cells to
403 + 1.5%."

4.24. Erica arborea L. Zengin et al. explored the
antityrosinase and antioxidant activities of Erica arborea L.
leaf extracts from different extraction methods.”> From the
mushroom tyrosinase assay, the microwave-assisted extraction
(MAE) extract showed the strongest inhibitory activity against
the tyrosinase enzyme at 180.29 + 1.87 mg KAE/g, followed
by accelerated solvent extraction (ASE) extract (177.43 +
2.30 mg KAE/g), Soxhlet (SOE) extract (172.20 + 1.82 mg
KAE/g), maceration (MAC) extract (171.18 + 3.45 mg
KAE/g), and ultrasound-assisted extraction (UAE) extract
(171.05 + 1.14 mg KAE/g). The DPPH scavenging activities
of the extracts were in the order of ASE (209.59 + 4.37 mg
TE/g extract) > MAE (179.17 + 2.93 mg TE/g extract) >
MAC (92.19 + 146 mg TE/g extract) > SOE (7643 =+
0.90 mg TE/g extract) > UAE (66.61 + 3.41 mg TE/g
extract). The same order was also found in the CUPRAC and
FRAP assays. A slightly different trend was obtained from the
results of the ABTS assay (mg TE/g extract) and pho-
sphomolybdenum (PM) method (mmol TE/g extract), as the
extracts were in the order of ASE (ABTS = 359.45 + 18.22;
PM = 148.06 + 1.96) > MAE (325.87 + 9.48; PM = 1.66 +
0.04) > SOE (185.15 + 6.28; PM = 1.66 + 0.05) > MAC
(176.27 + 9.25; PM = 1.50 + 0.0S) > UAE (148.06 + 1.96;
PM = 1.26 & 0.03). In contrast to the other antioxidant assays,
the chelating activity of the extracts was in the order of UAE
(5.13 + 0.42 mg EDTAE/g extract) > ASE (4.74 = 0.30 mg
EDTAE/g extract) > MAC (3.80 + 0.16 mg EDTAE/g
extract) > MAE (3.49 + 0.40 mg EDTAE/g extract) > SOE
(1.43 + 0.01 mg EDTAE/g extract).”

4.25. Fagus sylvatica L. Tanase et al. reported that the
50:50 ethanol—water extract of Fagus sylvatica L. has the
strongest antioxidant activity in DPPH (741.43 + 59.44 mg
TE/g extract) and FRAP (783.24 = 31.24 mg TE/g extract)
assays, where this extract was recorded with the highest total
phenolic contents.”® The authors stated that antioxidant activity
was also strongly associated with the amount of phenolic
compounds. Besides, water extract showed higher antioxidant
activities in both DPPH and FRAP assays (DPPH = 676.29 +
19.80; FRAP = 783.24 + 31.24 mg TE/g extract), as compared
to the 80:20 ethanol—water extract (DPPH = 505.02 + 42.02;
FRAP = 592.84 + 44.02 mg TE/g extract). On the other hand,
the 50:50 ethanol—water extract of Fagus sylvatica L. bark was
reported with 45.99 + 526% tyrosinase inhibitory activity in
mushroom tyrosinase activity assay using L-DOPA as a substrate,
while water extract and 80:20 ethanol—water extract did not
show any tyrosinase inhibitory activity.*

4.26. Feijoa sellowiana. The antityrosinase and antiox-
idant activities of Feijoa sellowiana leaf extract were reported by
Saber et al.*’” The mushroom tyrosinase inhibition of the
methylene chloride extract was 115.85 + 2.55 mg of KAE/g of
extract, while the quercetin (positive control) was 163.05 +
5.19 mg of KAE/g extract. To evaluate the antioxidant activity
of the extract, a total of 6 assays were done, which were DPPH
(90.58 + 0.89 mg TE/g extract), ABTS (113.80 + 0.02 mg
TE/g extract), FRAP (102.58 + 0.41 mg TE/g extract),
CUPRAC (180.23 + 0.44 mg TE/g extract), metal chelating
(2121 + 0.88 mg EDTAE/% extract), and PM (5.31 =+
0.13 mg TE/g extract) assays."

4.27. Galla rhois. According to Parvez et al,, the tyrosinase
inhibition ICs, of Galla rhois methanol extract was reported at
0.163 mg/mL, lower than that for kojic acid (0.316 mg/mL),
ascorbic acid (1.520 mg/mL), and arbutin (2.511 mg/mL) in
the mushroom tyrosinase activity assay using L-DOPA as a
substrate.®

4.28. Garcinia atroviridis. According to a study done by
Chatatikun et al. that investigated the antimelanogenesis
properties of various concentrations of water extracts of
Garcinia atroviridis, the melanin content of @-MSH-stimulated
B16F10 cells was decreased in a concentration-dependent
manner.” At 125 ug/mL (maximum concentration tested) of
water extract, it reduced the melanin content to 46.96% which
was comparable to that of kojic acid (46.94%). In mushroom
tyrosinase activity assay, water extract showed ICs, of 40.72 +
1.83 pg/mL, while kojic acid was 8.00 + 047 ug/mL.
Nevertheless, only a concentration of 125 pg/mL of water
extract was found to effectively inhibit the cellular tyrosinase
activity in B16F10 cells. The DPPH and ABTS radical
scavenging activities of water extract were reported with IC,
values of 628.85 + 32.67 ug/mL and 321.41 + 12.76 pg/mL,
respectively, while ascorbic acid was used as the positive
control (DPPH = 62.22 + 0.67; ABTS = 6.27 + 0.19 ug/mL).*”

4.29. Gentiana veitchiorum. Based on Wu et al, the
flower extracts of Gentiana veitchiorum reported greatly
reduced the melanin content on B16F10 cells, but the root
extract did not show any antimelanogenesis effect.”® Isoorientin
was identified from the flower extract, which decreased the
melanin content in a dose-dependent manner. Isoorientin was
also found to inhibit intracellular tyrosinase activity in a dose-
dependent manner but did not have a significant inhibitory effect
on mushroom tyrosinase activity. As for antioxidant assay, the
flower extracts and isoorientin showed significantly reduced
cellular reactive oxygen species (ROS) levels.”

4.30. Granny Smith Apple. Menbari et al. reported the
antityrosinase activity of Granny Smith culture cell extract in a
mushroom tyrosinase activity assay using L-DOPA as a
substrate. The ICy, of the extract was 121 mg/mL, while
that for kojic acid was reported to be 0.0177 mg/mL.>!

4.31. Hippophae rhamnoides L. Zhang et al. explored the
antimelanogenesis, antityrosinase, and antioxidant activities of
Hippophae rhamnoides L. seed residues extracted by 80%
ethanol.'> The results showed that the seed residue extract
(4.55 and 45.45 mg mL™") effectively reduced the melanin
content in BI6F10 mouse melanoma cells. Besides, the seed
residue extract (concentration ranging from 0.10 to 3.00 mg mL™")
significantly reduced the tyrosinase activity in B16F10 cells
compared to the control, kojic acid. In the DPPH assay, an
ECs, of 0.09 + 0.01 mg mL™" was reported in seed residue
extract, comparable to the positive standards of ascorbic acid
(0.25 + 0.02 mg mL™") and Trolox (0.10 + 0.00 mg mL™").
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Nevertheless, the seed residue extract showed little hydroxyl
scavenging ability."”

4.32. Juglans mandshurica. Based on Kim et al,, Juglans
mandshurica fruit methanol extract showed antimelanogenesis
effects in B16F10 melanoma cells by significantly reducing the
expression of the melanocyte-inducing transcription factor
(MITF). The isolated compound 1 showed the strongest
antimelanogenesis effects by effectively decreasing the expression
of MITF and decreasing melanin content in a dose-dependent
manner. On the other hand, compound 1 showed strong
tyrosinase inhibition activity by decreasing tyrosinase expression
in the tyrosinase activity assay using L-DOPA as a substrate.””

4.33. Kadsura coccinea. Jeon et al. explored the
antioxidant activity of different plant parts of Kadsura coccinea
extract and showed that leaves had the highest DPPH and
ABTS radical scavenging activity (DPPH = 99.9 + 0.1%;
ABTS = 94.7 + 2.9%) followed by roots (DPPH = 95.5 +
3.6%; ABTS = 82.8 + 5.9%), seeds (DPPH = 25.7 + 2.1%;
ABTS = 29.7 + 2.0%), and flowers (DPPH = 8.7 + 1.1%;
ABTS = 159 + 2.0%).”* The authors highlighted that the
leaves and root extracts had high polyphenol contents. In view
of the melanin content assay using a-MSH-stimulated B16F10
murine melanoma cells, the antimelanogenesis activities of the
extracts were in the order of leaves > roots > stems > fruits. A
similar trend was observed in the antityrosinase assay, and the
extracts also followed the order of leaves > roots > stems >
fruits in terms of the extracts’ antityrosinase properties.’”

4.34. Kummerowia striata. Lee et al. reported the
antimelanogenesis, antityrosinase, and antioxidant activities of
Kummerowia striata aerial parts of ethanol extract. The extract
was found to decrease the melanin content in a-MSH-
stimulated B16F10 cells in a dose-dependent manner in the
melanin content assay.”* Similar to the mushroom tyrosinase
activity assay, the extract also exerted significant tyrosinase
inhibitory activity in a dose-dependent manner. The DPPH
and ABTS assays revealed that the radical scavenging activities
of the extract, ICy, values of 98.71 pug/mL and 24.64 ug/mL,
respectively, were reported. The beta hydroxyl acid (BHA) was
used as the standard control in both antioxidant assays, with
the ICj, of 14.96 ug/mL (DPPH) and 4.65 ug/mL (ABTS).>*

4.35. Leonurus japonicus. Lai et al. studied the methanol
extract of Leonurus japonicus aerial parts in a melanin content
assay and cellular tyrosinase activity assay using B16F10
murine melanoma cells. Five diterpenes identified from the
extracts were reported to inhibit melanin production in
a-MSH-stimulated B16F10 cells, while two dite;gpenes from
the extracts had moderate antityrosinase activity.’

4.36. Lepechinia meyenii. Crespo et al. examined the
antityrosinase activity of Lepechinia meyenii by subjecting
the extracts to bioguided fractionation to isolate three bioactive
compounds (p-coumaric acid, caffeic acid, and rosmarinic
acid).’® These three compounds were shown to be highly
effective in inhibiting tyrosinase activity and to be more
powerful than kojic acid. p-Coumaric acid had the strongest
antityrosinase effects among the three compounds (ICs, using
L-tyrosine as a substrate: 0.30 uM; ICs, using L-DOPA as a
substrate: 0.62 uM. Based on previous research, p-coumaric
acid was shown to have an efficient antimelanogenesis activity
and strong free radical scavenging ability. It was also known
as an effective tyrosinase inhibitor due to having a similar
structure to the tyrosinase substrate and competing for the
active sites with the substrate on tyrosinase.” The authors
concluded that the fractions and isolated compounds,

especially p-coumaric acid, could be used as a depigmenting
agent.

4.37. Limonium delicatulum. Bakhouche et al. examined
the antityrosinase, antioxidant, and anti-inflammatory activities
of Limonium delicatulum leaves and root extracts by using
methanol and water.”” The results showed that methanol
extract from roots strongly inhibited the enzyme with an ICy,
value of 9.87 + 0.15S ug/mL and was more potent than
methanol extract from leaves (24.77 £ 0.5 ug/mL) and kojic
acid (25.23 + 0.21 pug/mL). All of the water extracts did not
show any effects in the tyrosinase inhibition assay. The DPPH
assay was used to measure the scavenging activity of the
extracts, and the results showed that methanol root extract
(ICsp = 5.79 + 0.0S pg/mL) was the most powerful followed
by methanol leaf extract (IC5, = 10.58 =+ 0.18 ug/mL).
Furthermore, methanol leaves and roots extracts of L.
delicatulum exhibited higher antioxidant activity than BHT
(ICsp = 16.02 = 0.35 pg/mL). The aqueous extracts also
exerted good antiradical activity, as the ICs, values obtained for
aqueous roots and leaf extracts were 69.34 + 0.95 and 79.65 +
0.23 pug/mlL, respectively. In a galvinoxyl radical (GOR) assay,
results showed that methanol root extract exhibited a slightly
higher antioxidant activity than methanol leaf extract (ICs, =
1031 + 0.82 and 11.09 + 0.16 pg/mL, respectively), while
methanol extracts from leaves and roots exhibited a close
trapping effect on the ABTS radical (ICs, = 6.56 + 0.25 and
7.29 + 0.04 ug/mL, respectively), which is better than BHT
(7.54 + 0.69 ug/mL) and aqueous roots and leaf extracts
(ICsp = 29.16 + 0.16 and 26.01 + 0.93 ug/mL, respectively).
The ICy, values of aqueous root and leaf extracts against
galvinoxyl radicals were 50.17 # 2.09 and 84.07 + 0.44 ug/mL,
respectively. In the CUPRAC assay, methanol roots extract
presented an Ay of 6.81 + 0.07 ug/mL and were stronger
than ascorbic acid and Trolox (A = 8.69 + 0.14 and 8.31 +
0.1S pg/mL, respectively). Similarly, methanol extract from
leaves gave a promising effect to reduce copper ions with an
Ays of 13.5 + 0.55 pg/mL, while aqueous extracts exhibited
the weakest reducing capacity. Methanol leaf extract displayed
higher reducing power when compared to methanol roots
extract (Ags = 11.2 + 0.06 and 20.51 =+ 0.3 wug/mlL,
respectively), whereas aqueous roots extract exhibited a higher
effect than leaf extract with Ay values of 46.54 + 0.4 and
95.57 + 2.02 pg/mL, respectively. Methanol leaf extract
presented an A5 of 9.45 + 0.9 ug/mL and showed a better
antioxidant capacity than methanolic roots extract and Trolox
(21.66 = 0.08 and 34.17 + 1.23 ug/mlL, respectively). Besides,
in phenanthroline metal iron-reduction analysis, the lowest
value of A, s was obtained with methanol roots extract (3.55 +
0.02 ug/mL), followed by methanol leaf extract (7.34 =+
0.27 ug/mL), aqueous roots extract (11.82 + 0.75 ug/mL),
and aqueous leaf extract (22.6 & 1.36 ug/mL), respectively. In
silver nanoparticle assay (SNP), methanol leaf extract showed
the highest potential to reduce silver ions (Ag") than other
extracts, with the Ay of 945 + 0.9 pug/mL which was
comparable to the ascorbic acid (7.14 = 0.05 ug/mL) and
Trolox (34.17 + 1.23 pg/mL). Lastly, methanol leaf
extract exhibited slight activity with an ICs, value of 98.6 +
0.32 pg/mL, while aqueous leaf extract showed a very weak
effect with an ICgy 0of 293.17 + 0.14 ug/mL in the -Carotene-
linoleic acid bleaching assay. The anti-inflammatory analysis
showed that methanol leaf extract exhibited the highest
inhibition activity of 90.21 + 1.69% at 500 ug/mlL, followed
by methanol roots extract (89.74 + 1.63%), aqueous leaf
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extract (43.32 + 0.13%), and last aqueous roots extract
(38.14 + 0.81%).”

4.38. Lophira lanceolata Tiegh. ex Keay. Sinan et al.
reported the antityrosinase and antioxidant activities of
lanceolata leaf and stem bark extracts by using colorimetric
enzyme inhibition assay and DPPH, ABTS, CUPRAC, FRAP,
and ferrous-ion chelating assays.”® The antityrosinase effects
were exhibited for the methanol leaf extracts, with the highest
activity reported for extract obtained using the Soxhlet
extraction method (131.17 + 1.96 mg KAE/g), followed by
HAE-MeOH (126.03 + 3.57 mg KAE/g) and MAC-MeOH
(12221 + 2.79 mg KAE/g). No inhibitory activity against
tyrosinase was displayed by the HAE-Water and MAC-Water
extracts. All stem bark extracts showed significant inhibitory
potency against tyrosinase in the following order: MAC-
MeOH (15321 + 0.15 mg KAE/g) > SOX-MeOH (151.98 +
0.66 mg KAE/g) > HAE-MeOH (151.65 + 0.25 mg KAE/g) >
infusion (100.95 + 2.37 mg KAE/g) > MAC-water (100.46 +
2.27 mg KAE/g) > HAE-Water (94.58 + 1.87 mg KAE/g).”®
For the leaf extracts, the highest free scavenging activity was
observed in the HAE-MeOH (DPPH = 93.82 + 0.23; ABTS =
13225 + 0.09 mg TE/g), followed by infused (DPPH =
93.81 + 0.43 mg TE/g) and SOX-MeOH (ABTS = 132.09 +
0.07 mg TE/g) extracts (58). The HAE-MeOH extract has
shown the highest cupric and ferric reducing power, with
values of 287.73 + 2198 and 23121 + 0.57 mg TE/g,
respectively. Among the stem bark extracts, the highest free
radical quenching activity was exhibited by the SOX-MeOH
(DPPH = 195.18 + 0.55; ABTS = 265.04 + 0.99 mg TE/g),
followed by HAE-MeOH (DPPH: 194.83 + 0.21; ABTS =
264.43 + 0.13 mg TE/g) extracts. Furthermore, reducing
capacity was exhibited by all the tested stem bark extracts, with
the aqueous extracts obtained using maceration (CUPRAC=
853.99 + 13.27; FRAP= 853.99 + 13.27 mg TE/g) and
homogenizer assisted (CUPRAC = 683.57 + 11.09; FRAP =
648.34 + 3.86 mg TE/g) methods being superior sources of
reducing agents in both CUPRAC and FRAP assay. With
respect to metal chelating properties, the activity varied
between 6.76 + 1.76 (HAE-Water) and 22.68 + 0.74 (HAE-
MeOH) mg EDTAE/g and 2.09 + 0.45 (MAC-MeOH) and
6.15 + 1.12 mg EDTAE/g for the leaf and stem bark extracts,
respectively.”®

4.39. Lotus. The lotus seedpod was extracted with hot
water (95 °C) with concentrations of 0, 5, 10, 15, and 20 ug/mL,
and the antimelanogenesis and antityrosinase activities were
studied by Hsu et al. The concentrations of 10, 15, and
20 pug/mL of the seedpod extract of lotus greatly reduced the
melanin production in a-MSH-stimulated B16F10 cells, showing
the promising antimelanogenesis properties of the extracts.
Similarly, the concentrations of 10, 15, and 20 pug/mL of the
seedpod extract of lotus significantly decreased the 65%, 76%,
and 51912% of tyrosinase activity in @-MSH-stimulated B16F10
cells.

4.40. Maclura tricuspidate. Jo et al. examined the
antityrosinase and antioxidant activities of the leaf extract of
Maclura tricuspidate by using the mushroom tyrosinase activity
assay and DPPH assay. Results showed that the two identified
flavanols named kaempferol and quercetin had the most potent
activity for tyrosinase inhibition and also exhibited good
antioxidant activity.*

4.41. Manilkara kauki. Based on Srisupap and Chaichar-
oenpong, the methanol extract of Manilkara kauki stem
barks showed the lowest ICg, value of tyrosinase inhibition,

0.25 + 0.03 mg/mL, followed by water extract of Manilkara
kauki stem barks, 0.41 + 0.01 mg/mL.15 Overall, methanol
extracts showed a lower ICsj of tyrosinase inhibition compared
with the water extracts. The same tyrosinase inhibitory trend
was found in both extraction methods, which followed the
order of stem barks > leaves > fruits > seeds, while woods
showed no inhibitory activity at all. In the DPPH assay,
methanol extract of stem barks showed the highest radical
scavenging activity of 57.87 + 0.27%, followed by water extract
of leaves (55.49 + 0.06%), methanol extract of leaves (47.01 +
0.14%), and methanol extract of woods (43.51 + 0.27%) (15).
On the other hand, the methanol extract of stem barks also
exhibited the strongest FRAP activity with 211.59 + 1.40 mg
TE g crude extract, followed by water extract of leaves, with
219.37 + 0.32 mg TE g™' crude extract.'’

4.42. Melaleuca quinquenervia. Chao et al. revealed that
the 20 pug/mL of Melaleuca quinquenervia essential oil exhibited
a 40.7% melanin inhibitory effect, stronger than the positive
control, arbutin (16.1% at 100 uM), in the melanin content
assay using B16 murine melanoma cells." Furthermore, the
20 pg/mL of essential oil had a 20.4% tyrosinase inhibitory
effect, which is stronger than arbutin (5.5% at 100 uM).!

4.43. Melastoma normale. Quercetin, one of the
compounds that was isolated from Melastoma normale roots’
80% acetone extract, showed significant antityrosinase activity
with ICs, of 76.83 + 2.02 uM, while kojic acid has an ICs, of
100.52 + 2.63 uM, reported by He et al.”'

4.44. Morus alba L. Li et al. were the first to report the
antimelanogenesis and antityrosinase activity of Morus alba L.
leaf extract. The three compounds isolated from ethanol
extracts named, norartocarpetin, moracin J and steppogenin
decreased melanin production which exhibited antimelano-
genesis effects in @-MSH-stimulated B16F10 cells.” The
antityrosinase activity of Morus alba L. leaf extract was shown
in norartocarpetin, moracin ] and steppogenin significantly
inhibited mushroom tyrosinase activity and intracellular
tyrosinase activity in a dose-dependent manner in B16F10
cells’ Another study by Chaiyana et al. explored the anti-
tyrosinase and antioxidant activities of the maceration method
and pulsed electric field (PEF) extraction method of Morus alba
L. leaves obtained from Chiang Mai (CM), Sakon Nakon (SK),
Buriram (BR), Thailand. Results showed that PEF extracts
exhibited significant inhibitory effects compared to the
maceration method, while PEF extract from BR demonstrated
the highest antityrosinase activity, with ICs, against L-tyrosine
and L-DOPA of 54.1 + 5.4 and 32.2 + 3.4 pug/mlL, respectively.
These results were comparable to kojic acid (ICg, = 28.0 +
5.1 ug/mL with L-DOPA as substrate), the positive control.
Expectedly, extracts obtained by the PEF method had higher
radical scavenging activity than the maceration method, and
leaves from BR had a significantly high FRAP value. To be
specific, PEF extract from BR had DPPH inhibition of 45.3 +
0.8%, TEAC value of 115.1 + 2.8 mg Trolox/g extract (ABTS
assay), and EC, value of 52.4 + 0.5 mg FeSO,/g extract (FRAB
assay).””

4.45. Myrica rubra. Juang et al. examined the antimelano-
genesis and antityrosinase properties of Myrica rubra fruit
extract with different solvent extraction.’ Results published
suggested that pure water extract has stronger melanogenesis
inhibitory effects than 50% ethyl alcohol and 95% ethyl alcohol
extracts, as 2.0 g L™" of pure water extract reduced the melanin
content to 76.5% and 82.5% in A2058 and B16F10 mouse
melanoma cells, respectively. Interestingly, pure water extract
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also has stronger tyrosinase inhibitory effects than 50% ethyl
alcohol and 95% ethyl alcohol extracts. The 2.0 g L™" of pure
water extract successfully reduced the mushroom tyrosinase
activity to 61.7% and reduced the cellular tyrosinase activity to
65.78% and 74.9% in A2058 and B16F10 cells, respectively.’

4.46. Nardostachys jatamansi. Bose et al. found that
methanol rootstock extracts of in vitro-cultured Nardostachys
jatamansi plants have the highest antityrosinase activity with
ICs of 168.12 + 3.6 ug/mlL, which is comparable to kojic acid
5444 + 2.3 ug/ mL.%® The antioxidant potential of methanol
rootstock extracts of in vitro-cultured plants was demonstrated
in ABTS and PM assays, as well as the lipid peroxidation
(LPO) inhibition method. The ICs, of methanol rootstock
extracts was 13.55 + 0.8 pg/mL in the ABTS assay and 789 +
8.7 ug ascorbic acid equivalents/g extract in the PM assay.
While the result obtained from the LPO inhibition method was
1524 + 0.8 pg/mL for the methanol rootstock extracts of
in vitro-cultured plants and 3.82 + 0.5 pg/mL reference value
of rutin. Lastly, the methanol rootstock extracts of in vitro-
cultured plants showed 14.58 + 0.9 pug/mL anti-inflammatory
activity, which was stronger than the methanol leaf extracts of
in vitro-cultured plants with ICy, of 23.54 + 1.6 ;4g/mL.63

4.47. Nepeta glomerulosa Boiss. Emami et al. evaluated
the antimelanogenesis inhibitory activity of methanol
(MeOH), n-hexane, ethyl acetate (EtOAc), dichloromethane
(CH,Cl,), n-butanol (BuOH), and water extracts isolated from
N. glomerulosa in B16 melanoma cell line.” From the results
obtained, a 100 pg/mL concentration of MeOH, EtOAc and
n-BuOH extracts showed significant inhibitory effects on
melanin synthesis. However, mushroom tyrosinase activity was
inhibited only by 100 pg/mL of EtOAc extract, while
100 pg/mL of methanol extract significantly inhibited cellular
tyrosinase activity in B16F10 cells. Only MeOH and n-BuOH
extracts greatly suppressed the oxidative stress caused by hydrogen
peroxide in the B16F10 melanoma cells.”

4.48. Olea europeae. Elkattan et al. explored the anti-
melanogenesis activity of Olea europeae leaf extract, and three
compounds named oleuroepin, oleoside dimethyl ester, and
oleoside 11-methyl ester presented good inhibition of melano-
genesis in B16 melanoma cells.’* In particular, the melanin
content of oleuropein at 12.5, 25, and 50 yM was 63.8 + 3.3%,
464 + 3.3%, and 33.9 + 15.4%, respectively, while those of
oleoside dimethyl ester were 33.9 + 4.0% (12.5 uM), 28.1 +
0.7% (25 uM), and 5.3 + 3.8% (50 uM). Those of oleoside
11-methyl ester were 25.8 + 8.1% (12.5 uM), 22.3 + 14.0%
(25 uM), and 160 + 10.2% (50 uM).** For reference, the
melanin content of arbutin at 20 4M was 91.3 + 2.6%.%*

4.49. Pelargonium graveolens. Aanachi et al. explored
the antityrosinase activity of Pelargonium graveolens using
n-hexane, dichloromethane, and methanol as solvent extrac-
tion.”> The result demonstrated that methanol extract
exhibited the strongest antityrosinase activity among the 3
extracts with ICs, of 21.11 + 0.38 ug/mL. The tyrosinase
inhibition ICy, of n-hexane was 37.60 + 1.83 ug/mL, while
dichloromethane was 37.63 + 1.35 ug/mL. For reference, kojic
acid was reported with an IC, value of 25.23 + 0.78 yug/mL in
the tyrosinase inhibition assay. The antioxidant capacity of the
extracts of P. graveolens was evaluated, and the methanol
extract was reported to be the strongest in all five assays
including the DPPH (ICy, of 12.96 + 0.63 ug/mL), ABTS
(IC4 of 10.20 + 0.63 ug/mL), CUPRAC (Ags of 20.29 +
0.51 pg/mL), iron chelation (ICs, of 31.74 + 3.21 ug/mlL),
and reducing power (A s of 43.38 & 0.65 yg/mL). In contrast,

the antioxidant activity of dichloromethane extract was moderate,
with ICs, values of 11691 + 6.50 pug/mL (DPPH), 1046 =+
1.33 ug/mL (ABTS), and 66.72 + 2.96 ug/mL (iron chelation)
and A5 values of 53.36 + 0.88 and 64.60 + 0.15 pug/mL for
CUPRAC and reducing power, respectively. Generally, the
lowest capacity was observed with the hexane extract, with the
ICs, of 37.60 + 1.83, 44.46 + 2.30, and 47.20 + 2.85 ug/mL for
the DPPH, ABTS, and iron chelation assays and Ay of 89.95 +
3.00 and 7729 + 0.87 pg/mL in CUPRAC and reducing
power.”

4.50. Persicaria orientalis. Based on Masum et al.,
vanicoside B isolated from ethanolic extracts of Persicaria
orientalis roots exhibited a significant high extracellular (71.9%
and 72.0%) and intracellular (35.3 and 27.3%) melanin
inhibitory activity at 50 and 25 uM, respectively, in the B16
mouse melanoma cells.® It showed better inhibito?r activity
than the positive control, arbutin (58% at 730 uM).°® Further-
more, the ethanolic extract also demonstrated the highest
tyrosinase inhibition with IC, of 22 pug/mL (L-tyrosine) and
39 pg/mL (1-DOPA), compared to the ethyl acetate extract
(L-tyrosine = 80 ug/mL; L-DOPA = 311 pg/mL) and n-hexane
(1-tyrosine = >1000 ug/mL; L-DOPA = >1000 pg/mL).°° The
kojic acid was used as the positive control in the mushroom
tyrosinase assay, with the IC, of 2 /tﬁg/mL (L-tyrosine) and
26 ug/mL (L-DOPA assay) reported.®

4.51. Photinia x fraseri. Song et al. reported that crude
proanthocyanidin (PA) extract of Photinia X fraseri leaves
demonstrated better inhibition of tyrosinase diphenolase
activity than monophenolase activity in the mushroom
tyrosinase activity assay.67

4.52. Phyllanthus phillyreifolius. Mahomoodally et al.
revealed that the macerated ethyl acetate extract of the aerial
parts of P. phillyreifolius exhibited the highest tyrosinase
inhibitory properties with 88.93 + 0.53 mg KAE/g followed by
macerated methanolic extract (88.46 + 1.35 mg KAE/g),
Soxhlet methanolic extract (87.19 + 0.28 mg KAE/g), Soxhlet
ethyl acetate extract (78.79 = 1.52 mg KAE/g), and decoction
extract (66.29 + 1.51 mg KAE/g).”” Besides, the macerated
methanol extract of P. phillyreifolius possessed the highest
DPPH and ABTS scavenging properties (2.91 + 0.01 and
4.12 + 0.09 mmol TE/g, respectively), while the decoction
extract was also equally effective in scavenging the ABTS
radical (4.11 + 0.02 mmol TE/g). The decoction extract was
the weakest DPPH scavenger (1.91 + 0.13 mmol TE/g) (68).
In the CUPRA assay, Soxhlet methanolic extract showed the
highest activity at 5.04 + 0.17 mmol TE/g, followed by
macerated methanol extract (4.96 = 0.12 mmol TE/g),
decoction extract (4.80 + 0.07 mmol TE/g), macerated ethyl
acetate extract (4.78 + 0.33 mmol TE/g), and last the Soxhlet
ethyl acetate extract (3.75 % 0.03 mmol TE/g). A similar trend
was reported in the metal chelating assay, with the order of
Soxhlet methanolic extract > macerated methanol extract >
decoction extract > Soxhlet ethyl acetate extract > macerated
ethyl acetate extract. Similarly, the Soxhlet methanolic extract also
exhibited the highest FRAP activity at 3.17 + 0.15 mmol TE/g,
followed by decoction extract (3.01 + 0.12 mmol TE/g),
macerated methanol extract (2.92 + 0.36 mmol TE/g),
macerated ethyl acetate extract (2.31 + 0.11 mmol TE/ §), and
Soxhlet ethyl acetate extract (2.02 + 0.10 mmol TE/ g).6

4.53. Phyllostachys nigravar Henosis. Choi et al.
discovered that the 80% ethanol extracts from the P. nigravar
bamboo stem decreased the melanin contents in a-MSH-
stimulated BI6F10 cells in a dose-dependent manner."” The
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tyrosinase inhibitory potential of the 80% ethanol extracts was
moderate, with an ICy, of 243.7 ug/mL, compared to the
ascorbic acid of 38.5 ,ug/mL.B Furthermore, the highest
DPPH and ABTS scavenging effects were found in the 80%
ethanol extracts, with the ICy, of 565.63 + 17.75 and 414.61 +
35.12 pg/mlL, respectively, followed by the 50% ethanol
extracts (DPPH: 71435 + 39.54; ABTS: 463.81 + 13.93 ug/mL).
The 100% ethanol extracts showed the least DPPH activity,
with an ICs, of 2019.67 + 6940 pug/ml, while boiling water
extracts showed the least ABTS scavenging effects (2258.18 =+
125.06 ug/mL). In the hydroxyl radical assay, similar results were
reported in 50% and 80% ethanol extracts, with an ICy, of
560.19 + 21.85 and 509.17 + 33.76 pg/ml, respectively."”
Generally, the antioxidant activity of the extracts followed the
order of 80% ethanol extracts > 50% ethanol extracts > 100%
ethanol extracts > water > boiling water.

4.54. Pistacia atlantica Subsp. Mutica. Eghbali-Feriz
et al. discovered the P. atlantica MeOH, CH,Cl,, and EtOAc
extracts (0.2 to 200 ug/mL), and n-hexane (2 to 200 yug/mL)
and H,O extract (20 and 200 pg/mL) showed significant
inhibitory effect on melanogenesis; however, essential oil and
BuOH had no significant inhibitory effect on melanogenesis.''
Besides, all extracts of the P. atlantica were reported to inhibit
mushroom tyrosinase activity except for 1000 pg/mL of n-
hexane extract. In cellular tyrosinase activity assay, MeOH,
EtOAc, and BuOH extracts (0.2—200 ug/mL), n-hexane (0.2
ug/mL), and CH,Cl, (20 and 200 pg/mL) were found to
effectively inhibit B16F10 cells’ tyrosinase activity except for
H,O extract. Lastly, all extracts except 0.2 ug/mL of CH,Cl,
extract were able to significantly suppress the oxidative stress
caused by hydrogen peroxide.''

4.55. Pistacia lentiscus L. Elloumi et al. examined the
antityrosinase potential of PDL leaf extract in both mushroom
tyrosinase activity assay and cellular tyrosinase activity assay in
B16 cells.”” The ethyl acetate (EAE) extract exhibited a great
cellular tyrosinase activity with ICs, of 27.85 + 1.75 pg/mL,
compared to the kojic acid with ICy, of 142.09 + 2.72 ug/mL.
However, the EAE extract only showed moderate mushroom
tyrosinase activity with ICg, of 123 ug/mL, compared to the
kojic acid (20 pg/mL). Besides, the EAE extract exhibited the
strongest antioxidant activity among the 3 extracts with ICs, of
18.07 pug/mL in the DPPH assay and 522.7 6 + 22.99 mg
AEAC/g extract in the FRAP assay. Methanolic extract and
aqueous extract showed similar antioxidant activity with IC, of
19.62 and 19.52 ug/mL in the DPPH assay, respectively, while
46729 + 21.77 and 421.91 + 1548 mg AEAC/ g extract were in
the FRAP assay, respectively. The reference value from ascorbic
acid in the DPPH assay was 13.85 ug/mL. The antielastase
potential of EAE extract was reported with ICs, of 19 ug/mlL,
which is comparable to the epigallocatechin gallate of
12 pg/mL.%

4.56. Polygonum maritimum L. Rodrigues et al. reported
that an acetone extract of P. maritimum L. was able to
effectively reduce nitric acid production on LPS-stimulated
RAW 264. Seven macrophages with ICs, of 22.0 ug/mL were
compared to positive control (27.6 ug/mL).”° The antioxidant
activity of acetone extract was evaluated by determining radical
scavenging activity on superoxide radicals, ferric thiocyanate,
and thiobarbituric acid tests and total antioxidant capacity;
results obtained were presented with ICy, values of 40.4 yg/mL,
784 pg/ml, and 647 ug/mL, respectively. Nevertheless, the
acetone extract tyrosinase inhibitory effect was reported with an

ICsy of 64.1 pug/ml, much lower than the positive control,
arbutin, with 137 pg/mL.”°

4.57. Potentilla anserina L. Based on Yang et al, in the
tyrosinase inhibitory assay, the most active fraction from
P. anserina extract was the butyl alcohol fraction [ICy, =
4522 pg/mL (L-tyrosine), ICsy = 15.47 pg/mL (L-DOPA)],
which was followed by the ethyl acetate fraction, the total
extract, and the aqueous fraction with ICS0 from 81.40 to
250.95 pg/mL (L-tyrosine) and ICg, from 33.37 to 128.56 ug/mL
(1-DOPA), respectively.”" With regard to the DPPH and ABTS
assays, the most active fraction was the ethyl acetate fraction
[ICs = 0.11 pug/mL (for DPPH), ICs, = 042 ug/mL (for
ABTS)] followed by the butyl alcohol fraction [ICg, =
1.16 pg/mL (for DPPH), ICs, = 4.58 pug/mL (for ABTS)],
total extract [ICs, = 7.27 ug/mL (for DPPH), ICy, =
2591 pg/mL (for ABTS)] and aqueous fraction [ICy, =
1633 pug/mL (for DPPH), IC, = 60.71 pug/mL (for ABTS)].
Notably, the ethyl acetate fraction is presented with the highest
FRAP value.”"

4.58. Potentilla paradoxa Nutt. Lee et al. revealed that
the melanin content of a-MSH-stimulated B16F10 cells was
suppressed dose dependently by 95% ethanol extract of
P. paradoxa.”” With regard to the antioxidant assays, the 95%
ethanol extract showed DPPH and ABTS radical scavenging
ability as well as ferric reducing antioxidative capacity in a dose-
dependent manner. In the CUPRAC assay, copper ions were
reduced by 95% ethanol extract in a dose-dependent manner.”

4.59. Prasiola japonica. According to Park et al,, loliolide,
a monoterpenoid hydroxylactone from P. japonica, was found
to remarkably reduce the melanin content and secretion in
a-MSH-stimulated B16F10 cells. In the ABTS antioxidant
assay, the ICg, value of loliolide was 61.52 + 2.12 uM.”

4.60. Pterocarpus marsupium. Deguchi et al. studied the
antimelanogenesis, antityrosinase, and antioxidant properties
of Pterocarpus marsupium heartwood extract by using B16 cells,
mushroom tyrosinase activity assay, and DPPH assay.’* In the
melanin content assay, the concentrations of S, 10, 20, and
S0 pg/mL of extracts presented 24%, 45%, 53%, and 69%
inhibition of melanogenesis in B16 cells, respectively, while in
the mushroom tyrosinase activity assay, the concentrations of
12.5, 50, and 200 pg/mL of extracts exerted 23%, 53%, and
71% mushroom tyrosinase activity, respectively. The concen-
tration of 10, 20, and 50 yug/mL of extracts demonstrated 16%,
33%, and 73% DPPH radical-scavenging activity, which were
comparable to 10, 20, and 50 pg/mL of ascorbic acid of 15%,
31%, and 84% DPPH radical-scavenging activity.”*

4.61. Red maple (Acer rubrum). Ma et al. reported that
the antimelanogenesis activity of Ginnalin A from red maple
leaves at 25 and 50 uM effectively reduced the melanin content
in BI6F10 cells to 79.1% and 56.7%, respectively.”> Ginnalin A
also exhibited the strongest tyrosinase inhibitory effect in the
mushroom tyrosinase activity assay, with an ICy, of 101.4 =+
6.5 uM, followed by Maplexin J (173.8 M) and Maplexin F
(208.9 + 3.1 uM). However, Ginnalin B and Ginnalin C
showed poor tyrosinase inhibition with ICs, > 500 uM
reported. For reference, the tyrosinase inhibition ICs, of kojic
acid was 23.7 + 0.9 uM, while arbutin was 61.6 + 2.8 uM.
Lastly, S0 uM of Ginnalin A was reported to reduce ROS levels
to 55.1% in B16F10 cells.”®

4.62. Rosa chinensis cv. “JinBian”. Li et al. investigated
the antioxidant activity of Rosa chinensis cv. “JinBian” with
different types of solvent extraction including 95% ethanol,
65% ethanol, and petroleum ether. The results presented that
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95% ethanol has the highest DPPH free radical scavenging
ability of 94.36 + 0.12%, followed by 65% ethanol (94.11 +
0%), both comparable to the standard Trolox with 95.12 +
0.29% DPPH activity. Besides, 95% ethanol also exhibited the
highest tyrosinase inhibitory activity of 66.95 + 0.27%, while
a-arbutin was only reported to be 22.15 + 0.42%. Nonetheless,
petroleum ether showed limited antioxidant and antityrosinase
activities, with 17.25 + 1.45% DPPH activity and 6.27 + 0.68%
tyrosinase inhibition reported.”®

4.63. Rubus caesius L. Grochowski et al. examined the
antityrosinase and antioxidant activities of Rubus caesius L. leaf
extract with various solvent extraction methods and partitioned.””
The tyrosinase inhibitory effect of all extracts was arrange in the
order of n-BuOH (RC6) > pure MeOH (RC3) > 50% MeOH
(RC2) > water (RC1) > EtOAc (RCS) > diethyl ether (RC4),
with the values of 63.12 + 0.26, 61.83 + 0.26, 61.82 + 1.43,
60.59 + 0.37, 56.92 + 0.70, and 55.32 + 0.67 mg KAE/g extract,
respectively. In view of the DPPH and ABTS radical scavenging
properties, RC4, RCS, and RC6 exhibited similar scavenging
activity which was more powerful than the other extracts, with
the values of 1.58 + 0.01, 1.58 + 0.01, and 1.55 + 0.02 mmol
TE/g extract (DPPH) and 2.45 + 0.03, 2.92 + 0.03, and 2.02 +
0.03 mmol TE/g extract (ABTS), respectively. The RCS showed
the highest CUPRAC at 4.98 + 0.05 mmol TE/g extract,
followed by RC4 (3.49 + 0.02 mmol TE/g), RC6 (2.82 =+
0.18 mmol TE/g), RC2 (1.63 + 0.02 mmol TE/g), RC3 (1.60 +
0.05 mmol TE/g), and RC1(0.34 + 0.01 mmol TE/g). The
same trend was reported in the FRAP assay, as RCS (2.78 +
0.1305 mmol TE/g) > RC4 (2.15 = 0.08 mmol TE/g) > RC6
(1.71 £ 021 mmol TE/g) > RC2 (1.05 = 0.03 mmol TE/g) >
RC3 (0.92 + 0.04 mmol TE/g) > RC1(0.22 + 0.01 mmol TE/g).
In the phosphomolybdenum (PM) assay, RCS (3.92 +
0.34 mmol TE/g) was the highest, followed by RC6 (3.10 +
0.26 mmol TE/g) and RC4 (2.58 + 0.11 mmol TE/g), while
RC1 showed the least effect at 0.59 + 0.02 mmol TE/g. Notably,
RC2 showed the strongest metal chelating effects with 16.62 +
1.71 mg EDTAE/g, followed by RC3 (14.67 + 1.13 mg
EDTAE/g) and RC6 (12.94 + 0.87 mg EDTAE/g).”

4.64. Scabiosa columbaria. Otang-Mbeng and Sagbo
explored the antimelanogenesis property of Scabiosa colum-
baria leaf extract in melanin content assay using B16F10
melanoma cells.”® Results showed that the extracts inhibited
melanogenesis in a-MSH-stimulated B16F10 cells with
increasing concentrations, and the cellular melanin content
was decreased to around 40% at 100 pug/mL of extract
concentration. The antityrosinase activity of the extracts was
also reported in a dose-dependent manner. In the antioxidant
assay, the extracts displayed a more si_;niﬁcant FRAP activity
than Trolox, especially at 200 pg/mL.”

4.65. Schinus terebinthifolius. Sassi et al. reported that
Schinus terebinthifolius leaf extracts by using methanol showed
100 + 0.0% of tyrosinase inhibitory effect, while acetone and
hexane extracts showed 92.10 + 1.81 and 73.68 + 1.56%
inhibition, respectively. All of the leaf extract was found to be
comparable to the positive control, kojic acid, with 86.7 +
1.75% inhibition reported. Interestingly, acetone fruit extract
showed the highest tyrosinase inhibition (78.94 + 1.2%)
among other fruit extracts, as methanol fruit extract was found
with 63.15 + 1.43% and oil extracts with only 526 + 0.6%
tyrosinase inhibition. The DPPH and ABTS assays revealed
that oil extract of Schinus terebinthifolius fruit has the highest
radical scavenging activity, with an IC, value of 0.016
and 0.017 mg/mL, respectively, stronger than the Trolox

(DPPH = 0.136 mg/mL; ABTS = 0.145 mg/mL). Other than
that, both leaf and fruit methanol extract also exhibited
promising radical scavenging activity, with ICy, values of 0.53
and 041 mg/mL in the DPPH assay, as well as 0.76 and
0.61 mg/mL in the ABTS assay.”’

4.66. Schisandra chinensis (Turcz.) Baillon. According to
Lee et al,, the melanin inhibitory values (ICy,) of Schisandra
chinensis (Turcz.) Baillon dried fruit extracts with n-hexane
were the strongest (11.58 ug/mL), followed by CH,Cl,
(27.89 pg/mL) and 95% ethanol (98.37 pug/mL), while ICs,
values for EtOAc, n-BuOH, and water extracts were all higher
than 100 /4g/mL.2

4.67. Scorzonera tomentosa L. Dall’Acqua et al.
examined the tyrosinase inhibitory potential and antioxidant
properties of the extracts of Scorzonera tomentosa L. aerial parts
and roots by using different solvents.** Remarkable tyrosinase
activities were reported in all extracts of both plant parts, with
methanolic extracts (aerial parts = 64.83 + 0.28; roots =
65.46 + 0.31 mg KAE/ g) being the most potent, while water
extracts (aerial parts = 16.40 + 1.30; roots = 6.29 + 0.50 mg
KAE/g) were the least effective. Dichloromethane, ethyl
acetate, and hexane extracts showed moderate tyrosinase
inhibition activities with values from 57.54 + 0.12 to 63.32 =+
0.22 mg of KAE/g (aerial parts) and values from 59.99 +
0.19 to 63.54 & 0.56 mg of KAE/g (roots), respectively. From
the DPPH and ABTS assays, methanolic and aqueous extracts
of both plant parts showed good free radical scavenging ability,
while no activity was displayed by the hexane aerial part extract
in the DPPH assay. For the CUPRAC assay, methanolic
extracts of both plant parts showed the highest activity (aerial
parts: 164.06 + 1.26 and roots: 93.18 + 1.58 mgTE/g), while
for the FRAP assay, methanolic extracts of roots (79.78 =+
0.27 mgTE/g) and aqueous extracts (41.36 = 0.10 mgTE/g)
of aerial parts were excellent sources of reducing agents. The
metal chelating activity for the tested extracts of aerial parts
ranged from 2.13 + 0.10 mg (aqueous) to 13.92 + 0.86 mg
(dichloromethane) EDTAE/g, while extracts of roots reported
a metal chelating activity ranging from 0.53 + 0.07 mg
(methanol) to 6.24 + 0.17 mg (dichloromethane) EDTAE/g.
Aqueous and hexane root extracts showed no metal chelating
activity.*” Lastly, moderate activity was reported for all plant
part extracts in the PM assay.*

4.68. Sorghum bicolor. Han et al. evaluated the
antimelanogenesis activity of various concentrations of ethanol
extracts of Sorghum bicolor, and 60% ethanol extract significantly
decreased the melanin contents from 316.85% to 108.60%, which
was comparable to that for kojic acid (101.79%).*" The 60%
ethanol extract has been found to have the highest total phenolic
content compared with other concentrations of ethanol extracts.
The above two findings revealed that the total phenolic and
flavonoid contents were positively correlated with free radical
scavenging ability and tyrosinase inhibition, which contributed to
their strong antimelanogenesis properties. Besides, the tyrosinase
inhibition ICsy of 60% ethanol extract was 89.25 pug/mL
(L-tyrosine), comparable to the arbutin of 74.35 ug/mlL;
however, no results were reported for L-DOPA.*" With regard
to the DPPH and ABTS assays, the ICs, values of 60% ethanol
extract were 612.53 and 409.71 pg/mL, respectively. In the
MDA assay, the 60% ethanol extract was reported with an ICy,
value of 16.56 ug/mL.*’

4.69. Stenocarpus sinuatus. According to Younis et al,
the tyrosinase inhibitory effect (IC5)) of hexane soluble
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fraction from Stenocarpus sinuatus leaf extract was 67.5 ug/mL,
while 13.8 pg/mL was reported in kojic acid.*”

4.70. Tricholosporum goniospermum. Angelini et al.
examined the antityrosinase and antioxidant activities of
n-hexane, ethyl acetate, and methanol extracts from fruiting
bodies and liquid-cultured mycelia of T. goniospermum.®* From
the results obtained, the ethyl acetate extracts displayed the
most effective tyrosinase inhibition with fruiting body extracts
of 554.30 + 9.41 mg KAE/g and mycelia extracts of 412.81 +
1.39 mg KAE/g. Besides, n-hexane extracts showed a better
tyrosinase inhibition than methanol, with 83.80 + 1.45 and
4848 + 0.07 mg KAE/g (fruiting bodies extracts) and
127.76 + 0.73 and 28.17 + 0.39 mg KAE/g (mycelia extracts),
respectively. The results from the colorimetric enzyme
inhibition assay were consistent with the antioxidant assays,
as ethyl acetate extracts exhibited the strongest antioxidant
capacity [DPPH = 88.82 + 1.47 (fruiting bodies) and 29.93 +
3.54 (mycelia) mg TE/g; CUPRAC = 307.71 + 3.83 (fruiting
bodies) and 15531 #+ 1.85 (mycelia) mg TE/g; FRAP =
134.06 + 1.50 (fruiting bodies) and 74.26 + 1.79 (mycelia)
mg TE/g], followed by methanol and n-hexane extracts. In
general, fruiting body extracts displayed better antioxidant
activity than mycelia extract, while methanol extracts showed
stronger antioxidant capacity than n-hexane extracts, except for
the mycelia extracts in FRAP assay (methanol = 12.94 + 1.33;
n-hexane = 15.15 + 1.62 mg TE/g).83

4.71. Vigna subterranea (Bambara Groundnut (BG)).
Chutoprapat et al. reported that hull extracts of Vigna
subterranea obtained by maceration extraction presented the
highest antimelanogenesis activity with an inhibition rate
of 7290 + 0.08%, compared to hull extracts obtained by
Soxhlet extraction and boiling and seed extracts obtained by
maceration extraction, Soxhlet extraction, and boiling.84 It was
also superior to kojic acid, with an inhibition rate of only
45.35 + 0.28%. Further, it also has good antityrosinase and
antioxidant activities that contribute to its high antimelano-
genesis activity. To be specific, the hull extracts prepared by
Soxhlet exhibited the most effective tyrosinase inhibition
(0.07 + 0.07 mg/mL), followed by hull extracts prepared by
maceration (0.45 + 0.23 mg/mL), comparable to the positive
control, kojic acid, of 0.05 + 0.03 mg/mL. Hull extracts
prepared by maceration also displayed the strongest DPPH
scavenging activity and the highest capacity in the modified
Ferric-thiocyanate method, with SCs of 0.87 + 0.02 mg/mL
and LCy, of 0.70 + 0.06 mg/mL, respectively. Also, the seed
extracts prepared by boiling exhibited the strongest metal
chelating activity as an MCg, of 0.63 + 0.04 mg/mL, lower
than the EDTA standard of 0.73 + 0.08 mg/mL. This study
revealed that the antimelanogenesis activity was shown to be
influenced by the plant parts and extraction method as the
authors stated that different extraction methods may exhibit
different biological activities by successful isolation of valuable
phytochemical constituents.**

4.72. Vitis vinifera L. (White Grape Pomace). Ferri et al.
reported that ethanol extracts of both white grape wet and
dried pomace had stronger antityrosinase activity (inhibition
rate of 63% to 79%) than aqueous extracts (inhibition rate of
43% to 71%). To be specific, the dried pomace samples
showed better tyrosinase inhibition than wet pomace.” On the
other hand, aqueous and ethanol extracts of wet pomace were
reported to have a higher antioxidant activity than dried
pomace samples. Nevertheless, ethanol extracts of both wet
and dried pomace showed antioxidant activity stronger than

that of aqueous extracts. In terms of anti-inflammatory activity,
the results showed that aqueous extract of dried pomace
exhibited better effects than dried pomace extract, while there
was no activity reported for ethanol extracts.®

4.73. Ziziphora taurica. Sarikurkeu et al. and coresearch-
ers reported that the methanol extract of Ziziphora taurica
possessed the strongest tyrosinase inhibition activity with the
lowest IC;, of 1.25 & 0.01 mg/mL, followed by ethyl acetate
with an ICg, of 1.40 + 0.06 mg/mL.86 Methanol extract also
possessed the strongest DPPH scavenging potential (ICg, =
4.75 & 0.12 mg/mL) and the lowest IC, = 1.14 + 0.06 mg/mL
in the FRAP assay. Notably, the aqueous extract showed the
strongest ABTS scavenging and ferrous chelating activities with
IC;, values of 2.61 + 0.26 and 1.04 + 0.01 mg/mL, respectively.
Ethyl acetate was reported to have the lowest ICy, value of
1.80 + 0.03 mg/mL in the CUPRAC assay. The authors further
explained that the amount of phenolic content was strongly
determined by the polarity of the solvent used. Methanol is a
highly polar solvent and very effective in extracting phenolic
compounds.

4.74. Ziziphus jujuba. Molagoda et al. reported the
antimelanogenesis of seed extracts of Ziziphus jujuba by using
quantification of extracellular and intracellular melanin content
assays using B16F10 melanoma cells.” The extracellular
melanin content was inhibited from 147.7 + 5.2% to 106.8 =+
1.9% by 6”-feruloylspinosin (FRS), 117.4 + 0.5% by jujuboside
B (JUB), and 1199 + 2.0% by epiceanothicacid (EPA).
Similarly, intracellular melanin content was inhibited from
153.5 + 3.3% to 101.4 + 2.9% by FRS, 113.8 + 2.1% EPA,
and 114.7 + 1.5% JUB. The phenylthiourea (PTU) extracellular
melanin inhibition result was 92.4 + 2.4%, and it was 95.3 +
30.2% intracellularly. The highest tyrosinase inhibition was found
in FRS (45.7 + 2.7%), followed by EPA (384 + 3.1%), JUB
(339 + 4.5%), betulin (BTL) (112 + 5.1%), and lastly
jujuboside A (JUA) (7.4 + 5.3%), while the reference value from
PTU was 584 + 1.0%.

4.75. Zizyphus lotus. Marmouzi et al. found that Zizyphus
lotus fruit extracts have superior antioxidant activity with a
lower ICq, value compared to leaf extracts.”” With regard to
the DPPH and ABTS assays, the fruits extract showed stronger
radical scavenging activities with 1Cs, values of 74.87 + 16.74
and 46.31 + 11.02 mg TE/g, respectively, compared to the
leafs of 241.75 + 17.37 and 301.34 + 826 mg TE/g,
respectively.”” On the other hand, the FRAP results of fruit
extract were 55.30 + 2.30 mg AAE/g, while that for leaf extract
was 160.10 + 2.30 mg AAE/g.”” Nevertheless, the Zizyphus
lotus extracts possessed remarkable tyrosinase inhibition, as the
ICy, value of fruit extract was 70.23 + 5.94 pg/mL, while
the leaf extract was 129.11 + 9.40 ug/mlL, corné})ared to the
quercetin 246.90 + 1.90 pug/mL reference value. 7 These two
findings revealed that the extracts with good antioxidant
activity possessed significant antityrosinase activity.87

5. CONCLUSION AND OUR PERSPECTIVES

This review summarized information on the depigmentation
effects of various natural plant species. Plants are rich in
polyphenols including phenolic and flavonoid compounds that
may have the potential to develop as a skin-whitening agent in
the cosmeceutical and pharmaceutical industry.”” From
Table 1, we concluded that the use of natural plants as skin-
whitening agents is highly effective as there is a significant
correlation between the content of polyphenol compounds and
antimelanogenesis, antityrosinase, and antioxidant activities.
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However, it is worth noting that the use of extraction methods
or types of solvents is very important in determining the
biological activities of plants. Further research is required to
explore the most suitable extraction methods and types
of solvent to obtain extracts or bioactive compounds that
exhibit the most promising biological activities. Thus, use of
nonconventional extraction methods can be employed as they
are faster and provide high extraction yields. Additionally, we
can investigate the bioactive compounds in the plant extracts
regarding their structure and function that may be responsible
for different biological properties. By evaluating the structures,
this can aid in understanding the structure—activity relation-
ship between the bioactive compounds and depigmentation
effects as well as the mechanism of inhibition effects. For
instance, nuclear magnetic resonance (NMR) spectroscopy is
very useful in understanding the structure and identity of
bioactive compounds. Given the adverse effects of using skin-
lightening products that are made of chemicals that are
hazardous to humans and the environment, more research
should be done to develop safe, environmentally friendly, and
effective skin-whitening agents.
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