Description

Title of Invention: NOVEL PHENYLPROPANOID COMPOUND

Technical Field

[0001] The present invention relates to a novel
phenylpropanoid compound obtained by separation and
purification from locust bean (Ceratonia siliqua L.) and
the use of the compound as well as a method for producing

the compound.

Background Art

[0002] Locust bean (Ceratonia siliqua L.) is a leguminous
plant mainly native to the Mediterranean region. The pod,
that 1s, a shell and fruits, of locust bean is referred
to as a carob and has been long used as food or a food
ingredient. A mature pod has a length of about 10 to 25
cm and a sweet taste. The pod of locust bean contains a
large amount of polysaccharides, cellulose and minerals,
and a small amount of proteins and non-carbohydrate-based
low-molecular compounds, and the like. In recent years,
research on new functions of locust bean has been in
progress, and it has been reported that an aqueous
extract of pods of locust bean has multiple
pharmacological actions such as antidiarrheal,
antioxidant, antimicrobial, antiulcer and anti-

inflammatory actions in the gastrointestinal tract, and



that 1t has preventive and therapeutic effects on
gastrointestinal diseases such as ulcerative colitis and
gastric ulcer (Non Patent Literatures 1 and 2). 1In
addition, Patent Literature 1 discloses that a seed
extract of locust bean has an a-glucosidase inhibitory
activity and thereby has the effect of suppressing the
body weight gain (Patent Literature 1).

[0003] In the meantime, a free radical i1s an intermediate
product generated during a metabolic process in the body,
and are an atom, a group of atoms or a molecule that
contains an unpaired electron and have very active
chemical properties. Excessive free radicals generated
in the body damage the cell membranes of normal cells,
denature proteins, and cause loss of the enzymatic
functions and damage to DNA and the extracellular matrix.
The damage caused by the free radicals is closely related
to aging, carcinogenesis, Alzheimer®s disease,
cardiovascular and cerebrovascular diseases, and skin
diseases, and the like. Although the human body has an
antioxidant mechanism to prevent the damage caused by
free radicals, i1t is difficult to completely eliminate
the damage caused by excess free radicals due to ongoing
aging and/or pathological conditions, and the like.
Therefore, scavenging free radicals with an antioxidant
is very effective for maintaining normal functions of the
human body. Examples of the antioxidant currently iIn use

include dibutylhydroxytoluene (BHT) and



butylhydroxyanisole (BHA). However, these are expensive
and have problems such as poor safety.

[0004] When the strong oxidizing power of free radicals
damages the extracellular matrix or the like, the skin
may lose its elasticity. In addition, due to aging, the
skin becomes darker as the skin sags, the texture becomes
coarse, and the skin becomes dull. Since the color of
human skin mainly depends on the content of melanin
produced in the body, the accumulation of melanin in the
skin 1s also one of the important causes for which the
skin becomes darker in color and loses its elasticity and
luster.

[0005] Recent research results show that substances with
an antioxidant activity can scavenge free radicals in the
body and reduce damage caused by free radicals, so that
the substance can slow down the aging process of the skin
and, as a result, exert a whitening effect. This
suggests that the substances that inhibit melanogenesis
and have an antioxidant activity can exert a synergistic

whitening effect.
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Summary of Invention

Technical Problem

[0008] However, Non Patent Literatures 1 and 2 report
that the extract of pods of locust bean has
pharmacological actions such as antidiarrheal,
antioxidant, antimicrobial, antiulcer and anti-
inflammatory actions in the gastrointestinal tract and it
has therapeutic effects on gastrointestinal diseases, and
Patent literature 1 reports that the seed extract of
locust bean has the effect of suppressing the body weight
gain. However, a specific active ingredient thereof has
not yet been identified.

[0009] The use of locust bean as a skin-whitening agent
has not been previously studied, and thus its

effectiveness has been completely unclear.



[0010] Accordingly, the present invention has been made
in view of the above points. An object of the present
invention i1s to provide a novel active ingredient derived
from locust bean and the use thereof.

[0011] Another object of the present invention i1s to
provide a novel whitening agent, which i1s derived from a
natural product, locust bean, having both a melanogenesis
inhibiting action and an antioxidant activity. A further
object of the present invention is to provide a skin
external preparation, a cosmetic and a food and drink
composition for skin whitening, comprising this whitening

agent.

Solution to Problem

[0012] The present iInventors have separated a novel
phenylpropanoid compound from an extract of pods of
locust bean, and have found that this novel compound has
not only a melanogenesis inhibiting action but also an
antioxidant activity. Based on these findings, the
present inventors have completed the present invention.
[0013] In order to solve the above problems, the present
invention Is a compound represented by the following
formula (1) or a salt thereof, or a solvate thereof.

[0014] [Formula 1]



(1)

[0015] The compound represented by formula (1) is a novel
phenylpropanoid compound obtained by separation and
purification from the extract of pods of locust bean
(Ceratonia siliqua), and has a melanogenesis inhibiting
action and an antioxidant activity as well as a whitening
effect.

[0016] The whitening agent of the present invention
comprises a compound represented by the above formula (1)
or a salt thereof, or a solvate thereof. Administration
of the compound represented by formula (1) inhibits
melanogenesis in the skin as well as scavenges free
radicals to inhibit aging of the skin, so that the
compound can exert a synergistic whitening effect.

[0017] In the whitening agent of the present invention,
the concentration of the compound represented by the
above formula (1) or a salt thereof, or a solvate thereof
is preferably 0.001 mM to 1 mM. This enables the
concentration of the active iIngredient, having an

excellent effect, to be selected.



[0018] The melanogenesis inhibitor of the present
invention comprises a compound represented by the above
formula (1) or a salt thereof, or a solvate thereof.
Administration of the compound represented by the formula
(1) inhibits melanogenesis in the skin.

[0019] The antioxidant agent of the present invention
comprises a compound represented by the above formula (1)
or a salt thereof, or a solvate thereof. Administration
of the compound represented by formula (1) scavenges free
radicals to reduce the damage caused by the free radicals.
[0020] The whitening agent, melanogenesis inhibitor or
antioxidant agent of the present invention is preferably
a skin external preparation or cosmetic. Thereby, i1t iIs
possible to obtain a skin external preparation or
cosmetic having a whitening effect, a melanogenesis
inhibiting effect or an anti-aging effect on the skin.
[0021] The food and drink composition for skin whitening
of the present invention comprises a compound represented
by the above formula (1) or a salt thereof, or a solvate
thereof. Thereby, 1t is possible to obtain a food and
drink composition for skin whitening that inhibits
melanogenesis in the skin as well as scavenges free
radicals in the body to slow down the aging process of
the skin, and as a result, exerts a synergistic whitening
effect.

[0022] A method for producing a compound represented by

the above formula (1) comprises: obtaining a



hydroalcoholic extract of pods of locust bean (Ceratonia
siliqua); subjecting the hydroalcoholic extract to
liquid-liquid extraction with petroleum ether and ethyl
acetate iIn this order to collect ethyl acetate fractions;
and separating the compound represented by formula (1)
from the collected ethyl acetate fractions. Thereby, it
is possible to obtain a novel phenylpropanoid compound
having an antioxidant activity, a melanogenesis

inhibiting action as well as a whitening effect.

Advantageous Effects of Invention

[0023] The present invention can provide a novel
phenylpropanoid compound as well as a whitening agent, a
melanogenesis inhibitor, an antioxidant agent, a skin
external preparation, a cosmetic and a food and drink
composition for skin whitening comprising the compound,
having the following excellent effects.

(1) The phenylpropanoid compound has a melanogenesis
inhibiting action and an antioxidant activity as well as
a synergistic whitening effect.

(2) They are highly safe for the human body, because
they have, as an active iIngredient, a compound derived
from pods of locust bean that have been edible since

ancient times.

Brief Description of Drawings



[0024] [Figure 1] Figure 1 is a diagram showing a high-
resolution ESI mass spectrum of the compound of the
present invention.

[Figure 2] Figure 2 is a diagram showing an
ultraviolet absorption spectrum of the compound of the
present invention.

[Figure 3] Figure 3 is a diagram showing an infrared
absorption spectrum of the compound of the present
invention.

[Figure 4] Figure 4 is a diagram showing a H-NMR
spectrum (CD30D, 600 MHz) of the compound of the present
invention.

[Figure 5] Figure 5 i1s a diagram showing a 13C-NMR
spectrum (CD30D, 150 MHz) of the compound of the present
invention.

[Figure 6] Figure 6 is a diagram showing a HSQC
spectrum of the compound of the present invention.

[Figure 7] Figure 7 is a diagram showing a HMBC
spectrum of the compound of the present invention.

[Figure 8] Figure 8 is a summary of 'H-NMR signals
and 13C-NMR signals of the compound of the present
invention.

[Figure 9] Figure 9 is a diagram showing the HMBC
correlation in the compound of the present invention.

[Figure 10] Figure 10 is a graph showing the DPPH
radical scavenging activity of the compound of the

present invention in Example 4.
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[Figure 11] Figure 11 is a graph showing the results
of a cytotoxicity test of the compound of the present
invention on HepG2 cells In Example 5.

[Figure 12] Figure 12 is a graph showing the ROS
generation inhibiting effect of the compound of the
present invention on HepG2 cells in Example 5.

[Figure 13] Figure 13 is a graph showing the results
of a cytotoxicity test of the compound of the present

invention on B16 melanoma cells in Example 6.

Description of Embodiments

[0025] Hereinafter, the following will be described: a
novel phenylpropanoid compound of the present invention;
a whitening agent, a melanogenesis inhibitor, an
antioxidant agent, a skin external preparation, a
cosmetic and a food and drink composition for skin
whitening comprising the compound; and a method for
producing the compound.

[0026] The novel phenylpropanoid compound represented by
the following formula (1) according to the present
invention iIs a compound having each of glucose and 2-
methylpropionic acid linked to sinapyl alcohol by an
ester bond.

[0027] [Formula 2]
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(1)

[0028] The novel phenylpropanoid compound according to
the present invention may be a salt, and is preferably a
pharmacologically acceptable salt. The pharmacologically
acceptable salt of the novel phenylpropanoid compound may
be any salt formed together with an acid or a base
without limitation. The novel phenylpropanoid compound
or a salt thereof may be any solvate thereof. Examples
thereof include, but are not particularly limited to, a
hydrate and an organic solvate such as a solvate with
ethanol.

[0029] The novel phenylpropanoid compound according to
the present invention has an excellent melanogenesis
inhibiting action and also an antioxidant action, and can
be therefore used as a whitening agent that provides a
whitening effect through multiple mechanisms. That is,
the novel phenylpropanoid compound according to the
present invention inhibits melanogenesis In the skin as
well as scavenges free radicals by its antioxidant action

to inhibit darkening of the skin due to skin aging
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resulting from the damage caused by free radicals, so
that it can exert a synergistic whitening effect.

[0030] In the context of the present invention, the term
"melanogenesis inhibiting action™ means an action of
reducing the amount of melanin produced in melanocytes
such as B16 melanoma cells as compared to a control
without addition or administration of the novel
phenylpropanoid compound of the present invention. More
specifically, the amount of melanin produced is
preferably 80% or less, more preferably 70% or less of
the control.

[0031] In the context of the present invention, the term
"antioxidant action™ means, for example, a higher rate of
DPPH radical scavenging or an action of reducing
intracellular ROS compared to a control without addition
or administration of the novel phenylpropanoid compound
of the present invention.

[0032] The novel phenylpropanoid compound of the present
invention can be obtained by separation and purification
from pods of locust bean. The locust bean used iIn the
present invention has a scientific name of Ceratonia
siliqua, and is a plant belonging to the family Fabaceae,
the subfamily Caesalpinioideae, the genus Ceratonia. It
is a plant mainly native to the Mediterranean region, but
in the present invention, the production area and

cultivation environment are not particularly limited and
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locust bean from any production area and cultivation
environment can be used.

[0033] A method for separating the novel phenylpropanoid
compound of the present invention from locust bean will
be described. First, a hydroalcoholic extract is
obtained from pods of locust bean. In the context of the
present invention, "hydroalcoholic extract of pods of
locust bean™ refers to an extract obtained by subjecting
pods of locust bean to an extraction treatment by adding
a hydrous alcohol as an extraction solvent. The pod of
locust bean refers to a shell and fruits of "fruits with
a shell of locust bean™, and either one of the shell or
the fruits can be used as an extraction material, but
both the shell and the fruits are more preferably used.
The extraction treatment iIs subjected to the as-harvested,
i.e., fresh or dried pods of locust bean. However, the
extraction treatment can be subjected to the pods of
locust bean that have been subjected to various
pretreatment in order to improve extraction efficiency or
facilitate handling. Examples of the pretreatment
include, but are not particularly limited to, drying
treatment, crushing treatment and grinding treatment.

The pods of locust bean that have been subjected to such
a pretreatment may be also subjected to the extraction
treatment to obtain an extract.

[0034] The alcohol constituting the hydrous alcohol used

as an extraction solvent is not particularly limited as
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long as i1t can extract the phenylpropanoid compound of
the present invention. Examples of such an alcohol
include ethanol, methanol, propanol, i1sopropanol, butanol
and isobutanol. Among these, hydrous ethanol is
preferably selected as an extraction solvent from the
viewpoint of safety to the human body, extraction
efficiency, and the like. The concentration of the
hydrous alcohol i1s preferably 50 to 99%, more preferably
60 to 97%, and particularly preferably 70 to 95%. The
extraction solvent can further comprise other ingredients
unless they interfere with the extraction of the compound
of the present invention.

[0035] The method of extracting with a hydrous alcohol is
a method comprising extracting pods of locust bean by
adding the hydrous alcohol as an extraction solvent to
the pods and immersing the pods in the hydrous alcohol.
For example, when the pods of locust bean are dry crushed
material with a water content of less than 10%, the
extraction solvent is preferably used in the amount of 5
to 10 parts by weight per 1 part by weight of the plant
body. The extraction method may be any method such as
extraction at room temperature, extraction by heating,
extraction by pressurizing and heating, or subcritical
extraction, but extraction by heating under reflux is
preferable from the viewpoint of extraction efficiency.
In order to increase the extraction efficiency, the

extraction operation i1s preferably performed multiple
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times, and more preferably performed multiple times with
different alcohol concentrations in the extraction
solvent. Examples of the extraction method include, but
are not particularly limited to, an extraction method
comprising performing extraction under reflux with 95%
ethanol one to five times followed by extraction under
reflux with 70% ethanol one to five times. The
extraction time is variously set, depending on the
extraction method, the type of extraction material, the
type of extraction solvent or the extraction temperature
or the like. However, for example, when the extraction
under reflux is performed with 70 to 95% ethanol, the
extraction time for one extraction iIs preferably set to
about 1 to 3 hours, and particularly preferably about 1.5
hours. After the extraction treatment described above,
the residue is removed by decantation, centrifugation or
filtration, or the like to obtain a hydroalcoholic
extract of pods of locust bean. The obtained extract
also includes a concentrate or a solid obtained by
subjecting the extract to a treatment such as
distillation under reduced pressure.

[0036] The hydroalcoholic extract of pods of locust bean
obtained as described above may contain saccharides and
the like that are contained in large amounts in the pods
of locust bean. Therefore, for the purpose of removing
these unnecessary components, the hydroalcoholic extract

may be subjected to separation operation with an ion
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exchange resin. Specifically, 1 to 10 parts by weight of
water is added to 1 part by weight of a hydroalcoholic
extract of pods of locust bean and disperse the extract
in water. The dispersion is then passed through a column
packed with an i1on exchange resin such as a macroporous
adsorption resin to adsorb the phenylpropanoid compound
of the present invention and flow out and remove
unnecessary components such as saccharides. Thereafter,
the adsorbed phenylpropanoid compound of the present
invention i1s eluted with 95% ethanol or the like to
collect fractions containing the phenylpropanoid compound
of the present invention.

[0037] Next, a further separation operation to which the
hydroalcoholic extract of pods of locust bean or the
collected fractions separated by the i1on exchange resin
described above are subjected will be described. The
hydroalcoholic extract or the collected fractions are
dispersed in an aqueous solvent and are subjected to
solvent extraction with petroleum ether and ethyl acetate
in this order. The aqueous solvent is not particularly
limited as long as it can disperse the phenylpropanoid
compound of the present invention, but a 50% hydrous
methanol is suitably used. After performing liquid-
liquid extraction with petroleum ether/an aqueous solvent
multiple times, liquid-liquid extraction with ethyl
acetate/an aqueous solvent is performed multiple times.

The ethyl acetate fractions collected by this solvent
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extraction operation contain the novel phenylpropanoid
compound of the present invention. The number of liquid-
liqguid extractions iIn each solvent system is preferably
about 2 to 10, particularly preferably about 5.

[0038] The methyl acetate fractions obtained as described
above can be purified by a conventional method to isolate
the novel phenylpropanoid compound of the present
invention. Examples of the purification method includes
normal phase chromatography, reverse phase chromatography,
thin layer chromatography, gel filtration chromatography
and high-performance liquid chromatography. Purification
may be performed by using one of these chromatographies
or two or more iIn combination. Carriers, elution
solvents and the like used in each chromatography can be
appropriately selected depending on the chromatography.
[0039] The phenylpropanoid compound of the present
invention which has been separated and purified from pods
of locus bean as described above may not be isolated as a
completely pure substance, and may contain some other
components derived from a locust bean raw material.
[0040] The novel phenylpropanoid compound of the present
invention may be a synthetic product synthetically
obtained by any known method.

[0041] The novel phenylpropanoid compound of the present
invention has an excellent melanogenesis inhibiting
action and also an antioxidant action, and can be

therefore used as a whitening agent that provides a
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whitening effect through multiple mechanisms. The
phenylpropanoid compound can be also used as a
melanogenesis inhibitor or an antioxidant agent.

[0042] The whitening agent and melanogenesis inhibitor
comprising the novel phenylpropanoid compound of the
present invention can be used as a skin external
preparation or a cosmetic for inhibiting melanogenesis in
the skin as well as i1nhibiting darkening of the skin due
to skin aging resulting from the damage caused by free
radicals. The antioxidant agent comprising the novel
phenylpropanoid compound of the present invention can be
also used as a skin external preparation for preventing
skin aging resulting from the damage caused by free
radicals and keeping the skin in a stable condition. The
antioxidant agent of the present invention can be also
used as a cosmetic that has the effect of preventing skin
aging resulting from the damage caused by free radicals,
preventing sagging of the skin, coarsening of texture of
the skin and dullness of the skin and keeping the skin iIn
a healthy condition.

[0043] The dosage of the whitening agent, melanogenesis
inhibitor and antioxidant agent of the present invention
varies depending on the target effect, therapeutic effect,
administration method or age, or the like, and cannot be
determined In general. However, when used as an external
preparation, the usual daily parenteral dosage is

preferably 0.2 ng to 30 mg, more preferably 1 ug to 3 mg,
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and even more preferably 5 ug to 500 ng of the
phenylpropanoid compound of the present invention. When
used as an internal preparation, the usual daily oral
dosage i1s preferably 1 pug to 1000 mg, and more preferably
5 ug to 500 mg of the phenylpropanoid compound of the
present invention.

[0044] The dosage form of the whitening agent,
melanogenesis inhibitor and antioxidant agent as well as
the skin external preparation and the cosmetic of the
present invention is not particularly limited, and
examples thereof include liquids such as low-viscosity
liquids or lotions; emulsions, gels, pastes, creams,
foams, packs, ointments, powders, aerosols and patches;
and tablets, granules, capsules and liquids for internal
application. The whitening agent, melanogenesis
inhibitor and antioxidant agent according to the present
invention can be applied for any of a cosmetic, a quasi-
drug and a pharmaceutical. Specific examples of the
cosmetic, quasi-drug and pharmaceutical include, but are
not particularly limited to, cosmetic lotions, cosmetic
creams, cosmetic emulsions, serums, cosmetic packs,
cosmetic cleansers, soaps, halr care agents, bath agents,
makeup cosmetics, and anti-acne skin care cosmetics.
[0045] The blending concentration of the novel
phenylpropanoid compound of the present invention
contained in the whitening agent, melanogenesis inhibitor

and antioxidant agent as well as the skin external
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preparation and cosmetic is preferably 0.001 mM to 1 mM,
more preferably 5 uM to 100 uM, and even more preferably
10 uM to 100 uM. When the blending amount of the novel
phenylpropanoid compound of the present invention is
within this range, the compound can be stably blended, it
can be highly safe for the skin and 1t can exert a high
whitening effect, melanogenesis inhibiting action and
antioxidant action.

[0046] The whitening agent, melanogenesis inhibitor and
antioxidant agent of the present invention can be
prepared in various forms by any method conventionally
used. In this case, it can be formulated with additives
that are usually accepted as pharmaceutical additives,
such as carriers and excipients for formulations. 1In
addition, iIn order to improve the bioavailability and
stability of the present compound, a drug delivery system
including a formulation technique such as
microencapsulation, pulverization or inclusion with
cyclodextrin or the like can be also used.

[0047] The whitening agent, melanogenesis inhibitor and
antioxidant agent as well as the skin external
preparation and the cosmetic of the present iInvention can
comprise appropriately an ingredients commonly used In an
external skin preparations and cosmetics, such as water,
fats and oils, waxes, hydrocarbons, fatty acids, higher
alcohols, esters, plant extracts, vitamins, water-soluble

polymers, surfactants, metallic soaps, alcohols,
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polyhydric alcohols, pH adjustors, preservatives,
fragrances, powders, thickeners, pigments and chelating
agents. In addition, one or two or more of various
functional ingredients usually used, for example,
selected from moisturizing agents, anti-inflammatory
agents, cell activators, ultraviolet protection agents,
blood circulation promoters and other whitening
agents/antioxidants and the like can be used iIn
combination with the compound of the present invention,
unless they impair the actions and effects of the present
invention.

[0048] The food and drink composition for skin whitening
of the present invention also comprises, as an active
ingredient, the novel phenylpropanoid compound of the
present invention. The food and drink composition for
skin whitening of the present invention can be prepared
in any form, for example, in the form of supplements such
as tablets, capsules, granules and syrups; drinks such as
soft drinks, fruit juice drinks, and alcoholic drinks;
and sweets such as candies, gums, cookies, biscuits and
chocolates; breads, porridges, cereals, noodles, jellies,
soups, dairy products and seasonings. When used as food
or drink products in this way, the food and drink
composition for skin whitening can be combined in various
manner with various other active ingredients, or
nutrients such as vitamins, minerals and amino acids

unless they affect the efficacy of the active ingredient
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of the present invention. The food and drink product of
the present invention include supplements, health foods,
functional foods, foods for specified health uses, and
the like. The daily intake of the food and drink product
of the present invention is preferably 1 ug to 1000 mg
and more preferably 5 ug to 500 mg of the phenylpropanoid
compound of the present invention.

[0049] Hereinafter, the present invention will be
described in detail with reference to examples thereof,
but the present invention will not be limited by these

examples.

Examples
[0050] [Example 1]

1. Preparation of hydroalcoholic extract of pods of
locust bean.

Seeds were removed from fruits with shells of locust
bean (Ceratonia siliqua) that had been subjected to
drying treatment after harvesting. Pods of this locust
bean was ground with a grinder to obtain a ground product
having a particle size of 2 mm or less. The operation of
adding, to 20 kg of the ground product, 140 kg (7 times
the amount of the ground product) of a 95% hydrous
ethanol and extracting under refluxing for 1.5 hours was
performed twice. Thereafter, the residue was further
extracted under reflux with 140 kg (7 times the amount of

the ground product) of a 70% hydrous ethanol for 1.5
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hours. The extracts obtained by extraction under reflux
were combined, and the solvent was then distilled off
under reduced pressure to obtain 12.4 kg of a hydrous
ethanol extract of pods of locust bean.
[0051] [Example 2]

2. Separation and purification of hydroalcoholic
extract of pods of locust bean

The hydroalcoholic extract of pods of locust bean
obtained in Example 1 was dispersed in 1 to 10 times the
amount of water and adsorbed on an 1on exchange resin (a
macroporous adsorption resin D101, available from
Cangzhou Bon Adsorber Technology Co., Ltd.). Impurities
such as saccharides were removed by eluting them with 3
times the column volume of distilled water, elution was
then performed with 3 times the column volume of a 95%
hydrous ethanol, and the solvent was distilled off under
reduced pressure to obtain 462.7 g of ethanol elution
fractions (nhon-carbohydrate-based low molecular compound
fractions). Next, the obtained ethanol elution fractions
were dispersed in 1.0 L of 50% hydrous methanol, and the
dispersion was subjected to liquid-liquid extraction with
petroleum ether and ethyl acetate in this order each five
times. Each solvent was distilled off under reduced
pressure to obtain 28.4 g of petroleum ether fractions,
139.4 g of ethyl acetate fractions and 290.2 g of aqueous

fractions, respectively.
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[0052] Then, a 135.0g portion of the ethyl acetate
fractions was subjected to normal phase silica gel column
chromatography (a column packing material: 200 to 300
mesh; a product available from Qingdao Haiyang Chemical
Co., Ltd.), and elution and fractionation were performed
with two developing solvents, that is, petroleum ether
(P)/ethyl acetate (E) and dichloromethane (C)/methanol
(M). As a result, 108 elution fractions were obtained.
The obtained 108 elution fractions were subjected to
identification with thin layer chromatography (a silica
gel GFxs4 plate; a product available from Qingdao Haiyang
Chemical Co., Ltd.), and similar fractions were combined
to obtain ten elution fractions A to J.

[0053] Then, the elution fraction I (20.0 g) was
subjected to reverse phase 0ODS column chromatography (a
column packing material: 40 to 63 um; a product available
from Merck & Co.), and fractionation was performed by
gradient elution with methanol: water = 15:85 — 100:0.
The obtained elution fractions were subjected to
identification with thin layer chromatography (a silica
gel GFxs4 plate; a product available from Qingdao Haiyang
Chemical Co., Ltd.), and similar fractions were combined
to obtain five elution fractions 11 to I5.

[0054] Next, the elution fraction I5 (2.7 g) was
subjected to gel filtration chromatography (a column

packing material: Sephadex LH-20), and elution was
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performed with dichloromethane: methanol = 1:1 to obtain
five elution fractions 15a to I5e.

[0055] Then, the elution fraction I5b (0.5 g) was
subjected to semi-preparative HPLC (Column 1: YMC-Pack
ODS-A, 250 x 20 mm, 5 um), and separation was performed
with methanol:water = 55:45 at a detection wavelength of
220 nm to obtain a fraction 15bl1. This fraction 15bl was
subjected to semi-preparative HPLC (Column I1: YMC-Pack
ODS-A, 250 x 10 mm, 5 um), and separation was performed
with methanol:water = 55:45 at a detection wavelength of
267 nm to obtain 48.3 mg of a compound of the present
invention (hereinafter referred to as "Ceratonia siliqua
B") (retention time tR = 27.27 minutes).

[0056] [Example 3]

3. Structural analysis of compound (Ceratonia
siliqua B)

The compound obtained In Example 2, "Ceratonia
siliqua B" was subjected to structural analysis. For
structural analysis, high-resolution mass spectrometry
(HR-ESI-MS; positive 1on mode), ultraviolet absorption
spectrometry, iInfrared absorption spectrometry and !H-NMR,
13C-NMR, HMBC and HSQC analyses were performed. The
following devices were used for these analyses.

e High-resolution mass spectrometry: an electrospray
ionization quadrupole time-of-flight mass spectrometry

device (a product available from Bruker Daltonics)
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e Ultraviolet absorption spectrometry: an
ultraviolet-visible spectrophotometer (UV-2401PC, a
product available from Shimadzu Corporation)

e Infrared absorption spectrometry: FT-IR (NEXUS470,
a product available from Thermo nicolet)

e NMR analysis: a 600 MHz nuclear magnetic resonance
device (AVANCE I11 600, a product available from Bruker)
[0057] The physical properties of Ceratonia siliqua B are
as follows. The spectrum of high-resolution mass
spectrometry (HR-ESI-MS) is shown in Figure 1, the
results of ultraviolet absorption spectrometry are shown
in Figure 2, and the results of infrared absorption
spectrometry are shown in Figure 3.

e Aspect: yellow powder

e HR-ESI-MS (positive) m/z: 465.1983 [M + Na]*

e Ultraviolet absorption spectrum: Amax (MeOH) nm
(log €): 193.6 (3.73), 211.6 (4.32), 269.2 (3.97)

e Infrared absorption spectrum (KBr, cm1): vmax:
3393.18, 2933.52, 1731.29, 1587.20, 1506.71, 1464.86,
1421.12, 1388.81, 1336.38, 1243.07, 1158.97, 1129.16,
1070.11, 625.20, 609.78, 595.24, 581.17, 566.35, 536.59,
523.24
[0058] The results of high-resolution mass spectrometry
(Figure 1) showed that the quasi-molecular ion peak was
m/z 465.1983 [M + Na]*, so that the compositional formula
was estimated to be CziH30010 and the degree of

unsaturation was estimated to be 7. The ultraviolet
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absorption spectrum (Figure 2) showed maximum absorption
at 211 nm and 269 nm, suggesting the possibility that
Ceratonia siliqua B would be a phenylpropanoid-based
compound. The infrared absorption spectrum (Figure 3)
showed that the molecular structure included functional
groups such as a hydroxyl group (3393.18 cm-1), a benzene
ring (1587.20 cm-1, 1506.71 cm-1) and an ester bond
(1731.29 cm-1, 1129.16 cm-1).

[0059] From the spectrum (Figure 4) obtained by 1H-NMR
analysis (a solvent: CD30D, observation frequency: 600
MHz), the following was confirmed (Figure 8): a set of
1,3,4,5-substituted benzene ring hydrogen signals [6u:
6.76 (2H, s, H-2, H-6)]; a set of trans-olefin proton
signals o4: [6.61 (1H, d, J = 16.2 Hz, H-7), 6.30 (1H, dt,
J =15.6 Hz, J = 6.0 Hz, H-8)]; one methylene hydrogen
signal [6k: 4.71 (2H, d, J = 6.0 Hz, H-9)]; two methoxy
group signals [64: 3.86 (6H, s, OCHs-3, OCHs-5)]; one
methine group signal [64: 2.60 (1H, m, H-27)]; two methyl
group signals [ow: 1.18 (6H, d, J = 7.2 Hz, H3-1"/H3-47)];
and a set of glucose residue hydrogen signals [64: 4.89
(1H, d, J = 7.8 Hz, H-1"), 3.78 (1H, dd, J = 12.0 Hz, J =
2.4 Hz, H-6a"), 3.67 (1H, dd, J = 12.0 Hz, J = 5.4 Hz, H-
6p"), 3.48 (1H, m, H-2"), 3.43 (1H, m, H-3"), 3.42 (1H, m,
H-4""), 3.22 (1H, m, H-5")]. From the spectrum (Figure 5)
obtained by 13C-NMR analysis (a solvent: CD30D,
observation frequency: 150 MHz), 21 carbon signals were

confirmed (Figure 8). They iIncluded the following: one
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ester carbonyl group carbon signal (6c: 178.5); eight
aromatic or olefinic carbon signals (6c: 154.3 x 2, 136.2,
134.8, 134.5, 124.4, 105.6 x 2); one methylene group
signal (6¢c: 66.0), two methoxy group signals (&¢c: 57.0 x
2); one methine group signal (&c: 35.2); two methyl group
signals (&c: 19.3 x 2); and a set of glucose residue
carbon signals (6¢c: 105.2, 78.3, 77.8, 75.7, 71.3, 62.5).
These analysis results showed that the NMR data of this
compound is similar to that of syringin, but this
compound is different from syringin in that this compound
further contains a 2-methylpropionic acid unit.

[0060] In addition, from the spectrum obtained by HMBC
analysis (Figure 7), long-range correlation signals were
confirmed between H-2/H-6 and C-4, between H-7 and C-2/C-
6, between H-8 and C-1, between H-9 and C-7 and between
H-1" and C-4. This result showed the presence of a
syringin unit in the structure of this compound. Further,
long range correlation signals were confirmed between Hsz-
1" and C-3"/C-4", and between H-2" and C-3"/C-4-°,
indicating the presence of a 2-methylpropionic acid unit
in the structure of this compound. Furthermore, long-
range correlation signals were confirmed between H>-9 and
C-3", indicating that the 2-methylpropionic acid unit was
attached at the C-9 position. The coupling constant of
the proton at the glucose terminal was 7.8 Hz, indicating
that the relative configuration of the glucose terminal

was pB-type. From these analysis results, the structure
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of this compound, Ceratonia siliqua B was determined to
be represented by the following formula (1). Figure 8
shows an assignment table summarizing 64 of H-NMR
signals and &c of 13C-NMR signals based on HSQC
spectrometry and HMBC spectrometry. Figure 9 shows the
analysis results of HVMBC for Ceratonia siliqua B.

[0061] [Formula 3]

HO ‘ o
HO, . © g
HO” " O
OH O
(1)

[0062] [Example 4]
4. Antioxidant activity of Ceratonia siliqua B (1)
Ceratonia siliqua B obtained in Example 2 was used
to measure the DPPH radical scavenging activity of
Ceratonia siliqua B.
[0063] First, Ceratonia siliqua B obtained in Example 2
was accurately weighed out and dissolved in methanol to
prepare a sample solution with a concentration of 100 uM.
This sample solution having a concentration of 100 uM was
further diluted with methanol to obtain sample solutions
with different concentrations of 1 yM, 5 uyM, 10 uM and 50

uM. Next, 2 mg of DPPH (2,2-diphenyl-1-picrylhydrazyl)
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was dissolved in 50 mL of methanol to prepare a 100 uM
DPPH solution.
[0064] A 190 uL portion of the DPPH solution was placed
in each of wells of a 96-well microplate, and 10 uL of
the sample solution was quickly added thereto. The total
volume of the reaction solution in each well was 200 uL.
The plate was gently shaken, and the reaction solution
was allowed to react at room temperature for 30 minutes
in the dark. Thereafter, the absorbance at 517 nm
(Asample) was measured with a microplate reader. The
reaction solution to which methanol was added instead of
the sample solution was used as a blank, and the
absorbance of the blank (Apiank) was measured. In addition,
the absorbance (Asampie blank) due to coloration of the
sample solution itself at each concentration was measured
as a sample blank. The test was performed in triplicate
(3 wells) for each concentration of the sample solution,
the blank and the sample blank (n = 3).
[0065] The radical scavenging rate (%) was determined by
the following equation.

Radical scavenging rate (%) = [Aovtank - (Asample - Asample
blank) ]7Abtank x 100

wherein Apiank IS the absorbance of the blank, Asamie
is the absorbance of the sample solution, and Asample blank
is the absorbance of the sample blank.
[0066] The results are shown in Figure 10. The compound

of the present invention, Ceratonia siliqua B, was shown
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to scavenge DPPH radicals In a concentration-dependent
manner. This shows that Ceratonia siliqua B has a
radical scavenging activity, that is, an antioxidant
activity.
[0067] [Example 5]
5. Antioxidant activity of Ceratonia siliqua B (2)
Ceratonia siliqua B obtained in Example 2 was used
to examine the effect of Ceratonia siliqua B on the
generation of reactive oxygen species (ROS) in living
cells.
[0068] (a) Living cells and their cell culture conditions
In this test, a HepG2 cell, a human liver-derived
tumor cell line was used as a living cell. HepG2 cells
were cultured in a DMEM medium (containing 10% FBS, 100
U/mL penicillin and 100 uM/mL streptomycin) in the
presence of 5% CO> at 37°C and saturated humidity.
[0069] (b) Preparation of sample solution
Ceratonia siliqua B was diluted with a DMEM medium
to obtain sample solutions with different concentrations
of 1 uM, 5 pM, 10 uM, 50 uM and 100 uM.

[0070] (c) Study about cytotoxicity on HepG2 cells
First, an MTT test was performed to confirm the
presence or absence of cytotoxicity of Ceratonia siliqua

B against HepG2 cells. HepG2 cells that have been
subcultured for three generations or more were treated
with trypsin to prepare a single cell suspension having a

concentration of 1 x 105 cells/mL. A 100 puL portion of
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this cell suspension was seeded in each well of a 96-well
microplate and cultured in a CO> incubator for 24 hours.
After culturing, the supernatant was removed, and the
wells were divided into a control (blank control) group
and a test group. A 200 uL portion of the DMEM medium
was added to each well of the control group, and 200 uL
of each of the sample solutions from the above (b) was
added to each well of the test group. After culturing in
the CO> incubator for 48 hours, the supernatant was
removed, and 100 uL of 0.5 mg/mL MTT was added to each
well. After 4 hours, the supernatant was removed, a 150
pL portion of DMSO was added to each well, and the
absorbance at 570 nm was measured with a microplate
reader. The test was performed in triplicate (3 wells)
for the control group and for each concentration of the
sample solution in the test group (n = 3).
[0071] The results are shown in Figure 11. The cell
viability of the test group was calculated taking the
value for the control (blank control) group as 100. The
compound of the present invention, Ceratonia siliqua B
was found to have no cytotoxicity against HepG2 cells at
concentrations of 1 to 100 uM.
[0072] (d) Measurement of ROS in HepG2 cells

A HepG2 cell suspension having a concentration of 1
x 105 cells/mL was prepared, and a 100 uL portion of the
cell suspension was seeded in each well of a 96-well

microplate and cultured in a CO2 incubator for 24 hours.
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These wells were divided into a blank control group, a
positive control group and a test group. A 100 uL
portion of a DMEM medium was added to each well of the
blank control group; a 100 uL portion of a solution of L-
ascorbic acid dissolved iIn the DMEM medium was added to
each well of the positive control group (a final
concentration of L-ascorbic acid: 100 uM); and a 100 uL
portion of each of solutions obtained by appropriately
diluting Ceratonia siliqua B with the DMEM medium was
added to each well of the test group to provide a
different concentration from each other (a final
concentration: 1 uyM, 5 uyM, 10 uM, 50 puM and 100 uM).
After culturing in a CO2 incubator for 24 hours, the
culture medium was removed from each well, and 100 puL of
a serum-free medium was added thereto followed by washing,
which was repeated three times. Next, a 100 uL portion
of 10 uM DCFH-DA (2°,7"-dichlorofluorescin diacetate) was
added to each well and incubated in the CO:. incubator for
60 minutes. Thereafter, DCFH-DA was removed from each
well, and a 100 uL portion of the serum-free medium was
added thereto followed by washing, which was repeated
three times. Finally, 100 uL portion of 400 uM hydrogen
peroxide (H202) diluted with the serum-free medium was
added to each well and incubated for 90 minutes.
Thereafter, the medium in each well was removed, 100 puL
of PBS was added thereto, and fluorescence intensity at

535 nm was measured at an excitation wavelength of 485 nm.
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The amount of ROS generated in the positive control group
and the test group was calculated taking the fluorescence
intensity of the blank control group as 1.0 (basal). The
test was performed in triplicate (3 wells) for the blank
control group, for the positive control group, and for
each concentration of the sample solution In the test
group (n = 3).
[0073] The results are shown In Figure 12. Vit. C
represents 100 uM L-ascorbic acid as a positive control.
Figure 12 shows that the compound of the present
invention, Ceratonia siliqua B, inhibited the increase in
ROS induced by hydrogen peroxide in HepG2 cells in a
concentration-dependent manner, indicating that Ceratonia
siliqua B has an antioxidant activity that reduces the
amount of ROS generated in living cells.
[0074] [Example 6]

6. Melanogenesis i1nhibiting effect of Ceratonia
siliqua B

Ceratonia siliqua B obtained in Example 2 was used
to measure the melanogenesis i1nhibiting effect of
Ceratonia siliqua B.
[0075] (a) Cell culture condition

In this test, B16 melanoma cells were used. A B16
melanoma cell, a mouse skin melanoma-derived cell line,
has melanogenic capacity. B16 melanoma cells were

cultured in a DMEM medium (containing 10% FBS, 100 U/mL
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penicillin and 100 uM/mL streptomycin) in the presence of
5% CO2 at 37°C and saturated humidity.
[0076] (b) Preparation of sample solution

Ceratonia siliqua B was diluted with a DMEM medium
to obtain sample solutions with different concentrations
of 1 uM, 5 pM, 10 puM, 50 uM and 100 uM.
[0077] (c) Study about cytotoxicity against B16 melanoma
cells

First, an MTT test was performed to confirm the
presence or absence of cytotoxicity of Ceratonia siliqua
B against B16 melanoma cells. B16 melanoma cells that
had been subcultured for three generations or more were
treated with trypsin to prepare a single cell suspension
having a concentration of 3 x 104 cells/mL. A 100 puL
portion of this cell suspension was seeded iIn each well
of a 96-well microplate and cultured overnight in a CO;
incubator. The supernatant was removed from each well,
and the wells were divided into a control (blank control)
group and a test group. A 200 pL portion of a DMEM
medium was added to the control group, and 200 uL of each
of the sample solutions from the above (b) was added to
each well of the test group. After culturing in the CO:
incubator for 48 hours, the supernatant was removed and a
100 pL portion of 0.5 mg/mL MTT was added to each well.
After 4 hours, the supernatant was removed, a 150 uL
portion of DMSO was added to each well, and the

absorbance at 570 nm was measured with a microplate
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reader. The test was performed in triplicate (3 wells)
for the control group and for each concentration of the
sample solution i1n the test group (n = 3).
[0078] The results are shown in Figure 13. The cell
viability of the test group was calculated taking the
value for the control (blank control) group as 100. The
compound of the present invention, Ceratonia siliqua B,
was found to have no cytotoxicity against B16 melanoma
cells at concentrations of 1 to 100 uM.
[0079] (d) Measurement of amount of melanin produced iIn
B16 melanoma cells

A single cell suspension of B16 melanoma cells was
prepared, and 4 x 104 B16 melanoma cells were seeded in
each well of a 12-well microplate. After culturing
overnight in a CO> incubator, the supernatant was removed,
and the wells were divided into a blank control group, a
positive control group and a test group. A 1 mL portion
of a DMEM medium was added to each well of the blank
control group, a 1 mL portion of each of solutions of L-
ascorbic acid dissolved in DMEM medium at different
concentrations (a concentration of L-ascorbic acid: 0.1
uM, 5 uM, 10 uM) was added to each well of the positive
control group, and a 1 mL portion of each of the sample
solutions from the above (b) was added to each well of
the test group. After culturing for 48 hours, the
supernatant was removed from each well followed by

washing twice with PBS buffer, treatment with trypsin and
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addition of 1.2 mL of PBS buffer to prepare a single cell
suspension. A 200 uL aliquot of this cell suspension was
taken to determine the protein content. The remaining
cell suspension was centrifuged at 3000 rpm for 5 minutes
to remove the supernatant. Thereafter, 250 uL of a 1 M
NaOH solution containing 1% DMSO was added thereto and
dissolved for 30 minutes in a water bath heated to 80°C.
A 200 uL aliquot of this solution was taken and the
absorbance at 405 nm (Atest group, Apositive control group, Ablank
control group) Was measured. The test was performed iIn
triplicate (3 wells) for the blank control group, for the
positive control group and for each concentration of the
sample solution i1n the test group (n = 3).
[0080] The intracellular melanogenesis inhibition rate
(%) was determined for the test group and the positive
control group by the following equations:
Melanogenesis inhibition rate of test group (%) =1
- [(Atest group/protein content of test group)/(Aviank control
group/protein content of blank control group)]; and
Melanogenesis inhibition rate of positive control

group (%) = 1 - [(Apositive control group/pProtein content of
positive control group)/(Abiank control group/protein content
of blank control group)];

wherein Atest group IS the absorbance of the test group,
Apositive control group 1S the absorbance of the positive
control group, and Aoirank control group IS the absorbance of

the blank control group.
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[0081] The results are shown in Table 1 below. L-
Ascorbic acid as a positive control exhibited a
significant inhibition effect on melanogenesis at a
concentration of 10 uM (P < 0.01), which corresponded to
an inhibition rate of 32.8%. The compound of the present
invention, Ceratonia siliqua B, was also found to have a
significant inhibition effect on melanogenesis in B16
melanoma cells at a concentration of 10 to 100 uM (P <
0.05). The melanogenesis inhibiting effect of Ceratonia
siliqua B increased in proportion to its concentration,
and Ceratonia siliqua B exhibited a melanogenesis
inhibiting effect exceeding 30% at a concentration of 100
uM.

[0082] [Table 1]

10 20.2+3.1 *
Ceratonia siliqua B 50 25626 *
100 30.6£3.0 *

(X=£S, n=3)

** : P<0.01, * : P<0.05

[0083] The present invention is not limited to the above-
described embodiments or examples, and includes various
modifications without deviating from the scope of the

invention described in the claims.
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Industrial Applicability

[0084] The novel phenylpropanoid compound of the present
invention iIs used as a whitening agent, an melanogenesis
inhibitor, an antioxidant agent, a skin external
preparation and a cosmetic, and i1s widely used iIn the

medical and cosmetic fields.
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Claims

[Claim 1]
A compound represented by the following formula (I)
or a salt thereof, or a solvate thereof.

[Formula 1]

HO
| @)
HO, o)
B O X O
HO” YO
OH O
(I)
[Claim 2]

A whitening agent comprising a compound represented
by the following formula (1) or a salt thereof, or a
solvate thereof.

[Formula 2]

HO
| O
HO, o)
B O X 0]
HO” " YO
OH O
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[Claim 3]

The whitening agent according to claim 2, wherein
the concentration of the compound represented by the
following formula (1) or a salt thereof, or a solvate
thereof 1s 0.001 mM to 1 mM.

[Claim 4]

A melanogenesis inhibitor comprising a compound
represented by the following formula (1) or a salt
thereof, or a solvate thereof.

[Formula 3]

[Claim 5]

An antioxidant agent comprising a compound
represented by the following formula (1) or a salt
thereof, or a solvate thereof.

[Formula 4]
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| 0
HO, ., O g
HO” ™" Y0
OH O
(1)
[Claim 6]

The agent according to any one of claims 2 to 5,
which is a skin external preparation.
[Claim 7]

The agent according to any one of claims 2 to 5,
which is a cosmetic.
[Claim 8]

A food and drink composition for skin whitening
comprising a compound represented by the following
formula (1) or a salt thereof, or a solvate thereof.

[Formula 5]

HO
O
HO, 0
. 0 X o)
HO” " YO
OH o)
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[Claim 9]
A method for producing a compound represented by the

following formula (1), comprising:
obtaining a hydroalcoholic extract of pods of locust

bean (Ceratonia siliqua);
subjecting the hydroalcoholic extract to liquid-
liquid extraction with petroleum ether and ethyl acetate
in this order to collect ethyl acetate fractions; and
separating the compound from the ethyl acetate

fractions.
[Formula 6]
HO ‘ o
HO, ., O g
HO @)
O\

(1)



