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ABSTRACT: Hyperpigmentation is induced by the overactivation of tyrosinase, which is a rate-limiting enzyme in melanogenesis.
The defatted extract of hemp (Cannabis sativa L.) seed is known to have inhibitory effects on melanogenesis; however, effective
compounds in the extract have not been identified yet. In this study, three phenethyl cinnamamides present in hemp seed extract
were prepared by purification and chemical synthesis and were assessed for their inhibitory effect on melanogenesis in B16F10
melanoma cells. A comparison of the anti-melanogenesis and anti-tyrosinase activity of hemp seed solvent fractions revealed that the
ethyl acetate fraction possessed the greatest potential for suppressing melanogenesis in melanoma cells by decreasing tyrosinase
activity. We tentatively identified 26 compounds in the ethyl acetate fraction by comparing spectroscopic data with the literature.
Three phenethyl cinnamamides such as N-trans-caffeoyltyramine, N-trans-coumaroyltyramine, and N-trans-feruloyltyramine present
abundantly in the ethyl acetate fraction were prepared and their anti-melanogenesis and anti-tyrosinase activities in melanoma cells
were evaluated. We found that N-trans-caffeoyltyramine and N-trans-feruloyltyramine inhibited alpha melanocyte stimulating
hormone (a-MSH)-induced melanogenesis without cytotoxicity, while N-trans-coumaroyltyramine inhibited melanogenesis with
cytotoxicity. ICs, values of N-trans-caffeoyltyramine, N-trans-feruloyltyramine, and N-trans-coumaroyltyramine for inhibition of a-
MSH-mediated tyrosinase activation were 0.8, 20.2, and 6.3 uM, respectively. Overall, N-trans-caffeoyltyramine possessed the
strongest anti-melanogenesis activity among the three phenethyl cinnamamides evaluated. The inhibitory effect of N-trans-
caffeoyltyramine was verified by determining the melanin content and tyrosinase activity in melanoma after treating the cells with
synthetic compounds. Thus, N-trans-caffeoyltyramine isolated from hemp seed extract could be useful in cosmetics as a skin-
whitening agent.

H INTRODUCTION Tyrosinase, known as the rate-limiting enzyme, is critical for
melanin synthesis.” Thus, to develop therapies that can improve
or prevent hyper pigmentary disorders, inhibition of tyrosinase
activity is generally targeted."” Till date, numerous synthetic

Melanin is a type of natural pigment that gives color to the hair,
skin, and eyes in humans and animals." It is produced by
specialized melanocytes which are dendritic cells located at the
junction between the epidermis and the dermis and plays an

. >
important role in protecting human skin from ultraviolet (uv) Received: August 29, 2021 (O o :s
lights and free radicals.” However, dysregulation in melanin Accepted:  October 6, 2021 4
synthesis results in hyper pigmentary disorders, including Published: November 19, 2021 ;

melasma, freckles, age spots, solar lentigo, and hyperpigmenta-
tion syndromes.” Melanin is synthesized from tyrosine via a
multistep enzymatic process involving a number of proteins.
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Figure 1. Investigation of inhibition potential of hemp seed solvent fractions on melanin synthesis. (A) ABTS radical scavenging activity was
determined by measuring the absorbance of reaction mixtures of the ABTS radical and each solvent fraction. (B) Anti-tyrosinase activity of the solvent
fractions was determined by L-DOPA oxidation assay. (C) Melanoma cell proliferation was determined by MTT assay. (D) Melanin content in
B16F10 cells was determined using a photometric method, as described in the Materials and Methods section. (E) Cellular tyrosinase activity was
determined by measuring dopachrome resulting from the enzymatic reaction of cell lysates with L-DOPA (HX: n-Hex, MC: CH,Cl,, EA: EtOAc, Bu:
n-BuOH, and Ar: arbutin). (F) Total phenolic content of each solvent fraction was determined using the Folin-Ciocalteu method. Data are expressed
as the mean + SD of three independent experiments (*p < 0.05, **p < 0.01, and ***p < 0.001 vs control group; treated with only a-MSH).

chemical inhibitors against tyrosinase activity have been
developed for the application in the medical and cosmetic
industries. However, due to the limits of synthetic compounds in
terms of cytotoxicity and their associated side effects, there is still
a demand for novel chemicals with improved safety, stability,
and efficacy.’

Bioactive compounds extracted from natural sources,
including plants, bacteria, and fungi, for efficient skin-lightning
ingredients in the cosmetic industry have emerged as attractive
sources because they contain numerous biologically active
molecules with promising anti-inflammatory and antioxidant
properties.”” Due to legalization in various countries, non-drug
varieties of Cannabis sativa L. have recently emerged as a
promising source of important bioactive compounds for
applications in functional foods, medicines, and psychoactive
medicines.” C. sativa is an annual plant from the Cannabaceae
family originating from Central Asia that has been used in folk
medicine and also as a source of textile fiber since ancient times.”
The hemp seed is recognized as a super food because it contains
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a large number of beneficial molecules such as essential amino
acids, unsaturated fatty acids, dietary fiber, and vitamins
belonging to B family, which are not produced in the human
body.” Hemp seeds contain numerous biologically active
molecules, including cannabinoids, terpenes, and phenolic
compounds.”'’ Hemp seed has gained much attention due to
its therapeutic potential, which is based on high antioxidant,
anti-inflammatory, and antiaging properties with low psycho-
active effects.”” Furthermore, hemp seed is considered as an
appealing functional cosmetic material in the cosmetic industry
for skin whitening and wrinkle treatment. However, compounds
that are responsible for the skin whitening effect have not been
identified yet.

In this study, we prepared crude hemp seed extracts and
solvent fractions via serial fractionation to investigate on their
inhibitory effects on melanin biosynthesis in BI6F10 melanoma
cells. Additionally, we identified 26 compounds in the ethyl
acetate (EtOAc) fraction and further assessed the effects of
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phenethyl cinnamamides isolated from the hemp seed EtOAc
fraction on the inhibition of melanogenesis.

B RESULTS AND DISCUSSION

Comparative Analysis of Hemp Seed Solvent Frac-
tions for ABTS Radical Scavenging Activity and
Tyrosinase Activity. The defatted ethanol (EtOH) extract of
hemp seed was fractionated with various solvents including
hexane (n-Hex), methylene chloride (CH,Cl,), EtOAc, and
butanol (n-BuOH) to identify and characterize ingredients
inhibiting melanogenesis. To evaluate the potential of hemp
seed solvent fractions against melanogenesis, we performed
comparative analysis of the four different hemp seed solvent
fractions for the radical scavenging and anti-tyrosinase activities.
Intracellular ROS generation is involved in cell signaling for
melano%enesis in melanoma cells by regulation of tyrosinase
activity.'' To evaluate the antioxidant activity of the four solvent
fractions, we determined the 2,2'-azinobis 3-ethylbenzothiazo-
line-6-sulfonic acid (ABTS) radical scavenging activities of the
fractions in the concentration range of 2—200 yg/mL. All test
samples exhibited potent ABTS scavenging activities in a
concentration-dependent manner (Figure 1A). In particular,
EtOAc and n-Hex fractions completely scavenged ABT'S radicals
at a concentration of 50 yzg/mL. The ABTS radical scavenging
activity increased in the following order: EtOAc > n-Hex > n-
BuOH and CH,Cl,. These findings are consistent with a
previous report.'” Furthermore, the inhibitory effects of the four
solvent fractions on tyrosinase activity increased in a
concentration-dependent manner. For instance, the maximal
inhibitory activities of EtOAc and n-Hex fractions were over
40%, while those of CH,Cl, and n-BuOH fractions were below
40% (Figure 1B). The inhibitory activity increased in the
following order: EtOAc > n-Hex > n-BuOH and CH,CL,.
Furthermore, IC;, values of n-Hex, CH,Cl,, EtOAc, and n-
BuOH for tyrosinase inhibition were 99.3, 65.5, 24.5, and 157.7
ug/mlL, respectively.

Inhibitory Potential of Hemp Seed Solvent Fractions
against Melanogenesis. To assess the anti-melanogenesis
activity of the four solvent fractions, we conducted anti-
melanogenesis tests in melanoma cells. First, the effects of the
hemp seed solvent fractions on melanoma cell proliferation were
investigated by treating BI16F10 cells with 20 ug/mL of each
different fractions or arbutin in the presence of a-melanocyte
stimulating hormone (a-MSH), a hormone known to promote
melanogenesis through microphthalmia-associated transcrip-
tion factor induction.” The results showed that none of the
fractions exhibited significant effect on melanoma cell
proliferation (Figure 1C). We then investigated the inhibitory
effect of the solvent fractions on melanogenesis stimulated by a-
MSH in melanoma cells. Treatment with a-MSH induced an
approximately 1.7-fold increase in the intracellular melanin
content of B16F10 cells (Figure 1D). Findings showed that a-
MSH-mediated melanogenesis was completely inhibited by the
EtOAc fraction (p < 0.001) but partially inhibited by n-Hex
(75%, p < 0.001), CH,Cl, (33%, p < 0.05), and n-BuOH (50%, p
< 0.01) fractions (Figure 1D). Furthermore, since tyrosinase
plays a key role in melanogenesis, the inhibitory effects of the
solvent fractions on tyrosinase activity mediated by a-MSH were
also determined. The EtOAc (61%, p < 0.001), n-Hex (28%, p <
0.05), and n-BuOH (22%, p < 0.05) fractions reversed tyrosinase
activation mediated by a-MSH, whereas CH,Cl, fractions did
not show significant inhibitory property, as shown in Figure 1E.
To identify functional ingredients in hemp seed extracts that

could be responsible for the inhibition of melanogenesis in
melanoma cells, we determined the total phenolic content in
each solvent fraction. Results demonstrated that phenolic
compounds were most abundant in the EtOAc fraction [192.3
+ 4.5 mg of the gallic acid equivalents (GAE)/g extract],
followed by n-Hex (95.8 + 2.4 mg of the GAE/g extract), n-
BuOH (51.4 + 3.5 mg of the GAE/g extract), and CH,Cl, (44.5
+ 2.7 mg of the GAE/g extract), as shown in Figure 1F. These
results indicated that the inhibition rate of each solvent fraction
on melanogenesis followed the same order as that of total
phenolic content (i.e., EtOAc > n-Hex > n-BuOH > CH,C,).
Phenolic compounds are known to have antioxidant, anti-
tyrosinase, and anti-inflammatory effects. Taken together, these
results suggested that the bioactive ingredients inhibiting
melanin synthesis were mainly found in the EtOAc fraction,
one of which are phenolic compounds.

Identification and Characterization of Bioactive
Compounds of Hemp Seed Extracts. In order to identify
and characterize compounds inhibiting melanogenesis, we
established an in-house library isolated from hemp seed extracts
(up to 2020). Previous studies reported the presence of various
compounds such as lignanamides and phenolic acids in hemp
seed extracts.'* Herein, the coupled ultra-performance liquid
chromatography to quadrupole time-of-flight mass spectrome-
try (UPLC-QTOF-MS/MS) tentatively identified 26 com-
pounds in the hemp seed extract including phenolic compounds
within 18 min based on their negative ion electrospray ionization
(ESI) mass spectra (Figure 2). Compounds were identified
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Figure 2. UPLC-QTOF-MS total ion chromatogram of hemp seed
EtOAc fractions in the negative ionization mode.

based on the m/z values of the molecular ion [M — H]~, and the
identifications were supported by comparing obtained mass
spectra with mass spectra available in the MassLynx V4.1 Library
(Waters Corporation, Milford, MA, USA). However, three
major peaks (peaks 16, 20, and 22) could not be identified using
the in-house library. Details on their observed masses and
calculated molecular formula are given in Table 1. In accordance
with previous investigations of chemical components of hemp
seeds, compounds identified by MS/MS were predominantly
phenylpropionamides, namely, phenolic amides and lignana-
mides.

To identify compounds inhibiting melanogenesis, out of the
26 identified compounds, we prepared three phenethyl
cinnamamides such as N-trans-caffeoyltyramine, N-trans-
coumaroyltyramine, and N-trans-feruloyltyramine which were
expected to be associated with melanogenesis. N-trans-
caffeoyltyramine was obtained from the hemp seed EtOAc
fraction using prep-high-performance liquid chromatography,
while N-trans-coumaroyltyramine and N-trans-feruloyltyramine
were obtained by chemical synthesis. The three compounds
were then identified by comparing their "H and *C NMR data

https://doi.org/10.1021/acsomega.1c04727
ACS Omega 2021, 6, 31945—-31954
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Table 1. Tentative Identification of Compounds in the EtOAc Fraction of Hemp Seed Extracts

RT m/z mass error

no. (min) [M-H]" (ppm) response MS? (m/z) tentative identification references

1 1.97 137.0245 0.8 57,489 4-hydroxybenzoic acid 14

2 212 153.0195 11 1389 109.0304 protocatechuic acid 14a

3 2.16 179.0352 0.9 4301  135.0456 caffeic acid 14a, 25

4 2.33 167.0352 1.6 2135 108.0223, 123.04S5, 152.0114 vanillic acid 14a

S 2.63 314.1038 14 12,851  135.0454, 161.0247 N-trans-caffeoyloctopamine 14, 26

6 2.86 121.0297 1.8 19,847 benzoic acid 14b

7 3.22 163.0403 1.2 31,986  119.0507 coumaric acid 14a

8 3.59 298.1092 2.3 9048 117.0351, 119.0507, 133.0534, 145.0299 N-trans-p-coumaroyloctopamine 26

9 3.76  447.0940 1.6 1472 135.145S, 285.0410 kaempferol 3-O-p-glucopyranoside 27

10 3.76 314.1039 1.7 22,146  122.0375, 135.0455, 152.0721, 161.0248, N-trans-cafteoyloctopamine 14, 26
178.0512

11 3.79 193.0508 0.9 21,838  135.04SS, 178.0512 ferulic acid 14a

12 4.39 298.1092 23 10,576  135.045S, 178.0515 N-trans-caffeoyltyramine 14

13 4.99 298.1093 2.6 1,117,935  135.0454, 178.0513 N-trans-caffeoyltyramine 14

14 5.55 187.0977 0.8 280,532 azelaic acid 14a

15 5.84 137.0245 0.9 224,246 salicylic acid 14a

16 610 8114535 -11 143,778 C3sHo»0n0

17 6.72 282.1133 -0.9 95,485  119.0502, 132.0580, 162.0559 N-trans-coumaroyltyramine 14, 26

18 6.88 593.1917 -2.1 225,488  430.1293, 456.1085 cannabisin A 14, 26

19 7.27 595.208 -0.9 310,177  269.0822, 322.1086, 430.1296, 432.1452, cannabisin B 14, 26
485.1719

20 747 899.5063 —0.6 140,141 C3oHgyOn

21 7.66 312.1242 0.3 67,534  135.0453, 148.0530, 178.0511, 297.1010 N-trans-feruloyltyramine 14, 26

22 829  943.5326 -0.5 106,940 Cy1HgyOns

23 8.96 285.0405 0.3 22,053  133.0295, 151.0040 luteolin 25,28

24 9.25 595.2088 0.4 5476  269.0828, 322.1094, 432.1460, 485.1727 cannabisin B isomer 14b, 26

25 9.85 609.2241 -0.3 26,613  283.0982, 446.1615 N;itmns-caffeoyltyramine /feruloyltyramine 26

imer

26 10.32 609.2236 -1.1 30,701  283.0982, 336.1246, 446.1615 cannabisin C 14, 26

27 11.38 609.2241 -0.2 3630 268.0745, 283.0981, 431.1362, 446.1633 demethylgrossamide 26

28 12.00 609.2248 0.9 4254  283.0987, 446.1622 cannabisin C isomer 14b, 26

29 13.90 269.0461 2.1 3645  117.0351, 149.0244 apigenin 28

30 14.51 623.2399 0 7437  283.0983, 444.1458, 460.1775 cannabisin D 14b, 26

31 15.41 595.2081 —0.8 4351  269.0825, 432.145S, 458.1251 3,3'-didemethylgrossamide 26

32 16.30 623.2397 -0.2 3096  297.1138, 445.1529, 460.1773 grossamide 26

33 17.48 641.251 0.9 4778 151.0404, 312.1251, 328.1200, 489.2041, cannabisin E 26
5912172, 623.2406

34 17.69 490.1877 1.2 969  297.1134, 338.1035, 430.1303, 442.1306, grossamide K 26
457.1541, 472.1771

35 24.76 595.209 0.7 4354 135.0456, 178.0513, 298.1094 N-trans-caffeoyltyramine dimer 26

with the literature and were found to be in agreement with the
proposed structures (Figure 3)."> Compound 1 (yield, 2.1 + 0.1
mg/50 mg EtOAc fraction) was obtained as a white powder. 'H
NMR (400 MHz, MeOD): 57.37 (d, ] = 15.69 Hz, 1H), 7.05 (d,
] =8.52 Hz, 2H), 6.99 (d, ] = 1.88 Hz, 1H), 6.89 (dd, J = 8.20,
1.92 Hz, 1H), 6.75 (d, ] = 8.12 Hz, 1H), 6.71 (dd, ] = 6.52, 4.92
Hz, 2H), 6.33 (d, ] = 15.66 Hz, 1H), 3.45 (t, ] = 7.40 Hz, 2H),
2.74 (t, ] = 7.40 Hz, 2H); *C NMR (100 MHz, MeOD-d,): §
(169.3, 156.9, 148.7, 146.7, 142.2, 131.3, 130.7, 128.3, 122.1,
1184, 116.5, 1163, 115.1, 42.6, 35.8). Compound 1 was
identified as N-trans-caffeoyltyramine by NMR analysis and by
comparison with the previous literature (Figure 3A,B)."
Synthetic N-trans-feruloyltyramine (compound 2) (overall
yield, 17%) was obtained as a brown crystalline and identified
by NMR analysis (Figure 3C,D). "H NMR (400 MHz, MeOD):
57.45(d, ] = 15.68 Hz, 1H), 7.14 (d, ] = 1.91 Hz, 1H), 7.08 (d, |
=8.56 Hz,2H), 7.04 (dd, J = 8.44,2.04 Hz, 1H), 6.81 (d, ] = 8.12
Hz, 1H), 6.74 (d, ] = 8.56 Hz, 2H), 6.42 (d, ] = 15.68 Hz, 1H),
3.90 (s, 3H), 3.48 (t, ] = 7.37 Hz, 2H), 2.77 (t, ] = 7.37 Hz, 2H);
13C NMR (100 MHz, MeOD-d,): 6 (169.2, 156.9, 149.9, 149.3,
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142.0,131.3,130.8, 128.3,123.2, 118.8, 116.5, 116.3, 56.4, 42.6,
35.8). Synthetic N-trans-coumaroyltyramine (compound 3)
(overall yield, 32%) was obtained as a white powder and
identified by NMR analysis (Figure 3E,F). "H NMR (400 MHz,
MeOD): §7.44 (d, ] = 15.74 Hz, 1H), 7.39 (d, ] = 8.56 Hz, 2H),
7.05 (d, ] = 8.56 Hz, 2H), 6.78 (d, ] = 8.56 Hz, 2H), 6.71 (d, ] =
8.56 Hz, 2H), 6.38 (d, ] = 15.70 Hz, 1H), 3.45 (t, ] = 7.40 Hz,
2H), 2.75 (t, ] = 7.39 Hz, 2H); *C NMR (100 MHz, MeOD-
d,): 6 (169.3, 160.5, 156.9, 141.8, 131.3, 130.7, 130.6, 127.8,
118.5, 116.7, 116.3, 42.6, 35.8).

Inhibitory Potential of Phenethyl Cinnamamide
Compounds Identified in Hemp Seed Extracts against
Melanogenesis. To assess the inhibitory activity of the three
phenethyl cinnamamide derivatives identified in hemp seed
extracts, we conducted anti-melanogenesis tests in melanoma
cells. First, the effects of the three compounds on melanoma cell
proliferation were investigated by treating B16F10 cells with 50
UM of each compound in the presence of @-MSH. The results
showed that N-trans-caffeoyltyramine and N-trans-feruloyltyr-
amine exhibited no significant effect on melanoma cell

https://doi.org/10.1021/acsomega.1c04727
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Figure 3. "H NMR spectra of (A) N-trans-caffeoyltyramine, (C) N-trans-feruloyltyramine, and (E) N-trans-coumaroyltyramine and '*C NMR spectra
of (B) N-trans-caffeoyltyramine, (D) N-trans-feruloyltyramine, and (F) N-trans-coumaroyltyramine.

proliferation, while N-trans-coumaroyltyramine inhibited mela-
noma proliferation by more than 50% of control (Figure 4A).
Furthermore, we investigated the inhibitory effect of the three
derivatives on a-MSH-induced melanin synthesis in B16F10
cells. Treatment with a-MSH induced approximately a 1.7-fold
increase in the intracellular melanin content of BI6F10 cells
(Figure 4B). It is observed that compound 2 (N-trans-

feruloyltyramine) partially inhibited a-MSH-induced melano-
genesis (45%, p < 0.05), whereas compounds 1 (N-trans-
caffeoyltyramine) and 3 (N-trans-coumaroyltyramine) com-
pletely reversed @-MSH-induced melanogenesis (Figure 4B, p <
0.001). We also investigated the effect of the three compounds
on tyrosinase activity in B16F10 cells. Results showed that
tyrosinase activity mediated by a-MSH was partially reversed by
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Figure 4. Effects of three phenethyl cinnamamide derivatives on cell proliferation and melanogenesis in BI6F10 cells. BI6F10 cells were treated with
0.1% DMSO as a vehicle or with S0 M of the three phenethyl cinnamamide compounds for 48 h. (A) Melanoma cell proliferation was determined by
MTT assay. (B) Melanin content in B16F10 cells was determined using a photometric method, as described in the experimental section. (C) Cellular
tyrosinase activity was determined by measuring dopachrome resulting from the enzymatic reaction of cell lysates with L-DOPA. Data are expressed as
the mean = SD of three independent experiments (*p < 0.05, ***p < 0.001 vs control group; treated with only a-MSH).
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Figure S. Molecular docking poses of the three phenethyl cinnamamides at the binding site of tyrosinase. Docked poses of (A) N-trans-
caffeoyltyramine, (B) N-trans-feruloyltyramine, and (C) N-trans-coumaroyltyramine at the binding site of tyrosinase (Pdb code: 2Y9X).

N-trans-caffeoyltyramine (68%, p < 0.001) and N-trans-
feruloyltyramine (36%, p < 0.05). ICs, values of N-trans-
caffeoyltyramine, N-trans-feruloyltyramine, and N-trans-cou-
maroyltyramine for inhibition of a-MSH-mediated tyrosinase

activation were 0.8, 20.2, and 6.3 uM, respectively (data not
shown). Interestingly, N-trans-coumaroyltyramine showed the
strongest inhibitory activity on melanogenesis at 50 uM
concentration and demonstrated anti-proliferative activity on
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Figure 6. Effects of N-trans-caffeoyltyramine on intracellular melanin synthesis. B16F10 cells were treated with 0.1% DMSO as a vehicle or with
synthetic N-trans-caffeoyltyramine (2, S, 10, 20, 50, and 100 M) for 48 h. (A) Cell viability was determined by MTT assay. (B) Melanin content in
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experiments (*p < 0.05, **p < 0.01, and ***p < 0.001).

cancer cells, which is consistent with a previous report.'® Thus,
N-trans-coumaroyltyramine could be more appropriate for the
development of future anticancer agents rather than functional
cosmetic materials. Furthermore, our results suggested that the
three phenethyl cinnamamide derivatives with similar structures
but different substitution groups on the same positions showed
different biological activities on melanogenesis and cell
proliferation. Among the three phenethyl cinnamamide
derivatives under investigation, N-trans-caffeoyltyramine ex-
hibited potent inhibitory activity against melanogenesis and
lowest IC, values for inhibition of a-MSH-mediated tyrosinase
activation in melanoma cells.

To predict interaction between the three phenethyl
cinnamamides and tyrosinase, a computational molecular
docking study was performed using the Flare V4.0 program.
The best poses for the three compounds, docked to tyrosinase,
are depicted in Figure S. The molecular docking study revealed
that N-trans-caffeoyltyramine and N-trans-coumaroyltyramine
established a 7—7 stacking with His 263 and H-bond with Glu
322, while N-trans-feruloyltyramine established a 7— stacking
with Phe 264 and a series of H-bond with Met 280 and Thr 261.
Furthermore, binding energies between tyrosinase and the three
compounds, including N-trans-caffeoyltyramine, N-trans-feru-
loyltyramine, and N-trans-coumaroyltyramine, were —11.44,
—10.35, and —10.64 kJ/mol, respectively. These results
indicated that binding energy between tyrosinase and N-trans-
caffeoyltyramine was higher than the other two molecules,

which is consistent with the cell-based evaluation. In addition,
we observed that the hydroxyl group at the meta position of the
benzene ring helped the hydroxyl group at the para position of
the benzene ring to interact with tyrosinase.

Verification of the Anti-melanogenesis Effect of N-
trans-caffeoyltyramine. To verify the inhibitory effect of N-
trans-caffeoyltyramine against melanogenesis, we determined
the inhibitory effect of the synthetic compound on melanin
synthesis mediated by a-MSH. Treatment of melanoma cells
with N-trans-caffeoyltyramine in the concentration range of 2—
100 yM exhibited no significant effect on melanoma cell
proliferation (Figure 6A). The result showed that N-trans-
caffeoyltyramine reversed a-MSH-mediated melanin synthesis
in a concentration-dependent manner, with complete inhibition
reported at S0 and 100 uM (Figure 6B). Furthermore, N-trans-
caffeoyltyramine also reversed a-MSH-mediated tyrosinase
activation in a concentration-dependent manner, with maximal
inhibition at SO and 100 M (Figure 6C). These results
indicated that N-trans-caffeoyltyramine inhibited a-MSH-
mediated melanin synthesis through inhibiting tyrosinase
activity.

B MATERIALS AND METHODS

Materials. The hemp seed was purchased from “Nature and
Life” company in Hongcheon in South Korea and dried under
ambient conditions, before use. Reagents, such as ABTS, 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
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(MTT), a-MSH, Folin-Ciocalteu reagent, and mushroom
tyrosinase enzyme, were obtained from Sigma-Aldrich (St.
Louis, MO, USA). Potassium persulfate (K,S,0g) and 3,4-
dihydroxy-L-phenylalanine (L-DOPA) were purchased from
Alfa Aesar (Haverhill, MA, USA).

Extraction and Fractionation of Hemp Seeds. Dried
hemp seeds (960 g) were pulverized using a pulverizer (HMF-
3250s, Hanil Electric, Korea), then defatted with petroleum
ether (9.6 L) at room temperature (RT) for 2 h, as described
previously.* Defatted hemp seeds were added to 70% EtOH
(9.6 L), and the mixture was sonicated three times for 15 min at
20% amplitude (Bandelin, HD 4200, Germany). The resulting
extract was vacuum filtered using Advantec filter papers no. 1
and no. 2 (Toyo Roshi Kaisha, Ltd, Tokyo, Japan) and
concentrated using a Hei-VAP Advantage rotary evaporator
(Heidolph, Germany) to obtain 27 g of the EtOH crude extract.
The crude extract was suspended in dH,O (270 mL) and
successively portioned with n-Hex, CH,Cl,, EtOAc, and n-
BuOH to yield n-Hex (1.4 g, 5.3%), CH,Cl, (4.50 g, 16.7%),
EtOAc (0.85 g, 3.1%), and n-BuOH (1.01 g, 3.7%) fractions, as
described previously.'” The crude extracts and fractions were
freeze-dried and kept at —80 °C prior to use.

Determination of ABTS Radical Scavenging Activity.
In order to evaluate antioxidant potential of hemp seed solvent
fractions, the ABTS radical scavenging activity was assessed,
according to the previously described method."® To prepare
fresh ABTS radical solution, 10 mL of 7 mM ABTS was mixed
with 176 uL of 140 mM potassium peroxydisulfate in dH,O and
reacted in the dark at RT for 16 h. The ABTS radical solution
was then diluted with methanol to obtain an absorbance of
approximately 0.7 at 732 nm. Aliquots of 100 L of each fraction
in the concentration range of 2—200 pg/mL were mixed with
100 L of the diluted ABTS radical solution and incubated for
10 min in the dark at RT. The absorbance was then taken at 732
nm using a SpectraMax MS Multi-Mode microplate reader
(Molecular Devices, Sunnyvale, CA, USA). The percentage of
ABTS radical scavenging activity was calculated as follows

ABTS radical scavenging activity(%)

=1- (Asample/Acontrol) x 100 (1)
In Vitro Tyrosinase Inhibition. The inhibitory potential of
hemp seed solvent fractions on tyrosinase activity was assessed
by measuring the total amount of dopachrome generated during
the catalytic enzyme reaction of tyrosinase.'” Briefly, 50 uL of
each fraction with the concentration range of 1—100 yg/mL was
added to mushroom tyrosinase solution (50 U/mL) prepared in
50 mM phosphate-buffered saline (PBS; 8.1 mM Na,HPO,, 1.2
mM KH,PO,, pH 6.8, 2.7 mM KCl, 138 mM NaCl) in a 96-well
plate and incubated for 30 min at RT. Then, equal quantities of 1
mM L-DOPA were added to the reaction mixtures, followed by
further incubation for an additional 10 min at 37 °C. The
absorbance of the resulting solution was measured at 475 nm,
using a SpectraMax MS Multi-Mode microplate reader.
Determination of the Total Phenolic Content. The total
phenolic content of each solvent fraction was measured via the
Folin-Ciocalteu method adopted in the previous report with
slight modifications.”” Briefly, diluted crude extracts or solvent
fractions of hemp seeds (25 uL) were mixed with 100 uL of the
diluted Folin-Ciocalteu reagent (1:4) and incubated for S min.
Then, 75 pL of sodium carbonate solution (100 g/L) was added
to the reaction mixture and further incubated for 2 h. The
absorbance was measured at 765 nm using a microplate reader.

Gallic acid dilutions (10—200 mg/L) were used as standards for
calibration. The total phenolic content was expressed as mg
GAE per g of the extract or fraction.

Cell Culture. B16F10 murine melanoma cells were cultured
in Dulbecco’s modified eagle medium (Gibco, Gaithersburg,
USA) supplemented with 10% heat-inactivated fetal bovine
serum (Gibco), 100 units/mL penicillin, and 100 ug/mL
streptomycin (Gibco) at 37 °C in a humidified atmosphere of
5% carbon dioxide (CO,).

Cell Viability. The viability of BI6F10 cells was determined
using an MTT assay, as previously described.”' Briefly, B16F10
cells were seeded in 24-well plates (1 X 10* cells/well) and
incubated for 24 h. The cells were treated with hemp seed
solvent fractions or chemical compounds at concentrations of 20
ug/mL or 50 uM, respectively. After being incubated for 48 h,
the cells were then incubated with MTT solution for 4 h, and the
generated formazan crystals were dissolved in dimethyl sulfoxide
(DMSO). 200 uL of the resulting solution was transferred to 96-
well plates, and the absorbance was measured at 540 nm using a
SpectraMax MS Multi-Mode microplate reader.

Melanin Content Determination. The melanin content
was determined, as previously described, with some modifica-
tions.”> The melanoma cells were seeded in a 6-well plate and
cultured for 24 h. They were treated with hemp seed solvent
fractions or chemical compounds at concentrations of 20 yg/mL
or 50 uM, respectively, for a further 48 h in the presence of 100
nM a-MSH. After washing twice with chilled Dulbecco’s PBS
supplemented with calcium chloride and magnesium chloride
(D-PBS, Gibco), the resulting cells were collected via
trypsinization. After centrifugation at 1000 rpm for 3 min, the
cell pellet was dissolved in 150 uL of 1 N NaOH containing 10%
DMSO for 1 hat 60 °C. The melanin content was determined by
the absorbance at 405 nm, using a microplate reader.

Determination of Cellular Tyrosinase Activity in
Melanoma Cells. Tyrosinase activity in B16F10 cells was
examined based on the amount of dopachrome produced from
the catalytic reaction of intracellular tyrosinase.””> Briefly,
melanoma cells were cultured in a 6-well plate for 24 h, followed
by treatment with different concentrations of hemp seed solvent
fractions or chemical compounds for a further 48 h in the
presence of 100 nM a-MSH. After washing twice with ice-cold
D-PBS, the cells were lysed in 200 uL of radio-immunopreci-
pitation assay buffer (Sigma-Aldrich) containing protease and
phosphatase inhibitors. The cell lysate from each well was
collected after being centrifuged at 15,000g for 15 min. 100 L of
the supernatant was mixed with 100 yL of 1 mM L-DOPA in
PBS (pH 6.8), followed by incubation for 30 min at 37 °C. The
absorbance of dopachrome was measured at 475 nm using a
microplate reader. Data were normalized with protein
concentration determined by bicinchoninic acid assay.

Characterization of Bioactive Compounds Using
UPLC-QTOF-Mass Spectrometry/Mass Spectrometry.
The EtOAc fraction was analyzed using the Waters Acquity
UPLC I-Class system (Waters Co., Milford, MA, USA) coupled
with mass spectrometry, as previously described.”* The EtOAc
fraction was dissolved in 70% methanol at a concentration of 100
ppm and filtered through a 0.2 ym PTFE syringe filter. The
Waters Acquity UPLC BEH C18 column (150 mm X 2.1 mm,
1.7 pm) was used for chromatographic separation. The
separation conditions were as follows: mobile phases: 0.1%
formic acid in water (A) and 0.1% formic acid in acetonitrile (B),
and the following gradient was used: 0—5 min, 10—20% B; 525
min, 20—22% B; 25—45 min, 22—25% B; 45—65 min, 25—30%
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B; and 65—85 min, 30% B. The injection volume was 2 L. The
mass spectrometry (MS) experiments were performed on a
Waters Xevo G2 QTOF mass spectrometer (Waters MS
Technologies, Manchester, UK) equipped with an ESI interface.
The MS/MS ion patterns were obtained using a collision energy
ramp from 15 to 45 eV in the MSE mode. The ESI parameters
were set as follows: in the negative ion mode in a continuum
format, a capillary voltage of 2.5 kV, a cone voltage of 45V, a
source temperature of 120 °C, a desolvation temperature of 350
°C, a cone gas flow of 50 L/h, and a desolvation gas flow of 800
L/h. The ion acquisition rate was 0.25 s with resolution in excess
of 20,000 fwhm, and the inter-scan delay time was 0.014 s. The
mass range was from m/z 100 to 1500. The instrument was
calibrated using a sodium formate solution as the calibration
standard. Leucine encephalin (m/z 554.2615 in the negative
mode) was used as a reference or lock mass at a concentration of
200 pg/uL and a flow rate of 5 yL/min and was sprayed into the
MS instrument every 10 s to ensure accuracy and reproduci-
bility. Data acquisition was controlled by MassLynx V4.1
software (Waters Corporation, Milford, USA), and identifica-
tion of components was performed by UNIFL

Tentative Identification by UNIFI and Search of an In-
House Library. Compound identifications were achieved by
UNIFI 1.8 (Waters, Milford, USA). The Traditional Chinese
Medicine (TCM) library in UNIFI consisted of more than 7500
natural product compounds. The library was updated with
compounds that were either isolated or analyzed from hemp
seed (up to 2020) by searching databases such as Dictionary of
Natural Product (CRC, 2009), SciFinder Scholar of the
American Chemical Society, and Natural Product Activity &
Species Source Database. The database and structure files that
were prepared using ChemBioDraw 15.0 were saved as a mol file
individually into UNIFI. Key parameters within UNIFI were set
as follows: peak detection time, 1—85 min; intensity threshold,
3000 and 300 counts for low-energy and high-energy
acquisitions, respectively; and mass accuracy, +5 ppm. Both
the TCM library and the in-house library were retrieved in
identification.

Molecular Modeling. The crystal structure of Agaricus
bisporus mushroom tyrosinase (PDB dose: 2Y9X) for molecular
modeling was obtained from Protein Data Bank (PDB). The
enzyme was prepared using the protein wizard preparation
workflow embedded in the Flare V4.0 program (Cresset
Software Inc., England). Water and all the other molecules
present in the pdb files were removed. Molecular docking was
performed using the standard docking mode and the extra
precision mode.

Statistical Analysis. All data in this study were expressed as
the mean =+ standard deviation (SD) from three independent
experiments. Statistical analyses were performed using Graph-
Pad Prism 8.0 (GraphPad Software Inc., La Jolla, CA, USA). The
differences between the mean values of the control and the
exposed groups were analyzed using one-way analysis of
variance (ANOVA), followed by Dunnett’s post hoc test. The
threshold for statistical significance for all analyses was P < 0.05
(two-tailed).

B CONCLUSIONS

In this study, we demonstrated that the EtOAc fraction of hemp
seed extracts scavenged ABTS radicals and exhibited potent
inhibitory effects on melanin biosynthesis, indicating that
bioactive compounds might be abundant in this fraction. We
tentatively identified 26 compounds, including phenethyl

cinnamamides, contained in the EtOAc fraction by comparison
of spectroscopic data with those in the library. We prepared
three phenethyl cinnamamides such as N-trans-caffeoyltyr-
amine, N-trans-coumaroyltyramine, and N-trans-feruloyltyr-
amine and determined their chemical structures. Comparative
evaluation of the three compounds for their anti-melanogenesis
activity in melanoma cells revealed that the purified N-trans-
caffeoyltyramine exhibited the strongest potential for anti-
melanogenesis activity. The inhibitory effect of N-trans-
caffeoyltyramine was verified by determining the melanin
content and tyrosinase activity in melanoma after treating the
cells with synthetic compounds. It can be concluded that N-
trans-caffeoyltyramine isolated from hemp seed extracts could
be useful in cosmetics as a skin-whitening agent.
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