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As a protective defensive mechanism against ultraviolet (UV) light exposure in skin tissue, melanocytes
produce the pigment melanin. Tyrosinase plays a key role in melanin production in melanocytes.
However, the overproduction of melanin can lead to lesions, such as freckles and dark spots. Thus,
it is clinically important to find a modulating molecule to control melanogenesis by regulating ty-
rosinase expression and/or activity. It is known that catechin, a plant flavonoid, can reduce melano-
genesis through the downregulation of tyrosinase expression. Here, we tested whether catechin de-
rivatives isolated from the stem bark of Ulmus parvifolia have an effect on melanin production by
regulating tyrosinase in mouse melanoma cells and in vifro mushroom tyrosinase. The catechin de-
rivatives used in this study included C5A, C7A, C7G, and C7X. Treatments using these catechin
derivatives reduced melanin production in mouse melanoma B16F10 cells in which melanogenesis
was stimulated by a-MSH. Notably, the anti-melanogenic effects of catechin derivatives were similar
to those of kojic acid, a well-known anti-melanogenic molecule. Both C5A and C7A directly inhibited
the activity of tyrosinase isolated from mushrooms in vitro. Furthermore, our in silico computational
simulation showed that these two compounds were expected to bind to the active site of tyrosinase,
which is similar to kojic acid. In addition, all four catechin derivatives reduced tyrosinase protein
expression. In summary, our results showed that catechin derivatives can reduce melanogenesis by
regulating tyrosinase activity or expression. Thus, this study suggests that catechin derivatives isolated
from U. parvifolia can be novel modulators of melanin production.
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D-apiofuranoside, catechin-7-O-a-L-rhamnopyranoside, cat-
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C5A R,=-D-Api(f), R,=H
C7A R,=H, R,= B-D-Api(f)
C7G R,=H, R,= 3-D-Glc(p)
C7X R,=H, R,= B-D-Xyl(p)
Fig. 1. Chemical structures of catechin derivatives used in this
study. The chemical structure of catechin is shown. In

the bottom margin, substituents for R; and R, sites in
C5A, C7A, C7G, and C7X are described respectively.
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Fig. 2. Effects of catechin derivatives on the via-
bility of B16F10 cells. Cell viabilities of
catechin, C5A, C7A, C7G, and C7X-treated
B16F10 cell cultures were assessed by MTT
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& 4 Fig. 3. Melanin contents of BI6F10 cells stimulated
g g with a-MSH. B16F10 cells were pretreated
2 504 % with C5A, C7A, C7G, C7X, or kojic acid
% % for 1 hr and then the cells were stimulated
o ’ with o-MSH for 72 hr. The cellular melanin
0- J =TT T T ™ T contents are expressed as the relative per-
o(\\«i@% ,bo\b NPEIOPESOPRREP RO PP (M) centage of the untreated control. ***p<
& catechin  C5A C7A c76 0.001, and “* p<0.0001.
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Fig. 4. Effects of catechin derivatives on tyrosinase activity and expression. (A) In vitro mushroom tyrosinase activities were
measured in a reaction using tyrosine substrate and C5A, C7A, C7G, and C7X. Kojic acid was used as a positive control
for tyrosinase inhibition. *p<0.05, **p<0.01, and ***p<0.001. (B) A representive image of Western blotting analysis
for tyrosinase protein expression in B16F10 cells treated with C5A, C7A, C7G, and C7X.
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=4 SFE FolA C5A CTAT tyrosinase E4 <A
35 BRIl ¥, C7Ge C7X= A 237t it

B16F10 MEZ0IM catechin REA EEE0] 2/ ty-
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A kojic acid

-5

D Compounds Bm(:::: /?::Ir)gy SEM
kojic acid -5.0 0.13

C5A -6.2 0.10

C7A -6.8 0.16

Fig. 5. In silico docking simulation and pharmacophore analy-
sis between tyrosinase and C5A/C7A. Protein-ligand
docking sitimulation and pharmacophore analysis were
performed using AutoDock 4.2 and Ligand Scout 3.1
software respectively. (A) Docking simulation between
the active site of tyrosinase and kojic acid. (B) Docking
simulation between the active site of tyrosinase and
C5A. (C) Docking simulation between the active site
of tyrosinase and C7A. (D) A table shows binding en-
ergy values from our computational analysis.
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L-rhamnopyranoside:= tyrosinase &4~ W& 3} &8 747+
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dH 7 daid g A AR kojic acide} HIS=8F FFO
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sk CsA7E Wehd A4 oA Beo] 7S ek Ao R
doETh 3% AF 9t %%E%‘v@]*‘] C5A9] Hagd
A A *JJr 71%o]l AFHETH, £ ATE %5]1
HRIC5A7} v o] I} A= Aok s

) e
e x4 242 589 + Uge A
ZAlel 2

2 AT nsEe} vz ere] QAo Skt
AFA G XA (FAHME: NRF-2020R1C1C1008973 2
NRF-2022R1F1A1074678)& Wro} o] o] o1 o] tjj3j
ZAr=Eg U

The Conflict of Interest Statement

The authors declare that they have no conflicts of interest

with the contents of this article.

References

1. An, H. J, Yoon, Y. K., Lee, J. D. and Jeong, N. H. 2020.
Synthesis and biological evaluation of water-soluble ole-
anolic acid derivatives for use as melanogenesis inhibitors.
Appl. Chem. Eng. 31, 653-659.

2. Brach, A. R. and Song, H. 2006. New directions for online
floras exemplified by the flora of China project. Taxon
55, 188-192.

3. Hwang, T., Lee, H. J,, Park, W. S., Kang, D. M., Ahn, M.
J., Yoon, H., Yoo, J. C., Moon, D. K. and Woo, D. K. 2022.
Catechin-7-O-alpha-L-rhamnopyranoside can reduce al-
pha-MSH-induced melanogenesis in B16F10 melanoma
cells through competitive inhibition of tyrosinase. Int. J.
Med. Sci. 19, 1131-1137.

4. Lee, B., Moon, K. M., Kim, S. J., Kim, S. H., Kim, D.

10.

11.

12.

13.

14.

15.

H., An, H. J., Jeong, J. W., Kim, Y. R., Son, S., Kim, M.
J., Chung, K. W., Lee, E. K., Chun, P., Ha, Y. M., Kim,
M. S., Mo, S. H., Moon, H. R. and Chung, H. Y. 2016.
(Z)-5-(2,4-dihydroxybenzylidene)thiazolidine-2,4-dione
prevents UVB-induced melanogenesis and wrinkle for-
mation through suppressing oxidative stress in HRM-2
hairless mice. Oxid. Med. Cell Longev. 2016, 2761463.

. Lee, B., Moon, K. M., Lim, J. S., Park, Y., Kim, D. H.,

Son, S., Jeong, H. O., Lee, E. K., Chung, K. W., An, H.
J., Chun, P, Seo, A. Y., Yang, J. H,, Lee, B. S., Ma, J.
Y., Cho, W. K., Moon, H. R. and Chung, H. Y. 2017. 2-
(3, 4-dihydroxybenzylidene)malononitrile as a novel anti-
melanogenic compound. Oncotarget 8, 91481-91493.

. Mina, S. A., Melek, F. R., Adeeb, R. M. and Hagag, E.

G. 2016. LC/ESI-MS/MS profiling of Ulmus parvifolia ex-
tracts and evaluation of its anti-inflammatory, cytotoxic,
and antioxidant activities. Z. Naturforsch. C. J. Biosci. 71,
415-421.

. Moon, K. M., Jeong, J. W., Lee, B., Kim, D. H., Kim, H.

R., Woo, Y. W., Lee, E. K., An, H. J., Kim, M. J., Choi,
Y. J., Son, S. J., Chun, P., Moon, H. R. and Chung, H
Y. 2016. Antimelanogenic activity of MHY384 via in-
hibition of NO-induced cGMP signalling. Exp. Dermatol.
25, 652-654.

. Moon, K. M,, Lee, B., Kim, D. H. and Chung, H. Y. 2020.

FoxO6 inhibits melanogenesis partly by elevating intra-
cellular antioxidant capacity. Redox Biol. 36, 101624.

. Na, M. K., An, R. B,, Lee, S. M., Min, B. S., Kim, Y.

H., Bae, K. H. and Kang, S. S. 2002. Antioxidant com-
pounds from the stem bark of Sorbus commixta. Nat.
Prod. Sci. 8, 26-29.

Ni-Komatsu, L., Tong, C., Chen, G., Brindzei, N. and
Orlow, S. J. 2008. Identification of quinolines that inhibit
melanogenesis by altering tyrosinase family trafficking.
Mol. Pharmacol. 74, 1576-1586.

Park, W. S., Kim, H. J., Khalil, A. A. K., Kang, D. M.,
Akter, K. M., Kwon, J. M., Kim, Y. U., Piao, X. L., Koo,
K. A. and Ahn, M. J. 2021. Anatomical and chemical char-
acterization of Ulmus species from South Korea. Plants
10, 2617

Sato, K. and Toriyama, M. 2009. Depigmenting effect of
catechins. Molecules 14, 4425-4432.

Schallreuter, K., Slominski, A., Pawelek, J. M., Jimbow,
K. and Gilchrest, B. A. 1998. What controls melanogen-
esis? Exp. Dermatol. 7, 143-150.

Sturm, R. A., Box, N. F. and Ramsay, M. 1998. Human
pigmentation genetics: the difference is only skin deep.
Bioessays 20, 712-721.

Videira, 1. F., Moura, D. F. and Magina, S. 2013. Mechan-
isms regulating melanogenesis. An. Bras. Dermatol. 88,
76-83.



Journal of Life Science 2023, Vol. 33. No. 2

P
J

: FEBURUM FEE catechin A EetE2 el MY od Sat
gejsd’ - o2y - 2E0l - 240" SR - oY - 2EFH - 2EF"

(‘7T oFshst, A4 istayd AP

A2 o & ofr|EE mFEZ22 0] &4 tigk Wolr|He R detdA e defd AMAE A4kgt o]
238k "Wzhd A ol= tyrosinase E47} 322U

of /Mt AWMA T Fof MAH2 WS Yozt waElA tyrosinase THOIY S Mo
A, 353 Aad S At EA S TEste A2 GAA™A gH7F UHh. Catechin tyrosinase
g Aagozs dad A4S dASE SIFER 48 A Atk B AFolA = BI6F10 P92 SA4Y
T MEF HA A F2H tyrosinases AHE3L, FFUF-9o £7] 4HdA =& 2 5449 catechin
FEA BFE(C5A, CTA, CTG, B C7X)¢] HWehd A A E5e HASSHAT WA, BI6F10 A ZF0) A,
AEZAHE VERA &5 59 catechin 54 33E Agle, EFe-MSHE £ 9 Hepd A S
AAs= %S BATh Catechin =4 31E9] olgd 52 Dahd AF AR & L& Z kojic
acid®} B1S23k Fol ) B3, C5AS CTAE MA oA F=EF tyrosinase?] 4 A4S BAFHCZE #9
Al A ATE =g HFE BAE B3 C5AS CTATE kojic acid®} A 22 tyrosinase®] active
sited] 2GS Ao =2 gZFHIUT olo T, 4F 79 catechin 54 SIEE EF7F o-MSH A H
B16F10 Al ZF0l| A tyrosinase T d A S AR £ A7 AAE T, F=FUTdA F=/
A9 catechin =4 3= WepdA 29 depd A S EFH o2 QA AT weba, £ A4
I o] 2]t catechin T =4 FFEo] R Ao} AR AS Ao & A% ANE2L 2d EH=E 382
T des AAFT
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