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Xanthone and Flavonoid Derivatives from the Leaves of Maclura tricuspidata
with Antioxidant and Anti-tyrosinase Activity

Yang Hee Jo, Solip Lee, Se Hwan Ryu, Sang Won Yeon, Ayman Turk, Bang Yeon Hwang, and Mi Kyeong Lee*

College of Pharmacy, Chungbuk National University, Cheongju 28160, Republic of Korea

Abstract — Masclura tricuspidata, also called as Cudrania tricuspidata, is one of the most common Moraceae
family plants in East Asia. Its trivial name follows mulberry due to the similar morphology. Investigation of the
bioactive constituents of M. tricuspidata leaves yielded a new xanthone derivative along with twenty known
compounds through various chromatographic techniques. A new compound was defined as mascluraxanthone
(3), a prenylated xanthone glucoside on the basis of 1D and 2D NMR and MS data. Twenty known compounds
were identified as four xanthone derivatives (1-2 and 4-5), two flavans (6-7), six flavanol derivatives (8-13), a
flavonone (14) and seven flavonol derivatives (15-21). Among the isolated compounds, flavanol and flavonoid
derivatives with 3',4"-OH groups showed antioxidant and anti-tyrosinase activities. Conclusively, the leaves of M.
tricuspidata are rich in aromatic compounds including xanthones and flavonoids. In addition, these constituents
showed antioxidant and anti-tyrosinase potentials, which might be useful for oxidative stress related diseases.
Keywords — Masclura tricuspidata, xanthone, flavonoid, masclurxanthone, antioxidant, anti-tyrosinase

Introduction

Masclura tricuspidata (also called as Cudrania tricus-
pidata) is one of the most common plants of Moraceae
family in East Asia. All parts of this plant such as roots,
fruits, stems and leaves, have been used in traditional
medicines due to its diverse beneficial effects. Recent
studies also reported anti-inflammatory, anti-cancer, anti-
diabetic and hepatoprotective activities.'* Among the
parts of M. tricuspidata, the leaves have been used as tea
and added to functional food ingredients.>®

Due to its beneficial effects of M. tricuspidata leaves,
we continued to carry out investigations to characterize
the bioactive constituents of M. tricuspidata leaves. We
previously reported the new prenylated isoflavonoids with
anti-diabetic activities.” Further investigation on M. tricus-
pidata leaves afforded to the isolation of 21 compounds
including a new compound through various chromato-
graphic techniques. Using spectral analysis, the structures
of the isolated compounds were identified as xanthones
and flavonoid derivatives with different moieties. The
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antioxidant and anti-tyrosinase effects of the isolated
compounds were evaluated by measuring the DPPH
radical scavenging and inhibitory effect on tyrosinase. In
this study, isolation and structure elucidation of com-
pounds were described. In addition, antioxidant and anti-
tyrosinase activity were also discussed briefly.

Experimental

General — A Jasco UV-550 and Perkin-Elmer model
LES99 spectrometer were used respectively, for the
measurement of UV and IR spectra. NMR spectra were
recorded on AVANCE 400, 500 and 800 MHz spectro-
meter using acetone-ds and methanol-d, as solvents.
ESIMS data was obtained on VG Autospec Ultima Mass
spectrometers. Semi-preparative HPLC was performed
using a Waters 515 HPLC pump with a 996 photodiode
array detector, and Waters Empower software using a
Gemini-NX ODS-column (150 x 10.0 mm and 150 x 21.2
mm). Column chromatography procedures were perfor-
med using silica gel (200-400 mesh, Fisher Scientific) and
Sephadex LH-20 (25-100 um, Pharmacia Fine Chemical
Industries Co.). Thin-layer chromatography (TLC) was
performed using aluminum plates precoated with Kieselgel
60 F»s4 (0.25 mm, Merck, Germany). After spraying with
a color reagent (10% vanillin-H,SO, and 10% H,SO, in
EtOH), heating revealed the spots.
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Plant material — The dried leaves of M. tricuspidata
were purchased from local herbal market, Chungbuk,
Korea, in October 2013. A voucher specimen was deposited
at the herbarium of College of Pharmacy, Chungbuk
National University, Korea (CBNU201310-CTL).

Extraction and isolation of compounds — The dried
leaves of M. tricuspidata (1.8 kg) were chopped in 100%
MeOH (2 x 1 L), and the concentrated extract (102.4 g)
was partitioned with z-hexane, CH,Cl,, EtOAc and n-BuOH.

The CH,CI, fraction (15.2 g) was chromatographed
over silica gel, having gradient elution of CH,Cl, in
MeOH (100 - 0%), that gave 10 fractions (CI1 - C10).
Fraction C4 was subjected to Sephadex LH-20 with a
mixture of CH,Cl,-MeOH (1:1) give 5 subfractions (C4A
- C4E). Subfraction C4D was subjected to Sephadex LH-
20 with a mixture of n-hexane-CH,Cl,-MeOH (10:10:1)
to yield 12 subfractions (C4D1 - C4D12). Compounds 2,
4 and 5 were purified from C4D11 and C4D12, respec-
tively, by semi-preparative HPLC eluting with MeCN-
H,O (55:45).

The EtOAc fraction (4.7 g) was chromatographed over
silica gel with the gradient elution of CH,Cl, in MeOH
(100 - 0%) which gave 9 fractions (E1 — E9). Fraction E3
was subjected to Sephadex LH-20 with a mixture of
CH,Cl,-MeOH (1:1) give 6 subfractions (E3A —E3F).
Compounds 6, 8, 14 and 15 were purified from E3D by
semi-preparative HPLC eluting with MeCN-H,O (25:75).
Fraction E4 was subjected to Sephadex LH-20 eluting
with CH,ClL,-MeOH (1:1) to give 8 subfractions (E4A —
E4H). Compounds 1, 11 and 16 were purified from E4G
by semi-preparative HPLC eluting with MeCN-H,O
(25:75). Compound 13 was isolated from E5 by Sephadex
LH-20 eluting with CH,Cl,-MeOH (1:1) followed by
semi-preparative HPLC eluting with MeCN-H,O (30:70).
Compound 3 was purified from E7 by Sephadex LH-20
eluting with CH,ClL,-MeOH (1:1) followed by semi-
preparative HPLC eluting with MeCN-H,O (28:72).
Sephadex LH-20 chromatography of E8 with CH,Cl,-
MeOH (1:1) followed by semi-preparative HPLC eluting
with MeCN-H,O (20:80) yielded compounds 7, 18 and
20. Fraction E9 was subjected to Sephadex LH-20 with a
mixture of CH,Cl,-MeOH (1:1) give 4 subfractions (E9A
— E9D). Compounds 9, 10, 12, 17, 19 and 21 were
purified from E9D by semi-preparative HPLC eluting
with MeCN-H,O (20:80).

1,3,5,6-Tetrahydroxyxanthone (1) —brown amorphous
powder; UV (MeOH) Ay : 249, 281, 319 nm; '"H-NMR
(methanol-d,, 500 MHz) dy 7.59 (1H, d, J=9.0 Hz, H-8),
6.90 (1H, d, J=8.5 Hz, H-7), 6.45 (1H, brs, H-4), 6.19
(1H, brs, H-2) ppm.
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Table 1. 'H NMR and *C NMR data of compound 3

Compound 3
Carbon NO. - 5
on dc
1 - 161.0
2 6.28 (1H, s) 97.3
3 - 164.0
4 - 107.3
4a - 154.5
5 - 146.0
7.64 (1H, dd, J=8.0, 1.6 Hz) 120.5
7 7.34 (1H,t,J=8.0 Hz) 1232
8 7.85(1H, dd, /= 8.0, 1.6 Hz) 117.8
8a - 121.1
9 - 180.7
9a - 102.4
10a - 146.9
11 3.71 (1H, d, J=5.6 Hz) 211
3.47 (1H,d, J=5.6 Hz)
12 541 (1H,t,J=5.6 Hz) 122.3
13 - 131.1
14 1.90 3H, s) 17.1
15 1.69 3H, s) 24.6
Gle-1 5.23 (1H, d, J=8.0 Hz) 100.9
Glc-2 3.67 (1H, m) 73.6
Gle-3 3.51 (1H, m) 77.0
Gle-4 3.44 (1H, m) 69.9
Gle-5 3.54 (1H, m) 77.0
Gle-6 392 (1H, m) 61.1
3.73 (1H, m)

Recorded at # 800 MHz, ® 201 MHz in methanol-d.

1,3,5-Trihydroxy-4-prenylxanthone (2) — yellow powder;
UV (MeOH) Apay @ 214, 243, 322, 363 nm; 'H-NMR
(methanol-d,, 400 MHz) Jy 7.62 (1H, dd, J= 8.0, 2.0 Hz,
H-8), 7.24 (1H, dd, J=7.6, 1.6 Hz, H-6), 7.18 (1H, t,
J=17.6 Hz, H-7), 6.25 (1H, s, H-2), 535 (1H, t, J=17.6
Hz, H-12), 3.55 (2H, d, /=7.2 Hz, H-11), 1.88 (3H, s, H-
14), 1.68 (3H, s, H-15) ppm.

Mascluraxathone (3) — Yellow syrup; [oc]]2)5 -34.4 (c
0.01, MeOH); UV (MeOH) A,y 239, 258, 317, 359 nm;
IR nax 3372, 1647, 1425 cm™'; "H NMR (800 MHz, meth-
anol-d,) and *C NMR (201 MHz, methanol-d,) see Table
1; ESI-MS (positive mode) m/z : 497 [M+Na]", HREIMS
(positive mode) m/z: 497.1418 [M+Na]" (Calcd for
CyHysNaOs" 497.1424).

Morusignin D (4) — colorless syrup; UV (MeOH) Apay :
243, 319 nm; 'H-NMR (methanol-d;, 400 MHz) 6y 7.82
(1H, d, J=28.8 Hz, H-8), 6.92 (1H, d, J=8.8 Hz, H-7),
6.45 (1H, s, H-4), 5.27 (1H, t, J=7.2 Hz, H-12), 3.98
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(3H, s, 5-OCH3), 1.81 (3H, s, H-14), 1.69 (3H, s, H-15)
ppm.

6-Deoxyisojacareubin (5) — brown syrup; UV (MeOH)
Amax © 251, 269, 329, 378 nm; ESI-MS m/z 311 [M+H]';
"H-NMR (acetone-d, 400 MHz) 6y 13.11 (1H, s, 1-OH),
7.70 (1H, d, J=28.0 Hz, H-8), 7.41 (1H, d, /= 6.8 Hz, H-
6), 7.31 (1H, t, J=8.0 Hz, H-7), 7.08 (1H, d, /= 10.4 Hz,
H-11), 6.22 (1H, s, H-2), 5.78 (1H, d, J=10.0 Hz, H-12),
1.50 (6H, s, H-14, 15) ppm.

Naringenin (6) —yellow amorphous powder; [a]zDs
+54.8 (¢ 0.01, MeOH); UV (MeOH) Ay : 286 nm; 'H-
NMR (methanol-d,, 500 MHz) dy 7.34 (2H, dd, J=8.5,
1.5 Hz, H-2', 6", 6.84 (2H, dd, J=8.5, 2.0 Hz, H-3', 5),
5.92 (1H, d, J=2.5 Hz, H-8), 5.90 (1H, d, /=2.0 Hz, H-
6), 5.37 (1H, dd, J=13.5, 3.0 Hz, H-2), 3.14 (1H, dd,
J=17.0, 8.0 Hz, H-3a), 2.72 (1H, dd, /= 17.0, 3.0 Hz, H-
3b) ppm.

Prunin (7) —light brown syrup; [(x]2D5 +68.0 (c 0.01,
MeOH); UV (MeOH) A : 212, 282, 322 nm; '"H-NMR
(methanol-d,, 400 MHz) 6y 7.32 (2H, d, J= 8.8 Hz, H-2/,
6", 6.81 2H, d, J=8.8 Hz, H-3', 5'), 6.21 (1H, d, J=2.0
Hz, H-8), 6.18 (1H, d, J=2.0 Hz, H-6), 5.38 (1H, dd,
J=12.8, 2.4 Hz, H-2), 496 (1H, d, J=7.2 Hz, Glc-1),
3.88~3.37 (6H, m, Glc-2-6), 3.17 (1H, dd, J=17.2, 12.8
Hz, H-3a), 2.74 (1H, dd, J=17.2, 2.8 Hz, H-3b) ppm.

Aromadendrin (8) —yellow powder; UV (MeOH)
Amax : 212, 290 nm; ESI-MS m/z 287 [M-H]7; '"H-NMR
(methanol-d,, 500 MHz) oy 7.38 (2H, dd, J=8.5, 2.0 Hz,
H-2', 6", 6.85 (2H, dd, J=8.5, 2.0 Hz, H-3', 5"), 5.95 (1H,
d, J=2.5 Hz, H-8), 5.90 (1H, d, J=2.0 Hz, H-6), 5.00
(1H, d, J=11.5 Hz, H-2), 4.57 (1H, d, J=11.5 Hz, H-3)
ppm.

(-)-Sinensin (9) — brown syrup; [a]5 -10.8 (¢ 0.03,
MeOH); UV (MeOH) A : 215, 284 nm; ESI-MS m/z
449 [M-H]7; 'H-NMR (methanol-d;, 500 MHz) &y 7.38
(2H, d, J=8.5 Hz, H-2', 6"), 6.85 (2H, d, /= 8.5 Hz, H-3',
5", 6.25 (1H, d, J=2.0 Hz, H-8), 6.22 (1H, d, /=2.0 Hz,
H-6), 5.04 (1H, d, J=11.5 Hz, H-2), 499 (1H, d, J="7.5
Hz, Glc-1), 4.62 (1H, d, J=11.5 Hz, H-3), 3.90~3.38
(6H, m, Glc-2-6) ppm.

(+)-Sinensin (10) — brown syrup; [a]?; +17.7 (c 0.04,
MeOH); UV (MeOH) Apa : 213, 286 nm; ESI-MS m/z
449 [M-HJ; 'H-NMR (methanol-d;, 500 MHz) & 7.38
(2H, d, J=9.0 Hz, H-2', 6), 6.86 (2H, d, /=9.0 Hz, H-3',
5", 6.26 (1H, d, J=2.5 Hz, H-8), 6.22 (1H, d, /=2.0 Hz,
H-6), 5.06 (1H, d, J=12.0 Hz, H-2), 5.01 (1H, d, J=7.0
Hz, Glc-1), 4.63 (1H, d, J=11.5 Hz, H-3), 3.91~3.40
(6H, m, Glc-2-6) ppm.

(+)-Taxifolin (11) — brown amorphous powder; [oc]zD5
+43.6 (¢ 0.01, MeOH); UV (MeOH) Ay : 216, 288 nm;
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ESI-MS m/z 303 [M-H]; 'H-NMR (methanol-d,, 500
MHz) éy 6.99 (1H, d, J=1.5 Hz, H-2"), 6.87 (1H, dd,
J=28.0, 1.5 Hz, H-6'), 6.82 (1H, d, J=8.0 Hz, H-5'), 5.94
(1H, d, J=2.0 Hz, H-8), 590 (1H, d, /J=1.5 Hz, H-6),
493 (1H, d, J=12.0 Hz, H-2), 4.52 (1H, d, J=11.5 Hz,
H-3) ppm.

Taxifolin-7-O-f-glucopyranoside (12) — brown syrup;
[ol; +12.4 (¢ 0.01, MeOH); UV (MeOH) Apqy : 284 nm;
"H-NMR (methanol-dj, 400 MHz) J;; 6.96 (1H, d, J=2.0
Hz, H-2"), 6.85 (1H, dd, J=8.4, 2.0 Hz, H-6"), 6.80 (1H,
d, /J=8.0 Hz, H-5"), 6.22 (1H, d, J=2.0 Hz, H-8), 6.20
(1H, d, J=2.4 Hz, H-6), 4.96 (1H, d, J=11.6 Hz, H-2),
497 (1H, d, J=17.2 Hz, Glec-1), 456 (1H, d, J=11.6 Hz,
H-3), 3.89~3.33 (6H, m, Glc-2-6) ppm.

Gericudranin C (13) — brown amorphous powder;
[ol +113.6 (¢ 0.01, MeOH); UV (MeOH) Ay : 291
nm; 'H-NMR (methanol-d;, 500 MHz) &4 7.12 (2H, d,
J=8.5 Hz, H-3", 7"), 6.98 (1H, d, /=2.0 Hz, H-2'), 6.86
(1H, dd, J=8.0, 2.0 Hz, H-6"), 6.82 (1H, d, J= 8.0 Hz, H-
5", 6.64 (2H, d, J=8.5 Hz, H-4", 6"), 5.97 (1H, s, H-8),
492 (1H, d, J=11.5 Hz, H-2), 452 (1H, d, J=11.5 Hz,
H-3), 3.78 (2H, s, H-1") ppm.

Apigenin (14) — white amorphous powder; UV (MeOH)
Amax © 266, 336 nm; '"H-NMR (methanol-d,, 400 MHz) 5y
7.88 (2H, dd, /=838, 2.0 Hz, H-2", 6'), 6.95 (2H, dd,
J=28.8, 2.0 Hz, H-3!, 5"), 6.62 (1H, s, H-3), 6.48 (1H, d,
J=2.4 Hz, H-8), 6.23 (1H, d, J=2.0 Hz, H-6) ppm.

Kaempferol (15) — yellow powder; UV (MeOH) Ay -
264, 363 nm; '"H-NMR (methanol-d,, 500 MHz) Jy 8.11
(2H, d, /=9.0 Hz, H-2', 6"), 6.93 (2H, d, /= 8.5 Hz, H-3',
5", 6.42 (1H, d, J=2.0 Hz, H-8), 6.20 (1H, d, /=2.0 Hz,
H-6) ppm.

Quercetin (16) — yellow amorphous powder; UV
(MeOH) Apay : 253, 362 nm; '"H-NMR (methanol-d;, 500
MHz) oy 7.76 (1H, d, J=1.5 Hz, H-2"), 7.66 (1H, dd,
J=38.5, 1.5 Hz, H-6"), 6.90 (1H, d, /= 8.5 Hz, H-5"), 6.41
(1H, d, J=1.5 Hz, H-8), 6.20 (1H, d, J=2.0 Hz, H-6)
ppm.

Populnin (17) — light yellow amorphous powder; UV
(MeOH) Apay : 264, 358 nm; ESI-MS m/z 447 [M-H];
'H-NMR (acetone-ds, 500 MHz) 6y 8.18 (2H, d, J=9.0
Hz, H-2', 6'), 7.04 2H, d, J=9.0 Hz, H-3', 5"), 6.84 (1H,
brs, H-8), 6.46 (1H, d, J=2.0 Hz, H-6), 5.19 (1H, d,
J="1.5 Hz, Glc-1), 3.95~3.48 (6H, m, Glc-2-6) ppm.

Astragalin (18) — light yellow amorphous powder; UV
(MeOH) Apax : 263, 340 nm; ESI-MS m/z 447 [M-H];
'H-NMR (methanol-d,, 500 MHz) 64 8.07 (2H, d, J=9.0
Hz, H-2', 6'), 6.91 2H, d, J=9.0 Hz, H-3', 5"), 6.41 (1H,
brs, H-8), 6.22 (1H, d, J=1.5 Hz, H-6), 527 (1H, d,
J=6.0 Hz, Glc-1), 3.73~3.21 (6H, m, Glc-2-6) ppm.
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Quercimeritrin (19) — brown amorphous powder; UV
(MeOH) Apay : 253, 370 nm; 'H-NMR (methanol-d;, 500
MHz) 6y 7.78 (1H, brs, H-2'), 7.68 (1H, d, /= 8.0 Hz, H-
6'), 6.91 (1H, d, J=8.5 Hz, H-5"), 6.76 (1H, d, J=1.5 Hz,
H-8), 6.48 (1H, d, J=2.0 Hz, H-6), 5.08 (1H, d, /=7.0
Hz, Glc-1), 3.97~3.43 (6H, m, Glc-2-6) ppm.

Isorhamnetin-7-O-f-glucoside (20) — light yellow amor-
phous powder; UV (MeOH) Ay : 253, 366 nm; '"H-NMR
(methanol-d;, 400 MHz) oy 7.89 (1H, brs, H-2"), 7.78
(1H, d, J=8.0 Hz, H-6"), 6.93 (1H, d, J=8.4 Hz, H-5"),
6.81 (1H, d, J=2.0 Hz, H-8), 6.47 (1H, d, J=2.0 Hz, H-
6), 5.06 (1H, d, J=7.6 Hz, Glc-1), 3.94 (3H, s, OCHj;),
3.72~3.39 (6H, m, Glc-2-6) ppm.

Hirsutrin (21) — light yellow amorphous powder; UV
(MeOH) Apax : 255, 353 nm; ESI-MS m/z 463 [M-HJ;
'H-NMR (methanol-d,, 500 MHz) 6 7.73 (1H, d, J=2.0
Hz, H-2"), 7.61 (1H, dd, J=8.5, 2.0 Hz, H-6'), 6.89 (1H,
d, J=8.5 Hz, H-5"), 6.41 (1H, d, J=1.5 Hz, H-8), 6.22
(1H, d, J=2.0 Hz, H-6), 5.27 (1H, d, J=17.5 Hz, Glc-1),
3.75~3.36 (6H, m, Glc-2-6) ppm.

Measurement of DPPH radical scavenging activity —
The antioxidant activity was evaluated by measuring the
free radical scavenging activity using DPPH as reported
previously.® In brief, freshly prepared DPPH solution was

[A]

OH O
8 R=0OH Ri Ry
9 R=0Glc
10 H OGle
11 OH OH
12 OH OGlc

[B]
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mixed with the samples. The mixture was reacted at room
temperature for 10 minutes, and the absorbance was
measured at 550 nm.

Measurement of tyrosinase inhibitory activity —
Tyrosinase inhibitory assays were performed using an
mushroom tyrosinase.” Test samples were mixed with
enzyme buffer, and incubated for 5 min at room tem-
perature. Then, tyrosine solution was added and the
enzyme reaction was allowed to proceed for 20 min at
room temperature. After incubation, the amount of dopa-
chrome formed in the reaction mixture was determined by
measuring the absorbance at 490 nm using a microplate
reader.

Results and Discussion

Chromatographic separation of CH,Cl, and EtOAc
fraction of M. tricuspidata resulted in the isolation of a
new compounds (3) together with twenty known com-
pounds.

Known compounds 1 - 2, 4 - 21 were identified as four
xanthone derivatives, 1,3,5,6-tetrahydroxyxanthone (1),
1,3,5-trihydroxy-4-prenylxanthone (2), morusignin D (4),
6-deoxyisojacareubin (5), two flavans, naringenin (6),

OH
Rlo
OH O

6 R=0OH
7 R=0Glc

Ri Ry R
H H OH
H OH OH
OH OH OH
H OH O0Glc
H OGlc OH

OH OH 0Glc
20 OH OCH; OGlc
13 21 OH OGlc OH

(|

3

Fig. 1. [A] Chemical structure of compounds 1-21 from M. tricuspidata leaves and [B] key HMBC correlations of new compound 3.
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Fig. 2. Antioxidant and anti-tyrosinase activity of the isolated compounds. PC: positive control. Ascorbic acid and arbutin were used as

positive controls for antioxidant and anti-tyrosinase, respectively.

prunin (7), six flavanols, aromadendrin (8), (-)-sinensin
(9), (+)-sinensin (10), (+)-taxifolin (11), taxifolin-7-O--
glucopyranoside (12), gericudranin C (13), a flavone,
apigenin (14), and seven flavonols, kaempferol (15), quer-
cetin (16), populnin (17), astragalin (18), quercimeritrin
(19), isorhamnetin-7-O-f-glucoside (20) and hirsutrin (21)
(Fig. 1) by the analysis of their spectroscopic data and
comparison with literature values.'*®

Compound 3 was obtained as yellow syrup and gave
HREIMS at 497.1418 (calcd 497.1424), consistent with a
molecular formula of Cy4HyO16. The IR spectrum showed
the presence of hydroxy (3372cm™) and carbonyl
(1647 cm™) groups. The UV spectrum showed charac-
teristic xanthone absorption maxima at 239, 258, 317, 359
nm.”” The 'H and ""C NMR spectrum showed the
presence of a trisubstituted benzene ring at [dy 7.64 (1H,
dd, /=8.0, 1.6 Hz, H-6), 7.34 (1H, t, J=8.0 Hz, H-7),
7.85 (1H, dd, J= 8.0, 1.6 Hz, H-8); oc 146.0 (C-5), 120.5
(C-6), 123.2 (C-7), 117.8 (C-8), 121.1 (C-8a), 146.9 (C-
10a)] and a pentasubstituted benzene ring at [dy 6.28 (1H,
s, H-2); dc 161.0 (C-1), 97.3 (C-2), 164.0 (C-3), 107.3 (C-
4), 154.5 (C-4a), 102.4 (C-9a)]. Additionally, signals for a
3,3-dimethylallyl group at [0y 3.71 (1H, d, J=5.6 Hz, H-
11a), 3.47 (1H, d, J=5.6 Hz, H-11b), 5.41 (1H, t,J=5.6
Hz, H-12), 1.90 (3H, s, H-14), 1.69 (3H, s, H-15); dc 21.1
(C-11), 122.3 (C-12), 131.1 (C-13), 17.1 (C-14), 24.6 (C-
15)] and a glucose moiety at [dy 5.23 (1H, d, /=8.0 Hz,
Gle-1), 3.67 (1H, m, Glc-2), 3.51 (1H, m, Glc-3), 3.44
(1H, m, Glc-4), 3.54 (1H, m, Glc-5), 3.92 (1H, m, Glc-6),
3.73 (1H, m, Gle-6); dc 100.9 (Gle-1), 73.6 (Glc-2), 77.0
(Gle-3), 69.9 (Glc-4), 77.0 (Glc-5), 61.1 (Glc-6)] were
observed in the'H and >C NMR spectrum together with
HSQC spectrum. Besides aforementioned signals, a

carbonyl signal was observed at ¢ 180.7 (C-9) in the °C
NMR spectrum. Taken together, compound 3 was suggested
to be a xanthone derivative with 3,3-dimethylallyl group
and a glucose. The position of the 3,3-dimethylallyl group
was determined at C-4 by the HMBC correlations between
H-11 and C-3, C-4, C-4a. The HMBC correlations from
Glc-1 to C-5 allowed the position of glucose moiety at C-
5. On the basis of the obtained data, compound 3 was
determined as shown and named mascluraxathone.

The antioxidant and anti-tyrosinase activity of the
isolated compounds were evaluated by measuring the
DPPH radical scavenging and tyrosinase inhibitory
activity (Fig. 2). The isolated compounds can be divided
into xanthone derivatives (1-5), flavans (6-7), five fla-
vanols (8-13), a flavone (14) and seven flavonols (15-21).
Overall, the isolated compounds were more efficient for
antioxidant than tyrosinase inhibition. Considering the
structures, flavonoids were more active than xanthones in
our present study. Antioxidant activity of isolated
compounds were different depending on the skeletons and
its substituents. Consistent with previous study,”® flavo-
noids with 3,4-dihydroxy moiety showed excellent
antioxidant activity. However, addition of a glucose and
methoxyl group reduced the antioxidant activity. Among
the isolated compounds, compounds 15 and 16 showed
the most potent activity for both antioxidant and anti-
tyrosinase inhibition.

Conclusively, 21 compounds including xanthones and
flavonoids were isolated from the leaves of M. tricus-
pidata. Among them, a prenylated xanthone glucoside,
mascluraxathone (3) was not described before. These
compounds showed antioxidant and anti-tyrosinase activity.
This will provide further insight into the design of anti-
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melanogenesis and antioxidant resources from natural
products.
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