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Isolation of Melanin Biosynthesis Inhibitory Compounds from
the Phellodendri Cortex
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Abstract — By screening inhibitory activities on the melanin polymer biosynthesis in B-16 mouse melanoma cell lines, MeOH
extract of Phellodendri Cortex was found to have inhibitory effect on melanin polymer biosynthesis. Twelve compounds were
isolated from the MeOH extract of P. Cortex. They were identified as obacunone (1), limonin (2), -sitosterol (3), bis(2-meth-
ylheptyl)phthalate (4), cycloeucalenol (5), berberine (6), palmatine (7), jatrorrhizine (8), syringin (9), umbelliferone (10), rutae-
carpine (11) and scopoletin (12) by comparison of their physical and spectral data with those of authentic samples. Among the
isolated compounds, berberine (6) and palmatine (7) showed potent inhibitory effect on the melanin polymer biosynthesis in
cultured B-16 mouse melanoma cell lines, with Inhibition rate of 96% and 90%, respectively. As a positive control, arbutin

exhibited an inhibition rate of 56%.
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Compound 1. Obacunone — 'H-NMR (250 MHz,
CDCL,) : & 7.43 (1H, s, H-21), 7.40 (1H, s, H-23), 6.53
(1H, d, J=11.7 Hz, H-1), 637 (IH, s, H-22), 5.97 (IH, d,
J=11.0 Hz, H-2), 5.46 (1H, s, H-17), 3.66 (1H, s, H-15),
2.99 (1H, t, J=11.0 Hz, H-6b), 2.61 (1H, dd, J=11.0 Hz,
J=4.0 Hz, H-5), 2.30 (1H, dd, J=11.0 Hz, J=4.0 Hz, H-
6a), 2.15 (1H, dd, J=8.5 Hz, J=3.5 Hz, H-9), 1.50 (6H,
s, H-29, H-30), 1.46 (3H, s, H-28), 1.24 (3H, s, H-19),
1.12 (3H, s, H-18). "C-NMR (63 MHz, CDCl,) : & 207.4
(C-7), 166.9 (C-3), 166.7 (C-16), 156.8 (C-1), 143.3 (C-
23), 140.9 (C-21), 122.8 (C-2), 120.0 (C-20), 109.7 (C-
22), 84.0 (C-4), 78.0 (C-17), 65.0 (C-14), 57.2 (C-5), 53.4
(C-15), 53.1 (C-8), 49.1 (C-9), 43.0 (C-10), 39.8 (C-6),
373 (C-13), 32.6 (C-12), 31.9 (C-30), 26.7 (C-19), 21.0
(C-29), 19.4 (C-28), 169 (C-11), 16.4 (C-18).

Compound 2. Limonin — 'H-NMR (250 MHz, CDCl)
© § 738 (2H, m, H-21, 23), 6.30 (1H, s, H-22), 5.43 (1H,
s, H-17), 474 (1H, d, J=13.0 Hz, H-19b), 4.43 (1H, d, J
~13.0 Hz, H-19a), 4.01 (2H, br s, H-1, H-15), 2.98 (1H,
dd, J=17.0 Hz, J=4.0 Hz, H-2b), 2.86 (1H, dd, J=15.0
Hz, J=14.0 Hz, H-6b), 2.68 (1H, dd, J=17.0 Hz, J=2.0
Hz, H-2a), 2.55 (1H, dd, J=12.0 Hz, J=3.0 Hz, H-9),
2.47 (1H, dd, J=14.0 Hz, J=3.0 Hz, H-6a), 2.23 (1H, dd,
J=15.0 Hz, J=3.0 Hz, H-5), 1.30 (3H, s, H-28), 1.18 (3H,
s, H-29), 1.17 (3H, s, H-18), 1.07 (3H, s, H-30). “C-
NMR (63 MHz, CDCLy) : & 206.1 (C-7), 169.1 (C-3),
166.6 (C-16), 143.2 (C-23), 141.1 (C-21), 120.0 (C-20),
109.7 (C-22), 80.3 (C-4), 79.1 (C-1), 77.8 (C-17), 65.7
(C-14), 653 (C-19), 60.5 (C-5), 53.8 (C-15), 51.3 (C-8),
48.1 (C-9), 45.9 (C-10), 37.9 (C-13), 36.4 (C-6), 35.6 (C-
2), 30.8 (C-12), 30.1 (C-30), 21.4 (C-29), 20.6 (C-28),
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18.9 (C-11), 17.6 (C-18).

Compound 3. B-Sitosterol — 'H-NMR (250 MHz,
CDCLy) : & 531 (1H, d, J=53 Hz, H-6), 3.51 (1H, m, H-
3), 1.01 (3H, s, H-19), 0.87 (6H, d, J=6.4 Hz, H-28, 29),
0.82 (3H, d, J=6.6 Hz, H-21), 0.68 (3H, s, H-18). "°C-
NMR (63 MHz, CDCL) : 8 141.2 (C-5), 122.1 (C-6), 72.2
(C-3), 57.2 (C-14), 56.4 (C-17), 50.5 (C-9), 46.2 (C-26),
42.7 (C-13), 423 (C-4), 39.8 (C-12), 32.1 (C-8), 32.0 (C-
7), 31.8 (C-2), 28.0 (C-16), 27.9 (C-25), 24.2 (C-15), 24.0
(C-23), 22.7 (C-29), 22.6 (C-28), 21.2 (C-11), 19.4 (C-19),
19.2 (C-21), 123 (C-18).

Compound 4. Bis(2-methylheptyl)phthalate — 'H-
NMR (250 MHz, CDCL,) : & 7.69 (2H, dd, J=5.6 Hz, J=
3.3 Hz, H-3), 7.51 (2H, dd, J=5.6 Hz, J=3.3 Hz, H-4),
421 (2H, d, J=2.5Hz, H-1'a), 4.18 (2H, d, J=2.8 Hz, H-
1'b), 1.66 (2H, m, H-2"), 1.42-1.23 (16H, m, H-5', H-3',
H-6', H-4), 0.93 (6H, t, J=7.4 Hz, H-7), 0.88 (6H, d, J=
6.5 Hz, H-8'). "C-NMR (63 MHz, CDCL,) : 8 167.8 (C-
1), 132.4 (C-2), 130.9 (C-4), 128.8 (C-3), 68.2 (C-1",
38.7 (C-27), 30.4 (C-3"), 28.9 (C-4"), 23.7 (C-5"), 23.0 (C-
6), 14.1 (C-8"), 11.0 (C-7).

Compound 5. Cycloeucalenol — 'H-NMR (250 MHz,
CDCLy) : & 4.67 (1H, d, J=13.0 Hz, H-28), 3.16 (1H, m,
H-3), 2.16 (1H, m), 0.99 (6H, d, J=6.8 Hz), 0.94 (3H, d,
J=6.3Hz), 0.93 (3H, s), 0.86 (3H, d, J=6.0 Hz) 0.56
(1H, m), 0.34 (1H, d, J=4.0 Hz, H-19b), 0.10 (1H, d, J=
4.0 Hz, H-192). "C-NMR (63 MHz, CDCL,) : § 156.9 (C-
24), 105.9 (C-30), 76.6 (C-3), 52.2 (C-17), 48.9 (C-14),
46.9 (C-8), 45.3 (C-13), 44.6 (C-4), 43.3 (C-5), 36.1 (C-
20), 35.3 (C-12), 34.9 (C-2), 34.8 (C-22), 33.8 (C-25),
32.8 (C-15), 31.3 (C-23), 30.8 (C-1), 29.5 (C-10), 28.1
(C-7), 27.3 (C-9), 26.9 (C-16, C-19), 25.2 (C-11), 24.7
(C-6), 22.0 (C-27), 21.9 (C-26), 19.1 (C-28), 18.3 (C-21),
17.8 (C-18), 14.4 (C-29).

Compound 6. Berberine - 'H-NMR (250 MHz,
CD,OD) : § 9.64 (1H, s, H-8), 8.55 (1H, s, H-13), 7.98
(1H, d, J=9.2 Hz, H-11), 7.86 (1H, d, J=9.2 Hz, H-12),
7.51 (1H, s, H-1), 6.82 (1H, s, H-4), 5.97 (2H, s,
OCH,0), 4.77 (2H, t, J=6.4 Hz, H-6), 4.07 (3H, s, C-9-
OCH,), 3.97 (3H, s, C-10-OCHj,), 3.18 (2H, m, H-5). “C-
NMR (63 MHz, CD;0D) : 8 151.2 (C-10), 150.7(C-3),
148.5 (C-2), 146.3 (C-8), 144.5 (C-9), 138.3 (C-13a),
133.8 (C-12a), 131.5 (C-4a), 127.6 (C-11), 124.3 (C-12),
122.2 (C-1a), 121.3 (C-8a), 121.0 (C-13), 109.3 (C-4),
1063 (C-1), 102.9 (OCH,0), 62.8 (C-9-OCH,), 57.9 (C-
10-OCHj), 56.0 (C-6), 27.2 (C-5).



390

Compound 7. Palmatine - "H-NMR (250 MHz,
CD,OD) : 9.63 (1H, s, H-8), 8.66 (1H, s, H-13), 8.00
(1H, d, J=9.2 Hz, H-11), 7.92 (1H, d, J=9.2 Hz, H-12),
751 (1H, s, H-1), 6.91 (1H, s, H-4), 492 (2H, br s, H-6),
407 (3H, s, C-9-0CH,), 3.96 (3H, s, C-10-OCH,), 3.86
(3H, s, C-2-OCH;), 3.80 (3H, s, C-3-OCH,), 3.20 (2H, m,
H-5). "C-NMR (63 MHz, CD,0D) : & 152.4 (C-9), 151.1
(C-3), 149.6 (C-2), 146.3 (C-8), 144.5 (C-10), 138.5 (C-
13a), 133.9 (C-12a), 129.5 (C-4a), 127.7 (C-12), 1242 (C-
11), 1222 (C-1a), 120.7 (C-13), 119.8 (C-8a), 112.1 (C-4),
109.6 (C-1), 62.7 (C-9-OCH,), 57.9 (C-10-OCH,), 57.0
(C-2-OCHy), 56.7 (C-3-OCH,), 562 (C-6), 26.8 (C-5).

Compound 8. Jatrorrhizine — 'H-NMR (250 MHz,
CD;OD) : & 9.68 (1H, s, H-8), 8.71 (1H, s, H-13), 8.03
(1H, d, J=9.3 Hz, H-11), 7.95 (1H, d, J=9.3 Hz, H-12),
758 (1H, s, H-1), 6.79 (1H, s, H-4), 4.95 (2H, br s, H-6),
415 (3H, s, C-9-OCH,), 4.04 (3H, s, C-10-OCH,), 3.97
(3H, s, C-2-OCH,), 3.26 (2H, m, H-5). "C-NMR (63
MHz, CD,0D) : & 152.3 (C-9), 150.9 (C-3), 148.7 (C-2),
146.1 (C-8), 144.4 (C-10), 138.4 (C-13a), 134.1 (C-12a),
129.3 (C-4a), 127.6 (C-12), 1242 (C-11), 122.2 (C-1a),
120.3 (C-13), 119.8 (C-8a), 115.8 (C-4), 109.6 (C-1), 62.7
(C-9-OCH3), 57.9 (C-10-OCH3), 57.1 (C-2-OCH3), 56.3
(C-6), 26.6 (C-5).

Compound 9. Syringin - "H-NMR (250 MHz,
CD,OD) : & 6.71 (2H, s, H-2, H-6), 6.56 (1H, dt, J=1.5
Hz, J=16.1 Hz, H-7), 632 (1H, dt, J=16.1 Hz, J=5.2 Hz,
H-8), 4.82 (1H, d, J=7.8 Hz, Glucose-H-1), 4.18 (2H, dd,
J=5.2Hz, J=1.5Hz, H-9), 3.86 (6H, s, H-3, 5-OCH,),
3.79 (1H, dd, J=10.5 Hz, J=2.1 Hz, Gucose-H-6a), 3.67
(1H, dd, J=10.5 Hz, J=6.7 Hz, Glucose-H-6b), 3.17-3.46
(4H, m, Glucose-H-2, 5, 4, 3). "C-NMR (63 MHz,
CD,0D) : & 154.3 (C-3, C-5), 135.8 (C-4), 131.3 (C-7),
130.5 (C-1), 130.0 (C-8), 105.4 (C-2, C-6), 105.3
(Glucose-C-1), 78.4 (Glucose-C-3), 77.8 (Gucose-C-5),
75.7 (Glucose-C-2), 71.3 (Glucose-C-4), 63.6 (C-9), 62.5
(Glucose-C-6), 57.0 (C-3, 5-OCHj,).

Compound 10. Umbelliferone — 'H-NMR (250 MHz,
CD,0D) : & 791 (1H, d, J=9.5 Hz, H-4), 7.52 (1H, d, J
=8.4 Hz, H-5), 6.78 (1H, dd, J=8.4 Hz, J=2.2 Hz, H-6),
6.70 (1H, d, J=2.2 Hz, H-8), 6.20 (1H, d, J=9.5 Hz, H-
3). PC-NMR (63 MHz, CD,0D) : § 161.6 (C-2), 161.1
(C-7), 155.9 (C-9), 145.0 (C-4), 130.2 (C-5), 113.6 (C-6),
111.8 (C-3), 111.7 (C-10), 102.5 (C-8).

Compound 11. Rutaecarpine — 'H-NMR (250 MHz,
CDCL) : & 9.80 (1H, brs, N-H), 8.33 (1H, d, J=10.0 Hz),
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7.58-7.66(m, 3H), 7.39(1H, t, J=10.0 Hz), 7.24-7.28 (m,
2H), 7.13 (1H, t, J=10.0 Hz), 4.60(2H, t, J=10.0 Hz),
3.22 (2H, t, J=10.0 Hz). "C-NMR (63 MHz, CDCL,) : &
161.5 (C-5), 147.2 (C-1a), 145.3 (C-14a), 138.5 (C-12a),
1344 (C-2), 127.2 (C-4), 126.9 (C-1), 1262 (C-9a), 125.6
(C-3), 125.4 (C-11), 121.2 (C-4a), 120.5 (C-9), 120.0 (C-
10), 118.7 (C-8a), 112.2 (C-12), 41.2 (C-7), 19.6 (C-8).

Compound 12. Scopoletin — '"H-NMR (250 MHz,
Acetone-d,) : 6 7.83 (1H, d, J=9.5 Hz, H-4), 7.18 (1H, s,
H-8), 6.78 (1H, s, H-5), 6.16 (1H, d, J=9.5 Hz, H-3),
3.89 (3H, s, 6-OCH,). C-NMR (63 MHz, Acetone-d,) :
8 161.5 (C-2), 152.0 (C-7), 151.4 (C-9), 146.2 (C-6),
1449 (C-4), 113.6 (C-3), 112.4 (C-10), 1102 (C-5), 103.9
(C-8), 56.95 (C-6-OCH,).

=}

An o o3

=

K

A3 o] A3 melanin S Aslste S5 7
A= o] FEEE T &4 RS sk, 25
Tl fletd 2 AFE FlsiTh 2 A3, 1259 3t
SHES Hjsle] 2= ZASIM A, B-16 mouse melanoma
cell lines®ll412] melanin A3 A 35 SA3IA0T} &
WojA] 2] ¥ 315E-S alkaloidf 4, limonoidT 235
EgFeto] BF 1250130, A &S %2 FAISIT
(Table I).

Compound 1 — "3 Fd 3ol AX O Z vanillin-
sulfuric acid A]2Fe] ©]ale] S0 2 WA E Tt 'H-NMR
spectrum®] § 1.12, 1.24, 1.46, 1.8 YER= singlet® 2
H-18, 19, 28, 29, 309l|4] 7131%= o5l 709 methyl group
S Bl 4= QAT § 6.37, 7.40, 7439141 2] singleto =
furan ring?l¥ 71918k= protonlS €1 4= SUSITt. § 6.51,
597914 cyclohepteneoll 7118R= signale] ¥ H3it}. PC-
NMR spectrum® A& & 267012] signale] #2E A 0™, §
207.4, 166.9, 166.7914 C- 7, 3, 162] ketone groupd= &+
ol gk 4= AU} § 109.8, 120.0, 140.9, 143.1° A furan
ring®l] 71Q18}= 4709] carbon signale 2 & 4= %S
™, § 156.8% d122.891A1 cycloheptene®] double bondoll 7]
== signals A & 4= At 2 Bl THE signals
T 78"3} nlwsle] UAES ] F obacunone®E T
X5 TSI

Compound 2 — W28 BF2A] vanillin-sulfuric acid 2]
ofe]] oJ3te] ZA1o & wAE QT 'H-NMR spectrum®] §
1.07, 1.17, 1.18, 1.30914 YEl}+= singletS 25|l w}
2} 12He] H-30, 18, 29, 28] 9§+ W] 7HS] methyl group
A4S YER = proton signalS EH1E = AU, § 6.30,
7.30, 7389141 2] singlet> furan ring®l 7]1?13}= protons
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golg 4 AATH § 4463} d 477914 H-192] hydroxy
methylene signalg) & #2 & = I3t} "C-NMR spec-
trumO A= F 26719] signal 5 Al 712] ketone group &
206.2, 8 169.1, 3 166.9°14 #Z & 5 93 om, o5
C- 7, 3, 169] ketone group¥ = F4 & = AU §
109.7, 120.0, 141.1, 143.2914 furan ring®l] 7]218R= vl 7l
©] carbon signats #zZ & = AN O™ 1 ¥l TRE signal
% £3% vlwste] YXEE B F limonin® &
x5 4

Compound 5 — #{A} ZH3e] Fukbz dojpom,
vanillin-sulfuric acid A 2ol o]te] SA) 02 WAl w] QT
"H-NMR spectrum®] & 4.679114] olefinic proton®ll 71$1¥1&
doubletZ} § 0.10914] cyclopropyl proton®l] 7]91% &
doubleto] FE=N O, § 1.12-1.34%4] aromatic proton©]]
] 7191%]= methylene signale] 2= o™, § 0.91-1.60
of| Al methyl groupell 31@=|+= protono] UebES <1 &
I AATE. § 3.20-3.28914 multiplet®F hydroxyl group®ll
215 8 methine proton signalS #Z% Itk "C-NMR
spectruml|A = & 307119] signalo] FE= AL, C-24%F C-
300 <] 3t signal®] § 156.93} d 105.9¢14 double bond=
#AZE RO, § 26.9914 C-199] aF=]= cyclopropyl®]
methylene carbon signal®] ZH2E ST}, § 76.6014= C-30
=)= hydroxyl groupell 133F methylene proton signal
S Q18O 2 A triterpenoid®l] 3 == cycloeucalenol®
AR, A" o) 2708 spectral data®}l Hlasle] &
Astglon, £ AL A3} o] AEAAME AFoE &
21 SHEE ERIFA

Compound 6 — 3 B2 Aojy o dragendorff A]
oo o]sto] Aoz WAL 'H-NMR spectrum-
5 9.64, 85504 7} 7 H- 8, 130]] 7]9131= singleto] T2
Hom, § 7.83, 7.96 (d, J=9.0 Hz)ollA H-11, 120 7191
3= doublete] =T § 7.51, 6.82914 H-1, 401 7121
= 5 711¢] aromatic methine signale] ZHAE|I, § 3.18,
4.77 (d, J=6.4 HzplIX H-5, 60l 71Q151= F 7l19] aromatic
methlene doubleto] #&= = o= A3 A2 protober-
berine 7l°] AR AT 4 Ak 227, § 4.07, 3.97
A C-9, 102] aromatic methoxyl groups®l| 7]913}+=
signalo] ZH2HE © ZA berberine] S F4314tt. PC-NMR
spectrumeX= & 18719] signalo] TEE oM § 109.890
A1 methylenedioxy carbon®l] 7]13= signalo] #2E| S
™, § 282, 57.2914 C-5, 69l 7]Q18= methylene signal®]
#zZEH, § 57.6, 62.5914 C-10, 99 71?1 8= methoxy
signal©], & 103.6-152.091 4] benzene ring®l A 2] €
methine 3 quaternary carbon signal®] 21|}, 1 Hiol

£ signalEE A3 vwstel dAES gl F

berberine® 2 F+F= 4319 Th
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Compound 7 — 34 BEokg o) o dragendorff 2]
ool o]alo] A Ao 2 WARITE Comp. 63 FAF 'H-
NMR spectrum 93-S B0, § 3.87, 3.92, 4.02, 4.14%
A1 ] 7] singleto] EE oW, A X Z A aromatic
methoxyl groupse] U] 7} 9142 & 4 Atk "C-NMR
spectrum®| A= F 21719] signalo] FZE o™, § 278,
56.691 4 C-5, 69 7]1913}+= methylene signal©], & 57.0,
573, 57.6, 62.5°14 C-3, 2, 10, 99 7121 3}= methoxy
signale] = AT) 1 W]l T signalS® £33} 1)
st AAHES G2 §F oo AHE FHste proto-
berberine®] =2l methoxyl group’} 47| X]2H#l palmatine
o= FxE TN

Compound 8 — 34 Etz AojH o, dragendorff
Aleke] ofsle] A7 o 2 BRI Comp. 6, 73 FAF
& '"H-NMR spectrum S B0™ § 9,61, 8.68914 H-
8, 139 71Q18k= singlet signalo] 2=} § 7.91 (dd, J
=103 Hz, J=9.0 H2)oIA H-11, 129] 7]Q15k= signalo] 2
ZH 02X Comp. 6, 73 &L protoberberine®] =4S
TR 9 & S AT 2= § 3.91, 3.98, 4.09
2] 7} Z} methoxy group®l] 3ld3l= singleto] #H2= ST}
PC-NMR spectrum®l| A= & 57.0, 57.7, 62.691 41 7+ 7}
methoxy carbon®l] 7]18= signale] 2= 3L, palmatine
7} chemical shifts2 B BQHS uf C-49F 3.7 ppmE =
downfield shift=]o] om ThE signalsS AN &
AATE o] A2 palmatine2] C-3°] A= o] )= methoxy
group W4lell hydroxy group®] X|8=o] & & 5 AU
Al sl ET o)/del A3 EHFH protoberberine®] =4 o
methoxyl group Al 711¢} hydroxy group 3+ 7l 7} X]3k=] o]
AL, 2 utol| T signalE® 44 V3) v)wsle] Ux)g
S 32l ¥ jatrorrhizine® 2 725 §43A Y-

Compound 9 — #{A) A3 o] bz dojpon,
vanillin-sulfuric acid A|F] 2Jlo] S0 7 walgT). 'He
NMR spectrum & 6.77°14] singlet®ZA] benzene ring®]
H-2, 69l 333}= singleto] 2= AL, § 4.2490 hydroxy
group®] 2173 &+e] downfield shift® H-92] double doublet
o] #Z=Uct 2] § 3.86914 singleto] HHEEJ o,
AEAE vlaste] F 7He] methoxy groupe] US &
AR § 3.23-3.4691 4] = glucose moiety®l] 2]+ proton
signal®] overlapping®©] YRI5 &2 & 5 AT
PC-NMR spectrum®| 4] = glucoseol] ]38+ 670 ] carbon
signal®] & 62.7-105.69114 #Z=, C-191] Q13+ double
bondel] #x]+ C-8, 79l 7]{13= signalo]l 2 7+ § 130.2,
131.50014 A& ATt. 2832, C-3, 59 71913R= methoxy
group®] § 57.4°04 singletz JEFFS & 4 ATk L v
o Th2 signalE® &85 nlwsle] AP B F

syringin® 2 125 FA I
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Fig. 1. The structures of compounds isolated from the P. Cortex.

I~

Compounds 3%, 4'%, 10%%, 11*", 12”2 - #3513
223} spectral data®} H]n & Z} Z} B-sitosterol, bis(2-
methylheptyl)phthalate, umbelliferone, rutaecarpine<}
scopoletin® 2 1% AA-S s3It (Fig. 1)

Table 1. Inhibitory effect of compounds isolated from P.
Cortex on melanogenesis in cultured B-16 mouse melanoma
cell lines in vitro at the concentration of ratio 10 pg/ml

Comp. No Comp. Name Inhibition (%)
Comp. 1 Obacunone 5
Comp. 2 Limonin 47
Comp. 3 B-Sitosterol <0
Comp. 4  Bis(2-methylheptyl)phthalate <0
Comp. § Cycloeucalenol <0
Comp. 6 Berberine 96
Comp. 7 Palmatine 90
Comp. 8 Jatrorrhizine 36
Comp. 9 Syringin 5
Comp. 10 Umbelliferone <0
Comp. 11 Rutaecarpine <0
Comp. 12 Scopoletin <0
oSV Arbutin 56

T
o

22H 7t 35HE-S uYE B-16 melanoma cell linesol]
Aol "epd A4 A8l 244 543 23 berberine (6)7
palmatine (7)°] 10 pg/ml =9 Z+ 2} 96 %, 90 %] A
e =2 oA 248 JeERIYeH, limonine X &
Q1 arbutin® vt ok &3S VFERARITE. Alkaloid7F Rt
Hog AEE4E vehithe Rt o= 31s A7t
sk, o] A= melanin A4 A EAS 22l berberine
7} palmatine®] melanoma cell linesol] th3+ A|3Z ZAdo] o
st AR & & dvkal ek, &F 3 olof] tigk HET}
o|Fojxjof ghttar AJZHEITh (Table 1.)

4 =

1. 1% melanin AFHE Aslele AL AARRIE
Ndstazt g MeOHsF MCFEE2] MCR-8)3} n-BuOH
#2022 melanin A AA=Ee FelE AT 2
3 1239 SheHES Relslr

2. B2 12%F2 IJFEES 7% spectral data®] AE
A3} 2+7} obacunone (1), limonin (2), B-sitosterol (3),
bis(2-methylheptyl)phthalate (4), cycloeucalenol (5),
berberine (6), palmatine (7), jatrorrhizine (8), syringin (9),
umbelliferone (10), rutaecarpine (11) ZZ2]3L scopoletin (12)
o= AHsIit
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3. #28]¥ 3¥HE 5 cycloeucalenol (5)2 o] AlEZ5H
= Aa wEEAT

4, 2218 7z} 33-E2] B-16 melanoma cell linesoll A <]
wabd A A8 4L berberine (6)3} palmatine (7)°]
10 pg/mle] F=olA ZF ZF 96%, 90%2] A&z =& &
AL YeERAI M | limonine 47%2] Ale1&-S VERAATE.
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