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Four flavonoid glycosides, flavaprin (7), evodioside B (8), vitexin (11), and hesperidin (12), as
well as the coumarins bergapten (1), xanthotoxin (2), and isopimpinellin (3), the lignan simplex-
oside (10), the steroids B-sitosterol (4) and daucosterol (5), the limonoids isolimonexic acid (6)
and limonin (9), and uracil (13) and myo-inositol (14) have been isolated from Euvodia daniellii.
The structures of these compounds were established from spectral data. Among the isolates,
bergapten showed cyclooxygenase-2 inhibitory activity with an ICs, value of 6.2 ug/ml. Fla-
vonoids isolated from this plant exhibited no cytotoxic activity against the human tumor cell
lines, A549, SKOV-3, SKMEL-2, XF498, and HCT15.
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INTRODUCTION

Euodia danielli Hemsley is a plant belonging to Ruta-
ceae family growing in Korea and has been used in folk
medicine for gastric inflammation, extermination of noxious
insects, and headache. The oil from the fruits of this plant
has also been used in various diseases such as dermati-
tis and scabies (Lee, 1993; Chung, 1970). The plant is
known to contain alkaloids, sterols, limonoids and other
compounds, and only a limited number of these compounds
have been reported (Chung, 1970, 1979; Chung and Ko,
1977; Mitsunaga et al.,, 1991; Ju et al., 2000). However,
reports are sparse on the biological activities of this plant.
Recently, we have reported the isolation of cyclooxyge-
nase-2 (COX-2) inhibitory cerebrosides from Phytolacca
sp. (Kang et al., 2001), flavonoids from Alpinia officinarum
(Kang et al., 2000) and alkaloid from Euodia rutaecarpa
(Moon et al., 1999). In our continuing search for COX-2
inhibitory compounds from natural sources, we have iso-
lated fourteen compounds from Euodia daniellii. Here, we
report the isolation and identification of the constituents
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from this plant along with a coumarin compound with
COX-2 inhibitory activity.

MATERIALS AND METHODS

Instruments and reagents

Melting points were determined on Mitamura-Riken
melting point apparatus and are uncorrected. IR spectra
were recorded on a JASCO FT/IR-5300 spectrometer and
UV spectra were obtained with a Hitachi U-3210 UV-VIS
spectrophotometer. Mass spectra were taken with a Hewlett
Packard model 5989B GC/MS system. NMR spectra were
taken on a Varian Gemini-2000 (300 MHz) spectrometer.
Optical rotations were performed with Rudolph Research
autopolarimeter. Chromatography was performed using
Merck silica gel of an appropriate particle size for TLC
(precoated, No. 5715), column (70-230 mesh), and MPLC
(230-400 mesh).

Plant material

The leaf and fruit of Euodia danielli Hemsley (Rutaceae)
were collected in August 2000, at the Yeonkun Medical
Campus, Seoul National University, Seoul, Korea and
authenticated by Dr. Tae Jin Kim of Korea Research In-
stitute of Bioscience and Biotechnology. A voucher
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specimer (SSK0101) was deposited in the herbarium of
the Netural Products Research Institute, Seoul National
University.

Extra:tion and isolation

The dried leaves (2 kg) and fruits (2 kg) were extracted
three 'im2s with MeOH at room temperature. The MeOH
extracs from both parts were partitioned successively
with r-hexane (H), CH,Cl, (C), EtOAc (E) and n-BuOH
(B), and individual extracts were obtained in yields of 28
(FH), 10 (FC), 10 (FE), and 80 g (FB) from fruits (F) and
48 (LH), 21 (LC), 22 (LE), and 180 g (LB) from leaves (L),
respectively. The FH was submitted to column chroma-
tograg hy on silica gel eluted with EtOAc-MeOH (mixtures
of gradually increasing polarity, 9: 11 : 1) and 45 frac-
tions FH 01-45) were collected and evaporated under
reduc:d pressure. Fractions FH-13, FH-15 and FH-17
were nurified by recrystallization to afford 1 (30 mg), 2 (20
mg), enc 3 (25 mg), respectively. The FC was treated in a
simila- manner as described above to obtain 25 fractions
(FC 01-25). Recrystallization of FC-03, FC-06, and FC-21
to yield 4. (40 mg), 5 (60 mg), and 6 (30 mg), respectively.
The FE was chromatographed on a silica gel column by
elution with CH,Cl,-MeOH-H,O (7 :1:0.5) to afford 22
fracticns (FE 01-22). The FE-06 (1.2 g) and FE-09 (1.5 g)
were ctromatographed on a silica gel column using
CH,C -MeOH-H,0 (7 : 2: 0.5) followed by crystallization
from VMeOH to afford 7 (15 mg) and 8 (20 mg), respec-
tively. The LC and LE were treated in the same manner as
descr bed above to yield 37 and 38 fractions, respectively.
Compounds 9 (20 mg) and 10 (25 mg) were obtained
from LC-10 and LC-36, respectively, by recrystallization
from VIleOH. The fraction LE-18 (1 g) was further purified
by recry stallization from CH,Cl-MeOH mixture to give 11
(18 mrg). Similarly, 12 (20 mg) from LE-17 (1.3 g) and 8
(100 ng) from LE-21 (1.5 g) were also obtained. LE-11
and 1.E-19 were purified by MPLC using CH,Cl,-MeOH
mixtu-es of gradually increasing polarity (99:1— 1:5,
MeOl4 100%) followed by recrystallization from MeOH
afforcing 13 (10 mg) and 14 (7 mg), respectively.

Bei'gapten (1) white needles, mp 174-175 °C. IR vi&;
1732 1526 cm™, UV Apax (MeOH) 248 nm (log € 4.56),
267 14.56), 308 (4.46). EI-MS (rel. int., %) m/z 216 [M]’
(10C), 201 [M-CH3]* (31.3), 188 [M-COJ" (11.8), 173 [M-
CHz-1>CJ" (58.8), 145 [M-CH,-2COJ* (26.5), 89 (10.8). 'H-
NMR (300 MHz, CDCl,) &: 6.27 (1H, d, J = 9.6 Hz, H-3),
8.15 1H, dd, J= 0.6, 9.6 Hz, H4), 7.14 (1H, t, J= 0.9 Hz,
H-8}, 7.59 (1H, d, J = 2.4 Hz, H-2), 7.02 (1H, dd, J=0.9,
24tz H-3), 4.27 (3H, s, OCH,). *C-NMR (75.5 MHz,
CDC ) 3: 160.6 (C-2), 111.9 (C-3), 138.7 (C-4), 104.6 (C-
4a), 1443 (C-5), 112.0 (C-6), 157.8 (C-7), 93.1 (C-8),
152.22 (C-8a), 144.3 (C-2'), 105.7 (C-3"), 59.5 (OCH,).
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Xanthotoxin (2) white powder, mp 145-146 °C. IR vXg,
1716, 1587 cm™. UV A (MeOH) 248 nm (log € 4.75),
300 (4.43). EI-MS (rel. int., %) m/z 216 [M]* (100), 201 [M-
CHs)" (27.4), 188 [M-COJ" (9.8), 173 [M-CH,;-CQJ" (48),
145 [M-CH3-2COJ" (17.6), 89 (17.8). 'H-NMR (300 MHz,
CDCl;) &: 6.38 (1H, d, J=9.3 Hz, H-3), 7.77 (1H, d, J=
9.3 Hz, H-4), 7.36 (1H, s, H-5), 7.69 (1H, s, H-2), 6.83
(1H, s, H-3), 431 (3H, s, OCH;). *C-NMR (75.5 MHz,
CDCly) &: 160.4 (C-2), 114.8 (C-3), 144.3 (C-4), 116.5 (C-
4a), 112.8 (C-5), 126.1 (C-6), 147.7 (C-7), 132.8 (C-8),
143.0 (C-8a), 146.6 (C-2), 106.7 (C-3'), 61.3 (OCH,).

Isopimpineliin (3) golden-yellow needles, mp 128-130
°C. IR vK& 3430, 1720, 1608, 1479, 1365, 1151, 1072 cm™".
UV Amax (MeOH) 268 nm (log £ 4.47), 310 (4.25). EI-MS
(rel. int., %) m/z 246 [M]" (96), 231 [M-CH,]* (100), 203
[M-CH,-COJ" (15.8), 188 [M-2CH,-COJ" (4.26), 175 [M-
CH;-2COJ" (68.8), 160 [M-2CH;-2COJ" (47.5), 147 [M-CH;-
3COJ* (54.9), 132 [M-2CH;-3COJ" (20.5), 119 [M-CH;4COJ"
(19.7), 104 [M-2CH;4COJ" (24.6), 76 [M-2CH;-5COJ* (49.2).
'H-NMR (300 MHz, CDCl;) &: 6.30 (1H, d, J=9.6 Hz, H-
3), 8.13 (1H, d, J=9.6 Hz, H-4), 7.63 (1H, d, J=2.1 Hz,
H-2), 7.00 (1H, d, J = 2.1 Hz. H-3"), 4.17 (6H, s, 2xOCHy).
BC-NMR (75.5 MHz, CDCl;) &: 159.8 (C-2), 112.7 (C-3),
139.9 (C-4), 106.9 (C-4a), 144.5 (C-5), 114.6 (C-6), 149.6
(C-7), 127.4 (C-8), 143.3 (C-8a), 146.5 (C-2'), 105.9 (C-
3’), 61.5 and 61.0 (OCHs).

B-Sitosterol (4) white powder, mp 138-140 °C. EI-MS
m/z 414 [MY'. IR vKE, 3410, 1460, 1383, 1060 cm™.

Daucosterol (5) amorphous powder, mp 285-287 °C.
IR vha, 3416, 2934, 1637, 1460, 1383, 1078, 1024 cm™.
'H-NMR (300 MHz, DMSO-ds) &: 5.31 (1H, br s, H-6),
4.85 (1H, d, J=8.1Hz, H-1"), 441 (1H, t, J=5.7 Hz, H-
6'a), 4.21 (1H, d, J=7.5 Hz, H-6'B), 0.94 (3H, s, CH;-19),
0.64 (3H, s, CH3-18). *C-NMR (75.5 MHz, DMSO-d;) &:
141.1 (C-5), 121.9 (C-6), 100.9 (C-1"), 78.6 (C-3), 77.1 (C-
3), 76.9 (C-5"), 73.6 (C-2), 71.9 (C4'), 63.0 (C-6"), 56.3
(C-14), 565.6 (C-17), 49.8 (C-9), 45.3 (C-24), 42.0 (C-13),
40.5 (C-4), 38.9 (C-12), 37.0 (C-1), 36.4 (C-10), 35.7 (C-
20), 34.4 (C-22), 31.6 (C-7), 31.6 (C-8), 30.2 (C-2), 294
(C-25), 28.9 (C-16), 27.9 (C-23), 24.1 (C-15), 22.8 (C-28),
20.8 (C-11), 19.9 (C-27), 19.3 (C-19), 19.1 (C-26), 19.0
(C-21), 18.8 (C-18), 12.0 (C-29).

Isolimonexic acid (6) amorphous powder, mp 298-300
°C. IR vi8 3437, 2922, 1752, 1385 cmi". EI-MS (rel. int.,
%) m/z 487 [M-CH.]" (9.9), 445 (6.6), 415 (5), 373 (11.2),
281 (14.9), 248 (14), 235 (45.5), 207 (52.9), 121 (51.2),
109 (81), 91 (83.5), 55 (100). "H-NMR (300 MHz, pyridine-
ds) 6: 6.63 (1H, s, H-22), 6.59 (1H, s, H-21), 5.83 (1H, s,
H-17), 525 (1H, d, J=13.2 Hz, H-198), 4.70 (1H, d, J=
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13.2 Hz, H-190)), 4.50 (1H, s, H-15), 4.35 (1H, br s, H-1),
3.30 (1H, t, J = 15 Hz, H-6p), 3.18 (1H, dd, J = 3.6, 16 Hz,
H-28), 3.07 (1H, br d, J= 16 Hz, H-20), 2.84 (1H, dd,
J=38, 11.4 Hz, H-9), 2.66 (1H, dd, J=2.7, 15.6 Hz, H-
5), 2.56 (1H, dd, J =3, 14.1 Hz, H-6a), 2.27 (1H, m, H-
12), 2.04 (2H, m, H-11), 1.87 (1H, m, H-12), 1.37 (3H, s,
18-CHy), 1.25 (6H, s, 29,30-CH,), 1.17 (3H, s, 28-CHa).
BC-NMR (75.5 MHz, pyridine~ds) 8: 207.6 (C-7), 170.1 (C-
3), 169.8 (C-23), 166.4 (C-16), 164.5 (C-20), 122.8 (C-
22), 99.3 (C-21), 80.4 (C-4), 79.8 (C-1), 78.8 (C-17), 66.4
(C-14), 65.8 (C-19), 60.4 (C-5), 54.1 (C-15), 52.0 (C-8),
48.2 (C-9), 46.4 (C-10), 38.8 (C-13), 36.9 (C-6), 36.5 (C-
2), 30.4 (C-12), 29.8 (C-28), 21.7 (C-29), 20.8 (C-18),
18.9 (C-11), 17.0 (C-30).

Flavaprin (8-isopentenylnaringenin-7-O-glucoside) (7)
white needles, mp 180-181 °C. [0)2*-11.7° (c 0.1, pyridine).
IR vK8: 3427, 1638, 1520, 1375, 1263, 1078 cm™". UV, Anpax
(MeOH) 287 nm (log € 4.07), 345 (3.42); Anax (MeONa)
289 (4.12), 351 (3.43); Amax (NaOAc) 285 (4.08), 347
(3.42); Amax (NAaOAC+H;BO;) 287 (4.10), 346 (3.47); Amax
(AICI5) 312 (4.30), 390 (3.92); Amax (AICI;+HCI); 310 (4.21),
399 (3.75). 'H-NMR (300 MHz, DMSO-d;) &: 5.45 (1H, dd,
J=3, 123 Hz, H-2), 3.26 (1H, m, H-3), 2.78 (1H, dd,
J=3, 17.1 Hz, H-3), 6.25 (1H, s, H-6), 3.40 (1H, m, H-
11a), 3.05 (1H, dd, J=7.2, 13.6 Hz, H-11b), 5.10 (1H, br t,
J=7.2Hz, H-12), 1.54 (3H, br s, 14-CH;), 1.57 (3H, br s,
15-CHs), 7.31 (2H, d, J=8.7 Hz, H-2’, 6"), 6.78 (2H, d,
J=8.7Hz, H-3, 5), 4.90 (1H, d, J= 7.5 Hz, H-1”), 12.07
(1H, s, 5-OH), 9.57 (1H, s, 4-OH). *C-NMR (75.5 MHz,
DMSO-ds) &: 78.5 (C-2), 42.3 (C-3), 197.8 (C-4), 161.1
(C-5), 95.3 (C-6), 163.2 (C-7), 109.1 (C-8), 157.6 (C-9),
103.3 (C-10), 21.7 (C-11), 122.8 (C-12), 129.4 (C-13),
257 (C-14), 17.8 (C-15), 130.4 (C-1"), 129.2 (C-2, 6"),
115.3 (C-3’, &), 159.2 (C4’), 1004 (C-17), 73.5 (C-2"),
76.7 (C-3”), 69.8 (C4"), 77.4 (C-5"), 60.8 (C-6").

Evodioside B (Flavaprenin 7,4’-diglucoside) (8)
white powder, mp 243-245 °C. [0]3-47° (c 0.1, pyridine).
IR vKEr 3393, 1638, 1514, 1375, 1230, 1074 cm™. UV, A
{(MeOH) 288 nm (log € 4.47), 345 (3.86); Amax (MeONa)
289 (4.48), 358 (3.93); Auax (NaOAC) 288 (4.63), 344 (4.06);
Amax (NAaOAC+H;BO;) 288 (4.61), 340 (3.84); Amax (AICI)
313 (4.68), 401 (3.95); Amax (AICI;+HCI) 310 (4.66), 397
(3.99). "H-NMR (300 MHz, DMSO-d¢) 8: 5.54 (1H, dd, J =
3, 10.3 Hz, H-2), 3.25 (1H, m, H-3), 2.80 (1H, dd, J=3,
17.4 Hz, H-3), 6.26 (1H, s, H-6), 3.37 (1H, m, H-11a), 3.05
(1H, dd, J=7.1, 14.1 Hz, H-11b), 5.10 (1H, br t, J=7.1
Hz, H-12), 1.56 (3H, s, 14-CH,;), 1.57 (3H, s, 15-CH;),
742 (2H, d, J=8.7 Hz, H-2, 6"), 7.05 (2H, d, J= 8.7 Hz,
H-3, 5), 491 (1H, d, J=6.9 Hz, H-1”), 4.89 (1H, d, J=
7.2 Hz, H-17), 12.06 (1H, s, 5-OH). *C-NMR (75.5 MHz,
DMSO-ds) 8: 78.3 (C-2), 424 (C-3), 197.6 (C-4), 161.4
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(C-5), 95.4 (C-6), 163.3 (C-7), 109.1 (C-8), 157.6 (C-9),
103.3 (C-10), 21.7 (C-11), 122.7 (C-12), 130.5 (C-13),
25.7 (C-14), 17.9 (C-15), 132.2 (C-1), 128.0 (C2, &),
116.3 (C-3, 5), 159.0 (C4), 100.4 (C-1"/1"") 73.4/73.5
(C-27/2), 76.8 (C-37/3"), 69.8/69.9 (C-4”/4), T7.2iT7.4
(C-57/5), 60.9 (C-6/6"").

Limonin (9) amorphous powder, mp 299-300 °C. IR
vKe' 3429, 2968, 1757, 1385 cm™. "H-NMR (300 MHz,
CDCl;) 6: 7.42 (1H, dd, J= 0.6, 1.5 Hz, H-21), 7.40 (1H, t,
J=1.8Hz, H-23), 6.34 (1H, ddd, J=0.6, 0.9, 1.5 Hz, H-
22), 547 (1H, s, H-17), 4.77 (1H, d, J=13.2 Hz, H-19p),
4.46 (1H, d, J=13.2, H-190), 4.04 (1H, s, H-15), 4.04
(1H, s, H-1), 2.98 (1H, dd, J= 3.9, 16.8 Hz, H-2f), 2.86
(1H, dd, J=14.7, 15.9 Hz, H-6B), 2.68 (1H, dd, J=1.8,
16.8 Hz, H-201), 2.56 (1H, dd, J= 2.5, 12.0 Hz, H-9), 2.47
(1H, dd, J=3.3, 144 Hz, H-6a), 2.22 (1H, dd, J=3.3,
15.9 Hz, H-5), 1.90 (1H, m, H-11B), 1.83 (1H, m, H-11a),
1.78 (1H, m, H-12B), 1.51 (1H, m, H-12¢), 1.30 (3H, s , H-
28), 1.18 (3H, s, H-29), 1.17 (3H, s, H-18), 1.07 (3H, s, H-
30).

Simplexoside (10) amorphous powder, mp 298-300
°C. [0J&-9° (c 0.1, MeOH). IR v&Z: 3360, 2932, 1595, 1344
cm™. EI-MS (rel. int., %) m/z 356 [M-GIc]" (16.5), 203 (6.7),
161 (16.5), 151 (65.3), 149 (86), 135 (38), 131 (39.7), 77
(54.5), 60 (100). 'H-NMR (300 MHz, DMSO-d;) &: 7.03
(1H, d, J=8.4 Hz, H-5), 6.94 (1H, d, J=1.8 Hz, H-2),
6.91 (1H, br s, H-2), 6.85 (3H, m, H-5, 6, 6’), 5.98 (2H, s,
OCH,0), 4.86 (1H, d, J=7.2 Hz, H-1"), 465 (1H, d, J=
3.6 Hz, H-7 or H-7"), 4.64 (1H, d, J= 4.2 Hz, H-7 or H-7"),
412 (2H, dd, J=6.9, 9.0 Hz, H-9/9"), 3.76 (3H, s, OCH,),
3.75 (2H, m, H-9/9"), 3.65 (1H, br dd, J=5.7, 10.5 Hz, H-
6”7a), 3.44 (1H, dd, J=6.0, 11.7 Hz, H-6 b), 3.01 (2H, m, H-
8/8’). *C-NMR (75.5 MHz, DMSO-d;) &: 149.1 (C-4"),
147.6 (C-3), 146.7 (C-4), 146.0 (C-3'), 135.7 (C-1"), 135.3
(C-1), 119.6 (C-6), 118.3 (C-6"), 115.4 (C-5’), 110.7 (C-2),
108.1 (C-5), 106.7 (C-2), 101.1 (OCH,0), 1004 (C-1"),
85.0/185.1 (C-7/7"), 77.2 (C-5"), 77.0 (C-3"), 73.4 (C-2),
71.2 (C-9/9), 69.9 (C-4”"), 60.9 (C-6"), 55.9 (OCH,), 53.8/
53.9 (C-8/8").

Vitexin (11) yellowish powder, mp 259-260 °C. [a]3’-
9.1° (c 0.1, pyridine). IR viBr 3387, 2920, 1655, 1570,
1508, 1363, 1092 cm™. UV, Apax (MeOH) 270 nm (log ¢
4.29), 334 (4.33). "H-NMR (300 MHz, DMSO-d;) &: 13.16
(1H, s, OH-5), 8.02 (2H, d, J= 8.4 Hz, H-2', &), 6.88 (2H,
d, J=8.7Hz, H-3, 5, 6.77 (1H, s, H-3), 6.26 (1H, s, H-
6), 4.66 (1H, d, J=9.9 Hz, H-1"). ®C-NMR (75.5 MHz,
DMSO-ds) 5: 182.3 (C-4), 164.1 (C-2), 162.8 (C-7), 161.4
(C-4'), 160.6 (C-5), 156.2 (C-9), 129.1 (C-2,, 6'), 121.8 (C-
1), 116.0 (C-3, '), 104.8 (C-8), 104.2 (C-10), 102.6 (C-
3), 98.3 (C-6), 82.0 (C-5”), 78.8 (C-3"), 73.6 (C-17), 71.0
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(C-2") 70.7 (C4”), 61.5 (C-6").

Hespe-idin (12) amorphous powder, mp 269-270 °C.
[0)3-20.1° (c 0.1, pyridine). IR via, 3474, 2918, 1649,
1609, 1096, 1069 cm™. UV, Ayax (MeOH) 282 nm (log ¢
3.85), 324 (3.03); Amax (MeONa) 283 (3.91), 337 (3.06);
Amax (1A0AC) 283 (4.27), 334 (3.55); Amax (NaOAc+H;BO;)
283 («-.23), 332 (3.56); Amax (AICI5) 307 (4.05), 386 (3.42);
Amax AICL+HCI) 306 (4.02), 387 (3.42). '"H-NMR (300
MHz, DMSO-ds) &: 12.02 (1H, s, OH-5), 9.10 (1H, br s,
OH-3), 6.94 (1H, d, /=84 Hz, H-5),6.92 (1H, d, /=24
Hz, H-2", 6.87 (1H, dd, J = 1.5, 8.4 Hz, H-6"), 6.13 (1H, s,
H-8), 5.11 (1H, s, H-6), 5.50 (1H, dd, J=3.2, 12.0 Hz, H-
2). BC-NMR (75.5 MHz, DMSO-d;) &: 197.2 (C-4), 165.3
(C-7), 1€3.3 (C-5), 162.7 (C-9), 148.2 (C-3), 146.7 (C4),
131.1 (C-1"), 118.2 (C-6'), 114.4 (C-2'), 112.2 (C-5'), 103.5
(C-10), - 00.8 (C-1"}, 99.7 (C-1"), 96.6 (C-6), 95.8 (C-8),
78.6 1C-2), 76.5 (C-3"), 75.7 (C-5"), 73.2 (C-27), 72.3 (C-
4, 0.3 (C-4"), 70.5 (C-27), 69.8 (C-3™), 68.5 (C-57),
66.3 (C-~3"), 55.9 (OCH,), 42.3 (C-3), 18.1 (C-6™).

Urz cil (13) pale yellowish powder, mp 330-332 °C. El-
MS (rel. int., %) m/z 112 [M]* (69.4), 84 (4.1), 69 (100), 57
(18.5. "H-NMR (300 MHz, DMSO-d¢) & 11.0 (1H, s, 3-
NH), 10.8 (1H, s, 1-NH), 7.36 (1H, d, J=7.8 Hz, H-6),
5.43 1k, d, J = 7.5 Hz, H-5). ®*C-NMR (75.5 MHz, DMSO-
dg) 8: 164.5 (C-4), 151.7 (C-2), 142.3 (C-6), 100.4 (C-5).

myo-nositol (14) amorphous, mp 210-211 °C. IR vig,
3436 1337, 1053 cm™. *C-NMR (75.5 MHz, DMSO-d;)
8: 754 (C-5), 73.0 (C-1, 3), 72.9 (C-2), 72.2 (C4, 6).

Hy irolysis of 10 with B-glucosidase : Enzymatic
hydrclysis of 10 with B-glucosidase afforded D-glucose
and in aglucon. 'H-NMR (300 MHz, DMSO-d;) &: 8.49
(1H, 5, OH-4"), 6.91~6.69 (6H, m, H-2, 2, 5, %', 6, 6"), 5.98
(2H, 5, OCH,0), 4.65 (1H, d, J=4.5Hz, H-7 or 7’), 4.57
(1H, d, J=4.2Hz, H-7 or 7), 410 (2H, dd, J=6.3, 9.0
Hz, H-9'9), 3.74 (3H, s, OCH,), 3.72 (2H, dd, J= 3.6, 9.0
Hz, 1H-€/9), 3.00 (2H, m, H-8, 8). *C-NMR (75.5 MHz,
DMSO-4) &: 147.8 (C-3), 147.6 (C-3'), 146.7 (C-4), 146.6
(C4’), 135.7 (C-1), 131.9 (C-1’), 119.6 (C-6), 118.9 (C-6'),
115.¢. (C-57), 110.7 (C-2’), 108.2 (C-5), 106.8 (C-2), 101.1
(OCH,0)), 85.1 (C-7), 85.0 (C-7’), 71.2 (C-9/9), 55.9
(OCH;) 53.8, 53.9 (C-8/8").

Biol»g cal activities

COX-2 inhibition test : The COX-2 inhibition activity
was measured using aspirin-treated mouse bone marrow
derived from mast cells (BMMC). In brief, BMMC from
male BALB/cJ mice were cultured for up to 5 weeks in
50% enriched medium (RPMI 1640 containing antibio-
tics, 2 mM L-glutamine, 0.1 mM nonessential amino acids
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and 10% fetal bovine serum) and 50% WEHI-3 cell condi-
tioned medium as a source of interleukin-3. After 3 weeks,
BMMC were suspended in enriched medium and prein-
cubated with 10 pg/ml aspirin for 2 h in order to inactivate
preexisting COX-1. The cells were activated with c-kit
ligand (100 ng/ml), IL-10 (100 U/ml) and lipopolysaccha-
ride (100 ug/ml) in the presence/absence of plant extract
or the isolated compounds previously dissolved in dime-
thylsulfoxide (DMSO). All reactions were stopped by cen-
trifugation at 120 g at 4 °C for 5 min. The supernatant and
cell pellet were immediately frozen in liquid N, and stored
at -80 °C for further analysis. Concentrations of prostag-
landin D, in the supernatant were measured using a
PGD, assay kit (Amersham, Buckinghamshire, U.K.). Data
were the arithmetic mean of triplicate determinations
(Moon et al., 1999; Kang et al., 2001).

In vitro anticancer activity test : Anticancer assay
was performed using five different human tumor cell lines,
A-549 (human lung), SK-OV-3 (human ovarian), SK-MEL.-
2 (human melanoma), HCT-15 (human colon), XF-498
(human CNS) which were purchased from the National
Cancer Institute (NCI) in U.S.A.

The cells were grown at 37 °C in RPMI 1640 medium
supplemented with 10% FBS and separated using PBS
containing 0.25% trypsin and 3 mM EDTA. 5x10°~2x10*
cells were added to each well of 96 well plates and
incubated at 37 °C for 24 h. Each compound was dissolv-
ed in DMSO and diluted with the above mentioned medium
at five different concentrations with the range of 0.1~30
pug/ml (the DMSO concentration was set to be below 0.5
%) and filtrated using 0.22 mg filter. After removing the
well medium by aspiration, a 200 mi portion of the solution
was added to above well plates which were placed in 5%
CO; incubator for 48 h. The protein stain assay was per-
formed according to SRB method.

RESULT AND DISCUSSION

Previous phytochemical investigations on this plant have
resulted in the isolation of bergapten (Chung, 1970; Ju et
al., 2000), alkaloids (Chung, 1970; Mitsunaga et al., 1991),
triglycerides (Chung and Ko, 1977), and limonin (Ju et al.,
2000; Mitsunaga et al., 1991). More recently study of this
species has resulted in the isolation of squalene and 2-
oxotridecanyl acetate (Ju et al., 2000). However, the con-
stituents responsible for biological activities have not been
clarified. Cyclooxygenase is an important enzyme which
catalyzes the formation of mediators involved in the in-
flammatory process. Both the n-hexane and the dichloro-
methane extract of the fruits and the EtOAc extract of the
leaves of E. daniellii showed inhibitory activity on COX-2
as shown in Table |. Repeated chromatography of the active
fractions resuited in the isolation of fourteen compounds.
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Three coumarins bergapten (1), xanthotoxin (2), and iso-
pimpinellin (3) (Elgamal et al., 1979; Razdan et al., 1987;
Macias ef al., 1990), and a limonoid isolimonexic acid (6)
(Lee et al., 1999; Ng et al., 1987) from hexans and di-
chloromethane extract of the fruits were isolated and
determined by means of spectroscopic methods and
confirmed by direct comparison with reported data. On the
other hand, three flavonoids evodioside B (8) (Arisawa et
al., 1993), vitexin (11), and hesperidin (12) (Kang and Son,
2000) from the EtOAc extract of leaves were isolated. The
COX-2 inhibitory activity of the isolated compounds was
determined. Among the compounds isolated from the
active fractions, only bergapten (1) showed COX-2 in-
hibitory activity with an ICs, value of 6.2 ng/ml as indicated

Table 1. Inhibition (%) of PGD, generation by extracts and fractions
from E. daniellii

Parts Extract/fractions PGD; generation (12.5 pgiml)
Leaf MeOH 37.8
n-hexane 148
dichloromethane 36.3
EtOAc 40.8
n-BuOH 488
Fruit MeOH 314
n-hexane 64.5
dichloromethane 524
EtOAc 331
n-BuOH 25.3
R2 )
>
. 43 \2
07 780”0
R4
»%: H
1. Bergapten Rs=H Ry=0OCHj3 28

2. Xanthotoxin  R4=OCHj; Ry=H
3. Isopimpinellin R{=R;=0OCHj

6. Isolimonexic acid

OCH3

_OCH;

-0

9. Limonin

10. Simplexoside

R,0

S. W. Yoo et al.

in Fig. 1. Other coumarins (2, 3), daucosterol (5), isolimo-
nexic acid (6), and flavonoids (8, 11, and 12) possessed
no inhibitory effect on COX-2. Very recently, Liu ef al.
(1998) reported that bergapten (1) exhibited no inhibitory
activities on COX-1 and 5-LO. In this study, we have also
isolated and identified additional known components

~
o

Inhibition (%)
= N W B O (2]
o O O o © o
T T T T T T

Q 5 10 15

o

Bergapten (ppm)
Fig . 1. Cyclooxygenase-2 inhibitory activity of bergapten (1)

Table Il. Cytotoxicity of flavonoids isolated from E. danieflii

EDso (ug/mi)*
Compounds
A549  SKOV-3 SKMEL-2 XF-498 HCT-15
Doxorubicin 0.08 0.35 0.02 0.31 0.07
Vitexin (11) >30 >30 >30 >30 >30

Hesperidin (12) >30 >30 >30 >30 >30
Flavaprin (7) >30 21.04 2915 >30 >30
Evodioside B (8)  >30 >30 >30 >30 >30

*Results are mean of triplicate.

HOOH

7. Flavaprin R{=Glc R,=H

8. Evodicside B R1=R,=Glc 11. Vitexin

H
Os_N_O
N
HN. -~

13. Uracil

™
Oy OH

4
; i HO 2
OH O 5OH

12. Hesperidin R{=Glc®— Rha

14. myo-Inositol



ConstitLen's of the Fruits and Leaves of Euodia daniellii

limonir (9), simplexoside (10} (Ghosal et al., 1980), vitexin
(11), u-acil (13) (Pretsch et al, 2000; Schneider et al.,
1992) anci myo-inosito! (14) (Breitmaier and Voelter, 1987)
in leav:s and B-sitosterol (4) and daucosterol (5), flavaprin
(7) (Mi-hcmn et al., 1974), and evodioside B (8) in fruits.
We als o iJdentified for the first time many compounds such
as xanthotoxin (2), isopimpinellin (3), isclimonexic acid
(6), fievaorin (7), hesperidin (12) and myo-inositol (14)
which 1ave never been reported in this genus. This is the
first re >ort of the isolation and characterization of simplex-
oside 10), vitexin (11), and uracil (13) from the Rutaceae
family.

Fiavanoid C-glycosides are quite rare in the genus
Rutaccae. To date, only a few species of the Rutaceae
have bieen shown to contain this form of metabolites (Jay,
1994:; Chopin and Dellamonica, 1988; Chopin et al., 1982).
The b osynthesis of linear furocoumarins in Rutaceae is
well dcu mented (Gray and Waterman, 1978). Limonoids
and firocoumarins have been found in other Euodia
specie s. The finding of both limonoids and furocoumarins
in Eusdia danielli characterizes this species as being
chemizaly in accordance with other Euodia genus and
the Rutaceae family.

On the: other hand, flavonoids have been reported to
have :several pharmacological activities, such as antitumor
activites anticarcinogenesis, and DNA-repair deficiencies
(Koncshima and Takasaki, 2000; Middleton Jr. and
Kandisviami, 1994). However, flavonoids isolated from
this rlart exhibited no cytotoxicity against the human
tumer cell lines, A549, SKOV-3, SKMEL-2, XF498, and
HCT15 ais summarized in Table Il
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