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Abstract—Four new flavonoids, luteolin 6-C-(4”"-methyl-6"-O-trans-caffeoylglucoside), luteolin 6-C-(6"-O-
trans-caffeoylglucoside), luteolin 6-C-(2"-O-trans-caffeoylglucoside), and luteolin 7-O-(6"-p-benzoylglucoside),
together with four known ones 5, 4’-dihydroxy-3,6,7,3-tetramethoxyflavone, luteolin, artemetin and iso-
rhamnetin, were isolated from the root bark of Vitex agnus-castus. The structures were elucidated by spectro-

scopic means. © 1997 Elsevier Science Ltd

INTRODUCTION

Vitex agnus-castus (Verbenaceae), is a shrub which is
widely distributed in the Middle East and southern
Europe. Some iridoids and flavonoids have been iso-
lated from the leaves or fruits [1). During our study
of the cytotoxic principles from this plant, four
new flavonoids, luteolin 6-C-(4"-methyl-6"-O-trans-
caffeoylglucoside) (1), luteolin 6-C-(6"-O-trans-
caffeoylglucoside) (2), luteolin 6-C-(2"-O-trans-
caffeoylglucoside) (3), and luteolin 7-O-(6"-p-ben-
zoylglucoside) (4) together with four known ones, 4',5-
dihydroxy-3,3’,6,7-tetramethoxyflavone (5) [2], luteo-
lin (6) [3], artemetin (7) [3—5] and isorhamnetin (8) [3]
were isolated and applied to cytotoxic bioassay.

RESULT AND DISCUSSION

Luteolin 6-C-(4"-methyl-6"-O-trans-caffeoylgluco-
side) (1) was obtained as a pale yellow powder
with a molecular formula of C;Hx0,s from
[M+H—CH,+Na] " at m/z 634 and [M+H~—~CH,}*
at m/z 611 in the FABMS. The NMR spectra showed
the presence of a flavone skeleton with one methoxyl
(B2 3.35 5, 8c: 49.7 g), one caffeoyl (6 6.26 4 H-8",
7.53 d H-7", 6.88 dd H-6", 6.73 d H-5" and 6.99 4 H-
2"y and one C-glucosyl group (6y: 4.95dJ = 9.9 Hz,
H-1”, 8c: 75.4 d C-17). The flavone skeleton was eluci-
dated as 5,7,3'.4-tetrahydroxyflavone from the UV
spectrum with various shift reagents. The C-glucose
was assigned to C-6 from the cross peak between C5-
OH-5, C10-OH-5, C6-OH-5, C6-H-1", C7-H-1" and
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C5-H-1” in the HMBC spectrum measured in DMSO-
ds. The methoxyl group was assigned to C-4" from
the cross peak between C-4"-OCH; in the HMBC
spectrum of 1. The caffeoyl group was assigned to C-
6" from the cross peak between C-9”-H-6" in the
HMBC spectrum and the frans-geometry was eluci-
dated from the coupling constants between H-7" and
H-8"” (J = 15.9 Hz).

Luteolin 6-C-(6"-O-trans-caffeoylglucoside) (2) was
obtained as a pale yellow powder with a molecular
formula of CyH,0,s from [M+H+Na]™ at m/z 634
and [M+H]" ion at m/z 611 in the FABMS. The 'H
and "*C NMR spectra were quite similar to those of 1
except for the absence of the methoxyl signal.

Luteolin 6-C-(2”-O-trans-caffeoylglucoside) (3) was
obtained as a pale yellow powder with the same molec-
ular formula of C;HyO;s as 2 from the [M + Na]*
ion at m/z 633 in the FABMS. The NMR spectra were
similar to those of 2, but the chemical shifts of C-2”
and C-5" were shifted downfield in comparison with
those of 2, and those of C-1”, C-3", and C-6" were
shifted upfield. Also, the chemical shifts of H-1", H-
2" and H-3" in 3 were shifted downfield in comparison
with those of 2, but those of H-5" and H-6" were
shifted upfield. These results suggested that the
caffeoyl group at C-6" in 2 is at C-2” in 3.

Luteolin 7-O-(6"-p-benzoylglucoside) (4) was
obtained as a pale yellow powder with a molecular
formula of CxH,,0,; from the 591[M +Na]* ion at
m/z 591 in the FAB mass spectrum. The NMR spectra
showed the presence of one p-benzoyl group (oy: 7.84,
d, H-2" and H-6"; 6.65, d, H-3" and -5"), one O-§-
ghucosyl (6y: 5.13, d, J = 7.3 Hz, H-1"; 6c: 101.0, 4,
C-17), and a luteolin skeleton as shown in Tables 1
and 2. The O-glucosyl group was confirmed to be
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Table 1. '"H NMR data of flavonoids from Vitex agnus-castus (400 MH,, 4, CD,;0D)

1 2 3 4

3 6425 6.51 s 6.41s 6.59 s

6 6.54d(2.2)

8 6.39 s* 6.47 s* 6.38 s* 6.72.d(2.2)

2 727 brs 733 brs 7.26 br s 7.35brs

5 6.73 d (8.8) 6.88 d (8.9) 6.83d(7.8) 6.88 d (8.9)

6 7.26 br d (8.8) 7.34 br d (8.9) 7.25 br d(7.8) 7.34 br d (3.9)

OMe 3355

1” 495d(9.9) 4.94 d(9.9) 5.12d(10.0) 5.13d(7.3)

2 4.251(9.0) 4.231(8.9) 5.67 br 3.55

3” 3.56 m 3.53m 377t (9.0) 3.55

4" 3.56 m 3.53m 3.631(9.4) 344 +(9.1)

5" 3.70 m 3.68 m 3.53m 3.90 dt (9.8, 2.2)

6" 4.56 d (10.5) 4.54 d (10.2) 3.95d(10.9) 4.74 dd (12.0, 2.2)
4.40 dd (12.0, 5.4) 4.37dd (12.1, 5.5) 3.82dd(12.1, 5.3) 4.31dd(11.9,7.8)

2" 6.99d (1.7) 7.02d(1.9) 6.90d(1.4) 7.84 d (8.8)

3" 6.65 d (8.8)

5" 6.73 d (8.2) 6.75d (8.2) 6.69 d (8.2) 6.65 d (8.8)

6" 6.88 dd (8.2, 1.7) 6.92 dd (8.2, 2.0) 6.80 dd (8.3, 1.7) 7.84 d (8.8)

7" 7.53d(15.9) 7.56 d (15.9) 7.36 d(15.9)

8" 6.26 d (15.9) 6.28 d (15.9) 6.05d(15.9)

* Signals reduce when immersed in the solvent (CD,0D) for long periods.

connected to C-7 from the UV spectrum with the
absence of a shift of Band 11 in the presence of sodium
acetate. The p-benzoyl group was established to be
connected to C-6" from the chemical shifts of C-6”
(0c: 65.2, 1) and H-6" (0: 4.74, dd; 4.31, dd).
Compounds 5-8 were identified as 4’,5-dihydroxy-
3.3",6,7-tetramethoxy-flavone, luteolin, artemetin and
isorhamnetin, respectively, by comparing their physi-

R,O

1. R;=H, R,=CHj;, Rs=trans caffeoyl
2. R;=R;=H, Ry= trans caffeoyl
3. R;=trans caffeoyl, R,=R;=H

. R =0-Glc(6"-p-hydroxybenzoyl), R;=R4=H, R3=Rs=R¢=0OH
R;=R;=R,=Rs=OCH;, R3=Rs=OH

- Ry=Ry=Rs=R¢=OH, Ry=R,=H

R;=R;=R,;=Rs=R¢=0CH3, R,=OH

. R;=R;=R4=R¢=0H, Rg=OCHj, R=H

cal and spectral data with those reported in literature,
and from chemical evidence [2-5]. The ICs, values (ug
ml™") of 1-7 showing cytotoxic activity against P388
lymphocytic leukemia cells were 7.6 in 1, 14 in 2, 56
in3,70in4,0.1in5,0.31in6and 8.1in 7.

EXPERIMENTAL

General. Mps were uncorr. 'H and “C NMR:
Bruker AM 400 and 500 MHz at 303K. NOESY
experiments were made with mixing time of 0.6 sec
and precessed on a Bruker data station with an Aspect
3000 computer. Silica gel CC was carried out on
Merck Kieselgel 60 (70-230 mesh) at amounts equi-
valent to 100 x the sample amount. MPLC was per-
formed with a column (22 mm i.d. x 300 mm) packed
with 40 pm silica gel or 20 um ODS. HPLC was

“} : HMBC correlations of compound 1 measured in DMSO
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Table 2. “C NMR data of flavonoids from Vitex agnus-
castus (100 MHz, 6, CD,0D)

1 2 3 4
2 166.1s 16635  1662s 166.9 s
3 10384 10404  1039d 103.2d
4 18395  1840s 18385 184.1 5
5 16215 1622s  161.4st 1589 s
6 10885  1089s  107.9s 101.2d
7 16535  1649s 16485 164.6 5
8 95.54t 9534t 953 dt 96.1d
9 15875  1588s 15885 163.1 s

10 105.1s  1053s 10505 107.1 s
v 12345 12365  1235s 12205
4 114.1d 11424 11424 [14.4d
3 147.05* 14705 1469 5* 147.1s
4 151.1s 15105 15105 15135
5 11684 11684  1168d 116.8
6 1204d  1204d  1204d 120.6 d

OMe 497 ¢
K 75.4d 75.5d 73.3d 101.0d
2 72.5d 726d 73.9d 7464
3" 799d 80.0 4 78.0d 778d
4 71.9d 71.9d 71.84d 224
5" 79.9d 80.0 4 82.8 d 75.7d
6 65.11 65.0 ¢ 62.8 1 6521
1 12775 1278s  1277s 12355
2" 11514 11524 115.1d 132.9d
3" 1467 s* 14685  146.7 s* 1162 d
4" 14965 14965 14955 163.6 5
5" 165d 11654  1165d 1162 d
6" 123.1d  123.1d 12294 1329 d
7 14724 14724 147.0d 168.1 s
8" 11494 11504 11494
9" 1693s  1693s  1683s

* Signals may be interchangable in each column.
+ Signals reduce when immersed in the solvent (CD;OD)
for long periods.

performed with a Hibar RT RP-18 column (20 mm
i.d. x 250 mm) packed with 7 ym ODS. The NMR
coupling constants (J) are given in Hz.

Plant material. The fruits of Vitex agnus-castus L.
(Verbenaceae) were collected at Israel in 1995. The
plant was identified by Professor Dan Palevitch
(Action Director, The Northern Research Center,
Agricultural Research Organization, Israel). A vou-
cher specimen has been deposited at the Department
of Natural Medicines, Tokyo University of Pharmacy
and Life Science.

Extraction and isolation. The fruits of V. agnus-
castus L. (2 kg) were powdered and extracted x 3 with
MeOH (3 1). The concd extract (207 g) was partitioned
between n-hexane and H,O, between CHCl; and H,O,
as well as n-BuOH and H,O, successively. The n-
BuOH soluble fr. (47 g) was subjected to HP-20 CC
using H,0, 40% MeOH, 60% MeOH, 80% MeOH
and MeOH as eluting solvent systems to give five frs
(Fr. A-E). Fr. D (169 g) was further chro-
matographed on a Sephadex LH-20 column, and then

a silica gel column eluted with CHCL,-MeOH (1:1)
and CHCL,-MeOH-H,O (8.9:1:0.1-6.7:3:0.3) suc-
cessively and finally purified by means of ODS MPLC
and HPLC with MeOH-H,0 or CH;CN-H,0O as elu-
ants to give 1 (46 mg), 2 (13 mg), 3 (32 mg), 4 (2.5
mg), 6 (11 mg), and 8 (1.7 mg). Also, the n-hexane
extract (55 g) was subjected to silica gel CC and eluted
with n-hexane-EtOAc (10:0-0:10), followed with
EtOAc-MeOH (1:1). The EtOAc-MeOH (1:1) eluate
was further isolated with ODS MPLC and finally pur-
ified with ODS HPLC using 80% MeOH to give §
(2.4 mg) and 7 (25 mg).

Luteolin  6-C-(4"-methyl-6"-O-trans-caffeoylgluco-
side) (1). Yellow powder, mp 224-226° (from MeOH),
[2]p —44.1° (MeOH; ¢ 0.29), UV AYe"nm: 245, 272
(sh), 295 (sh), 336; NaOMe: 269, 389; AICl,: 273, 302
(sh), 371 (sh), 425; AICL,-HCl: 281, 297 (sh), 340, 386
(sh); NaOAc: 274, 289 (sh), 332; NaOAc-H;BO;: 260,
305 (sh), 358; FABMS m/z: 634 [M+H-CH,+Na]",
611 [M+H-CH,)", 575, 517, 445, 391, 329, 163, 135
[100]; 'H and '*C NMR spectra are listed in Tables 1
and 2.

Luteolin  6-C-(6"-O-trans-caffeoylglucoside) ().
Yellow powder, mp 224-226° (from MeOH), [«]p
—51.0° (MeOH;: ¢ 0.49), UV AMOHpm: 245, 272 (sh),
295 (sh), 336; NaOMe: 267, 389; AICly: 273, 302 (sh)
370 (sh), 424; AICI,-HCI: 281, 298 (sh), 339, 386 (sh);
NaOAc: 274, 333; NaOAc-H;BOs: 261, 297 (sh), 357;
FABMS m/z: 634 [M+H+Na]™, 611 [M+H]*, 521,
443, 391, 329, 299, 177, 149 [100]; 'H and *C NMR
spectra are listed in Tables 1 and 2.

Luteolin  6-C-(2"-O-trans-caffeoylglucoside)  (3).
Yellow powder, mp 213-215° (from MeOH), [o]p
—239.3° (MeOH; ¢ 0.57), UV A¥eCHnm: 246, 272 (sh),
295 (sh), 335; NaOMe: 235 (sh), 278, 337 (sh), 389,
AlCl;: 273, 304 (sh), 380, 420; AICI,-HCI: 261 (sh),
278, 298 (sh), 342, 386 (sh); NaOAc: 279, 330;
NaOAc-H;BO;: 260, 305 (sh), 357; FABMS m/z: 633
[M +Na]*, 353, 329, 193, 163 [100], 135; 'H and "*C
NMR spectra are listed in Tables 1 and 2.

Luteolin 7-O-(6"-p-benzoylglucoside) (4). Yellow
powder, mp > 300° (from MeOH), [«], —78.6°
(MeOH; ¢ 0.028), UV A¥PPnm: 255, 349; NaOMe:
269 (sh), 296, 402; AICl;: 268, 295 (sh), 335 (sh), 427,
AICLL-HCI: 260, 294 (sh), 355 (sh), 386; NaOAc: 258,
365; NaOAc-H;BO;: 258, 373; FABMS m/z: 591
[M + Na]*, 531, 429, 385, 287, 147 [100]; 'H and "°C
NMR spectra are listed in Tables 1 and 2.

Bioassay of cytotoxic activity against P388 cells.
MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetra-
zolium bromide) colorimetric assay was performed in
a 96-well plate [6]. The assay is based on the reduction
of MTT by the mitochondrial dehydrogenase of viable
cells to give a blue formazan product which can be
measured spectrophotometrically. Mouse P388 leu-
kemia cells (2 x 10* cell m1™") were inoculated in each
well 100 ul mi~' of RPMI-1640 medium (Nissui
Pharm. Co., Ltd) supplemented with 5% fetal calf
serum. (Mitsubishi Chemical Industry Co., Ltd) and
kanamycin (100 ug ml~') at 37° in a humidified atmo-
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sphere of 5% CO,. Various drug concs (10 ul) were
added to the cultures at day 1 after transplantation.
Atday 3, 20 pl of the MTT soln (5 mg ml™") per well
was added to each cultured medium. After a further
4 hr of incubation 100 ul of 10% sodium dodecyl
sulphate-0.01 N HCI soln was added to each well and
the formazan crystals in each well were dissolved by
stirring with a pipette. The optical density measure-
ments were made using a microplate reader (Tohso
MPR-A4i) at two wavelengths (550 and 700 nm). In
all these experiments 3 replicate wells were used to
determine each data point.
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