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Abstract
A phytochemical investigation of the leaves of Vitex quinata (Lour.) F.N. Williams
(Verbenaceae), guided by the MCF-7 human breast cancer cell line, led to the isolation of a new δ-
truxinate derivative (1) and a new phytonoic acid derivative (2), together with 12 known
compounds. The structures of the new compounds were determined by spectroscopic methods as
dimethyl 3,4,3′,4′-tetrahydroxy-δ-truxinate (1) and methyl 10R-methoxy-12-oxo-9(13),16E-
phytodienoate (2), respectively. In a cytotoxicity assay, (S)-5-hydroxy-7,4′-dimethoxyflavanone
(3) was found to be the sole active principle, with ED50 values of 1.1-6.7 μM, respectively, when
tested against a panel of three human cancer cells. Methyl 3,4,5-O-tricaffeoyl quinate (4) showed
activity in an enzyme-based ELISA NF-κB p65 assay, with an ED50 value of 10.3 μM.
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1. Introduction
Vitex is one of the largest genera in the family Verbenaceae, with about 250 species
distributed mainly in tropical regions of the world (Chen and Gilbert, 1994). Some species
of this genus have been used in folk medicine to treat various diseases. Vitex agnus-castus,
commonly known as “vitex”, “chaste tree”, “chasteberry”, or “monk's pepper”, is used
currently as a botanical dietary supplement in the U.S., and has purported actions in the
alleviation of premenstrual symtoms (Low Dog, 2009). Phytochemical investigations on
about 30 species from the genus Vitex have revealed that the major secondary metabolites of
these plants are diterpenoids, ecdysteroids, flavonoids and iridoid glycosides. Other
components, such as lignans, phenylpropanoids, sesquiterpenoids, and triterpenoids have
been found in some Vitex plants, but with less frequency. Within this genus, the species V
agnus-castus, V. negundo, V rotundifolia, and V trifolia are the most thoroughly investigated
phytochemically. Reviews on the chemical constituents of Vitex species and their biological
effects have been published in recent years (Ganapaty and Vidyadhar, 2005; Li et al., 2005;
Filho et al, 2008).

Vitex quinata (Lour.) F. N. Williams is a 4-12 m tall evergreen tree found mainly in
temperate and tropical Asia (Chen and Gilbert, 1994). A previous study on Vitex quinata led
to the isolation of five compounds, namely, daucosterol, 3,5-O-dicaffeoyl quinic acid, 20-
hydroxyecdysone 20,22-monoacetonide, β-sitosterol, and vitexin, but with no biological data
reported (Cheng et al, 2007). As part of a collaborative, multi-disciplinary approach toward
the discovery of new naturally occurring anticancer agents (Kinghorn et al., 2009), the
leaves of V quinata collected from West Java, Indonesia, were selected for further study,
when a chloroform extract was found to be active in an initial cytotoxicity screening
procedure using the MCF-7 human breast cancer cell line, with an ED50 value of 3.1 μg/mL.
The chloroform-soluble extract was active also against two other human cancer cell lines:
LNCaP (hormone-dependent prostate) and Lu1 (lung), with ED50 values of 3.1 and 2.5 μg/
mL, respectively. A phytochemical investigation of the chloroform and ethyl acetate-soluble
extracts of the leaves of V quinata led to the isolation of a new δ-truxinate derivative,
dimethyl 3,4,3′,4′-tetrahydroxy-δ-truxinate (1), and a new phytonoic acid derivative, methyl
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10R-methoxy-12-oxo-9(13),16E-phytodienoate (2), together with 12 known compounds.
The known compounds were identified by spectroscopic data comparison with reported
data, as (S)-5-hydroxy-7,4′-dimethoxyflavanone (3) (Kamperdick, 2002), (S)-isosakuranetin
(Wagner et al., 1976), 2′-hydroxy-4,4′,6′-trimethoxychalcone (Aponte et al., 2008), 2′,6′-
dihydroxy-4,4′-dimethoxychalcone (Zhang et al., 2006; Tu et al., 2007), 3,5-dihydroxy-7,4′-
dimethoxyflavonone (Rossi et al., 1997), rhamnocitrin (Zhang et al., 2006; Tu et al., 2007),
(-)-loliolide (Valdes, 1986; Chavez et al., 1997), methyl 3,4-O-dicaffeoylquinate (Ma et al.,
2009), methyl 3,5-O-dicaffeoylquinate (Choi et al., 2004), methyl 4,5-O-dicaffeoyl quinate
(Jiang et al., 2002), methyl 3,4,5-O-tricaffeoyl quinate (4) (Merfort, 1992), and β-sitosterol
(Kovganko et al., 1999).

2. Results and discussion
Compound 1 (3.0 mg) was isolated from the ethyl acetate-soluble extract of Vitex quinata
leaves as a light yellow gum. Its molecular formula, C20H20O8, was determined by the
observation of a sodiated molecular ion peak at m/z 411.1061 (calcd for C20H20O8Na,
411.1057) in the HRESIMS, with a calculated unsaturation number of 11. However, its 13C
NMR spectrum showed only ten resonance signals, which suggested that the molecule is
composed of two identical units. These carbon resonance signals were assignable to two
such units. Each unit was observed to contain an ester functional group [δC 173.6 (C-9 and
9′) and 52.3 (C-10 and 10′)], an aromatic ring with substitution by two hydroxy groups [δC
145.9 (C-3 and 3′), 145.0 (C-4 and 4′), 134.2 (C-4 and 4′), 119.1 (C-6 and 6′), 116.1 (C-5
and 5′), 114.8 (C-2 and 2′)], and two methine carbons [δC 48.5 (C-7 and 7′) and 45.6 (C-8
and 8′)]. It was evident from the unsaturation number that a cyclobutane ring was present
also in the molecule of 1. Further analysis of the 1H NMR spectrum of 1 suggested the
molecule to be a modified lignan with two phenylpropenoid units coupled at the C-7 (C-7′)
and C-8 (C-8′) positions, from the observation of an AA′B′B system of methine signals at δH
3.46 (2H, dd like, H-7 and H-7′) and 3.30 ppm (2H, dd like, H-8 and H-8′). Other resonance
signals observed in the 1H NMR spectrum were assignable to two aromatic rings at δH 6.80
(2H, d, J = 2.1 Hz, H-2 and H-2′), 6.77 (2H, d, J = 8.1 Hz, H-5 and H-5′), and 6.65 (2H, dd,
J = 2.1, 8.1 Hz, H-6 and H-6′), as well as two carboxymethyl groups both resonating at δH
3.68 (6H, s, H-10 and 10′). The shape of the AA′B′B system of methine signals at δH 3.46
and 3.30 ppm implied a chemically equivalent but magnetically non-equivalent environment
for the cyclobutanoid proton set, and the relative configuration of the cyclobutyl ring was
determined to be the same as that of δ-truxinic acid, based on a comparison of the 1H NMR
chemical shifts of compound 1 with reported data of various truxillic and truxinic acid
derivatives (Montaudo and Caccamese, 1973; Ben-Efraim and Green, 1974). This
conclusion was supported by a further comparison of the NMR data of compound 1 with
those of several δ-truxinic acid derivatives reported more recently (Ito et al, 2003; Saito et
al, 2004). The assignments of the 1H and 13C NMR signals of compound 1 were finalized
with DEPT, 1H-1H COSY, HSQC, HMBC, and NOESY experiments. Therefore, the
structure of the new compound 1 was determined as dimethyl 3,3′,4,4′-tetrahydroxy-δ-
truxinate.

Compound 2 (6.0 mg) was obtained from the chloroform partition as a colorless amorphous
powder and exhibited a sodiated molecular ion peak at m/z 375.2136 (calculated for
C20H32O5Na, 375.2142) in the HRESIMS. An unusual double bond carbon signal observed
in the downfield region at δC 174.0 (C-9) of the 13C NMR spectrum, together with signals at
δC 207.0 (C-12), 139.2 (C-13), 78.0 (C-10), and 40.5 (C-11), suggested the presence of a
conjugated cyclopentenone structure, which was supported by comparison with reported
NMR data of a similar ring system (Challener, 1993). The carbonyl carbon signal at δC
174.1 (C-1) and seven methylene signals at δC 34.0 (C-2), 29.7 (C-6), 29.0 (C-4 and 5), 28.1
(C-7), 27.4 (C-8), and 24.9 (C-3), were assignable to a fatty acid chain moiety. Another
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chain containing a terminal methyl (δC 17.6, C-18), a double bond (δC 133.3 and 126.6,
C-16 and C-17), an oxymethine (δC 71.2, C-15), and a methylene (δC 32.1, C-14)
functionality was also inferred from the 13C NMR spectrum. The 1H NMR spectrum of 2
showed signals at δH 4.46 (1H, br d, J = 5.2, Hz, H-10), 2.64 (1H, dd, J = 18.2, 5.8 Hz,
H-11), and 2.32 (1H, dd, J = 18.2, 1.9 Hz, H-11), assignable to the above-mentioned
cyclopentenone ring. Resonance signals belonging to the fatty acid chain moiety were also
observed in the range δH 1.34 to 2.33. The planar structure of another five-membered chain
was determined by analyzing chemical shifts and coupling constants of the remaining
signals in the 1H NMR spectrum of 2. From the terminus of this chain, the connectivity was
established in the following sequence: a methyl group (δH 1.66, 3H, d, J = 6.5 Hz, H-18), a
trans-double bond [δH 5.65 (1H, dqd, J = 15.2, 6.4, 0.4 Hz, H-17) and 5.43 (1H, ddd, J =
15.2, 6.8, 1.5 Hz, H-16)], an oxymethine functionality (δH 4.22, 1H, q like, J = 5.8 Hz,
H-15), and a methylene group (δH 2.44, 2H, d, J = 6.3 Hz, H-14). The linkage of this short
chain to the cyclopentanone ring at C-13 position was established by the correlation of H-15
to C-13 observed in the HMBC spectrum. DEPT and 2D NMR techniques were used to
finalize the planar structure of 2.

The absolute configuration at the C-10 position in compound 2 was assigned according to a
circular dichroism (CD) spectroscopic measurement. Analysis of the conformation of the
unsaturated cyclopentanone ring present in the molecule suggested that a pseudoaxial
orientation of the C-10 methoxy group was favored over a pseudoequatorial orientation,
because of reduced repulsive interactions with the H-11 protons, as depicted in Figure 1 (a
and b) (Bifulco et al., 2007). Further investigation of the doublet 1H NMR resonance signal
of H-10 revealed that this proton only coupled with one of the two H-11 protons, with a
coupling constant of 5.2 Hz. This value corresponds to a 30-40° dihedral angle between
these two coupled protons, and an 80-90° dihedral angle between H-10 and the uncoupled
H-11 proton, consistent with the aforementioned conformational analysis. Therefore,
projection diagrams for the two possible configurations of C-10 could be drawn from the
application of the octant rule, as shown in Figure 1 (c and d). The CD spectrum of
compound 2 (Figure 1, e) exhibited a strong negative Cotton effect around 315 nm, resulting
from the n→π* transition in the cyclopentanone ketone double bond. In the case of
unsaturated cyclopentanones, it has been suggested that an “inverse” octant rule may be
applied to determine absolute configuration (Lavie et al., 1971). Accordingly, the observed
negative n→π* Cotton effect is related to a perturber located in the positive region in the
projection diagram (Figure 1, c). Thus, the absolute configuration of C-10 could be
determined as R, and the structure of the new compound 2 was proposed as methyl 10R-
methoxy-12-oxo-9(13),16E-phytodienoate. The absolute configuration of the C-15 hydroxy
group remains unresolved.

All the isolated compounds isolated from V. quinata were evaluated for their cytotoxicity
against LNCaP hormone-dependent prostate, Lu1 human lung, and MCF-7 human breast
cancer cells. Of these isolates, only (S)-5-hydroxy-7,4′-dimethoxyflavanone (3) was found to
be an active principle, with ED50 values of 6.7, 4.7, and 1.1 μM, respectively, against these
three cell lines.

Compounds 2′-hydroxy-4,4′,6′-trimethoxychalcone, 3,5-dihydroxy-7,4′-
dimethoxyflavonone, rhamnocitrin, (-)-loliolide, methyl 3,4-O-dicaffeoyl quinate, methyl
3,5-O-dicaffeoyl quinate, methyl 4,5-O-dicaffeoyl quinate, methyl 3,4,5-O-tricaffeoyl
quinate (4) were tested in an enzyme-based ELISA NF-κB p65 assay to evaluate their
potential in inhibiting the binding of NF-κB to DNA. Among these compounds, 4 showed
weak activity, with an ED50 value of 10.3 μM.
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3. Experimental
3.1. General experimental procedures

Optical rotations were obtained on a Perkin-Elmer 343 automatic polarimeter. UV spectra
were measured with a Perkin-Elmer Lambda 10 UV/vis spectrometer. CD spectra were run
on a JASCO J-810 spectrometer. IR spectra were run on a Thermo Scientific Nicolet 6700
FT-IR spectrometer. NMR spectroscopic data were recorded at room temperature on a
Bruker Avance DPX-300 or Bruker Avance DRX-400 spectrometer. Column
chromatography was performed with 65-250 or 230-400 mesh silica gel (Sorbent
Technologies, Atlanta, GA). Analytical thin-layer chromatography was conducted on 250
μm thickness Partisil® silica gel 60 F254 glass plates (Whatman, Clifton, NJ). Analytical and
semi-preparative HPLC were carried out on a Waters system composed of a 600 controller,
a 717 plus autosampler, and a 2487 dual wavelength absorbance detector, with Waters
Sunfire analytical (4.6 × 150 mm) and preparative (19 × 150 mm) C18 columns. All
chemicals and reagents were purchased from Sigma-Aldrich (St. Louis, MO).

3.2. Plant material
The leaf sample of V. quinata (Lour.) F. N. Williams was collected from a secondary forest
at Gunung Kancana (Kancana Mountain) in Cianjur, West Java, Indonesia, at geographic
coordinates -8°17′58.62″ S and +116°24′31.32″ E, at an altitude of 750 m, on August 13,
2003, by Soedarsano Riswan and colleagues. The plant is known locally under the common
name of “Kibangbara”. The voucher herbarium specimen (SR-CJR 96) was identified by
one of the authors (Soedarsano Riswan) and has been has been deposited at the John G
Searle Herbarium of the Field Museum of Natural History, Chicago, Illinois, under
accession number #2286401.

3.3. Extraction and isolation of compounds
The dried, powdered leaves of V. quinata (830 g) were extracted with methanol at room
temperature three times for two days each time. The methanol extract (125 g) was suspended
in a mixture of methanol-water (9:1) and then partitioned between hexanes, chloroform, and
ethyl acetate, successively. The chloroform extract (3.2 g) was chromatographed over a
silica gel column (65-250 mesh, 2.2 × 47 cm), eluted with a gradient solvent system of
increasing polarity (chloroform-methanol, 50:1 to 5:1, then pure methanol) to give nine
fractions (D2F1-D2F9).

A white solid precipitate that formed from fraction D2F2 was washed with hexane to give β-
sitosterol. The remainder of fraction D2F2 (100 mg) was subjected to silica gel
chromatography (230-400 mesh, 1 × 40 cm), using chloroform-acetone (10:1) for elution, to
afford 15 subfractions (D3F2F1-D3F2F15). Further purification of subfraction D3F2F11,
using a silica gel column (230-400 mesh, 1 × 30 cm) eluted with hexane-ethyl acetate (3:1),
led to the isolation of the new compound, methyl 10R-methoxy-12-oxo-9(13),16E-
phytodienoate (2, 6 mg). Subfraction D3F2F14 was purified on a silica gel column (230-400
mesh, 1 × 30 cm), using hexane-ethyl acetate (3:1) as eluting solvent, to give 2′-
hydroxy-4,4′,6′-trimethoxychalcone (2 mg).

Fraction D2F3 (180 mg) was subjected to silica gel column chromatography (230-400 mesh,
1 × 40 cm), eluted with a gradient solvent system of increasing polarity (hexanes-acetone,
5:1 to 3:1), to give eight subfractions (D2F3F1-D2F3F8). Purification of subfraction
D2F3F3 (40 mg) using silica gel column chromatography (230-400 mesh, 1 × 20 cm), eluted
with hexane-ethyl acetate (5:1), led to the isolation of (-)-loliolide (15 mg). Subfraction
D2F3F5 (33 mg) was separated using a silica gel column (230-400 mesh, 1 × 35 cm) to give
(S)-5-hydroxy-7,4′-dimethoxyflavanone (3, 3 mg). Subfraction D2F3F8 (20 mg) was
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chromatographed over a silica gel column (230-400 mesh, 1 × 20 cm), using hexane-ethyl
acetate (5:1) as eluting solvent, to afford 2′,6′-dihydroxy-4,4′-dimethoxychalcone (2 mg).

Fraction D2F5 (80 mg) was chromatographed over a Sephadex LH-20 column (4 × 50 cm),
using pure methanol as eluting solvent, to give five subfractions (D2F5F1-D2F5F5).
Sufraction D2F5F4 (36 mg) was separated by preparative thin-layer chromatography
(PTLC), using chloroform-methanol (10:1) as developing solvent, to give 3,5-
dihydroxy-7,4′-dimethoxyflavonone (3 mg, Rf= 0.45).

The ethyl acetate extract (16 g) was fractionated over a silica gel column (63-200 mesh, 8.5
× 19 cm), eluted with a gradient of increasing polarity containing chloroform-methanol
(from 20:1 to 2:1), and was finally washed with pure methanol. Altogether, six pooled
fractions (D3F1-D3F6) were collected. Fraction D3F2 (270 mg) was chromatographed over
a Sephadex LH-20 column (4 × 50 cm), using pure methanol as eluting solvent, to give four
subfractions (D3F2F1-D3F2F4). Subfraction D3F2F2 (40 mg) was subjected to passage
over a silica gel column (230-400 mesh, 1 × 40 cm), eluted with chloroform-methanol
(30:1), to give rhamnocitrin (2 mg).

Fraction D3F3 (1.6 g) was subjected to passage over a Sephadex LH-20 column (4 × 50
cm), eluted with pure methanol, to give six subfractions (D3F3F1-D3F3F6). Subfraction
D3F4F2 (290 mg) was separated using a silica gel column (230-400 mesh, 20 × 1.5 cm) to
afford methyl 3,4-dicaffeoyl quinic acid ester (30 mg) and methyl 4,5-dicaffeoyl quinic acid
ester (4 mg). Subfraction D3F3F3 (80 mg) was further fractionated by silica gel column
chromatography, using chloroform-methanol (15:1), to give a mixture containing dimethyl
3,3′,4,4′-tetrahydroxy-δ-truxinate. The mixture was further purified by semi-preparative
HPLC, using acetonitrile-0.5% formic acid water solution (30:70, 8 mL/min) as eluting
solvent, to give the new compound dimethyl 3,4,3′,4′-tetrahydroxy-δ-truxinate (1, 4 mg, t R
= 11.4 min). Another subfraction, D3F3F5 (230 mg), was subjected to passage over a silica
gel column (1.0 × 40 cm), eluted with chloroform-acetone (8:1), to furnish compound (S)-
isosakuranetin (8 mg).

Fraction D3F4 (2.5 g) was chromatographed over a Sephadex LH-20 column (4 × 50 cm),
eluted with pure methanol, to afford five subfractions (D3F4F1-D3F4F5). Subfraction
D3F4F2 (1 g) was purified over a silica gel column (230-400 mesh, 1.8 × 35 cm), using
chloroform-acetone (6:1) as solvent, to give methyl 3,4,5-O-tricaffeoyl quinate (4, 500 mg).
A mixture obtained from subfraction D3F4F4 was further purified using semi-preparative
HPLC, eluted with methanol-water (45:55, 8 mL/min), to afford methyl 3,5-dicaffeoyl
quinic acid ester (65 mg, tR = 13 min).

3.4. Characterization of dimethyl 3,4,3′,4′-tetrahydroxy-δ-truxinate (1)
Light yellow gum; [α]20

D +5.4 (c 0.1, MeOH); UV (MeOH) λmax (log ε) 215 (4.07), 345
(3.88) nm; IR (film) vmax 3350 (br), 3100, 2956, 1710, 1624, 1514, 1440, 1165, 825
cm-1; 1H NMR (400 MHz, acetone-d6) δH 6.80 (2H, d, J = 2.1 Hz, H-2, -2′), 6.77 (2H, d, J =
8.1 Hz, H-5, -5′), 6.65 (2H, dd, J = 8.1, 2.1 Hz, H-6, -6′), 3.68 (6H, s, H-10, -10′), 3.46 (2H,
dd like, H-7, -7′), 3.30 (2H, dd like, H-8, -8′); 13C NMR (100 MHz, acetone-d6) δC 173.6
(C-9, -9′), 145.9 (C-3, -3′), 145.0 (C-4, -4′), 134.2 (C-4, -4′), 119.1 (C-6, -6′), 116.1 (C5,
-5′), 114.8 (C-2, -2′), 52.3 (C-10, -10′), 48.5 (C-7, -7′), 45.6 (C-8, -8′); HRESIMS m/z
411.1061 [M + Na]+ (calcd for C20H20O8Na, 411.1057).

3.5. Characterization of methyl 10R-methoxy-12-oxo-9(13),16E-phytodienoate (2)
Colorless gum; [α]20

D -19.8 (c 0.1, MeOH); UV (MeOH) λmax (log ε) 208 (3.87), 310 (3.72)
nm; IR (film) vmax 3300, 2944, 2925, 1725, 1672, 1543, 1432, 1375, 1244 cm-1; 1H NMR
(400 MHz, CDCl3) δH 5.65 (1H, dqd, J = 15.2, 6.4, 0.4 Hz, H-17), 5.43 (1H, ddd, J = 15.2,
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6.8, 1.5 Hz, H-16), 4.46 (1H, br d, J = 5.2, Hz, H-10), 4.22 (1H, q like, J = 5.8 Hz, H-15),
3.67 (3H, s, OCH3-1), 3.38 (3H, s, OCH3-10), 2.64 (1H, dd, J = 18.2, 5.8 Hz, H-11), 2.44
(2H, d, J = 6.3 Hz, H-14), 2.42 (2H, m, H-8), 2.32 (1H, dd, J = 18.2, 1.9 Hz, H-11), 2.31
(2H, t, J = 7.5 Hz, H-2), 1.66 (3H, d, J = 6.5 Hz, H-18), 1.63 (2H, m, H-3), 1.60 (1H, m,
H-7), 1.47 (1H, m, H-7), 1.34 (2H, m, H-6), 1.33 (4H, m, H-4 and 5); 13C NMR (100 MHz,
CDCl3) δC 207.0 (C-12), (C-15), 174.3 (C-1), 174.0 (C-9), 139.2 (C-13), 133.3 (C-16),
126.6 (C-17), 78.0 (C-10), 71.2 (C-15), 57.1 (OCH3-1), 51.5 (OCH3-10), 40.5 (C-11), 34.0
(C-2), 32.1 (C-14), 29.7 (C-6), 29.0 (C-4 and 5), 28.1 (C-7), 27.4 (C-8), 24.9 (C-3), 17.6
(C-18); HRESIMS m/z 375.2136 [M + Na]+ (calcd for C20H32O5Na, 375.2142).

3.6 Cytotoxicity Assay
Cytotoxicity assays on extracts, chromatographic fractions, and isolated compounds from V.
quinata were tested against three different human cancer cell lines, including MCF-7,
HT-29, and Lu1, using an established protocol (Seo et al., 2001).

3.7. Enzyme-based ELISA NF-κB Assay
An established protocol was used to carry out the enzyme-based NF-κB assay (Renard et al,
2001; Salim et al., 2007). A nuclear extract was prepared from a culture of Hela cell line
obtained from the American Type Culture Collection. An EZ-Detect™ Transcription Factor
Assay System ELISA kit (Pierce Biotechnology, Rockford, IL) was used to evaluate the
specific binding ability of activated NF-κB to the biotinylated-consensus sequence in the
presence of tested isolates. The activity of the p65 subunit of NF-κB was measured by
detecting the chemiluminescent signal in a Fluostar Optima plate reader (BMG Labtech Inc.,
Durham, NC). Rocaglamide was used as a positive control with an ED50 value of 0.075 μM
in this assay.
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Figure 1.
Conformation analysis (a and b), octant rule analysis (c and d), and circular dichroism (CD)
spectrum (e) of methyl 10R-methoxy-12-oxo-9,16E-phytodienoate (2)
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