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The flavonoid fraction from the butanol extract of a Mediterranean sample of the seagrass
Halophila stipulacea was chemically analyzed. A new malonylated flavone glucoside, gen-
kwanin-40-O-(6“-malonyl-glucopyranoside) (3), was isolated together with known flavone
glucosides 4-9, previously reported only from terrestrial sources. The structure of 3 was
established by means of spectroscopic techniques, mainly NMR methods.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

The ecological importance of the marine flowering plants, the so-called seagrasses, is not only due to their extraordinarily
high rate of primary production, but also to their ability to serve as nurseries, providing a habitat and protection from
predators for many diverse benthic organisms. Consequently, several ecological studies on these species have been exten-
sively carried out to determine the environmental “health” of coastal and estuary ecosystems (Dawes, 1998). Despite this,
analysis and chemical elucidation of the secondary metabolite products from seagrasses has only recently been undertaken,
highlighting antifouling, antibacterial, antiviral, anti-inflammatory and cytotoxic bioactivities (Kong et al., 2008; Kumar et al.,
2008; Rowley et al., 2002; Qi et al., 2008).

Seagrasses belonging to the genus Halophila are widely distributed along the western coasts of the Indian Ocean, Red Sea
and South-eastern Florida coasts. This genus has been the subject of many ecological studies whereas few phytochemical
investigations have been conducted to date. The latter reported the presence of unidentified sulphated phenolic compounds
from nine different species ofHalophila includingHalophila stipulacea (McMillan et al., 1980), unidentified sulphated and non-
sulphated flavones from Halophila ovalis-H. minor complex (McMillan, 1986), flavones and flavone glycosides from Halophila
johnsonii (Meng et al., 2008). Antibacterial activity against a series of microorganisms has been described for methanolic and
ethyl acetate extracts of H. ovalis from the South Indian Sea (Kumar et al., 2008).

H. stipulacea is an Indo-Pacific seagrass introduced through the Suez Canal to theMediterranean Seawhere it was recorded
for the first time in 1895 (Lipkin, 1975). It is one of the nine macrophyte species that are considered as invasive playing
a significant role in the recipient ecosystems, taking the place of keystone species and being economically harmful
ax: þ39 081 8041770.
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(Boudouresque and Verlaque, 2002). In a previous study on a sample of this plant collected in the Gulf of Corinth, Greece, and
analyzed together with the anaspidean mollusc Syphonota geographica feeding on the seagrass, we reported the isolation and
the characterization of an unusual glycoterpenoid, syphonoside 1 (Gavagnin et al., 2007). In a subsequent work, the acetyl
derivative of syphonoside, compound 2, was also isolated from the phanerogam (Carbone et al., 2008). Furthermore, chemo-
ecological implications of the introduction of both exotic species, the mollusc S. geographica and the seagrass H. stipulacea, in
the Mediterranean Sea were discussed by Mollo et al. (2008).
Here, we report the investigation of additional chemical constituents of H. stipulacea with regard to the flavonoid fraction
that led to the characterization of a new malonylated glucopyranosyl flavone (3), isolated along with known flavonoids such
as malonylated glucopyranosylapigenin (4) and five related glucopyranosyl flavones (5-9).

2. Material and methods

2.1. Plant material

H. stipulacea (Forsskål) Aschers. was collected off Porto Germeno coasts (Gulf of Corinth, Greece) at 5–10 m depth by
SCUBA diving during December 2003. The samplewas stored at�20 �C until chemical analysis. A voucher specimen (Halo-71)
has been deposited at the Institute of Biomolecular Chemistry (ICB), National Council of Research, Italy.

2.2. Chemical procedure

The butanolic soluble portion (1.31 g) of the acetone extract was obtained as already described (Gavagnin et al., 2007) from
H. stipulacea frozen sample (103 g dry weight), and analyzed by TLC. Some UV polar components which gave a yellow
coloration by reaction with cerium sulphate were detected at Rf 0.15 and Rf 0.70–0.60 (chloroform/methanol, 7:3) together
with the previously reported syphonoside (1) (Gavagnin et al., 2007) and its acetyl derivative 2 (Carbone et al., 2008).

An aliquot of butanolic extract (380 mg) was subjected to Sephadex LH-20 chromatography eluting with a mixture of
chloroform/methanol in 1:1 ratio. The collected fractions were analyzed by both TLC chromatography and NMR, and then
combined to obtain threemain flavonoid glycoside-containing fractions: A (100mg), B (14.1mg), and C (71.5mg). A portion of
fraction A (33.7mg), whichwas also characterized by the presence of syphonosides 1 and 2, was first submitted to preparative
TLC (silica gel, 0.5 mm plates; chloroform/methanol, 7:3) to obtain a flavonoid glycoside mixture (9.4 mg) corresponding to
the UV components at Rf 0.15 (chloroform/methanol, 7:3). The latter was further purified by RP-HPLC (Synergi-HydroRP C18,
250� 4.6 mm; 40 min gradient from 50% to 100% CH3OH in H2O, flow 1mL/min, UV detector) to give the new genkwanin-40-
O-b-(600-O-malonyl-glucopyranoside) (3, 1.2 mg) and the known apigenin-7-O-b-(600-O-malonyl-glucopyranoside) (4, 4.0 mg).
Purification of fraction B on preparative TLC (silica gel, 0.5 mm plates; chloroform/methanol, 7:3) afforded a mixture (4.1 mg)
of less polar flavonoid glycosides (Rf 0.70, chloroform/methanol, 7:3), which was further purified by RP-HPLC (Phenomenex:
Kromasil 5 m C18, 250 � 10 mm; CH3OH/H2O, 60:40; flow 2 mL/min, UV detector) to obtain the known genkwanin-40-O-b-
glucopyranoside (5, 1.7 mg) and chrysoeriol-7-O-b-glucopyranoside (6, 0.9 mg).

An aliquot of fraction C (19 mg) was subject to a preparative TLC purification (silica gel, 0.5 mm plates; chloroform/
methanol, 7:3) to obtain a mixture of the flavonoid glycosides at Rf 0.65–0.60 (chloroform/methanol, 7:3). The subsequent
purification of this fraction by RP-HPLC (Phenomenex: Kromasil 5 m C18, 250 � 10 mm; CH3OH/H2O, 1:1; flow 2 mL/min, UV
detector) yielded the known apigenin-7-O-b-glucopyranoside (7, 6.9 mg), apigenin-40-O-b-glucopyranoside (8, 2.2 mg), and
chrysoeriol-40-O-b-glucopyranoside (9, 1.8 mg).
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3. Results and discussion

3.1. Flavonoid characterization

The flavonoid components of the butanol extract of the seagrass H. stipulacea were purified as described in Material and
Methods to obtain seven pure glucosyl flavones (3-9). In particular, two malonyl derivatives, genkwanin-40-O-b-(600-O-
malonyl)-glucopyranoside (3) (1% of the butanol extract) and apigenin-7-O-b-(600-O-malonyl)-glucopyranoside) (4) (Takeda
et al., 1993; �Svehlíková et al., 2004) (3%), were isolated from the polar fraction of the flavone mixture whereas five non-
esterified glucosyl flavones, genkwanin-40-O-b-glucopyranoside (5, 0.4% of the butanol extract) (Veit et al., 1990), chrysoeriol-
7-O-b-glucopyranoside (6, 0.2%) (Harput et al., 2006), apigenin-7-O-b-glucopyranoside (Takeda et al., 1993) (7, 7%), apigenin-
40-O-b-glucopyranoside (Nawar et al., 1994) (8, 2%), and chrysoeriol-40-O-b-glucopyranoside (9, 2%) (Fukunaga et al., 1989)
were isolated from the less polar portion of the extract. Malonyl derivatives 3 and 4 were unstable and a rapid degradation
was observed to occur under the purification conditions used. This made the isolation of the pure compounds quite difficult.
However, we were able to obtain pure 3 in an amount sufficient for a full spectroscopic analysis.

The main flavonoid metabolites of H. stipulacea were apigenin-7-O-b-glucopyranoside (7), a very common terrestrial
flavonoid, and the corresponding malonyl ester 4, previously described only from the blue flowers of lupin (Takeda et al.,
1993) and from chamomile (�Svehlíková et al., 2004). The minor co-occurring malonyl derivative of genkwanin-40-O-gluco-
side (3) was an unprecedented compound. The known molecules 4-9were identified by comparing NMR and mass data with
those reported in the literature whereas the structure of 3 was defined as follows.

Genkwanin-40-O-b-(600-O-malonyl)-glucopyranoside (3): C25H24O13, obtained as a yellow amorphous powder; UV
(CH3OH) lmax (log e): 206 (4.32), 269 (4.66) nm; MALDI/MS,m/z 533 [M þ H]þ, 447 [M � 86 (malonyl) þ H]þ; HR-MALDI/MS
m/z 533.1269 (533.1295 calculated for C25H24O13 þ H). The molecular formula of 3 was consistent with both the MS and 13C
NMR data. Analysis of the 13C NMR and DEPT spectra immediately indicated that compound 3 had the same flavonoid nature
as the co-occurring genkwanin-40-O-b-glucopyranoside (5) (Veit et al., 1990). In fact, analogously with 5, the aglycone moiety
was identified as genkwanin as well as the sugar residue was determined to be glucose (see Table 1).

The additional mass fragment C3H3O3 required by the molecular formula of 3was attributed to an acyl residue attached to
an hydroxyl group of the molecule. Comparison of the 1H NMR spectrum of 3 recorded in DMSO-d6 with 5 (Veit et al., 1990)
clearly revealed that in 3 the hydroxyl esterified was at C-6 position of the glucose unit. In fact, H2-600 protons resonated at dH
4.08 and 4.25, which were downfield shifted with respect to the corresponding proton values (dH 3.11–3.79) observed for the
non-esterified compound (Veit et al., 1990). According to the expected acylation chemical shift difference, C-600 resonated at dC
64.5 in 3, compared with dC 60.7 in 5 (Veit et al., 1990). Finally, the acyl residue was identified as a malonyl unit by the
diagnostic signals observed in the 1H and 13C NMR spectra of 3 (in DMSO-d6) [dC 169.5 (C-3000), 168.2 (C-100), 45.7 (C-2000); dH
2.94 (2H, s, H2-2000)] (Table 1).

A detailed analysis of 2D-NMR experiments (1H-1H COSY, HSQC and HMBC) carried out in CD3OD and DMSO-d6 (Table 1)
allowed the full assignment of proton and carbon values of 3 and also confirmed the proposed structure including the sites of
malonylation and glucosylation at C-600 and C-40, respectively. Accordingly, diagnostic long-range correlations were observed
in the HMBC spectrum of 3 (in CD3OD) between C-40 and H-1a00 as well as between C-1000 and H-10 (Table 1).

The stability of compound 3 was very low. In fact it was observed that 3 underwent a rapid deacylation reaction during
work-up to give the corresponding non-esterified genkwanin-40-O-b-glucopyranoside (5). An analogous chemical behaviour



Table 1
NMR data of genkwanin-4’-O-b-(6“-O-malonyl-glucopyranoside) (3)

C DMSO-d6 CD3OD

d 13Ca mb d 1Hc m J (Hz) HMBCd d 13Ca mb 1Hc m J (Hz) HMBCd

2 163.4 s – 165.6 s –

3 104.1 d 6.96 s C-2, C-4 105.2 d 6.75 s C-l0 , C-2, C-4
4 182.8 s – 184.6 s –

5 160.3 s – 164.2 s –

6 98.0 d 6.40 d (2.4) C-5, C-7 98.9 d 6.39 d (2.4) C-5, C-7, C-8, C-10
7 165.2 s – 167.4 s –

8 92.8 d 6.80 d (2.1) C-9, C-10 93.6 d 6.71 d (2.1) C-6, C-9
9 157.3 s – 159.3 s –

10 104.7 s – 106.6 s –

1’ 123.8 s – 126.1 s –

2’,6’ 128.2 d 8.05 d (8.9) C-2 129.6 d 8.05 d (8.9) C-2, C-4’
3’,5’ 116.5 d 7.15 d (8.9) C-l’ 118.2 d 7.26 d (8.9) C-4’, C-20 , C-6’
4’ 160.3 s – s 161.8 s –

1” 99.8 d 5.05 d (6.1) C-4’ 101.5 d 5.05 d (7.2) C-4’
2“ 73.6 d 3.28 m 74.7 d 3.54 m
3” 75.9 d 3.30 m 77.8 d 3.52 m
4“ 69.6 d 3.20 m 715 d 3.43 m
5” 73.8 d 3.64 m 75.7 d 3.78 m
6“a 64.5 t 4.08 d (11.8) 64.7 t 4.33 d (11.8) C-1’”
6“b 4.25 dd (11.8, 6.1) 4.54 dd (11.8, 6.1)
–OCH3 56.0 q 3.82 s 56.4 q 3.95 s C-7
1’” 168.2 s – 170.5 –

2’“ 45.7 t 2.94 s C-l’”, C-3’“ 45.4 t 2.95 s
3’” 169.5 s – nd –

a Bruker 300 MHz
b Multiplicity deduced by DEPT
c Bruker 600 MHz
d Long-range coupling constants optimized for J ¼ 10 and 6 Hz)
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was observed for apigenin-7-O-b-(600-O-malonyl)-glucopyranoside) (4) which degraded under silica–gel chromatographic
conditions to form the corresponding non-esterified derivative 7.

3.2. Previous studies and chemo-ecological significance

Following our previous study on the chemical constituents of the invasive seagrass H. stipulacea (Gavagnin et al., 2007;
Carbone et al., 2008) that resulted in the isolation of the glucoterpenoid macrocycles, syphonoside (1) and its acetyl deriv-
ative 2, we have now investigated the flavonoid content of the plant and identified the components. This study indicated that
the flavonoid profile of H. stipulacea was dominated by apigenin-7-O-b-glucopyranoside (7) co-occurring with other minor
flavone glucosides including two malonyl derivatives, the new compound 3 and apigenin-7-O-b-(600-O-malonyl)-glucopyr-
anoside) (4). It is noteworthy that this is the first finding of malonylated flavone glycosides in the marine environment.
However, to the best of our knowledge, with the exception of a malonyl amide alkaloid that has been recently found in
a marine bacterium associated with a zoanthid (Kita et al., 2007), no other malonyl-containing metabolites have been
reported from marine organisms. On the contrary, malonyl flavone glucosides derivatives have been reported from many
terrestrial sources (Veit et al., 1990; Takeda et al., 1993; �Svehlíková et al., 2004; Montoro et al., 2005; Kim et al., 2009).

The instability of malonylated flavone glycosides that is due to the known reactivity of the malonyl ester linkage in vitro,
has been studied for different acetyl and malonyl derivatives of apigenin glucosides from chamomile by �Svehlíková et al.
(2004). In this paper, it was reported that apigenin-7-O-b-(600-O-malonyl)-glucopyranoside) (4) undergoes rapid decarbox-
ylation at room temperature forming apigenin-7-(600acetyl-glucopyranoside) and, subsequently, under different solvent
conditions, deacetylates completely giving apigenin-7-O-b-glucopyranoside. This was in agreement with the observations in
the present work. The deacylation reaction of compounds 3 and 4 occurring during the work-up suggested that malonylated
flavone glycosides were most likely more abundant in the plant than chemical analysis indicates and, consequently, the
corresponding non-esterified derivatives 5 and 7 should be considered as artefacts.

With the exception of a recent investigation on H. johnsonii resulting in the chemical characterization of all main
components of the flavone profile of this seagrass (Meng et al., 2008), previous studies on different Halophila species
including H. stipulacea only reported qualitative analysis of flavone profiles and indicated the presence of unidentified
flavones and flavone sulphates (McMillan et al., 1980; McMillan, 1986). In particular, these studies revealed a high variability
in the flavone composition for the different Halophila species analyzed with regard to the complexity of the flavone mixture
and to the presence of sulphate derivatives thus preventing reliable interspecific taxonomic relationships in Halophila sea-
grasses based on qualitative evaluation of flavone profiles. It is interesting to note that some polar flavonoids exhibiting
a chromatographic behaviour similar – but not identical – to that of sulphate flavone derivatives found in other seagrasses
were detected in the H. ovalis-H. minor complex (McMillan, 1986). By analogy with H. stipulacea and considering that flavone
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malonylglycosides show chromatographic properties similar to those of sulphate derivatives, malonyl-containing structures
could be tentatively suggested for these flavonoids.

In conclusion, our studies on H. stipulacea revealed the presence of a flavone glycoside pattern less complex and char-
acterized by different aglycone moieties with respect to that reported for H. johnsonii (Meng et al., 2008). The occurrence of
flavone malonylglycosides has not been previously reported in marine phanerogams even though it should be taken into
consideration that flavone acetylglycosides isolated from H. johnsonii (Meng et al., 2008) could be derived from the corre-
sponding malonyl derivatives by decarboxylation. Unfortunately, chemical data on the identity of flavonoid metabolites of
other Halophila species are lacking in the literature. Additional studies in this field should be necessary to get useful infor-
mation for relating flavone chemistry to taxonomy in seagrasses of genus Halophila, and to explore the ecological role of
malonylated flavone glycosides in marine phanerogams.
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