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The aim of this study was to isolate the active principles of Flourensia oolepis S.FBLAKE
(Asteraceae), which completely inhibited the germination of Raphanus sativus seeds at 10 mg/ml.
Flavanone pinocembrin and sesquiterpene ilicol, were isolated by bioassay-guided fractionation. They
were active both against monocot and dicot seeds. Pinocembrin was the most active compound, with an
ICs(germination) value of 0.24, 3.40, 3.28, and 3.55 mM against Panicum miliaceum, Avena sativa,
Lactuca sativa, and R. sativus, respectively; ilicol, however, exhibited ICsy(germination) values of 0.67,
2.73, 5.25, and 9.66 mM for the same species, respectively. Pinocembrin and ilicol inhibited root growth
and showed ICg(root growth) values 0f 0.199, 14.68, 8.05, 7.69 mM, and 1.22,2.90, 7.35, 8.07 mM, against P.
miliaceum, A. sativa, L. sativa, and R. sativus, respectively. Pinocembrin and ilicol reduced Allium cepa
cell division without chromosome aberrations.

Introduction. — In the last decade, the use of land for organic agricultural purposes
has continuously grown all over the world, reaching 37 million hectares cultivated
under this system at the end of 2010 [1]. Latin America accounts for 6.4% of this land
(8.4 million hectares), and 85% of its organic production is exported to the USA,
Europe, and Japan [1].

In organic agriculture, the problem of weed control is often cited as one of the major
constraints to production, despite the huge research efforts undertaken on weed
management [2]. Weed control within organic agriculture is based primarily on the use
of agricultural techniques and crop rotation [3]. However, a more rational way of
controlling weeds is needed [4], which may result from identifying natural substances
that can control the emergence and growth of weeds [5][6]. The discovery of new
natural herbicides could positively contribute to satisfying the need of natural
pesticides required for the continuous development of organic agriculture.

In a research program aimed at identifying natural herbicides, over 170 different
extracts representing 100 plant species from Central Argentina were evaluated [7][8]
with Flourensia oolepis EtOH extract being the one with the highest phytotoxic activity.
F oolepis (common name: chilca) is a ligneous and very resinous bush widely spread in
the hilly areas of the provinces of Cérdoba and San Luis (Central Argentina).

Following bioguide techniques, herein we report the isolation of two phytotoxic
compounds from F oolepis, together with the evaluation of their potential as natural
herbicides by determining germination, seedling growth, and mitosis inhibition.

1) Member of the National Research Council of Argentina (CONICET).
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Results and Discussion. — 1. Isolation of F. oolepis Active Principle. The EtOH
extract of the aerial parts of F. oolepis inhibited R. sativus and P. miliaceum germination
with GI% values of 99.1 and 100% at 10 mg/ml concentration, respectively. Using this
activity against both R. sativus and P. miliaceum as a guide, bioassay-directed
chromatographic fractionation of the extract yielded two active fractions, which, after
further purifications, led to the isolation of compounds 1 and 2 (Fig. 1) as the most
active principles against both species. The structure of 1, deduced from 'H- and
BC-NMR, and mass spectra, was identified as pinocembrin [9].

.\\‘[ :

Fig. 1. Chemical structures of pinocembrin (1) and ilicol (2)

Pinocembrin (1) is a dihydroxyflavanone previously isolated from different plant
species. It has also been reported as one of the main components of propolis of different
geographical origins [9].

A broad spectrum of antifeedant [9][10], antifungal [11], antiviral [12], antioxidant
[13], anti-inflammatory [14], and vasorelaxant [15] activities, among others, has been
reported for 1. However, there is no report about its phytotoxic effects. To our
knowledge, this article may, for the first time, shed some light on this matter.

In the case of 2, its NMR data were in good agreement with the literature values for
compounds from F oolepis species [16], which allowed us to assign the structure of
ilicol (ilicic alcohol), a sesquiterpene with S-selinene-type structure, to 2.

As far as we know, 2 has been isolated only from F oolepis and Gonospermum
Sruticosum [17], without any information about its biological activity or phytotoxicity.

2. Pre-emergent Activity of Compounds 1, 2, and 2,4-D. The germination inhibition
of 1 and 2 on both two monocot and two dicot species was evaluated at doses ranging
from 0.125 to 20 mm (Fig. 2). ldentical experiments were carried out with the
commercial herbicide 2,4-D as positive control in order to obtain a comparative
evaluation of the phytotoxicity of the isolated compounds. Compound 1 completely
inhibited the germination of P. miliaceum at 1 mw, while 2 and 2,4-D showed, at that
concentration, 81 and 100% germination inhibition, respectively (Fig. 2,a). The other
monocot species, A. sativa, was more sensitive to 2, which showed 77% germination
inhibition at 4 mm, while 1 and 2,4-D caused, at the same concentration, 45 and 35%
inhibition, respectively (Fig. 2,b). Both 1 and 2 were less effective than 2,4-D as
inhibitors of L. sativa germination, with 82 and 72% inhibition at 20 mu, respectively
(Fig. 2,¢). Compound 1 was more effective than 2 at inhibiting the germination of R.
sativus seeds. Both were more effective than 2,4-D at doses below 8 mm (Fig. 2,d).

The ICy, (germination) value of 1 was 2.8, 1.6, and 2.7 times more active than 2 for
P. miliaceum, L. sativa, and R. sativus, respectively. However, ICy(germination) value
of 1 for A. sativa was 1.2 times less active than 2 (Table I).
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Fig. 2. Inhibitory effects of 1, 2, and positive control 2,4-D on seed germination of a) Panicum miliaceum,

b) Avena sativa, ¢) Lactuca sativa, and d) Raphanus sativus, 7 days after seeding on filter paper wetted

with the solutions (water/ketone 3%) of the compounds. Error bars show standard deviation, error cannot
be detected when it is smaller than the symbol.
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Table 1. Germination Inhibitory Activity (I1Cs(germination) [mm]; with 95% confidence intervals) of 1
and 2 against Panicum miliaceum, Avena sativa, Lactuca sativa, and Raphanus sativus

Compound P. miliaceum A. sativa L. sativa R. sativus
1 0.24 (0.21-0.28) 340 (2.15-5.08) 3.28 (1.80-5.60) 3.55 (2.58-5.08)
2 0.67 (0.59-0.80) 2.73 (210-3.57) 525 (2.86-9.66) 9.66 (6.72-13.15)

There are some reports on flavonoids with phytotoxic propertics; e.g., the flavone
formononetin, isolated from Melilotus messanensis, showed 31% germination inhib-
ition against A. cepa, but exhibited no effect against L. sativa, Lycopersicum
esculentum, and Hortodeum vulgare at 10~ mu [18]. Another flavone, cyclosin, was
inactive at 10~! mM against the same species [18]. The flavonol quercetin was inactive
at 10~! mum against L. sativa and A. cepa [19].

Structures related to 2 were less frequently encountered as phytotoxins. Some
sesquiterpenes with phytotoxic activities present chemical structures bearing a,8-
unsaturated lactone moieties [20][21], open structures [22] and aromatic moieties [23].
No phytotoxic activity for sesquiterpenes with S-selinene-type structure was found.
Yor example, parthenin, an a-unsaturated lactone sesquiterpene, completely
inhibited the germination of Ageratum conyzoides at 0.4 mM concentration [21]. In
the same way, amarantholidoside I inhibited the germination of Taraxacum officinale
by 24% at 10~ mum [24]. The well-known artemisinin, a sesquiterpene endoperoxide
lactone isolated from the shoots of Artemisia annua [25], displayed no germination
inhibition of L. sativa at 0.35 mu [26]. The sesquiterpene 2 also showed no effect on L.
sativa, at the same concentration.

It could be seen that the activity of 2 is quite similar to the phytotoxicity exhibited
by the above mentioned sesquiterpenes.

3. Growth-Inhibititory Activity of Compounds 1 and 2. The growth-inhibition effect
was evaluated by determining root length at germination sub-inhibitory concentrations
that allow the growth of some seedlings. Both 1 and 2 inhibited root growth of the four
species, with P. miliaceum being the most affected one ( Table 2). Flavanone 1 was six
times more active than 2 against P. miliacewm, but five times less active against A.
sativa, while the activities of 1 and 2 against the two dicot seeds were similar. The
isolated compounds were highly effective as germination inhibitors but less effective as
root-growth inhibitors.

Table 2. Root-Growth-Inhibitory Activity (ICsx(root growth) [mm]; with 95% confidence intervals) of 1
and 2 against Panicum miliaceum, Avena sativa, Lactuca sativa, and Raphanus sativus

Compound P. miliaceum A. sativa L. sativa R. sativus
1 0.19 (0.16-0.24) 14.68 (8.67-24.76) 8.05 (5.97-10.82) 7.69 (5.86-10.12)
2 1.22 (1.09-1.43) 290 (2.23-3.74) 7.35 (4.24-8.78) 8.07 (4.05-16.09)

The effect of 1 on root growth turned out to be of about the same order of
magnitude as the activity of other flavonoids; e.g., tricin or 5,7-dihydroxy-3',4',5'-
trimethoxyflavone inhibited cress root elongation with ICs, values of 0.37 and 0.17 mw,
respectively [27]. Some sesquiterpenes, such as podolactones isolated from Acrosta-
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lagmus sp. fungus, were reported as strong root-growth inhibitors against L. sativa and
A. cepa, with a ca. 50% inhibition at 102 mwm [28].

4. Post-Emergent Effect of Compounds 1, 2, and Atrazine. After treating the leaves
of 14-day-old seedlings of P. miliaceumn, A. sativa, L. sativa, and R. sativus with 1 and 2
at different concentrations, significant inhibitions of seedling dry weights were
observed for all treatments (Table 3). When seedlings of P. miliaceum were treated
with 1 at 20 mm, 50% growth inhibition was observed. At the same concentration, A.
sativa showed 32% inhibition. There were similar effects when L. sativa and R. sativis
seedlings were treated with 1 at 20 my, showing 79 and 45% inhibitions, respectively
(Table 3). The synthetic herbicide atrazine, assayed as positive control, produced
similar inhibition at the same concentrations ( 7able 3). The growth of the mentioned
species seedlings treated with 2 at 20 mM, showed 31, 31, 60, and 24% inhibition,
respectively (Table 3). These post-emergent results in the test species indicate that the
potency shown by 1 was similar to that of atrazine and higher than that of 2 as growth
inhibitors.

Table 3. Effects of 1, 2, and Atrazine on the Growth of 14-Day-Old Seedlings

Compound Concentration [mm] Dry weight®) (Growth inhibition [%]"))°)

P. miliaceum A. sativa L. sativa R. sativus

Control 1494+ 1.6' 554 £ 8.4f 62+1.68 263 £2.5"
1 20 774128 (50) 376+£2.5°(32) 15+£0.9°(79) 154+0.6° (45)
8 1334£2.64 (11) 390+£4.0° (30) 17+£1.4°(73) 156+1.5 (41)
4 138+£1.0° (8) 524+1.8°(5) 274£2.0°(56) 135+£1.0° (49)
2 20 1034+2.1° (31) 38343.5° (31) 254+1.7% (60) 19943.08 (24)
8 105+£1.9°(30) 413£3.0°(25) 35+£12¢(44) 160+£2.5¢(39)
4 101+£2.0°(32) 446+2.4¢(19) 34+1.87(45) 160+£1.0¢(39)
Atrazine 20 83+£3.2°(45) 326£2.5°(41) 12+1.0°(81) 1574+1.2¢ (40)
8 1044+2.4°(30) 449174 (19) 23+129(63) 162+0.8° (38)
4 100+£3.8°(31) 550£1.0°(0.1) 344061 (45) 175+£1.21(33)

?) Dry weight was determined 7 days after the topical treatment of 14-day-old seedlings; mean values of
three replicated (100 plants per replicate) expressed in mg. ®) Values in parentheses indicate growth
inhibition compared to control. ) Within columns, different superscript letters indicate significant
differences ( Kruskal-Wallis, followed by Dunn; P <0.05).

5. Allium cepa Test. The phytotoxic effects of 1 and 2 were also evaluated by the A.
cepa test, and a mitotic index (M1), a parameter that estimates the frequency of cellular
division of Allium root tips, was determined for each compound. The M/ of the control
assay was 5.1, while treatments with 1 at 20, 8, 4 and 2 mm showed M1 values of 0, 0, 0
and 1.3, respectively ( Table 4). Onion bulbs treated with 2 exhibited M1 values of 0, 0.5,
1.1, and 4.1 at 20, 8, 4 and 2 mwM, respectively (7Table 4). Atrazine inhibited A. cepa
mitosis, with M/ values of 0, 0, 0, and 1.5 at 20, 8, 4 and 2 mw, respectively (Table 4). A
reduction in the MI indicated that the number of cells entering mitotic division
decreased, indicating that the test compounds produced cell cycle disturbances [29].
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Bulbs treated with atrazine at 2 mM showed chromosome abnormalities, mainly in C-
metaphase, 26% of the cells presented this abnormality; however, onions treated with 1
and 2 showed no chromosome aberrations. These results were similar to those reported
by Srivastava and Mishra for atrazine [30]. Previous studies about Amaicha del Valle
propolis containing 1 revealed that propolis was not able to induce chromosomal
damage [31]. In the case of artemisinin, mitotic inhibition was observed at 100 pum but
ca. 0.8% of those cells showed chromosomal aberrations, while 1 and 2 produced
inhibitory effects without any chromosomal abnormalities whatsoever [26].

Conclusions. — In conclusion, 1 and 2 were identified as inhibitors of germination of
mono- and dicot species. They also caused a reduction of root length in pre-emergence
treatment and a substantial reduction in plant weight in the post-emergence assay. The
A. cepa test revealed that 1 and 2 are capable of inhibiting cell division with a potency
comparable to that of atrazine and without the chromosomal aberrations produced by
the latter.

These findings indicate that pinocembrin (1) and ilicol, (2) or F. oolepis aerial parts
could be used as phytotoxic material for weed control and might offer new and effective
tools in organic agriculture.

Financial support of this work was provided by Agencia Nacional de Promocion Cientifica y Técnica,
FONCYT, PICT 33953. G. D. N. gratefully acknowledges grant of a fellowship from CONICET. We
thank Joss Heywood and Julia Mariano for revising the English language.

Experimental Part

Plant Material. Aerial parts of F. oolepis were collected in Traslasierra Valley, Cérdoba, Argentina, in
March 2006. A voucher specimen (UCC 135) was deposited with the Herbarium Marcelino Sayago of the
School of Agricultural Sciences, Catholic University of Cérdoba, and identified by the agronomist
Gustavo Ruiz.

General Exper. Procedures and Apparatus. Pinocernbrin (1; used as a chromatographic standard)
was purchased from Sigma Chemical Co. Inc. (St. Louis, MO). Anal. TLC: silica gel 60 F,;, Merck plates
(D-Darmstadt). Silica gel, grade 200-400 mesh, 60 A, for column chromatography (CC) and
(D¢)DMSO were purchased from Sigma Chemical Co., Inc. (St. Louis, MO). All other solvents were
purchased from Merck (D-Darmstadt) and Fischer Scientific (New Jersey, NJ). Atrazine and 2,4-D were
gifts from Prof A. Santiago (National University of Cérdoba) and the firm Atanor S. A., resp. For
quantifying the pure compound, HPLC was performed on a Phenomenex Prodigy 5 4 ODS (4.6 mmi.d. x
250 mm) reversed-phase (RP) column, and it was eluted with 80% MeOH in H,O with 1% CF,COOH
(TFA) as mobile phase and UV detection at 280 nm. The optical rotation angle was measured in a
JASCO DIP-370 spectropolarimeter. UV Spectra: in EtOH on a Hewlett Packard 8452 A diode array
spectrophotometer. 'H- and *C-NMR spectra: in CDCl; with the Bruker AVANCE II 400 spectrometer
operated at 400 (*H) and at 100 MHz (*C), TMS as internal reference (6 0.00 ppm) for the spectra
recorded in (Dg)DMSO; J in Hz. Electron-impact mass spectra (EI-MS): at 70 eV by GC/MS on a
Hewlett-Packard 5970 Series mass spectrometer, interfaced with a Hewlett-Packard 5890 gas chromato-
graph fitted with a column (HP-5MS, 15 m x 0.25 mm i.d., temp. from 100° to 200°, 10°/min); in m/z (rel.
int. in %).

Extraction and Isolation of the Active Compounds. To isolate the compound responsible for the
germination-inhibitory activity of F. oolepis, a bio-guided fractionation of the EtOH extract against R.
sativus and P, miliaceum was carried out. Air-dried aerial parts of F. oolepis (97 g) were extracted with
E(OH for 24 h at r.t. After removal of the solvent (reduced pressure), extract was obtained (7.8 g, 8.04%
yield). The extract (1.8 g) was fractionated by CC (silica gel), and 19 fractions were eluted with a
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gradient of hexane/Et,0 and MeOH. Two fractions showed activity. The active Frs. 7-9 (GI% of 97 al
10 mg/ml}, which were cluted with hexane/Et,0O 50:50, were then rechromatographed on silica gel with a
gradient of hexane/Et,O from 100% hexane to 100% Et,O. A crystalline solid was isolated (258 mg,
1.11% yield with respect to plant material) and identified as pinocembrin (1) by the 'H and *C-NMR,
DEPT, and MS techniques [9]{10]. The Frs. 16-19 (GI% 80 at 10 mg/ml), eluted with hexane/Et,O
25:75, were then rechromatographed on silica gel with a gradient of hexane/Et,O from 100% hexane to
100% Et,0, yielding 42 mg of a crystalline solid (0.19% yield with respect to plant material), which was
identified as ilicol (2) [16] by 'H-NMR, *C-NMR, DEPT, and COSY.

Pinocembrin (= (2S)-2,3-Dihydro-5,7-dihydroxy-2-phenyl-4H-1-benzopyran-4-one; 1). White pow-
der. M.p. 194-195°. [a]¥ = —22.81 (¢=0.86, EtOH ). 'H NMR: 2.77 (dd, J=172, 3.2, H—C(3)); 3.06
(dd, J=128, 172, H,—C(3)); 5.44 (dd, J =32, 12.8, H-C(2)); 5.52 (d, J=2.2, H-C(6)); 6.01 (d,J=2.2,
H-C(8)); 7.39-745 (m, 5 arom. H). BC-NMR: 40.45 (C(3)); 80.17 (C(2)); 95.94 (C(8)); 96.84 (C(6));
102.69 (C(10)); 12747 (C(2',6")); 129.39 (C(4")); 129.46 (C(3,5)); 139.59 (C(1")); 163.59 (C(9)); 164.41
(C(5)); 16762 (C(7)); 196.75 (C(4)). EI-MS: 256 (100, M+), 179 (82), 152 (67), 124 (52), 96 (31), 69
(34). The spectral data were identical to previously published data for pinocembrin [32-34].

llicol (= (IR,4aR,7R,8aR }-Decahydro-7-(3-hydroxyprop-I-en-2-yl)-1,4a-dimethylnaphthalen-1-ol;
2). White powder. M.p. 130-131°. [a]¥ = —28 (c=0.80, EtOH). 'H-NMR: 0.84 (5, Me—C(4a)); 0.95
(s, Me—C(1)); 1.00-1.18 (m, CHy(3), CH,(4)); 1.24-1.50 (m, CH,(2), CH,(5), CH,(6), H-C(8a)); 1.61
(dd,J=12,11.2, CH,(8)); 1.85-1.92 (m, H-C(7)); 3.91 (s, OH)); 3.92 (5, OH)); 3.99 (5, CH,OH); 4.80,
4.95 (25, 1 H cach, =CH,). “C-NMR: 19.04 (Me—C(da)); 20.29 (C(3)); 22.96 (Me—C(1)); 26.48 (C(6));
2756 (C(8)); 34.59 (C(4a)); 41.38 (C(5) 42.09 (C(7)); 43.52 (C(4)); 44.98 (C(2)); 54.70 (C(8a)); 63.44
(CH,OH)); 7046 (C(1)); 10647 (C=CH,); 155.33 (C=CH,). The spectral data were identical to
previously published data for ilicol [16].

Bioassays against P. miliaceum, A. sativa, L. sativa, and R. sativus A filter paper (Whatman N° 1),
and 12, 9, and 6 seeds of P. miliaceum, L. sativa, and R. sativus, resp., were placed in each well of a 12-
multiwell plate (Corning Inc., Corning, NY). Seven A. sativa seeds were placed in each well of a 6-
multiwell plate (Corning Inc., Corning, NY). Test fractions or pure compounds were dissolved in acetone
and mixed with dist. H;O. The final concentration of acetone in H,O was 3%. This soln. (500 pl) was
added to each test well. Only acetone and H,O were added to each control well. Pure compounds were
evaluated at 0.125, 0.25, 0.5, 1, 2, 4, 8, and 20 mm. Plates were covered, scaled with Parafilm, and
incubated in the dark at 26° in a growth chamber. Phytotoxicity was expressed as GI% =[1 —(G/G.)] x
100, where G, and G, are the number of germinated sceds in treatment and control, resp. /Csy
(germination) values were calculated by the Probit method based on GI% values.

Treatment and control assays were performed in triplicate. The phytotoxicity for P. miliaceum, A.
sativa, L. sativa, and R. sativus was also evalualed by measuring root lengths, and /L% =[1—(L/L.)] x
100, was estimated, where L, and L. were the root length in treatment and control, resp. ICs, (oot
growth) values were calculated by the Probit method based on /L% values.

Effect of 1 and 2 against P. miliaceum, A. sativa, L. sativa, and R. sativus in Post-Emergent Assay.
Seedlings (n=100) were grown in plastic containers (50 ml) filled with vermiculite as substrate, which
were watered twice a week with a soln. of 13 mg of NaNO;, 33 mg of K,PO,/ml. Foliar applications were
made when seedlings were ca. 2 weeks old, with 10 pl of solvent per leaf for the control and 10 pl of soln.
per leaf (2,4, 8, and 20 mm) of 1 and 2. Treatment and control were conducted in triplicate. All pots were
stored in a growth chamber under fluorescent lighting, at 28° and 60% humidity. Plants were kept there
for 7 d. Dry weights of plants were measured after drying until constant weight was reached. Mean dry
weights and average growth inhibition were calculated [35].

Mitotic Indexing. Onion bulbs were placed in water for a week. An appropriate amount of 1, 2, or
atrazine, dissolved in acetone, was mixed with H,O for a final concentration of 0.5, 1,2, 4, 8, and 20 mm. A
mixture of acetone and H,O was used for the control. The final concentration of acetone was 3% in H,O
in the test as well in the control soln. The bulbs were put over the appropriate containers in contact with
the solns. at r.t. for 24 h. The roots were cut and placed in Carnoy fixative soln. for 2 h. They were then
changed to EtOH at 40 and 70%. The root tips were hydrolyzed in 1IN HCI for 15 min and then stained in
the dark for 1 h using Schiff’s reagent, and fragmented with a glass rod in 45% AcOH with carmine red.
Mitotic stages were observed in at least 1,000 cells per slide at a magnification of 40 x with an optical
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microscope. Three replicates for treatment and control were performed. The mitotic index (MI) was
calculated as the ratio between dividing cells and total examined cells. The frequency of each mitotic
phase was calculated as the percentage in relation to dividing cells counted in mitosis, whereas
chromosomal abnormalities were calculated as the percentage in relation to examined total cells [36].

Statistical Analyses. The results of inhibition of germination were analyzed by the (-test (P <0.05),

and ICs, (germination and root growth) values were calculated by the Probit method based on the
percentage of inhibition obtained at each concentration of 1 and 2. For each compound, results from the
post-emergent assay were compared between concentrations by ANOVA followed by the Krus-
kal-Wallis test. Differences were considered significant at p<0.05.

(1l
(2]
(3]

4]
5]

(13]
(14]
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(17]

(18]
(19]
[20]
(21]
(22]

(23]
(24]

[25]

REFERENCES

‘The World of Organic Agriculture. Statistics and Emerging Trends 2012°, FiBL-IFOAM Report,
Eds. H. Willer, L. Kilcher {Eds.), Research Institute of Organic Agriculture (FiBL), Frick, and
International Federation of Organic Agriculture Movements (IFOAM), Bonn, 2012.

R. J. Turner, G. Davies, H. Moore, A. C. Grundy, A. Mead, Crop Prot. 2007, 26, 377.

M. R. Ryan, R. G. Smith, D. A. Mortensen, J. R. Teasdale, W. S. Curran, R. Seidel, D. L. Shumway,
Weed Res. 2009, 49, 572.

P. C. Bhowmik Inderjit, Crop Prot. 2003, 22, 661.

Y.-L. Zhang, L.-C. Kong, D.-H. Jiang, C.-P. Yin, Q.-M. Cai, Q. Chen J.-Y. Zheng, Bioresour. Technol.
2011, 102, 3575.

F. A. Macias, J. M. G. Molinillo, R. M. Varela, J. C. G. Galindo, Pest Manage. Sci. 2007, 63, 327.
S. M. Palacios, M. E. Maggi, C. M. Bazidn, M. C. Carpinella, M. Turco, A. Muifioz, R. A. Alonso, C.
Nuiiez, J. J. Cantero, M. T. Defago, C. G. Ferrayoli, G. R. Valladares, Fitoterapia 2007, 78, 580.

S. M. Palacios, S. del Corral, M. C. Carpinella, G. Ruiz, Ind. Crop. Prod. 2010, 32, 674.

G. N. Diaz Napal, C. Carpinella, S. M. Palacios, Bioresour. Technol. 2009, 100, 3669.

G. N. Diaz Napal, M. T. Defago, G. Valladares, S. Palacios, J. Chem. Ecol. 2010, 36, 898.

J H.G. Lago, C.S. Ramos, D.C.C. Casanova, A.d. A. Morandim, D.C.B. Bergamo, A.lJ.
Cavalheiro, V. d. S. Bolzani, M. Furlan, E. F. Guimarées, M. C. M. Young, M. J. Kato, J. Nat. Prod.
2004, 67, 1783.

S. Tewtrakul, S. Subhadhirasakul, J. Puripattanavong, T. Panphadung, Songklanakarin J. Sci.
Technol. 2003, 25, 503.

A. C. Santos, S. A. Uyemura, J. L. C. Lopes, J. N. Bazon, F. E. Mingatto, C. Curti, Free Radical Biol.
Med. 1998, 24, 1455.

A. Sala, M. C. Recio, G. R. Schinella, S. Manez, R. M. Giner, M. Cerda-Nicolas J.-L. Rios, Eur. J.
Pharmacol. 2003, 461, 53.

X.-M. Zhu, L.-H. Fang, Y.-J. Li, G.-H. Du, Vasc. Pharmacol. 2007, 46, 160.

E. Guerreiro, J. Kavka, O. S. Giordano, E. G. Gros, Phytochemistry 1979, 18, 1235.

J. Triana, J. L. Eiroa, J. J. Ortega, F. Ledn, 1. Brouard, J. C. Herndndez, F. Estévez, J. Bermejo.
Phytochemistry 2010, 71, 627.

F. A. Macias, A. M. Simonet, J. C. G. Galindo, D. Castellano, Phytochemistry 1999, 50, 35.

B. D’Abrosca, M. DellaGreca, A. Fiorentino, P. Monaco, A. Zarrelli, J. Agric. Food Chem. 2004, 52,
4101.

R. G. Kelsey, L. J. Locken, J. Chem. Ecol. 1987, 13, 19.

H. P. Singh, D. R. Batish, R. K. Kohli, D. B. Saxena, V. Arora, J. Chem. Ecol. 2002, 28, 2169.

F. A. Macias, A. Simonet, B. D’Abrosca, C. Maya, M. Reina, A. Gonzélez-Coloma, R. Cabrera, C.
Giménez, L. Villarroel, J. Chem. Ecol. 2009, 35, 39.

F A. Macias, R. M. Varela, A. Torres, J. M. G. Molinillo, J. Chem. Ecol. 2000, 26, 2173.

A. Fiorentino, M. DellaGreca, B. D’Abrosca, A. Golino, S. Pacifico, A. Izzo, P. Monaco, Tetrahedron
2006, 62, 8952.

D. Klayman, Science 1985, 228, 1049.

]



1304 CHEMISTRY & BIODIVERSITY - Vol. 10 (2013)

[26] F.E. Dayan, A. Hernandez, S. N. Allen, R. M. Moraes, J. A. Vroman, M. A. Avery, S. O. Duke,
Phytochemistry 1999, 50, 607.

[27] L. A. Weston, B. A. Burke, A. R. Putnam, J. Chem. Ecol. 1987, 13, 403.

[28] F. A. Macias, A. M. Simonet, P. C. Pacheco, A. F. Barrero, E. Cabrera, D. Jimenez-Gonzalez, J.
Agric. Food Chem. 2000, 48, 3003.

[29] M. Teerarak, C. Laosinwattana, P. Charoenying, Bioresour. Technol. 2010, 101, 5677.

[30] K. Srivastava, K. K. Mishra, Pestic. Biochem. Physiol. 2009, 93, 8.

[31] M. 1 Nieva Moreno, I. C. Zampini, R. M. Ordonez, G. S. Jaime, M. A. Vattuone, M. 1. Isla, J. Agric.
Food Chem. 2008, 53, 8957.

[32] L. R. C. Bick, R. B. Brown W. E. Hills, Aust. J. Chem. 1972, 25, 449,

[33] M. Neacsu, P. Eklund, R. Sjsholm, S. Pictarinen, M. Ahotupa, B. Holmbom S. Willf6r, Eur. J. Wood
Prod. 2007, 65, 1.

[34] J. Adelmann, M. Passos, D. H. Breyer, M. H. R. Santos, C. Lenz, N. F. Leite, F. M. Langas, J. D.
Fontana, J. Pharm. Biomed. Anal. 2007, 43, 174.

[35] C.I.Nimbal, J. F. Pederson, C. N. Yerkes, L. A. Weston, S. C. Weller, J. Agric. Food Chem. 1997, 45,
1518.

[36] J.R. Soberdn, M. A. Sgariglia, D. A. Sampietro, E.N. Quiroga M. A. Vattuone, ‘Bioassays for
Antioxidant, Genotoxic, Mutagenic and Cytotoxic Activities’, in ‘Isolation, Identification and
Characterization of Allelochemicals/Naturals Products’, Eds. D. A. Sampietro, C. A. N. Catalan,
M. A. Vattuone, Science Publishers, 2009, p. 480.

Received June 14, 2012



