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Abstract

The fractionation of a methanolic extract of Tagetes maxima guided for antioxidant activity resulted in the isolation of three
acylated quercetagetin glycosides, quercetagetin-7-O-(6-O-caffeoyl-b-D-glucopyranoside), quercetagetin-7-O-(6-O-p-coumaroyl-b-
D-glucopyranoside) and quercetagetin-7-O-(6-O-galloyl-b-D-glucopyranoside), as well as four known flavonoid glycosides. The
structural elucidation was accomplished by spectroscopic methods (ESI-MS/MS and NMR). The antioxidant activity of fractions
and isolated compounds was determined by checking the scavenging activity against three different radicals: 2,2-diphenyl-1-pic-
rylhydrazyl free radical (DPPH�), hydroxyl (�OH), and superoxide ðO��

2 Þ. The three isolated compounds exhibited a high radical
scavenging activity in comparison with reference compounds.
� 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

The genus Tagetes (Asteraceae) includes many spe-
cies which have been reported to be used in traditional
medicine. Thus, for example, infusions of leaves from
different species of Tagetes have been used to treat stom-
ach and intestinal diseases (Cáceres et al., 1993), and
others have been found to possess different biological
activities, among others, antimicrobial, antiinflamma-
tory, antioxidant and antiviral (Tereschuk et al., 1997;
De las Heras et al., 1998; Abad et al., 1999; Lorenzo
et al., 2002).

Regarding the chemical composition of plants of the
genus Tagetes, most of the studies have been focused to
the chemotaxonomy and distribution of flavonoids
within this genus (Bohm and Stuessy, 2001; Abadala,
0031-9422/$ - see front matter � 2005 Elsevier Ltd. All rights reserved.
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2001, 2003), but a few works have been carried out to
look for bioactive constituents. Thus, to our knowledge
only one work dealing with the bioguided isolation of
antioxidant flavonoids from Tagetes lucida has been re-
ported up to now (Aquino et al., 2002). The main phe-
nolic substances occurring in Tagetes plants include
kaempferol, isorhamnetin, quercetin, patuletin, querce-
tagetin, myricetin and luteolin glycosides as well as their
respective aglycones. Quercetagetin and its derivatives
are flavonoids characteristic of these plants, as they have
been found to occur in all the hitherto studied species of
this genus (Bohm and Stuessy, 2001; Abadala, 2001,
2003).

In a previous screening for antioxidant activity of
Bolivian plants, Tagetes maxima was found to exhibit
a strong radical scavenging and antioxidant activities
(Parejo et al., 2003). No other biological activities are
known for this plant species. From the chemical point
of view, it was formerly studied only for essential oils
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(Lorenzo et al., 2002), but there is no information on its
polar constituents. T. maximaKuntze (vernacular name,
‘‘suico alto’’ or ‘‘alk�o suico’’) is a plant specie native in
the region of Cochabamba (Bolivia). The leaves and
stems are commonly used by the indigenous people of
the region (‘‘comunarios’’) in food as seasoning, bever-
age and also as a medicine for stomach ailments (Lore-
nzo et al., 2002).

This work deals with the isolation of the antioxida-
tive compounds of T. maxima. The antioxidant activity
of extracts and fractions, as well as that of the isolated
compounds, was evaluated by checking the scavenging
activity against three different radicals: 2,2-diphenyl-1-
picrylhydrazyl free radical (DPPH�), hydroxyl (�OH),
and superoxide O��

2 . Moreover, the total phenolic con-
tent was also determined by the Folin–Ciocalteu method.
Once the major constituents were chemically character-
ized, they were tested for their radical scavenging activ-
ity, and compared with that of different reference
compounds.
2. Results and discussion

2.1. Fractionation for antioxidant activity

The results of both the total phenolic content and
radical scavenging activity of the first crude extracts
and fractions are shown in Table 1. The ethyl acetate
fraction exhibited the highest total phenolic content
(392.6 GAE/mg extract), as well as a high radical scav-
enging activity, comparable to that of the green tea ex-
tract. The ethyl acetate fraction was chromatographed
by Sephadex LH-20 thus obtaining four active fractions
Table 1
Radical scavenging activity of Tagetes maxima extracts and fractions

Dry weight (g) TPHa

Extract/fraction

Crude extract 157.9 188.02 ± 13.01
Defatted extract 80.26 272.64 ± 24.38
Hexane 30.02 123.03 ± 11.36
Ethyl acetate 25.62 392.58 ± 20.01
Aqueous 35.33 199.54 ± 14.48

Ethyl acetate fraction

A 1.56 175.51 ± 4.02
B 2.56 383.50 ± 10.3
C 1.74 665.93 ± 6.60
D 2.38 725.28 ± 1.28

Reference extract

Grape seeds extract 851.32 ± 12.83
Rosemary extract 132.04 ± 5.66
Green tea extract 387.25 ± 7.73

Values are the mean of three determinations ± standard deviation (SD). See
a Total phenolic content. Values are expressed as equivalents of gallic acid
b Values expressed as IC50 (lg/ml).
c Percentage of inhibition of the superoxide anion (at 50 lg/ml).
(from A to D), which were also evaluated for their anti-
oxidant activity. Fraction A exhibited the lowest total
phenolic content and radical scavenging activity,
whereas fractions C and D were found to contain the
highest amount of phenolics (665.9 and 725.3 GAE/
mg dry extract, respectively), even higher than that of
both the rosemary and green tea extracts (that of grape
seeds is a purified extract), and the highest radical scav-
enging activity in the three methods used (Table 1).
Fraction B also exhibited a moderate antioxidant activ-
ity and total phenolic content.

2.2. Characterization of the phenolic compounds

The LC/DAD analysis of fractions A–D revealed the
presence of seven major flavonoids (1–7). The use of the
diode-array detector showed that the UV spectra of four
of them (compounds 1–4) suggested the acylation of the
sugar moiety with hydroxycinnamic acid derivatives
(Ferreres et al., 1997). The ESI-MS/MS spectra showed
the pseudomolecular ions as well as characteristic frag-
mentations due to the cleavage of the glycosidic bond,
which suggested the presence of both quercetagetin
(m/z 317) and methylated quercetagetin glycosides (m/z
331 and 359). The structures of the new compounds were
determined by 1H, 13C and 2D NMR, and ESI-MS/MS
methods (Table 2).

Compounds 1, 2 and 3 appeared to be new natural
acylated quercetagetin glycosides. Their 1H and 13C
NMR spectra (Table 2) were very similar to those of 6
(Aquino et al., 2002; Heilmann et al., 1999), but showing
in the aromatic region the additional and characteristic
shift values of caffeoyl, coumaroyl and galloyl moieties,
respectively. In the MS, the parent peaks, the ions at m/z
DPPHb CLb SOc

27.17 ± 1.69 34.70 ± 2.24 36.79 ± 0.29
13.11 ± 1.11 11.24 ± 0.70 60.23 ± 2.48
46.63 ± 1.16 53.60 ± 2.36 20.67 ± 1.46
14.45 ± 0.27 4.11 ± 0.10 68.36 ± 0.95
19.08 ± 0.85 11.84 ± 0.95 53.70 ± 1.38

124.53 ± 3.06 13.81 ± 0.14 39.36 ± 1.48
13.55 ± 0.28 9.20 ± 0.37 73.43 ± 3.19
7.42 ± 0.57 4.81 ± 0.40 74.73 ± 5.67
5.40 ± 0.28 3.92 ± 0.01 79.82 ± 3.44

6.91 ± 0.20 29.53 ± 1.41 88.31 ± 0.52
35.08 ± 0.15 46.86 ± 1.60 38.56 ± 0.96
11.38 ± 0.58 13.34 ± 0.47 92.19 ± 4.87

text for the identification of extracts and fractions.
(GAE)/mg dry extract.



Table 2
1H-NMR and 13C-NMR data of compounds 1, 2 and 3

Position 1 2 3

dH dC dH dC dH dC

Quercetagetin
2 – 148.74 s – 148.61 s – 149.22 s

3 – 137.09 s – 137.16 s – 137.06 s

4 – 177.25 s – 177.27 s – 177.43 s

5 – 146.79 s – 146.73 s – 148.71 s

6 – 130.75 s – 130.71 s – 130.82 s

7 – 152.49 s – 152.51 s – 152.59 s

8 6.73 s 94.91 d 6.79 s 94.84 d 6.82 s 95.01 d

9 – 150.10 s – 150.09 s – 150.30 s

10 – 106.55 s – 106.48 s – 106.71 s

10 – 124.01 s – 124.08 s – 123.99 s

20 7.69 d (2.0)a 116.10 d 7.74 d (2.0) 116.03 d 7.73 d (2.0) 116.37 d

30 – 145.96 s – 146.07 s – 145.88 s

40 – 148.74 s – 148.81 s – 149.22 s

50 6.81 d (8.5) 116.10 d 6.84 d (8.5) 116.14 d 6.80 d (8.5) 116.20 d

60 7.56 dd (2.0, 8.5) 121.82 d 7.64 dd (2.0, 8.5) 121.79 d 7.43 dd (2.0, 8.5) 121.67 d

b-D-Glucopyranoside
100 5.06 d (7.5) 102.01 d 5.06 d (7.5) 101.90 d 5.10 d (7.5) 102.32 d

200 3.63 dd (7.5, 9.0) 74.50 d 3.61 m 74.45 d 3.61 m 74.61 d

300 3.59 t (9.0) 77.34 d 3.57 m 77.37 d 3.59 m 77.22 d

400 3.47 dd (9.0, 9.5) 72.04 d 3.43 m 72.28 d 3.57 m 71.31 d

500 3.84 ddd (2.5, 7.5, 9.5) 75.53 d 3.88 m 75.48 d 3.85 m 75.81 d

600a 4.64 dd (2.5, 12.0) 64.58 t 4.62 brd (11.5) 64.84 t 4.68 dd (2.0, 12.0) 64.20 t

600b 4.32 dd (7.5, 12.0) 64.58 t 4.32 dd (7.5, 11.5) 64.84 t 4.45 dd (5.0, 12.0) 64.20 t

Caffeoyl Coumaroyl Galloyl
1000 – 127.29 s – 126.62 s – 121.19 s

2000 6.72 d (2.0) 115.55 d 7.03 d (8.5) 130.86 d 7.03 s 110.07 d

3000 – 146.36 s 6.53 d (8.5) 116.56 d – 146.34 s

4000 – 149.25 s – 160.93 s – 139.76 s

5000 6.50 d (8.5) 116.37 d 6.53 d (8.5) 116.56 d – 146.34 s

6000 6.54 dd (2.0, 8.5) 122.16 d 7.03 d (8.5) 130.86 d 7.03 s 110.07 d

7000 7.41 d (16.0) 147.48 d 7.47 d (16.0) 147.16 d – 168.22 s

8000 6.15 d (16.0) 114.37 d 6.20 d (16.0) 114.21 d –
9000 – 168.97 s – 168.99 s –

C-multiplicities were determined by DEPT data.
a Chemical shifts in ppm. Coupling constants (J, Hz).
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479, obtained after the lost of the acyl moiety, and the
intensive fragments at m/z 317 derived from the agly-
cone, were in accordance with the proposed structures
(Heilmann et al., 1999). The observed upfield shift of
the C-7 carbon resonances (Table 2), in comparison with
the free aglycone, as well as a long-range connectivity
between H-100 and C-7 in the HMBC spectrum, and a
NOESY spatial proximity between the same proton
and H-8, confirmed that the sugar was attached to C-7
of the aglycone (Aquino et al., 2002; Heilmann et al.,
1999). Assignment of the remaining 1H and 13C reso-
nances of the sugar and the signal of the anomeric glucose
proton (H-100) appearing as a doublet (JH-100,H-200 =
7.5 Hz) indicated that the sugar residue was a b-D-gluco-
pyranosyl. The downfield-shifted resonances of 600a and
600b protons and C-600 of the b-glucopyranosyl residue,
in comparison with resonances of the corresponding
spectra of the b-glucopyranosyl residue of 6, indicated
that the acyl groups were linked to C-600 position (Aqui-
no et al., 2002; Heilmann et al., 1999). This was con-
firmed by the long-range connectivity observed
between both the 600a and the 600b protons and the car-
bonyl groups of compounds 1 (C-9000), 2 (C-9000) and 3

(C-7000), respectively. The identity of the acyl groups
was established by 1H and 13C NMR spectroscopic anal-
ysis (Table 2), whose assignments were facilitated by
COSY, HSQC and HMBC experiments and were in
agreement with the values of caffeoyl (Nair et al.,
1993), coumaroyl (Ferreres et al., 1997) and galloyl
(Brakat et al., 1999) moieties of different compounds re-
ported in the literature. Consequently, the identity of 1,
2 and 3 was confirmed as quercetagetin-7-O-(6-O-caf-
feoyl-b-D-glucopyranoside), quercetagetin-7-O-(6-O-p-
coumaroyl-b-D-glucopyranoside) and quercetagetin-7-
O-(6-O-galloyl-b-D-glucopyranoside), respectively. This
is the first report on acylated quercetagetin glycosides
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in the plant kingdom. Compound 4 was identified as
6-hydroxykaempferol-7-O-(6-O-caffeoyl-b-D-glucopyr-
anoside) by comparison of its MS, 1H and 13C NMR
spectra with those reported in the literature (Nair
et al., 1993). Compounds 5–7 were identified as 3,6,
4 0-tri-O-methylquercetagetin-7-O-b-D-glucopyranoside
(centaureidin-7-O-b-D-glucopyranoside) (5) (Long et al.,
2003), quercetagetin-7-O-b-D-glucopyranoside (6) (Heil-
mann et al., 1999) and patuletin-7-O-b-D-glucopyrano-
side (7) (Park et al., 2000) by comparison of their MS,
1H and 13C NMR spectra with those reported in the lit-
erature. Moreover, the NOESY experiment detected
spatial proximity between the glucose anomeric proton
(H-100) and H-8, which confirmed the attachment of
the sugar to the hydroxy group of C-7 position of the
aglycone.

2.3. Antioxidant and radical scavenging activity of

isolated compounds

Compounds 1–7 were evaluated for their radical
scavenging activity and the results compared with those
of some standard compounds (Table 3). The new com-
pound quercetagetin-7-O-(6-O-caffeoyl-b-D-glucopyr-
anoside) (1) was found to exhibit the highest
antioxidant activity, even higher than that of the four
standards used as reference. In general, all the querce-
tagetin type flavonoids, as well as the 6-hydroxyka-
empferol derivative (4), exhibited a high radical
scavenging activity in all the tests, comparable to that
of some of the standards used (Table 3). Of all these
flavonoids, that acylated with gallic acid (3) was the
less active.

It is generally assumed that the maximal radical scav-
enging and/or antioxidant activity of flavonoids is
mainly due to the occurrence of the 2,3-double bond
in conjugation with a 4-oxo function, and to the addi-
Table 3
Radical scavenging activity of the compounds isolated from Tagetes maxim

Compound

Quercetagetin-7-O-(6-O-caffeoyl-b-D-glucopyranoside) (1)
Quercetagetin-7-O-(6-O p-coumaroyl-b-D-glucopyranoside) (2)
Quercetagetin-7-O-((6-O-galloyl)-b-D-glucopyranoside) (3)
6-Hydroxykaemferol-7-O-(6-O-caffeoyl-b-D-glucopyranoside) (4)
Centaurein-7-O-b-D-glucopyranoside (5)
Quercetagetin-7-O-b-D-glucopyranoside (6)
Patuletin-7-O-D-glucopyranoside (7)

Standard

Isoquercitrin
Quercetin
BHA
Rutin
Chlorogenic acid

Values expressed as the mean of three determinations ± standard deviation
a Values expressed as IC50 (lg/ml).
b Percentage of inhibition of the superoxide anion (at 50 lg/ml).
tional presence of hydroxyl groups in positions 3 0, 4 0

and 7. These sites can be considered as the active centers
or the prerequisite factors for the scavenging of free rad-
icals (Heim et al., 2002). In our study, the additional
presence of an hydroxyl group in position 6 of the
quercetagetin derivatives has resulted, in general, in an
increase of the radical scavenging activity in comparison
with the C-6 non-hydroxylated reference compounds
isoquercitrin (quercetin glucoside), rutin (quercetin ruti-
noside) and quercetin (Table 3). On the other hand, the
acylated C-600 position of the glucose with a hydroxycin-
namic acid increased the radical scavenging activities
measured in comparison with the non-acylated querce-
tagetin-7-O-b-D-glucopyranoside (6). On the contrary,
methoxylation of quercetagetin (compounds 5 and 7)
decreased the activity, in agreement with Heim et al.
(2002). In summary, the acylation of these flavonoids
could have important in vivo effects, since after con-
sumption they are probably hydrolized thus affording
free hydroxycinnamic acids, which can act as antioxi-
dant by themselves (Chen et al., 1999).

Many activities have been attributed to flavonoids
owing to their antioxidant activity, such as antiinflam-
matory, antiviral, antimicrobial, antiallergic, antiespas-
modic, antihepatotoxic, and antiulcerogenic activities
(Pietta, 2000). The isolation of antioxidative acylated
quercetagetin glycosides from T. maxima could explain,
at least partially, the beneficial effects of this plant spe-
cies and its traditional use.
3. Experimental

3.1. General experimental procedures

1H, 13C NMR, DEPT, 1H COSY, NOESY, HSQC
and HMBC spectra were recorded on a Varian
a and that of standard compounds

DPPHa CLa SOb

2.73 ± 0.04 1.10 ± 0.08 89.28 ± 0.61
3.29 ± 0.05 1.54 ± 0.06 85.38 ± 1.56
6.91 ± 0.02 8.30 ± 0.22 81.41 ± 3.03
5.27 ± 0.12 1.28 ± 0.07 90.23 ± 1.23

115.30 ± 6.18 120.84 ± 4.98 15.62 ± 1.23
5.08 ± 0.03 3.92 ± 0.13 82.85 ± 2.34
23.34 ± 0.10 25.63 ± 0.15 45.69 ± 0.87

7.40 ± 0.02 26.21 ± 1.52 75.90 ± 4.69
6.11 ± 0.53 5.13 ± 0.12 97.45 ± 3.25
34.12 ± 0.63 2.14 ± 0.01 67.51 ± 0.29
9.85 ± 0.23 30.04 ± 0.36 21.66 ± 1.72
3.82 ± 0.33 28.36 ± 0.42 84.30 ± 1.68

(SD).
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Gemini-300 or Inova 500 NMR spectrometer operating
at 500 and 125 MHz, respectively, for 1H and 13C
NMR measurements. The chemical shifts are reported
as part per million (ppm) units relative to TMS.
CD3OD was used as a solvent. IR spectra were re-
corded on a Nicolet Avantar 320 FT-IR spectrometer.
Only noteworthy IR absorptions (cm�1) are listed.
Melting points were determined in a capillary tube
and are uncorrected. Optical rotations were performed
in a Perkin–Elmer 241 instrument, using a 1-cm cuvette
(V total 1 ml). High resolution mass spectra (HRMS)
were performed in a mass spectrometer Autospec
Micromass using ESI in negative mode. ESI-MS/MS
analyses were carried out using an API 3000 triple
quadrupole mass spectrometer-Turbo Ionspray source
(Perkin–Elmer Sciex, Concord, Ont., Canada) in nega-
tive mode. The compounds were directly infused by a
flow syringe pump at 400 ll min�1, and analyzed in
full-scan and product ion scan modes, scanning from
m/z 100 to 800 u. Capillary voltage: 3500 V; nebulizer
gas (N2): 10 (arbitrary units); curtain gas (N2): 12
(arbitrary units); collision gas (N2): 10 (arbitrary units);
focusing potential: 200 V; entrance potential: 10 V; and
declustering potential (DP): 75; collision energy (CE):
45. To avoid carryovers among the compounds, the
system was rinsed with 100% ACN during 15 min be-
tween two analyses. Preliminary analytical LC/DAD
analyses were performed on a Hewlett–Packard HP
Series 1050 chromatograph equipped with an auto-
matic injector, vacuum degasser and a diode-array
detector (DAD). A C18 Nucleosil 120 column
(250 · 0.46 mm, 5 lm) (Tecknokroma, Spain) was used
at a flow rate of 1 ml/min. The mobile phase consisted
on H2O–0.1% HCO2H (solvent A) and ACN–0.1%
HCO2H (solvent B), using an increasing linear gradient
(v/v) of solvent B ranging from 15% to 26% in 40 min.
The chromatograms were carried out at 280 nm, with
peak scanning between 200 and 600 nm. Semi-prepara-
tive HPLC analyses were performed using a C18 Nucle-
osil 120 column (250 · 10 mm, 10 lm) (Tecknokroma,
Spain) at a flow rate of 3 ml/min, using the same con-
ditions as those described above for the analytical LC/
DAD method.

3.2. Plant material

The aerial parts (stems and leaves) of T. maxima were
collected in Sivingani, Province of Ayopaya (Coc-
habamba, Bolivia), at an altitude of 2780 m, in Novem-
ber 2002. The plant was authenticated by Lic. Modesto
Zárate and Lic. Magaly Mercado, from the Unidad de
Biodiversidad y Genética, of the Universidad Mayor
de San Simón, and the plant was deposited at the Her-
bario Nacional Martı́n Cárdenas of Cochabamba (Boli-
via), where a voucher specimen was registered with No.
MM 1837.
3.3. Chemicals

All chemicals and reagents used the for total phenolic
content and for the radical scavenging assays were pur-
chased from Sigma–Aldrich (MO, USA), with the
exception of the Folin–Ciocalteu�s reagent, which was
purchased from Panreac (Barcelona, Spain). All the
chemicals and reagents were of analytical grade: ACN
(HPLC-grade, SDS, Peypin, France), HCO2H (analyti-
cal grade, Probus, Badalona, Spain) and ultrapure water
(Milli-Q, Waters, Milford, USA) were used for the mo-
bile phase preparation in the high-performance liquid
chromatographic analysis. CD3OD was purchased to
SDS (Peypin, France). The standards were also pur-
chased from Sigma–Aldrich, and the reference extracts
were kindly provided by RAPS, Germany (green tea
and rosemary) and EUROMED, Spain (grape seeds).

3.4. Extraction and isolation

The powdered dry stems and leaves (750 g) were ex-
tracted at room temperature by maceration with MeOH
(5 l · 5) to give a dry extract of 157.9 g. This crude ex-
tract was redissolved in H2O (1 l) and defatted by parti-
tioning with hexane until the organic solvent was
colourless, thus affording an hexane soluble fraction
(30.02 g) and a defatted crude extract (80.26 g). Then,
the defatted crude extract was partitioned with EtOAc
affording an EtOAc soluble fraction (25.62 g) and a
water soluble fraction (35.33 g). The ethyl acetate frac-
tion was chromatographed on a Sephadex LH-20 col-
umn (Pharmacia, 5 · 50 cm, 1 ml/min, MeOH) to
afford 226 fractions (10 ml each). The fractions were
monitored by thin-layer chromatography (TLC: Alu-
gram� silicagel plates, Macherey-Nagel, EtOAc:HOA-
c:H2O 10:2:3). After developing and drying, the plates
were sprayed with 1% diphenylboric acid in MeOH for
UV enhancement of phenolic compounds and visualized
under UV light at 254 and 365 nm. The TLC plates were
also sprayed with a DPPH methanolic solution (20 mg/
ml) and examined 20 min after spraying. Active com-
pounds appeared as yellow spots against a purple back-
ground. Fractions were combined to obtain four active
fractions (from A to D). The same TLC systems were
used for the monitoring of the subfractions obtained
in further fractionations. Fractions A–D were subjected
to LC/DAD analysis and to a subsequent fractionation
process guided for antioxidant activity to isolate the ma-
jor active compounds. Fractions A and B were further
cleaned-up on Sephadex LH-20 (2 · 50 cm, MeOH,
0.5 ml/min) and subfractions of 2 ml were collected.
The eluates were combined on the basis of the TLC
behavior as described above, and the most active sub-
fractions (aliquotes of 200 mg) were then subjected to
a purification process by semi-preparative HPLC to
yield the major antioxidant constituents. Fractions C
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and D were directly purified by semi-preparative HPLC
as described before.

Chromatographic separation by preparative HPLC
of the obtained fractions afforded seven major constitu-
ents: 3,6,4 0-tri-O-methylquercetagetin-7-O-b-D-gluco-
pyranoside (centaureidin-7-O-b-D-glucopyranoside) (5)
(16 mg, tR28.9 min) in fraction A, quercetagetin-7-
O-b-D-glucopyranoside (6) (18 mg, tR 19.9 min) and
6-O-methylquercetagetin-7-O-b-D-glucopyranoside (patu-
letin-7-O-glucoside) (7) (7 mg, tR 22.9 min) in fraction B,
quercetagetin-7-O-b-D-glucopyranoside (6) (5 mg,
tR19.9 min), quercetagetin-7-O-(6-O-caffeoyl-b-D-gluco-
pyranoside) (1) (5 mg, tR 25.7 min), 6-hydroxykaempf-
erol-7-O-(6-O-caffeoyl-b-D-glucopyranoside) (4) (13 mg,
tR 28.6 min), and quercetagetin-7-O-(6-O-p-coumaroyl-
b-D-glucopyranoside) (2) (5 mg, tR 29.2 min) in fraction
C, and quercetagetin-7-O-(6-O-galloyl-b-D-glucopyr-
anoside) (3) (8 mg, tR 21.7 min) and quercetagetin-7-O-
(6-O-caffeoyl-b-D-glucopyranoside) (1) (15 mg, tR
25.7 min) in fraction D. Their chemical structures are
shown in Fig. 1. Compound 1 was further purified by
crystallization in methanol, giving yellow crystals.

Compound 1: yellow crystals; m.p. 198–200 �C; [a]D
�248� (c 0.501, MeOH); UV kmax (MeOH): 235, 275,
337; IR (KBr) mmax: 3401 (OH), 1662 (ester C@O), 1600
(a,b-unsaturated C@O) 1559, 1490, 1445, 1322, 1282,
1181, 1047 (C–O); LC–ESI-MS: m/z 641 [M � H]�;
Fig. 1. Chemical structures of the compou
HR-ESI-FABS: m/z 641.1121 [M � H]� (C30H25O16, re-
quires 641.1143). See Table 2 for NMR data.

Compound 2: yellow powder; m.p. 224–226 �C; [a]D
�193� (c 0.321, MeOH); UV kmax (MeOH): 276, 316,
365; IR (KBr) mmax: 3395 (OH), 1663 (ester C@O),
1602 (a,b-unsaturated C@O) 1559, 1491, 1364, 1275,
1179, 1072 (C–O); LC–ESI-MS: m/z 631 [M � H]�;
HR-ESI-FABS: m/z 631.0931 [M � H]� (C28H23O17, re-
quires 631.0935). See Table 2 for NMR data.

Compound 3: yellow amorphous powder; [a]D �235�
(c 0.085, MeOH); UV kmax (MeOH): 263, 365; LC–
ESI-MS: m/z 625 [M � H]�; HR-ESI-FABS: m/z
625.1183 [M � H]�(C30H25O15, requires 625.1193). See
Table 2 for NMR data.

3.5. Total phenolic content and radical scavenging assays

The determination of the total phenolic content
(TPH), as well as the DPPH� free radical, superoxide-
nitro-blue tetrazolium hypoxanthine/xanthine oxidase
(SO), and �OH/luminol chemiluminescence (CL) radical
scavenging activity was carried out according to meth-
odology previously described (Parejo et al., 2003). Val-
ues are expressed as inhibitory concentration, IC50

(lg/ml), for both the DPPH� and CL methods, and as
percentage of inhibition for the SO method. The total
phenolic content, determined by the Folin–Ciocalteu
nds isolated from Tagetes maxima.
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method, was expressed as equivalents of gallic acid
(GAE)/mg of dry extract.
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