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The aerial parts of the Lamiaceae Hedeoma drummondii (Benth.) are used in Mexico to
prepare a herbal tea and by North American Amerindians as a spice. The methanolic extract
of the aerial parts exhibited a strong antioxidant effect measured by the scavenging of the
free diphenyl picrylhydrazyl (DPPH) radical. Assay-guided fractionation of the crude metha-
nolic extract allowed the identification of three major active constituents, chlorogenic, caffeic
and rosmarinic acid, as well as sideritoflavone derivatives and simple phenolics. The TEAC,
FRAP, total phenolic and flavonoid content were determined. The high content of caffeic
acid and rosmarinic acid relates to the antioxidant activity of H. drummondii.
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Introduction

Several secondary plant metabolites are thought
to be beneficial for human health and disease pre-
vention. Antioxidant compounds are a relevant
group of products with nutraceutical properties
that can be found in vegetables, fruits and herbal
teas (Ness and Powles, 1997; Steinmetz and Potter,
1991; Heinonen et al., 1998; Record et al., 2001;
Wang et al., 1996). Plant phenolics provide protec-
tion against the harmful effects of oxidative stress,
which is related to the risk of coronary heart dis-
ease, cardiovascular disease, atherosclerosis, in-
flammation (Youdim et al., 2002; Andersen et al.,
2006; Luyten et al., 2005), certain types of cancer
(Neto, 2007) and other neurodegenerative dis-
eases (Spiteller, 2006).

The Lamiaceae is one of the plant families most
intensively studied and tested for its antioxidant
activity. In Mexico, several species belonging to
this plant family have been used since pre-His-
panic times as spices, teas and medicinal plants.
After Spanish conquest, several Lamiaceae from
the Mediterranean basin were introduced and are
now extensively used for cooking as well as for
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medicinal purposes, like “albahaca” (Ocimum ba-
silicum L.), “tomillo” (Thymus vulgaris L.) and
“menta” (Mentha piperita L.). The blend of old
Amerindian tradition and European aromatic
plants gives Mexican cuisine a distinct flavour and
taste. While some genera belonging to the Lamia-
ceae have been extensively investigated both for
secondary metabolites and biological activity, such
as Salvia, Melissa, Mentha, Thymus, Lavandula,
Rosmarinus and Origanum (Zgórka and Głown-
iak, 2001; Dorman et al., 2003), little is known on
the North American species from the genus Hede-
oma. Hedeoma drummondii has been used as a
spice in soups, and as a tea to relieve cold and
cough in the north of Mexico and USA (Gilmore,
1913; Vestal, 1952; Rogers, 1980; González, 1998;
Estrada et al., 2007).

Taking into account that plants belonging to the
Lamiaceae family are good sources of antioxi-
dants, including flavonoids and phenolic acids
(Grayer et al., 2003; Proestos et al., 2006), the aim
of this study was to assess the antioxidant activity
of the Mexican aromatic plant Hedeoma drum-
mondii and to identify the main compounds re-
sponsible for this activity.
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Materials and Methods

General

The NMR spectra of the isolated compounds
were recorded on a Bruker Avance 400 NMR
spectrometer operating at 400 MHz for 1H and 100
MHz for 13C NMR. Samples were dissolved in
deuterated methanol. Mass spectra were obtained
on a MAT 95XP Thermo Finnigan spectrometer
using perfluoro terbutylamine, FC43, as a refer-
ence. A Lambda 40 Perkin Elmer UV/Visible in-
strument and an ELX 800 microplate reader Bio-
TeK equipment were used for colorimetric and
spectrophotometric determinations. GC-MS was
carried out using a Perkin-Elmer AutoSystem
GC equipment and a Quadrex 007.5MS column
(30 m ¥ 0.25 mm, film thickness 0.25 μm): carrier
gas, helium; split flow, 50 ml/min; initial setpoint,
10 PSIG; oven program: initial temperature 40 ∞C,
hold for 1.0 min, ramp 5.0 ∞C/min to 260 ∞C, hold
for 0.00 min; total run time 45.00 min. MS: PE
Turbomass full scan 40 to 400 mass units, EI+ (cen-
troid). HPLC analysis was performed using a
HPLC-DAD Merck-Hitachi (LaChrom, Tokyo,
Japan) equipment consisting of an L-7100 pump,
an L-7455 UV diode array detector and a D-7000
chromato-integrator. For analytical purposes, a
C18-RP column (250 ¥ 4.6 mm i. d., 5 μm) (Phe-
nomenex, Torrence, CA) was used. For the semi-
preparative isolation, a Merck Lichrospher col-
umn (250 ¥ 25 mm i. d., 7 μm) was used. Gel
permeation was performed on Sephadex LH-20
(Pharmacia). Pre-coated thin layer chromato-
graphy plates were from Merck (Darmstadt,
Germany), 1,1-diphenyl-2-picrylhydrazyl (DPPH)
radical, diphenylborinic acid ethanolamine ester,
gallic acid, (+)-catechin and the other reagents
were purchased from Sigma-Aldrich Chemical Co.
(St. Louis, MO, USA). The solvents used for chro-
matography were HPLC grade and the other
chemicals were analytical grade.

Plant material and extraction

The aerial parts of Hedeoma drummondii
(Benth.) (Lamiaceae) were collected in Allende,
Nuevo León state, Mexico, in May/June 2005. The
plant was identified by Dr. Marcela González Al-
varez and a voucher specimen was deposited in
the ethnobotanical collection of the herbarium
FCB-UANL, San Nicolás de los Garza, NL,
Mexico (voucher specimen number 024244).

The aerial parts of the plant were dried at room
temperature and 1 kg of the dry, powdered mate-
rial was extracted with MeOH by maceration
(3 ¥ 24 h). The plant-solvent ratio was 1: 5 w/v.
After filtration and concentration under reduced
pressure, 95 g of a dark-green extract were ob-
tained (w/w yield 9.5%).

Determination of total phenolic and flavonoid
content

The total phenolic content was determined us-
ing the Folin-Ciocalteu reagent as described by
Singleton and Rossi (1965) with some modifica-
tions. Samples (100 μl) were placed in test tubes,
250 μl of Folin-Ciocalteu (1 n) reagent, 1250 μl of
sodium carbonate (20%) and 400 μl of distilled
water were added. The mixture was incubated for
2 h and the change in absorbance was measured
at 760 nm. Gallic acid was used as a standard. The
total phenolic content was expressed as mg gallic
acid equivalent (eq)/g dry extract. Results are pre-
sented as means ð SD. Each measurement was
performed at least in triplicate.

The flavonoid content was determined by the
aluminum chloride colorimetric method according
to Chang et al. (2002). (+)-Catechin was used as a
reference for the calibration curve. The absorb-
ance of the reaction mixture was measured at
415 nm. Results are expressed as mg (+)-catechin
equivalent (eq)/g extract. Data are reported as
means ð SD for at least three replicates.

ABTS assay

The Trolox equivalent antioxidant capacity
(TEAC) of the extract was determined by the
ABTS [2,2�-azinobis(3-ethylbenzothiazoline-6-sul-
fonic acid)] radical cation discoloration assay (Re
et al., 1999) and the values are reported as μm
Trolox. The method is based on the consumption
of the preformed ABTS�+ in the presence of po-
tassium persulfate followed at the maximum ab-
sorption of 734 nm. Added antioxidants reduce
ABTS�+ to ABTS. The assay was performed in 96-
well microplates, the absorbance of ABTS�+ was
adjusted to 0.70 ð 0.02. The decrease of the ab-
sorption was measured after 6 min. The results are
presented as means ð SD. Each measurement was
performed at least in triplicate.
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FRAP assay

The ferric reducing antioxidant power (FRAP)
assay uses antioxidants as reductants in a redox-
linked colorimetric method. The antioxidant activ-
ity was measured by the sample ability to reduce
the Fe3+/ferricyanide complex by forming ferrous
products in a 96-well microplate reader. Absorb-
ance was measured at 595 nm exactly 8 min after
mixing the FRAP solution and the sample. 25 μl
of MeOH were used as a blank. The FRAP values
are expressed as mm FeSO4/mg dried plant (Grif-
fin and Bhagooli, 2004).

DPPH radical scavenging activity

Serial dilutions of the test samples dissolved in
MeOH were mixed with DPPH� (2 mg/l) solution
in 96-well microplates. MeOH was used as a nega-
tive control and (+)-catechin was used as a positive
control. The change in absorbance at 517 nm was
measured. Mean values were obtained from tripli-
cate experiments. Inhibition percentage was calcu-
lated using the equation: % inhibition = [(A0 Ð
A1)/A0] ¥ 100, where A0 is the absorbance of the
control and A1 the absorbance of the samples
(Schmeda-Hirschmann et al., 2003). The radical
scavenging activities were expressed as the median
effective concentration (EC50). The EC50 values
were calculated from the log-dose inhibition curve
obtained by a nonlinear regression algorithm
(Prism, 4.0, GraphPad, GraphPad Software Inc.,
CA, USA).

Isolation of active compounds

The crude extract (95 g) was dissolved in di-
chloromethane (DCM, 4 ¥ 500 ml) to afford a
DCM-soluble and a DCM-insoluble fraction. The
DCM-insoluble portion of the extract (29.21 g)
was resuspended in DCM/MeOH (1:1 v/v)
(3 ¥ 500 ml) yielding a soluble and an insoluble
fraction. The insoluble fraction (13.67 g) was dis-
solved in MeOH/H2O (1:1) and permeated on a
Sephadex LH-20 column (60.5 ¥ 5 cm, flow rate
2 ml/min) using MeOH/H2O (1:1) to afford 107
fractions of 50 ml each. The fractions were moni-
tored by thin-layer chromatography on silica gel
(EtOAc/acetic acid/formic acid/H2O 100 :10 :10 :30
v/v). After drying, the plates were sprayed with
0.5% diphenylboric acid in MeOH and the com-
pounds visualized under UV light at 254 and
365 nm. Fractions were pooled according to the
TLC patterns into 5 fractions; fraction B (1.2 g)

was the most active DPPH scavenging fraction.
Analytical DAD-HPLC of fraction B was carried
out with a linear gradient of water/1% formic acid
(solvent A) and MeOH (solvent B). The initial
composition of the solvent system was 10% B,
90% A, changing to 20% B at 20 min and 75% B
at 35 min, returning to the initial conditions at 36
to 45 min with a flow rate of 1 ml/min. For semi-
preparative HPLC, the running conditions were:
50% A, 50% B changing to 100% B at 45 min,
with 5 min of isocratic elution at 100% B before
returning to the initial conditions at 65 min with a
flow rate of 5 ml/min.

Results and Discussion

The results of the preliminary phytochemical
analysis revealed that the methanolic extract of
H. drummondii shows a total phenolic and flavo-
noid content of (32.36 ð 0.86) mg gallic acid eq/g
extract and (3.2 ð 0.36) mg catechin eq/g extract,
respectively. The antioxidant properties of the ex-
tract were determined by the DPPH, ABTS and
FRAP assays. The extract was capable of scaveng-
ing DPPH radicals in a concentration-dependent
manner. The estimated median effective concen-
tration (EC50) was (25.12 ð 0.74) μg/ml. 1 mg of
dry methanolic extract is equivalent to (668 ð
16.04) μm of Trolox, according to TEAC values in
the ABTS�+ assay. The FRAP method measures
the reducing capacity of the sample which is re-
lated to its antioxidant potential. The FRAP value
for the extract was (3.1 ð 1.2) mm FeSO4/mg dry
extract.

To isolate and identify the antioxidant com-
pounds of H. drummondii, activity-guided frac-
tionation of the methanolic extract was performed
using the DPPH bleaching assay. Solvent partition
of the crude MeOH extract with DCM afforded
an inactive DCM-soluble fraction (EC50 � 50 μg/
ml) and an insoluble part [EC50 (18.12 ð 0.69) μg/
ml] which after partition with DCM/MeOH (1:1)
yielded a DCM/MeOH extract (EC50 � 20 μg/ml)
and 13.67 g of insolubles [EC50 (11.32 ð 0.54) μg/
ml]. From the DCM/MeOH (1:1)-insoluble frac-
tion, after gel permeation, 5 combined fractions
were obtained. While the EC50 values of fraction
pools A, C, D and E were � 10 μg/ml, fraction B
showed an EC50 value of (3.21 ð 0.12) μg/ml.
From fraction pool B (1.2 g), after preparative
HPLC, three main free radical scavenger com-
pounds were isolated. The chemical structure of
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Fig. 1. Structure of the compounds isolated from the aerial parts of H. drummondii.

caffeic acid (1) (133 mg), chlorogenic acid (2)
(213 mg), with traces of neochlorogenic acid (3),
and rosmarinic acid (4) (219 mg) (Fig. 1) was eluci-
dated on the basis of UV-Vis, 1H, 13C NMR, MS
spectroscopic and spectrometric data as well as
by comparison with reference samples (Kumaran
and Karunakaran, 2007; Lu and Foo, 1999). The
free radical scavenging activity of the compounds
(as EC50 values in μg/ml) were (1.78 ð 0.2),
(3.53 ð 0.14) and (2.73 ð 0.25) for caffeic acid,
chlorogenic acid and rosmarinic acid, respectively.
Under the same experimental conditions, the EC50

value of (+)-catechin was (1.56 ð 0.12) μg/ml. The
HPLC chromatogram of the active pool fraction
B is presented in Fig. 2. From the less active frac-
tion pool D, 41 mg of sideritoflavone (6) precipi-
tates in MeOH at Ð10 ∞C, 92 mg of luteolin-7-O-
glucoside (7) and 56 mg of p-hydroxybenzoic acid
(5) were obtained and identified by comparison of
the spectroscopic data with literature ones (Kuhnt
et al., 1994; Lu and Foo, 1999). As far as we know,
there are no references in the literature concern-
ing the isolation of these phenolic acids as well as
of the sideritoflavone derivatives from H. drum-
mondii; therefore this is the first report. GC-MS
analysis of the DCM-soluble part allowed the
identification of pulegone (Rt = 19.23 min) and

Fig. 2. HPLC trace of fraction pool B from H. drummon-
dii aerial parts. 1, Caffeic acid; 2, chlorogenic acid; 4,
rosmarinic acid.
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menthol (Rt = 16.92 min) as the major monoter-
pene constituents of the aromatic fraction.

From the methanolic extract of the aerial parts
of H. drummondii, three main compounds were
identified as the free radical scavengers/antioxi-
dant constituents. Caffeic acid, chlorogenic acid
and rosmarinic acid could be clearly associated
with the activity of the extract. While caffeic acid
showed a DPPH bleaching effect comparable to
that of (+)-catechin, chlorogenic and rosmarinic
acids were about half as active as the positive con-
trol.

The occurrence of sideritoflavone and rosmar-
inic acid in the Mexican plant Hyptis verticillata,
used by the Mixe Indians, was reported by Kuhnt
et al. (1994), while luteolin glycosides, including its
7-O-�-d-glucoside were identified in Salvia offici-
nalis by Lu and Foo (1999). The variation of free
phenolic acids in Lamiaceae plants was published
by Zgórka and Głowniak (2001). The authors re-
vised the phenolic acid content in Polish medicinal
plants from the Lamiaceae family, and found that
rosmarinic acid was the most predominant pheno-
lic compound in the analyzed plant parts. Chloro-
genic acid was found only in two samples, and the
caffeic acid content was the highest in Ocimum
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