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ABSTRACT

Thirty six samples arising from hexane,
dichloromethane, and methanol extracts
from four medicinal Eupatorium species
were screened against Gram positive and
Gram negative resistant bacteria associated
with nosocomial infections by disk diffu-
sion method. The best antibacterial extracts
were selected by correspondence analysis.
The hexane extracts showed high inhibition
against clinical isolated bacteria. The qua-
litative chemical analysis was realized in
the best antibacterial hexane extracts. The
main components identified were triter-
penes and benzopyran compounds which
of extensively had been reported their
antibacterial activities. Our results showing
that medicinal Eupatorium species studied
in this work have metabolites secondary
antibacterial particularly against antibiotic
resistant strains, Klebsiella pneumoniae
and Staphylococcus aureus and validate
their uses in traditional medicine.

Key words: Eupatorium, antibacterial, secon-
dary metabolites, K. pneumoniae, S. aureus.

RESUMEN

Treinta y seis extractos hexanicos, dicloro-
metanolicos y metanolicos de cuatro espe-
cies medicinales de Eupatorium fueron en-
sayados contra bacterias resistentes Gram
positivas y Gram negativas asociadas con
infecciones nosocomiales por el método de
difusion en disco. Los mejores extractos an-
tibacterianos fueron seleccionados por un
analisis de correspondencia. Los extractos
hexanicos mostraron mejor inhibicion de
los aislados clinicos. El analisis quimico
cualitativo fue realizado a los extractos con
mejor actividad antibacteriana. Los prin-
cipales componentes identificados fueron
triterpenos y benzopiranos los cuales han
sido extensamente reportados por sus acti-
vidades antibacterianas. Nuestros resulta-
dos muestran que las especies medicinales
de Eupatorium estudiadas en este trabajo
tienen metabolitos secundarios antibacte-
rianos contra bacterias resistentes a anti-
bidticos tales como, Klebsiella pneumoniae
y Staphylococcus aureus, y se validan sus
usos en la medicina tradicional.
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INTRODUCTION

In Mexico, the increased incidence of
nosocomial infections by multi-drug re-
sistant bacteria is a health problem with
approximately 35 000 annual cases. All
cases have epidemiologic importance, but
pathogenic agents with clinical relevance
are Klebsiella pneumoniae isolated from
persons with infectious pneumonia and
Staphylococcus aureus mainly detected in
deep wound infections, both are the main
bacteria associated with 80% of nosocomial
cases (RHOVE, 2009).

The resistance to the antibiotics is the na-
tural response of microbial survival front
a selective pressure such as conventional
antibiotics. From the anthropocentric point
of view, also, it’s a continuous competition
between the microbial survival and its con-
trol, maybe, with novel molecules of plant
origin. Often, by means of ethnomedical
and ethnobotanical knowledge and the
phytochemical search is obtaining novel
molecules with antibacterial activities. In
this regard, the chemical study the plant
species that are successful colonizers,
particularly those used in traditional medi-
cine and native to the Michoacan territory,
appear to be promissory as sources of
bioactive molecules (Damian Badillo et
al., 2008).

A search in national and local herbarium
found that in this region the Tribe Eupa-
torieae is present and its plant genera are
abundant (Ramirez Lopez, et al., 2010;
Garcia Sanchez, et al., 2011). The tribe
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Eupatorieae comprises about 1200 species
mainly distributed in tropical America.
Some of them species have medicinal pro-
perties which are used to relieve ailments
of infections, some are weeds and are
associated with disturbed ecosystems (Rze-
dowski and Calderon, 2005; Guilherme et
al., 2002; Katinas et al., 2007; Navarro et
al., 2003). Therefore, the importance is
greater in the case of a genus that groups
important species in traditional medicine
of several societies in five continents, in
South America and Asia they are used to
relieve maladies associated with signs and
symptoms of microbial and parasitic infec-
tion (Ramirez Lopez et al., 2010).

The importance of Eupatorium spp. in
Mexican traditional medicine is given by
the use of thirteen medicinal plants dis-
tributed in several ethnic pharmacopeias
(Garcia Sanchez et al., 2011). They are:
E. albicaule, E. areolare, E. arsenei, E.
aschenbornianum, E. daleoides, E. gla-
bratum, E. morifolium, E. odoratum, E.
petiolare, E. pulchellum, E. pycnocepha-
lum, E. quadrangulare and E. squarrosum.
With the exception of E. daleoides the rest
of species have been reported as plant na-
tives of Michoacan but not all of them are
used as medicinal plants. However, some
of them by their medicinal properties both
for ancestral as modern medical practices
and scarce o null chemical studies are in
focus such as E. areolare, E. arsenei, E.
glabratum and E. pulchellum: they are
plants that successfully spread in this re-
gion of the world. Their use is to relieve
pain, in addition to gastrointestinal, respi-
ratory, and renal disorders associated with
bacterial infections (Magaifia et al., 2010).
Few pharmacological studies have been
done to corroborate their biological actions
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due to scarce phytochemical information.
Also, in other Mexican cultures they are
used with the same purpose; E. areolare
(borreguillo) is used by the Maya-Chontal
culture, E. arsenei (falso Tabardillo), E.
glabratum (Chamizo, Jesus deni) is used
in the Otomi culture and E. pulchellum
are used in traditional medicine Purepecha
culture (i.e. oral lore).

Although there is phytochemistry infor-
mation about bioactive components in
the Tribe Eupatorieae, there remain many
species native and endemic to explore by
their bioactive components. An exciting
field to phytochemical exploration biodi-
rected is generated (Ramirez Lopez et al.,
2010). The phytochemical investigation of
medicinal plants is explored. All the species
are used in different Mexican ethnic groups
and cultures to treat symptoms associated
with bacterial infections. This study was
conducted for to do a chemical exploration
into of the plant extracts from E. areolare,
E. arsenei, E. glabratum, and E. pulche-
[lum that affect the growth of nosocomial
bacterial isolates that exhibit an important
resistance to conventional antibiotics.

RESULTS AND DISCUSSION
Antibacterial activity

Thirty six samples arising from hexane, di-
chloromethane, and methanol extracts were
screened against four Gram positive and
nine Gram negative resistant bacteria asso-
ciated with nosocomial infections, by disk
diffusion method. Wild microbial isolated
were identified by biochemical tests and
their antibiotic resistance were determinate,
see table 1. The effect of plant extracts on
bacterial growth is variable as a function of

the group’s bacteria, plant extract, and type
of effect. The zones of inhibition ranged
from 1 to 20 mm in diameter.

Plant extracts are grouped to discrimi-
nate those that would have a prominent
antibacterial effect and the most sensitive
bacterium. Antibacterial activity of medi-
cinal plant extracts, which increased in the
following order: hexane, dichloromethane
and methanol. The correspondence analysis
displayed three groups. In the group 1 are
located plant extracts that affect the growth
of Gram negative bacteria. They were the
dichloromethane and methanol extracts
from E. arsenei and E. pulchellum. As well
as hexane extracts of E. areolare. These ex-
tract exhibited antibacterial activity against
C. freundii, E. coli, E. cloacae, K. pneumo-
niae, P. mirabilis, P. aeruginosa, Proteus
vulgaris, Salmonella sp, and S. sonnei. The
isolated Gram negative bacteria were most
resistant than Gram positive bacteria to the
plant extracts tested. In group 2 are included
the plant extracts that affect the growth of
B. subtilis and found some hexane extracts.
In group 3, the plant extracts that affect
the growth of Staphylococcus, such as, S.
aureus, S. epidermidis, S. saprohyticus. The
hexane extracts from E. areolare, E. glabra-
tum and E. pulchellum are the most effective
to inhibit the bacterial growth (fig. 1).

The hexane extracts from four medicinal
plants showing antibacterial components.
In order of importance the best antibacterial
effects is observe in hexane > dichlorome-
thane > methanol plant extracts. Also, it
notes that the Gram positive bacteria are
more sensitive to the plant extracts tested.
Our results with hexane extracts are con-
sistent with the observation of non-polar
extracts of E. ayapana and E. glandulosum
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that inhibited the growth of Gram positive
bacteria, all of them human pathogens
(Sasikumar et al., 2005). As well as, it was
reported that hexane extracts of leaves and
stems of E. glutinosum affected the growth
of two Gram positive and two Gram nega-
tive (El-Seedi et al., 2002).

Qualitative chemical analysis of antibac-
terial extracts

The NMR spectra of antibacterial extract
from E. areolare and E. glabratum showing
signals characteristic of triterpenes. The
major signals observed were located bet-
ween & 5.36 and 5.12; also, & 4.69 and
4.45. These signals are representative of
the vinylic hydrogen atoms and exocyclic
methylene group. Moreover, were obser-
ved signals located between & 2.0 and
0.8 common signals of triterpenes. The
qualitative chemical analysis of non-polar
extracts from E. pulchellum leaves showing
the presence of terpene-type components.
However, the main signals of active extract
from E. arsenei were detected between 6
7.0 and 6.5; as well, 8 3.7. These signals are
typical of the hydrogen aromatic atoms and
methoxyl group. Also, exhibited signal at
aliphatic region 6 2.6-0.8 distinctive signal
of these compounds.

The phytochemical knowledge of these
species is scarce. In E. arsenei have been
identified a chromene compound (Garcia-
Velgara, 1996). In E. glabratum (chamizo)
has been reported eleven thymol derivati-
ves, a flavone (acacetin) and eupaglabric
acid (Guerrero et al., 1978; Bohlmann et
al., 1997; Garciaetal.,2011). In E. pulche-
[lum has been identifying type pyrrolyzin
alkaloids. It is infer that some of these
plant metabolites are responsible for the
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observed antibacterial effect (Gomez-Hur-
tado et al., 2011). Also, it is known that E.
areolare (borreguillo) have the following
main compounds: sesquiterpenlactones,
cinnamic acid, germacranolides and thymol
derivatives (Hernandez et al., 1986).

The plant extracts exhibited antibacterial
effect against two of thirteen clinically
important bacteria tested, they are K. pneu-
moniae and S. aureus. For these bacteria, it
is observed low values of MICs when are
treated with hexane and methylenic chlo-
ride extracts from E. pulchellum leaves.
However, the main components identified
in hexane extracts from E. areolare, E.
arsenei, and E. glabratum have also been
reported to have antibacterial activity in
many medicinal plants (Abreuetal., 2011;
Kiplimo et al., 2011). As well, benzopyran
composites have been indentified major
compounds in essential oils and extracts
plants with remarkable activity antibacte-
rial (Patil et al., 2010; Satoh et al., 1996;
Mihailovic et al., 2011).

Our results showing that medicinal Eupa-
torium species studied in this work present
metabolites secondary antibacterial and
validate their uses in folkloric medicine.
As well, motivates us to continue the stu-
dy to find a compound responsible for the
antibacterial activity. These results suggest
that we should revised and extended phyto-
chemical screening of these species with a
new experimental design and with robust
electronic infrastructure.

The need for new molecules effective to
control of human pathogen bacteria given
by high incidence of resistant strains, the
medicinal plant species of the genus Eupa-
torium that we report are promising for the
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identification of molecules with antibacte-
rial effect with emphasis special on those
affecting the survival of two pathogenic
bacteria involved in nosocomial infections;
K. pneumoniae and S. aureus.

EXPERIMENTAL
General

"HNMR spectra were recorded at 300 MHz
on a Varian Mercury 300 spectrometer
using CDCI, as solvent and tetramethylsi-
lane (TMS) as internal reference; chemical
shift values are reported in o scale.

Plant material

Eupatorium areolare (E.are) [Piptothrix
areolare (DC.) King & Rob., Ageratina
areolaris (DC.) Gage] (Voucher number
04135), E. arsenei (E.ars) [Ageratina arse-
nei (Rob.) King & Rob] (voucher number
04143), E. glabratum (E.gla) [Ageratina
glabrata (H.B.K.) King & Rob] (Voucher
number 04204) and E. pulchellum (E.pul)
[Chromolaena pulchella (H.B.K.) King
& Rob.] (Voucher number 04330). All of
them were collected between October and
March (2006-2007) near at Morelia, Mich.,
the collecting area was done into circle at
200 km diameter with reference point is 19°
39.938" N and 101°00.300" W., the interval
0f 2069 to 2304 m.a.s.l.

They were taxonomically determined by
the botanist, retaining a specimen in the
herbarium of the Instituto de Ecologia de
Patzcuaro and one more in the Instituto de
Investigaciones Quimico Biolodgicas at the
Universidad Michoacana de San Nicolas
de Hidalgo.

Elaboration of extracts

Leaf (105 g), flower (285 g), stem (310 g)
from E. arsenei; leaf (155 g), flower (135
g), stem (1,229 g) from E. areolare; leaf
(225 g), flower (90 g), stem (625 g) from
E. glabratum; and leaf (120 g), flower (355
), stem (260 g) from E. pulchellum were
macerated with hexane, dichloromethane,
and methanol at room temperature (3 x
1.5 L). Extractions yield are leaf (4.36 %),
flower (10.75 %), stem (3.38 %) and root
(1.28 %). We performed column chroma-
tography of leaf extract (2 g), flower (1 g)
and stem (2 g).

Used bacteria

The bacteria tested were biochemically
characterized and their antibiotic resistan-
ce (table 1). The wild Gram-negative and
Gram-positive bacteria and ATCC bacteria
used were obtained from Laboratorio Esta-
tal de Salud Publica, Michoacan, Mexico.

Antibacterial test

Antibacterial test was carried out by the
disc diffusion method. It was performed
using an 18 h culture growth at 37°C with
10° CFU/ml. The inoculums were spread
over plates containing Mueller-Hinton agar
and paper filter disc (6 mm) impregnated
with the extracts 1mg/ul, the plates were
incubated at 37°C for 18 h. At the end of
the period, the inhibition zone around the
disc was measured. Two controls were also
included in the test, the first, was a positive
control (cefotamixime 0.125 mg/ul) and a
negative control ethanol 96% (0.8 mg/ul).
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Data analysis

Experiments were evaluated by corres-
pondence analysis (CA) to visualize the
between variables. CA was carried out in
two dimensions. The first dimension makes
discrimination on bacteria and the second
dimension on vegetal extract. We analyzed
13 rows and 72 columns with a total of
936 observations. The matrix was built in
Excel program, considering bactericidal
(bc) or bacteriostatic (bt) effect, Gram
positive/Gram negative bacterial, zone
inhibition of each plant extract and each
bacterial isolate.

CONCLUSIONS

Medicinal Eupatorium spp. exhibited
antibacterial activity against antibiotic
resistance strains specifically against K.
pneumoniae and S. aureus. This work
showed four examples the importance of
following up leads from Michoacan tradi-
tional medicine. These results contribute to
the knowledge of the secondary metabolites
of species growing in Michoacan State and
validate the medicinal uses of the plants in
folkloric medicine.
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