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Abstract
Essential oil from fresh aerial parts of Monticalia imbricatifolia Schultz., was isolated by hydrodistillation and analyzed by GC/MS. A yield of 0.18% was obtained.
Eleven components were identified by comparison of their mass spectra with
the Wiley GC-MS Library data and the retention indices (RI) calculated for every
compound. The major components were monoterpenes: α-phellandrene (33.89%),
β-phellandrene (19.28%), α-pinene (16.81%) y β-pinene (10.97%). Antibacterial
activity of the essential oil of this species was evaluated against Staphylococcus
aureus (ATCC 25923), Enterococcus faecalis (ATCC 29212), Escherichia coli (ATCC
25922), Pseudomonas aeruginosa (ATCC 27853) and Klebsiella pneumoniae (ATCC
23357), using the disc diffusion agar method. The results showed the oil is highly
effective against all tested bacteria, with minimal inhibitory concentration (MIC)
values ranging from 20 to 60 μg/ml. www.relaquim.com
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Resumen
El aceite esencial de las partes aéreas frescas de Monticalia imbricatifolia Schultz.,
fue aislado por hidrodestilación y analizado por CG/EM. El rendimiento obtenido
fue de 0.18%. Once componentes fueron identificados por comparación de sus
espectros de masas con los de la Librería Wiley GC-MS y los índices de retención
(IR) fueron calculados para cada compuesto. Los componentes mayoritarios fueron los monoterpenos: α-felandreno (33.89%), β-felandreno (19.28%), α-pineno
(16.81%) y β-pineno (10.97%). La actividad antibacteriana del aceite esencial de
esta especie se evaluó contra Staphylococcus aureus (ATCC 25923), Enterococcus
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faecalis (ATCC 29212), Escherichia coli (ATCC 25922), Pseudomonas aeruginosa
(ATCC 27853) y Klebsiella pneumoniae (ATCC 23357), por el método de difusión en
agar con discos. Los resultados demostraron que el aceite fue altamente efectivo
contra todas las bacterias probadas, con un intervalo de concentración inhibitoria
mínima (CIM) de 20-60 µg/ml. www.relaquim.com
Palabras Claves: Monticalia imbricatifolia, Asteraceae, aceite esencial, actividad
antibacteriana

INTRODUCTION

MATERIALS AND METHODS

The Asteraceae family comprised about
1500 genera and 25000 species, distributed worldwide (Badillo, 1997). The genus
Monticalia belongs to the family Asteraceae,
tribe Senecioneae (Aristiguieta, 1964).
From Venezuela, 29 species of this genus
have been reported (Badillo, 2001). Species
of this genus have been used in traditional
medicine as antiallergic, hypotensive and
to treat alopecia (Gil et al., 2003). Nieves et
al., 2010, reported that essential oil of M.
imbricatifolia presents low repellent activity
against the bites of Lutzomyia migonei in
laboratory conditions. Previous investigations of the essential oil of different species
of Monticalia have reported a variety of
compounds, such as α-pinene, β-pinene,
α-longipinene, δ-3-carene, cyperene and
β-phellandrene found in M. andicola (Baldovino et al., 2009); 1-nonane, α-pinene,
germacrene D and β-cedrene reported in
M. greenmaniana (Cárdenas et al., 2012),
both species have showed antibacterial
activity. In the present study, the composition of the essential oil of Monticalia
imbricatifolia Schultz, is reported as well
as their antibacterial activity. This species
had previously been known as Senecio
imbricatifolius (Schultz-Bip-ex Wedd) and
is characterized by being a woody, small,
branched plant, with tiny leaves, sessile,
alternate, imbricate, directly attached to
the stem (Badillo, 1997).

Plant Material
Aerial parts of M. imbricatifolia, were collected in the way to Piñango Paramo, Mérida
State, Venezuela at 2320 m above sea level. Voucher specimen (DBB017) has been
deposited in the Faculty of Pharmacy and
Bioanalysis MERF Herbarium, University
of Los Andes, Venezuela.
Isolation of Essential Oil
Fresh leaves (1105 g) were cut into small
pieces and subjected to hydrodistillation
for 3 h, using a Clevenger-type apparatus.
The oil was dried over anhydrous sodium
sulphate and stored at 4 ºC.
Gas Chromatography-Mass Spectrometry
The oil was analyzed by GC-MS on an
Hewlett Packard GC-MS system, Model
5973, fitted with a 30 m long cross-linked 5
% phenylmethyl siloxane (HP-5MS, Hewlett
Packard, USA) fused-silica column (0.25
mm diam, film thickness 0.25 mm). The
initial oven temperature was 60°C; it was
then heated to 280°C at 4°C/min, and the
final temperature was maintained for 20
min. The injector and detector temperatures were 200°C and 230°C, respectively.
The carrier gas was helium, adjusted to
a linear velocity of 34 m/s, the ionization
energy 70 eV, and the scan range 40-500
amu at 3.9 scans/s. A Hewlett-Packard ALS
injector was used with split ratio 1:100. The

Chemical composition and antibacterial activity of the essential oil of Monticalia Imbricatifolia Schultz (Asteraceae)Rev. Latinoamer. Quím. 40/1(2012)

injected volume was 1.0 ml of a 2% dilution of oil in n-heptane. The identification
of the oil components was based using a
Wiley MS Data Library (6th edn), reference
mass spectra from published sources, and
retention indices (RI) (Adams, 1995).
Microbiological Analysis
Bacterial Strains
The microorganisms used were Staphylococcus aureus (ATCC 25923), Enterococcus faecalis (ATCC 29212), Escherichia
coli (ATCC 25922), Klebsiella pneumoniae
(ATCC 23357) and Pseudomonas aeruginosa (ATCC 27853).
Antimicrobial Method
The antimicrobial activity was carried out
according to the disc diffusion assay described by Velasco et al., 2007. The strains were
maintained in agar at room temperature.
Each bacterial inoculum (2.5 ml) was incubated in Müeller-Hinton broth at 37ºC for 18
hours. The bacterial inoculum was diluted
in sterile 0.85% saline to obtain turbidity
visually comparable to a McFarland Nº 0.5
standard (106-8 CFU/ml). Every inoculum
was spread over plates containing MüellerHinton agar and a paper filter disc (6 mm)
saturated with 10 µl of essential oil. The
plates were left for 30 min at room temperature and then incubated at 37 ºC for 24
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h. The inhibitory zone around the disc was
measured and expressed in mm. A positive
control was also assayed to check the sensitivity of the tested microorganisms using the
following antibiotics: Ampicillin-sulbactam®
(10 mg/10 mg), Vancomycin® (30 mg), Netilmicin® (30 mg), Aztreonam® (30 mg) and
Cefoperazone® (75 mg) (Table 2).
The minimal inhibitory concentration
(MIC) was determined only with microorganisms that displayed inhibitory zones. MIC
was determined by dilution of the essential
oil in dimethyl sulphoxide (DMSO) pipetting
10 µl of each dilution onto a filter paper
disc. Dilutions of the oil within a concentration range of 10-120 μg/ml were also
carried out. MIC was defined as the lowest
concentration that inhibited the visible
bacterial growth (CLSI, 2012). A negative
control was also included in the test using
a filter paper disc saturated with DMSO
(10 µl) to check possible activity of this
solvent against the bacteria assayed. The
experiments were repeated at least twice.
RESULTS AND DISCUSSION
The essential oil from aerial parts of M.
imbricatifolia yielded 0.18 %. GC/MS
analyses showed the presence of 11 components. Table 1 shows the identified com-

Table 1. Composition of the essential oil of aerial parts of Monticalia imbricatifolia Schultz
#

COMPONENTS

RT

%

RI

RI ref

1
2
3
4
5
6
7
8
9
10
11

1-nonene
α-pinene
Sabinene
β-pinene
β-myrcene
α-phellandrene
p-cymene
β-phellandrene
Thymol
γ-curcumene
α-zingiberene

4.17
5.07
5.93
6.04
6.31
6.70
7.21
7.35
15.44
21.33
21.81

1.20
16.81
5.71
10.97
1.39
33.89
4,07
19.28
0.80
0.50
3.50

887
936
974
978
989
1004
1025
1031
1298
1482
1498

939
976
980
991
1005
1026
1032
1295
1480
1495

RT: retention time on HP-5MS column; %: percentage in the mixture; RI: Retention Index
calculated; RI ref: Retention Index reference

D. Buitrago, J. Velasco, T. Díaz y A. Morales

16

Table 2. Antibacterial activity of the essential oil of aerial parts of Monticalia imbricatifolia Schultz
Microorganism

Inhibition zone (mm)*
Essential
Oil

Staphylococcus aureus
ATCC (25923)

30*

Enterococcus faecalis
ATCC (29212)

23*

Escherichia coli
ATCC (25922)

21*

Klebsiella pneumoniae
ATCC (23357)

17*

Pseudomonas aeruginosa
ATCC (27853)

15*

Reference compounds
SAM

VA

NET

AZT

MIC
CEF

DMSO
-

33*

-

22*

-

26*

-

32*
28*

-

μg/ml
20
60
50
50
30

SAM: Ampicillin-Sulbactam® (10μg/10 μg); VA: Vancomycin® (30 μg); NET: Netilmicin® (30 μg); AZT:
Aztreonam® (30 μg); CEF: Cefoperazone® (75 μg).
* Inhibition zone, diameter measured in mm, disc diameter 6 mm; MIC: Minimal inhibitory concentration,
concentration range 10-120 μg/ml; DMSO: negative control; -: no inhibition zone

ponents that constitute the 96.92 % of the
oil. The major compounds of the oil were
α-phellandrene (33.89%), β-phellandrene
(19.28%), α-pinene (16.81%) and β-pinene
(10.97%), these compounds belong to the
monoterpene group.
These results were compared to the oil
composition of M. andicola (Baldovino et
al., 2009) where the main components were
α-pinene, β-pinene and β-phellandrene like
M. imbricatifolia but in different proportions; whereas for M. greenmaniana only
α-pinene was present in major quantity
(Cárdenas et al., 2012).
Antibacterial activity of essential oil
of M. imbricatifolia was evaluated against
Gram- positive and Gram-negative bacteria
(Table 2). The results show that the oil inhibited the development of all the bacteria
included in the study, with MIC values of
20-60 µg/ml for the Gram-positive bacteria and 30-50 µg/ml for Gram-negative
bacteria. These results demonstrated a
broad spectrum of antibacterial activity of
the essential oil, reflected in the values of
the MIC to low doses, comparable to the
concentration of the reference antibiotics.

There are few reports of antimicrobial
activity of members of the genus Monticalia,
Cárdenas et al., 2012, reported that leaf
essential oil of M. greenmaniana showed
broad spectrum of antibacterial activity
against the important human pathogenic
Gram-positive and Gram-negative bacteria Staphylococcus aureus (ATCC 25923),
Enterococcus faecalis (ATCC 19433), Escherichia coli (ATCC 25922), Pseudomonas
aeruginosa (ATCC 27853) and Klebsiella
pneumoniae (ATCC 25955), with MIC values
ranging from 75 to 6000 ppm. On the other
hand, has been described antibacterial
activity on the essential oil of M. andicola
also proving a broad-spectrum (Baldovino
et al., 2009).
The activity observed in the present
study could be attributed to the major
compounds belonging to the monoterpene group since, the literature refers antibacterial activity of the α-phellandrene,
β-phellandrene, α-pinene and β-pinene in
essentials oils of species of different genera (Erazo et al, 2006; Sonboli et al, 2006;
Yan-qiu et al, 2008; Baldovino et al, 2009;
Mora et al, 2011; Peña et al, 2012). The me-
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chanism of action is not well known, in this
regard, Trombetta et al., 2005, speculate
that the antimicrobial effect of monoterpenes, may be due, at least partially, to a
perturbation of the lipid fraction of bacterial
plasma membranes, resulting in alterations
of membrane permeability and in leakage
of intracellular materials. Besides being
related to physicochemical characteristic
of the drugs (such as lipophilicity and
water solubility), this effect appears to be
dependent on the lipid composition and net
surface charge of the bacterial membranes.
Furthermore, the drugs might cross the cell
membranes, penetrating the interior of the
cell and interacting with intracellular sites
critically.
The object of this bacteria study cause
severe infectious processes in the human
and currently, there is an increase in the
resistance of these bacteria to the antibiotics of choice (Cornejo et al., 2007; Peña
et al., 2007; Guzmán and Lozada, 2007,
Cagnacci et al., 2008). At the global level
the resistance has become a serious public
health problem, in fact, there are resistant
strains that cause a large number of diseases (González and Guzmán, 1999). In this
sense, the essential oil of M. imbricatifolia
represents a source of natural origin for
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the investigation of new metabolites with
antibacterial activity of broad spectrum at
low concentrations.
CONCLUSION
An analysis of the chemical composition of
the essential oil of Monticalia imbricatifolia
Schultz., revealed 11 compounds, the main
compounds belong to the monoterpene
group.
The oil showed a broad spectrum of
antibacterial activity against the important human pathogenic Gram-positive and
Gram-negative bacteria at low concentrations (MIC 20-60 µg/ml).
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