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Abstract: In this communication the antibacterial activity of filifolinol (1), naringenin (2) 3-O-methylgalangin (3) and pinocembrin (4)
isolated from the resinous exudates of Heliotropium filifolium and H. sinuatum, were evaluated by flow cytometry against Staphylococcus
aureus and Salmonella tiphymurium. The results showed that filifolinol (1) and naringenin (2) were inactive in the range of concentrations
used (10 to 1000 µg/mL). On the other hand, pinocembrin (4) produced a decrease in cell surface at 500 µg/mL and the total disappearance
of both bacterial populations at 1000 µg/mL. Also, 3-O-methylgalangin (3) showed the total disappearance at 1000 µg/mL of both bacterial
populations and a decrease at 200 µg/mL for S. typhimurium and at 500 µg/mL for S. aureus.
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Resumen: En esta comunicación, la actividad antibacteriana de filifolinol (1), naringenina (2), 3-O-methylgalangina (3) y pinocembrina (4)
aislados de los exudados resinosos de Heliotropium filifolium y H. sinuatum, fueron evaluados por citometría de flujo frente a
Staphylococcus aureus y Salmonella tiphymurium. Los resultados mostraron que filifolinol (1) y naringenina (2) fueron inactivos en el
intervalo de concentraciones usadas (10 a 1000 µg / mL). Por otro lado, pinocembrina (4) produce una disminución de la superficie de las
células a 500 µg/mL y la desaparición total de ambas poblaciones bacterianas a 1.000 µg/mL. También, 3-O-metilgalangina (3) mostró la
desaparición total a 1.000 µg / mL tanto de ambas poblaciones de bacterias y una disminución a 200 µg/mL para S. typhimurium y en 500
µg/mL para S. aureus.
Palabras clave: Alpinia macroura, hidrodestilación, aceite esencial, monoterpenos, sesquiterpenos.
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INTRODUCTION
Bacterial infections are among the most important
infectious diseases worldwide. Two very important
bacteria for their adverse effects and high prevalence
in humans are Staphylococcus aureus and Salmonella
typhimurium. S. aureus is a Gram-positive pathogen,
with one of the highest prevalence in humans,
colonizing the skin and mucous membranes in 20 to
30% of the world population (Otto, 2010). S.
aureus is a dangerous human pathogen that can cause
severe and life-threatening diseases, including:
pneumonia, meningitis, endocarditis and septic shock
syndrome (Mun et al., 2013) and cause a significant
number of intra- hospital infections in susceptible
patients (O'Neill, 2010). The negative impact of these
pathogens on humans, has been increased because
their ability to develop resistance to antibiotics
(Chambers
&
Deleo,
2009).
Salmonella
typhimurium is a pathogenic Gram-negative bacteria
predominately found in the intestinal lumen. Its
toxicity is due to an outer membrane consisting
largely of lipopolysaccharides (LPS) which protect
the bacteria from the environment. This bacteria is
the causative agent of salmonellosis (Kendall et al.,
2003) and is able to colonize the digestive tract of
poultry, resulting in fecal contamination and
contamination of poultry and poultry products;
being an important source of contamination for
humans and result in a public health problem (Youn
et al., 2016). Prevention of salmonellosis is difficult
because of the persistence of Salmonella in poultry
hosts, on the route of oral -fecal pollution and the
wide range of chronic carriers of this pathogen
(Henzler & Opitz, 1992). Antibiotic treatment of S.
aureus and S. typhimurium infections often is
problematic due to their slow response to therapy and
the high frequency of recurrent infections. Therefore,
the search for new specific antibacterial agents is due
to a major clinical problem that is the multidrug
resistance in pathogenic bacteria.
Plants have provided numerous novel
compounds that have shown promising activity
against infectious diseases caused by bacteria
(Camporese et al., 2003; Ding et al., 2009; Dubey et
al., 2012). The search for new active compounds
where the natural products have an important role
because from them have derived many of the drugs
against pathogens (Demain & Sanchez 2009;
Molinari, 2009).

Species of Heliotropium (Heliotropiaceae)
section Cochranea (Miers) Reiche are
found
growing in the Pacific coastal region of Chile, in arid
or semi-arid ecosystems,
exposed to extreme
environmental conditions These species produce
surface components (resinous exudates) that cover
leaves and stem as a defense mechanism. These
resinous exudate are characterized by the presence of
flavonoid and aromatic geranyl derivatives. From
Heliotropium filifolium Miers, filifolinol (1) (Figure
1), the first example of a spiro-benzodihydrofuranyl
terpene was isolated (Torres et al., 1994) and from
Heliotropium sinuatum Miers the flavonoids
naringenin (2), 3-O-methylgalangin (3) and
pinocembrin (4) (Figure 1) were isolated (Torres et
al., 1996).
Previous studies showed that these
compounds have interesting antimicrobial properties,
against phytopathogenic bacteria (Modak et al.,
2004) and also Escherichia coli, Bacillus subtilis and
Bacillus cereus (Torres et al., 2002; Urzúa et al.,
2008).
This work shows the results of the
antibacterial activity of filifolinol (1), naringenin (2),
3-O-methylgalangin (3) and pinocembrin (4) against
Staphylococcus aureus and Salmonella typhimurium.
Two bacteria involved in serious health problems.
MATERIAL AND METHODS
Isolation of Filifolinol (1), Naringenin (2), 3-Omethylgalangin (3) and Pinocembrin (4).
The compounds 1-4 (Figure 1) were purified from the
resinous exudate of Heliotropium filifolium (Miers)
Reiche (Filifolinol) and of Heliotropium sinuatum
(Miers) (naringenin, 3-O-methylgalangin and
pinocembrin) as has been described (Torres et al.,
1994; Torres et al., 1996). Briefly, the resinous
exudate was extracted by immersion of the fresh
plant material in CH2Cl2 for 30 s at room
temperature. The extracts were concentrated to yield
solid residues (6.3 and 6.0 % w/w, respectively). The
extracts were purified by CC (silica gel) using a
hexane- ethyl acetate step gradient. H. filifolium and
H. sinuatum were recollected in III region, Chile.
Voucher specimens were deposited in the Herbarium
of the Faculty of Biological Science of the Catholic
University of Chile (ST-2214 SSUC and ST-2563
SSUC).
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Figure 1
Structure of test compounds
1 Filifolinol, 2 Naringenin, 3 3-O-methylgalangin and 4 Pinocembrin.

Bacterial strains and culture conditions
S. typhimurium (ATCC 14028) was grown in LuriaBertani (LB) at 37º C, with an agitation of 200 rpm
for 24 h and S. aureus (ATCC 8325-4) was grown in
Tryptic soy broth medium (TSB) at 37º C, with an
agitation of 200 rpm for 24 h.
Bactericidal activity
To determine the antibacterial activity, serial
dilutions of each compound, were performed in LB
and TSB medium to S. typhiurium and S. aureus,
respectively. The concentrations tested for each
compound were 10 µg/mL, 20 µg/mL, 50 µg/mL,
100 µg/mL, 200 µg/mL, 500 µg/mL and 1000
µg/mL, in a final volumen of 990 µL with 10 µL of
inoculum of S. typhimurium at a final concentration
of 3,8x108 UFC/mL and 10 µL of inoculum of S.
aureus at a final concentration 6,3x106 CFU/mL.
Samples were incubated for 24 h at 37º C with
agitation at 200 rpm. The bacteria were centrifuged at

5000 rpm for 5 min, the supernatant was discarded
and the pellet was suspended in 300 µL of phosphate
buffered saline (1 X PBS) containing 2 µL of
propidium iodide (PI,1 mg/mL). Viable cells (PI
negative cells) were quantitated by flow cytometry
using flow cytometer FACSCanto II (BD
Biosciences). Bacteria incubated for 1 h at 95° C
were used as positive control. Untreated bacteria
were used as negative control.
Bacterial Quantitation
To determine the amount of bacteria, the
quantification in plate method was used by counting
CFU/mL. Serial dilutions from 10-1 to 10-12 were
performed, taking from the bacterial culture to
quantify 100 µL in 900 µL of sterile distilled water.
10 µL of the dilutions were seeded in 24-well plates
previously prepared with 1 mL of Luria-Bertani agar
(LB) and incubated for 16 hours at 30° C. CFUs/mL
were calculated using the following equation:

UFC/mL = (n° colonies/mL) x dilution factor
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Statistical analysis
All data were analyzed using GraphPad software. P
values less than 0.05 were considered significant.
RESULTS AND DISCUSSION
The effect of the compounds (1-4) against Salmonella
typhimurium and Staphylococcus aureus was
measured by flow cytometry. The distribution graphs
of the bacterial population delivered by the flow
cytometer between the side scatter (SSC-A) and
forward scatter (FSC-A) axis showed that the
compounds (1) and (2) were not active at any of the
tested concentration. These results are different from
those of Urzúa et al. (2008) where filifolinol (1)
showed a MIC of 1024 µg/mL against S. aureus. This
difference may be due to the different techniques that
were employed in the evaluation of the activity.
Flavonoids (3) and (4) showed important changes in
the bacterial populations.

A

C

Treatment with pinocembrin (4) at 500µg/mL (Figure
2C), showed a decrease in size and shape of the cells
and the total disappearance of the bacterial
populations was observed at 1000 µg/mL (Figure 2D
and 3D). The disappearance of a bacterial population
indicates cells lysis, by effect of treatment with the
compounds (Saint-Ruf et al., 2016) and it is the result
of the loss of integrity of the population. The results
obtained with the flavonoid were compared with the
positive controls that consist in the treatment of the
bacterial populations with temperature. In this
experiment it was observed the disappearance of
populations in the graphs (SSC-A/FSC-A).Similar
results were observed for 3-O-methylgalangine (3),
where the total disappearance of the bacterial
population was observed to 1000 µg/mL in both
species; while the decrease of cell surface and
complexity were observed at 200 µg/mL for S.
typhimurium (Figure 2) and 500 µg/mL for S. aureus
relative to the control (untreated bacteria) (Figures 3).

B

D

Figure 2
Flow cytometry obtained for Salmonella typhimurium incubated with compound 3 for 24 hours at 30° C
A) Negative Control. B) Concentration 200 µg/mL.
C) Concentration 500 µg/mL. D) Concentration 1000 µg/mL
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Figure 3
Flow cytometry obtained for Staphylococcus aureus incubated with compound 3 for 24 hours at 30° C
A) Negative Control. B) Concentration 10 µg/mL. C) Concentration 500 µg/mL. D) Concentration 1000 µg/mL.

To check if the change in the bacterial populations
was related to the antimicrobial capacity of the
compounds, a titration was performed by counting
colony forming units (CFU/mL) for compounds (3)
and (4) that had generated a change in populations of
Salmonella typhimurium and Staphylococcus aureus.
The results showed that for S. aureus, the two
compounds at concentrations which resulted a change
in the bacterial population, led to a decrease in the
number of bacterial (Figure 4A), reaching decrease
by up to five orders of magnitude, as was observed
for 3-O- methylgalangin (3) to 1000 µg/mL. In the
case of S. typhimurium, the same concentrations of
compound (3) showed a decrease by up to two orders
of magnitude in the number of bacterial population
relative to the control (Figure 4B).
The results obtained with compounds (3) and
(4) are significant, considering that in other studies,
reduction of S. aureus population required 800
µg/mL of vancomycin after 24 hours of exposure,

resulting in 2-log-unit reduction in CFU respect to
control (Harriott & Noverr, 2009). Other study shows
that with amoxicillin (1024 µg/mL), a reduction of
90% of S. typhimurium, was observed after 6 hours of
exposure (Junod et al., 2013).
Several factors explain the capacity of S.
aureus and S. typhimurium to avoid the action of
antibiotics, where the biofilm formation might be the
main reason for a deficient antibiotic effect, when
foreign bodies are involved in the infections (Chuard
et al., 1991; Saramago et al., 2014).
On the other hand, flow cytometry has
proved to be a good tool to determine the
antibacterial activity of compounds that have low
solubility to determine the MIC.
Finally, based on the results obtained, the
flavonoids 3-O-methylgalangin (3) and pinocembrin
(4) are good candidates to test their antibacterial
activity in vivo.
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Figure 4
Titration of Staphylococcus aureus and Salmonella typhimurium incubated at 30° C for 24 h with compound
(3) and (4). A) Staphylococcus aureus incubated with compound (3) (500 g/mL y 1000 g/mL) and compound (4)
(500 g/mL and 1000 g/mL). The significant difference was established between the control (S. aureus) and the
different compounds, based on the Mann- Whitney test (p ≤ 0.05). B) Salmonella typhimurium incubated with
compound (3) (200 g/mL, 500 g/mL and 1000 g/mL). The significant difference was established between the
control (S. typhimurium) and the different concentrations, based on the Mann- Whitney test (p ≤ 0.05).
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