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ABSTRACT

In our study we investigated the ability of selected
plant extracts to inhibit the formation of biofilms pro-
duced by Staphylococcus aureus. In the first phase, we
focused on the optimisation of conditions for the correct
method of an approach. For optimisation, we standard-
ized the culture media and the bacterial culture in order
to obtain interpretable results. The TSB (Tryptone Soya
Broth) medium was used for the preparation of an in-
oculum from the bacterial suspension. For the in vitro
tests of antibiofilm activity against the species Staphylo-
coccus aureus CCM 3953, we used propylene glycol (PG)
plant extracts from sage and rosemary, prepared in three
different concentrations of 0.01 %, 0.05 % and 0.1 %. The
tests were implemented in microtitre plates using crys-
tal violet dye at 0.1 % concentration for visualization of
the intensity of a biofilm. The results were obtained, by
spectrophotometric measurements at a wavelength of
550 nm. Both rosemary and sage plant extracts had a sig-
nificant effect on the formation of a biofilm by S. aureus.

The antibiofilm activity was concentration-dependent as
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the formation of biofilm was reduced more effectively
with increasing concentration of the extracts. The best
antibiofilm activity was observed with 0.1 % rosemary
extract resulting in 94 % inhibition of the biofilm forma-

tion.
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INTRODUCTION

Microorganisms living in nature, in many cases survive
only through a special form of an association, called bio-
films. A biofilm is a community formed by different species
of microorganisms reversibly attached to substrates, inter-
phases, or to each other, while they are inserted in a ma-
trix produced by them [5]. The main skeleton of biofilm
is a structure consisting of exopolysaccharides (EPS), pro-
teins in the form of enzymes, DNA or RNA, microbial cells
and up to 95 % of water. Some pathogenic microorganisms

are capable of producing a biofilm as one of a number of
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Fig. 1. Biofilm formation
Source: http://ib.bioninja.com.au/options/untitled/b3-environmental-protection/biofilms.html

defence mechanisms, resulting in their increased resistance
to antimicrobials, particularly antibiotics [8]. Bacterial spe-
cies important from the point of view of biofilm formation
include those from the group “ESKAPE” (Enterococcus
faecalis, Staphylococcus aureus, Klebsiella pneumoniae,
Acinetobacter baumannii, Pseudomonas aeruginosa and
Enterobacter spp.). These are bacteria that due to their
multiresistance are frequently the agents of nosocomial
infections. The infections with involvement of biofilm pro-
ducing bacterial strains include for example periodontitis,
valvular endocardititis, cystic fibrosis, urinary infections,
dental plaques, infections of artificial joints and many oth-
ers developing particularly in immunocompromised indi-
viduals [15]. Staphylococci belong to the bacteria that live
in a natural habitat and are part of a microbiota of skin
and mucous membranes of humans and other animals. On
the other hand, pathogenic staphylococci may cause local
or generalized infections and some of their strains have
an ability to produce biofilms on both biotic and abiotic
surfaces.

Biofilm formation is a very complex process during
which the individually occurring cells form clusters and
subsequently grow together. Formation of biofilms by non-
motile and motile bacterial species differs. If the conditions
are favourable, expression of adhesins on the surface of
non-motile bacterial species increases. This results in the
increase of cohesion forces among cells and, subsequently
in improved adhesiveness to the surface. On the contrary,
motile species lose their motility and produce an extracel-
lular matrix owing to which they produce aggregates and
stay together. The matrix is a dynamic system in which

a homeostasis is achieved and the organisation of this sys-

tem allows the cells to use available nutrients. Four basic
phases are recognised in the process of biofilm formation.
In the first phase, which involves attachment to the surface,
microbial cells adhere to the surface by means of fimbria
or flagella. For the attachment they can also use physical
forces such as van der Waals forces or electrostatic interac-
tions [9].

After attachment and stabilization, the process of cell
division starts. The initial signal that is controlled geneti-
cally, is the production of EPS. Microcolonies consist usu-
ally of a large number of the so-called micro-communities.
They communicate among themselves in many ways. The
coordinated bacterial growth is controlled by the so-called
quorum sensing system (QS) utilizing signal proteins and
other molecules for stimulation of growth of the micro-
colonies [11]. The QS allows bacteria to sense their own
density and, subsequently, modify their phenotype [2].

The third phase involves the production of three-di-
mensional structure—microcolonies—and their matura-
tion. This is related to the increased expression of biofilm
formation associated genes. The products of these genes
are inevitable for the production of exopolysaccharide, the
main biofilm component. Another important part of the
maturation of this microcolony is the production of extra-
cellular matrix that is initiated immediately after attach-
ment of bacteria to the surface.

The last phase is the potential detachment of colonies.
There is a sequence of reactions which support the conver-
sion of a bacterial colony to the motile form. Saccharolytic
enzymes are produced to facilitate detachment of the colo-
ny aimed at re-colonization. The cells increase their expres-

sion of proteins responsible for the production of flagella
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so as to ensure motility of the detached bacteria. This de-
tachment of the bacterial colony from the surface plays an
important role in the spreading of the infections [9].

In staphylococci, the extracellular polysaccharide ma-
trix with its principal component poly-N-acetyl-glucos-
amine is responsible for biofilm formation. The chemical
structure of this polysaccharide corresponds to the struc-
ture of the polysaccharide intercellular adhesion (PIA).
This was identified as the key component that enables the
aggregation of staphylococci cells and their accumulation
in the biofilm [17]. The synthesis of the PIA is encoded by
the genes of the ica operone [13].

There exist substances, which are able to supress the
production of a biofilm, even destroy the already formed
biofilm. Metabolites of beneficial bacteria, disinfectants or
plants extracts belong to the group of such substances.

Recently, some medicinal plants have increased the at-
tention of researchers because of their potential and goal-
directed ability to interfere with biofilms and thus facili-
tate the penetration of medicines to the bacterial agents.
It was confirmed that, for example, lemon grass, oregano
and Pimenta racemosa inhibit the formation of biofilms at
concentrations < 2 %. Also, rosewood, coriander, tea plant,
Mentha X piperita and marjoram are effective at the same
concentrations [7]. The components of Humulus lupulus L.,
such as lupulone, humulone and xanthohumol reduce the
number of bacterial cells of Staphylococcus aureus released
from biofilms. Extracts from Melaleuca alternifolia con-
taining terpineole, terpinene-4-ol, or extracts from Melissa
officinalis were more effective against biofilm produced by
S. aureus and Escherichia coli than extract from Lavandula
angustifolia containing lavender oil [3]. Currently imple-
mentation of nanoparticles acting as carriers of previously
non-stabile essential oils help to interfere with bacterial
biofilms. An example is a cinnamaldehyde obtained from
cinnamon. When bound to nanoparticles, this aldehyde
exhibits increased stability and thus also increased antib-
iofilm activity against methicillin-resistant Staphylococcus
aureus (MRSA) strains and other bacteria [16].

The aim of this study was to investigate the antibiofilm
activity of propylene glycol extracts of rosemary and sage,

tested at various concentrations.
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MATERIALS AND METHODS

The experiments were carried out using a reference,
biofilm-producing strain Staphylococcus aureus CCM 3953.
In order to obtain an inoculum, it was cultivated in meat-
peptone broth (Himedia, India) for 18 hours at 37 °C with
constant mixing. This way the prepared night culture was
subsequently diluted with a modified tryptone soya broth
(TSB; Himedia, India) to 1 % inoculum which was then
used in an in vitro experiment.

We tested the antibiofilm activity of propylene glycol
(PG) extracts prepared from the rosemary leaves (Rosmari-
nus officinalis L., PGR extract Certificate No. 310) and sage
stems (Salvia officinalis L., PGS extract Certificate No. 309);
both extracts were obtained from the company Calendula
a. s., Nova Lubovna, Slovakia). We prepared the base solu-
tions of extracts in dimethyl sulphoxide (DMSO; Sigma-
Aldrich, USA) at concentrations of 1 %, 5 % and 10 % and
diluted them 10-fold with TBS (Tris-buffered saline) to ob-
tain concentrations 0.1 %, 0.5% and 1 %.

The antibiofilm activity of the PG extracts were tested
in standard 96-well microtitration plates (Greiner-Bio-
One, Austria) using a modified staining method according
to O’ Toole [14]. In the first step, we pipetted into indi-
vidual wells 180 pl of the bacterial suspension of staphy-
lococci (1 % inoculum). To the wells with staphylococci
suspension, we added 20 ul aliquots of the 10-fold diluted
solutions of extracts (n = 4) to obtain the following effec-
tive concentrations of extracts: 0.01 %; 0.05 %; and 0.1 %.
We prepared also the respective negative controls by using
20 ul 10 % DMSO (n = 4) instead of the diluted extracts.
The plates were then incubated at 37 °C for 24 hours. After
the incubation, the supernatant was removed by aspiration
and the individual wells with the formed bacterial biofilm
were washed with distilled water 3—5 times, as needed. Af-
ter thorough but careful washing, the biofilm was stained
with 0.1 % crystal violet solution (200 pl per well; 30 min,
room temperature). Then the crystal violet solution was as-
pirated again and wells were washed thoroughly with dis-
tilled water (3—5 times). The following step consisted in
a 10-min extraction of the stain using 200 pl of 30 % acetic
acid per well. After the action of the acidic solution, the
content of each well was mixed with a pipette. The quantity
of the stain obtained in this way was determined by mea-
surement of the absorbance of each solution at 550 nm em-

ploying a spectrophotometer Synergy HT (Biotek, USA).
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Fig. 2. Inhibition of S. aureus 3953
Biofilm by propylene glycol extract of rosemary (n = 4). PGR—propylene glycol rosemary extract; NC—negative control in DMSO;
a—significantly different from NC; b—significantly different from 0.01 %; c—significantly different from 0.05 %; ***—P < 0.001
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Fig. 3. Inhibition of S. aureus 3953
Biofilm by propylene glycol extract of sage (n = 4). PGS—propylene glycol sage extract; NC—negative control in DMSO;
a—significantly different from NC; b—significantly different from 0.01 %; c—significantly different from 0.05 %; ***—P < 0.001

For statistical analysis of the results, a 1-way ANOVA  RESULTS AND DISCUSSION
was used. Significant differences between groups were as-
sessed by Tukey’s test. The difference between various con- The results of our experiments indicated that the antib-
centrations of the plant extracts were determined by the iofilm activity of the PG extracts of rosemary and sage was

unpaired t-test. P-values < 0.05 were considered significant. ~ concentration dependent as shown in Figs. 2 and 3. With
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increasing concentration of plant extracts the biofilm for-
mation by Staphylococcus aureus decreased. The PG extracts
of both plants showed the highest anti-biofilm concentra-
tion at a concentration of 0.1 %, followed by concentrations
0.05 % and 0.01 %; however, the antibiofilm action of the
sage extract was lower compared to the rosemary extract
(P <0.0001). While the inhibition of biofilm formation by
the sage extract ranged from 46 % (0.01 % concentration)
to 86 % (0.1 % concentration), the rosemary extract caused
96 % inhibition at 0.1 % concentration and 46 % at 0.01 %
concentration.

An antibiofilm activity of PG extract of rosemary was
reported also by Oliveir aetal [6]. These authors ob-
served that the extract significantly reduced the growth and
multiplication of bacteria (CFU per ml) in monomicrobial
biofilms of Staphylococcus aureus. The extracts of concen-
tration 2 % significantly reduced biofilm within 5 minutes.
Better results in comparison with biofilms produced by
S. aureus were obtained with the strains Candida albicans
and Pseudomonas aeruginosa. The above study used ex-
tracts prepared by similar procedure as used in our study.
However, the highest inhibition of biofilm formation by PG
extract of rosemary was reached with extract with a much
lower concentration (0.1 %).

The extract of rosemary at a concentration of 25 ul.ml™
reduced the biofilm produced by Staphylococcus epidermi-
dis by 57.1 %. At lower concentration (12.5 pl.ml™), rose-
mary decreased adhesion of cells by 49.21 % but reduced
the formation of biofilm by only 29.05 % [10]. The rose-
mary extract tested in this study had an antibiofilm affect
similar to that in our experiments but the inhibition ranged
from 46 % to 86 %.

In the study by Ceylan [4], the antibiofilm activ-
ity of the rosemary extract against the biofilm produced
by various bacteria including S. aureus was tested and the
authors reported that the rosemary extract was the most ef-
fective specifically against S. aureus produced biofilm. The
author used a longer cultivation of the inoculum (48 h) in
comparison with our method. The inhibition observed was
60.76 %.

In addition to propylene glycol extract, other types of
plant extracts also inhibited the formation of biofilms. Hy-
droalcohol extract of rosemary showed anti-adherent ac-
tion and decreased the formation of biofilms [12].

Al-Bakri etal [1] investigated the antibiofilm ef-

fect of ethanol extracts from sage and sage essential oil. Into
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individual wells of microtitration plates they added 100 pl
of extract and 10 ul of staphylococci inoculum, so the final
volume of the well content was smaller than that used in
our study which explains the higher anti-biofilm activity
reached by these authors. The extract from sage resulted
in 86.2 % and 83.4 % inhibition of the production of bio-
film by MRSA (methicillin-resistant S. aureus) strain and
2 98.3 % inhibition of S. aureus.

The results of several studies are in agreement with our
observations that indicated higher anti-biofilm activity of
rosemary extract in comparison with sage extract. Also the
percentage of inhibition achieved by rosemary extracts was
similar or were in the range observed in our study taking
into consideration the concentration of the tested extracts.
However, standardization of the procedures appears im-
portant for reproducibility of results as different conditions
of incubation and preparation of relevant inocula applied

to microtitration plates influence the investigated activity.

CONCLUSIONS

From the medical point of view, the formation of bio-
films by pathogenic microorganisms on both biotic and
abiotic surfaces is an undesirable phenomenon with seri-
ous implications. The standardization of procedures is im-
portant in order to reach creditable interpretable results.
Some compounds of natural origin, for example those in
certain plant extracts, have the capacity to inhibit the for-
mation of such biofilms. Our study confirmed the anti-
biofilm concentration-dependent effectiveness of rosemary
and sage propylene glycol extracts with the highest activity

of rosemary extract at concentration of 0.1 %.
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