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a b s t r a c t

Ethnopharmacological relevance: Quercus cerris L., Fagaceae has been used in traditional Mediterranean

medicine for numerous purposes, including anti-infective therapies for diarrhea and wound care.

Aim of the study: To evaluate the anti-staphylococcal activity of fractions of ethanolic extracts of

Quercus cerris leaf and stem/fruit samples in models for biofilm and growth inhibition.

Materials and methods: Ethanolic extracts of Quercus cerris leaves and stems/fruits were prepared,

resuspended in water and fractioned by successively partitioning with hexane, ethyl acetate and

butanol. The ability of the fractions to inhibit Staphylococcus aureus biofilm formation was tested using

static crystal violet staining methods and confocal laser scanning microscopy. Growth studies were

conducted to determine if the diminished capacity to form a biofilm was related to growth inhibition.

Results: The butanol extracts of both the leaf and stem/fruit samples were the most active, and at a dose

of 200 mg/ml, the capacity to form a biofilm was limited to a level equivalent to that of the sarA mutant

controls. Further examination of the impact of these fractions on Staphylococcus aureus growth revealed

that biofilm inhibition by the leaf butanol fraction was due to its bacteriostatic activity. The stem/fruit

butanol fraction, however, showed a limited impact on growth, thus demonstrating that biofilm

inhibition in this case is not related to the bacteriostatic activity of the extract.

Conclusion: Our evaluation of a medicinal plant used in Mediterranean ethnotherapies for infectious

disease has demonstrated significant activity in the inhibition of staphylococcal biofilm formation with

a mechanism unrelated to staphylococcal growth inhibition. These results contribute towards valida-

tion of this botanical remedy and form the groundwork for future studies in the search for novel biofilm

inhibiting drugs.

& 2012 Elsevier Ireland Ltd. All rights reserved.
1. Introduction

Staphylococcus aureus is a pathogen of great importance to
human health. Besides its ability to cause large number of
diseases, it has also acquired the adaptations necessary to survive
hostile environments and repeated antibiotic insult. These quali-
ties have converged to make Staphylococcus aureus a significant
burden on our current healthcare system.

One of the patient populations most vulnerable to Staphylo-

coccus aureus infection are those with implanted medical devices
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such as central venous catheters, cardiac valves and pacemakers,
artificial joints and various orthopedic devices. Upon formation of
a biofilm on these devices, staphylococcal cells can gain a state of
metabolic dormancy and create a microenvironment that protects
them from the host immune response and antibiotic exposure
(Hall-Stoodley et al., 2004), making the infection nearly impos-
sible to treat. Consequentially, novel therapies that address the
issue of intrinsic biofilm-related resistance are highly desired.
In this context, we have used in vitro and in vivo studies to
demonstrate that mutations in the sarA gene, which limit the
capacity of Staphylococcus aureus to form a biofilm, also increase
the susceptibility of Staphylococcus aureus to antibiotics
(Weiss et al., 2009a, 2009b). Likewise, a recent study on an ellagic
acid derivative rich plant extract, which limits Staphylococcus

aureus biofilm formation, also improves antibiotic efficacy in
biofilm removal in a catheter model (Quave et al., 2012). These
studies, among others, strongly support the concept that drugs
targeting pathogenesis via biofilm inhibition could have great
therapeutic value.
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A report on the anti-staphylococcal activity of crude ethanolic
extracts of Italian plants highlighted the anti-biofilm potential of
Quercus cerris extracts (Quave et al., 2008). Commonly known as
the Turkey Oak, it is used in traditional medical practices for the
treatment of diarrhea, leucorrhea, hemorrhoids, rheumatism, and
to induce hyperhidrosis (Antonone et al., 1988; Bellomaria and
Della, 1985). This plant is also used in ethnoveterinary medicine
for wound care (Pieroni, 2000). Here, we expand on this prior
work by using bioassay-guided fractionation techniques to isolate
the fraction(s) with the greatest activity against two clinically
relevant strains of Staphylococcus aureus using in vitro biofilm
models.
2. Materials and methods

2.1. Acquisition of plant materials

Bulk samples of Quercus cerris L. (Fagaceae) leaves, fruits and
stems were collected from wild populations in August 2009 in the
village of Ginestra, Basilicata province, southern Italy by CQ.
Procedures from the 2003 WHO guidelines on good agricultural
and collection practices for medicinal plants (WHO, 2003) were
followed for the collection and identification of bulk and voucher
specimens. Voucher specimens (CQ-228) were deposited at the
Herbarium Lucanum (HLUC) at the Universit�a della Basilicata in
Potenza, Italy. The specimens were identified using the standard
Italian Flora (Pignatti, 2002) and identification was confirmed at
HLUC. Dried plant materials were packed into plastic bags with
silica packets, vacuum sealed, and then exported to the USA under
USDA permit PDEP-09-00228 for phytochemical evaluation and
bioassays.

2.2. Extraction and bioassay-guided fractionation of plant materials

Plant materials were homogenized into a fine powder, creating
two sets of samples for extraction and testing (sample 1: leaves;
sample 2: fruit and stems). Each sample (1 kg) was extracted with
95% EtOH (2�10 L) at room temperature for 72 h with constant
agitation. Filtered extracts were combined, concentrated at
reduced pressure, and a temperature o45 1C, and lyophilized
prior to being resuspended in water and fractioned by partition-
ing in succession with hexane, ethyl-acetate, and butanol (Fisher
Chemical, Certified ACS). Partitions were dried over anhydrous
sodium sulfate, concentrated at reduced pressure, and lyophilized
before testing in bioassays.

2.3. Quality control

Extracts and fractions were dissolved in DMSO, and then
sterile filtered (0.2 mm; nylon filter) and stored in sterile vials at
�20 1C prior to use in all bioassays. Sterility controls were
included in all assays (extractþmedia) and tests for sterility
followed standard quality control measures (Isenberg, 2004).

2.4. Bacterial strains and growth conditions

Two clinically-relevant stains of Staphylococcus aureus were
used in this study: UAMS-1, a USA200 MSSA osteomyelitis isolate;
and UAMS-1782, a USA300 community-associated MRSA isolate.
The isogenic sarA mutants of these strains (UAMS-929 and UAMS-
1804, respectively) were used as negative controls based on the
observation that mutation of sarA results in a reduced capacity to
form a biofilm that can be correlated with increased antibiotic
susceptibility (Beenken et al., 2003; Weiss et al., 2009b). All
strains have been previously described (Beenken et al., 2010).
For biofilm assays, strains were grown in tryptic soy broth
(TSB) supplemented with 3.0% NaCl (wt/vol) and 0.5% dextrose
(biofilm medium, BM). For all assays, overnight cultures of the
test strains were used to inoculate fresh medium at an initial cell
density of 5�105 colony forming units (CFU) per ml (confirmed
with plate counts). This cell density was achieved by taking the
optical density of overnight cultures and diluting to an OD560 nm

of 0.05. Studies examining growth were done at 37 1C in BM with
constant shaking (200 rpm) with a volume-to-flask ratio of 0.4.

2.5. Assessment of biofilm formation

Biofilm assays were undertaken using a human plasma
protein-coated microtiter plate assay as described (Beenken
et al., 2003). Following inoculation, the plates were incubated at
37 1C for 24 h, the wells were gently washed twice with 200 ml of
phosphate-buffered saline (PBS) to remove all non-adherent cells.
Adherent biofilms were fixed with 200 ml of 100% ethanol prior to
staining for 2 min with 200 ml 0.41% (wt/vol) crystal violet in 12%
ethanol. Following aspiration of the stain, wells were washed
several times with PBS. A quantitative assessment of biofilm
formation was then taken by adding 100% ethanol and incubating
at room temperature for 10 min. The eluate was then transferred
to a new polystyrene microtiter plate and the absorbance
(OD595nm) was determined using a plate reader.

2.6. Growth curve

The impact of the two most promising fractions (001-1-D and
002-1-D, butanol partitions of leaf and fruit/stem samples,
respectively) on Staphylococcus aureus growth was determined
by taking aliquots for plate counts at various time points follow-
ing inoculation to determine the number of CFU/ml in the
growth media.

2.7. Confocal laser scanning microscopy (CLSM) of static biofilms

Confocal imaging of biofilms following treatment with extract
was undertaken as previously described (Quave et al., 2012).
Staphylococcus aureus strains (UAMS-1 and UAMS-1782) and their
isogenic sarA mutants (UAMS-929 and UAMS-1804) were grown
in 96 well microtiter plates (Costar 3603, Corning Life Sciences).
After 20 h, the well contents were aspirated and the wells were
gently rinsed 3 times with 0.85% (wt/vol) NaCl. The adherent
biofilm was stained with LIVE/DEAD (Invitrogen) stain at room
temperature in the dark for 18 min. Following stain removal,
wells were gently washed with 0.85% NaCl before collecting CLSM
images using a Zeiss LSM 510 Meta confocal scanning system and
inverted microscope.

2.8. High performance liquid chromatographic (HPLC) analysis

of the most active fraction

Fraction 002-1-D was subjected to HPLC analysis for the
purpose of batch to batch quality control using an Agilent 1260
Infinity system with quaternary gradient pump, in-line degasser,
autosampler, column heater, diode array detector and acquisition
system (OpenLab CDS ChemStation, Agilent Technologies, Santa
Clara, CA, USA). A 4.6�150 mm, 5 mm reverse-phase Zorbax
octadecylsilane (ODS-C18; Agilent) column was used at a tem-
perature of 30 1C. The extract was dissolved in solvent A and a
2 mg injection was eluted at a flow rate of 1 ml/min using a
gradient of 2 solvent systems: (A) 2% acetic acid in water; (B) 2%
acetic acid in acetonitrile. The mobile phase was 0% B at time
0 min and 100% at time 40 min, followed by a hold at 100% B for
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6 min and a hold at 0% B for 8 min (54 min total run time).
Optimal peak resolution was detected at 280 nm.

2.9. Statistical analysis

Pair-wise testing was performed based on t-tests as formatted
with Sigma Stats Statistical Software Version 2 (SPSS, Inc) with P

valueso0.05 considered significant.
3. Results and discussion

Biofilm assays on crude ethanolic extracts and their fractions
revealed that the butanol fractions of both the leaf (001-1-D; 0.018%
yield) and the stem/root (002-1-D; 0.031% yield) extracts exhibited
the most potent biofilm inhibitory activity, with 63710% and
7474% inhibition in relation to the growth control at a test dose
of 200 mg/ml (P values o0.05). This approximates a similar range
Fig. 1. Growth study on the two most active biofilm-inhibiting fractions tested at 200 m
limited impact on growth, causing a �3 h delay in transition to log phase of growth a

’: wild-type growth control (UAMS-1); þ: sarA mutant growth control (UAMS-929)

extract (002-1-D).

Fig. 2. Microtiter plate biofilm assays were undertaken with UAMS-1 (top) or UAMS

excipient (DMSO) to the growth medium. Confocal images were obtained after 20 h

overall biofilm architecture at a magnification of 10� . Isogenic sarA mutants grown i

evident, and approximates that of the isogenic sarA controls.
(8575%) of limited biofilm formation exhibited by the isogenic sarA

mutant control. Furthermore, growth studies on these two fractions
demonstrated that 001-1-D inhibited growth, whereas 002-1-D did
not (Fig. 1), indicating that the biofilm inhibitory activity of 002-1-D
is due to a mechanism unrelated to inhibition of growth.

CLSM studies of 002-1-D revealed a dose-dependent response
in biofilm inhibition for the two pathogenic strains (Fig. 2).
Importantly, the extract was effective in the treatment of a strong
biofilm-former (UAMS-1) and a MRSA isolate associated with
community acquired infections (UAMS-1782) and at levels
equivalent to that seen in the DsarA controls (100 mg/ml for
UAMS-1, and 200 mg/ml for UAMS-1782). This is therapeutically
relevant as our group has previously documented the benefit of a
reduced capacity to form a biofilm (using sarA mutants) on
increased antibiotic efficacy in vivo (Weiss et al., 2009b).

HPLC analysis of 002-1-D revealed the presence of 15 minor
and 6 major constituents (representing 43% of the % area)
labeled as A–F and present at retention times of 28.17, 28.99,
g/ml. While the 00-1-D significantly limited growth, 00-2-1-D demonstrated only

nd reaching stationary phase at the same time (�8 h) as controls. Figure legend:

; m: butanol fraction of leaf extract (001-1-D); J: butanol fraction of stem/root

-1782 (bottom) after the addition of 002-1-D at the indicated concentrations or

of incubation. An orthogonal view (0.9�0.9 mm section) is included to illustrate

n BM with DMSO were included as negative controls. A dose-dependent effect is



Fig. 3. Chromatogram of 002-1-D, the fraction with the greatest anti-biofilm activity (without growth-inhibitory effects). Future work will focus on the isolation, structural

elucidation and testing of compounds (A)–(F) in biofilm models.
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31.57, 32.73, 34.1, and 49.59 min, respectively (Fig. 3). Further
work using semi-preparative HPLC to isolate, test, and structu-
rally elucidate compounds A–F is planned.
4. Conclusion

We have demonstrated that the butanol fraction of the crude
stem/fruit Quercus cerris extract is responsible for the biofilm-
inhibitory activity of this plant. The properties of this plant in
interfering with staphylococcal pathogenesis contribute to the
validation of its use in traditional therapies for infections and
wounds. Further bioassay-guided fractionation efforts are
planned in order to isolate and elucidate the active constituent(s)
in 002-1-D responsible for this activity. Likewise, microarray
analysis with this extract is planned in effort to investigate the
mechanism of action. Such studies, which contribute to the
discovery and development of novel drugs to treat intrinsically
resistant biofilm-associated staphylococcal infection, are crucial
to the future of our anti-infective therapeutic repertoire.
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