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Introduction

Flavonoids are a group of benzo-y-pyrone derivatives
widely distributed in the plant kingdom. Over 4000 plant-
derived flavonoids have been described.' The exact function
of flavonoids in plants is not known but they are usually
synthesised in response to external damage. They have been
used for centuries in Chinese medicine in the form of
medicinal plants.* The compounds have a range of biological
effects including antimicrobial,® antioxidant,* anticancer,’
anti-inflammatory and antiviral activity: however, the exact
mechanisms involved are not fully understood.

Methicillin-resistant Staphylococcus aureus (MRSA) strains are
major nosocomial pathogens. These organisms exhibit
resistance to f-lactamase-sensitive and -resistant antibiotics by
virtue of a mutation of a penicillin-binding protein. Resistance
to B-lactam antibiotics can also result from increased
production of B-lactamases.” Previous work has shown that
flavonoids cause morphological changes in MRSA.*

The flavonoids hesperetin and naringenin (Fig. 1) are
found in high concentrations in citrus fruits such as lemons
and grapefruit.” This study aims to investigate interactions
between hesperetin and naringenin and B-lactam antibiotics
against S. aureus. In addition, electron microscopy (EM) is

Fig. 1. The structure of the flavonoids R,
hesperetin (R,=0H,R,=0CH,) and
naringenin (R,=H,R,=0H).
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ABSTRACT

Flavonoids are a group of polyphenolic plant compounds
with a range of biological activities. This study shows that
the flavonoids hesperetin and naringenin have
antibacterial activity against methicillin-sensitive and
methicillin-resistant ~ Staphylococcus — aureus isolates.
Minimum inhibitory concentrations for hesperetin were
250 and 500 ug/mL, respectively, and for naringenin were
125 and 250 pg/mL, respectively. This effect was reversed
by the B-lactam antibiotics methicillin, penicillin and
oxacillin, but not by cefoxitin. For bacteria growing in the
presence of these antibiotics, the flavonoids had no effect
on the levels of B-lactamase enzymes and PBP-2" compared
to controls. Electron microscopy showed abnormal
morphology in bacteria treated with subinhibitory
concentrations of flavonoids. These results are interesting
because previous studies have reported synergistic
interactions between flavonoids and B-lactam antibiotics. It
is suggested that an interaction removes both inhibitors
from the bacterial growth milieu.
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used to examine morphological changes caused by the
flavonoids in the presence and absence of methicillin.

Previous study of flavonoids has shown a synergistic
effect with methicillin and other antibiotics," and that
hesperetin and naringenin have antibacterial effects which
are eliminated in the presence of methicillin, penicillin and
oxacillin. Cefoxitin has been recommended for the detection
of methicillin resistance and reported to be a better predictor
than oxacillin.”

Materials and methods

Ten epidemiologically distinct strains of MRSA were
obtained from the microbiology department of the Faculty of
Medicine, Kuwait University. Nine methicillin-sensitive
S. aureus (MSSA) strains (Amiri Hospital, Kuwait) plus a
control strain (ATCC 25923, Faculty of Medicine, Kuwait
University) were also included. The strains were stored at
-80°C in 10% skimmed milk (Difco, USA).

Hesperetin, naringenin and other chemicals were
obtained from Sigma (USA), and nitrocefin, methicillin
strips, penicillin, oxacillin and cefoxitin (30 mg) susceptibility
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disks were obtained from Oxoid (UK). The MRSA
monoclonal antibody screen for PBP-2" (Denka-Seiken,
Japan) was used.

Stock solutions of the flavonoids were prepared in
dimethyl sulphoxide (DMSO). The final concentration of
DMSO in the medium was less than 1%. Inhibitors were
added to the agar at 50°C. Strains of MRSA were cultured on
Mueller-Hinton agar (Acumedia) in the presence and
absence of flavonoids. The cultures were inoculated on the
agar according to NCCLS procedures,” using bacterial
suspensions prepared in peptone water (Oxoid, UK).

Strips containing 25 mg methicillin or disks containing
penicillin (10 units) or oxacillin (1 mg) were applied and the
plates were incubated in air at 37°C overnight and examined
for growth. Disks impregnated with nitrocefin were used to
screen for B-lactamase production.

Bacteria grown on Mueller Hinton agar in the presence of
either flavonoid or methicillin were transferred to scanning
EM studs and air dried. The cells were fixed in 1% osmium
tetroxide and then coated with carbon and with gold using
a sputter coater. The specimens were examined with a
JSM 35 scanning electron microscope.®

Results

Minimum inhibitory concentration (MIC) for hesperetin and
naringenin against 10 strains of MRSA, nine strains of MSSA
and the control strain ATCC-25923 were found to be 250 and
500 mg/mL (hesperetin) and 125 and 250 mg/mL (naringenin),
respectively. When inhibitory concentrations of hesperetin
and naringenin were incorporated in Mueller-Hinton agar,
and a methicillin strip or penicillin or oxacillin disks applied,
growth of the bacteria occurred predominantly beside the
antibiotic strip or disk (Figs. 1 and 2).

Areas of apparent bacterial growth were Gram-stained to
exclude the possibility of artifacts caused by precipitation.

Fig. 2. Growth of MRSA around a methicillin strip on
Mueller-Hinton agar in the presence of hesperetin.
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Fig. 3. Growth of MSSA around penicillin (left), methicillin
(centre) and oxacillin (right) disks on Mueller-Hinton agar in
the presence of naringenin.

Filter paper disks not containing antibiotics did not have this
effect. Cefoxitin failed to counteract growth inhibition by
hesperetin and naringenin for all the strains of MRSA and
MSSA tested.

Bacteria growing beside antibiotic discs in the presence of
hesperetin or naringenin were tested qualitatively for the
presence of B-lactamase using the chromogenic substrate
nitrocefin. B-lactamase breaks down nitrocefin to produce a
colour change that was monitored visually. No change in
B-lactamase activity was observed between the flavonoid
and control groups. Bacteria growing beside antibiotic disks
were also tested for PBP-2’ activity (with a monoclonal
antibody). No change in PBP-2" activity was observed
between the flavonoid and control groups.

The MRSA cells grown in the presence of subinhibitory
concentrations of hesperetin or naringenin showed highly
abnormal morphology when viewed using EM (Figs. 4a, b
and c). Cells were often smaller and abnormally shaped.
When methicillin was added to hesperetin or naringenin,
MRSA strains showed a more normal appearance. In
addition, particles of white precipitate were seen in
association with the bacterial cells (Fig. 4d).

Discussion

To the authors” knowledge this is the first study that has
demonstrated antagonism between flavonoids and B-lactam
antibiotics, and the first to report the antibacterial properties
of hesperetin and naringenin.

The observation that MRSA and MSSA produce the same
results indicates an interaction between the flavonoid and
the B-lactam antibiotic, resulting in the removal of both from
the bacterial growth environment. However, cefoxitin does
not remove flavonoids from the growth environment.

Bacteria growing around the antibiotics essentially were
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Fig. 4. Scanning electron microscopy of MRSA: a) normal appearance; b) exposed to 500 mg/L hesperetin;
c¢) exposed to 250 mg/L naringenin; and d) embedded in a precipitate of hesperetin (500 mg/L) with methicillin.

normal in morphology and other tested characteristics
(B-lactamase and PBP-2" activity). The flavonoids are always
present in large (>100-fold) stoichiometric excess over the
antibiotic agent. The EM results indicate that flavonoids
probably damage cell walls, which is consistent with results
obtained with other flavonoids."**

Several published studies have shown that flavonoids act
synergistically with B-lactam antibiotics to increase bacterial
susceptibility,*" but the exact mechanism of this synergy is
unclear. Conflicting results may be obtained when a particular
flavonoid and antibiotic are assayed against a particular
bacterial species. Lack of test method standardisation is
probably responsible for many of the discrepancies reported,’
but application of NCCLS procedures should result in more
consistent results."”

From a clinical standpoint, the results reported here
demonstrate that the effectiveness of antibiotics can be
modulated by dietary flavonoids. However, to the authors’
knowledge, no epidemiological studies have been
conducted to correlate dietary levels of flavonoids with the
efficacy of particular antibiotic agents. O
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