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Propolis: anti-Staphylococcus aureus activity and synergism with
antimicrobial drugs
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Propolisis a natural resinous substance collected by bees from tree exudates and secretions. Its antimicrobial
activity has been investigated and inhibitory action on Staphylococcus aureus growth was evaluated. The in vitro
synergism between ethanolic extract of propolis (EEP) and antimicrobial drugs by two susceptibility tests (Kirby
and Bauer and E-Test) on 25 S. aureus strainswas evaluated. Petri dishes with sub-inhibitory concentrations of EEP
were incubated with 13 drugs using Kirby and Bauer method and synergism between EEP and five drugs
[choramphenicol (CLO), gentamicin (GEN), netilmicin (NET), tetracycline (TET), and vancomycin (VAN)] was
observed. Nine drugs were assayed by the E-test method and five of them exhibited a synergism [CLO, GEN, NET,
TET, and clindamycin (CLI)]. The results demonstrated the synergism between EEP and antimicrobial drugs, espe-
cially those agents that interfere on bacterial protein synthesis.
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Propolisis a complex resinous material produced by
honeybees from plant exudates, beeswax, and bee secre-
tions (Kusumoto et a. 2001) and isresponsiblefor safety
of honeycombs, especially against microorganisms (Bosio
et al. 2000). The chemical composition of Apismellifera
propolis and its wide spectrum of biological activities
(hepatoprotective, antitumour, antioxidative, antimicrobial,
and antiinflammatory properties) have attracted the at-
tention of researchers (Banskota et al. 2001). It is com-
posed of 50% resin and vegetable balsam, 30% wax, 10%
essential and aromatic oils, 5% pollen, and 5% several
substances, including organic debris, but this composi-
tion variesaccording to the vegetal source (Burdock 1998).
The mechanism of antimicrobial activity of propolisis
complex and could be attributed to the synergistic activ-
ity between phenolic and other compounds (Krol et al.
1993) mainly to theflavonoids pinocembrin, galangin, and
pinobanksin (Castaldo & Capasso 2002). A stronger ac-
tivity was observed on gram-positive bacteriagrowth (Bur-
dock 1998). The antimicrobial activity was observed on
Saphylococcusaureus (Krol et a. 1993, Fernandes Janior
etal. 1995, 1997, 2001, 2003, Sforcin et a. 2000); Srepto-
coccus pyogenes (Bosio et al. 2000); gram-positive and
gram-negative bacteria species and Candida (Drago et
al. 2000, Sforcin et al. 2000, Stepanovic et a. 2003); Strep-
tococcus mutans (Koo et a. 2002); anaerobic bacteria of
human oral cavity (Santos et al. 2002); Salmonella (Orsi
et al. 2005), and on miscellaneous microorganismsinclud-
ing Mycobacterium (Banskotaet al. 2001). Antibacterial
activity of propolison S. aureus growth was higher when
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ethanolic extracts were prepared with 60 to 80% ethanol
solutions (Fernandes Janior et a. 2003). In vitro syner-
gism between propolis and antimicrobial drugs has been
investigated (Kedzia& Holderna 1986, Detoma & Ozino
1991, Krol et al. 1993, Scheller et al. 1999, Stepanovicet al.
2003) and preparations of propolis with antibiotics and
antifungals are of potential medical interest (Stepanovic
etal. 2003).

Antimicrobial susceptibility methods used in clinical
laboratories are based on the principle of diffusion, known
as the Kirby and Bauer test (disk diffusion) and E- test
(strip diffusion). The E-test method is based on acombi-
nation of concepts of both dilution and diffusion tests.
Thedrugsareimpregnated in astrip an antimicrobia den-
sity gradient is established in an agar plate and minimal
inhibitory concentration (MIC) in mg/ml are evaluated
(Mahon & Manuselis 1995). The aim of the present work
was to investigate in vitro synergism between propolis
ethanolic extract (EEP) and anti-S aureus drugs performed
by Kirby and Bauer and E-test methods.

MATERIALS AND METHODS

Ethanolic extract of propolis (EEP) - A crude sample
of Apis mellifera propolis was collected from apiary in
Botucatu School of Veterinary Medicineand Animal Hus-
bandry, Unesp, S&o Paulo State University, Brazil. EEP
was obtained diluting 25 g crude propolis in 100 ml of
70% ethanol, and extracted at room temperature. After
three days the extract was filtered (Whatman paper) and
kept at refrigerator temperature.

S aureus strains - Sixty-one S. aureus strains were
isolated from clinical specimens of newborns admitted to
the Neonatal Unit of the University Teaching Hospital,
Botucatu, state of S&o Paulo, Brazil. Strainswereisolated
in Sheep’s blood agar and after identification (Koneman
et al. 1997) were stored in brain heart infusion (BHI) plus

agar.
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Minimal inhibitory concentration (MIC) of propolis
- Concentration (MI1C) of EEP was determined for 61 S.
aureus strains by diluting the extract in Mueller-Hinton
Agar (MHA) media (% volume/volume), asrecommended
(NCCLS2002). Petri plates containing concentrations of
EEPvarying from 0.2 to 13% v/v, control plates without
EEP and 70% ethanol control were inoculated with S.
aureus strains (10° CFU) using a Steers replicator, and
incubated at 37°C/24 h. The concentration, that inhibited
visible growth of each strain (MIC), wasrecorded and the
MIC 90% was cal cul ated.

Synergism assays between EEP and other antimicro-
bial drugs - In vitro synergism assays were carried out
after evaluating the EEP MIC. One-fourth of MIC 90%
was considered as sub-inhibitory concentration of EEPin
the synergism assays (Mahon & Manuselis 1995). Syner-
gism assays were carried out on 25 S. aureus strains, in-
cluding one ATCC 13565, according two diffusion meth-
ods (Kirby and Bauer and E-test) on Mueller-Hinton agar
(MHA). Thirteen drugs were evaluated by disk diffusion
method: penicillin 10 Ul (PEN), oxacillin 1 mg (OXA), van-
comycin 30 mg (VAN), ampicillin 10 mg (AMP), cephal -
othin 30 mg (CFL), cefoxitin 30 mg (CFO), choramphenicol
30mg (CLO), gentamicin 10 mg (GEN), netilmicin 30 mg
(NET), tetracycline30mg (TET), erythromycin 15mg (ERI),
cotrymoxazol 25 mg (SUT), and ofloxacin 5 mg (OFX). Two
antibiogram setsin duplicate were performed for each S.
aureus strains in control plates with plain MHA and in
plates containing MHA plus one-fourth of MIC 90% of
EEP. On Kirby and Bauer method (NCCL S 2002), diam-
eters (millimeter) of inhibitory zoneswere recorded after
incubation at 37°C/18 h. In addition to OXA, VAN, CFL,
CLO, GEN, NET, and TET, evaluated by disk diffusion,
two other drugs, clindamycin (CL1) and rifampicin (RIF)
were also evaluated by the E-test method. The antibacte-
ria activity (ug/ml) wasrecorded by observing the ellipti-
cal inhibitory areas for each strip (Mahon & Manuselis
1995) after incubation at 37°C/18 h.

Satistical analysis - Results from synergism assays
were submitted to the Mann-Whitney non-parametric test
comparing the values (mm) of the inhibitory zonein the
disk diffusion method and the values of the MIC (ug/m)
from the E-test method (Minitab Statistical Softwarever-
sion 13.32). Results were considered significant when
p<0.05.

RESULTS AND DISCUSSION

MIC 90% of EEP and 70% ethanol control are shown
in Figure. The EEP showed a MIC 90% of 0.4% v/v and
the 70% ethanol control was higher than 13% v/v. These
valueswere similar to those reported by Fernandes Jinior
etal. (1995, 1997, 2001) and Sforcin et a. (2000). The anti-
bacterial activity of EEP when compared to 70% ethanol
control shows that substance combinations were respon-
sible for the action of propolisand not the ethanol in the
EEP. Although the properties of propolis have been the
subject of several investigations, it isdifficult to compare
the results of different studies, due to the different com-
positions and/or different methods used for the evalua-
tion of propolis antibacterial activities.
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Cumulative frequency of inhibition of Staphylococcus aureus growth
by ethanolic extract of propolis and 70% ethanol control (EEP MIC
90% = 0.40% v/v and 70% ethanol control MIC 90% > 13%v/v).

The results of in vitro synergism from the Kirby and
Bauer and E-test method are presented in Tables| and 11,
respectively. Kirby and Bauer and E-test methodsrevealed
synergism between EEPwith fivedrugs (CLO, GEN, NET,
TET, VAN, and CLO, GEN, NET, TET, CLI respectively).
The synergism with drugs that inhibit protein synthesis
(CLO, GEN, NET, TET, CLI) and absence of antagonism
between the EEP and all drugstested areimportant obser-
vations of present study and, to the best of our knowl-
edge is being shown by E-test method for the first time.
These results were identical for Kirby and Bauer and E-
test methods and, although the E-test method shows MI1C
(ng/ml) values for each drug, the disk diffusion method
could be employed in studies with similar objectives be-
cause it is more economic. Results similar to ours were
reported previously by disk diffusion method (Kedzia &
Holderna 1986, Detoma & Ozino 1991, Krol et al. 1993,
Scheller et al. 1999, Stepanovic et al. 2003).

Some mechanismsof the activity of propolison bacte-
rial growth have been reported: (1) inhibition of cell divi-
sion; (2) bacterial cytoplasm, cell membranes, and cell walls
collapse; (3) bacteriolysis; and (4) protein synthesisinhi-
bition (Takaisi-Kikuni & Schilcher 1994). Galagin and caf-
feic acid from EEP are enzymaticinhibition agentsin bac-
teria (Havsteen 1983, Ikeno et al. 1991, Koo et al. 2002).
The RNA-polymerase inhibition by propolis compounds
was verified (Takaisi-Kikuni & Schilcher 1994) and can
explain partially the synergism of EEP with drugsthat act
by inhibiting protein synthesis observed here. However,
we consider these as preliminary results and the estab-
lishment of the molecular basis of synergistic effect be-
tween EEP and drugs with action is on bacteria protein
synthesis is necessary.

Thus, the results presented in the present report were
encouraging although clinical controlled studies are
needed to define the real efficacy. These studies could
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TABLE|

Inhibitory effect of antimicrobial agents on 25 Staphylococcus aureus isolates during exposure to ethanolic extract of propolis
(EEP), evaluated by Kirby and Bauer method

Zone diameter in mm: median (range)

Antimicrobial agent MHA without EEP MHA with EEP p2

Chloramphenicol 27.5 (10-31) 29.0 (10-35) 0.031
Gentamicin 24.0 (0-28) 26.0 (0-31) 0.007
Netilmicin 26.0 (13-30) 29.5 (17-36) 0.001
Tetracycline 24.0 (8-27) 27.5(9-35) 0.005
Vancomycin 20.5 (19-23) 22.0 (19-24) 0.017
Cotrimoxazol 32.0(0-35) 33.0(0-39) 0.088
Ofloxacin 28.5 (10-33) 29.0 (9-32) 0.397
Cephalothin 34.5 (8-44) 37.0 (9-43) 0.441
Ampicillin 22.0 (9-45) 25.0 (10-45) 0.392
Penicillin 23.0(9-48) 25.5 (9-48) 0.382
Cefoxitin 29.0 (0-33) 30.5(0-33) 0.210
Erythromycin 23.5(0-27) 245 (0-34) 0.350
Oxacillin 26.5 (0-30) 26.0 (0-30) 0.447

MHA: Mueller Hinton Agar; a: significant difference when p values < 0.05

TABLE I

Inhibitory effect of antimicrobial agents on 25 Staphylococcus aureus isolates during exposure to ethanolic extract of propolis
(EEP), evaluated by minimal inhibitory concentration (M1C) determination

MIC? pg/ml: median (range)

Antimicrobial agent MHA without EEP MHA with EEP pb

Chloramphenicol 3.0 (2-192) 2.0 (1-96) 0.023
Gentamicin 0.75 (0.023-256) 0.19 (0.047-256) <0.001
Netilmicin 0.75 (0.5-24) 0.25 (0.047-12) <0.001
Tetracycline 1.5 (0.75-64) 0.38 (0.094-32) <0.001
Clindamycin 0.094 (0.064-256) 0.047 (0.023-256) <0.001
Vancomycin 15(1-2) 15(0.75-2) 0.312
Oxecillin 0.25 (0.094-256) 0.19 (0.125-256) 0.684
Cephalothin 0.19 (0.094-256) 0.19 (0.094-64) 0.676
Rifampicin 0.016 (0.016-20) 0.016 (0.016-10) 0.984

MHA: Mueller Hinton Agar; a: E-test method; b: significant difference when p values < 0.05

determinethe potential medical use of propolisin combi-
nation with certain antimicrobial drugs on staphylococci
diseases. Since bacteria may be resistant to several anti-
microbia drugs, the synergism reported here is of rel-
evance and propolismay constitute an alternativefor treat-
ing these pathogens.
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