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Background: Due to the failure of available
antifungal agents in the treatment of can-
didemia and the toxic activities of these
drugs, a lot of researches are being con-
ducted to develop new nontoxic and effec-
tive antifungal agents for optimal control of
fungal pathogens. The aim of this study
is to evaluate the in vitro antifungal activ-
ity of propolis against yeasts isolated from
the blood cultures of intensive care unit pa-
tients. Methods: Seventy-six strains were in-
cluded in this study. The in vitro antifungal
activity of propolis, fluconazole (FLU), and
itraconazole (ITR) was investigated by the
microdilution broth methods (CLSI guide-
lines M27-A3 for yeast). The propolis sam-
ple was collected from Kayseri, Turkey. Re-
sults: Of the 76 isolates, 33 were identified

as Candida albicans while 37 were C. para-
psilosis, three were C. tropicalis, and three
were identified as C. glabrata. The geomet-
ric mean range for MIC (μg/ml) with regard
to all isolates was 0.077 to 3 μg/ml for FLU
and ITR, and 0.375 to 0.70 μg/ml for propo-
lis. It was shown that propolis had signifi-
cant antifungal activity against all Candida
strains and the MIC range of propolis was
determined as 0185 to 3 μg/ml. Conclusion:
This study demonstrated that propolis had
significant antifungal activity against yeasts
isolated from blood culture compared with
FLU and ITR. The propolis MIC in azole-
resistant strains such as C. glabrata was
found lower than the FLU MIC. J. Clin. Lab.
Anal. C© 2015 Wiley Periodi-
cals, Inc.
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INTRODUCTION

The incidence of bloodstream infections caused by
yeasts is increasing because of the wide spread use of
broad-spectrum antibiotics, corticosteroids, and invasive
device or procedures in intensive care unit (ICU) pa-
tients. Although Candida albicans is the most common
cause of candidemia, non-albicans Candida species such as
C. glabrata, C. krusei, and C. tropicalis are emerging as op-
portunistic pathogens. C. parapsilosis has become the sec-
ond most frequently isolated Candida species from blood
cultures in Europe, Latin America, and Canada (1–6). The
long-term therapy with antifungal agents is widely used
for these infections, but non-albicans Candida strains have
been reported to be less susceptible to antifungal agents
and even agents toxic to patients (7). For this reason, im-
mediate accurate diagnosis and treatment are very crucial
for the prognosis of candidemia.

Propolis, a natural product of honey bee, has been at-
tracting the attention of researchers due to its various bi-
ological activities and therapeutic properties. Flavonoids,

aromatic acids, diterpenic acids, and phenolic compounds
appear as the principal components that are responsi-
ble for the biological activities of propolis samples. The
ethanolic extract of Turkish propolis samples collected in
various areas exhibited antibacterial, antifungal, antiox-
idant, and anticarcinogenic properties (8–21). Also, the
ethanolic extract of propolis has been reported to pos-
sess biological activities such as antiinflammatory and
immunostimulating (22, 23).

Many authors have reported the inhibitory effect of the
ethanolic extract of propolis on yeasts isolated from pa-
tients with superficial mycoses (14,17). There is one report
in the literature about the use of antifungal activities of
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Turkish propolis against yeasts isolated from blood cul-
ture (16). However, in their study, the number of strains
isolated from blood cultures was restricted to eight C. al-
bicans. The aim of this study is to evaluate the in vitro
antifungal activity of propolis, fluconazole (FLU), and
itraconazole (ITR) against yeasts isolated from the blood
cultures of adult ICU patients.

MATERIALS AND METHODS

Propolis Sample

Propolis was collected in Kayseri, Central Anatolia,
Turkey. An aliquot of crude propolis (7 g) was dissolved
in 80% ethanol by shaking at 50°C for 3 days; it was pro-
tected from light. The resulting aqueous ethanol extract
was filtered through Whatman No. 1 filter paper (What-
man International, Maidstone, UK) and concentrated at
50°C. The resin obtained was dissolved in 80% ethanol to
a final concentration of 3 mg/ml. This final solution was
used for the antifungal assays. The controls (80% ethanol)
did not show an inhibitory effect on any of the test mi-
croorganisms. It had been detected in other studies in
which the main compounds of propolis were flavonoids,
aromatic and fatty acids, and also alcohol and ketones
(8, 17).

Yeast Strains and Susceptibility Testing

A total of 76 nonrepetitive strains isolated from the
positive blood cultures of ICU patients were included in
the study. These strains were considered to be the agent
responsible for infection. Strains were identified by the fol-
lowing assessments: the assimilation of carbohydrate with
API AUX C 20 (bioMérieux, France) kits, the microscopic
and macroscopic morphologies on corn meal agar, germ
tube test, capability of growing at 37ºC, urea hydrolysis,
and sensitivity for cycloheximide. The isolates were stored
at –20ºC in tryptic soy broth containing 10% glycerin un-
til used in this study. Prior to use, the yeasts were thawed
and subcultured at least twice on Sabouraud’s glucose
agar plates. Quality control was performed by testing C.
albicans ATCC 90028 according to the recommendations
of the Clinical and Laboratory Standards Institute (CLSI)
document M27-A3 (24).

FLU and ITR were obtained from the manufacturer as
powders. The microdilution broth methods of the CLSI
(previously the National Committee for Clinical Labo-
ratory Standards) were used to determine Minimum In-
hibitory Concentrations (MICs). The in vitro antifungal
activity of propolis, FLU, and ITR was investigated by
the following guidelines (M27-A3) for yeast. Stocks and
dilutions of FLU and ITR were prepared in sterile dis-
tilled water. Final drug concentrations in the microdilu-
tion plates ranged from 0.125 to 64 μg/ml for FLU, from

0.03 to 16 μg/ml for ITR, and from 0.005 to 3 μg/ml for
propolis. The microdilution plates were prepared using
the synthetic medium Roswell Park Memorial Institute
(RPMI) 1640 broth medium (Sigma Chemical, Madrid,
Spain) with L-glutamine but without sodium bicarbonate
and buffered at pH 7.0 with 0.165 mol/l morpholine-
propansulfonic acid (Sigma Chemical).

Yeast inoculum suspensions were prepared as described
in the CLSI M27-A3 document using sterile 0.85% saline.
The cell density was adjusted with a spectrophotometer
by adding sufficient saline to match the transmittance
produced by a 0.5 McFarland density standard at a 530
nm wavelength, resulting in a concentration of 0.5 × 103

to 2.5 × 103 cells/ml. MICs were visually determined at 24
and 48 hr of incubation at 35ºC, and plates were observed
for the presence or absence of growth at 24 and 48 hr (24).

The MIC for propolis was defined as the lowest con-
centration in which optical clarity was observed (16, 17).
For FLU and ITR, MIC was defined as the lowest con-
centration in which 50% decrease in turbidity as visually
is observed (24).

RESULTS

The 76 strains were identified as 37 (48.6%) C. parap-
silosis, 33 (43.4%) C. albicans, 3 (3.9%) C. glabrata, and
3 (3.9%) C. tropicalis. Candida parapsilosis have become
more frequent etiological agents for invasive fungal in-
fections in our ICU. The geometric mean range for MIC
(MIC GM) with regard to all isolates was 0.077 to 3 μg/ml
for FLU and ITR, and 0.375 to 0.70 μg/ml for propolis.
The significant antifungal activity of propolis against all
Candida strains was shown and the MIC range of propolis
was determined as 0.185 to 3 μg/ml.

After 24 hr of incubation, 75 strains were sensitive to
FLU and 64 strains were sensitive to ITR. Twelve strains
were dose-dependent sensitive to ITR and one strain was
dose-dependent sensitive to FLU. The MIC values of
propolis were 0.375 to 0.185 μg/ml against ITR and FLU
dose-dependent sensitive strains.

At 48 hr of incubation, 74 strains were sensitive to FLU
and 42 strains were sensitive to ITR. Thirty-three strains
were dose-dependent sensitive to ITR and one strain was
resistant. Two of all strains were dose-dependent sensi-
tive to FLU. The MIC values of propolis were 0.375 to
0.185 μg/ml against ITR and FLU dose-dependent sensi-
tive and resistant strains. The range of MICs and geomet-
ric means of FLU, ITR, and propolis for Candida spp., as
well as the MICs at which 50% and 90% of the isolates
were inhibited, are summarized in Table 1.

DISCUSSION

Candidemia has recently emerged as an increasingly
common problem in hospitalized patients, especially
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TABLE 1. MICs Values Obtained for FLU, ITR, and Propolis at the End of 24- and 48-Hr Incubation of All Strains

Incubation time (24 hr) Incubation time (48 hr)

MIC range MIC50 MIC90 MIC GM MIC range MIC50 MIC90 MIC GM
(μg/ml) (μg/ml) (μg/ml) (μg/ml) (μg/ml) (μg/ml) (μg/ml) (μg/ml)

C. parapsilosis (n = 37) FLU 0.125–8 1 4 0.768 0.25–16 1 4 1.056
ITR 0.03–0.5 0.125 0.25 0.104 0.06–1 0.125 0.5 0.170
PRO 0.185–0.75 0.375 0.75 0.403 0.185–3 0.75 0.75 0.514

C. albicans (n = 33) FLU 0.125–4 0.5 2 0.543 0.125–4 1 2 0.777
ITR 0.06–0.25 0.125 0.25 0.118 0.06–0.5 0.125 0.5 0.182
PRO 0.185–0.75 0.375 0.75 0.415 0.185–3 0.75 0.75 0.523

C. tropicalis (n = 3) FLU 1–8 1 - 2 1–8 2 - 2.519
ITR 0.125–0.25 0.25 - 0.198 0.25 0.25 - 0.25
PRO 0.375–0.375 0.375 - 0.375 0.375 0.75 - 0.595

C. glabrata (n = 3) FLU 1–16 1 - 2.519 1–16 2 - 3.174
ITR 0.03–0.125 0.125 - 0.077 0.06–0.5 0.125 - 0.155
PRO 0.185–0.75 0.75 - 0.470 0.185–0.75 0.75 - 0.470

PRO = propolis.

among immunocompromized patients in ICUs. Toxicity
concerns, limited spectrum of available antifungal agents,
and the emergence of resistance to available antifungal
agents in yeasts have created a need for new effective an-
tifungal agents to be used in patients with candidemia
(13, 25, 26).

The present study researches the in vitro antifungal ac-
tivity of locally obtained propolis (in Kayseri, Central
Anatolia, Turkey) against Candida isolated from blood
culture. Propolis is presented as a new antifungal agent
for the treatment of infections caused by yeasts. Reliable
methods are available for testing of the in vitro antifungal
activity of propolis. According to the CLSI (M27-A3), the
highest agreement among laboratories was obtained with
RPMI-1640 medium at 35°C and after a 24-hr incubation
time with antifungal compounds (27, 28). Therefore, we
preferred the RPMI-1640 medium at 35°C for our suscep-
tibility study.

Ghisalbert (29) reported that the antifungal activity
of propolis against yeasts is because of the phenols,
flavonoids, and esters in its structure. The properties of
propolis examined in our study are well known (17).
Popova et al. (8) determined that propolis sample orig-
inating from Kayseri, Central Anatolia, Turkey, was de-
termined to be rich in phenols, flavonoids, and esters.

Other researchers have found that propolis has anti-
fungal activity against different Candida pathogens and
other yeasts. Ota et al. (30) showed the antifungal ac-
tivity of propolis against 75 Candida strains. The Candida
strains showed a clear sensitivity against propolis with the
following order of sensitivity: C. albicans > C. tropicalis >

C. krusei > C. guilliermondii. Koc et al. (16) reported the
antifungal activity of honeybee products (honey, royal
jelly, pollen, and propolis) in 40 yeast strains with the
broth microdilution method and the antifungal activities

of each product decreased in the following order: propo-
lis > pollen > royal jelly > honey. The MIC range values
of propolis against nine C. albicans and ten C. glabrata
strains were found as 0.006 to 0.05, 0.025 to 0.1, 0.0125
to 0.1, and 0.025 to 0.1 μg/ml at 24 and 48 hr of incu-
bation, respectively. Also, in this study, the propolis MIC
range of eight C. albicans strains isolated from blood cul-
ture was found as 0.006 to 0.5 μg/ml. Silici and Koc (17)
reported that the antifungal activities (geometric mean)
of propolis and ITR against 15 yeasts isolated from pa-
tients with superficial mycoses as 0.06 and 0.35 μg/ml
by the broth microdilution method, respectively. In our
study, the number of strains isolated from blood culture
was higher compared with other studies. Although a lim-
itation of our study was the small number of different
species, this study was conducted on the major clinically
important yeasts currently encountered and was also per-
formed with the most commonly isolated strains in our
adult ICU patients. Non-albicans Candida species was the
most frequently causative agent for candidemia in our
adult ICU patients. Propolis was shown to have signifi-
cant antifungal activity against all Candida strains in our
study. The geometric mean range for propolis (0.375–
0.70 μg/ml) with regard to all isolates was lower
than FLU and ITR (0.077–3 μg/ml). The MIC val-
ues of propolis did not change by the 24 or 48 hr of
incubation.

In conclusion, this study demonstrated that propolis
was found to have significant in vitro antifungal activity,
which is comparable with FLU and ITR against yeasts
isolated from blood cultures. The propolis MIC in ITR
and FLU dose-dependent sensitive and resistance strains
such as C. glabrata was determined to be lower than the
FLU MIC. However, further studies are required with
different yeast strains for the use of propolis and in vivo
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studies are also needed to assess whether this antifungal
activity can be used for clinical application or not.
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