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Antifungal activity of propolis extract against yeasts isolated from
onychomycosis lesions
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The aim of this study was to determine the in vitro activity of propolis extract against 67 yeasts isolated from
onychomycosis in patients attending at the Teaching and Research Laboratory of Clinical Analysis of the Sate
University of Maringa. The method used was an adaptation made from the protocol approved by the National
Committee for Clinical Laboratory Standards. The yeasts tested were: Candida parapsilosis 35%, C. tropicalis 23%,
C. abicans 13%, and other species 29%. The propolis extract showed excellent performance regarding its antifun-
gal activity: the concentration capable of inhibiting the all of the yeasts was 5 x 102 mg/ml of flavonoids and 2 x
102mg/ml of flavonoids stimulated their cellular death. Trichosporon sp. were the most sensitive species, showing
MIC, and MIC,, of 1.25 x 102 mg/ml of flavonoids, and C. tropicalis was the most resistant, with CFM,, of 5 x
102 mg/ml of flavonoids and MFC,y, of 10 x 102mg/ml. In view of the fact that propolisisa natural, low cost, non-
toxic product with proven antifungal activity, it should be considered as another option in the onychomycosis
treatment.

Key words: propolis - flavonoids - antifungal activity - yeasts - onychomycosis

Onychomycosis is a common onychopathy due to
invasion of the nail by fungi that represents up to 50% of
all nail problems. Onychomycosisisnot important interms
of morbidity and mortality, but can seriously affect the
quality of patient’slife (Fouilloux 2003).

Different clinical patterns of infection can be observed,
depending on the manner and extent by which fungi in-
vade the nail, and also on the kind of fungi (Gupta et al.
2004b). Onychomycosis by yeasts can manifest itself in
several clinical presentations: chronic paronychia with
secondary nail dystrophy, distal nail infection, chronic
mucocutaneous candidiasis, and secondary candidiasis
(Robertset al. 2003).

Onychomycosis is predominantly caused by anthro-
pophilic dermatophyte fungi, but in recent years yeasts
and non-dermatophyte molds have also been regarded as
frequent agents of onychomycosis (Araujo et al. 2003,
Guptaet a. 2004b). In the past, dermatophytes were re-
sponsible by 90% of cases, but nowadays the prevalence
of other agents has increased and laboratory diagnosis
has become necessary (Summerbell et a. 2005).

Differences in the incidence of onychomycosis have
been reported not only among different countries, but
also for different regions of the same country. Epidemio-
logical studies concerning onychomycosis have been
performed in many countries around the world: Lybia
(Ellabib et al. 2002), Slovakia (Dorko et a. 2002), India
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(Garg et a. 2004), Argentina (Mujicaet a. 2004), Taiwan
(Chi et a. 2005), Italy (Romano et al. 2005), Germany
(Effendy et a. 2005), Turkey (llkit 2005), and Greece
(loannidou et al. 2006). Inall cases, infection of thenail by
yeasts, mainly Candida sp., has been prominent. In Ceard,
Brazil, this tendency also was observed (Brilhante et al.
2005).
Despite the great progresses observed in the last de-
cades and the development of new antifungals, the ony-
chomycosis treatment still represents a significant prob-
lem. It depends on several variables, including thetype of
onychomycosis and the causative organism. Prior to treat-
ment, an accurate diagnosis can provide guidance about
the choice of antifungal agent, especially as the caus-
ative organism may vary initsresponse to the antifungal
therapiesavailable (Guptaet al. 2004b). Current therapeu-
tic approaches include topical therapy, oral therapy with
terbinafine, itraconazole, fluconazole, and ketoconazole
(Roberts et al. 2003) or a combination of two or more of
these treatment modalities (Gupta et a. 2004a, Baran &
Kaoukhov 2005).

It seemsthat systemic treatment ismore effective, es-
pecially for chronic infections, but due to the toxicity of
the antifungal when administered orally, in some cases,
topical treatment may be recommend asfirst choice. Topi-
cal treatment isindicated for localized and non-extensive
infections. However, if it fails, or if more than 50% of the
nail, including the matrix area, isinfected, systemic drugs
should be prescribed. According Lecha et al. (2005), in
these cases, oral monotherapy or a combination therapy
isindicated.

However, various reasons can make the therapeutic
choice, and its success, limited: indiscriminate use of spe-
cific drugs prescribed without previous determination by
specific laboratory exams, use of drugswith an inadequate
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spectrum activity, low tolerance rates, interactions with
other drugs, and inadequate pharmacokinetic profiles
(Baran et al. 2005). Moreover, the high cost of treatment
presents a serious problem for the Public Health System.

Propolis (bee glue) stands out when searching for a
potentially efficient and low cost treatment. It isaresin,
originating from trees, which is collected by bees and is
considered a ‘natural antibiotic’ without serious side ef-
fects, in comparison to synthetic treatments, and presents
several pharmacological properties (De Castro 2001).
Among the substances present in propolis, the flavonoids
arepresent in great amount, which areidentified asbeing
responsiblefor itsanti-inflammatory, antimicrobia, andin
particular its antifungal actions (Somnez et al. 2005,
Cusnhie & Lamb 2005).

Thus, the aim of present study was to evaluate the in
vitro susceptibility of the propolis extract against yeasts
isolated from onychomycosis, in order to determine the
smallest concentration of extract capable of inhibiting or
preventing the growth of pathogenic yeasts, to determine
the susceptibility profile, and to evaluate the possibility
of using it astopical treatment for onychomycosisinfec-
tions.

MATERIALS AND METHODS

Materials- The propolis sampleswere collected from
hives of Apismellifera L beesat the lguatemi Experimen-
tal Farm, which belongsto the State University of Maringa
(FEI-UEM). The apiary was located inside a eucalyptus
reserve surrounded by native forest. Propolis collection
was carried out both inside and outside the hive, with the
surfaces being scraped smoothly with a wooden chisel.
The samples were combined into a single batch, packed
in asealed plastic bag, and stored at under —20°C.

Preparation of the extract - The propolis extract was
prepared in a 30% (w/w) concentration with 96°GL al co-
hol as the extractor liquid. The extract was placed in an
amber flask, well sealed, and stored at room temperature.

Quality control of the extract - The flavone content
(Franco & Bueno 1999), the pH and density (Farmacopeia
Brasileira1998), the dry residue and the extracted content
were determined according Mello et a. (1996).

Microorganisms - Samples of onychomycosis from
fingernails and toenails of patients who had been attend-
ing the Laboratory of Teaching and Research in Clinical
Analyses, USM, were used. The sampleswere cultivated
in five tubes containing Sabouraud Dextrose Agar-SDA
(Merck, Germany) with chloramphenicol (0.02%), which
wereincubated at 25°C. A pool of coloniesfrom repetitive
cultures was inocul ated with a bacteriological loop onto
the surface of adifferential selective medium, CHROMagar
Candida(CHROMagar™ Microbiology, Paris, France) in
Petri dishes. These dishes were incubated at 25°C for 48
h. Yeasts wereidentified by germ tube production, micro-
morphology and clamydospore production on Tween 80-
corneal agar, and assimilation and fermentation tests.

Sixty-seven yeastswere used for thisstudy. After iden-
tification, the yeastswere maintained at 4°C in sterile dis-
tilled water.
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Susceptibility test - Yeasts were reactivated in SDA
and an inoculum was prepared in sterile saline. The cellu-
lar density was adjusted by a spectrophotometer, Bausch
& Lomb, at 530 nm, with 90 £+ 2% transmittance. Thistur-
bidity resulted in a concentration of 1 to 5 x 10° cfu/ml.
New dilutionsin Yeast Nitrogen Base Glucose (YNBG)
broth were prepared in order to obtain the final desired
inoculum between 0.5 and 2.5 x 10% cfu/ml.

Theminimum inhibitory concentration (MIC) wasde-
termined by the broth microdilution method, basically fol-
lowing the norms of the National Committee For Clinical
Laboratory Standards (NCCL S1997), published inthe M-
27A Document, but with some adaptations for natural
products.

Thetest was performed in sterilized plastic microplates
(Nunclon, Delta, NuncA/S, Roskilde, Denmark) contain-
ing 96 wells organized in eight rows, identified fromA to
H, with each row containing 12 wells, numbered from one
to 12. Each row (A-H) corresponded to one yeast strain
(200 pl of the calibrated inoculum), and the columns re-
ceived the seriately diluted propolis extract, with each
column being twice as diluted as the previous one in
Y NBG broth until adilution of 1/128 was obtained, which
corresponded to afinal concentration of 0.63 x 102 mg/ml
of flavonoids.

In each plate, the following controls were included:
negative, positive, diluent (alcohol), and C. parapsilosis
yeast (ATCC 22019). The plateswereincubated for 72 h at
35°C with daily monitoring. The colonies were analyzed
by visual comparison through reflection on mirror.

TheMIC was considered asthe smallest propolis con-
centration capabl e of inhibiting 80% of the growth of each
yeast, having as a reference its respective positive con-
trol. For determination of the minimum fungicidal concen-
tration (MFC), aliquotsof the M1C wellsweretransferred
to a culture media without the drug. The MFC was con-
sidered asthe smallest dilution that prevented the growth
of yeasts.

Analysisof results- Theresults of theMICsand MFCs
obtained were analyzed by the following parameters: (a)
the range of values representing the lowest and highest
limits of the MI1Cs and MFCs of propolis extract, for the
different species of yeasts tested, (b) MIC,, and MIC,,
defined as the minimum inhibitory concentration of the
drug capabl e of inhibiting the growth of 50% and 90% of
the samplestested, respectively, and (¢) MFCy,and MFC,,
defined as the minimum fungicidal concentration of the
drug capable of preventing growth of 50 and 90% of the
samples tested, respectively.

RESULTS

The 67 samples of yeastsisolated and identified from
samples of onychomycosis comprised the following spe-
cies: eight C. albicans, 23 C. parapsilosis, 15 C. tropicalis,
two C. kefyr, two C. guilliermondii, five C. lusitanea, two
C. glabrata, one C. stellatoidea, five Trichosporon sp.
including (T. asahii, T. ovoides and T. cutaneum), one
Geotrichum candidum and three Saccharomyces
cerevisiae(Fig. 1).

Before the susceptibility tests, the propolis extract
(n = 5) was submitted to quality control, following the
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Fig. 1: distribution of species of yeasts isolated from onychomyco-
sis. A: Candida parapsilosis; B: C. albicans; C: Saccharomyces
cerevisiae; D: Geotrichum candidum; E: C. glabrata; F: Trichos-
poron spp.; G: C. stellatoidea; H: C. guiliermondii; I: C. kefyr; J: C.
lusitanea; K: C. tropicalis.

techniques approved in official codes, and the respective
results are shown in Tablel.

Using the 67 yeastsisolates, MIC and MFC resultsfor
the propolis extract, determined by total flavone content
(one of the groups of substances present in propolis that
has antifungal activity), were obtained.

Regarding to the MICs, 33 yeasts were sensitive to
the 1.25 x 10-2mg/ml concentration of total flavonoids, 59
tothe 2.5 x 102mg/ml concentration and all the yeaststo
the 5 x 10-2mg/ml concentration of total flavonoids (Fig.
2.

The concentration of 2.5 x 102 mg/ml of flavonoids
wasfungicidal for 35 yeasts, 5 x 102mg/ml prevented the
growth of 61 yeastsand 20 x 102mg/ml of flavonoidswas
sufficient to prevent the growth of all the yeasts tested
(Fig. 3).

The degree of susceptibility of the yeasts to propolis
was different among the species. Trichosporon sp. were
the most sensitive, for the MIC;, the most resistant spe-
cieswereC. albicansand C. tropicalis, and for theMICy,
the most resistant species were C. tropicalis and C.
lusitanea (Tablell).

In relation to fungicidal activity, the following varia-
tions were also observed: C. tropicalisrequired the larg-
est concentration of propolisto prevent its growth, while
in Trichosporon sp. cellular death was observed with a
small concentration (Tablelll).

Theextractor liquid, 96°GL acohal, did not interferein
the in vitro performance of the propolis extract against
the yeasts isolated from patients and the control yeast.

TABLE |
Quality control data for the propolis extract
Parameters Averagevalue SD. CV %
Flavonoid content (%) 0.92 0.0132 1.44
Relative density 0.8608 0.0035 0.40
Dry residue (%) 15.00 0.6976 4.65
pH value 5.62 0.0150 0.27

The parameters were obtained according to the techniques
approved in official codes; number of extracts: 5; S.D.: standard
deviation; CV: coefficient of variation (%).
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Fig. 2: cumulative numbers of the susceptibility of 67 onychomy-
cosis-causing yeasts to propolis extract (by flavonoids content,
mg/ml), expressed for each observed minimum inhibitory concen-
tration.
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Fig. 3: cumulative numbers of the susceptibility of 67 onychomy-
cosis-causing yeasts to propolis extract (by flavonoids content,
mg/ml), expressed for each observed minimum fungicide concen-
tration.

TABLE Il
Variation interval of the minimum inhibitory concentrations
(MIC) of propolis extract against 562 different isolated yeasts
and their MICgy and MICy, values

MIC range MICgy  MICy,
Microorganism N x 102 mg/ml
Candidaalbicans 8 1.25-5.00 250 2.50
C. parapsilosis 23 0.63 - 5.00 125 2.50
C.tropicalis 15 2.50-5.00 2.50 5.00
C. lusitanea 5 0.63-5.00 125 5.00
Trichosporon sp. 5 032-1.25 1.25 1.25

a: from the 67 yeasts submitted to the susceptibility test, for 11
samples (two C. kefyr, two C. guilliermondii, two C. glabrata,
one C. stellatoidea, one Geotrichum candidum, and three
Saccharomyces cerevisiae) the calculation of the MICg, and
MICq, were not possible dueto the lack of the required number
of samples for the statistical test.
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DISCUSSION

Yeasts of the Candida genus were found to be the
main causal agent of onychomycosisin thisregion, which
isin agreement with (Brilhante et a. 2005) in Ceara, Brazil.
Nowadaysthere are agreat variety of drugswith antifun-
gal propertieson the market, which are offered in several
pharmaceutical formsfor either topical or systemic use.

However, before prescribing atreatment for onycho-
mycosis, it isvery important to make adiagnosisby direct
research and culture of the etiol ogic agent (Summerbell et
al. 2005).

A great proportion of therapeutic failuresfor onycho-
mycosis are due to incorrect diagnoses, or to a lack of
diagnosis. On the other hand, the need for extended treat-
ment, the high cost of treatment, toxicity, and the limited
action of classic drugs are also obstacles that need to be
overcome. The identification of 67 samples of yeasts
showed that C. parapsilosisisthe most frequent species,
being responsible for 35% of the cases, followed by C.
tropicalis (23%) and C. albicans (13%) (Fig. 1).

These results are in agreement with several publica-
tionsthat also mention the significant increase of non-C.
albicans species. Torres-Rodrigues (1996) reported that
C. parapsilosis has been the most frequently isolated
yeast from onychomycosis lesions.

C. albicans has been the yeast of greatest interest in
onychomycosis (Brilhante et a. 2005). However in this
study C. albicans accounted for only 13% of the yeasts
isolated and identified from nail lesions. The emergence
of non-albicans species may represent selection of less
susceptible species by classical antifungal agents. This
reinforces the importance of laboratory confirmation, in
relation to etiology, to aid subsequent treatment, which
has been recommended by other authors (Madrenys-Bru-
net et al. 1996). The occurrence of yeasts resistant to one
or more antifungals, which has increased, could be the
conseguence of the misinformed selection of treatments,
or of the appearance of new, more resistant species such
asC. lusitanea and C. glabrata (Calvo et al. 1996). Thus
theempiric therapeuticsthat is centered onthe C. albicans
species does not seem to be correct. This concern can
aready be noticed in committeesresponsiblefor the stan-
dardization of these tests.

The treatment of onychomycosisis still complicated
and not very effective, demanding continuous devel op-
ment of new antifungal medications, reformulation of the
onesthat already exist, and improvement of the treatment
techniques. Under these circumstances, propolis, a mix-
ture of substances of complex composition but without
toxicity, has been recommended as a monotherapy or in
association with other pharmaceutical products, having
demonstrated proven antimicrobial activity (Burdock 1998,
Castaldo & Capasso 2002).

The chemical composition of the propolis extract is
till being studied because of its natural variations, so
every evaluative study of itsbiological properties should
befollowed by some quality parameters, such aspH value,
density, content of active substances and/or markers, and
content of dry residue. It can be observed in Table | that
the extract in this study showed a total flavonoids con-
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tent of around 0.92% (w/w) and apH of 5.62. By knowing
the pH, it will be possible to evaluate the degree of ag-
gression the extract will show on the tegumentary tissue.

In the present experiment, different concentrations of
the propolis extract were arranged against 67 yeastsfrom
onychomycosis patients and C. parapsilosis (ATCC) to
obtain the MIC and MFC of the extract. It was verified
that a concentration of 5 x 102 mg/ml of flavonoids was
sufficient to completely inhibit the yeasts tested (Fig. 2)
and that propolis showed strong in vitro fungistatic ac-
tivity. The NCCL S document M-27A for antifungal sus-
ceptibility tests against yeasts recommends that C.
parapsilosis should be used as a standard yeast. This
species was used as a control in this experiment, main-
taining aposition in the middle of the range for suscepti-
bility and showing reproducible results.

Propolis extract containing a concentration of 20 x
102mg/ml of flavonoidswas sufficient to causethe cellu-
lar death of the 67 yeasts (Fig. 3). Thisresult confirmsthat
the activity of propolis not only inhibits growth, but also
ishighly effectiveinitsfungicidal capacity, and confirms
the action and efficiency of propolis as an antimicrobial
agent in accord with previous literature (Burdock 1998,
Castaldo & Capasso 2002).

The fungistatic activity can be seen in more detail in
theresults of TableIl. Aninterval of MIC variation from
0.32t0 5 x102mg/ml of flavonoids can be observed, with
thefollowing results: for 50%inhibition, 1.25 x 10-2mg/m
of flavonoids were necessary against Trichosporon sp.,
C. lusitanea, and C. parapsilosis, and 2.5 x 102 mg/ml
against C. albicansand C. tropicalis. For 90% inhibition
of these species, 1.25 x 10>mg/ml of flavonoidswere nec-
essary against Trichosporon sp. 2.5 x 102mg/ml against
C. albicansand C. parapsilosis, and 5 x 10> mg/ml against
C. lusitanea and C. tropicalis.

Therefore, the species C. tropicalis and C. lusitanea
required the largest concentrations of propolis to be in-
hibited (MICy,), while the five samples of Trichosporon
sp. wereall susceptibleto thelowest MIC. One of them, T.
ovoides, was sensitive to the concentration of 0.32 x 102
mg/ml of flavonoids, but thisyeast isnot acommon ony-
chomycosisagent. C. albicansand C. parapsilosis, which
are two of the most frequent agents, were located in an
intermediate position in the spectrum of sensitivity.

InTablelll, alarger interval between the minimum and
maximum concentrations necessary for fungicidal activ-
ity (0.63t0 20 x 102 mg/ml of flavonoids) was observed.
This shows that there are differences between the iso-
lates however, confirm that a small increase in propolis
concentration enables the fungicidal action of the extract
for al then yeasts tested.

In conclusion, the propolis extract showed excellent
performance regarding in vitro tests against yeasts iden-
tified as onychomycosis agents. This activity isnot only
fungistatic but also fungicidal, even in small concentra-
tions. Trichosporon sp. were the most susceptible yeasts
and C. tropicalisthe most resistant. The resultsreinforce
the importance and the potential of propolis extract as a
treatment for onychomycosis.
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