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ABSTRACT

Objective. To determine the antifungal properties of honey from two different floral sources (sunflower and coconut)
and Philippine propolis against selected dermatophytes and Candida albicans.

Methods. The minimum inhibitory concentration (MIC) of honey and propolis against Trichophyton rubrum,
T. mentagrophytes, Microsporum gypseum, Epidermophyton floccosum and Candida albicans was determined using the
broth macrodilution method (NCCLS M38-P). Disk diffusion method was used to determine the zones of inhibition.
Clotrimazole served as comparator drug.

Results. Sunflower and coconut honey inhibited all test fungi, with coconut honey yielding lower MICs. However,
propolis performed better than both sunflower and coconut honey. T. mentagrophytes was most sensitive to
the test agents. Zones of inhibition were not produced by sunflower honey for Trichophyton mentagrophytes,
Microsporum gypseum, and Epidermophyton floccosum; by coconut honey for Microsporum gypseum, and by propolis
for Epidermophyton floccosum. No zone of inhibition was exhibited by honey and propolis for Candida albicans.

Conclusion. Honey and aqueous propolis extract exhibit antifungal properties against Trichophyton rubrum,
T. mentagrophytes, Microsporum gypseum, Epidermophyton floccosum and Candida albicans. Although honey and
propolis have inhibitory activities against these organisms, clotrimazole is still relatively superior based on the
zone of inhibition produced by the test drugs.
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INTRODUCTION

Cutaneous fungal infections or dermatomycoses
are among the most common communicable fungal
infections affecting humans. The common etiologic
agents of dermatomycoses are keratinophilic fungi called
dermatophytes and Candida albicans. Dermatophytes are
classified into three genera: Trichophyton, Microsporum, and
Epidermophyton. Dermatomycoses caused by dermatophytes
are called dermatophytoses. These may spread from person
to person (anthropophilic), animal to person (zoophilic), or
soil to person (geophilic). Clinical infections are commonly
referred to as tinea followed by the Latin name for the
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of these are hospital-based. Tinea corporis was the most
common dermatophytosis observed, while Trichophyton
rubrum and Trichophyton mentagrophytes were the most
frequently isolated fungi.? In the out-patient clinic of
the Section of Dermatology, Philippine General Hospital,
dermatomycoses had figured in the top ten consults for the
past 10 years. In 2018, dermatophytoses were the second
most frequent reason for consult among new patients.

Dermatomycoses are frequently treated with topical
antifungal agents, usually allylamines like terbinafine for
dermatophytoses, and azoles like clotrimazole, miconazole,
and ketoconazole for cutaneous candidiasis. Since
dermatomycoses are widely prevalent, there is a need to
develop cheaper and more accessible, alternative treatment
regimen. There has been a growing demand for “natural
remedies” which are often perceived as safe and effective,
even if there are no robust studies to support their use. Honey
and propolis are among the natural remedies believed to be
effective against various skin lesions.

Honey, a thick, sweet liquid made by bees from the in
vivo enzymatic processing of nectar, has been recognized
for its medicinal properties since ancient times. It is used
as an anti-infective agent to complement management of
wounds, burns, and pressure ulcers. Its known antimicrobial
property is attributed to its pH, hydrogen peroxide content,
osmotic effect, and as yet unidentified compounds called
inhibines.* A systematic review showed that honey is an
effective wound dressing, providing reduced healing time for
burns and infected postoperative wounds.* It is also known
to have antimicrobial property. Several in vitro and in vivo
studies have been conducted to support this claim. A study
conducted in United Arab Emirates showed that growths
of Staphylococcus aureus, Streptococcus pyogenes, Escherichia coli,
and Candida albicans were inhibited upon adding honey in
2-24 hour old cultures.’ The antibacterial activity of honey
was attributed to its hydrogen peroxide content, nitric
oxide production in various animals and humans’ biological
fluids, decreased prostaglandin concentration, and enhanced
antibody production.” Al-Waili (2004) investigated whether
hyperosmolarity, acidity, and hydrogen peroxide content are
the reasons behind the antimicrobial property of honey.®
Being a saturated solution of sugar, honey may dehydrate
organisms exposed to it. In the study, whereas honey
exhibited potent antimicrobial activity, glucose solution
yielded very minimal antibacterial activity. In addition,
growth of microorganisms in acidic medium similar to
honey was not inhibited. Honey contains glucose oxidase,
the enzyme responsible for hydrogen peroxide production.
It becomes active when honey is diluted. However, in the
same study, honey exhibited antimicrobial property even
at 100% concentration. This study showed that osmolarity,
acidity, and hydrogen peroxide content cannot explain
comprehensively the antimicrobial property of honey. Non-
peroxide factors which may influence the antimicrobial

property of honey include lysozyme, phenolic acids, and

flavonoids.” The antibacterial property of honey was found
to be dependent on the type of floral source, concentration
of honey, and test pathogen.”

In vivo studies showed that honey promotes wound
granulation, epithelialization, as well as clearance of
documented bacterial infection.®® Its ability to promote
wound healing may be due to the natural moisture it imparts
on the wound as well as its vitamin C content, an important
factor in collagen synthesis.®

In 2004, a pilot study which studied the efficacy of
4-week application of honey-olive oil-beeswax in treating
pityriasis versicolor and dermatophytoses showed that 11
of 14 patients with pityriasis versicolor, 10 of 14 patients
with tinea cruris and 5 of 8 patients with tinea corporis
obtained clinical improvement and mycological cure. The
antifungal activity of the honey mixture was attributed
to the reduction of prostaglandin synthesis at the site of
application, increase in nitric oxide on the affected sites,
inhibition of concomitant bacterial growth, inhibition of
leukotriene B4, and also to the mixture’s antioxidant and
anti-inflammatory properties.” The mixture inhibited the
growth of Staphylococcus aureus and Candida albicans in vitro
at 66-100% concentration.’ Although there are several
published studies which investigated the antibacterial
property of honey, there have only been a few which
studied its in vitro antifungal property, specifically its anti-
candidal property.

Propolis or bee glue is the brownish resinous substance
collected by worker bees from various plant materials to coat
hive walls, seal cracks or gaps, and embalm dead invader
insects.” Like honey, it is a natural remedy used since
ancient times. It is known for its anti-putrefactive, antiseptic,
cicatrizant, disinfectant, and anti-pyretic properties. Among
the major components of propolis believed to be responsible
for its biological activities are polyphenols such as flavonoids,
accompanied by phenolic acids, esters, phenolic aldehydes,
and ketones. It also contains volatile oils, aromatic acids,
waxes, resins, balms, and pollen grains. Its antimicrobial
property is mainly attributed to flavonoids. They are potent
antioxidants, free radical scavengers, metal chelators, and
inhibitors of lipid peroxidation.

Propolis  exhibited antibacterial property against
Staphylococcus aureus, superior to honey.” Propolis produced
by various bees and honey gathered from different floral
sources differ in their chemical composition as well as
their antibacterial property. Ethanolic extract of propolis
was found to completely inhibit Staphylococcus aureus,
Staphylococcus epidermidis, Enterococcus sp, Corynebacterium
spp, Branhamella catarrbalis, and Bacillus cereus, and partially
inhibit Pseudomonas aeruginosa and Escherichia coli™* Propolis
alcoholic extracts from various geographic origin exhibited
antifungal activity against Candida albicans.>>'® A study in
Serbia showed widening of inhibition zones around discs
of antibiotics on agar enriched with ethanolic extracts of
propolis. This points to a possible synergistic antimicrobial
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activity between propolis and antimicrobial drugs.'” Several
studies investigated the in wifro antifungal property of
propolis, but this is the first time the antifungal property
of Philippine propolis from stingless bees (7rigona biroi)
was determined.

The aim of this study was to determine the in vitro
antifungal property of honey from two different floral
sources and Philippine propolis against Trichophyton
rubrum, Trichophyton mentagrophytes, Microsporum gypseum,
Epidermophyton floccosum, and Candida albicans.

MATERIALS AND METHODS

The antifungal property of honey from two different
floral origins (sunflower [Helianthus annuus L. Family
Asteraceae] and coconut [Cocos nucifera L. Family
Arecacae]) and propolis for four selected species of common
dermatophytes and Candida albicans was obtained by
the broth macrodilution method (minimum inhibitory
concentration, MIC) and the disk diffusion method (zone
of inhibition). These are well-established iz vifro methods
that help predict clinical outcome when these test agents are
administered to patients.'®

Operational definition of variables

Minimum Inhibitory Concentration

In a sequence of decreasing concentrations (serial
dilution) of honey, this is the lowest concentration being
tested at which there is no visually observable growth in the
broth after 7 days of incubation at room temperature.

Zone of Inhibition

This is the diameter in mm of no growth (100%
inhibition) around the treatment-impregnated disk on the
inoculated Sabouraud’s agar medium.

Test organisms

A total of five (5) well-characterized isolates from
the Department of Medical Microbiology of the College
of Public Health, University of the Philippines Manila
were tested, including clinical isolates of the following
species: Trichophyton rubrum, Trichophyton mentagrophytes,
Microsporum  gypseum, Epidermophyton  floccosum, and a
reference isolate of Candida albicans.

Preparation of inocula

Preparation of inoculum suspensions was based mainly
on the NCCLS proposed standard (M38-P) for broth
dilution antifungal susceptibility testing of conidium-forming
filamentous fungi. The isolates were subcultured on Potato
Dextrose Agar plates for 7-14 days at room temperature.
Stock inoculum suspensions of each isolate were prepared
from 7 to 14-day-old cultures. The fungal colonies were
covered with 10 mL of distilled water, and suspensions were
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made by gently probing and scraping the surface with the
tip of a Pasteur pipette. The resulting mixture of conidia and
hyphal fragments was withdrawn and transferred to a sterile
tube. Heavy particles were allowed to settle for 15 minutes
and the upper homogenous suspensions were collected and
mixed using a vortex mixer. The densities of 0.5 mL of the
suspensions were read at 530 nm using a spectrophotometer
and adjusted to 65-70% transmittance to obtain standardized
inocula approximately 10* CFU/mL.” Inoculum of 10*
CFU/mL was also used for the disk diffusion method.

Replicates
Three replicates were done for each organism per
treatment per method.

Test agents

Coconut and sunflower honey were provided by the
Bee Program of the University of the Philippines at Los
Basos(UPLB). The classification was based on the dominant
pollen grains that were present in the honey samples. The
coconut honey was produced in an apiary in Bukidnon
while the sunflower honey was produced in Baguio City.
'The honey samples were analyzed for their physicochemical
properties to ensure their authenticity. The propolis samples
were obtained from stingless bee (Terragonula biroi) colonies
at the UPLB apiary. After collection, the samples were air
dried to remove the excess moisture content.

Propolis water extract was prepared by mixing 3 parts
propolis and 7 parts water by weight in a flask. The mixture
was then shaken for 15 minutes daily for 7 days.

Macrodilution method

Ten test tubes were arranged in a rack labeled from 1
to 10 with 0.5 mL of decreasing concentration of honey
and propolis, namely 100%, 90%, 80%, 70%, 60%, 50%,
40%, 30%, 20%, and 10%. The test agents were diluted with
Sabouraud’s broth.

Test tubes 1 to 10 were then inoculated with 0.5 mL
of the inoculum. A growth control, containing 0.5 mL of
the inoculum suspension and 0.5 mL of the treatment-
free medium (Sabouraud’s broth) was prepared for each
organism and treatment tested. Sterility control was
prepared by mixing 0.5 mL of the treatment and 0.5 mL
of the Sabouraud’s broth. With the inoculum, the final
concentration (v/v%) of honey and propolis in tubes 1 to
10 were 67%, 60%, 53%, 47%, 40%, 33%, 27%, 20%, 13%,
and 7%. The density of sunflower honey at 1.25 g/mL is
lower than coconut honey at 1.58 g/mL. Table 1 shows the
calculated final concentration in g/mL of the test agents for
each v/v% dilution.

Honey/propolis-inoculum mixture and control tubes
were incubated for seven days at room temperature. The
minimum inhibitory concentration was determined by
visual inspection. Growth inhibition in each test tube was
compared to the growth control (treatment-free test tube).
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Table 1. Equivalent Concentration of Sunflower Honey,
Coconut Honey, and Propolis for each Dilution

Tube VIv% Sunflower honey Coconut honey Propolis

No. (g/mL) (g/mL) (g/mL)
1 67 0.83 1.05 0.28
2 60 0.75 0.95 0.26
3 53 0.67 0.84 0.23
4 47 0.58 0.74 0.20
5 40 0.50 0.63 0.17
6 33 0.42 0.53 0.14
7 27 0.33 0.42 0.11
8 20 0.25 0.32 0.08
9 13 0.17 0.21 0.06

10 7 0.08 0.10 0.03

Disk Diffusion Method

Petri dishes, 100 mm in diameter were filled with 15
mL of solid Sabouraud’s medium.? The solidified medium
was inoculated by dipping a sterile swab in the prepared
10* spore suspension and streaking it across the surface
of the agar. After drying the plates at room temperature
for 15 minutes, the treatment-impregnated 6 mm disks
(100% honey, propolis extract and 1% clotrimazole solution
(Canesten)) were applied on the agar. The agar plates
were incubated at 28°C for 7 days. The zone of inhibition
diameter was measured in mm.?!

Data Analysis
The MIC and zone of inhibition mode and range values
for each treatment and for each organism were determined.

RESULTS

Minimum inhibitory concentration

Sunflower honey had antifungal effects against all the
tested organisms. It was found to best inhibit Trichophyton
mentagrophytes (MIC=0.25 g/mL), Microsporum gypseum
(MIC=0.25 g/mL), and Candida albicans (MIC=0.25 g/
mL), and least inhibit Epidermophyton floccosum (MIC=0.58
g/mL). Coconut honey exhibited antifungal effect against
most of the dermatophytes but it was not observed to inhibit
Microsporum gypseum. It was also found to best inhibit
Trichophyton mentagrophytes (MIC=0.10 g/mL) among all
the organisms tested.

Although sunflower honey had antifungal effect against
all the tested fungi, coconut honey showed lower MICs
compared to sunflower honey.

Propolis had lower MICs compared to both honey
preparations except against Microsporum gypseum. It best
inhibited Trichophyton mentagrophytes (IMIC=0.08 g/mL) and
least inhibited Microsporum gypseum (MIC=0.28 g/mL).

Zone of inhibition
Sunflower honey did not produce any zone of inhibition
for Trichophyton mentagrophytes, Microsporum gypseum, and

Epidermophyton floccosum. Coconut honey did not produce
any zone of inhibition for Microsporum gypseum. Zone of
inhibition was not produced by propolis for Epidermophyton
floccosum. 'The size of the zone of inhibition produced by
the highest concentration of the test agent was noted
to increase as the MIC decreased (Table 2). No zone of
inhibition was exhibited by honey and propolis for Candida
albicans. Clotrimazole produced significantly wider zones of
inhibition against all the microorganisms tested compared to

honey and propolis.

Table 2. Minimum Inhibitory Concentration of Sunflower
Honey, Coconut Honey, Propolis, and Clotrimazole
against 4 Different Dermatophytes and Candida
albicans

MIC MIC
mode range
(g/mL)  (g/mlL)

Zone of
inhibition
(mm)*

Treatment

Fungus

Sunflower honey 0.42 0.33-0.42 12
Trichophyton Coconut honey 0.32 0.21-0.32 12
rubrum Propolis 0.11 0.11 22
Clotrimazole 51
Sunflower honey 0.25 0.25 6
Trichophyton Coconut honey 0.10 0.10 21
mentagrophytes  Propolis 0.08 0.08-0.11 26
Clotrimazole 58
Sunflower honey 0.25 0.25 6
Microsporum Coconut honey >1.05 >1.05 6
gypseum Propolis 0.28 0.28 16
Clotrimazole 44
Sunflower honey 0.58 0.50-0.58 6
Epidermophyton Coconut honey 0.21 0.21 11
floccosum Propolis 0.11 0.11-0.14 6
Clotrimazole 39
Sunflower honey 0.25 0.25 6
. . Coconut honey 0.32 0.21-0.42 6
Candida albicans .
Propolis 0.14 0.06-0.14 6
Clotrimazole 34
*Size of disk=6mm
DISCUSSION

Studies on the antifungal property of honey and
propolis are few, and most of those published focus on
anticandidal activity, rather than antidermatophytic property.
'This study showed that honey obtained from two different
floral sources (sunflower and coconut) and propolis exhibit
antifungal property which differed according to floral
source and test microorganism. The difference in floral
sources may lead to differences in honey components and
characteristics, including antimicrobial property. This may
explain the difference observed in the antifungal property
between sunflower honey and coconut honey.

A study done in Turkey investigated the antifungal
property of ethanolic extract of propolis against Trichophyton
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rubrum and T. mentagrophytes. Propolis had an MIC of 0.025-
0.4 ug/mL against 7" rubrum and 0.1-0.8 ug/mL against 7.
mentagrophytes.* These values are much lower than the one
obtained in this study. The difference may be attributed to
the fact that aqueous extract of propolis was utilized in this
study instead of ethanolic extract. In addition, variation in
results may also be due to the difference in the method of
determining the MIC. Various studies identify flavonoids
as the components mainly responsible for the antimicrobial
property of honey and propolis. They are known potent
antioxidants, free radical scavengers, metal chelators, and
inhibitors of lipid peroxidation.’ Future studies can embark
on isolating substances from honey and propolis and testing
these extracts for antifungal property.

Since honey is a natural product, it is important to
determine the effect of bee species, geographical and botanical
origin, processing, and storage on its antifungal property.
The composition of propolis likewise varies according
to the plants available in the region leading to possible
differences in the antimicrobial property of the substance.®
It is therefore useful to determine which plant source and
which bee can produce the propolis in the country with the
best antimicrobial activity. Although this study showed that
honey and propolis exhibit antifungal property, they do so at
high concentrations, making it difficult to incorporate them
in medical formulations as active components. However, their
synergistic activity with antimicrobial drugs may be further
investigated and maximized.

CONCLUSION

Honey and aqueous propolis extract exhibit antifungal
property against Trichophyton rubrum, I\ mentagrophytes,
Microsporum  gypseum, —Epidermophyton  floccosum, —and
Candida albicans. Although honey and propolis have
inhibitory activity against these organisms, clotrimazole
is still relatively superior based on the zone of inhibition
produced by the test drugs.
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