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Antifungal Effects of Bee Venom Components on
Trichophyton rubrum: A Novel Approach of Bee Venom
Study for Possible Emerging Antifungal Agent
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Background: Bee venom (BV) has been widely investigated
for potential medical uses. Recent inadvertent uses of BV
based products have shown to mitigate signs of fungal
infections. However, the component mediating the anti-
fungal effect has not been identified. Objective: This inves-
tigation compares bee venom in its whole and partial forms
to evaluate the possible component responsible for the anti-
fungal effect. Methods: Forty-eight plates inoculated with
Trichophyton rubrum were allocated into four groups. The
groups were treated with raw BV (RBV), melittin, apamin and
BV based mist (BBM) respectively and each group was fur-
ther allocated accordingly to three different concentrations.
The areas were measured every other day for 14 days to eval-
uate the kinetic changes of the colonies. Results: The inter-
actions of ratio differences over interval were confirmed in
groups treated with RBV and BBM. In RBV, the level of differ-
ences were achieved in groups treated with 10 mg/100 |
(p=0.026) and 40 mg/100 «1| (p=0.000). The mean differ-
ence of ratio in groups treated with RBV was evident in day
3 and day 5. The groups that were treated with melittin or
apamin did not show any significant interaction. In BBM
groups, the significant levels of ratio differences over time in-
tervals were achieved in groups treated with 200 «1/100 x|
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(p=0.000) and 300 1/100 121 (p=0.030). Conclusion: The
the bee venom in its whole form delivered a significant level
of inhibition and we concluded that the venom in separated
forms are not effective. Moreover, BV based products may
exert as potential antifungal therapeutics. (Ann Dermatol
30(2) 202~210, 2018)
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INTRODUCTION

Bee venom (BV) extracted from Apis mellifera L. has been
utilized for centuries as a suitable pain killer and an an-
ti-inflammatory agent for various chronic diseases'™. A
number of recent studies further state the anti-mutagenic,
anti-nociceptive, radio-protective, anti-tumorous and anti-
biotic properties of the BV>®. Extensive research has been
carried out to evaluate the effects of BV and the compo-
nents of BV in that manner have been elucidated. Bioactive
substances including melittin, apamin, mast cell degra-
nulating peptides with histamine, serotonine, dopamine,
norepinephrine and a number of enzymes listing phos-
pholipase, hyaluronidase and histidine decarboxylase”*"".
Various pathways including inhibition of toll like receptors
and translocation of nuclear factor kappa B (NF-kB) and
activator protein-1 signaling are suggested mechanism to
the noticeable anti-inflammatory effects of BV'*". Two
major components of BV, melittin and phospholipase A2,
are generally thought to play an important role in the in-
duction of irritation and allergic reaction associated with
the bee stings’. Melittin, a 26 amino acid polypeptide, has


http://crossmark.crossref.org/dialog/?doi=10.5021/ad.2018.30.2.202&domain=pdf&date_stamp=2018-3-25

been known to have antibacterial effects’'?. Recently, me-

littin-loaded perfluorocarbon nanoparticles possessed the
ability to safely deliver significant payloads of melittin in-
travenously and to target and kill tumor cells'.

In respect, medical and commercial application targeting
anti-inflammatory effects of BV has been prevalently man-
ufactured in different fields of Korea. Common products
manufactured with BV include anti-acne sprays, anti-blem-
ishes, moisturizers, and nutrient-providing gels. Additionally,
antibacterial use of BV based mist (BBM) has been in-
advertently used and engendered attention for alleviating
signs of fungal infections. Antifungal effects of BV have
generally been less underlined compared to other inflam-
matory oriented diseases. Articles regarding antifungal use
of BV include species of Candidal origin and 7richophyton
species'”. The antifungal activities of BV and sweet BV
against 10 clinical isolates of Candlida albicans that were
cultured from blood and the vagina showed antifungal ac-
tivity determined by using the disk diffusion assay, the
broth micro-dilution assay and the killing-curve assay'’.
Moreover, antifungal activity of BV against 7. rubrum and
7. mentagrophytes showed stronger effect than that of flu-
conazole'. However, the underlying mechanism and the
principal component from BV that elicits the antifungal ef-
fect needs to be determined.

In this investigation, the components of BV including me-
littin and apamin, previously known to generate the an-
ti-inflammatory effect, along with the BV as in whole raw
form and mist based product were separately applied to
the colonies of 7. rubrum to evaluate the possible compo-
nent responsible for the antifungal effect.

MATERIALS AND METHODS

BV collection and preparation of the components

The Colonies of natural honeybees (Apis mellifera L.) were
maintained at the National Academy of Agricultural
Science, Korea and the BV was collected by the collecting
device (Chung Jin Biotech Co., Ltd., Ansan, Korea). An
electric current was generated to the hive to cause the bees
to sting at the glass plate. The venom which was later dried
and was scraped off. The collected venom was diluted in
cold sterile water and was centrifuged at 10,000g for 5 mi-
nutes at 4°C to eliminate residues from the supernatant. BV
was lyophilized by freeze dryer and refrigerated at 4°C for
later use. The BV used in this experiment was confirmed
with size exclusion gel chromatography (AKTA Explorer;
GE Healthcare, Pittsburgh, PA, USA) by dissolving in 0.02
M phosphate buffer with 0.25 M NaCl adjusted to pH 7.2
using a Superdex Peptide column (Amersham Biosciences;
GE Healthcare)'*. Other components including melittin
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and apamin were manufactured products at Sigma (St.
Louis, MO, USA) and BBM (A.C. Care Bee’s water essence)
of Dongsung Pharmaceuticals (Seoul, Korea).

Preparation of the organism

The medium used to culture the fungus was composed of
potato dextrose cornmeal agar (PDACC; Catholic Skin
Clinic, Daegu, Korea) with peptone, Tween 80 and anti-
biotics (chloramphenicol 500 mg L ' and cycloheximide
500 mg L ). Standard sized inoculums of 7. rubrum de-
rived from a spore suspension were applied to PDACC
plates. The spore suspension was prepared by applying 5
ml of distilled water (DW) to a 3-week-old 7. rubrum cul-
ture that was later gently withdrawn with a sterile pipette.
Each PDACC plate was divided in half by scrapping off
the midline in a sterile manner to retain identical con-
ditions for both the experimental and the control groups.
Using a sterile spreader, the spore suspension was applied
on both sides of the PDACC plate. Forty eight plates were
divided into four groups according to the specimen ap-
plied which were RBV, melittin, apamin and BBM. Every
twelve plates were allocated and were further divided into
three groups and labeled accordingly to the differently
concentrated components with DW. The components
were applied to the margins of the colonies and the
amount of each component was variable as the areas of
the colonies were different among the groups (Group 1:
RBV 0.1 mg/DW 100 1, Group 2: RBV 10 mg/DW 100
11, Group 3: RBV 40 mg/DW 100 /|, Group 4: melittin
0.5 mg/100 DW 1, Group 5: melittin 1.0 mg/DW 100 x|,
Group 6: melittin 1.5 mg/DW 100 /1, Group 7: apamin
0.5 mg/DW 100 1, Group 8: apamin 1.0 mg/DW 100 «|,
Group 9: apamin 1.5 mg/DW 100 «I, Group 10: BBM
100 #1/DW 100 z1, Group 11: BBM 200 «1/DW 100 «l,
Group 12: BBM 300 «1/DW 100 ).

Evaluation of the antifungal effect

The antifungal activity was measured by evaluating the
area changes of each group for 14 days in an interval of
two. Digital photography was taken every day using
Canon EOS 750D (Canon Inc., Japan) and was followed
until the 14th day. The lighting, position, and the back-
ground of the shooting were kept consistent throughout
the experiment. The area was then converted into numer-
ical values using Image Processing and analysis in Java
(Image J version 1.50i; National Institutes of Health,
Bethesda, MD, USA) which was then recalculated into ra-
tios in order to calculate the kinetic interval changes of the
areas observed in the colonies. The ratio at each interval
indicates the area ratio to the previously calculated area in
order to evaluate interval changes and the interaction
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among the intervals.
Statistical analysis

All data was gathered and transformed in numerical
values. Primary efficacy endpoint was the area difference
of the colonies from the baseline to day 13. This was cal-
culated with a repetitive measurement linear-effects mod-
el, which included the study groups, baseline value,
scheduled follow-up intervals, and the interaction of study
group with scheduled intervals. The descriptive data are
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expressed in mean +standard deviation. All analysis was
performed using IBM SPSS Statistics ver. 19.0 (IBM Co.,
Armonk, NY, USA) with pvalue of less than 0.05 as stat-
istically significant value. The analysis evaluated the inter-
action of the experimental group and the control over
time intervals.
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Fig. 1. Serial photographs of Trichophyton rubrum colony plates from day 1 to day 13. The colony plates varying each component
group. Each plate field is divided in half to inoculate the colonies of experimental (right side of field) and control (left side of field)
groups. (A) 0.1 mg/100 1| of raw bee venom (RBV) treated group, (B) 10 mg/100 x| of RBV treated group, (C) 40 mg/100 |
of RBV treated group, (D) 0.5 mg/100 s| of melittin treated group, (E) 1.0 mg/100 | of melittin treated group, (F) 1.5 mg/100
11 of melittin treated group, (G) 0.5 mg/100 x| of apamin treated group, (H) 1.0 mg/100 x| of apamin treated group, (I) 1.5 mg/100
1] of apamin treated group, (J) 100 «1/100 x| of bee venom based mist (BBM) treated group, (K) 200 «1/100 x| of BBM treated

group, (L) 300 «1/100 x| of BBM treated group.
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RESULTS

Gross inspection of the colonies

The antifungal efficacies of various components were
treated against 7. rubrum as shown in (Fig. 1). The PDACC
plates were divided and spore suspension was applied on
both sides of the plates. The left indicates the control
group while the right side indicates experimental group.
The experimental groups that were treated with raw BV
shows a slower growth difference compared to than that
of the control group at 10 mg/100 | and 40 mg/100 |
concentrations (Fig. 1B, C). Noticeably growth rate differ-
ence in BBM treated groups between the experimental
groups at 200 | and 300 x| concentrations were also
observed on gross inspection (Fig. 1K, L).

Efficacy of RBV, melittin, apamin, BBM between
experimental groups and control groups

For every component, three differently graded concen-
trations were treated on each colony and the areas were
measured every other day for 14 days. The numerical val-
ues were then transformed into ratios in order to evaluate
the actual level of area difference and interaction of the
growth nature throughout the study.

1) Raw bee venom

The main effect between the groups while ignoring the in-
terval variable was only statistically significant in the
group with 40 mg/100 «| concentration (p=0.000), which
was noticeable compared to no statistically significant values
observed in groups with 0.1 mg/100 x| concentration
(p=0.054) and 10 mg/100 #I (p=0.098). The main effect
among the intervals, while ignoring the group variable
showed statistically significant value within all three con-
centration groups. The interaction effect between the
groups over time interval was not statistically significant in
the group treated with 0.1 mg/100 /| concentrated of RBV.
However the values were different as the concentrations of
RBV were increased to 10 mg/100 x| and 40 mg/100 x|
with respective p-values of 0.026 and 0.000 (Table 1). The
mean difference of ratio in groups treated with RBV of 10
mg/100 1| was evident in day 3 and day 5 (Fig. 2B). The
mean ratio was 1.152 in the experimental group com-
pared to 1.425 in the control group at day 3 and 1.122 in
the experimental group compared to 1.403 in the control
group at day 5 (Table 1). Similar result was shown in the
group treated RBV with 40 mg/100 1. The evident differ-
ence was seen in day 3 and day 5 (Fig. 2C). At day 3,
1.075 ratio of area increment in the experimental group
was observed compared to 1.514 in the control group
(Table 1). At day 5, 1.055 ratio of area increment in the

206  Ann Dermatol

experimental group was observed compared to 1.322 in
the control group (Table 1).

2) Melittin & apamin

All of the groups that were treated with melittin or apa-
min, regardless of concentration gradient, the significant
main effect of ratio differences were not observed in any
of the measures within the intervals, the groups or within
the groups over specific time intervals (Table 1).

3) Bee venom based mist

In BBM, similar pattern to RBV was observed. While, the
group treated with BBM of 100 x| exhibited no sig-
nificant difference of ratio difference between the groups
over time intervals (p=0.052), the higher concentration
groups showed significant levels of ratio differences within
the groups over time intervals (p=0.000 in 200 1, 0.030
in 300 «1), (Table 1). The mean difference of ratio in the
group treated with 200 # | of BBM was noticeable at day
3 and at day 7 (Fig. 2K). At day 3, the mean ratio differ-
ence was 1.072 in the experimental group and 1.387 in
the control group (Table 1). Additional the mean ratio dif-
ference was 1.090 in the experimental group and 1.218 in
the control group at day 7 (Table 1). Moreover, the mean
difference of ratio in the group treated with 300 x| of
BBM was noticeable at day 3 (Fig. 2L). The mean ratio dif-
ference was 1.130 in the experimental group and 1.284 in
the control group (Table 1).

DISCUSSION

BV or its series of components have shown a broad array
of effects from anti-inflammatory agents, anti-nociceptive,
antibacterial, to anti-tumorous effects'®. Extensive in vitro
studies have confirmed the versatile properties that BV
retains. In respect to the wide-ranging studies performed
with BV, information regarding the antifungal effect of BV
is still scarce. However, continual scope of research and
aim conducting BV in relation to antifungal properties has
stated BV as a possible agent for its medicinal application.
Moreover, off-label uses of BBM products have been tar-
geted to control acne eruptions. Based on the reports of
robust antibacterial activities of BV against both Gram
negative and Gram positive bacteria, in addition to the
role of BV in inflamed lesions, a number of BV based acne
care products have been manufactured. However theses
lines of beauty products are inadvertently used and allevi-
ation of lesions with tinea pedis have been suggested by
these products.

Therefore, the objective of this study was to identify the
possible underlying component in BV that hinders the
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Fig. 2. Graphical interpretation of ratio interaction over time in experimental and control groups. Graphical interpretation of ratio
difference interaction over time (interval). (A) 0.1 mg/100 x| of raw bee venom (RBV) treated group, (B) 10 mg/100 x| of RBV
treated group, (C) 40 mg/100 | of RBV treated group, (D) 0.5 mg/100 /| of melittin treated group, (E) 1.0 mg/100 | of melittin
treated group, (F) 1.5 mg/100 x| of melittin treated group, (G) 0.5 mg/100 x| of apamin treated group, (H) 1.0 mg/100 z«| of
apamin treated group, (I) 1.5 mg/100 | of apamin treated group, (J) 100 /100 1| of bee venom based mist (BBM) treated group,
(K) 200 £1/100 11 of BBM treated group, (L) 300 «1/100 x| of BBM treated group.
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growth and spreading of the most common fungal patho-
gen, 7. rubrum. In the study comparing the antifungal ef-
fects between the experimental groups and the control
groups at certain time interval, only BV in its whole form
regardless of raw nature or in a mist based product
showed statistically significant values. In elaboration, the
time point regarding the antifungal effect exhibited by
RBV was dose dependent as 10 mg/100 x| (p=0.026)
and 40 mg/100 x| (p=0.000) concentrated specimen
showed statistically significant area difference compared
to that of 0.1 mg/100 | (p=0.084). Based on this find-
ing, some level of fungicidal or fungistatic properties pro-
duced by raw bee venom can be inferred. Furthermore, as
the antifungal effect of bee venom generally withered after
day 5, a time span of 5 days for its effectiveness of RBV
was also postulated. Prominent difference according to
time interval is exhibited through graphical values (Fig. 2).
The antifungal effect was not observed in colonies that
were treated either in melittin or apamin. The analysis be-
tween the experimental groups and the control groups did
not show any statistically significant difference regarding
the fungal growth on any concentration level. Similar re-
sults were exhibited in the colonies treated with apamin.
Melittin is known to inhibit platelet-derived growth factor
and vascular smooth muscle cell proliferation by suppress-
ing NF- £ B, Akt activation, and the mitogen-activated pro-
tein kinase pathway'*'®. Downward reaction inhibits the
transcription of inflammatory cytokine which exerts vari-
ous protective events induced from melittin. No parameter
regarding cell growth or antifungal effect in that manner
was observed.

Interestingly, the BBM has shown similar effectiveness to
RBV in terms of growth retardation. The concentration lev-
els effective for in hindering the colony growth were
prominent in the ones treated with 10 mg/100 | (p=0.000)
and in 40 mg/100 x| (p=0.030). The underlying factor
may be due to a variety of component contained in mist.
Extracts of bee venom, extracts of royal jelly, propolis,
grapefruit, Beta-glucan, phytoncide, and portulaca oler-
acea extracts were in the material. In addition to bee ven-
om, propolis may have also played a role in the antifungal
effect. Farghaly'” reported the use of propolis on tested
microscopic fungi, Aspergillus fumigatus (19.2+0.63 mm)
showed the most sensitive results to the component'®"”.
However, the sensitivity decreased in other microscopic
fungi including Geotricum candidum, C. albicans (16.9 +
0.58, 16.4+1.2), respectively, which yet remain to be de-
termined'’. However since many of the bee venom based
products are already available through highly refined
beauty products such as the one used in this study, it may
be relevantly useful to directly apply such products to the
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affected area upon more safety and clinical evaluation.
Numerous studies have been investigated to evaluate the
antifungal properties of bee venom. Lee reported that an-
ti-candidal activities of bee venom and sweet bee venom
were observed by using the disk diffusion method and the
broth microdilution method, confirming that the com-
pounds have a potentialfor use as anti-candidal agents'>".
Phytochemicals exhibiting antifungal effects against 7. ru-
brum and T. mentagrophytes were evaluated in different
studies. Turmeric oil from Curcuma longa had minimum
inhibitory concentrations (MICs) in a range of 229.8~
919.2 ppm (parts per million)'®. Four phenolic amides, dihy-
dro-N-caffeoyltyramine, trans-N-feruloyloctopamine, trans N
caffeoyltyramine, and c/s-N-caffeoyltyramine isolated from
Lycium chinense were reported to have anti-fungal activity
in a range of 5~10 ppm'’. Other molecules such as 6 @-O-
(B -D-xylopyranosyl-(1—3)- £ -D-quinovopyranosyl)-(25,S)-
5 a -spirostan-3 £ -ol had 1C50 values of 25 1 g/ml had also
shown antifungal effect agains against 7. mentagrophytes
and 7. rubrum™. Limonene was also shown to exert a po-
tent antifungal effect against 7. rubrum with MIC value of
0.5%"".

In respect to these findings, this experiment strived to as-
sess the antifungal effect from each component underlying
cause of effect and interesting result is that only with the
bee venom in its whole form delivered a significant level
of inhibition and we concluded that the venom in sepa-
rated forms are not effective.

One theory is that while mellitin induces reactive oxygen
species to generate the antifungal effect, other compo-
nents such as phospholipase A2, hyaluronidase which re-
spectively raise the permeation of the cell membrane and
the capillary membranes are necessary to give the whole
antifungal effect''>'*?*?*_ Additionally, studies state that
the lipids and carbohydrates in the venom may act as an
opsonin for further inflammatory responses to repeatedly
generate the antifungal effect’”?*.

Although there are a number of studies evaluating the an-
tifungal effect of bee venom, component-specific evalua-
tion within this mixture has not been evaluated before this
study. In addition, the use and effect of bee venom based
products was also conducted to evaluate the antifungal ef-
fect exerted from these lines of products. The investigation
was conclusive with the specified followings. First of all,
the antifungal effect was observed in bee venom regard-
less of raw or manufactured form. The colonies that were
treated with only the whole form of bee venom have pro-
ven the antifungal effect throughout our study. Separated
forms of bee venom components showed no value in hin-
dering the growth of the colonies. Secondly, the effects
were dose dependent as statistically significant values



were observed within the differently concentrated groups
at different time period. Thirdly, the effect showed a last-
ing period as the colony sizes were mostly regressed up
till the 5th day. It was conclusive that the 5th day was the
critical time point as the effect started to wear off after day
5 and further re-application of the material seems neces-
sary in order to generate the continual antifungal effect.
Moreover, in terms of bee venom based product, succes-
sive research must be considered before recommending
its use against various fungal infections. However, the al-
ready prevalent use of these manufactured products along
with approved safety concerns may ease the commerciali-
zation of these manufactured products for targeting fungal
infections.

Even though, this study demonstrated the antifungal ef-
fects by the components of bee venom along with bee
venom based beauty product, further experiments with
larger sample sizes, more fungal species and more compo-
nents of the bee venom should be carried out to evaluate
the molecular interaction and possible underlying mecha-
nisms among the components. Further /n vivo efficacy
studies are warranted for clinical application.
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