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Therapeutic effects of bee venom on
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Abstract. Atopic dermatitis (AD) is a chronic skin inflamma-
tory disease characterized by recurrent eczema and itching. It
is caused by a poorly controlled immune response and damage
to the skin barrier. Purified bee venom (BV) is a natural toxin
produced by honeybees (Apis mellifera L.), and is well known
for its anti-inflammatory, analgesic and anti-cancer effects
against various types of disease. However, treatment strate-
gies based on anti-inflammatory properties have not been
adequately studied in AD. Thus, the present study examined
the progression of AD-like skin lesions induced by ovalbumin
(OVA) and the mechanism of action of BV. BV, administered
by intraperitoneal inoculation, was observed to reduce the
symptoms of AD, in addition to the serum immunoglobulin
E levels, according to dorsal skin thickness and histopatho-
logic analysis. The treatment also inhibited the infiltration of
eosinophils and mast cells. These results suggested that it is
possible to develop novel AD alternative therapy using BV by
effectively suppressing allergic skin inflammation in AD.

Introduction

Atopic dermatitis (AD) is a common chronic inflammatory
and pruritic skin disease characterized by eczematous,
dry, and chapped skin (1,2). AD is caused by the invasion
of inflammatory cells such as the mast cells, eosinophils,
monocytes/macrophages and T lymphocytes into the skin
barrier (3). AD is also reported that the development is
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increased levels of circulating eosinophils and serum
immunoglobulin E (IgE) owing to elevated manufacture of
interleukin (IL)-4, IL-5, and IL-13 by the Th2 cells in most
patients (4,5). IgE plays an important role in instantaneous
hypersensitivity responses by cross-linking to the high-affinity
IgE receptor (FceRI) expressed on the mast cells and basophils.
The antigen-specific IgE binding to FcRI is the binding of
multivalent antigens of allergens that contribute to allergic
diseases, leading to the release of inflammatory mediators
such as histamine, arachidonic acid metabolites and cytokines
by activating mast cells (4,5).

Mast cells, inflammatory cells that respond to innate and
adaptive immunity, can be described as allergic effector cells
that secrete numerous cytokines associated with chronic
skin inflammation (6,7). They induce the production of
inflammatory mediators, such as histamine, chemokines, and
cytokines, under degranulation and immunostimulation (8).
These inflammatory mediators significantly influence the
development of AD (9). It has been demonstrated in several
studies that thymic stromal lymphopoietin (TSLP) is associated
with the development, maintenance, and enhancement of
AD (10-12). It has been identified as an activation factor for
itching; a characteristic of AD. TSLP plays a critical role in the
activation of dendritic cells that prime human CD4+ T cells
as Th2 cytokine-generating cells within the local lymph
nodes (13-15). TSLP signaling in the CD4+ T cells is required
for the formation of memory following Th2 sensitization (16).
It activates the innate lymphoid cells, a significant players
in the pathogenesis of several inflammatory skin diseases,
including AD (17).

Filaggrin plays an important structural and functional role
in the epidermis, and has a significant effect on skin homeo-
stasis (18). It is instrumental in maintaining skin hydration,
by preserving the integrity of the stratum corneum, and in
the production of natural moisturizing factors (19). Inherited
or acquired filaggrin deficiency has been described as a key
contributor to the pathogenesis of AD (18). Thus, the inhibition
of production of these components constitutes a promising and
important modality in the treatment of patients with allergic
disease, especially those with AD.

A number of treatments are available for AD, including
the use of emollients, dexamethasone, topical glucocorticoids,
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calcineurin inhibitors, and immunosuppressants, such as cyclo-
sporine A; all of which are effective in reducing inflammation.
However, they are associated with various side-effects (1,2).
Therefore, the need for the development of new pharmaco-
logical agents that control the inflammatory responses, with
reduced side-effects and higher efficacy, has been identified.

Bee venom (BV) is a natural toxin produced by honeybees
(Apis mellifera L.). BV contains various peptides including
melittin, apamin, adolapin, and mast cell degranulating peptide
along with enzymes, biological amines, and non-peptide
components (20). BV is widely used as a traditional medicine
for various diseases (20,21). The treatment of inflammatory
diseases has been investigated in several studies (22-24). The
anticancer properties of BV have also been demonstrated in
lung and breast cancer, hepatocellular carcinoma, and prostate
cancer cells (25-27). In previous study, we demonstrated that
melittin of main BV components has beneficial effects on
atopic-dermatitis (28). However, the anti-inflammatory effects
of BV on ovalbumin (OVA)-induced inflammatory skin disease
in an animal model have not been reported to date. Thus, the
current study objective was to evaluate the therapeutic effects
of BV as an alternative to anti-inflammatory therapy for the
treatment of AD.

Materials and methods

BV collection. Animal care and all experimental procedures
were approved by the Institutional Animal Care and Use
Committee of Catholic University of Daegu (Daegu, Korea;
approval no. DCIAFCR-160428-1-Y) and experiments were
performed in accordance with these institutional guidelines.
The natural honeybee colonies used in the present study were
maintained at the National Academy of Agricultural Science
(Suwon, Korea). BV was collected with the aid of a collecting
device (Chung Jin Biotech Co., Ltd., Ansan, Korea) in a sterile
manner under strict laboratory conditions. In brief, the BV
collector device was placed in the hive and the bees were
administered electric shocks to caused them to sting a glass
plate from which dried BV was later removed by scraping. The
collected venom was purified using the method described by
Han et al (29) The BV was then stored in a refrigerator for
later use.

Animals and induction of AD. Six-week-old female BALB/c
mice (n=25) were purchased from Samtako (Osan, Korea)
and housed at 22+2°C and 55% humidity in a 12 h light-dark
cycle, and allowed food and water ad libitum. The mice were
equilibrated for seven days prior to the induction of AD and
randomly divided into five groups (5 mice per group). These
were divided into 5 groups as follows: the normal control (NC),
OVA-induced AD with no treatment (OVA), and OVA-induced
AD with various concentrations (1, 10 and 100 pug/kg of
weight) of BV-treatment (BV1, BV10 and BV100).

Induction of AD was performed according to the method
given by Kim et al (28) Briefly, All the mice, with the excep-
tion of those in the NC group, were intraperitoneally inoculated
mixed with 10 ug of chicken OVA (grade V) (Sigma-Aldrich;
Merck KGaA, Darmstadt, Germany) mixed with 4 mg of
aluminum hydroxide (ImjectAlum®; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) in a volume of 200 pl three time at
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intervals of one-week intervals (i.e., on days 0, 7, and 14). They
were then anesthetized by isoflurane inhalation (Ifran®; HANA
Pharm, Seoul, Korea). During anesthesia, the dorsal skin was
shaved. After shaving, the mice were sensitized with OVA
patches on day 14. The OVA patches were prepared as 100 ug
of OVA in phosphate-buffered saline (PBS). The OVA patches
were attached to the shaved skin for seven days (i.e., from days 14
to 20) and changed daily. Thereafter, the indicated concentration
of BV (1, 10, and 100 pug/kg of weight) was administrated twice
a week intraperitoneally. Following the BV treatment, the OVA
patches were reattached for a week. After the OVA treatment
with patches, their blood was collected by cardiac puncture, and
the mice were sacrificed by CO, asphyxiation. After sacrifice,
their dorsal skins were excised for the next experiments.

Histologic analysis. The dorsal skin specimens were fixed
in 10% neutral buffered formalin for at least 24 h at room
temperature. The fixed skin specimens were dissected,
dehydrated, and embedded in paraffin. Thereafter, thin
sections (4 ym) were mounted on glass slides and stained
with hematoxylin and eosin (H&E) and giemsa. All slides
were examined under a Pannoramic® MIDI slide scanner
(BDHISTECH Ltd., Budapest, Hungary). The number
of infiltrated and degranulation mast cells was counted
at magnification, x400 with CaseViewer® 1.4 software
(BDHISTECH Ltd.).

Immunohistochemical staining. The paraffin-embedded
tissue sections were deparaffinized with xylene, dehydrated
in gradually decreasing concentrations of ethanol, and then
subsequently treated with 3% hydrogen peroxidase in methanol
for 10 min to block endogenous peroxidase activity. The tissue
sections were immersed in 10 mM sodium citrate buffer (a pH
of 6.0) for 5 min at 95°C. The final step was repeated using
10 mM sodium citrate solution (a pH of 6.0). The sections
in the same solution were left to cool at room temperature
for 20 min, rinsed in PBS, and then incubated with primary
antibody (1:100 dilution) for 1 h at 37°C. Anti-CD4 and
anti-CD11b antibodies (Abcam, Cambridge, UK) were used
as the primary antibody. The signal was visualized using an
Envision System® (Dako; Agilent Technologies, Inc., Santa
Clara, CA, USA) for 30 min at 37°C. 3,3'-diaminobenzidine
tetrahydrochloride (DAB) was used as the coloring reagent,
and hematoxylin was used as a counter stain. The slides were
inspected with a Pannoramic MIDI slide scanner and the
integrated optical density was analyzed with the i-Solution DT
software.

Immunofluorescence staining. The paraffin-embedded dorsal
skin specimens were deparaffinized with xylene and dehy-
drated in gradually decreasing concentrations of ethanol. The
tissue sections were subsequently placed in blocking serum
(5% bovine serum albumin in PBS) at room temperature for
1 h. The primary antibody (1:100 dilution) was added followed
by overnight incubation at 4°C, and secondary antibody (1:200
dilution) was performed for 4 h at room temperature. The
nuclei were stained with Hoechst 33342® solution for 20 min.
The antibodies included filaggrin (cat. no. ENZ-ABS181; Enzo
Life Sciences, Lausen, Switzerland) and anti-rabbit-bioti-
nylated secondary antibodies conjugated with fluorescein



MOLECULAR MEDICINE REPORTS 18: 3711-3718, 2018

C Epidermis

Thickness (um)
-
@ (=]
Qo (=]
=+
—+

D A
ova - + + + +
BV (ugkg) - . 1 10 100

3713

600 - “+
500 -
400 -
300 -
200 -

Thickness (um)

100 <

0 4
ovAa - + + + +

BV (pa/kg) - - 1 10 100

Figure 1. BV inhibits inflammation in OVA-induced inflammatory skin disease. OVA was used to induce atopic dermatitis-like inflammatory skin disease
through intraperitoneal inoculation and patch attachment. BV was intraperitoneally inoculated during OVA induction. (A) Skin lesions of each group.
(B) Hematoxylin and eosin staining: Representative images of histological analysis, exhibiting increased epidermal and dermal thickness, and increased
number of invasive inflammatory cells in the dorsal skin specimens; however, this increase was reduced in the BV administration group. Magnification, x200;
scale bars, 100 gm. (C) The thickness of the epidermis and dermis was measured. The results are expressed as the mean + standard error of the mean of least
10 random fields per section. "P<0.05 vs. NC group; 'P<0.05 vs. OVA group. BV, bee venom; OVA, ovalbumin; BV group, OVA with BV treatment (1, 10 and

100 pg/kg); NC, normal control; OVA, ovalbumin; BV, bee venom.

isothiocyanate (Invitrogen; Thermo Fisher Scientific, Inc.).
The slides were mounted using a fluorescence mounting
medium (Dako; Agilent Technologies, Inc.). The stained slides
were imaged using a NIKON® Al+ confocal microscope
(Nikon, Tokyo, Japan).

Enzyme-linked immunosorbent assay (ELISA). The concen-
trations of IgE, tumor necrosis factor (TNF)-a, and TSLP
in the collected sera of the blood were determined by
ELISA kit, according to the manufacturer's instructions
(IgE; Bethyl Laboratories, Montgomery, TX, USA) and
R&D Systems (TNF-a and TSLP). The optical density was
measured at 450 nm using an ELISA reader (BMG Labtech,
Baden-Wiirttemberg, Germany).

Statistical analysis. All the data were presented as the
mean + standard error of the mean. Statistical significance
was determined by one-way analysis of variance with Tukey's
multiple comparison test using GraphPad Prism 5.0 (GraphPad
Software, Inc., La Jolla, CA, USA). P<0.05 was considered to
indicate a statistically significant difference.

Results

Effect of BV treatment on dorsal skin thickness according to
histopathologic analysis. As shown in Fig. 1A, the AD-like
skin lesions induced by the OVA were clearly evident on the
dorsal skin of the Balb/c mice. Various pathological features,
such as bleeding, erythema, eczema, and dryness, were
observed in the OVA group. By contrast, it was macroscopi-
cally confirmed that pathological features were significantly
reduced in the BV group. Inflammatory cells infiltration
and skin thickness were also measured in the epidermis and
dermis of the mice skin by H&E staining (Fig. 1B and C).
As aresult, infiltration by the inflammatory cells in the OVA
group was significantly increased compared with that in
the NC group, and the skin thickness was also significantly
increased. By contrast, the extent of inflammatory cell infil-
tration and skin thickness was significantly decreased in the
BV treatment group, and constituted the greatest decrease,
especially in BV 100 group (Fig. 1C). Animal care and all
experimental procedures were approved and implemented in
accordance with the guidelines of the Institutional Animal
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Figure 2. BV reduces OVA-induced mast cells, serum IgE and pro-inflammatory cytokine expression. (A) Giemsa staining: Representative images of histo-
logical analysis, presenting increased infiltration and degranulation of the mast cells. However, it was reduced under BV treatment. Magnification, x400; scale
bars, 50 ym. (B) Infiltration and degranulation were evaluated by assessing the number of mast cells from at least 3 random fields per section at 400-fold
magnification. (C) The ELISA results demonstrated that BV inhibited the increased levels of serum-IgE induced by OVA. In addition, BV inhibited the
increased expression of inflammatory cytokines such as (D) TNF-a and (E) TSLP induced by OVA. The results are expressed as the mean =+ standard error
of the mean of 3 independent determinations. "P<0.05 vs. NC group; "P<0.05 vs. OVA group. BV, bee venom; OVA, ovalbumin; BV group, OVA with BV
treatment (1, 10 and 100 pg/kg); NC, normal control; IgE, immunoglobulin; TNF-a, tumor necrosis factor-a; TSLP, thymic stromal lymphopoietin.

Care and Use Committee Catholic University of Daegu
(approval no. DCIAFCR-160428-1-Y).

Effect of BV treatment on mast cell and IgE expression. To
investigate the inhibitory effect of the BV treatment, infiltra-
tion and degranulation of mast cells was examined, and IgE
levels were measured. The extent to which mast cell infiltration
and degranulation occurred was measured at magnifica-
tion, x400 (Fig. 2A). It was determined that the extent of mast
cell infiltration and degranulation was significantly increased
in the OVA group, but diminished in the BV treatment group,

according to the concentration level applied. Notably, it was
observed that the BV 100 group was significantly reduced
(Fig. 2B). The escalation in the serum IgE level was shown
to dramatically increased in the OVA group using ELISA.
Similar to the measurement results of mast cell infiltration and
degranulation extent, the serum IgE levels identified by ELISA
were found to be reduced in the BV 100 group (Fig. 2C).

Effect of BV treatment on pro-inflammatory cytokine
expression. TNF-a and TSLP levels were measured in the
mouse serum of the NC, OVA, and BV-treatment group to
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Figure 3. Expression of CD4+ and CD11b+ cells in the skin specimen. (A) The dorsal skin specimens were immunostained with CD4+ and CD11b+ antibodies.
Magnification, x200; scale bar, 100 gm. (B) The immunohistochemical results demonstrated that BV inhibits the expression of CD4+ and CD11b+. The
integrated optical densities were measured from at least 3 random fields per section. The results are expressed as the means + standard error of the mean
of 10 independent determinations. "P<0.05 vs. NC group; P<0.05 vs. OVA group. BV, bee venom; OVA, ovalbumin; BV group, OVA with BV treatment

(100 pug/kg); NC, normal control; CD, cluster of differentiation.

establish whether or not BV treatment would induce alterations
to the pro-inflammatory cytokines involved in OVA-induced
skin inflammation. The levels of TNF-a and TSLP were higher
in the OVA-treated group than in the NC group. However,
TNF-a, and TSLP levels were significantly decreased in 100
group (Fig. 2D and E). IL-1p was reduced in BV100 but not
statistically significant.

Effect of BV treatment on CD4+ and CDI1b+ expression.
Immunohistochemical staining confirmed the extent of
infiltration of the CD4+ T helper cells and CD11b+ known
as monocyte antigen. As shown in Fig. 3A, the expression of
CD4+ was significantly increased in the OVA group. On the
other hand, the expression level of CD4+ was significantly
decreased in the BV 100 group compared with OVA group.
Similar to the results of the expression of CD4+, the expression
level of CD11b+ was significantly increased in the OVA group,
and it was also confirmed that the expression level of CD11b
was also significantly decreased in the BV 100 group (Fig. 3B).

Effect of BV treatment on filaggrin deficiency.
Immunofluorescent staining was performed to determine the
extent of filaggrin deficiency, which plays an important role in
skin homeostasis. As shown in Fig. 4, the expression of filag-
grin was strongly expressed in the NC group, but deficiency
was confirmed in the OVA group. However, the expression of
filaggrin was found to increase in the BV100 group.

Discussion
BV therapy has been used in Oriental medicine since

ancient times to treat and relieve the pain associated with
inflammatory diseases, such as rheumatoid arthritis and

multiple sclerosis (21). Relatively BV of high concentrations
(=2.5 pg/ml) induce the release of inflammatory cytokines
from the human keratinocytes (30). By contrast, BV of low
concentrations (<100 ng/ml) reduced pro-inflammatory cyto-
kines in human keratinocytes infected with bacteria (31).

In previous studies, we reported that BV inhibits
atherosclerotic lesions induced by an intraperitoneal injec-
tion of lipopolysaccharide (32). In addition, the in vitro
antimicrobial activity of BV against inflammation induced by
Propionibacterium acnes was demonstrated (33). However,
the anti-inflammatory effects of BV on OVA-induced inflam-
matory skin disease in an animal model have not yet been
reported. Therefore, we examined whether there were the
anti-inflammatory properties of BV in a mouse model of
OVA-induced skin inflammation.

AD has been reported to be characterized by hyperkera-
tosis, spongiosis, epidermal hyperplasia, and accumulation of
lymphocyte and mast cell (34). Therefore, our study examined
the effect of BV on the characteristics of AD. We measured
epidermal thickness to assess the extent of hyperkeratosis,
spongiosis, and epidermal hyperplasia. The markedly
increased epidermal thickness in AD-like skin lesions by OVA
has been shown to decrease through BV treatment. These
results suggest that BV inhibits characteristic symptoms of
AD in OVA-induced AD-like skin lesions.

Filaggrin, a major protein involved in the terminal
differentiation of epidermal keratinocytes, has an important
structural and functional role in the epidermis, which is
influential in homeostasis of the skin (18). Variations in the
filaggrin genotype, environmental factors, and skin micro-
environment have been reported as major contributors to
reduced levels of filaggrin (18). Filaggrin deficiency in AD
patients is known to affect epidermal function and increase
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Figure 4. BV improves filaggrin deficiency by OVA. (A) Representative immunofluorescence images showing the improvement in filaggrin deficiency (stained
with Alexa Fluor 488, green) following BV treatment. The nuclei were stained with Hoechst 33342 (blue). Magnification, x100; scale bar, 200 gm. (B) The
fluorescence intensities of filaggrin were measured. ‘P<0.05 vs. NC group; "P<0.05 vs. OVA group. BV, bee venom; OVA, ovalbumin; BV group, OVA with

BV treatment (100 pg/kg); NC, normal control.

the risk of microbial infection or other atopic diseases (18,35).
Therefore, an attempt was made in the current study to
determine whether or not BV treatment would reduce the
symptoms of OVA-induced skin diseases. Cha et al (36)
showed that the increase in filaggrin expression contributes
to the maintenance and enhancement of the skin barrier
function. Similarly, our study showed that the expression of
filaggrin deficient by OVA-induced improved the expression
of filaggrin deficient by BV treatment. Based on this fact, we
suggested that BV has an effect that contributes to mainte-
nance and enhancement of skin barrier function. Based on
this fact, increased expression of filaggrin resulting from BV
treatment was considered to contribute to the maintenance
and enhancement of skin barrier function and was observed
to contribute to inhibition of OVA-induced AD-like skin
lesions.

Mast cells are generally known to contribute to allergic
reactions, including atopic skin lesions (34), and are caused
by FceRI-activated allergens that bind to serum IgE-FceRI
complexes (6,37). The mast cells, activated by immunologic
stimulation, undergo degranulation and release inflammatory
mediators, including histamine, chemokines, and cytokines (8).
Therefore, low IgE levels and inactivation of the mast cells
are important in the alleviation of AD. It was observed in
the current study that IgE expression and the number of mast
cells involved in the inflammatory responses decreased in the
BV-treated, OVA-induced mice AD model. Several studies have
shown that elevated levels of serum IgE and pro-inflammatory
cytokines in AD have been reported (38,39). In addition,
pro-inflammatory cytokines, such as IL-1f3, IL-6, and TNF-a,
are known to induce the production of inflammatory mediators,
such as histamine, and protease and chemotactic factors, in the
mast cells (40). Pro-inflammatory cytokines are produced by
inflammatory dendritic cells, i.e., differentiated mononuclear
cells recruited during the acute AD phase. In our Previously, we
demonstrated that inhibition of pro-inflammatory cytokines by

BV treatment in P. acnes-induced acne skin inhibited inflam-
matory skin disease (41). Similar to these results, BV treatment
was demonstrated to reduce the expression of pro-inflammatory
cytokines in OVA-induced AD-like skin lesions in the current
study. These data suggest that it is likely that BV would be an
effective treatment in AD-like skin disease.

It has been shown in several studies that pro-inflammatory
cytokine expression, i.e., interferon (IFN)-vy, IL-4, IL-13,
IL-17, and TSLP, increases in AD skin lesions (42,43). TSLP,
the keratinocyte-derived cytokine, has been shown to play an
important role in the early stages of allergic inflammation. It
was identified as a sensitive product of keratinocytes released
before the lesion skin developed In AD patients (44). In addi-
tion, it has been shown to activator of sensory neurons that
causes itching; a vital feature of atopic skin (45). Elsewhere, it
was demonstrated that the down-regulation of TSLP improved
AD (46). This was similar to the finding of the current study,
where a reduction in TSLP expression was observed following
BV treatment. Therefore, the modulation of AD-associated
TSLP and cytokine expression could result in therapeutic
efficacy. BV was demonstrated to suppress TSLP and
pro-inflammatory cytokine expression in the OVA-induced,
AD-like mice model in the present study. Therefore, the use
of BV has considerable potential as an alternative AD therapy
for AD lesions.

In addition, TSLP binds to the dendritic cell receptor
and promotes the differentiation of CD4+ T cells into Th2
cells (14). CD4+ T cells are key components of allergic
inflammatory disease. CD11b+ is a monocyte antigen that is
expressed on many leukocyte surfaces, including granulo-
cytes, monocytes, and macrophages (47). Thus, it was deemed
worthwhile to investigate whether or not BV could alleviate
AD-like skin lesions (especially allergic diseases) through
an evaluation of CD4+ T and CD11b+ expression. In this
study, it was confirmed that CD4+ T and CD11b+ expression
was markedly decreased following BV treatment. Thus, BV
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treatment was demonstrated to have a therapeutic effect on
AD-like inflammatory disease. It can be used to effectively
maintain skin barrier function, prevent the destruction of the
skin barrier, regulate proinflammatory cytokine levels, inhibit
mast cell activation, and reduce inflammation.

BV has an anti-inflammatory effect on AD in this experi-
ment. In previous study, melittin which is a major component
of BV also showed an anti-inflammatory function for AD (28).
It seems to be due to melittin, the main component of BV.
Thus, the pharmacological function of BV could be similar to
that of melittin.

In conclusion, it was demonstrated in the present study
that the administration of BV via intraperitoneal inoculation
effectively suppressed the onset of atopic skin lesions. BV
inhibited cytokines that are influential in AD via a decline in
IgE, TNF-a, and TSLP in vivo, and demonstrated effective
anti-inflammatory activity. Therefore, we propose that BV is
an alternative therapy for the treatment of anti-inflammatory
AD. However, the exact anti-inflammatory mechanism of BV
components requires further investigation.
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