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ABSTRACT

Objective(s): Bee venom (BV) contains peptides that do not pass through healthy skin due to their high
molecular weight. Nanoemulsions (NEs) are capable of facilitating drug permeation through the skin.
Materials and Methods: We prepared water-in-oil (W/O) NEs containing BV with a mixture of Span
80, Tween 80, and olive oil by low energy method. Then, based on stability studies, four different NE
formulations with 3, 5, 7, and 9% aqueous phase were chosen, each having different BV concentrations and
characterized for their particle size, polydispersity index (PDI), viscosity, and refractive index. Afterwards,
an NE preparation having 5% BV solution was used for skin permeation studies by Franz diffusion cell at
three BV concentrations (i.e., 5000, 2500, and 1250 ug/ml).

Results: The results showed that by increasing the percentage of BV content (from 3 to 9 %) and surfactants
(from 30 to 60 %), the size of NEs decreased while increasing BV concentration at a fixed percentage of BV
content, led to increase in size and PDI. Skin permeation studies showed that after 12 h, NEs could permeate
approximately 10 % of initial BV through the skin, depending on BV concentration in the NE.

Conclusion: The data showed that NEs could be used for topical delivery of peptides of BV through the skin
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INTRODUCTION

Topical drug delivery can be beneficial to
avoid problems such as first-pass metabolism
and adverse effects of some drugs when taken
orally [1, 2]. It has advantages compared with the
parenteral route as the injection is associated with
pain in the site of injection and hazardous medical
wastes [3]. However, a main disadvantage of the
topical route is low efficacy due to the presence
of stratum corneum as a natural barrier for the
permeation of many molecules. This necessitates
using enhancers to disrupt the structure of the
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stratum corneum to increase permeability [4). In
practice, many introduced penetration enhancers
may be harmful and cause skin irritations,
particularly in prolonged applications [5). Also, they
often fail to provide efficient permeation for many
biologicals, especially those with high molecular
weight or high water solubility properties [6]. Thus,
it is desirable to develop alternative topical systems
that do not use chemical penetration enhancers
while facilitating drug permeation through the skin.

NEs are exciting options for this purpose [7].
Nanoemulsions (NEs) are homogeneous systems
consisting of at least two immiscible liquids with a
mean droplet diameter usually less than 100 nm.
They exist in water-in-oil (W/O] or oil-in-water
(O/W) forms (8-10). In order to prepare NEs,
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surfactant(s) and an energy source are generally
required [11]. NEs may be used as drug delivery
systems with several advantages such as carrying
both hydrophilic and hydrophobic components in
a single formulation, improving bioavailability and
drugloading, controlofdrugrelease,and protection
from enzymatic degradation [12, 13]. Many studies
have developed different formulations of NEs for
topical delivery of hydrophilic compounds such as
inulin [14], plasmid DNA [15], caffeine [16], and
naproxen [17]. However, no work so far has used
NEs for topical delivery of peptides/proteins.

Bee Venom (BV) is a bio-toxin composed
of at least 18 active components, including
enzymes, peptides, and biogenic amines, with a
wide variety of pharmaceutical properties [18].
The main biologically active component of BY,
Melittin, forms approximately 50% of the dry
weight of BV. Melittin is a water-soluble, linear,
cationic, hemolytic, cell lytic, and ampbhipathic
peptide with a molecular weight of 2846.46 g/
mol [19, 20]. It has several functions such as
anti-inflammatory (in minimal doses), immune-
suppressive, immune-stimulatory, anti-microbial,
cytotoxicity (against cancer cells), anti-arthritic,
and anti-atherosclerosis properties [21, 22]. BV
therapy uses BV on specific skin points, which has
treated some inflammatory diseases for ~3000
years [23]. The method is performed by live bee
stings or injection of BV. However, both methods
could cause pain, itching, or swelling [24]. Hence,
we aimed to prepare a W/O NE formulation
to deliver BV through the skin barriers. In this
study, we investigated the permeation rate of
BV through rat skin by Franz diffusion cell (FDC).
This study aimed to introduce a painless method
for topical/transdermal delivery of BV for medical
applications.

MATERIALS AND METHODS
Materials

BV was obtained by electrical stimulation using
the protocol suggested by Benton et al. [25]. It
was collected from healthy hives, Apis mellifera
medapersica strain, from northeast areas of Iran.
Sorbitan monooleate (Span 80) and poly-oxy-
ethylene 20 sorbitan monooleate (Tween 80) as
surfactants were purchased from Merck Chemicals
(Germany). Olive oil was from Fadak Co. (Iran), and
bicinchoninic acid (BCA) was from Biotech Co. (Iran).

Animals

Male Wistar rats, weighing ~ 250 g, were
used in this study, were kept according to the
standard laboratory animal guidelines. The ethics
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committee of tehran university of medical sciences
approved the experimental protocols (IR.TUMS.
VCR.REC.1396.4285).

Methods
Preparation of NEs

To prepare W/O NE, a stock solution of BV
in deionized water was prepared and diluted
to obtain serial dilutions of BV (i.e., 5000, 2500,
1250, 625, 312, 156, and 0 pg/ml) as aqueous
phase (aq). Then, surfactants (Smix: Span 80 and
Tween 80) were added to the solutions and mixed
using a magnetic stirrer (MS-300HS, Protraction
Intertrade Co., Korea) (1000 rpm, 5 min, room
temperature). Eventually, olive oil as the oil phase
was added and mixed thoroughly (1000 rpm, 5
min, room temperature).

Physical stability of NEs

NEs were centrifuged (3500 rpm, 30 min, 25
°C) to estimate the physical stability. Also, they
were subjected to thermal stress analyses (three
heating-cooling cycles between 4 and 45 °C and
three freeze-thaw cycles between -20 and 25 °C
with storage at each temperature for 12 h). After
eachcycle, samples were examined by macroscopic
observation for signs of phase separation [26, 27].
The results of the stability studies were used to
shape the pseudo-ternary phase diagram.

Viscosity and refractive index

The viscosity of NEs was measured by a
modular compact rheometer (Physica-MCR300,
Anton Paar GmbH, Austria) at 25 °C. The shear
stress was measured as a function of the shear
rate from 0.1 to 100 s™.

The refractive index of NEs was measured using
an Abbe refractometer (Bausch and Lomb Optical,
USA) by examining one drop of the NEs at 25 °C.

DLS studies

The mean droplet size of NEs was measured by
dynamic light scattering (DLS) at a scattering angle
of 90° at 25 °C using a Scatteroscope | (K-ONE Ltd.
Korea). The polydispersity index (PDI) was used
for the assessment of the size distribution of NEs.
It assumed a single size population following a
Gaussian distribution and was analyzed as the
square of the ratio of the standard deviation to
mean droplet size, which indicates the uniformity
of droplet size [28]. The size and stability studies
were employed to determine the optimum NE
preparation for further studies.
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Ex vivo skin permeation studies

Skin permeation studies were performed by an
FDC with an effective diffusional area of 4.9 cm?,
having a donor chamber filled with 10 ml NE, and
a receiver chamber filled with 35 ml normal saline
solution (NS) pH~7.4. Shaved abdominal skins
of the rats were excited with the thickness (0.2-
0.5 mm). The subcutaneous tissue was removed
surgically, and the dermis side was wiped with
isopropyl alcohol to remove adhering fats. The
skins were mounted between the donor and
receiver chambers of the FDC so that the stratum
corneum side faced the former and the dermal side
faced the latter. Skins were visually examined for
possible physical damage before the experiments
[2, 29]. The temperature of FDCs was fixed at 37
0.5 °C by water circulation. The chambers of FDCs
were placed on a stirrer (MS-300HS, Protraction
Intertrade Co., Korea), and a magnetic stirrer (100
rpm) in receptor solution was continuously stirred
during the experiment.

For the permeation studies, NE samples
having 5% aq phase at three different BV solutions
(5000, 2500, and 1250 pg/ml) and 40% Smix were
employed. Sampling times were 0, 2, 4, 6, 8, 10,
and 12 h, and the peptide concentration was
determined using the BCA method. A blank group
containing NE without BV was used to eliminate
the effect of skin proteins in BCA results. The
experiments were conducted in triplicate.

Permeation data analysis

The following equations were employed to
calculate Corrected BV Concentration (C'n, due to
dilution error of NS replenishment) in equation (1),
Permeation Rate (Q, as the cumulative amount of
permeated BV through the skin), Steady-State
Flux (Jss, as the slope of the linear portion of the
curve of the cumulative amount of BV per unit
area versus time (h)), Permeability Coefficient (Kp,
assuming sink conditions) in equation (2), Diffusion
Coefficient (D) and Skin Permeation Percentage at
12 h (SPP12h) in equations (3, and 4), respectively
[2, 30, 31):
Equation (1): C'n = Cn (Vt / Vt-Vs) (C'nt / Cn?)

C’n: corrected BV concentration of sample No.
n, Cn: BV concentration of sample No. n, C'n™:
corrected BV concentration of sample No. n*?, Cn-1
measured BV concentration of sample No. n, Vt:
total volume of receiver chamber capacity, Vs:
volume of the sample

Equation (2): Kp = Jss / BVO

BVO: initial value of BV in the donor chamber (ug)
Equation (3): D =Kp x A2

A: effective absorption area

Equation (4): SPP12h = (BV12h / BVO) x100
BV12h: the total amount of permeated BV through
the skin in the receiver chamber at 12 h (ug)

Statistical analysis

One-way analysis of variance and post-hoc
Tukey tests were performed to assess the statistical
significance of differences. Results with a P-value<
0.05 were considered statistically significant.
Statistical analyses were carried out using the SPSS
software, v. 19 (SPSS, Inc., USA).

RESULTS
Preparation of NEs

Stable NEs were created at HLB 10 with aq 3,
5, 7, and 9% aq phase (BV: 0 pg/ml). Fig. 1 shows
pseudo-ternary phase diagrams for the stable NEs
as the black region and unstable NEs as the gray
region at different ingredients’ concentrations.
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Fig. 1. Pseudo-ternary phase diagram indicating stable W/O
nanoemulsion (black region) and unstable nanoemulsion
(gray region)

Table 1. Formulation, viscosity and refractive index of 4 stable nanoemulsions

Samples % aq content %Smix %Span 80 %Tween 80 %Olive Oil Viscosity (cP) Refractive index
NE1 3 30 14 16 67 17443 1.465
NE2 5 40 18.7 213 55 243+7 1.466
NE3 7 50 23.4 26.6 43 3628 1.468
NE4 9 60 28 32 31 409+21 1.470
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Fig. 2. Top: Mean + SE droplet size (nm), bottom: polydispersity

index (PDI) + SE of four nanoemulsion samples having seven

different concentrations of BV in their internal phase (5000,
2500, 1250, 625, 312, 156, and 0 pg/ml)

Characterization of NEs

Table 1 shows the viscosity (cP) and refractive
index of the most stable NEs. With increasing,
the Smix content (i.e., NE1 to NE4), the viscosity
increased from 174 to 409 cP. The refractive index
also indicated a minimal increase from 1.465 to
1.470.

Fig. 2 shows the mean droplet size and PDI of
4 NEs having seven different concentrations of
BV (0 to 5000 pg/ml) in their internal phase. The
data shows that by increasing the aq phase and
Smix contents (i.e., NE1 to NE4), the particle size
decreased slightly, but PDI showed an increase.
While by increasing BV concentration from 0 to
5000 pg/ml, particle size and PDI increased.
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Fig. 4. Steady-state flux (Jss, continuous borderline) and

permeability coefficient (Kp, dashed borderline) of NE2

containing three BV concentrations in their internal phase
(5000, 2500, and 1250 pg/ml). * shows P-value < 0.05
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Fig. 3. Permeation rate (Q; pg/ml/cm2) of 10 mI NE2 containing
three BV concentrations in their internal phase (5000, 2500
and 1250 pg/ml)

Ex vivo skin permeation studies

The skin permeation studies were performed
on NE2, and the results are given in Figs 3-5. Fig.
3 shows that the permeation rate (Q) increased
during the study period. Furthermore, higher BV
contents showed higher Q values.

Fig. 4 shows steady-state flux (Jss) and
permeability coefficient (Kp) for the NE2 containing
three different BV concentrations at its internal
phase (i.e.,, 5000, 2500, and 1250 pg/ml). In
comparison, Jss tends to decrease significantly
(P<0.05) by decreasing BV content from 41.3
ug/h/cm? (for BV concentration of 5000 ug/ml
in the internal phase) to 11.2 pg/h/cm? (for BV
concentration of 1250 pug/mlin the internal phase).
Furthermore, there was no apparent pattern for
changes in Kp as a function of BV concentration.

Fig. 5 shows the diffusion coefficient (D) and skin
permeation percentage at 12 h (SPP12h) for NE2
containing three considered BV concentrations.
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Fig. 5. Diffusion coefficient (D, continuous borderline) and skin

permeation percentage (SPP12h, dashed borderline) of NE2

containing three BV concentrations in their internal phase
(5000, 2500, and 1250 pg/ml)
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From the details, at 5000, 2500, and 1250 pg/
ml BV concentrations mean of SPP12h was 9.76,
11.28, and 10.88% of initial BV, and mean of D was
0.338, 0.387, and 0.366, respectively. The findings
show there was no significant change for SPP12h
and D as a function of BV concentration.

DISCUSSION

The results of this study indicated that NEs
could deliver BV as a hydrophilic peptide through
the skin. Several studies so far have reported the
permeation of different molecules by NEs [29,
31-33]. However, minimal studies have focused
on the preparation of NEs containing peptides/
proteins. To ensure diffusion across the stratum
corneum, molecular weight less than 500 Daltons
is assumed to be essential [34], while peptides/
proteins are typically larger than this cut-off value
[35]. Accepting a limitation of our study, which was
the possible effects of nanoemulsion ingredients
on the molecular structure of BV, we managed
to show that NEs could pass BV through rat skin
layers. More works on the effect of independent
parameters such as concentration and size are
essential before making a final judgment on the
efficacy of NEs in topical/transdermal delivery
of peptides/proteins. For instance, the effect of
concentration of the drug as a driving force for the
percutaneous absorption of the drug [36] needs to
be investigated in more detail.

During the process of preparation of NEs,
the primary indicator for the formation of NEs is
the formation of a monophasic and transparent
dispersion to be visually confirmed. We
performed stability studies to evaluate any signs
of sedimentation, creaming, or phase separation
[37]. Sedimentation/creaming usually occurs when
external forces (e.g., earth gravity) overcome the
Brownian motion of the droplets [38]. The HLB
value should be optimized to achieve the maximum
stability of NEs. The optimum HLB value obtained
in this study was 10. In a previous report, for
stabilization of a nanoemulsion containing octane
as oil phase and Span 80/ Tween 80 as surfactants,
an HLB value of 9 was employed [39]. Reviewing
the literature, W/O NEs with 5% [40] and 2.7%
[14] water have been reported using Span 80 and
Tween 80 as surfactants, similar to our findings.

Our data showed that by increasing aq phase
and surfactant concentrations, the viscosity
increased, probably due to the effect of surfactant.
However, the refractive index did not change
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considerably, similar to a previous work in which
the refractive index varied from 1.401 to 1.411
when Smix increased from 2:1 to 4:1 [29]. The
refractive indices of Span 80, Sween 80, and olive
oil are 1.480, 1.473, and 1.460, respectively [41-
44]. Therefore, changes in their contents are not
expected to change the refractive index of the
preparation.

Assessment of mean droplet size for the
selected NEs stated that particle size increased
when BV concentration increased in a fixed aq
phase percentage. The effect of the internal phase
on the particle size of nanoemulsions has been
reported previously [45]. Additionally, we found
that size had been decreased by increasing the
amount of surfactants, as reported previously
[46], which can happen due to the increase of
surfactant molecules which cause more stable NEs
to form smaller droplets [47].

Our findings showed that by increasing BV
concentration, permeation rate and steady-
state flux increased. While other parameters,
including permeability coefficient, diffusion
coefficient, and skin permeation percentage at 12
h, did not change significantly as a function of BV
concentration. Harwansh et al. [33] studied the
transdermal delivery of glycyrrhizin by NEs and
showed that the permeation rate of NEs increased
linearly as a function of the loading dose, under
Fick’s first law of diffusion. They also reported that
the permeation rate of NEs followed zero-order
release kinetics.

A second mechanism that may affect the
permeation rate is particle size. Previously, a direct
correlation between permeation rate and size of
NEs containing fluvastatin has been reported
when the particle size decreased from 128.8 nm
to 88.4 nm (i.e., from 54.4 to 78.8 pug/ml/cm?) [48].
However, a decrease in the particle size to 66.9 nm
and 11.7 nm did not change the permeation rate
anymore [48]. Apparently, below a cut-off value,
size is not affecting the permeation rate anymore.
As the particle size of our NE was below 23.3 nm,
our findings appear to agree well with the study as
mentioned above.

CONCLUSION

Our study showed that BV peptides could be
carried using W/O NEs. The W/O NE managed to
pass BV through the skin, depending on BV content.
Approximately 10 % of initial BV permeated
through the skin after 12 h. This novel delivery
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system may be introduced as an alternative to
injections with advantages such as painless and
improved patient compliance.
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