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Abstract

The purpose of this study was to develop and evaluate nanoemulsions (NEs) containing besifloxacin for ocular drug delivery.
Pseudo ternary phase diagrams were constructed using Triacetin (oil), Cremophor® RH 40 (surfactant), and Transcutol®P
(co-surfactant) to identify NE regions. Six formulations were developed by low-energy emulsification method and then
evaluated for size, refractive index, pH, osmolality, viscosity, and drug release. After accelerated physical stability and
bovine conrneal permeation studies, NE2 was chosen as optimized formulation forantimicrobial efficacy, and hen’s egg test-
chorioallantoic membrane (HET-CAM) tests. The particle size of optimum NE was 14 nm with a narrow size distribution.
Moreover, other physicochemical characterizations were in the acceptable range for ocular administration. Besifloxacin-
loaded NEs demonstrated sustained release pattern and 1.7-fold higher permeation compared with the control suspension
in the ex vivo transcorneal permeation study. HET-CAM test indicated no irritation, and HL% revealed no damage to the
tissue, so the optimum NE is well tolerated by the eye. In vitro antimicrobial evaluation, showed comparative efficacy of
lower drug-loaded NE (0.2%) versus 0.6% besifloxacin suspension (equal concentration to commercial besifloxacin eye
drop). In conclusion, besifloxacin-loaded NEs could be considered as a suitable alternative to the marketed suspension for
treating bacterial eyeinfections.
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Introduction Lack of proper treatment for the infectious eyes can cause

vision damage. Fluoroquinolones with broad-spectrum

Bacteria are the most important cause of various eye
infections, including keratitis, conjunctivitis, blepharitis,
endophthalmitis, and dacryocystitis. These conditions are
accompanying with different risk factors such as contact
lenses, trauma, and surgery [1, 2]. The most common
Gram-positive and Gram-negative pathogens causing ocular
infections are Staphylococcus aureus and Pseudomonas
aeruginosa, afflicting 11/100,000 persons in the USA and
nearly 799/100,000 persons a year in developing countries
to keratitis which is the second leading cause of blindness
and also 135/10,000 persons in the USA to bacterial
conjunctivitis which is a third of ocular pathologies
worldwide [3-5].
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antibacterial activity against both Gram-positive and Gram-
negative pathogens are effectively used in recent years. But
unfortunately, resistance to older agents in this group has
been reported recently [6, 7]. Besifloxacin (BSF) is a novel
fluoroquinolone family member with broad and potent
antibacterial activity against various pathogens, including
drug-resistant strains. The dual inhibitory mechanism
which allows it to inhibit both bacterial DNA gyrase
and topoisomerase IV equally and also lack of systemic
formulation minimizes microbial resistance to BSF in
comparison to other fluoroquinolones [8, 9].

BSF hydrochloride is a water-insoluble drug, so it is
formulated as an ophthalmic suspension (0.6%) under
the trade name of Besivance®. FDA has approved this
medication for treating bacterial conjunctivitis in 2009.
Recommended dose for BSF in bacterial conjunctivitis is
three times a day for 5 to 7 days [5].

Although eye drop formulations have various
advantages such as ease of administration, higher drug
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concentration at the site of action, and minimum systemic
adverse effects, but short precorneal residence, due to
the tear drainage and blinking in one hand, and presence
of bimodal corneal structure in other hand, leads to low
penetration of the drug into the eyes [10]. Furthermore,
solid particles of BSF in the suspension form need to
solubilize before elimination from eye surface which
takes time, and by then, it may cause blurred vision and
inconvenience for the patient. These limitations make
ocular bioavailability of BSF less than 5% and increase
daily frequency administration, which reduces patient
compliance. So it seems developing a novel, sustained
release formulation containing lower dose of BSF will
enhance the therapeutic characteristics of this drug.

Nanoemulsions are defined as colloidal dispersion
consisting of two immiscible liquids, generally small
spherical oil droplets (less than 100 nm), dispersed in
aqueous medium, stabilized with a mixture of surfactant and
co-surfactant [11, 12]. Many advantages have been presented
by NEs such as high kinetic stability, high capacity to dissolve
large quantities of hydrophobic drugs, sustained drug release,
low viscosity, improved corneal permeation to deeper layer
of ocular tissue, and ease of sterilization [12—14]. The aim
of this study is to formulate novel BSF-loaded nanocarrier
in lower amount (0.2%) in comparison with the 0.6% BSF
suspension (equal concentration to the commercial eye drop)
to promote its therapeutic efficacy.

Material and methods
Materials

Besifloxacin powder was purchased from Senova
Technology Co., Ltd, China; Transcutol®P (diethylene
glycerol monoethyl ether) was provided from Gattefosse,
France; Triacetin (glycerol triacetate) was supplied from
Samchun Chemical Co., Ltd, South Korea; and Cremophor®
RH 40 and Dialysis tubing cellulose membrane was obtained
from Sigma Aldrich Chemical Company, USA.

Component selection

Oil, surfactant, and co-surfactant for NE formulation
were chosen according to the BSF solubility in the various
components. The solubility of BSF was identified by adding
the excess amount of BSF in 1 mL of the oils (Triacetin,
Miglyol 812 and Capryol 90), co-surfactants (PEG 400,
Transcutol®P and PG), and 15% w/w surfactant solutions
(Tween 80, Cremophor®RH 40 and Brij 35). Samples were
first mixed by vortex and then placed in a shaker at 25 °C to
attain equilibrium. After 24 h, samples were centrifuged at
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10,000 rpm for 10 min. The supernatant was separated and
diluted with methanol. Finally, the solubilized amount of BSF
in each vehicle was obtained by UV spectrophotometer at
290 nm.

Construction of partial pseudo-ternary phase
diagrams

Pseudo-ternary phase diagrams of quaternary systems
consisting of oil (Triacetin), surfactant (Cremophor®RH
40), co-surfactant (Transcutol®P), and water at various
surfactant/co-surfactant weight ratios (Rgy) were
constructed using water titration method to procure the oil-
in-water (0/w) nanoemulsion regions. Appropriate amounts
of oil, surfactant, and co-surfactant were weighed into glass
vials and mixed at room temperature until a homogenous
mixture was reached. Then distilled water was added
dropwise to the mixture and stirred. After each titration
step, the sample was monitored visually for clarity. Mixtures
with optically transparent or translucent appearance, served
as NE. Finally, Sigma-plot Ver.12 software was used for
construction of Pseudo-ternary phase diagrams.

Preparation of BSF-loaded nanoemulsions

Following the identification of o/w NE regions on the
phase diagrams, BSF-loaded NEs were prepared by low-
energy emulsification method according to the following
described procedure. The oil phase was separately
prepared by mixing the intended amounts of oil (3 wt%
or 4.5 wt%) and surfactant mixture (15 wt%, 22.5 wt%,
or 30 wt%). To the following mixture, constant amount of
BSF (0.2 wt%) was added and persistently stirred using a
mechanical stirrer. Then, the required amount of water was
added dropwise and stirred for another 1 h at 1000 rpm in
order to obtain a transparent/translucent NE (total weight
of 1 g).

Physicochemical characterization

All developed BSF NEs were characterized as described
below:

Droplet size and polydispersity index

Photon correlation spectroscopy using a Zetasizer Nano ZS
(Malvern Instruments Ltd., UK) was applied for measuring
droplet size and polydispersity index (PDI) of BSF NE:s.
All measurements were performed in triplicate, at room
temperature at 90° angle.
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pH measurement

The pH of samples was determined using a calibrated
pH-meter (Sartorius, Germany) at room temperature. All
measurements were done three times, and the data are stated
as mean + standard deviation (SD).

Refractive index

The refractive index of formulations was measured at 25 °C
by placing sufficient amount of samples on the slide of the
refractometer (Atago refractometer, Model 3T, Japan).

Osmolality

The vapor pressure osmometer (K-7000, Knauer, Germany)
was employed to measure the osmolality of NEs.

Viscosity

The rheological characteristic of formulations was evaluated
at 25 °C using a Brookfield DVII viscometer (Brookfield
Engineering Laboratories Inc., USA) fitted with spindle
No. 34. About 10 mL of formulations were poured into the
container, and the rotation speed was increased up from
25 to 200 rpm, and the viscosity was determined from
the linear portion of the rheogram, where the shear stress
(dynes/cmz) was plotted against the shear rate ™.

In vitro drug release studies

The in vitro release studies of BSF-loaded NEs were conducted
in the triplicate using USP dissolution tester apparatus II.
The temperature was set at 34 +0.5 °C to simulate the ocular
surface temperature. One mL of each formulation was instilled
in a cellulose dialysis bag (MW cut-off 12,400 Da) that was
drenched in distilled water at 4 °C for 24 h. The dialysis
bag was then attached to the paddle of the dissolution tester
with speed revolution of 50 rpm in 250 mL release medium
consisting of phosphate buffer (pH=7.4). The test was
carried out for 6 h, and at definite time intervals (15, 30, 45,
60, 90, 120, 180, 240, 300, and 360 min), 2 mL of medium
was withdrawn and substituted by fresh buffer. Samples
were analyzed by UV spectrophotometer at 290 nm, and the
percentage of release efficiency (RE) was calculated using the
following formula [15].

E = /f)yxdt

=% %100 1
y100 X ¢ M

where y is the percentage of drug released at time .
Accelerated physical stability

The stability of formulations was checked through
three different tests including heating—cooling cycles,
freeze—thaw cycles, and centrifugation [16—-19]. After
each test, formulations were observed to control if any
physical instability such as phase separation, opacity, drug
precipitation, or droplet size change had occurred.

Heating—cooling cycles

Formulations were kept six cycles between refrigerator
temperature (2—8 °C) and 40 °C, each for 48 h.

Freeze—thaw cycles

Three freeze—thaw cycles were carried out between — 21
and + 25 °C for at least 48 h at each temperature.

Centrifugation

Centrifugation at 13,000 rpm for 30 min was performed for
those formulations which passed the previous tests.

Ex vivo transcorneal permeation studies

Ex vivo transcorneal permeation studies of BSF NEs were
carried out using Franz-type diffusion cells with 2.27 cm?
diffusion area.

Whole bovine eyeballs were obtained from a local
slaughter house and conveyed to the laboratory in phosphate-
buffered saline maintained at 4 °C. The corneas were
carefully removed along with surrounding scleral tissue and
rinsed with cold phosphate-buffered saline. Corneas were
mounted between the donor and receptor compartments of the
Franz cells in such a way that the surface of excised cornea
was covered entirely with diffusion medium. The receptor
compartment was filled with 12 mL of phosphate-buffered
saline (pH="7.4) and agitated persistently using magnetic
stirrer, while the donor compartment was filled with 0.2 mL
of selected BSF-loaded NEs or control (BSF suspension).
The upper space of donor part was covered with parafilm to
avoid formulation evaporation, and the temperature of the
system was set at 34+ 1 °C. Sink conditions were maintained
during the examination. About 0.5 mL from receptor medium
was withdrawn at 30, 60, 90, 120, 180, 240, 300, and 360 min
and after dilution analyzed by UV spectroscopy at 290 nm.
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Determination of corneal hydration levels

At the end of the permeation study, the scleral ring around
the cornea was cautiously excised and removed; then,
the cornea was rinsed with water and excess water was
removed using a paper filter. The wet weight, W, of each
corneal sample was then measured. Corneas were dried
in an incubator at 60 °C for 16 h to obtain the dry corneal
weight, W,. The percentage of corneal hydration level
(HL%) was measured for corneas treated with formulation
using the following formula [20]:

HL% =

[M] x 100 @

Transmission electron microscopy

Morphological observation of optimized NE was conducted
using TEM (TEM; Philips EM208s). The selected sample
was prepared as described before and then was placed on a
300 mesh carbon-coated copper grid and after drying, the
process was operated at 100 kV.

Ocular irritancy test

In vitro ocular tolerance was evaluated using the hen’s
egg test-chorioallantoic membrane (HET-CAM) test
to make sure that BSF-loaded NEs are safe for ocular
administration. Freshly collected fertilized hen’s eggs
were incubated at 37 +0.5 °C and 60.0 +£5.0% relative
humidity, rotating manually every 12 h for 10 days.
At the end of the tenth day, intact eggs with the ideal
embryo growth were detected. After eggshell and inner
membranes were removed, 0.2 mL of each formulation,
NaOH (as control positive) and phosphate-buffered
saline (as control negative) were instilled on the CAM
surface. Hemorrhage, hyperemia, and coagulation of
blood vessels were investigated at various times post
administration (0.5, 2, and 5 min) to analyze irritancy of
the formulations [21].

Antimicrobial efficacy study

Antimicrobial activity of optimized formulation was
evaluated using the agar diffusion test by the cup plate
technique. Selected formulation was compared with
0.6 mg/ml BSF suspension. The surface of sterile nutrient
agar was inoculated with Pseudomonas aeruginosa and
Staphylococcus aureus with an optical density equal to 0.5
McFarland. About 100 pL of selected formulation and the
control suspension was poured into cups and then incubated
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at 37 °C for 24 h. The inhibition zone around each cup was
then measured and compared with control [22].

Statistical analysis

All experiments were performed three times, and findings
exhibited as mean + SD. One-way ANOVA with Tuckey
post hoc test with p < 0.05 as a significant level was applied
by using Graf pad primes software version 7 to determine
statistical differences between samples.

Results and discussion
Component selection

An important criterion to formulate O/W NEs is
solubility of poorly water soluble drug in oil, surfactant,
and co-surfactant. Solubility of drug in the oily phase
is very important since it leads to more drug loading
and maintains drug in the solubilized form. As shown
in Table 1, the solubility of BSF was found to be
higher in Triacetin in comparison to the other oils. It
would be noted that by reducing lipid chain length in
Triacetin (as small chain triglyceride) and existence of
amphiphilic nature in Capryol 90 structure (as medium
chain triglyceride), solvent capacity of these vehicles has
been increased in comparison to Miglyol 812 (as medium
chain triglyceride) and isopropyl myristate (as long chain
triglyceride) with negligible or no solubilizing effect.
Although BSF is a water-insoluble drug, it has log P
value equal to 0.7, which means moderate lipophilicity,
so it is reasonable that high solubility of BSF in these
oils would not be reached. As for surfactants, since high
amounts of these excipients generally causes ocular
toxicity, it is important to choose non-ionic surfactant
to lower the toxicity. On the other hand, for developing

Table 1 Solubility value of BSF in various vehicles (mean=+SD;
n=3)

Vehicle Component Solubility (ug/mL)
Oil Triacetin 50.95+10.86
Miglyol 812 7.61+6.46
Capryol 90 33.38+13.81
Surfactant Tween 80 1607.21 £137.26
Cremophor® RH 40 1744.84 +166.87
Brij 35 1165.02+41.99
Co-surfactant PEG 400 252.42+51.71
Transcutol®P 448.67 +59.21
Propylene glycol 271.32+40.73
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O/W NEs, HLB value of surfactant should be between
8 and 18 [23]. Cremophor® RH 40 has both features
mentioned above, and BSF showed higher solubility
within this surfactant solution. Among screened
co-surfactants, Transcutol®P showed the highest BSF
solubility. Therefore it was selected for preparation of
BSF NEs.

Construction of partial pseudo-ternary phase
diagrams

For preparing ocular NEs, various types of components
based on solubility test including Triacetin as an oil,
Cremoph0r® RH 40 as a nonionic surfactant, and
Transcutol®P as a co-surfactant were chosen. All
selected ingredients are safe for ophthalmic use, and their
effectiveness on corneal penetration has been proven in

CRH40:TP
(1:1)

several studies [24-27]. Since concentration of each
constituent plays an important role in the formation of stable
NE, three pseudo-ternary phase diagrams were constructed
by water titration method at different Cremophor® RH 40:
Transcutol®P (surfactant mixture) weight ratios (Rgy,) of
1:1, 1:2, and 2:1. As illustrated in Fig. 1, all three systems
demonstrated O/W NE region. These phenomena showed
that all nominated excipients are compatible sufficiently
together to form NE structure. Among various Rgy, the
most extensive NE region was observed with 1:2 Rqy; which
is in accordance with similar studies [22, 28]. This finding
indicates that the incorporation of oil in the system will
increase with enhancement of co-surfactant concentration
at a fixed level of surfactant mixture. It seems the expansion
of the NE domain at 1:2 Rg,, is due to hydrophobic chain
length compatibility. As Triacetin and Transcutol®P both
have short to medium hydrocarbon chain length; therefore,

b CRH40:TP
1)

Water © 10 20 30 40 50 60 70 8 90 100

Triacetin

Water 0 10 20 30 40 50 60 70 80 90 100  Triacetin

C CRH40:TP

(1:2)

Water 0 10 20 30 40

60 70 80 920 100

Triacetin

Fig. 1 Partial pseudo-ternary phase diagrams of systems with different R : 1:1 a, 2:1 b, 1:2 ¢ (colored area of phase diagrams specifies the NE

region)
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Table 2 Formulation

.o Formulation
composition of developed NEs

Triacetin (oil) (% Cremophor RH® 40

Transcutol®P (co-sur-
factant) (w/w%)

Smix % (WIw%)
(surfactant) (w/w%)

.. code w/w)
containing 0.2% BSF
NE1 3
NE2 4.5
NE3 3
NE4 4.5
NES 3
NE6 4.5

5 10 15
5 10 15
7.5 15 22.5
7.5 15 22.5
10 20 30
10 20 30

nearby hydrophobic chains have matched tighter together
and this guarantees more stability of the system [29]. Based
on the results, 1:2 R, was selected for development of NE
formulations.

Preparation of BSF-loaded NEs

According to the pseudo-ternary phase diagrams, six
formulations consisting of different concentrations of oil,
surfactant, and co-surfactant were chosen (Table 2). Fixed
amount of BSF powder was incorporated in each sample
as described in the preparation method. All formulations
were stable after 72 h at room temperature, so were used
for further evaluations.

Physicochemical characterization of BSF-loaded NEs
Droplet size and polydispersity index

The average droplet size of all formulations was found
to be less than 15 nm. Also, polydispersity index (PDI)
values of all formulations ranging from 0.145 to 0.217
demonstrated uniformity and narrow size distribution
of droplets. This small and uniform droplet size could
be explained by proper arrangement of co-surfactant
molecules into the surfactant film covering oil droplets,
which results in reduced fluidity and viscosity of

interfacial film and thus lesser diameter of droplets
[30]. Nanometric size of droplets could deliver higher
amounts of drug into the eye due to increased surface
area and improved ability of drug to penetrate into the
ocular tissues. On the other hand, small droplets can
limit the availability of drug only to targeted tissue and
thus decrease side effects and dose frequency [31].

pH measurement

Although normal tear fluid pH is about 7.4, buffering
capacity of tear fluid can modify pH of the applied products
immediately. Hence, the acceptable range of pH for ophthalmic
use is between 3.0 and 8.6 [32], BSF NE formulations exhibited
an acceptable range of pH from 3.91 to 4.57 (Table 3).

Refractive index

Inappropriate refractive index (RI) value shows the
possibility of visual impairment and discomfort caused by
eye drops [33]. All RI data were in the range from 1.35 to
1.38, which is in the acceptable range of RI (less than 1.476)
for ophthalmic administration [34].

Osmolality
As shown in Table 3, the osmolality value of all formulations

is from 619 to 1648 mOsmol/kg. Since the tolerable range
of osmolality for ocular administration is about 171 to

Table 3 Physicochemical characteristics of BSF containing NEs (mean +SD; n=3)

Formulation code NE1 NE2 NE3 NE4 NES NE6

Droplet size (nm) 14.46+0.34 13.59+0.21 14.32+0.07 13.89+0.65 14.30+0.09 14.67+0.48
PDI 0.22+0.01 0.14+0.05 0.21+0.04 0.17+0.08 0.15+0.01 0.16+0.02
pH 4.15+0.09 4.26+0.02 4.14+0.20 4.57+0.02 4.06+0.14 3.91+0.08
RI 1.35+0.00 1.36+0.00 1.36+0.00 1.37+0.00 1.38+0.00 1.37+0.00
Osmolality (mOsmol/kg) 619.53+39.44  908.47+27.53 1216.40+31.08 1348.53 +£22.53 1466.90 +66.09 1648.60 + 84.54
Viscosity (cP) 2.87+0.13 2.89+0.10 3.76+0.15 3.94+0.23 5.33+0.47 5.11+£0.30
RE (%) 30.02+2.954 27.68+1.18 24.05+2.34 21.10+2.01 23.07+1.38 20.59+2.19
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Fig.2 Release profile of prepared NEs

1711 mOsm/kg [32], therefore, no possibility of irritation
is expected for prepared formulations.

Viscosity

Another critical parameter of eye formulations is viscosity.
Although higher viscosity results in prolonged residence
time in the eye, it may also cause difficulties in product
instillation, eye irritation, and reflex tearing [35]. So the
recommended viscosity value is less than 20 cP [36]. For
all NE formulations, Newtonian behavior with viscosities
between 2.87 cP and 5.33 cP was observed (Table 3).

In vitro drug release studies

Controlled and sustained drug delivery is one of the
valuable features of ophthalmic products, since it
may reduce dose frequency and thus improve patient
compliance. NEs are systems that can provide this
advantage for ocular use [37, 38]. Based on the in vitro
drug release profile, illustrated in Fig. 2, prolonged
release pattern was observed during 6 h in all NE
formulations. Due to the dilution effect of tear fluid
and short residence time of liquid preparations on the
surface of the eye, area under the curve of percentage
of drug released versus time within 1 h is considered as
calculated release data in this study. As shown in Table 3,
NEG6 exhibited the lowest RE% (20.59%). On the other
hand, NE1 showed the highest RE% (30.02%) after 1 h. It
seems that the distribution of BSF between the oily core

and the surrounding surfactant film of nanodroplets can
retard the diffusion of the drug.

Effect of surfactant concentration on RE%

By evaluating the impact of surfactant amount on RE%, it
was concluded that in both fixed oil concentration groups
(3 and 4.5%), the release rate was decreased significantly
(p <0.05) by increasing the percentage of the surfactant
mixture from 15 to 22.5 or 30%. It is assumed that higher
concentration of S.;, could surround the oil droplets
and restrict the drug diffusion to the release medium.
In other words, a compacted interfacial layer acts as a
barrier turning NEs into the nanoreservoirs resulting in
sustained release behavior [39].

Effect of oil concentration on RE%

In all three groups with constant amount of S, , a slight
drop of RE% could be observed by elevation of oil
percentage from 3 to 4.5%, which is attributed to more
dissolving of hydrophobic BSF in the oily phase of NE
structures. It is predictable that by further enhancement
of oil amount, a significant reduction in release rate could
occur as mentioned in previous work [40, 41]. Although
all developed NEs exhibited appropriate formulation
characteristics such as droplet size, RI, osmolality, pH,
and viscosity with extended-releas properties, regarding
saftey concern, NE1 and NE2 that consist of the lowest
amount of surfactant mixture (15%) were selected for
further evaluations.

Accelerated physical stability studies

Formulations went through three different stress conditions
to evaluate physical stability. During heating—cooling cycles
and after centrifugation, no physical instability, including
phase separation, creaming, cracking, growth of droplet
size (Table 4), or any turbidity was observed. Only during
freeze—thaw cycles when NEs were stored at—21 °C,
turbidity was observed, which was then recovered at room
temperature. This temporary turbidity could be explained by
coagulation and crystallization of oil globules [25].

Table 4 Accelerated

- - Formula-  Free-thraw cycles Heating-cooling cycles Centrifugation
physical stability of selected tions
formulations (mean+ SD; n=3) Drop Size (nm) PDI Drop Size (nm) PDI Drop Size (nm) PDI
NE1 14.76 £0.69 0.29+0.06 13.69+0.19 0.14+0.06 14.84+0.14 0.22+0.00
NE2 14.53£0.51 0.29+0.07 13.66+0.14 0.10+0.01 14.26+0.07 0.20+£0.01

@ Springer



Drug Delivery and Translational Research (2022) 12:229-239

236
2501

- -e- SUSP
2 -= NE1
- -+ NE2
S
©
Q
£
S
[
o
'
7]
m

0 ] 1 T T 1 1

0 60 120 180 240 300 360

Time (min)

Fig.3 Permeation profile of selected BSF-loaded NEs and BSF sus-
pension through excised bovine cornea (mean =+ SD; n=3)

Ex vivo transcorneal permeation

Permeation profile of optimized formulations as
compared with control suspension has been illustrated in
Fig. 3. According to the calculated apparent permeability
coefficients (Papp) listed in Table 5, NE1 and NE2
exhibited 1.2 and 1.7-fold higher penetration than the
control suspension respectively. Higher diffusion of
BSF NEs through excised bovine cornea could be due to
permeation enhancing properties of S,;, and oil existed
in the NE formulations. Various studies have revealed
that these excipients facilitate the transport of drugs into
the internal ocular tissues by transient influence on the
integrity of cornea epithelium [23, 27, 42]. Furthermore,
nanosized droplets could bypass corneal barriers by the
endocytosis process [43].

On the other hand, it seems that Papp difference between
NE1 and NE2 is probably attributed to the higher oil content
of NE2, resulting in improved formulation adhesion to
lipophilic cornea epithelium [44].

The corneal HL% is a factor that can provide
information about any damage to the cornea upon
instillation of formulation. Values higher than 83% would
cause damage to the tissue. As displayed in Table 4,
HL values of both NE formulations are in the normal

Table5 Ex vivo transcorneal penetration parameters and hydration
level (HL%) of selected BSF containing NEs and BSF suspension
(mean+SD; n=3; NS=non-significant, *p<0.05 compared with
BSF suspension)

Formula- P, (x10™°cm/s) RP,,  Statistical HL (%)

tion code analysis

Susp 5.08+0.39 - - 78.83+0.57
NE1 6.10+0.87 120 NS 79.18+1.01
NE2 8.62+1.47 170 x 78.16+1.27
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range of 76—79%, indicating that none of them cause any
damage to the tissue [45].

Since NE2 showed a significant effect on corneal
penetration of BSF in comparison with BSF suspension
(p <0.05), so this sample was selected for in vitro
irritancy and antimicrobial efficacy studies.

Transmission electron microscopy

TEM images exhibited spherical oil droplets with diameter
under 20 nm as shown in Fig. 4. The result was in agreement
with size analysis performed by nanosizer. Nanodroplets
were dispersed randomly and no agglomeration was
observed in the field.

Ocular irritancy test

The mucosal structure of the eye is very sensitive
to instillation of drug. So investigation on irritation
possibility of any topical formulation proposed for
administration at the anterior segment of the eye is
necessary. In vivo toxicity studies such as Draize test are
recommended to switch with efficient in-vitro test because
of ethical concern. Similarity of the vascular tissue
between CAM and human conjunctiva makes HET-CAM
test a proper alternative to examine any ocular irritancy

Fig.4 TEM image of optimized BSF-loaded NE
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Fig.5 HET-CAM irritancy
response after 5 min: a phos- 7
phate buffer; b NaOH; ¢ NE2

0 Second

such as hyperemia, hemorrhages, and coagulation [46,
47]. So in the present study, the HET-CAM test was
carried out to evaluate the irritation potential of NE2. It
should be considered that no irritation was noticed after
PBS and NE instillation during 5 min, while using NaOH,
clotting and hemorrhages were observed as illustrated in
Fig. 5. So it seems that the optimized NE formulation is
non-irritant for ophthalmic administration.

S. aureus P. aeruginosa
-

Fig.6 Microbial growth inhibition zone images: a BSF suspension
against staphylococcus aureus; b NE2 against staphylococcus aureus;
¢ BSF suspension against pseudomonas aeruginosa; d NE2 against
pseudomonas aeruginosa

300 Seconds

Antimicrobial efficacy study

Antimicrobial efficacy of NE2 containing 0.2% BSF
and 0.6% BSF suspension (equivalent to the marketed
product, Besivance®) as control was executed against
susceptible microorganisms, pseudomonas aeruginosa and
staphylococcus aureus by using cup plate method. After
24-h incubation, a noticeable inhibitory zone diameter was
observed for both NE and control samples (Fig. 6). Based
on the results (Table 6), slightly larger inhibition zone
diameter was found for 0.2% NE against 0.6% suspension
(approximately 3 mm and 1.5 mm for Staphylococcus
aureus and Pseudomonas aeruginosa, respectively).
Although almost identical anti-microbial effectiveness is
obtained for both tested samples, it should be noted that
desirable antimicrobial potential was achieved by lowering
the amount of drug to one-third of the control suspension.
It would be noted that similar findings have been achieved

Table 6 In vitro antimicrobial efficacy of selected BSF containing
NE and BSF suspension against Staphylococcus aureus and Pseu-
domonas aeruginosa after 24-h treatment (mean + SD; n=3)

Formulation code Inhibitory zone against

Staphylococcus aureus

Inhibitory zone against
Pseudomonas aerugi-

(mm) nosa (mm)
BSF suspension 48.68+2.52 36.00+2.00
NE2 51.33+3.05 37.33+1.15
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in previous studies by employing nanosized emulsions for
antimicrobial efficacy evaluation [22, 48].

Conclusion

In this study, BSF loaded NEs were developed by low energy
emulsification method as a novel formulation used for
bacterial eye infections. Optimized formulation was lower
than 20 nm in size and exhibited suitable physicochemical
properties and sustained release profile, which could result
in longer duration of action. Moreover, ex vivo transcorneal
permeation was significantly higher than the control
suspension, and in spite of reducing dose to one-third of
commercial product, in vitro antimicrobial efficiency also
showed a comparable antimicrobial activity with control
suspension. Based on irritation studies, the developed
formulation was found to be safe for ophthalmic use. It
seems that NE could be considered as a promising strategy
to improve BSF therapeutic efficiency. However, further
in-vivo investigations are needed to optimize the NE for the
ocular administration of BSF.
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