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Abstract

Background: Innovative approaches, including self-nanoemulsifying drug delivery systems, have the potential to solve a variety of
drug formulation challenges, such as solubility, stability, and bioavailability. The drug candidate in this research is the strong and
extremely selective H1-antihistamine, bilastine, that belongs to BCS II with low solubility and high permeability. Objective: This
research aims to formulate an oral self-nanoemulsion of bilastine to improve dissolution. Methods: A total of fifteen liquid self-
nanoemulsion drug delivery systems (SNEDDS) formulas were developed using oleic acid, cremophor, and Transcutol as the
appropriate oils, stabilizers, and co-stabilizers based on the solubility studies of bilastine in various oils, stabilizers, and co-stabilizers.
We used pseudoternary phase diagrams to look at the behavior of the component phases and the area of the nanoemulsion. The
physicochemical properties of the formulas, in addition to thermodynamic stability, droplet size, polydispersity index, zeta potential,
self-emulsification time, drug content, and durability of the developed formulations, were assessed. Results: This study demonstrated
that formula 5, with a 20% oleic acid, 27% cremophor, and 53% Transcutol composition, had lower globular size, acceptable drug
content, better in-vitro drug release, and ex-vivo permeability characteristics than pure bilastine powder. Conclusions: The mentioned
factors all point to the preparation of self-nanoemulsifying drug delivery systems as a potential means for improving the dissolution of
poorly soluble drugs like bilastine.
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INTRODUCTION drug substances with high therapeutic efficacy. Oral
administration is the preferred route of drug delivery, as
self-administration is convenient, safe, lacking

In the field of pharmaceutical product development, a
challenge of achieving the needed concentration of drug acrimony, has a high patient compliance rate
at the intended target sites is often encountered due to inexpensive, and can accommodate a variety of drug
poor aqueous solubility, which is a limitation for many types [1]. Bilastine (BLS), with the chemical name 2-[4-
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(2-{4[1-(2-ethoxyethyl)-1 H-1, 3 benzodiazol-2yl]
piperidine-1-yl} ethyl) phenyl] 2-methylpropenoic acid
is used for managing allergic rhinoconjunctivitis caused
by various allergens such as pollen, mold, dust mites,
animal dander, and so on. It is considered safer than
other antihistamines due to its lack of sedative and
cardiotoxic effects. Bilastine bioavailability is relatively
low (61%). The reduced and variable bioavailability of
bilastine may be attributed to several factors, including
incomplete erratic absorption and P-gp-mediated efflux
transport in the intestine [2-4]. Nanoparticles,
liposomes, self-nanoemulsifying drug delivery systems
(SNEDDS), and other new carrier systems have been
created in recent years to improve the bioavailability and
biological activities of many hydrophobic compounds.
These carrier systems can protect the compounds from
degradation and improve their solubility and stability,
resulting in better efficacy and pharmacokinetic profiles
[5]. SNEDDS has shown significant potential in
improving the solubility, absorption, and bioavailability
of lipophilic drugs. SNEDDS are typically made up of
lipids, stabilizers, and co-stabilizers, which, when
exposed to the GIT motility environment, form mixed
micelles and nanodroplets of emulsified lipids. These
nano-micelles are promising candidates for the delivery
of medications that are not very soluble in water because
they enable a relatively higher drug uptake by the GIT
mucosa when compared to conventional solutions of
drugs [6,7]. The study’s goal is to improve the
dissolution of bilastine in an oily dispersion in an effort
to improve its eventual bioavailability.

METHODS
Materials

Hyper. Chem. LTD Co. (China) provided the bilastine
powder, and Hunan ER-KANG Pharmaceutical Co. Ltd.
(China) supplied the naturally occurring oleic acid oil
(pharmaceutical grade). We bought oils from the Iraqi
native company Emad, including argan oil, sweet
almond oil, cinnamon oil, ginger oil, lavender oil, and
thyme oil. Labrafac PG was obtained from
GATTEFOSSE, France. The supplier of tricetine oil was
Central Drug House (CDH®), India. Tweens 20 and 80
were purchased from Riedel-De-Haen in Germany and
Xi'an Sonwu Biotech Co., Ltd. in China, respectively.
Span 20 was obtained from S.D. Fine-Chemical Limited
in India. The Chinese company Shanghai Machlin Co.,
Ltd. sold Cremophor® EL to wus. International
Laboratory in the United States provided the Labrasol®
ALF. We bought Transcutol® HP from the Energy
Chemical Company in China. The supplier of propylene
glycol was Central Drug House (CDH®), India. PEG
200 and PEG 400 were bought from Fluka Chemi AG in
Switzerland. All other substances used in the present
work were of analytical grade.

Measurement of melting point
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According to USP guidelines, the melting point of BLS
powder was assessed using the capillary tube method by
an electrical melting point instrument. The tube was
placed into the melting point equipment, covered from
one end with the BLS powder, and the temperature was
gradually raised. The melting point of the powder was
determined to be the temperature at which it liquefied

[8].
Solubility studies

In tubes with 2 mL of each of the oils, stabilizers, and
co-stabilizers, BLS was added in excess. To reach
equilibrium, the samples were shaken in a water bath for
72 hours at a temperature of 25 °C +2 °C. The
undissolved drug was subsequently separated using
centrifugation for 20 minutes at 3500 revolutions per
minute. A 0.45-millipore syringe filter was used to
remove the supernatant, and it was then appropriately
diluted with ethanol. Then, spectrophotometrically, the
BLS concentration in diluted samples was measured at
BLS A max using a previously created calibration
equation [9].

Choosing a stabilizer and a co-stabilizer

Our choice of stabilizer was based on its proven ability
to help with emulsification, which makes it possible to
create a stable and uniform mixture. To evaluate the
emulsification capacity of stabilizers, the number of
inversions required to emulsify the oil phase in water
was looked at. The chosen oil was mixed ina 1:1 weight
ratio with various stabilizers, heated to between 45 and
50 °C, and then homogenized using a vortex for two
minutes. The mixture was then diluted with distilled
water in a ratio of 1:100, and the number of inversions
required to emulsify the oil in the medium was recorded.
The stability of the formulation was evaluated by
measuring the percentage transmittance at a wavelength
of 650 nm using a UV-Vis spectrophotometer, with
deionized water as a control, following a 2-hour
standing period. [10]. The co-stabilizer was selected
based on how well it would enhance the stabilizer's
ability to emulsify. To accomplish this, a selected
stabilizer and several co-stabilizers were mixed in a
mixture known as "Smix" at a weight ratio of 1:1. After
the mixtures were heated to a homogeneous state at 45—
50 °C, oil was added to the Spix in a 1:4 weight ratio.
The previous procedure was then carried out using
different oils [11,12].

Study of pseudo-ternary phase diagrams

Different weight ratios (4:1, 3:1, 2:1, 1:1, 1:2, and 1:3)
were used to blend the stabilizer and co-stabilizer
combination, known as Smix. Each of these ratios had oil
added to it, and a vortex mixer was used to create a
mixture containing nine different oils: Smix ratios
(between 1:1 and 9:1 w/w) [13]. After that, deionized
water was slowly added to clear and uniform oil
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mixtures while they were being mixed continuously
with a gentle magnetic stirrer and closely watched to see
how clear the phases were and how well the mixture
flowed. The titration was stopped when the solution
turned turbid or took on the consistency of a gel. The
percentage weights of water, oil, and Suix in the 100%
w/w combination were calculated to determine the phase
boundaries in each. Using the Origin Lab program,
phase diagrams were created. The shaded region in a
triangle plot was thought to be a visually clear region,
with one apex representing the water, one representing
the oil, and one representing Snix at a fixed weight ratio
[14].

Table 1: Formulation of a liquid SNE with a fixed amount of bilastine

Dissolution of bilastine as SNEDD system

Development of SNEDDS loaded with bilastine

The triangle phase diagram served as a framework for
the production of fifteen formulas. A total of five Smix
(1:3, 1:2, 1:1, 2:1, and 3:1) were chosen. For each
selected Swmix, an oil concentration range of 15% to 30%
was used to prepare ten grams of self-nanoemulsion
(SNE) component mixture. As shown in Table 1, the
concentration of Cremophor and Transcutol was
calculated using the corresponding ratios (Smix)-

Formula code Six ratio Oil:Spix ratio Bilastine (g) Oleic acid (g) Cremophore (g) Transcutol (g)

1 1:3 1.5:8.5 0.1 1.5 2.125 6.375
2 1:3 2:8 0.1 2 2 6

3 1:3 3:7 0.1 3 1.75 5.25
4 1:2 1.5:8.5 0.1 1.5 2.833 5.666
5 1:2 2:8 0.1 2 2.666 5.333
6 1:2 3:7 0.1 3 2.333 4.666
7 1:1 1.5:8.5 0.1 1.5 425 4.25
8 1:1 2:8 0.1 2 4 4

9 1:1 3:7 0.1 3 35 35

10 2:1 1.5:8.5 0.1 1.5 5.666 2.833
11 2:1 2:8 0.1 2 5.333 2.666
12 2:1 3:7 0.1 3 4.666 2.333
13 3:1 1.5:8.5 0.1 1.5 6.375 2.125
14 3:1 2:8 0.1 2 6 2

Droplet size distribution and emulsification time were
studied as a function of oil concentration and Spix. Oleic
acid oil, cremophor, and Transcutol were pre-mixed and
warmed for 3 minutes at 40 degrees Celsius in the water
bath to ensure homogeneity during blending. The
prepared SNE component blend and precisely weighed
BLS were then combined. All prepared formulas
contained the same amount of BLS (1% w/w). Formulas
containing BLS were stirred at 500 rpm for 10 minutes
and then at 1500 rpm for 20 minutes [15]. The prepared
liquid was lastly sonicated by a probe Sonicator at 30%
amplitude with a pulse duration of 2 seconds on and 2
seconds off for 5 minutes to equilibrate.

Characterization and assessment of SNEDDS loaded
with bilastine

A tiny nanoemulsion was produced by diluting each
formula 100 times with DW using a magnetic stirrer at
37 °C for mixing; the resulting nanoemulsions ' globular
size was analyzed by the dynamic light scattering
method using a globular size analyzer device (Malvern
Zetasizer, USA), and the poly-dispersity index (PDI)
was subsequently calculated [16]. The formulations'
electrophoretic mobility was assessed and converted to
zeta potential (ZP) by a Malvern Zetasizer with built-in
software (Malvern Zetasizer, USA). The ZP value
reveals the repellent forces between the droplets. The
prepared SNE formulas' aqueous dispersion was made
in the same way that globule size was measured [17,18].
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Self-emulsification time and dispersibility

Liquid-SNE formulas (500 mg) were combined with
100 mL of 0.1N HCI while being stirred gently with a
magnetic stirrer. The mixture was then visually
observed. Based on how long it took the prepared
formulations to fully disperse and produce
nanoemulsions, an emulsification time was calculated
[19]. The solutions that were produced were graded
visually using the following system: Grade A has a clear
appearance and forms quickly within one minute; Grade
B forms in one minute and has a less clear appearance
(i.e., a bluish translucent appearance); Grade C displays
a white-bluish substance that forms in less than two
minutes and looks somewhat like milk; Grade D reveals
a grey, slightly oily emulsion that takes longer than two
minutes to emulsify; and Grade E displays poor
emulsification as evidenced by the presence of large oil
globules on the surface [13].

Phase separation and dilution test robustness

To simulate in-vivo dilution behavior, the formulations
were diluted 50, 100, and 1000 times with 0.1N HCI and
deionized water in separate flasks. To ensure complete
homogeneity, diluted systems were shaken using a
magnetic stirrer at a temperature and speed that
simulated body temperature, 37 °C, and 100 rpm [20].
The nanoemulsions were then left alone for two hours.
By measuring the percent transmittance at 650 nm, their
optical clarity was calculated. To assess the physical
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stability of the diluted SNE, it was also examined 24
hours later for any indication of drug precipitation or
separation [21].

Thermodynamic stability

The prepared liquid-SNE formulations were subjected
to stress conditions such as centrifugation and
thermodynamic study to further assess physical stability
and exclude unstable formulations. The SNE
formulations were centrifuged at 3500 rpm for 30
minutes after being diluted 100 times with deionized
water. The appearance and presence of any phase
separation were then examined [22]. After that, the
stabilized formulas underwent the heating/cooling
cycles at two different temperatures (4 to 45 degrees
Celsius), which were carried out for six cycles. At each
temperature, formulas would stay at least 48 hr. Stable
SNE formulas further underwent the freezing/thawing
cycles at (-20 to 25 degrees Celsius). They were carried
out for three cycles; each one was not less than 48 hr.
Assessing stability would be based on BLS precipitation
or phase separation and creaming [22]. The formulas
that passed the physical stability study mentioned above
were chosen for further analysis. Each formula that
successfully passed the evaluation tests mentioned
earlier was thoroughly mixed and dissolved in 100 ml of
ethanol. A UV-visible spectrophotometer is utilized to
detect drug content by measuring its absorbance
following proper filtration and dilution to ensure product
chemical stability [18].

In vitro drug release study

The in vitro drug release test was conducted using the
USP dissolution apparatus, Type II, at 37 °C with a 100
rpm rotation speed and 300 mL of 0.IN HCI as the
dissolving medium. The amount of truly free BLS was
collected wusing the dialysis bag [23]. Dialysis
membranes were soaked in freshly prepared 0.1N HCl
for 24 hours at room temperature before the start of the
in vitro release study [18]. The releasing medium was
used to dilute the BLS powder (5.0 mg) and each liquid
SNE formulation (0.505 g) ten times. Then, they were
filled in a 10 x 3.5 cm dialysis membrane. The bag was
fixed to the rotating paddle, both ends of which were
tightly tied off to prevent leaks, and it was filled with the
release medium [18]. A sample volume (5 mL) was
taken at every predetermined time interval. To maintain
a sink condition, an equivalent volume of 0.1N HCI was
added to each collected sample. An UV
spectrophotometer was set to its A max used to analyze
the collected samples for drug concentration.

Ex-vivo intestinal permeability study

The WMA Declaration of Helsinki - Ethical Principles
for Medical Research, as well as the US National
Academy of Science's guidelines for the use of
laboratory animals, were both followed by the Search
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Ethics Committee, which approved these studies
[24,25]. The animal house at the College of
Pharmacy/University of Baghdad provided six male
Wistar rats weighing between 200 and 250 g. The rats
were not given any food or drink the day before the
experiment; only water was allowed. Each rat was killed
humanely by first receiving an anesthetic inhalation of
diethyl ether. After the pain reflex disappeared, the
cervical vertebrae were dislocated. The entire small
intestine was removed after a 4-5 cm midline abdominal
incision, leaving about 15 cm of the duodenum, and then
an equal length of the jejunum segments was cut. Using
a 10 ml syringe and cannula, the jejunum segments were
cleaned with ice-cold normal saline solution. Silk thread
was used to tie each segment's end. Then, different BLS-
loaded formulas were injected into the intestinal sacs.
Pure BLS powder was used as a control. Each of the
formulas was mixed with 1 mL of phosphate buffer (pH
7.4). After that, the remaining ends of the segments were
tied with silk thread and attached to the paddle of the
dissolution device. The phosphate buffer saline (pH 7.4)
dissolution medium had a 500 ml volume. The sink
condition is considered in this test in which the
concentration of BLS in the dissolution medium is less
than 10% of its concentration in the intestinal sacs. The
paddle's speed and temperature were set at 100 rpm and
37 °C, respectively. At predetermined time intervals, a 5
mL sample was taken, and it was immediately replaced
with a fresh medium volume of the same size. After
being gathered and filtered, the samples' BLS contents
were estimated. Equation 1 was used to calculate the
cross-sectional area of each intestinal sac (S), which
came out to be 7.86 cm’.

S=2nrh-----—--- Equation 1

Assuming that the segments of the intestine were
cylindrical. The sac had a 10 cm (h) length and a 0.125
cm (r) radius. Using equation 2, the apparent
permeability coefficients (Papp) were determined.

Papp = (dQ/dt) / (S *Cy) ------ Equation 2

Where the drug flux into the dissolution medium is
(dQ/dt) / S. The steady-state rate (flux) can be
determined by plotting the quantity accumulated as a
result of drug permeation through the intestinal
membrane vs. time. The flux is represented by the slope
of the linear part of the graph. The initial drug
concentration at the mucosal side is represented by Co
[1]. Permeation enhancement by formulation was
obtained through dividing the permeation rate at the
steady state (flux) of the selected formulas by the flux of
pure BLS powder. The cumulative BLS diffused into the
acceptor jar was also calculated after 120 minutes. The
extrapolation of the linear steady-state line to the time
axis represented the lag time.
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Statistical analysis

The experimental data were represented by using the
standard deviation of triplicate samples. The data of the
in-vitro dissolution study were evaluated using the
similarity factor (f2). Scores on the f2 test ranged from
0 to 100. Two dissolution profiles are deemed similar
when f2 is less than 50. This method is preferred for
comparing the profile of dissolution when the points of
dissolution time represent more than three or four [26].

RESULTS

The melting point of BLS was 203°C. Figure 1 shows
the solubility profiles of BLS in different oils,
stabilizers, and co-stabilizers.
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Figure 1: Histogram of bilastine solubility in various: A) oils, B)
stabilizers, C)and co-stabilizers.

40

Dissolution of bilastine as SNEDD system

According to the screening study, the solubility of BLS
was highest in oleic acid (75 mg/ml), Cremophor (3.9
mg/ml), and Transcutol (2.318 mg/ml). As a result, oleic
acid, cremophor, and Transcutol were selected as the
appropriate oils, stabilizers, and co-stabilizers. It was
crucial for the oil, stabilizer, and co-stabilizer mixture
used in the formulation of spontaneous nanoemulsion to
disperse effectively in a matter of seconds while gently
stirring. The number of inversions required for
dispersion was measured to assess the capacity of
different stabilizers and co-stabilizers to emulsify
specific oils. Additionally, the percent transmittance of
the dispersion after two hours indicates optical clarity,
stability, and homogeneity. Oleic acid and stabilizer
combination flask inversions and percent transmittance
were shown in Table 2.

Table 2: Emulsification effectiveness of different stabilizers with oleic
acid at a ratio of 1:1 w/w

Stabilizer il Oleic acid
HLB value  Flask inversions T
Tween 20 16.7 9 33.8+0.25
Span 20 9 10 23.8+0.18
Tween 80 15 8 51.7+£0.34
Cremophor EL 12-13 7 54.9+0.37
Labrasol ALF 14 10 21.2+0.45

Values were expressed as number and mean+SD.

Studies on emulsification with various co-stabilizers
using Cremophor as the stabilizer and oleic acid as the
oil in a ratio of 1:2:2 w/w display the effectiveness of
different co-stabilizers in emulsifying Cremophor and
oleic acid; it also shows that the percent transmittance
increased when a co-stabilizer was added to the oil-
stabilizer mixture compared to when the stabilizer was
used alone, as seen in Table 2. The results of effective
globule size, PDI and Zeta potential of Bilastine SNE
dispersed in DW and 0.1N HCI are demonstrated in
Table 3. According to these results, Transcutol® HP,
propylene glycol, and PEG 200 all appeared to have a
similar activity as co-stabilizers. The percent
transmittance of Cremophor with Transcutol, propylene
glycol, and PEG 200 was 97.1£2.8, 95.2+1.7 and
94.943.4, respectively. However, Transcutol was
chosen due to its higher percentage of transmittance and
higher BLS solubilizing potential, which improved drug
loading capacity. The pseudoternary phase diagram was
used to locate the nanoemulsion regions and the correct
concentrations of three substances (oleic acid,
cremophor, and Transcutol) that might form SNEDDS.
To create pseudoternary phase diagrams, different ratios
of Cremophor and Transcutol as Smix were used,
including 4:1, 3:1, 2:1, 1:1, 1:2, 2:1, and 3:1.
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Table 3: The Effective globule size, PDI and Zeta Potential of Bilastine SNE Dispersed in DW and 0.1N HCI

ol L5l DI PDI in DW IS il LEFCL PD PDIin HCI Zeta potential
code (nm) (nm)
F2 107.83+4.85 0.20+0.022 112.1=11.41 0.26+0.017 -30.96
F3 121+3.47 0.20:£0.045 124.94.53 0.2+0.05 -42.69
F5 80.328.16 0.27+0.08 76.3+0.67 0.24+0.04 33.74
F6 134.83+12.15 0.26+0.026 177.26+47.35 0.340.13 2093
F8 94.89+3.09 0.32+0.12 85.95+5.68 0.23+0.047 24.85
F9 118.13% 6.07 0.23+0.02 102.7947.35 0.26+0.0048 -30.46
F12 133.7343.73 0.32+0.17 115.26+16.77 0.23+0.033 26.85
F15 267.1260.49 0.46+0.08 196.6+3.01 0.43+0.007 -17.56

Values were expressed as mean+SD. PS: median droplet size in nanometer. PDI: poly dispersity index. DW: distilled water.

The 4:1 phase diagram in Figure 2 had the narrowest
shaded area, so this ratio was left out of the analysis. For
each Spix ratio, separate pseudoternary phase diagrams
were made.

S 111 Cremophore

Figure 2: Nanoemulsion is depicted in color in pseudo-ternary phase
diagrams of oleic acid, cremophor, and transcutol at various slurry
ratios.

A nanoemulsion can be spontancously formed upon
gentle mixing during the aqueous titration and aided by
the concentration and adsorption of stabilizers and/or
co-stabilizers at the oil globule interface. In this study,
fifteen formulas were developed by varying Smix and
the percentage of oleic acid oil. The fifteen formulas that
were prepared showed an initial uniform, clear, pale-
yellow appearance. However, F1, F4, F7, F10,F11, F13,
and F14 were not considered in the evaluation because
they showed turbidity after 48 hours of storage, which
may have resulted from higher drug loading than the
drug's saturated solubility. The test results for measuring
the average globule size and polydispersity index (PDI)
for nanoemulsion in distilled water and 0.1N HCI are
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shown in Table 4. Table 4 shows that the mean globular
size ranges from 80.32 to 267.1 nm and 76.3 to 196.6
nm in distilled water and 0.1 N HCI, respectively. All
formulations that were evaluated had average globule
sizes below 200 nm, which meet the requirements for
nanoemulsion. Additionally, the PDI values for all
formulations were below 0.5 and ranged from 0.20 to
0.46.

Table 4: Self-nano-emulsification and dispersibility grade time of
liquid bilastine-loaded self- nanoemulsion

Formula T Emulsification
Grade
code (Sec)
F2 37+15 A
F3 48+3 B
F5 36+1 A
F6 43+15 A
F8 53+£05 A
F9 67+12 B
F12 79+2.1 B
F15 140+3.7 C

The results confirmed the homogeneity of the dispersion
and demonstrated its uniformity. The emulsification
study is an essential indicator for describing how well
the prepared systems produce homogenous
nanoemulsions when diluted for oral ingestion.
Therefore, the effectiveness could be assessed visually
by measuring how long it took for the prepared
formulations to completely transform into fine
dispersion after mild agitation [19]. According to Table
4, the emulsification time ranged from 36 to 140
seconds. Following oral administration of the dosage
form, GIT fluids would gradually dilute SNEDDS. The
prepared formulas were subsequently tested for
resistance to infinite dilution, which simulates in vivo
conditions, and evaluated for resistance to various
dilution folds. The reconstituted formulations
demonstrated good nanoemulsion stability as exhibited
by maintenance of their appearance with no sign of drug
precipitation or phase separation in any dilution media
after 24 hours of storage at room temperature, as shown
in Table 5. The data from the study on thermodynamic
stability is displayed in Table 6. F8, F9, F12, and F15
were the four formulas that displayed instability. As
illustrated by Table 6, the drug content varied from 8§9%
to 100%. The in-vitro release properties of the
manufactured formulas and the pure BLS were
evaluated in 0.1 N HCI.
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Table 5: Data about dispersion stability and percent transmittance (%T) at various fold dilutions in both deionized water and 0.1N HCI

0,
Formula %T at %T at %T at %T at %T at 1 O/(;g)?tm 24-hour stability
Code 50X in DW 100X in DW 1000X in DW 50X in HCI 100X in HCI HCl in 0.1N HC1
F2 93.2 97.3 98.9 91.6 94.5 97.8 Stable
F3 834 89.3 96.7 85.6 90.4 95.7 Stable
F5 938.2 98.7 99.1 98.5 98.8 994 Stable
F6 75.3 86.5 90.7 81.3 87.6 96.2 Stable
F8 94.1 96.4 98.6 91.7 93.6 98.7 Stable
F9 79.6 88.9 973 824 91.5 97.8 Stable
F12 47.6 69.9 92.1 453 88.1 95.4 Unstable
F15 33.1 65.4 86.2 342 75.9 90.1 Unstable
Table 6: The results of a study on the thermodynamic stability of self-nanoemulsion loaded with bilastine
Formula Centrifugation Heating-cooling cycles test Freezing- thawing cycles Stability Drug
Code Test (45°C4°C) (-20°C to 25°C) Content (%)

F2 N J N Stable 95
F3 V V V Stable 98
F5 V V V Stable 99.8
F6 x/ J v Stable 97
F8 V J X Unstable 100
F9 V X - Unstable 89
F12 \/ J X Unstable 92
F15 v X - Unstable 97

Figure 3A shows that all prepared formulations showed
higher drug release than BLS pure powder, regardless of
how the component ratios varied. All of the prepared

% Drug Released

time (minutes)

A

L aal *—F3 » —8=—BLS

Cumulative Bilastine Permeated

liquid SNEDDS formulations displayed various release
patterns in comparison to the pure drug (f = 50).

(Hg/cm?)

0 X 0 80 0 A0

Time (min)

o

ol # BLS

Figure 3: In-vitro and Ex-vivo analysis. A) Effect of stabilizer types on the release profile of loaded bilastine in 0.1N HCI maintained at 37 °C temp; B)
The cumulative bilastine drug release from F2, F5, and pure belastine powder at pH7 maintained in phosphate buffer pH 7.4 at 37 °C temp.

Figure 3B shows the total amount of BLS that entered
the Jejunum sac. The steady-state flux, permeability
coefficient, and total amount that permeated from
different BLS-loaded SNEs after 120 minutes were all
found to be significantly higher than those from pure

BLS suspension (p< 0.05). Table 7 provides a brief
overview of the diffusion parameters. Formula F5
manifested the highest cumulative amount diffused at
120 min., flux, and permeability coefficient compared to
F2 and pure BLS.

Table 7: The Diffusion parameters of bilastine permeability study from various bilastine—loaded SNEDDS and plane bilastine suspension

Cumulative amount

Formula 5 . Flux (dQ/dt.S) Permeability coefficient Lag time
code d‘fﬁzaegoartm:ﬁ%mm (ug/min.cm?) Py *10* (con/min) (min)
F2 1273.69+3 3.69 7.38 13
F5 1646+4.9 5.14 10.28 9
BLS 690.5+4.1 23 6.2 31
DISCUSSION consistent with the melting point measurements given in

The capillary tube method was used for measuring the
melting point to identify BLS and assess its purity. Pure
BLS's powder melting point was at 203°C, which is
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the references, this indicating the purity of the drug [27].
To ensure the efficiency of SNEDDS in gastrointestinal
fluid, an effective SNEDDS must spontaneously
produce nanoemulsions. Therefore, choosing the right
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ingredients to create SNEDDS is crucial. The study was
carried out in a way that mimics the circumstances of the
GIT. According to the literature [1], popular excipients
were chosen for the formulation of SNEDDS because
they were not affected by GIT changes in pH or ionic
strength. Oleic acid showed a significantly better
solubility profile compared to other oils, so it was
selected for the formulation of BL as a SNEDDS. This
can be related to the characteristic feature of the oleic
acid structure that has a long-chain carboxylic acid with
one double bond in the middle of the chain, between C9
and C10. Cremophor and Transcutol were also selected
as stabilizers and co-stabilizers, respectively, for the
preparation of BLS formulas according to the highest
solubility of BLS in them. By calculating percent
transmittance, which should not be less than 80%, the
clarity of formed dispersion was standardized. The
relationship between the amount of light intensity
scattered and the optical clarity of fine dispersion is
inverse. When particles in a dispersion are large or
concentrated, they scatter more light, leading to a
decrease in optical clarity. This results in a turbid or
opaque appearance. Conversely, when particles are
small or diluted, they scatter less light, leading to an
increase in optical clarity. This results in a clear or
transparent appearance. [28,29]. The safety of the
stabilizer and the likelihood that some stabilizers will
irritate GIT are two other crucial factors that must be
considered when choosing a stabilizer [29]. Because
Cremophor is non-toxic, non-irritating, and belongs to a
class of non-ionic stabilizers that are generally regarded
as safe and typically preferred over other counterparts,
in addition to the higher solubility of the drug in it. The
emulsification study for the selection of co-stabilizers
and stabilizers also supports the use of Cremophor and
Transcutol for the formulation of SNEDDS. The
difference in HLB value and stabilizer structure may be
responsible for the variation in the number of flask
inversions and percent transmittance. In other words, the
size and shape of the hydrophilic head, the number of
tails, and the length of the tails all have an impact on the
development of nanoemulsions [30]. Cremophor was
chosen because of its higher percent transmittance and
better solubility of BLS in it. Transcutol showed a
higher percentage transmittance and higher BLS
solubilizing potential, which may improve the drug
loading capacity. These results may have been helped by
co-stabilizers, especially those with short chains, which
let oil move toward the hydrophobic tail of the stabilizer
molecule, which made the interfacial tension much
lower. The various curvatures (curvature refers to the
shape or bending of the stabilizer film at the oil-water
interface) required to produce nanoemulsions can be
accomplished by increasing the fluidity of the
hydrocarbon component of the surface film by
intercalating themselves between stabilizer monomers.
The curvature of the stabilizer film plays a critical role
in determining the stability and structure of
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nanoemulsions. A specific curvature is required to form
stable nanoemulsions [31]. Regarding the pseudo-
ternary phase diagram, HLB values, which are a crucial
component in the development of self-nanoemulsion,
are taken into consideration when choosing components
for an SNEDDS in addition to solubility. Even though
stabilizers having 12-15 HLB values are thought to have
spontaneous emulsification properties, the ideal HLB
value for the O/W emulsion should be between 8 and 18
[32]. Therefore, when choosing the components for the
ideal SNEDDS formulation, both solubility and HLB
were taken into account. For the pseudo-ternary phase
diagram, oleic acid was chosen as the oil, along with
Cremophor EL (HLB = 12-13) and Transcutol as the
stabilizer and co-stabilizer, respectively. The area of
nanoemulsion formation and the most suitable
ingredient percentage needed for a SNEDDS
formulation are both determined by the pseudo-ternary
phase. Transparent isotropic regions are those that self-
nanoemulsifying. According to water titration, the
shaded region in the diagram represents the area where
a system without any active ingredients forms a self-
nanoemulsion [33]. Because it controls the rate and
extent of drug release as well as absorption, the droplet
size of the emulsion is an essential factor of self-
emulsification performance [7]. Additionally, PDI,
which stands for the size distribution width, typically
describes the quality of homogenous dispersion. A small
range of droplet sizes, homogeneity, and mono-
dispersion of the self-nanoemulsion, as well as long-
term stability, are described by a low PDI value [34].
High zeta potential between adjacent droplets indicates
high electrostatic repulsion of similarly charged
particles. So, ZP may be related to the stability of
colloidal dispersion by stopping particles from sticking
together and coalescing in the GIT or while they are
being stored [35]. According to Hernandez and
Goymann, nanoparticle stability necessitates ZP values
above 8-9 mVolt [36]. Formulations with a ZP value of
more than +30 mVolt or less than -30 mVolt are
typically considered electrically stable [34]. The
measured zeta potential and the concentration of oil or
Smix were not correlated. This may be because the fact
that the zeta value was not a straightforward function of
a single factor but rather may have involved several
complex interactive factors. The prepared formulas have
been exposed to stress conditions to further ensure their
stability against creaming, coalescence, flocculation,
sedimentation, and phase separation, as nanoemulsions
differ from conventional emulsions in terms of
thermodynamics and kinetics. Therefore, after
centrifugation and abrupt temperature changes, such as
heating-cooling cycles and freezing-thawing cycles, the
prepared formulas were visually evaluated [37]. While
the temperature changes caused instability in some
formulations because the nanoemulsion was
occasionally thermodynamically unstable, all formulas
passed the centrifugation test because it was kinetically
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stable [38]. Table 6 shows that a certain amount of oleic
acid, Cremophor, and Transcutol was needed to make
thermodynamically stable SNE. The drug content results
are within the acceptable range as stated by the United
States Pharmacopoeia requirement of drug content [39].
Traditional dissolution tests help depict how SNEDDS
disperse in the media of the dissolution. However, these
traditional tests are insufficient for the simulation of the
in vivo dissolution and deciding the precise profile of
drug release. This may be attributed to the inability to
differentiate between the quantities of the drug that are
dissolved and those that are entrapped in O/W
nanoemulsion droplets that formed wupon SNE
dispersion in an aqueous medium [13]. By allowing only
the dissolved drug to permeate, the dialysis bag
approach allowed for a more precise assessment of the
release of the drug from the SNEDDS platforms. A
dialysis membrane with a molecular weight cutoff of
8000 to 14000 Da was used in this study to make sure
that the particles that were exposed to the dissolution
medium had a lot of surface area [40]. All tested
formulations were diluted with 0.1N HCI to reduce their
adhesion to the membrane [41]. The rapid self-
emulsification capabilities of SNEDDS, as seen in
Figure 3, and their ability to produce nanoemulsions
with small droplet sizes upon dilution may be the trigger
of the apparent improvement in the in vitro drug release
profiles. [41].

Conclusion

The study showed that bilastine-loaded SNEDDS with
20% oleic acid, 27% cremophor, and 53% Transcutol
had good globule sizes and thermodynamic stability in
the nanometric system range. When compared to pure
bilastine powder, all formulations demonstrated
increased in vitro drug dissolution profiles, and ex vivo
studies show the SNEDDS components' enhancing
properties and may offer the possibility of greater
absorption and bioavailability.
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