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ABSTRACT

Objective: Buspirone, is a medication primarily used for generalized anxiety disorder (GAD), relieve symptoms of anxiety and unipolar depression.
This drug exhibit low bioavailability (approximately 5%) due to extensive first-pass metabolism and non-targeted delivery results in numerous side
effects. It is taken by mouth, and it may take up to four weeks to have an effect. The present investigation aimed at the development of buspirone in
situ nanoemulsion gel to evaluate its potential for efficacious nose to brain drug delivery.

Methods: Buspirone-loaded nanoemulsions (BNEs) were prepared by aqueous titration (Spontaneous emulsification) method using Oleic acid,
Tween 80, and PEG 400 as oil, surfactant and cosurfactant respectively. The NEs (FC1-FC8) were characterized for pharmaceutical characteristics
(Appearance, thermodynamic stability, polydispersity index (PDI) value, globule size, pH, Viscosity, Conductivity and Refractive index). In vitro drug
release study from nanoemulsions (NEs) was carried out using Keshary-Chien cell (KC cell, 25 ml) in phosphate buffer pH 5.5.

Results: Formulation FC5 with mean globule size of 105.4+1.10 nm, PDI value 0.230£0.01 and drug release 90+0.39% in 6 h (h) was developed as
mucoadhesive nanoemulsion gel formulation with 17.5 % W/W of Pluronic F127. The nanoemulsion gel was homogenous, transparent, and
possessed a bioadhesive strength of 1605 Dyne/cm2. In vitro cumulative drug release was found to be 90.00£0.39 % at the end of 6 h.

Conclusion: The gel had no effect on the structural integrity of nasal mucosa. Hence, the study postulates that In situ nanoemulsion gel of buspirone

could be used as an intranasal formulation for targeted brain delivery via nasal route.
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INTRODUCTION

Controlled release formulations for brain targeting via nasal route
have received a considerable concern for a variety of reasons. This is
because the nasal route offers a direct link between brain and nose
resulting in reduced drug concentration at the non-target site
(which reduces the drug toxicity) and higher drug concentration in
the brain[1l, 2] thus improving therapeutic efficiency which
overcomes the limitation of conventional drug delivery systems.

Buspirone[8-(4-(4-(2-Pyrimidinyl)-1-piperizinyl)butyl)-8-azaspiro
(4,5)decane-7,9-dione] is an approved anxiolytic agent belonging to
the chemical class of azaspirodecanedione and is available as a
tablet (Buspar®, Anxiron®, Anxut®, Bespar®) used for generalized
anxiety disorder (GAD), relieve symptoms of anxiety and for
unipolar depression[3]. This dosage form exhibit low bioavailability
(approximately 5%) due to extensive first-pass metabolism and non-
targeted delivery results in numerous side effects, such as dizziness,
drowsiness, headache, nausea, nervousness, lightheadedness,
restlessness, blurred vision, tiredness, and trouble sleeping may
occur [4].

Nanotechnology involves the fabrication of nanosystems that deliver
drugs in a sustained and controlled manner. These nanodevices
include colloidal carriers like lipid (solid lipid nanoparticles (SLN),
nanoemulsions, liposomes, and nanostructured lipid carriers (NLC)
etc.) and polymeric nanoparticles (chitosan nanoparticles, PLGA
nanoparticles [5]. Nanoemulsions are thermodynamically stable
transparent (translucent) dispersions of oil and water stabilized by
an interfacial film of surfactant and cosurfactant molecules having a
droplet size of less than 100 nm. Nanoemulsions have the possibility
to improve the absorption, penetration, efficiency and safety of the
therapeutic agent to a great extent [5-7]. Studies have shown that
nanoemulsion formulations possess improved transdermal and
dermal delivery properties in vitro and in vivo [6].

In situ nanoemulsion gel formulation increases the nasal permeation
of therapeutic moiety to the brain, improves delivery at a constant

and slow release rate, protect therapeutics from degradation along
the pathway, increases mucoadhesion and facilitate overall nasal
transport [9-11 ].

The aim of this study was to develop a BNEs based in situ gel and
evaluate its potential for brain targeting via nasal route. The
nanoemulsion gel was prepared by dispersing the BNEs in
thermoreversible polymer Pluronic F127 gel base, and its efficacy
was evaluated by performing an ex vivo diffusion study across goat
nasal mucosa in phosphate buffer saline (PBS) pH 5.5.

MATERIALS AND METHODS
Materials

Buspirone was procured from Yarrow Chem Products, India.
Pluronic F127 (PF127) was acquired from BASF, (Germany). Tween
80, Triton X 100, Tween 20, Oleic acid, Triacetin, Potassium
dihydrogen phosphate, Isopropyl myristate (IPM), Ethanol,
Propanol, Polyethylene glycol 400 (PEG 400) and Propylene glycol
were procured from SD Fine-Chem Limited (Ahmedabad, India). All
other reagents and solvents used were of analytical grade.

Methods
Formulation development of nanoemulsion

NEs were formulated by aqueous phase titration method
(Spontaneous emulsification) which involved a process of addition
of water from burette to the solution i.e. the mixture of surfactant,
co-surfactant and oil present in beaker till a transparent solution is
obtained. The significant yardstick for the selection of ingredients
for NEs is the solubility of the poorly soluble drug in surfactant, oil
and cosurfactant [8, 9, 13].

Selection of oil, surfactant and co-surfactant

0Oil, surfactant and co-surfactant were selected by performing a
solubility study [9, 11]. The drug was dissolved in oil phase [Ethyl
Oleate, IPM, Oleic Acid, Olive O0il, Sesame Oil, Triacetin,
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Triacetin+IPM (1:1), Triacetin+Ethyl Oleate (1:1)], surfactant
(Tween 80, Triton X100, Tween 20, Labrafil) and co-surfactant (PEG
400, Ethanol, Propanol and Propylene glycol) till saturation. Oil,
surfactant and co-surfactant were selected which gave maximum
solubility of the drug (table 2).

Pseudo ternary phase diagrams

On the basis of the solubility studies, a combination of Oleic acid,
Tween-80 and PEG-400 were selected as oil, surfactant and
cosurfactant, respectively. Distilled water was used as an aqueous
phase. Surfactant and co-surfactant (Smix) were mixed at different
mass ratios (1:0, 1:1, 2:1 and 1:2). These ratios were chosen in
increasing concentration of surfactant with respect to co-surfactant
and increasing concentration of cosurfactant with respect to
surfactant for a detailed study of the phase diagrams. For each phase
diagram, oil and Smix at a specific ratio were mixed thoroughly at
different mass ratios from 9:1, 1:0.25, 1:0.43, 1:1, 1:2, 1:3, 1:4, 1:5,
1:9 (w/w) in different glass vials. Pseudo ternary phase diagrams of
oil, Smix and aqueous phase were developed using the aqueous
titration method. Slow titration with an aqueous phase was
performed for each mass ratio of oil and Smix and visual
observations were made for transparent and easily flowable o/w
nanoemulsions. The pseudo ternary phase diagrams were developed
by using CHEMIX School Ver. 3.50 software (MN, USA) (fig. 2)[15].
The composition of nanoemulsion in the phase diagrams was
depicted by the following equation.

% 0il (Oleic acid) + % Smix(Tween 80 + PEG 400) + % water =
100 Eq. 1

Preparation of nanoemulsion

NEs containing buspirone were formulated by the aqueous phase
titration method (Spontaneous emulsification) [14]. The specified
quantity of the drug was dissolved in oil phase under stirring
pursued by addition of Smix(1:1) in a fixed proportion by vortexing
(by vortex mixer) pursued by water addition from a burette to the
solution (Smix+Oil+Buspirone) present in beaker till a transparent
solution was obtained (table 1).

Dispersion stability studies

To overcome the problem of metastable formulation,
thermodynamic stability tests were performed. Formulations were
centrifuged at 3500 rpm for 30 min. and then subjected to six cycles
of heating cooling analysis between the refrigerator temperature (4
°C) and 45 °C with storage at each temperature for not less than 48 h
were done [12].

Characterization of nanoemulsions
Qualitative study

In the dilution test, 1 ml of nanoemulsion was diluted to 100 ml with
purified water and checked for clarity of formulation. In another
test, type of nanoemulsion was identified by sprinkling a water-
soluble dye (Methyl orange) over nanoemulsion and observed
visually. All the formulations were subjected to a centrifugation
cycle of 15 min and assessed for whether the nanoemulsion was
monophasic or biphasic [11].

Morphology

Morphology and structure of the NEs were studied using
transmission electron microscopy TOPCON 002B operating at 200
KV (Topcon, USA) and capable of point-to-point resolution. A
Combination of bright field imaging at increasing magnification and
of diffraction modes was used to reveal the form and size of
nanoemulsion droplets. In order to perform the transmission
electron microscopy (TEM) observations, a drop of the
nanoemulsion was directly deposited on the holey film grid and
observed after drying [13].

Droplet size analysis

The droplet size distribution of the nanoemulsion was determined
by photon correlation spectroscopy, using a Zetasizer 1000 HS
(Malvern Instruments, UK). Light scattering was monitored at 25 °C
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at a 90° angle. Droplet size distribution studies were performed at a
fixed refractive index of the respective formulation [14].

pH, viscosity, conductivity and refractive index

The pH of the nanoemulsions was measured by using a pH meter
(PM608 model-Analion, Brazil) at 25+2 °C. The viscosity of the
formulations was determined as such without dilution using a
Brookfield viscometer (RV model with spindle No. 3) at room
temperature. The electrical conductivity was evaluated at 25+2 °C
by a conductivity meter (mCA-150 model, Tecnopon, Brazil).
Refractive index of the formulations was determined using an Abbes
type refractometer [15, 18].

Zeta potential

Zeta potential is the potential difference between the dispersion
medium and the stationary layer of fluid attached to the dispersed
particle. Its value can be related to the stability of colloidal
dispersions. Zeta potential was determined using a Zetasizer 1000
HS (Malvern Instruments, UK) [16].

In vitro permeation study

In vitro permeation study across goat nasal mucosa was performed
on a modified KC diffusion cell of 25 ml of receiver chamber
capacity. The mucosa was mounted between the donor and receiver
compartments of the Keshary-Chien diffusion cell. 1 ml
nanoemulsion formulation containing buspirone was placed into the
donor compartment and phosphate buffer pH 5.5 was added to the
acceptor compartment. Samples were withdrawn at regular
intervals (15, 30, 60, 120 and 180 min), filtered through 0.45 pm
membrane filter and analyzed for drug content by UV-Vis
Spectrophotometer at 238 nm [17].

Selection of optimized nanoemulsion formulation

The nanoemulsion formulation was optimized on the basis
of stability, lowest PDI value, optimum particle size and percentage
of cumulative drug permeated.

Preparation of buspirone loaded in situ nanoemulsion gel

Gels containing various concentrations of PF 127 were prepared by
cold method and optimized on the basis of gelation time and gelation
temperature. Specified quantity of PF 127 (15.5%, 16.0%, 16.5%,
17.0% and 17.5% w/w) was added into deionized water at 4 °C
under stirring. The formulations were refrigerated up to 12 h till the
complete dissolution of PF 127 was accomplished which was
confirmed by a transparent solution at 4 °C. Nanoemulsion gel
formulation (FC5) was formulated in 17.5% (w/w) of Pluronic PF
127 in deionised water pursued by the addition of Benzalkonium
chloride (0.001%) by using the cold method [23-27].

Clarity, pH, gelation temperature and gelation time

The naoemulsion gel formulation (FCG5) was then evaluated for
clarity, pH, gelation temperature and gelation time. The clarity of the
optimized gel formulations was determined before and after
gelation by visual examination of the formulations under light,
alternatively against the white and black background. The pH of the
developed gel was determined using a digital probe pH meter. The
sol gel transition temperature was evaluated by transferring 2 ml of
formulation to a test tube. After sealing with a parafilm, the test tube
was kept in a circulation waterbath at37 °C. Following each
temperature setting, equilibration was allowed for 10 min. Finally,
the test tube was placed horizontally to observe the state of the
sample and to examine the gelation [11, 28, 29].

Mucoadhesion studies

The mucoadhesive strength of preparation was resolved by
calculating the mandatory force to separate the preparation from
nasal mucosal tissue. A segment of goat nasal mucosa was fitted in
both the slides with the help of thread. After that 50 mg of gel was
put on the first slide and locate this slide below the height-
adjustable pan and put the other slide with the mucosal portion
beneath the same pan but in reverse position. The two slides have
adhered in such a way that the gel present in between touches each
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other. This should be done at least for 2 min to ascertain the
confidential contact between them. The weights were held on to
rising continuously in the second pan and did until the slides get
separated from one another. The mucoadhesive forces revealed as
the attachment stress in (dyne/cm?) was decisively from the least
possible weight that isolated the mucosal tissue from the superficial
part of each formulation [19].

Mucoadhesive Potential = % Eq.2

Where, m = weight required for detachment (in gram), g=
Acceleration due to gravity, A = Area of mucosa exposed.

Ex vivo diffusion study

The freshed cut-out goat nasal mucosa not having septum part was
taken from slaughterhouse in PBS pH 5.5 and kept for 15 min to
bring in to equilibrium. The superior scrolled nasal conche or
turbinate was diagnosed and segregated from the nasal membrane.
The eliminated superior nasal membrane was organized on KC cell.
The tissue was maintained at the unfluctuating level by using
phosphate buffer and let on to agitate for 15 min by using a magnetic
stirrer. After 15 min the solution was taken away from both the
compartment. From these on, cramed fresh phosphate buffer into
the accepter compartment.

One ml of nanoemulsion gel was put in the donor compartment of
KC cell in addition to 1.7 ml of phosphate buffer. Sample from
receptor compartment was taken at the predetermined time period
and examined, was replaced by the same volume of diffusion media.
The study was accomplished in six h, at the same time the amount of
drug (pg/ml) in the acceptor chamber, against the goat nasal
membrane, was measured at each sampling point [20].

Test for nasal cilio toxicity of nanoemulsion gel

There were selected three goats nasal mucosa namely A1, A2 and A3
with constant width and were organized on KC cell. Al was
prepared with 0.5 ml of Phosphate buffer (negative control, pH 6.4),
A2 with 0.5 ml of Isopropyl alcohol (Positive control) and A3 was
prepared with nanoemulsion gel by exposing them for one h. Behind
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in 1h time, the mucosa was washed out with buffer and exposed to
histological examination to measure out the toxicities of preparation
on photographed microscope [14].

Mechanism of drug release

To study release kinetics, data obtained from In vitro percentage
cumulative drug release studies were fitted in different kinetic
model i.e. cumulative percentage of drug released versus time (Zero
order), log of cumulative percentage of drug remaining versus time
(first-order) and cumulative percentage of drug released versus
square root of time (Higuchi’s model) and log percentage drug
released vs log time (Korsmeyer Peppas) [21, 30].

RESULTS AND DISCUSSION
Solubility studies

Data obtained from the solubility study of buspirone in various
components are depicted in table 2. All the excipients chosen had
shown a better solubility for buspirone (fig. 1). The solubility of
buspirone was highest in order (Oleic Acid>Triacetin>Triacetin+IPM
(1:1)>Ethyl Oleate>Sesame oil, Triacetin+Ethyl Oleate>Olive
0il>IPM), (Tween 80>Labrafil>Triton X 100>Tween 20) and
(Ethanol>Propanol>PG>PEG 400) in oil phase, surfactant and
cosurfactant respectively. The selection of the right excipient
towards the effective formulation of nanoemulsion is mostly
dependent on the solubility of the drug in excipients. Oleic acid was
preferred as an oil phase for the formation of nanoemulsion due to
its lightweight and higher solubility by which it required less
amount of surfactant which reduces irritation. In present work, PEG
400 and Tween 80 were preferred as cosurfactant and surfactant
respectively because the formation of an ideal 0/W nanoemulsion
should require criteria such as a combination of surfactant and
cosurfactant for the development of fluid interfacial film, desired
hydrophilic-lipophilic balance (HLB) value shall be above than ten,
the right combination of high and low HLB value surfactant and the
existence of cosurfactants to decrease the bending stress of interface
which provides sufficient flexibility to interfacial film to take
different curvatures needed to make NEs [22].

Table 1: Composition of nanoemulsion

Formulation code 0il: Smix 0il (%ow/w) Surf. (%w/w) Co-surf. (%w/w) Water(% w/w)
FC1 1:0.25 5.80 0.725 0.725 92.75
FC2 1:0.43 5.88 1.265 1.265 91.59
FC3 1:1 6.69 3.345 3.345 86.62
FC 4 1:2 6.14 6.14 6.14 81.58
FC5 1:3 6.91 10.365 10.365 72.36
FCe6 1:4 7.80 15.60 15.60 82.95
FC7 1:5 16.10 40.235 40.235 3.43
FC8 1:9 9.79 44.21 44.21 1.79
Table 2: Solubility of drug in surfactant*, co surfactant** and oil***(part of solvent/g)
*Triton X 100 3.38+0.006 ***Ethyl Oleate 62.41+0.09
*Tween 80 2.06+0.06 *EAPM 341.09+1.05
*Tween 20 19.18+0.16 *** Oleic acid 5.24+0.02
*Labrafil 2.95+0.006 ***0live oil 202.95+1.25
**PEG 400 68.86+0.45 ***Triacetin 33.320.11
**Ethanol 5.3+£0.06 *** Sesame oil 64.17+0.13
**Propanol 6.18+0.11 *ETri+IPM (1:1) 54.95+0.65
** PG 6.97+0.49 ***Tri+Ethyl Oleate (1:1) 67.43+0.24

Data represents mean+SD (n=3)

The pseudo ternary phase diagram (selection of surfactant-
cosurfactant ratio)

Phase diagrams (fig. 2) were designed by varying oil to Smix ratio
from 9:1 to 1:9 at Smix ratio 1:0, 1:1, 1:2, 2:1. Nanoemulsion region
was displayed by shaded portion in the phase diagram, whereas
emulsion region was shown by non-shaded section. Thus ternary
phase system of Oleic acid: Tween 80: PEG 400 at Smix (1:1) which

exhibiting maximum area was optimized for nanoemulsion (fig. 2b).
The ternary diagram shows a significant role in the selection of the
formulations to avoid metastable formulations having
minimum wetting agent concentration, within
the least potential time. The Aqueous phase titration method was
preferred for formulation development because it contributes the
development of formulation with high thermal stability and drug
loading capacity.
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Fig. 1: Solubility of Buspirone in surfactant, cosurfactant and oil, Data represents mean+SD (n=3)
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Fig. 2: Phase diagram at Smix ratio (A) 1:0, (B) 1:1, (C) 1:2 and (D) 2:1
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Characterization of nanoemulsion

BNEs were characterized by qualitative and quantitative tests [17].
Transformation in globule size was not shown by nanoemulsion upon
dilution and the formulation retained its clarity assuring to be an 0/W
nanoemulsion. The characteristic of nanoemulsion is interpreted by
the nature of internal and external phases. In genral, external phase or
continuous phase is miscible with the liquid that forms external phase
and study was also supported by rapid incorporation of methyl orange
(a water-soluble dye) without clumping with continuous phase hence
proving that nanoemulsion is of O/W type.

Upon centrifugation, neither creaming nor phase separation was
observed, indicating the stability of nanoemulsion. All batches
passed the stability cycle test. The results of quantitative tests
for nanoemulsion are depicted in table 3 and 4. The pH of prepared
batches of nanoemulsion ranged between 4.25 and 7.00,
approximating the normal pH range of nasal fluids, a percentage
transmittance of more than 99% for nanoemulsion indicated clear
dispersion. pH range shown by formulations indicates that these
formulations may relieve in diminishing the irritation potential upon
instillation. Conductivity values rely on the higher conductivity of
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the aqueous phase compared with the oil phase and indicate a
higher conductivity value of oil-water nanoemulsion where water is
the external phase and indicates nanoemulsion is of o/w type.

The formulation was optimized on the basis of PDI, charge and Size.
Optimized formulation FC 5 was selected which has 105.4+1.10 nm
in size, PDI value 0.230+0.01 and charge of 10.4 mv (table 3).

Due to the non-ionic nature of excipients, low zeta potential could be
associated with the nature of the drug molecule. Physical stability of
nanoemulsion system is conferred by zeta potential value of 0 to 10
mv on the globules of nanoemulsion batches and destabilization of
the formulation may be observed above-10 mv. The narrow globule
size range and PDI proved that the nanoemulsion approached a
stable monodispersed system and could release the drug adequately
owing to the larger surface area [23].

Optimized formulation (FC5) was a transparent, clear, monophasic
system which confirmed as o/w type of nanoemulsion by dye test.
The optimized batch was characterized by pH 4.98+0.03, viscosity
3.30+0.01cps, conductance 11.94+0.03 mho, refractive index
1.437+0.002 (TABLE 3), transmittance 99.5% and In vitro drug
release of 88.05+0.22% (table 4, fig. 3)[24].

Table 3: Quantitative characterization of nanoemulsion

Formulation pH* Viscosity* Conductivity* Refractive Size * (nm) PDI Charge
code (poise) (mho) ‘index (mv)
FC1 6.93+0.03 1.10+0.002 8.5+0.06 1.337+0.002 273.2+x1.30 0.785+0.01 -3.88
FC2 6.99+0.16 1.20+£0.002 7.93+£0.03 1.343+0.003 213.6x3.06 0.621+0.01 -4.88
FC3 6.90+0.10 1.45+0.03 9.93+0.03 1.352+0.001 275.9+2.31 0.335+0.01 -2.12
FC4 5.75+0.05 1.72+0.03 11.22+0.02 1.352+0.002 389.6x2.21 0.211+0.01 -0.711
FC5 4.98+0.03 3.30+0.01 11.94+0.03 1.437+0.002 105.4+1.10 0.230+0.01 10.4
FC6 4.25+0.05 8.16+0.02 12.39+0.14 1.449+0.001 193.9+2.11 0.303+0.01 9.16
FC7 5.31+0.02 15.58+0.03 5.62+0.03 1.459+0.001 689.8+4.83 0.523+0.01 5.12
FC8 5.39+0.04 19.65+0.05 4.94+0.02 1.469+0.001 273.0+1.90 0.289+0.01 2.62
Data represents mean+SD (n=3)
Table 4: In vitro % release of nanoemulsion
Formulation FC1 FC2 FC3 FC4 FC5 FC6 FC7 FC8
Time (min) ¥
0 0 0 0 0 0 0 0 0
15 11.83+£0.29 13.27+0.38 11.06+0.51 12.17+£0.29 14.21+0.22 11.08+0.14 13.33+0.48 19.11+0.38
30 25.16+0.29 27.74+0.39 19.81+0.71 25.17+0.29 34.71+0.66 19.92+0.29 28.41+0.36 36.89+0.77
60 43.42+0.29 48.9+0.38 34.84+0.23 40.50+0.00 41.89+0.38 29.58+0.14 41.51+0.28 50.45+0.39
120 75.83+1.44 70.94+0.83 64.9+0.39 68.00+0.25 53.33+0.95 48.67+0.29 63.17+0.27 70.45+0.39
180 90.17+0.72 87.28+0.38 87.12+0.30 82.92+0.29 88.05+0.22 82.08+0.29 85.91+0.74 81.78+0.39
Data represents mean+SD (n=3)
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Fig. 3: In vitro release of nanoemulsion, data represents mean+SD (n=3)
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Nanoemulsion gel and evaluation

Preliminary studies indicated that 15-17 % W/W PF-127 formed gel
below 38 °C. In this study, 17.5 % concentration of PF 127 was
optimized which formed gel at 34 °C. It was found that the formed
gel was homogenous, transparent having pH 4.6. Reduction in
gelation temperature was observed with the increase in the
concentration of PF-127 leads to the formation of micelle pursued
by micellar aggregation and above micellar concentration solution
converts into gel phase. At cold temperature, the hydrophobic
segment of PF 127 keeps apart due to hydrogen bonding and an
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increase in temperature leads to disruption of the hydrogen bonds
and gel is formed due to hydrophobic interactions. The gelling
capacity of PF-127 is directly proportional to the hydrophobic
portion, so an increase in the hydrophobic portion leads to the
formation of gel [25]. The solution formed gel at 34 °C in 12 seconds
and possesses bio adhesive strength of 1605 Dyne/cm2 The drug
content in the gel was 94.94 %. In vitro cumulative drug release was
found to be 90.00+0.39 % at the end of six h (fig. 4). In vitro release
and characteristic parameters of optimized in situ nanoemulsion gel
formulation confirm its suitability for brain delivery via nasal
administration.
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77.55
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Fig. 4: % Cumulative drug release of optimized nanoemulsion gel formulation, Data represents meantSD (n=3)

Nasal ciliotoxicity studies

The effect of optimized nanoemulsion gel on the structural integrity of
nasal mucosa was assessed by the histological section. Damage to the
nasal mucosa with loss of cilia was observed with positive control
whereas the nasal mucosa treated with negative control (PBS pH 6.4)

and nanoemulsion gel could not show any sign of damage thus
confirming the safety of the ingredients used in the nanoemulsion (fig.
5AandB). The effect of optimized nanoemulsion gel on the structural
integrity of nasal mucosa was evaluated using histological sections and
results confirmed the safety of in situ nanoemulsion gel formulation on
nasal membrane structure and integrity.

A

B

Fig. 5: [A] Nasal membrane in nanoemulsion gel [B] Nasal membrane in IPA

B

Fig. 6: Transmission electron microscopic images of (A) optimized nanoemulsion and (B) optimized in situ nanoemulsion gel
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TEM image of F5 indicated spherical shaped particles with narrow
size distribution as shown in fig. 6A. F5 was formulated as in situ gel
by varying the concentration of Pluronic F127 and TEM image of
optimized in situ nanoemulsion gel was shown in fig. 6B.

Release Kinetics

The drug release Kkinetic data for optimized nanoemulsion gel
formulation obey the zero-order Kkinetic models through the
regression (r2) values, which was found to be 0.998, This may be due
to the fact that the diffusion system used has a reservoir compartment
(donor compartment) and goat mucosa acts as a barrier or controlling
membrane; hence, the diffusion process will mimic and shall be closer
to reservoir system i.e. zero-order (concentration-independent)
diffusion. The corresponding plot (log % drug release vs log time) for
the Korsmeyer-Peppas equation indicated good linearity (r2 = 0.999)
for Buspirone loaded nanoemulsion gel formulation. From the
Korsmeyer-Peppas equation, the release exponent value (n) for the
formulation was found to be 0.954 which lies within the range, implies
that the release of drug from optimized formulation obeys the non-
Fickian diffusion mechanism. On the basis of optimum surfactant and
cosurfactant concentrations, PDI and low droplet size, the
mucoadhesive nanoemulsion gel formulation of Buspirone that consist
of 17.5 % W/W of PF 127 as thermoreversible polymer illustrated
significant improvement in drug release which ensure a significant
reduction in dose as well as reduces side effect by avoiding first-pass
metabolism via nasal route for treatment of Anxiety disorder. The
formulation was free from nasal ciliotoxicity and the approach
described appears promising for brain targeting via nasal route.

CONCLUSION

The data in the present study revealed that in situ nanoemulsion gel
manifest significant improvement in drug release which ensures a
significant reduction in dose as well as reduces side effect by avoiding
first-pass metabolism via nasal route for treatment of anxiety
disorders. However, the study also has several limitations. First,
appropriate instillation of formulation into the nasal cavity, another
effect of the formulation containing buspirone, on neurotransmitter
level require investigation in further studies. Moreover, although in
vitro experiments were performed in the current study. Eventually,
whether in situ nanoemulsion gel could improve bioavailability and
targeting ability require further investigation.

ABBRIVIATION

GAD-Generalized  anxiety disorder, = BNEs-Buspirone-loaded
nanoemulsions, KC cell-Keshary-Chien cell, PDI-Poly dispersity
index, SLN-Solid lipid nanoparticles, NLC-Nanostructured lipid
carriers, nm-Nanometer, PBS-Phosphate buffer saline, PF127-
Pluronic F127, IPM-Isopropyl myristate, PEG 400-Polyethylene
glycol 400, NE-Nanoemulsion, Smix-Surfactant and co surfactant
mixture, w/w-Weight/weight, %-Percentage, °C-Degree centigrade,
Min-Minute, TEM-Transmission electron microscopy, ml-Mililitre,
mg-Miligram, cm-Centimeter, mv-Mili volt, pum-Micrometer.
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