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ABSTRACT
The objective of the present research work was to develop and evaluate the nasal in situe gel formulations of
alprazolam for better availability in the brain. Formulations were developed using Pluronic F127 and sodium
alginate by cold method. Formulations were evaluated for permeation study through sheep nasal mucosa,
histopathological evaluation of mucosa and pharmacodynamic study in rats. Optimized formulation showed a
diffusion of 78.75 ± 0.077 % drug in 240 min, effective permeation coefficient (Peff) and gelling temperature were
found to be 6.44×10-5 cm sec-1 and 33.80 ± 0.57°C respectively. Histopathological study did not show any damage
to the nasal mucosa during permeation. The locomotor activity and anti-anxiety effect of Alprazolam differed
significantly by I.N and I.V routes compared to control. It can be concluded that Alprazolam given by nasal route is
more effective and show quick onset of action when compared to Intravenous administration of equivalent dose.
Keywords: Nasal in situ gel, Sodium alginate, Pluronic F127, Blood brain barrier.
INTRODUCTION
Central nervous system disorders still remain as the
world’s leading cause of disability, although extensive
research has been done to deliver therapeutics to the
brain. Brain is the most important organ of human body
and is protected by blood brain barrier (BBB) and blood
cerebro spinal fluid barrier. The BBB is critical in
maintaining the CNS homeostasis. It restricts the entry
of potential neurotoxin substances into the brain, at the
same time it also restricts the entry of therapeutics for
disease treatment.[1] Many approaches like disruption
of the blood brain barrier by osmotic, [2, 3] biochemical
methods, [4, 5] manipulation of the drug molecule into
prodrug,6, 7 chemical drug delivery,[8, 9] carrier mediated
drug delivery10,11 are used to deliver drugs to the
brain.[12,13] Alternate routes of administration by
intraparenchymal,[14, 15] intracerebro ventricular[15] and
intrathecal injections/infusion[16] are capable of
delivering therapeutics directly to the CNS, but these
routes are invasive and not practical for chronic
conditions. The olfactory pathway provides a gateway
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for the substances entering the CNS due to the neural
connection between the brain and the nasal mucosa.[17,
18]
The intra nasal route is associated with a number of
advantages like rapid onset of action, non-invasiveness,
more permeable nasal mucosa, but has received very
low attention.[1, 19, 20]
Alprazolam (ALP) is an approved anti-anxiety drug
available as tablets for oral delivery. It enhances the
activity of GABA in the brain.[21] Even though it shows
good oral bioavailability, only a small portion of the
administered dose reaches the brain from the blood. A
major portion of the administered drug remains in the
systemic circulation, which results in specific clinical
complications like respiratory disturbances, skin rashes,
nausea, vomiting and musculoskeletal disorder.[22]
Therefore, a drug delivery system which delivers the
drug directly to the CNS with reduced systemic
exposure is required. The previous studies show that
olfactory pathway can effectively deliver the drug
directly to the brain.[23-26]
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In situ gelling systems are polymeric solutions, which
gets transformed into gels due to
change in
environment like pH[27, 30], presence of ions[28, 30],
temperature.[29, 30] They are the ideal formulations to
deliver drugs through nasal route with ease of
administration and increased residence time.[31]
Thermosensitive gels are the most preferred in situ
gelling systems which are prepared from Pluronics,
chemically, poly (ethylene oxide)-poly (propylene
oxide) block copolymers.[32-34] The objective of the
present study is to formulate thermosensitive in situ
gels of Alprazolam by using Pluronics and to perform
in vitro and in vivo characterization.
MATERIALS AND METHODS
Materials: Alprazolam was received as a gift from
Novartis Ltd., Hyderabad, India. Pluronic F127, sodium
alginate and benzalkonium chloride were procured from
S.D fine chemicals., Mumbai, India.
Methodology
Development of thermoresponsive nasal in situ gel: As
Alprazolam is a poorly water soluble drug, solid
dispersions of it were prepared by solvent evaporation
method.[35] A mixture of Alprazolam and PVP K30
were taken in 1:4 ratio by weight in a beaker. To this,
ethanol was added to solubilise the mixture. This was
dried in the vacuum drier at 60°C for 2 h. The obtained
mass was size reduced and passed through sieve no.60.
The gels were prepared by cold method.[36] The solid
dispersion and sodium alginate (0.1%, 0.3% and 0.5%)
were dissolved in distilled water and then 18% Pluronic
F127 was dispersed in it. The dispersed liquid was kept
at 4°C until clear solution was obtained. Appropriate
quantity of benzalkonium chloride was also added and
the pH of the formulations was adjusted between 4.5
and 5.5 using 0.1N HCl. The developed formulations
were stored in refrigerator for further studies.
Characterization of in situ gel:
Gelation studies by visual inspection: Briefly, a 10 ml
transparent vial with a magnetic bar was taken and the
formulations were placed in it. The vials were kept in a
water bath and the bath temperature was constantly
increased while stirring. The gelation temperature was
determined when the magnetic bar stopped moving.
Each formulation was tested in triplicate.[37]
Viscosity Studies: A thermostatically controlled
Brookfield viscometer (DV II+ Pro, Brookfield
engineering Ltd, Middleboro, MA) fitted with Helipath
stand and T-spindle was used to determine the
viscosity. The viscosity of each formulation in sol state
and gel state were determined at 3, 6, 12, 30 and 60
rpm. The temperature dependent viscosity was
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determined by using a thermostatically controlled water
bath. The temperature was increased in steps of
1°C/minute from 20-30 °C and 0.5 °C/minute from 3035 °C. The gelling temperature was determined from
the inflection point on the curve of viscosity and
temperature (°C). Different shear rates were applied to
know the flow behaviour of the preparations. The shear
rate (S-1) and viscosity (cPs) can be fitted to constitutive
equation.[38, 39]

Two constants were acquired: m is consistency index
and n is flow index. If n = 1, it indicates Newtonian
behaviour. If n is less than 1, it means shear thinning
flow. Measurement was repeated at least three times to
control the repeatability.
Evaluation of Mucoadhesive strength: It was
measured by using a modified balance.[40] Briefly, nasal
tissue was carefully removed from the nasal cavity of
the goat obtained from the local slaughter house.
During testing, the mucosal tissue with a surface area of
1cm2 was secured to the upper probe using a
cyanoacrylate adhesive (the mucosal side is exposed).
The upper probe was connected to a precalibrated force
displacement transducer FT-03 (Grass technologies,
Warwick, USA) which inturn was connected to a
student physiographic apparatus. The formulations were
placed on the lower probe. The lower probe is
equilibrated and maintained at 35°C. The upper probe
was lowered until the tissue contacted the surface of the
sample. It was allowed to equilibrate for 2 min to
ensure intimate contact between sample and the tissue.
The upper probe was then moved upwards at a constant
speed of 15mm/sec. The bioadhesive force expressed as
the detachment stress in dyne/cm2 was determined from
the minimal weight that detached the tissue from the
surface of each formulation using the following
equation.
Detachment stress (dyne/cm2) =
Where m is the weight added to the balance in grams; g
is the acceleration due to gravity taken as 980 cm/sec 2;
and A is the surface area of the tissue exposed.
Measurements were taken in triplicate to ensure
repeatability of the method.
In vitro diffusion studies: The diffusion studies were
performed by using a Franz diffusion cell. Dialysis
membrane with a molecular weight cut-off range
12000-14000 was used as diffusion membrane.
Diffusion cells were filled with phosphate buffer pH 6.8
and dialysis membrane was mounted on the cell. After a
pre-incubation period of 20 min, the control and the
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formulations equivalent to 1.25 mg of Alprazolam were
placed in the donor chamber separately. At
predetermined time points, 0.5ml sample was
withdrawn from the acceptor compartment, replacing
the sampled volume with phosphate buffer pH 6.8 after
each sampling for a period of 240 min and is estimated
by double beam UV-Visible spectrophotometer (UV
3200, Lab India, Mumbai, India).
The data obtained from the in vitro release experiments
was analyzed by the following commonly used
exponential equation.[39]
= ktn

Where Mt/M∞ : the fraction of released drug at time t;
k: release constant and it depends on structural and
geometric characteristics of the drug/polymer. n:
release exponent indicative of the release mechanism.
Ex vivo permeation studies: Fresh nasal tissue was
carefully removed from the nasal cavity of sheep
obtained from the local slaughter house. Tissue samples
were mounted on Franz diffusion cells with a
permeation area of 1cm2. 16 ml of PB pH 6.8 was
added to the acceptor chamber. The temperature was
maintained at 35°C. After a pre-incubation time of 20
min, dose equivalent amount of the selected
formulation was placed in the donor chamber. At
predetermined time points, 0.5mL samples were
withdrawn from the acceptor compartment, replacing
the sampled volume with PBS pH 6.8 after each
sampling for a period of 4 h and is estimated by double
beam UV-Visible spectrophotometer (UV 3200, Lab
India, Mumbai, India).[41]
Effective Permeability coefficient (P) was calculated by
the following equation.[29]

Where, dQ/dt is the ﬂux or permeability rate (mg/h), Co
is the initial concentration in donor compartment, A is
the effective surface area of nasal mucosa.
Histopathological evaluation of mucosa: The
histopathology of the tissue incubated in phosphate
buffer saline (PBS pH 6.8) was compared with the
tissue incubated in the diffusion chamber with gel
formulation (F2). Tissue was fixed in 10% buffered
formalin, routinely processed and embedded in paraffin.
Paraffin sections (7µm) were cut on a glass slide and
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stained with haematoxylin and eosin. Sections were
examined under light microscope to detect any changes
during permeation study.
Stability studies: Stability studies were carried out on
gel formulation according to ICH (International
Conference
on
Harmonization)
guidelines.
Formulations showing optimum gelation, rheological
properties, mucoadhesive force and drug release rate
were selected for stability studies. The samples were
stored at 30 ± 2 °C and relative humidity of 60 ± 5 °C
in a stability chamber. The samples were withdrawn at
0, 30, 60, 90 days interval and were observed for
occurrence of turbidity, gelation and viscosity.[42]
In vivo Pharmacodynamics
Animals: Adult male, Wistar albino rats weighing 150200 g were used in the study. The rats were maintained
under standard conditions in Central Animal House,
School of Pharmacy, approved by the Committee for
the Purpose of Control and Supervision of Experiments
on Animals (CPCSEA).The rats were kept in
polypropylene cages under standard environmental
conditions and maintained on standard pellet diet and
water ad libitum. The rats were maintained on a 12:12
hour light-dark cycle.
Experimental design: The experimental protocol was
approved by the animal ethics committee. IAEC
Reference No: I/IAEC/LCP/025/2013/SAM/028.
Animals were divided into four groups of six animals
each. Group I serve as a control group treated with
PBS (Phosphate buffer saline) given by nasal route
through a micro pipette. Group II was treated with
placebo given by nasal route to study the effect of
excipient. Group III was treated with optimized
formulation (1.2 mg/kg) given by nasal route through a
micro pipette. Group IV was treated with I.V injection
of Alprazolam (1.2 mg/kg) given through tail vein. All
the behavioural parameters were tested before and after
dosing. Behavioural testing was done after 2 min and
10 min of dosing. The animals were sacrificed after 30
min of dosing and brains were isolated for estimation of
acetylcholinesterase levels.
Behavioural studies
Locomotor Activity (Actophotometer): Locomotor
activity (horizontal activity) was measured using
actophotometer (VJ Instruments, Maharashtra, India).
Rats were divided into four groups consisting of 6 per
group. Two groups received 1.2 mg/kg body weight
Alprazolam by I.V and I.N routes respectively. Another
two groups received PBS and placebo by I.N route.
Each rat was placed individually in the activity cage
floor for 10 min. The animals were placed in the
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actophotometer for recording the activity score after 2
min and 10 min of dosing.[43]
Assessment of Anxiolytic Activity in rats using the
Holeboard Apparatus: Anxiety level was also
evaluated in rats using a holeboard apparatus. The hole
board apparatus consisted of wooden box (40×40×25
cm) with 16 holes (Diameter, 3cm) evenly distributed
in the floor. The holeboard was elevated to the height of
25 cm. The test was performed 2 min after
administration of placebo (I.N), Alprazolam (1.2 mg/kg
I.N) and Alprazolam (1.2 mg/kg I.V). The number of
holepokings during 5 min period was recorded and the
percentage decrease in holepoking was also
calculated.[44, 45]
Estimation of Acetyl cholinesterase: All the animals
were sacrificed after 30 min of dosing and brain tissues
were isolated and homogenized in Phosphate buffer
(pH 8, 0.1 M). The homogenate was centrifuged at
3000 rpm for 10 min. 0.5 ml of supernatant was diluted
to 25 ml with freshly prepared DTNB solution (10 mg
DTNB in 100 ml of Sorenson phosphate buffer, pH
8.0). From this solution, two portions of 4 ml were
taken in two test tubes. Into one of the test tube, 2 drops
of eserine solution was added. 1 ml of substrate solution
(75 mg of acetylcholine iodide per 50 ml of distilled
water) was pipette out into both of the test tubes and
incubated for 10 min at 30°C. The change in
absorbance per min of the sample was read
spectrophotometrically using double beam UV-Visible
double beam spectrophotometer (UV 3200, Lab India,
Mumbai, India) at 420 nm against eserine solution as
blank. The enzyme activity was expressed as μM/min/g
tissue.[46]
RESULTS AND DISCUSSION
Gelation study: The gellation temperatures of the
formulations were shown in Table 1. From the
preliminary study, the minimum concentration of
Pluronic F127 (with solid dispersion) that can form gel
below 35°C was found to be 18%. The gelation of
Pluronic F127 vehicle is known to result from the
change in micellar number with temperature. With
increasing temperature, the number of micelles formed
increases as a consequence of the negative coefficient
of solubility of block copolymer micelles. Eventually
the micelles become so tightly packed that the solution
becomes immobile and gel is formed.[47] The gelation
temperature of Pluronic F127 vehicle was increased
from 29°C to 31.9°C with the addition of solid
dispersions. This is due to the presence of PVP K30
which interferes with micellar formation.
The combination of thermosensitive polymer Pluronic
F127 with sodium alginate is ideal for nasal drug
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delivery due to its dual responsive nature. From the
results of gelation study, the concentration of Sodium
alginate to be used as mucoadhesive agent was found to
be 0.1% to 0.5%. Fig.1 shows the viscosity versus
temperature curves of all the formulations. The gelation
temperature of Pluronic F127 (with solid dispersion) as
determined by rheological method was increased from
31.2°C to 32.4°C in the presence of 0.1%
mucoadhesive polymer Sodium alginate. It is to be
noted that increased concentration of Sodium alginate
from 0.1% to 0.5% further increases the gelation
temperature from 32.4°C to 34.8°C. The gelation
temperature enhancing effect of Sodium alginate might
be due to the interference of Sodium alginate with
micellar formation of Pluronic F127. The formulations
containing higher concentrations of Sodium alginate
were found to have very high viscosity and so were
difficult to administer into the nostril. Regardless of the
concentration of mucoadhesive polymers, all the
formulations gelled at temperature ranging from 31.9°C
to 34.8°C.
Viscosity measurements: A plot of viscosity versus
different rotational speeds of the viscometer was shown
in Fig. 2. The viscosity of the gels increased with
increasing concentrations of mucoadhesive polymer
and large viscosity change was found in the gel state.
The observed increase in viscosity with increasing
polymer concentration is attributed to a consequence of
increasing chain interaction with polymer concentration
rising. Table 2 shows the viscosity enhancing effect of
mucoadhesive polymer as evident from the consistency
index (m). Fig. 3 is the representative profile showing
that at 25°C the in situ gel was in a liquid form and
exhibited a Newtonian behaviour. Conversely at 35°C,
a dramatic shear thinning behaviour was observed. At
25°C the value of the flow index (n) and consistency
index (m) indicative of lower viscosity at shelf
condition. However, when the temperature was
increased to 35°C, the n value decreased. The lower the
value of (n), the more shear thinning the formulation. [48]
Mucoadhesive strength: Assessment of mucoadhesive
strength in terms of detachment stress showed that the
Pluronic F127 preparations possessed adhesive
properties that increased with the addition of Sodium
alginate
(Fig.4).
Mucoadhesive
strengths
of
formulations F2 and F3 with concentrations 0.3% and
0.5% Sodium alginate respectively, increased
significantly (P < 0.001) with respect to F0 Whereas
increase in mucoadhesive strength of F1 (0.1% Sodium
alginate) was not significant. Mucoadhesive behavior of
sodium alginate was due to it’s low surface tension,
which is lower than the critical surface tension of the
mucin coated nasal cavity, resulting in good spreading
and adhesion.[38]
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In vitro diffusion study: The release profiles of all the
formulations were shown in Fig. 5. The initial rates of
drug release were very rapid due to incomplete gel
formation, but as the time progresses the release rate
was found to be decreased due to complete gel
formation. With increase in concentration of Sodium
alginate the release rates were found to decrease
gradually. During gel formation, a portion of drug
might be loaded into the gel matrix, thus the cross
linking of polymer reduces the drug release rate. The
initial rapid release of Alprazolam was may be due to
formation of prehydrated matrix containing water ﬁlled
pores due to presence of aqueous vehicle. The results
showed that the formed gels had the ability to extend
the release of the drug for the duration of about 240
min. The results further showed that the amount of the
drug released in ﬁrst hour decreased with the increasing
polymer concentration. Results also revealed that in situ
gel has values of n between 0.485 to 0.648, indicating
non-Fickian release (Table 3).
However the in vitro drug release was decreased by
increasing concentration of Sodium alginate compared
to the control gel without polymer. By considering all
the aforementioned results, F2 and F3 were found to be
suitable in situ gelling formulations with good
rheological
and
mucoadhesive
characteristics.
However, the diffusion profile of F2 was found superior
to F3. Thus, F2 with 0.3% Sodium alginate and 18%
Pluronic F127 was optimized and taken for further
studies.
Ex vivo permeation study: Ex vivo permeation studies
were performed for the pure drug (Alprazolam) and
optimized formulation (F2) using the goat nasal mucosa
(Fig. 6). The percentage permeated after 4 h was found
to be 50.34 % and 92.77 % with permeability
coefficients of 3.50 ×10-5 and 6.44×10-5 cm sec-1
respectively for pure drug and optimized formulation.
The high permeability of Alprazolam in pluronic
formulation can be attributed to surfactant nature of
Pluronic F127.
Histopathology of mucosa: Photomicrographs of goat
nasal mucosa (Fig. 7) after the permeation studies were
observed for histopathological changes in comparison
with the PBS treated mucosa. The section of mucosa
treated with F2 showed very slight degeneration of
nasal epithelium along with no erosion. There was
increased vascularity in basal membrane and superficial
part of sub mucosa when compared to PBS treated
mucosa. This might be the result of mucoadhesive and
permeability enhancing property of sodium alginate in
the formulation. None of the severe signs such as
appearance of epithelial necrosis, sloughing of
epithelial cells were detected.
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Accelerated Stability Studies: The stability studies
were carried out on optimized formulation F2 at 30 ± 2
°C temperature and 60 ± 5 % RH for 90 days. As per
the data shown in Table 4, the formulation had shown
good stability with no remarkable change in
appearance, gelation, gelling temperature and viscosity.
Pharmacodynamic studies
Locomotor activity: As shown in Table 5, after 2 min
of dosing, Alprazolam (1.2 mg/kg, I.N) produced
significant reduction in locomotor activity at P < 0.001
compared to the control animals receiving saline.
Whereas Alprazolam (1.2 mg/kg, I.V) failed to produce
significant reduction in locomotor activity at p < 0.001
compared to control animals. After 10 mins of dosing,
Alprazolam (1.2 mg/kg, I.N and 1.2 mg/kg, I.V)
showed a significant reduction in locomotor activity at
P < 0.001 compared to control animals. The slow onset
of action by I.V route can be attributed due to the time
taken to cross the blood brain barrier. Animals treated
with placebo did not show any significant reduction in
locomotor activity, which confirms that the excepients
do not have any effect.[49]
Antianxiety study: The statistical analysis of the data
obtained indicates that, animals treated with
Alprazolam (1.2 mg/kg, I.N and I.V) showed
significant decrease in number of holepokings
compared to control animals. However the decrease in
the number of holepokings was found to be more by
intranasal route when compared to I.V route. Placebo
treated groups showed no significant decrease at p >
0.05 compared to control animals. Results are shown in
Table 6.
Acetylcholinesterase Estimation: Animals treated with
Alprazolam (1.2 mg/kg, I.N and I.V) have produced a
significant decrease in the level of acetylcholinesterase
when compared to the control animals at p < 0.05.
However placebo treated animals did not produce any
significant effect on acetylcholinesterase levels. This
confirms that the decrease in acetylcholinesterase level
with Alprazolam (1.2 mg/kg, I.N and I.V) was due to
the antianxiety effect produced by Alprazolam (Table
7).[50]
CONCLUSION
Pluronic F-127 gel formulation with 0.3% sodium
alginate is a promising nasal drug delivery system for
the antianxiety drug Alprazolam, which would enhance
nasal residence time owing to increased viscosity,
mucoadhesive characteristics and permeation enhancing
effect. Histopathological findings suggested that the
formulation was safe for nasal administration.
Pharmacodynamic studies revealed a quick onset of
action by nasal route when compared to intravenous
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administration of equivalent dose. However a slight
decrease in the acetyl cholinesterase levels is observed
due to the anti-anxiety effect produced by the drug. In
conclusion, this study demonstrated that the use of in
situ gelling agents incorporating sodium alginate as
mucoadhesive polymer could effectively and safely
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improve the nasal residence time and brain targeting of
Alprazolam.
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Table 1. Viscosity and gelling temperature of the formulations determined by rheological and by visual
inspection
Formulation
code

F0
F1
F2
F3

Gelling temperature (°C)
Composition

18% PF127
18% PF127, 0.1%
Sodium alginate
18% PF127, 0.3%
Sodium alginate
18% PF127, 0.5%
Sodium alginate

Viscosity
20°C
128.0±2.44
142.6±1.24

35°C
1512.3±6.94
1632.6±4.69

Rheology
31.2
32.4

Visual
inspection
31.7±0.28
32.9±0.16

196.3±1.69

1884.0±7.04

33.2

33.8±0.57

313.0±1.24

1939.3±3.09

34.8

35.6±0.28

Table 2. Flow index and Consistency index of the formulations.
Formulation code

F0
F1
F2
F3

Flow index (n)

Consistency index (m)

25°C

35°C

25°C

35°C

0.8021
0.8836
0.9032
0.9086

0.0983
0.1993
0.2821
0.2904

521
628
723
554

10495
16481
11748
9289

Table 3. Release profile of the formulations
Formulation
F0
F1
F2
F3

% drug release
95.31±0.14
85.14±0.23
78.75±0.13
65.68±0.08

N
0.5085
0.4851
0.5141
0.6480

R2
0.9841
0.8660
0.8554
0.9685

Release mechanism
Non Fickian
Non Fickian
Non Fickian
Non Fickian

Table 4. Appearance, Gelation, Gelling temperature and Viscosity of F2 during stability studies.
Parameters
Appearance
Gelation
Gelling temp (°C) 4
Viscosity (cPs)

Storage period (days) at 30 ± 2°C temperature and 60 ± 5% RH
0
30
60
Clear
Clear
Clear
Stiff gel
Stiff gel
Stiff gel
33.43±0.04
33.50±0.08
33.56±0.04
223.33±0.47
228.66±1.24
229.33±1.24
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Clear
Stiff gel
33.36±0.12
232.66±0.94
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Table 5. Effect of Alprazolam on Locomotor Activity Using Actophotometer
Treatment

Locomotor activity (scores) in 10 min
Before Treatment
After treatment

2min
Control
164.33±5.48
139.16±3.92
Placebo
174.83±8.01
128.16±5.10
I.V ALP (1.2mg/kg)
171.83±7.49
124.50±3.07*
I.N ALP(1.2mg/kg)
168.16±6.88
10.33±1.02**
Statistical significance test was done by ANOVA (n = 6); Values are mean ± SEM of
0.05; **P < 0.001 vs control; ALP- Alprazolam

10min
153.66±5.31
141.50±5.84
10.50±1.17**
9.16±0.87**
6 animals per group; *P <

Table 6. Effect of Alprazolam on Anxiety in Rats Using Holeboard Apparatus
Treatment
Number of holepoking
Control
9.66 ± 0.76
Placebo
8.78 ± 0.82*
ALP (1.2mg/kg I.V)
2.66 ± 0.33**
ALP (1.2mg/kg I.N)
1.50 ± 0.42**
Statistical significance test was done by ANOVA (n=6); Values are mean ± SEM of 6 animals per group; *P > 0.05;
**P < 0.001 vs control; ALP- Alprazolam
Table 7. Effect of Alprazolam on acetylcholinesterase levels
Treatment

AchE levels
(µM/min/mg protein)
Control
11.31 ± 0.531*
Placebo
10.61 ± 0.441
ALP (1.2 mg/kg I.V)
9.46 ± 0.386
ALP (1.2 mg/kg I.N)
9.30 ± 0.420
Statistical significance test was done by ANOVA (n = 6); Values are mean ± SEM of 6 animals per group; *P <
0.05; ALP- Alprazolam.

Figure 1: Effect of temperature on viscosity of various Pluronic F127 gels with varying concentration of Sodium
alginate (0.1% to 0.5%) measured at 60 rpm. Values are expressed as mean ± SD (n=3)
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Figure 2: Effect on rpm on viscosity of the formulations.

Figure 3: Effect of shear rate on viscosity of F2 at 25°C and 35°C

Figure 4: Influence of Sodium alginate concentration on detachment stress measured in vitro. Values are expressed
as mean ± SD (n = 3)
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Figure 5: Diffusion profile of the formulations. All the values are expressed as mean ± S.D (n = 3)

Figure 6: Ex vivo permeation profile for pure drug (Alprazolam) and optimized formulation (F2).

Figure 7: Histopathological evaluation of sections of goat nasal mucosal membrane. (PBS) Mucosal layer after
incubation with PBS (pH 6.8) in diffusion chamber; (F2) mucosal layer after incubation in diffusion chamber with
gel formulation.
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