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INTRODUCTION

ABSTRACT

The objective of the present work was the formulation, optimization, and in vivo evaluation of in situ
nasal gel of granisetron (GRA) that shows liquid to gel transformation at nasal temperature (32-34°C) and
maximum drug release after 4 hours; shows bioavailability enhancement over oral delivery. Formulations
were prepared using poloxamer PF 127 as gel-forming polymer, carbopol as a mucoadhesive agent,
and fulvic acid as a penetration enhancer. A Box-Behnken design was used to prepare the experimental
batches and Design Expert software for optimization of the formulation. Ex vivo evaluations were carried
out on sheep nasal mucosa and for in vivo evaluation, rabbits were used. It was observed that optimized
formulation showed gelation temperature near 33°C and drug release of 96% after 4 hours. Fulvic acid
was evaluated as a penetration enhancer in this work and showed significant enhancement of drug
diffusion across the nasal mucosal membrane. Ex vivo histological evaluation of nasal mucosa treated
with optimized formulation showed no significant destructive effects. In vivo evaluations showed that
the plasma level profile of prepared in situ nasal gel was enhanced significantly over oral delivery. The
findings suggested that nasal route nasal transmucosal delivery of GRA can result in enhancement of its
bioavailability over the oral route.

started, particularly if it is moderate or severe, the oral

The GRA is a potent 5-HT3 receptor antagonist,
widely prescribed for the prevention and treatment of
chemotherapy-induced nausea and vomiting. Although
GRA is rapidly absorbed from the gastrointestinal tract,
it is subjected to extensive first-pass metabolism. The
oral bioavailability of GRA is about 41 to 60%. In healthy
volunteers, a half-life of about 3 to 4 hours is reported.[*?!
Therefore, current GRA treatment generally involves an
oral dose of 1 to 2 mg within 1-hour before the start of
chemotherapy treatment, then 2 mg daily in 1 to 2 divided
doses up to 4 days. Also, asingle 3 mgIV dose of GRA can be
administered, repeated if necessary with a maximum daily
dose of 9 mg.[31 Although GRA is effective when given
orally, it has got many limitations. Once vomiting has
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route clearly cannot be used and some alternative is
needed. The most common parenteral alternatives to the
oral route are injectables. The limitations of these dosage
forms include pain and the need for a skilled person for
administration because of their invasive nature. In order
to improve patient acceptance, there is a need to design a
dosage form that offers the advantages of injectables, like
the rapid onset of action, improved bioavailability, and
simultaneously it should allow self-administration and
be non-invasive.

The transmucosal route is being explored as a non-
invasive alternative to injectable parenteral routes.[*]
The mucous membrane is present at various sites, like the
nasal cavity, buccal cavity, git, rectum, vagina, eyes, etc.
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In situ Nasal Gel of Granisetron

Amongst these, nasal mucosa has distinct advantages.
The nasal route is a non-invasive, painless procedure,
does not require hospitalization, and hence, could be
accessible to a wide range of patient populations and a
highly acceptable option for drug dosing. A high degree
of vascularization and permeability of the nasal mucosa
makes it an attractive site for drug delivery. The use
of an effective multiday nasal therapeutic system of
GRA can be expected to facilitate antiemetic therapy
success.

Various dosage forms have been explored for nasal
delivery. Dry powder inhalers can induce sneezing or
irritation to the mucosa. This is less observed with
liquids administered as drops or sprays. But they may
be drained off towards oropharynx or nasal openings
due to lack of enough viscosity and mucoadhesion. A
viscous dosage form would again be difficult to handle
and administer. Therefore, there is a need for a dosage
form that is liquid during storage and administration but
becomes viscous and mucoadhesive on the nasal mucosa.
In situ nasal gels offer this advantage. When stored
under appropriate conditions, they are non-viscous and
suddenly get transformed into a gel upon contact with
nasal mucosa.l! Thus, they avoid washout due to various
factors and prolonged residence time on the mucosa,
thereby favoring the absorption of the drug.

Penetration enhancers play a crucial role in improving
drug flux across biological membranes, including gastric
epithelial or nasal membrane.[”] The absorption of
hydrophilic drugs across the mucus membrane can be
enhanced by opening the tight junctions between cells
and increasing the vascularity at the basal membrane
of the cells. In the present work, fulvic acid has been
investigated as a possible penetration enhancer for
GRA across the nasal mucosa. Fulvic acid is a highly
water-soluble, naturally occurring substance commonly
isolated from soil and plants. Very few works using
fulvic acid as an excipient have been reported to date.[®°]
Fulvic acid has been explored in the presented work
as a transmucosal permeation enhancer. The proposed
work aims to achieve plasma levels of GRA through nasal
in situ gel, which shows enhancement over oral drug
delivery.

MATERIALS AND METHODS

Materials

The GRA was gifted by Wockhardt Research Centre
(Aurangabad, India). Graniset (GRA HCIl i.v. 1 mg/mL
marketed formulation) was purchased from a local
pharmacy. Poloxamer (PF 127) and benzalkonium
chloride were purchased from Signet Chemical
Corporation (Mumbai, India). Fulvic acid was supplied as a
gift sample by Greenchem Biotech (Pune, India). Carbopol
934 was purchased from Loba Chemicals (Mumbai, India)
and all other reagents were commercially analytical-grade.
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Preparation of In situ Nasal Gels

The in situ nasal gels were prepared using the cold
method.['% PF 127 was selected as a gel-forming polymer.
Carbopol was selected as a mucoadhesive polymer. Fulvic
acid was used as a penetration enhancer. The method
involved the slow addition of PF 127 in cold water with
continuous agitation. Then drug, fulvic acid, carbopol
974P, and benzalkonium chloride (as a preservative) were
added with continuous agitation. The formed mixtures
were stored overnight at 4°C until a clear and transparent
solution was formed. Finally, the volume was adjusted by
using cold distilled water.

Experimental Design

From the pre-formulation studies, it was observed that
concentration of poloxamer, carbopol, and fulvic acid
was influencing gelation temperature and drug diffusion
across sheep nasal mucosa. [t was necessary to investigate
the influence of the individual formulation factor on
these response variables. Thus, a statistical design of the
experiment was necessary. When the experimental design
has three formulation factors, the Box-Behnken design
requires fewer runs (i.e.,12) and reduces the number of
experiments as compared to a 3% factorial design that
involves 27 runs. Therefore, batches for in situ nasal gel
were prepared using a 3> Box-Behnken design.'"'?] The
composition of test formulations as per the experimental
design is shown in Table 1.

Evaluation of In situ Nasal Gels

Content of GRA

A1 mL ofthe formulation was takenina 100 mL volumetric
flask, and then the volume was made to 100 mL with
distilled water.['3! This solution was further diluted 50
times and the resultantsolution was analyzed by ultraviolet
(UV)-visible spectrophotometry (A,,.,, = 302 nm for GRA).

max

Determination of Gelation Temperature

Gelation and gel melting was assessed using a modification
of the Miller and Donavan technique.™ A 2 mL aliquot
of the gel was transferred to test tubes, immersed in a
water bath at 4°C. The temperature of the water circulation
bath, as shown in Fig. 1, was increased in increments
of 1°C per minute, and left to equilibrate for 5 minutes
at each new setting. The samples were then examined
for gelation, which was said to have occurred when the
meniscus would no longer move upon tilting through 180°,
as shown in Fig. 1. The upper test tube on the right side
of Fig. 3 shows that liquid fell on inverting the test-tube,

%D e

Fig. 1: Measurement of gelation temperature
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Table 1: Composition of in situ nasal gel as per Box-Benhken design

Poloxamer 403
Formulation code %w/v Carbopol %w/v
F, 14 0.1
F, 14 0.5
F; 20 0.1
F, 20 0.5
Fs 17 0.1
Fy 17 0.1
F, 17 0.5
Fg 17 0.5
Fy 14 0.3
Fio 20 0.3
Fip 14 0.3
Fi, 20 0.3

due to lack of gelation, whereas the lower test tube shows
that the liquid did not fall down on inverting the tube due
to gel formation.

Viscosity Measurement

The viscosity of formulations was measured using the
cone and plate viscometer model. The sample at low
temperature was placed on a viscometer. The temperature
of the sample was raised above 40°C, using a circulation
bath. The sample was allowed to cool and the viscosity at
various temperatures was recorded.

Spreadability

To measure the spreadability, the sheep nasal mucosa was
taken in abeaker containing water that was maintained at
the temperature of 35°C for 15 minutes by slow heating.
The mucosa was taken on a glass slide and 0.5 mL of the
formulation was added to it. The slide was tilted through
90° and the distance traveled by the formulation was
measured. Measurements were repeated three times for
each of the gel preparation.™®!

Ex vivo Study

Fresh nasal tissues were carefully removed from the nasal
cavity of sheep obtained from the local slaughterhouse.
Tissue samples were mounted on Franz diffusion cell, in
which 7 mL of phosphate buffer of pH 6.6 at 34°C was added
to the acceptor chamber. The temperature was maintained
at 34°C. After a pre-incubation time of 20 minutes, a
formulation equivalent to 10 mg of GRA was placed in the
donor chamber. At predetermined time points, aliquot
equal to 0.5 mL samples were withdrawn from the
acceptor compartment, replacing the sampled volume
with phosphate buffer of pH 6.6 after each sampling, for
a period of 240 minutes. The samples withdrawn were
filtered and used for analysis. The amount of permeated
drug was determined spectrophotometrically at 302 nm.
Permeability coefficient (P) was calculated from the slope
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Fulvic acid Benzalkonium chloride

%w/v %v/v Purified water (mL)
0.5 0.5 g.s. 10
0.5 0.5 g.s. 10
0.5 0.5 g.s. 10
0.5 0.5 g.s. 10
0.25 0.5 q.s. 10
1 0.5 g.s. 10
0.25 0.5 g.s.10
1 0.5 q.s. 10
0.25 0.5 qs. 10
0.25 0.5 q.s. 10
1 0.5 q:s.10
1 0.5 qs.10

of the graph of the percentage of drug transported vs. time
and shown in equation I. Flux and enhancement ratio was
calculated from equations II and III.
P =slope x Vd/S -]
Where, Vd = Volume of donor solution, S = Surface area
of tissue
Flux (J) =P x CD
Where, CD = concentration of donor solution

-]
L[]

Optimization

The objective was to obtain optimum concentrations of
poloxamer, carbopol, and fulvic acid to formulate an in situ
nasal gel of GRA that shows gelation ata temperature as close
as possible to 32 to 34°C and maximum cumulative drug
release after 4 hours. This criterion was fed to the software
after analysis of variance (ANOVA) and the optimum
formulation was searched.

Histological Evaluation of Nasal Mucosa

Histological study of the excised nasal mucosa was
conducted by comparing a fresh mucosa treated
with phosphate buffer, drug solution, and optimized
formulation for 240 minutes in the ex vivo permeation
study.'®! The objective was to detect if any significant
histological changes have occurred during the experiment.
After permeation study, nasal mucosa was cleared off
the gel, sectioned with a rotary microtome (Model 1090
A, The Western Electric and Scientific Works, India), and
fixed in 10% formalin solution.

The sectioned tissue was then stained with hematoxylin
and eosin. Mucosa treated with drug solution and
phosphate buffer were treated similarly. Tissue sections
were observed under an Olympus CKX41 optical
microscope (Olympus Optical Co. Ltd., Tokyo, Japan).

In vivo Bioavailability Studies

The objective of these studies was to compare the
bioavailability of GRA oral solution and its optimized in situ
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nasal gel. The optimized GRA in situ nasal gel formulation
was selected for in vivo studies. Twelve white rabbits
with an average weight of three kilograms were divided
into three groups. All the experimental procedures and
protocols used in this study were reviewed and approved
by the Institutional Animal Ethical Committee (IAEC) of
AISSMS College of Pharmacy, Pune, constituted under
the Committee for Purpose of Control and Supervision
of Experiments on Animals (CPCSEA), Ministry of
Environment and Forests, Government of India. In the
study, with 1 week apart as a wash-out period, 1 mL of an
aqueous solution containing 4 mg of GRA was given orally
to the first group. The second group received 0.16 mL gel
equivalent to 2 mg/kg GRA into each nostril of the rabbit,
using a micropipette inserted 1 cm into the nostril.
After administration of the different formulations, blood
samples (0.5 mL) were collected at time intervals of 0, 15,
30, 60, 90, 120, 150, 180, 210, and 240 minutes from the
marginal ear vein of the rabbits.

Evaluation of Pharmacokinetic Parameters

Standard Calibration Curve of GRA in Plasma

Chromatographic conditions: The separation was achieved
on a Nova-Pak C8, 4 um column (250 x 4.6 mm). The
isocratic mobile phase pumped at room temperature, at
a flow rate of 1 mL/min, was a mixture of acetonitrile
and 25 mm potassium dihydrogen phosphate (75:25,
v/v).1718 The mobile phase was degassed by filtration
through a 0.45 um filter and ultrasonication for 20 minutes.
Detection was performed at 302 nm.

Determination of plasma levels: Pharmacokinetics of GRA in
rabbits was studied using its oral solution and optimized
in situ nasal gel. Blood samples (0.5 mL) were collected
in sterile test tubes containing tri-potassium EDTA as an
anticoagulant. Collected blood samples were vortexed
at 3,000 rpm for 20 minutes. The upper clear layer of
plasma was carefully removed and mixed with 1 mL of

acetonitrile to precipitate proteins. The mixture was again
vortexed, filtered, and injected into an HPLC system. Peak
areas for each sample were calculated and the following
pharmacokinetic parameters were estimated.
e Peakplasma concentration (C,,,): expressed asng/mL
e Time of peak plasma concentration (t,,,,): expressed
in minutes
e Areaunder the curve (AUC): expressed as ng.hr/mL
AUC represents the total integrated area under the
plasma level-time profile and expresses the total amount
of drug that comes into the systemic circulation after its
administration. AUC was calculated by the trapezoidal
rule.

RESULTS

Evaluation of In situ Nasal Gel Formulations

Drug Content and pH of Formulation

The percentage drug content of all prepared nasal
formulations was found to be in the range of 98 to 101%.
The pH of all formulations was found to be in the range of
4.4 t0 6.6 (Table 2).

Gelation Temperature

The gelation temperature of test formulations ranged from
20 to 43.7°C. The nature of the effect of each formulation
variable on gelation temperature is discussed later in this
text with the help of response surface plots.

Spreadability

The spreadability was found to get decreased with an
increase in the concentration of carbopol. Comparison of
formulations F1 and F2 (except carbopol, other variables
are atfixedlevel) show thatanincreasein the concentration
of carbopol decreased the spreadability. Comparison
of formulations F9 and F10 (except poloxamer, other
variables are at fixed level) showed that poloxamer also
decreased the spreadability with increasing concentration

Table 2: Evaluation of in situ gel formulations

Formulation Drug content (%) pH Gelation temperature (°C) Ex vivo % drug diffusion Spreadability (mm)
F1 99.82 6.6 43.7 95.62 11

F2 99.61 6.12 359 92.32 3

F3 100.06 6.49 31.2 91.61 9

F4 98.41 6 20 75.92 1

F5 99 5.09 38 76.3 10

F6 99.56 5.72 38.4 95.4 10

F7 98.24 5.45 241 70.3 2

F8 98.36 5.62 244 84.2 2

F9 99.49 5.7 411 75.7 6

F10 99.38 5.3 28.2 72.1 5

F11 101 4.4 40.6 94.01 6

F12 99.61 5.6 28 89.8 5

Int. J. Pharm. Sci. Drug Res. September-October, 2020, Vol 12, Issue 5, 544-553 547



Rahul Padalkar et al.

but the magnitude of the effect was less as compared to
carbopol. An increase in viscosity of formulation with an
increase in poloxamer concentration contributes to this
effect. But the mucoadhesive properties of carbopol were
dominant over poloxamer for restricting the spreading
of the gel. From F5 and F6, we can observe that there no
significant effect of fulvic acid on the spreadability.

Viscosity
The viscosities of all formulations in the temperature
range of 21 to 40°C are shown in Fig. 2. [t was observed that

14000
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2000

21€22€23€24C25C26C27C28C29C30C31C32C33C34C35C36C37C38C39C40C

Fig. 2: Viscosity of formulations in temperature range of 21 to 40°C

Table 3: Drug permeation profile of GRA in presence and absence
of fulvic acid

Batch

In presence of fulvic  In absence of fulvic

viscosity increased with an increase in the concentration
of poloxamer. Viscosity also increased with an increase
in the concentration of carbopol. While there was no
effect of fulvic acid on the viscosity of the formulation,
there was a considerable change in viscosity at the point
of gelation temperature as shown in Fig. 2. The gelation
temperature can also be considered as the temperature
at which a sudden rise in viscosity is observed. There
was no significant effect of fulvic acid on the viscosity of
formulations.

Ex vivo Diffusion Study

Ex vivo diffusion studies were carried out on sheep
nasal mucosa on all formulations, which are shown in
Table 2. The effect of poloxamer concentration, carbopol
concentration, and fulvic acid concentration was studied
on sheep nasal mucosa. From formulation F1 and F2, it was
observed that as the concentration of carbopol increased
the drug release decreased. The negative effect was due
to an increase in the viscosity of the formulations. The
same effect was observed in the case of poloxamer (F9
and F10), as the concentration of poloxamer increases the
drugdiffusion decreases, "2 while formulation F5 and F6
showed alarge positive effect of fulvicacid on drugrelease.
Table 3 summarizes the effect of formulation components
on diffusion flux.

Statistical Models

Analysis of experimental results was carried out by using
Design-Expertsoftware. After filling the data in the design,
a quadratic model was suggested to run the design. F,
p values, and model F value for gelation temperature
and in vitro drug release were obtained from ANOVA
(Table 4).

For gelation temperature response, the model F value
of 22.8 implies the model is significant. There was only
a 0.01% chance that a "model F value" this large could

Permeation profile acid acid occur due to noise. p values were found to be less than
Permeability 0.1016 0.0376 0.0001, less than 0.05 indicate model terms are significant.
coefficient The "predicted R-squared" of 0.924 was in reasonable
(mg.cm/min) agreement with the "adjusted R-squared" of 0.967. Adeq
Flux - 10.03 0.474 Precision measures the signal to noise ratio, aratio greater
(mg/cm*”/min) than four is desirable. The obtained ratio of 15.06 indicates
Enhancementratio  2.116 - an adequate signal, thus, the proposed model can be useful
(ER) to navigate the design space.
Table 4: Summary of results of regression analysis for response parameters

Models R? Adjusted R? Predicted R? Model F value p value

Gelation temperature
Quadratic 0.988 0.967 0.924 22.8 0.001

In vitro drug diffusion
Quadratic 0.991 0.988 0.962 18.2 0.001

Regression equations of fitted model
Gelation temperature = +33 - 6.74A - 5.86B + 0C - 0.85AB + 0.075AC - 0.025BC + 1.47A% - 1.78B* + 0C* + 0ABC
Drug diffusion = +75.61 - 3.54A - 4.52B + 8.64C - 3.1AB - 0.175AC - 1.3BC + 7.32A% + 5.94B% + 0C? + 0ABC

Where A = poloxamer 403, B = carbopol, C = fulvic acid
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For in vitro drug release response, the model F value of
18.2 indicated the model was significant. p values were
found tobe 0.0001, less than 0.05, indicating model terms
are significant. The "predicted R-squared" of 0.962 was in
reasonable agreement with the "adjusted R-squared” of
0.988. Adeq Precision was obtained to be 11.44 indicating
an adequate signal. Thus, the proposed model can be used
to navigate the design space.

Since the values of R? are quite high for both responses
the polynomial equations form excellent fits to the
experimental data and are highly statistically valid. Wide
variation in gelation temperature for different runs
ranging from 20 to 43.7°C, indicates a strong influence of
selected variables on it. This is also reflected by the wide
range of values for coefficients of the terms of equation vi.
The interaction terms show how the average gelation
temperature and in vitro drug release changes when
two variables are simultaneously changed. The negative
coefficients for all three independent variables indicate
an unfavorable effect on the response variables, while
the positive coefficients for the interactions between
two variables indicate a favorable effect while the

Design-Expert® Software
Trial Version

Factor Coding: Actual

Gelation temperature (C)

B: Carbopol
0.1 14

Fig. 3: 3D response surface plot showing influence of poloxamer
and carbopol concentration on gelation temperature
Design-Expert® Software

Trial Version
Factor Coding: Actual

Gelation temperature (C)

Gelation temperature ()
@ Design Points

20 NI 437

X1 = A: Poloxamer
X2 = B Carbopol

Actual Factor
C: Fulvic acid = 0.75

B: Carbopol

A: Poloxamer

Fig. 4: Contour plot showing influence of poloxamer and carbopol
concentration on gelation temperature
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small coefficients in equations VI and VII indicate that
these terms contribute the least in the prediction of
average gelation temperature and in vitro drug release.
The value of the correlation coefficient (r2) of equation
VII was found to be 0.988, indicates a good correlation
between independentand dependent variables. Among the
independentvariables selected and their interactions, only
X3 was found to be significant (p < 0.05), indicating a major
contributing effect of X3 on in vitro drug release. A positive
value of the coefficient for X3 (fulvic acid concentration)
indicates a favorable effect on in vitro drug release.

Response Surface Plots

The relationship between the independent and dependent
variables was further elucidated by constructing contour
and three dimensional (3D) response surface plots. The
effects of X1, X2, and X3 on response variables were shown
in Figs 3 to 10.

Search for Optimum Formulation
When the outcomes of ANOVA were processed by the
software using the criterion discussed earlier, an optimum

Design-Expert® Software
Trial Version

Factor Coding: Actual

Gelation temperature ()

A: Poloxamer

025 14

Fig. 5: 3D response surface plot showing influence of poloxamer
and fulvic acid concentration on gelation temperature

Design-Expert® Software
Trial Version 1.25
Factor Coding: Actual

Gelation temp

Gelation temperature (C)
@ Design Points

20 I 3.7
1.05

X1 = A: Poloxamer
X2 = C: Fulvic acid

Actual Factor
B: Carbopol = 0.3 0.85

C: Fulvic acid
B
i
Al

0.65

0.45
Fig. 6: Contour plot showing influence of poloxamer and fulvic acid
concentration on gelation temperature
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Design-Expert® Software

Trial Version

Factor Coding: Actual

Drug diffusion (%)

@ Design points above predicted value
O Design points below predicted value

703 I 9552

X1 = A Poloxamer
X2 = B: Carbopol

Actual Factor
C: Fulvic acid = 0.75

Drug diffusion (%)

A: Poloxamer

Fig. 7: 3D response surface plot showing influence of poloxamer
and carbopol concentration on in vitro drug release

Design-Expert® Software
Trial Version 05 _q
Factor Coding: Actual

Drug diffusion (%)

Drug diffusion (%)
@ Design points
703 I <52

X1 = A: Poloxamer
X2 = B: Carbopol

Actual Factor
C: Fulvic acid = 0.75

B: Carbopol

A: Poloxamer

Fig. 8: Contour plot showing influence of poloxamer and carbopol
concentration on in vitro drug release

Design-Expert® Software

Trial Version

Factor Coding: Actual

Drug diffusion (%)

@ Design points above predicted value
© Design points below predicted value
703 I 9552

X1 = A Poloxamer
X2 = C: Fulvic acid

Actual Factor
B: Carbopol = 0.3

&
X
XN

3

Drug diffusion (%)
W
AN
N

3

A: Poloxamer

Fig. 9: 3D response surface plot showing influence of poloxamer
and fulvic acid concentration on in vitro drug release

formulation was obtained that contains 14.25 %w/v of
poloxamer, 0.49 %w/v of carbopol, and 1.24 %w/v of fulvic
acid with a desirability of 0.99. A value of the desirability
function near to unity is generally preferred.

Evaluation of Optimized In situ Nasal Gel of GRA

The results of the evaluation of the optimized formulation
are listed in Table 5. The predicted values of response
parameters were found to be in close agreement with the
observed ones.

Histological Evaluation of Nasal Mucosa

Fresh nasal mucosa treated with drug solution shows no
destruction of epithelium membrane (Fig. 11), whereas
nasal mucosa treated with phosphate buffer solution
shows slight degradation of the epithelial membrane
when observed under 100 and 400X (Fig. 12). Fresh nasal
mucosa treated with optimized formulation shows slight
degradation of the epithelial membrane, as well as, slight
erosionand increase in vascularity at the basal membrane

Design-Expert® Software
Trial Version
Factor Coding: Actual

Drug diffusion (%)

Drug diffusion (%)
@ oesign points
705 NI 5562

X1 = A Poloxamer
X2 = C: Fulvic acid

Actual Factor
B: Carbopol = 03

C: Fulvic acid

A: Poloxamer

Fig. 10: Contour plot showing influence of poloxamer and fulvic
acid concentration on in vitro drug release

(B)

Fig. 11: Photograph of fresh nasal mucosa treated with drug
solution showing cellular infiltration (blue arrow), destruction and
necrosis of epithelium (black arrow), edema (white arrow), and
vascular changes (red arrow); (A): 100X; (B): 400X

pH
6.3

550

Table 5: Evaluation of optimized in situ nasal gel formulation

Spreadability

Drug content (%w/v) (cm)

99.21

0.5

Gelation temp. (°C)

Predicted
32.68

Observed
329

Ex vivo drug release (%)

Predicted
99.04

Int. J. Pharm. Sci. Drug Res. September-October, 2020, Vol 12, Issue 5, 544-553
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In situ Nasal Gel of Granisetron

Table 6: Data for plasma concentration profile of GRA after oral and
nasal administration

Oral solution In situ nasal gel

Time (min) (ng/mL) (ng/mL)
0 0 0

15 51.68 337.19
30 86.57 410.12
60 149.72 350.48
90 190.19 234.25
120 210.56 166.23
150 152.36 120.39
180 103.28 98.01
210 65.28 90.56
240 42.13 82.13

Table 7: Mean pharmacokinetic parameter of GRA after oral and
nasal administration

Parameters Oral formulation In situ nasal gel
Cnax (ng/mL) 210.56 410.12

tmax (Min) 120 15
AUCy_,nghr/mL 29,496.68 47,315.1

(B)
Fig. 12: Photograph of fresh nasal mucosa treated with phosphate
buffer showing cellular infiltration (blue arrow), destruction and
necrosis of epithelium (black arrow), edema (white arrow), and
vascular changes (red arrow); (A): 100X; (B): 400X

Fig. 13: Photograph of fresh nasal mucosa treated with optimized
formulation showing cellular infiltration (blue arrow), destruction
and necrosis of epithelium (black arrow), edema (white arrow), and
vascular changes (red arrow); (A): 100X; (B): 400X

of the epithelial membrane when observed under 100 and
400X (Fig. 13). This effect was because of fulvic acid. Fulvic
acid opens the tight junction of the epithelial membrane
and increases the transport of the drug through the

450 4

400

350
» 300 |
v
3 250 |
e
% 200 —4=—In-situ gel
& 150 ==t=oral formulation

100 -

50

0 £ T T T T T 1
0 50 100 150 200 250 300

Time in minutes

Fig. 14: Plasma concentration profile of granisetron after oral and
nasal transmucosal administration

paracellular route. It also increases the vascularity at the
basal membrane.

In vivo Bioavailability Studies

Plasma Levels of GRA after Administration

Plasma levels of GRA after administration of oral solution
and in situ nasal gel are shown in Table 6. The mean
pharmacokinetic parameters were calculated from the
blood plasma concentration of the drug are shown in
Table 7. Fig. 14 shows the blood plasma level profile of
GRA after oral and nasal administration. It was observed
that the plasma concentration profile of GRA in situ
nasal gel showed enhancement in various quantitative
parameters over oral formulation. Peak (maximum)
plasma concentration (C,,,,) of GRA in oral and in situ
nasal gel was 210.56 and 410.12 ng/mL, respectively.
Whereas time (t,,,,) to reach C_,, was 120 minutes for
oral solution and 15 minutes for in situ nasal formulation.
AUCO0—4 in oral solution and in situ nasal gel was
29,496.68 and 47,315.1 ng.hr/mL, respectively. These
findings suggest that prepared in situ nasal gel showed a
faster rate and enhanced extent of absorption of GRA as
compared to the oral solution.

DISCUSSIONS

In situ nasal gel formulations of GRA were prepared using
the cold method as the triblock copolymers, like poloxamer
are more soluble in water at cold temperatures. The pH of
the formulations was maintained near nasal conditions.
Lysozyme presentin the nasal secretionsis responsible for
destroying certain microbes at acidic pH. Under alkaline
pH, lysozyme is inactive and nasal tissue is susceptible to
microbial infection. It is, therefore, advisable to keep the
pH of the formulation in the range of 4.4 to 6.5. Ideally, the
formulation should get converted from liquid to gel at nasal
temperature, i.e., 32 to 34°C. Hence, one of the criteria to
search for the optimum formulation was matching this
condition of gelation temperature. The spreadability of
the formulations is desired to be lesser to prevent draining
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down the nasal cavity. With an increase in carbopol
concentration, spreadability was observed to decrease.
This observation was the result of the mucoadhesive
properties of carbopol. The mucus membrane consists of
an oligosaccharide side chain containing sialic acid and
the carbopol contains (-COOH or -OH) group. The -COOH
or -OH group binds to the oligosaccharide side chain and
mucoadhesion takes place.

As the concentration of fulvic acid increased the
drug diffusion was increased drastically. Fulvic acid
opens the tight junction of the epithelial membrane and
increases the transport of the drug through paracellular
routes. Fulvic acid also improves the vascularity at the
basal membrane of the cell. In presence of fulvic acid,
the permeation rate of GRA through nasal mucosa was
increased, which is indicated by the significantly higher
value of permeation coefficient and flux than in absence
of penetration enhancer. So, it was concluded that fulvic
acid has a property to enhance the permeability of GRA
which is a Biopharmaceutical classification system (BCS)
class Il drug.

Design-Expert software was used to search the
optimum combination of formulation variables to obtain
maximum drug diffusion and gelation temperature near
the nasal temperature. The models developed were found
to be statistically significant on various parameters.
A wide variation in the observed values of response
variables indicated a strong influence of formulation
variables on them. A good statistical agreement was
also observed between these variables. The 3D response
surface diagrams and their contour plots were further
used to facilitate the understanding of the contribution
of the variables and their interactions. It was observed
that as the poloxamer concentration increases gelation
temperature decreases and carbopol concentration had
the same effect. But the magnitude of the effect was less
as compared to poloxamer. There was no significant effect
of fulvic acid concentration on gelation temperature. As
the concentration of poloxamer and carbopol increases,
the drug release decreases, while the magnitude of the
effect was very large in the case of fulvic acid. The in vitro
drug release was greatly increased with an increase
in the concentration of fulvic acid. The true evaluation
of the optimization models is to check its accuracy of
predicting values of response variables practically. The
optimized formulation showed very close agreement
between predicted and observed values of drug discussion
and gelation temperature. Hence, the model was found to
be valid within the design space.

Plasma levels of GRA in rabbits after oral solution
and in situ nasal were compared. A drastic increase in
plasma levels of GRA after nasal administration over oral
delivery suggests a promising approach for enhancing its
bioavailability. Oral delivery of GRA faces issues, like less
intestinal permeability, as well as, extensive hepatic first-
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pass metabolism. Nasal delivery bypasses this degradation
by delivering the drug directly into the systemic circulation.
The formulation discussed in this work is an in situ gel
that gels at nasal temperature and has mucoadhesive
properties. These features ensure an increase in retention
time. Fulvicacid used as a penetration enhancer here helps
in increasing transmucosal diffusion by opening tight
junctions and enhancing paracellular transport.

CONCLUSION

It was observed that an optimum combination of
poloxamer, carbopol, and fulvic acid can produce a
formulation that gels at nasal temperature and enhances
transmucosal permeation. This formulation is a non-
viscous liquid at prescribed storage conditions and thus,
offers ease of administration also. Plasma level profile and
pharmacokinetic parameters of optimized in situ nasal gel
were found to be enhanced quantitatively over oral
formulation. Thus, it can be concluded that in situ nasal gel
of GRA can enhance its bioavailability over oral delivery.
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