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Abstract The creation of an in-situ nasal gel of
Metoclopramide Hydrochloride represents a promising
innovation in drug delivery technology, providing an
effective and patient-friendly alternative to conventional
oral formulations. The prolonged release and higher
absorption attained by this formulation may result in better
treatment outcomes for patients suffering from
chemotherapy-induced nausea and migraines. All
formulations were thoroughly tested for physicochemical
parameters such as pH, viscosity, mucoadhesive strength
and drug content to ensure they satisfied the requirements
for nasal delivery. In-vitro dissolution studies were
performed to examine the gel's drug release profile and the
results revealed that the gel has sustained release
characteristics, which are critical for sustaining therapeutic
drug concentrations over time. Increasing the
concentration of mucoadhesive polymers (Poloxamer 407
and Carbopol 934) enhanced viscosity and mucoadhesive
strength, resulting in a more controlled release of
Metoclopramide Hydrochloride from the formulation.
Poloxamer 407, a mucoadhesive polymer, Carbopol 934, a
sensitive to pH polymer and PEG 400, a permeation
enhancer were all incorporated in the formulation. In-vitro
dissolving studies were used to characterize the release
profile of Metoclopramide Hydrochloride from nasal gel
formulations. The results showed that increasing the
concentration of the mucoadhesive and pH-sensitive
polymers (Poloxamer 407 and Carbopol 934) resulted in an
increase in gel viscosity and mucoadhesive strength. This
increase in viscosity helped to produce a more robust gel
network, slowing the drug's diffusion and resulting in a

more regulated and prolonged release over time. The
optimal formulation, with carefully balanced polymer
concentrations, demonstrated effective sol-gel conversion,
sustained drug release, and improved bioavailability.

Keywords Sustained Release, Mucoadhesive Strength,
Nasal Mucosa, Permeation, Gelling Agent

1. Introduction

Metoclopramide Hydrochloride is utilized in in-situ
nasal gel formulations due to its ability to provide rapid
absorption and a fast onset of action, particularly beneficial
for treating nausea and vomiting. The nasal route enhances
bioavailability by bypassing first-pass metabolism,
allowing for a more effective dose. Additionally, the
controlled release characteristics of the gel extend
therapeutic effects and improve patient compliance by
offering a less invasive administration method. This
formulation also helps minimize gastrointestinal side
effects commonly associated with oral delivery, making it
a suitable option for effective and patient-friendly
treatment [1]. This transformation enables sustained drug
release, improved bioavailability, and enhanced
therapeutic effectiveness [2]. These formulations are
particularly advantageous for delivering drugs to mucosal
surfaces such as the eyes, nose, mouth, and vagina. They
adhere to these surfaces upon application, prolonging the
residence time of the drug and facilitating targeted delivery.
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In-situ gels are used in a variety of applications, including
controlled medication release, tissue manipulation, and
regeneration therapy [3].

By delivering drugs through the nasal canal, intranasal
drug delivery offers a number of advantages, such as a
quick start to action, avoiding first-pass metabolism, and
improving patient adherence. Drugs administered
intranasally are absorbed directly through the highly
vascularized nasal mucosa, facilitating rapid entry into the
bloodstream [4]. This route is particularly beneficial for
drugs with poor oral bioavailability or those susceptible to
degradation in the digestive system. Common applications
include decongestants, hormones, vaccines, and treatments
for neurological conditions [5]. Moreover, intranasal
delivery is being explored for its potential to target the
central nervous system via direct pathways from the nasal
cavity to the brain. This offers promising new therapeutic
avenues for diseases like Alzheimer's, migraine, and
epilepsy. Overall, intranasal drug delivery represents a
promising approach in drug administration, combining
ease of use with potential improvements in therapeutic
outcomes [6].

2. Materials and Methods

Indus Pvt.Ltd. provided a gift sample of Metaclopramide
Hydrochloride, while Loba Chemials sent Poloxamer 407,
Poly Ethylene Glycol, Carbapol 934P, and HPMC from
Mumbai, India.

2.1. Calibration Curve of Metaclopramide
Hydrochloride

First, 50 mg of Metoclopramide Hydrochloride was
precisely weighed and dissolved in distilled water. After
dispersing the Metoclopramide Hydrochloride, it was
transferred to a 50 mL volumetric bottle and topped off
with water. The generated stock solution was pipetted into
separate 100 mL volumetric flasks at volumes of 0.5, 1, 1.5,
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2, and 25 mL. To obtain concentrations of
Metoclopramide Hydrochloride within a range of 10-25
o/mL, the contents in each flask were adjusted [7, 8]. The
absorbance of each diluted solution was then measured
using a UV-Visible spectrophotometer at 272 nm.

2.2. Design of In-situ Nasal Gel

The cold approach was used to prepare in-situ gels.
Poloxamer 407 (5-10% wi/v) was gradually added to a 100
mL beaker having 15 mL of water, and the combination
was constantly swirled with a magnetic stirrer at 500 rpm
and 37 <C for 2 hours. The mixture (Table 1) was then kept
chilled overnight. Carbopol 934, HPMC K-100 (1.5% w/v
each), the methyl paraben (0.1%), and the propyl paraben
(0.01%) were mixed into the cooled solution [9]. The drug
was first dissolved in an acceptable amount of methanol
before being combined with glycerin. The final volume
was 30 mL of Poloxamer solution and the pH was
eventually adjusted to 5.8 using phosphate buffer [10].

2.3. Evaluation Parameters

2.3.1. Appearance

In both solution and gel form, the developed
formulations were visually assessed for clarity.

2.3.2. Sol - Gel Temperature

The solution was put in a test tube and submerged for
two minutes in a water bath at 36 = 0.5C to find the
gelation temperature. The temperature at which gelation
occurred was monitored using a thermometer [11]. For
formulations containing carbopol, the solution was mixed
with a phosphate buffer solution at pH 6.8 in a test tube,
thoroughly blended and then subjected to the water bath
while monitoring the temperature. Gel formation was
confirmed when the formulation remained stable and did
not flow out of the container upon inversion [12]. Testing
was conducted within a temperature range up to 60<C.

Table 1. Composition of in-situ nasal gel
Formulation Code
Ingredients

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 Fl11 F12

Drug (% wiv) 2 2 2 2 2 2 2 2 2 2 2 2

Glycerin (ml) 4 4 4 4 4 4 4 4 4 4 4 4

Poloxamer 407 (gm) 2 3 4 5 6 8 8 8 8 8 8 8
Carbopol 934 P(g) 002 | 002 | 002 | 003 0.03 0.03 0.04 0.04 0.04 0.05 0.05 0.05
HPMC K-100 (g) 15 15 15 15 15 15 15 15 15 15 15 15
Methyl Paraben (g) 001 | 001 | 001 | 001 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Propyl Paraben 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
D/W (mL) 30 30 30 30 30 30 30 30 30 30 30 30
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2.3.3. Determination of Viscosity

Viscosity measurements were made using a Brookfield
viscometer with spindle number 62 and 100 rpm at 25<C
and 37 <C. The mixture was gradually heated to 37 £0.5<C
in a water bath until it solidified. The p" of carbopol
formulations was adjusted as the temperature climbed.
During gelation, the thickness of the resulting gel was
tested, and the mean of two values was taken for each
viscosity measurement [13, 14].

2.3.4.pH

pH of each formulation was determined by using Digital
pH meter (Systronics digital pH meter 335).

2.3.5. Gel Strength

A 50 mL measuring vessel was filled with a precisely
weighed 30 g of gel sample, which was then left to gel in a
water bath at 37<C. A cylinder was used to apply a 50 g
weight to the gel, and the time it took for the cylinder
object to sink 5 cm into the gel was recorded [15].

2.3.6. Spreadability Test

1 g was placed in the center of a 20 cm by 20 cm glass
plate and coated another one of the same size to evaluate
the gel's spreadability. The upper glass surface was lightly
weighted with a 1000 g, which allowed the gel to move
back and forth between the plates. The load was removed
and the diameter (in centimeters) of the spread region was
measured after a minute [16].

2.3.7. Mucoadhesive Force

Using specially designed biological adhesion testing
apparatus that served as an in-vitro mucoadhesion test, the
force needed to remove each formulation from goat nasal
mucous membranes was used to calculate the adhesive
strength of each formulation [17].

2.3.8. Fabrication of Equipment

We built the equipment in the laboratory using a twin
beam physical balance. The left pan was changed by
adding a brass wire to which a locally made Teflon block
(A) was attached. The Teflon block measures 3.8 cm in
circumference and 2 cm in length, with a 2 cm tall and 1.5
cm wide protrusion on one side. To make the other pan
weigh 5.20 g more than the right pan, the right pan (C) was
swapped out with a lighter pan. Goat nasal membrane
tissue (D) was bound with a lower Teflon block (B) and put
in a beaker containing a nasal solution replicating the
environment at pH 6.4 (E).

2.3.9. Adhesion Force

Goat nasal mucosa that was purchased commercially
was collected and placed in a sterile container with
sterilized buffer solution (p" 6.7). After being taken out of
refrigeration, the mucosa was given time to acclimate to
the laboratory setting. After that, connective and adipose
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tissue was carefully removed, and the area was cleaned
with simulated intranasal solution [18].

Next, the membrane was positioned and fastened to the
lower Teflon block (B). This assembly was kept at 36
#0.5<C and submerged in a beaker filled with simulated
intranasal solution at pt 6.4. The bottom of the upper
Teflon block was covered with gel from each batch. The
mucosal tissue was fixed on the lower cylinder (B) of the
beaker, and it was placed on a balance so that it was
precisely below the upper cylinder. To enable the gel to
bind with mucin, a 10 g weight was put on the inflated cap
for 10 minutes after a drop of simulated intranasal solution
was applied to the exposed portion of the gel. After
removing the first weight, more weights were
progressively added to the right-side pan until the gel
completely separated from the mucosal layer or membrane.
W1, which stands for the force needed for detachment in
grams, was recorded as the weight needed for total
detachment (e.g., W1 =5.20 g).

2.3.10. Drug Content

One mL of the formulation was put into a 100 mL
volumetric flask, dissolved in distilled water, and then the
volume was adjusted to a final 100 mL using distilled water.
This allowed for the assessment of the drug concentration.
Subsequently, a 10 mL volumetric flask was filled with 1
mL of this solution, and the volume was subsequently
topped off with 10 mL of distilled water. The produced
solution's absorbance was then measured at 272 nm. The
percentage of drug content in the formulation was then
determined using the absorbance value [19].

2.4. In-vitro Permeation Study

Diffusion cell with egg membrane, laboratory designed,
was used to test the formulation. In the experiment, 100 mL
of newly generated simulated nasal fluid (SNF) at 36 *
0.5<C was filled with gel and 1 mL of gel was placed in the
donor compartment. Using a magnetic stirrer, the contents
of the receiver compartment were swirled. Under sink
circumstances, 1 mL aliquots were taken out of the receiver
compartment at 1, 2, 3, 4, 6, 8, 10, and 12 hours. After that,
these samples were examined at 272 nm using a UV-visible
spectrophotometer. A calibration curve that was created in
advance was used to determine the drug's concentration
[20].

2.5. Stability Study

Simultaneous  storage  conditions,  specifically
refrigeration, were used for  Metaclopramide
Hydrochloride nasal gel stability testing. The gels were
stored in dry, hygienic, air-tight, and moisture-proof
bottles away from light. At 15, 30, 45, and 90-day intervals,
the gel samples' appearance, p", drug content were
assessed [21].
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3. Results and Discussion

The calibration curve of Metaclopramide Hydrochloride
was performed using a UV-Visible spectrophotometer at

272nm.  The  regression  coefficient value of
Metaclopramide Hydrochloride was found to be 0.995
(Figure 1).

The pH of all formulations ranged from 5.3 to 5.9, which
falls within the physiological tolerance range of the nasal
cavity, typically ranging from 4.5 to 6.5.

Viscosity is a crucial characteristic of liquids and
semi-solids, indicating their resistance to flow. In
pharmaceuticals, viscosity is pivotal for assessing stability,
effectiveness, and patient tolerance. The Brookfield
viscometer was employed to measure the viscosity of the
prepared formulations, and the findings for both solution
and gel states are presented in Table 2. The term "gel
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strength™ describes a gel's resistance to flow or deformation
under stress. This characteristic has a big impact on the
efficacy and performance of in-situ nasal gels. When these
gels come into touch with the nasal mucosa, they go from
being applied in a liquid state to a gel state. Drug
administration and absorption are impacted by the gel's
strength, which also affects how well it adheres to nasal
surfaces. Concentrations of thermosensitive polymers and
gelling agents affect gel strength. Achieving the ideal gel
strength is essential for convenient administration and to
stop post-application leaking from the nasal mucosa. As
their concentrations rise, formulations containing HPMC
and Poloxamer 407 have been shown to improve gel
strength. Higher concentrations lead to a denser network
that strengthens the gel physically and increases its
resistance to deformation, which is why this phenomena
happens.

1 .
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8 06 AL R?=0.995

i :

g 0.4 e .

0.2 ®
0 @ ’
0 5 10 15 20 25
Concentration
Figure 1. Calibration curve of Metaclopramide Hydrochloride
Table 2. Physico-chemical properties of prepared formulation
Formulation code pH Gel strength [Sec.] | Viscosity [cps] at 25 rpm | Drug content % | Mucoadhesive strength [g]

F1 5.53 +0.03 1.06 +0.041 294.5 84.21 +0.00022 31.81 +0.047
F2 5.59 +0.071 1.11 +0.063 405.2 79.78 +0.00058 29.62 +0.062
F3 5.52 +0.021 1.19 +0.031 503.8 84.29 +0.00041 49.71 +0.053
F4 5.62 +£0.124 1.38 +0.034 572.7 85.37 +0.00049 57.03 =0.049
F5 5.54 +0.052 1.40 +=0.041 591.6 81.52 +0.00082 64.54 +0.052
F6 5.61 +0.046 1.44 +0.022 694.1 88.43 +0.00086 89.53 +0.037
F7 5.42 £0.56 1.50 +=0.016 670.7 82.61 +0.00064 74.27 =0.048
F8 5.49 +0.36 1.67 =0.031 730.4 81.25 +0.00068 61.03 +=0.028
F9 5.68 +0.68 1.64 +0.018 724.8 83.47 £0.00047 59.03 +0.038
F10 5.58 £0.83 1.54 +0.014 627.9 82.69 +0.00053 71.03 +=0.048
F11 5.39 041 1.24 +0.022 603.4 81.82 +0.00064 74.03 =0.056
F12 5.62 +0.72 1.35 +0.027 597.3 79.35 +0.00051 81.03 +0.045
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Furthermore, increasing viscosity from higher
concentrations of these chemicals and polymers
strengthens the gel's strength by limiting movement inside
its matrix. The in situ nasal gel formulations' drug content
was in line with previous studies' findings. There was
approximately 79-88% drug content and represented in
figure 2. The outcome was that each formulation's content
was constant. The force needed to separate the formulation
from the mucosal surface—known as the detachment
stress—was used to calculate the mucoadhesive strength.
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The results show that the mucoadhesive strength

increases with increases in poloxamer concentration and
carbopol 940. Figure 3 illustrates how the drug release rates
for each formulation were nearly identical. Up to three hr
were spent with a high drug release rate. After that, it didn't
change for up to six hr. In-situ gel compositions had a
greater initial burst release. When compared to a
formulation without carbopol 934P, all formulations
adding carbopol 934P demonstrated reduced burst release
and showed in Figures 4-6.
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Figure 5. Higuchi kinetic profile of F1-F12

The drug penetration was nearly same in all of the
formulations. For up to three hr, there was a significant rate
of drug permeation. After that, it didn't change for up to six
hr. In situ gel compositions had a greater initial burst
release. When compared to a formulation without carbopol
934P, all formulations adding carbopol 934 demonstrated
reduced burst release.

After the optimize formulation (F1) was kept for 15, 30,
and 45 days, stability tests were conducted. Table 2
compiles the appearance, p", drug content, drug release
data. During these intervals, Formulation F1's appear did
not alter significantly. The drug content decreased

marginally from 84.38 +0.5% to 84.19 +0.5% after 15, 30,
and 45, 90 days. Similarly, the drug release decreased from
77 £0.5% at first to 69.87 =0.5% at the same intervals.
Moreover, slight differences in the pH of the formulation
were noted. Taking everything into account, these results
demonstrate that the formulation followed the directions
and stayed stable within acceptable boundaries.

Stability studies were conducted to know the significant
changes in the optimized formulation F6. After 90 days
observations, there is no significant changes in appearance,
pH, drug content. The resultant data were shown in Table 3.
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Figure 6. Korsmayer Peppas Plot of formulation F1-F12
Table 3. Stability studies for in-situ nasal gel
Days Appearance p" Drug Content
0 Transparent &Viscous solution 5.64 +0.051 88.14 +0.00085
15 Transparent &Viscous solution 5.61 +0.057 87.76 +0.00064
30 Transparent &Viscous solution 5.59 +0.049 88.25 +0.00098
45 Transparent &Viscous solution 5.56 +0.062 87.81 +0.00034
90 Transparent &Viscous solution 5.57 +0.063 88.01 +0.00029
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