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A B S T R A C T

Aphthous ulcers are painful sores that may occur in the mouth’s mucous membrane and are the most common
type of oral lesions. The present research is aimed to develop in-situ gel of hydrocortisone for the treatment of
aphthous ulcers. Temperature induced in-situ gels were prepared by using various concentrations of methylcel-
lulose. The prepared formulations were evaluated for the conversion of sol-gel transition temperature or gelation
temperature, gelling capacity, pH, viscosity, syringeability, spreadability, drug content, In vitro and ex vivo studies.
The gelation temperatures of the prepared formulations were found to be in the range of 32–39 �C. The for-
mulations exhibited fairly uniform drug content (76.40–94.7%) and pH was found to be 6.8. In vitro drug release
was carried out for 8 h using phosphate buffer as a diffusion medium. In-situ gel formulation containing 1% w/v of
methylcellulose as a gel base prolonged the drug release up to 8 h and showed sustained release behaviour. Via
these, in-situ gel formulations, the release kinetics of the drug was first order. Finally, it can be inferred that in-situ
gel formulation containing 1% w/v of methylcellulose facilitates prolonged drug release, extended drug residence
period, which in turn improves the bioavailability of drugs. The short-term stability studies were carried out and
no substantial changes were observed.
1. Introduction

The National Oral Health Program was drafted by the Indian Dental
Associations (IDA) to address the burden of dental illnesses and to ach-
ieve ‘optimal oral health’ for all by 2020 which has been recognized in
recent years as an important component of general health.1 Food being a
significant modifiable parameter can influence oral health considerably.
An imbalance in nutritional status can negatively affect oral health,
where, bad oral health can affect food intake, resulting in malnutrition,
thus, playing a central role in maintaining good nutritional status.
Interdisciplinary teams including general physicians, dentists, nurses and
dietitians have recognized the importance of oral health contributing to
overall wellbeing and quality of life and ensure that the patients have a
healthy oral health record and achieve sufficient nutrition.2

Aphthous ulcers oral mucosal inflammatory ulcer that occurs in the
oral cavity and frequently affects everyday tasks including feeding,
drinking and speaking. The expression “aphthous” had been derived
from the Greek word “aphtha,”meaning ulceration, where, the aphthous
ulcer is also sometimes called an aphthosis. Aphthous ulcer causing
canker sores are more prevalent in females than in males. These ulcers
are round or oval, with a greyish yellow, crateriform base surrounded by
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an erythematous halo of inflamed mucosa, usually occurs on non-
keratinized oral mucosa including the lips, buccal mucosa, mouth floor
and tongue ventral surface.3

Aphthous ulcer is classified as a minor, major and herpetiform. Minor
Aphthous ulcer involves the development of one to five ulcers each with a
diameter less than 1 cm. There 10–100 ulcers at a time in the herpeti-
form, the ulcer scale is typically 1–3 cm, and ulceration lasting 7–10 days.
These ulcers are also called herpetiform ulcers, as they appear similar to
lesions caused during primary infection of herpes simplex.4

Higher prevalence of recurrent aphthous ulcer in young adults and
the severity decreased with increasing age. The etiology of aphthous
ulcer remains unclear. Other possible factors include trauma, drug use,
deficiency in vitamin B12, folic acid, iron, stress, hormonal changes and
metabolic diseases.3 Many topical agents such as local and systemic an-
tibiotics, local antiseptics, topical NSAIDs, and topical corticosteroids are
generally prescribed for symptomatic relief. Several approved drug for-
mulations such as pills, mouthwash, sprays and paste such as vitamin
B12, chlorhexidine mouthwash, steroid lozenges and local anesthetics
are primarily suggested for the treatment of aphthous ulcer.

Herein, we have developed the hydrocortisone in -situ gel for the
treatment of aphthous ulcers. In-situ, Latin term meaning “In Position”.
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In-situ gels are in solution form before getting in the body.5 Over the past
few years, in-situ gel systems have received a significant attention as
mucoadhesive drug delivery system suitable for the sustained drug
release mechanism.6 This in situ gel formation is achieved by one or a
combination of different stimuli such as pH change, temperature mod-
ulation and ionic cross-linking.

Both natural and synthetic polymers can be utilized in the formula-
tion of in situ gels.7 In-situ; therefore, gels are administered through
ocular, rectal, vaginal, injectable, and intraperitoneal routes. The ad-
vantages of these gel delivery systems include ease of administration,
lower dose and frequency, and improved local bioavailability, patient
compliance and comfort. The composition is also less complex and lowers
production and manufacturing.8

Corticosteroids are a class of chemicals that includes steroid hor-
mones, both glucocorticoids and mineralocorticoids. Glucocorticoid as
an anti-inflammatory and immunosuppressive agent represents the
application of physiological effects to disease treatment and this corti-
costeroid can directly affect T lymphocytes or modify the reaction of
effectors cells to immunopathogenic precipitants.9 Hydrocortisone that
belongs to the glucocorticoid class is used for the treatment of aphthous
ulcer and is meant to reduce the inflammatory cycle involved with the
development of aphthae and this hydrocortisone has a brief biological
half-life of 8–12 h and is the first drug option for anti-inflammatory ac-
tivity compared to other drug types.10 Hydrocortisone (1% w/v) was
prescribed as an effective therapeutic dose based on literature about
evidence-based medicine (EBM) in dental practice.11

The present research was devised as an attempt to fabricate and
investigate a sustained release of hydrocortisone in-situ gel for the
treatment of aphthous ulcers by using various concentrations of methyl
cellulose. The study thus aims to improve the bioavailability and control
the release of drugs using a biodegradable polymer network.

2. Materials and methods

Hydrocortisone, Yarrow Chem. Products, Mumbai; methyl cellulose,
triethanolamine and sodium citrate were procured from S.D. Fine
Chemicals, Mumbai.

2.1. Preparation of in-situ gelling system

For the preparation of in-situ gelling system, sodium citrate was added
to the distilled water with continuous stirring until a clear solution was
obtained for the preparation of hydrocortisone containing in-situ gel
formulations. Methyl cellulose was selected as polymer and applied with
continuous stirring to the above solution and allowed to hydrate over-
night. The calculated amount of hydrocortisone (1% w/v) and trietha-
nolamine was added separately (Table 1) under constant stirring to the
polymer solution. The formulation configuration of hydrocortisone in
situ gel was tabulated and the formulations designed for various char-
acterization studies were further evaluated.12

2.2. FT-IR studies

The potential for drug-polymers interactions was assessed using FTIR
(Jasco M 4100, Mumbai, India). KBr pellet method was used to spec-
troscopically analyze hydrocortisone, methyl cellulose and formulation
Table 1
Formulation design of in-situ gel.

Formulation
Code

Hydrocortisone (%w/v) Methyl cellulose (%w/v)

F1 1 0.25
F2 1 0.50
F3 1 0.75
F4 1 1.00
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these pellets were scanned from 4000 to 400 cm�1 wavenumbers, and
characteristic peaks were observed.

2.3. Appearance, clarity, and pH

Appearance and clarity were visually recorded in the light before and
after gelling against the white and black backgrounds. The pH is one of
the most important parameters for in-situ gel formulation was directly
measured using a digital pH meter (Deluxe pH meter, India).

2.4. Viscosity

Brookfield optical viscometer (RVDV2 T model) was used to assess
the viscosity and rheo-related properties of in-situ gel hydrocortisone
using T-96 spindle. Taking 50 g of the gel in a beaker, the spindle was
dipped inside. The gel viscosity was measured at varying angular ve-
locities at 25 �C. A normal course was for the angular velocity to change
from 5 to 25 rpm.

2.5. Syringeability

All prepared formulations were transferred to the constant volume (2
ml) of a 5 ml syringe placed with a 20-gauge needle. The solutions, which
were quickly passed from the syringe, were called passing and difficult to
pass, as failed.

2.6. Spreadability

Approximately 1 g of the gel was loaded in the middle of the glass
plate (20 mm or 20 inches) to assess the spreadability of the gel. Each
piece of glass was covered with another layer of the same thickness. First,
the weight of 1000 g on the upper side of the plate was gently applied,
resulting in the gel spreading out over the plates. The weight was
removed after 1 min of application and the diameter of the spread area
(cm) was then determined.

2.7. Gelling capacity

To determine the compositions suitable for in-situ gelling systems, all
the prepared formulations were tested for appearance and gelling ability.
A visual approach was used to assess the gelling potential with which
colored formulations solution was stored. The gelling potential was
estimated by inserting 2 ml of 6.8 pH phosphate buffer in a 10 ml test
tube and holding a temperature of 37 � 1 �C. The phosphate buffer was
supplemented with 1 ml of colored formulating solution. As the formu-
lation comes into contact with the phosphate buffer, it was converted to a
rigid gel-like structure in a mimetic way. Baswd on the stiffness of the
formed gel and the period for which the formed gel remains as such, the
formulation capacity of the gel was evaluated. The in vitro gelling ability
was divided into three groups based on the freezing time and the time
required to dissolve the gel.

2.8. Scanning electron microscopy

Scanning electron microscopy (SEM) was used to assess surface
composition, structure, and to investigate the broken and sectioned
Sodium citrate (%w/v) Triethanolamine Distilled water

0.25 Q. S Q. S
0.25 Q. S Q. S
0.25 Q. S Q. S
0.25 Q. S Q. S
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surface morphologies. SEM studies were conducted using dry formula-
tion (Hitachi – s-3700N, Japan) on an ion sputter-coated electron mi-
croscope brush stub.

2.9. Differential scanning calorimetry

Differential scanning calorimeter (DSC) (DSC-60 -Shimadzu, Japan)
was used to assess stability tests of drug excipients and also to detect
further phase shifts, such as glass transformations, crystallization,
amorphous shapes of drugs and polymers. Samples of 10 mg were
weighed and sealed in standard aluminum panels and then scanned at a
heating rate of 10 �C/min over a temperature range from 50 �C to 300 �C.

2.10. Drug content analysis

The weighed amount of gel equivalent to 2 mg of drug was accurately
taken and dissolved in phosphate buffer (pH 6.8). The product content
was measured against phosphate buffer at 242 nm (pH 6.8) using UV-
Visible Spectrophotometer-1800 (Shimadzu, Japan) and determined
from the calibration curve.

2.11. In vitro drug release studies

The study of hydrocortisone in vitro drug release from the in-situ gel
formulations was conducted using cellophane membrane for a period of
8 h. Phosphate buffer was the dissolution medium of pH 6.8. Tied to one
end of a glass cylinder was the cellophane membrane, previously soaked
overnight in the dissolution medium. Then 1 ml of the formulated
formulation was wrapped in cellophane membrane and placed in phos-
phate buffer. The dissolution medium was stirred with a magnetic stirrer
at 50 rpm. The sample was collected at regular intervals and replaced by
a receptor medium volume similar to that. At the time interval pre-
determined, one ml of the sample was taken and spectrophotometrically
analyzed at 242 nm.

2.12. Drug release kinetics

To understand the drug release kinetics of in situ gel formulation of
hydrocortisone, the data on drug release were treated with zero order,
first order kinetics, and equation of Higuchi. The release mechanism was
understood by fitting the data into Korsmeyer-peppas equation Mt/Ma ¼
Ktn, where ‘Mt/Ma’ is the fraction of the drug released at the time t,’ ‘K’ is
kinetic constant, and ‘n’ is release exponent that defined the process for
releasing the drug. If the value of ‘n’ is less than 0.45 then it is considered
a Fickian release, values greater than 0.45 and less than 0.89 are
considered anomalous (non-Fickian) transport and finally, the value of
‘n’ greater than 0.89 follows super case- II release mechanism.

2.13. Stability study

Stability analysis of optimal formulation was performed at 25 �C/60%
and 40 �C/75% RH according to the State Guidelines of the International
Conference of Harmonization (ICH). Stable formulations were evaluated
for pH, gelling ability, product quality and rheological properties in vitro
dissolution for three months.

2.14. Ex vivo studies

Ex vivo release analysis was performed with fresh chicken skin which
was soaked for 5–6 h in the sodium bromide solution and washed with
water to extract the adhering fat tissue. The skin was then placed in the
phosphate buffered diffusion cell (pH 6.8). The medium was thermo-
statically controlled at temperature 37�1 �C and 5 ml of the sample was
collected at fixed intervals and spectrophotometrically measured at 242
nm against their respective blank formulation.13
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3. Results

3.1. FT-IR studies

Formulations displayed typical peaks of drugs and polymers while no
new bands or point changes existed suggesting no interaction between
drug and polymers. FT-IR studies showed the hydrocortisone peaks at
3443 cm�1 (OH stretching), 2936 cm�1 (CH stretching), 1708 cm�1

(COOH), 1643 cm�1 (carbonyl group), 1433 cm�1 (OH bending) and
1275 cm�1 (C–O stretching).

Characteristic peaks at 3427 cm�1 (OH Stretching), 2928 cm�1 (CH
Stretching), 1708 cm�1 (COOH), 1637 cm�1 (Carbonyl) and 1033 cm�1

(C–O–C Stretching) in both drug and polymer.
Peaks at 3456 cm�1 (OH Stretching) and 3365 cm�1 (NH stretching),

2924 cm�1 (CH Stretching), 1388 cm�1 (OH Bending), 1641 cm�1

carbonyl functional group and 1114 cm�1 (C–O–C stretching). This
spectrum showed some drug functional groups were masked due to the
encapsulation of polymer. Formulations displayed typical peaks of drug
and polymers while no new bands or point changes existed suggesting no
association between drugs and polymers (Fig. 1).
3.2. pH

The pH of the formulations (F1–F4) was found to be pH 6.7, which
concluded suitable for aphthous ulcer as well as pH of formulation equal
to the pH of gingival crevicular fluid (GCF), which suggests the prepared
hydrocortisone loaded in-situ gel formulations as an optimal dosage type
to be delivered in a mouth cavity without any possible inflammation and
improved patient compliance (Table 3).14
3.3. Viscosity

The typically formulated viscosity (F1–F4) was observed to be
290–440 cps. Methyl cellulose has an influence on the viscosity as a
hydrophilic polymer. Methyl cellulose concentration ranged in formulas
(0.25–1%). Higher levels of formulated methyl cellulose (F-4) showed
the highest viscosity of 440 cps at 25 �C than the lowest amount of methyl
cellulose used (F-1) (Fig. 4). Higher viscosity is beneficial to quickly
inject the in-situ gel into the oral cavity at a lower temperature, whereas
higher viscosity is beneficial for gels to stay in the oral mucosa for longer
periods (Table 3).
3.4. Spreadability

Evaluation of spreadability in terms of area covered by in situ gels per
unit time and it was related to in-situ gel viscosity. An increase in
mucoadhesive polymer concentration restricted the distance traveled by
in-situ gel owing to the increased viscosity of the mucoadhesive polymer
of in-situ gel. An optimal in-situ gel must have the correct gel strength so
that it can be easily administered and stored at the mucosa without
leakage after administration (Table 3).15
3.5. Syringeability

Ideally, the in-situ gel formulations are of low viscosity when being
inserted into the oral cavity, as the formulation required less force to
remove the formulation from the needle-equipped syringe. After appli-
cation, the in-situ gel formulation should have a high viscosity to bind to
the mucosal surface with a higher retention period in the mucosal mouth
cavity to allow a sustained release of the medication for the treatment of
aphthous ulcers. All formulations were found to be at preferable viscosity
to be conveniently inserted into the mouth cavity as the formulations
were passed to the syringeability examination with a 20-gauge needle
(Table 3).16



Fig. 1. FT-IR studies of pure drug with excipients in A, B and C.
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Table 2
In vitro gelling capacity.

Methyl cellulose
concentration (%)

Gelling
capacity

Gelation temperature
(�c)

Gelation
time (m)

0.25 þ No gelation up to 45 �C
temperature

–

0.50 þ No gelation up to 45 �C
temperature

–

0.75 þþ 39 6
1.00 þþ 32 4

(þ), gels after few minutes, dispersed rapidly.
(þþ), gelation immediate, remains for few hours.
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3.6. In vitro gelling capacity

Concentrations of gelling and bioadhesive polymers were found to
impact the gel strength, where the gel composition with appropriate
tolerance to water is critical. Table 2 shows the measurement of the gel
strength data. After 15 min, formulation F-1 and F-2 containing lower
polymer concentration displayed the poorest gelation and dispersed
rapidly while shaking. Formulation F-3 and F-4 containing higher poly-
mer concentration demonstrated immediate gelation effect and the gels
formed were rigid and continued to be stable for a prolonged period. This
study showed that the fluid intensity of the formulation of the in-situ gel
was 33–34 �C, which increased as the methyl cellulose concentration
increased.
3.7. Scanning electron microscopy

SEM (Fig. 2) was used to analyze the composition and surface texture
of the in-situ gel. Drug filled in-situ gel with both formulations (F1–F4)
revealed common signs of homogeneous mixing of polymers with drugs,
where, no drug particles on the surface of sample gels were observed.
Table 3
Characterization of in situ gel.

Batch code Clarity pH Viscosity (cps)

F1 Passes 5.8 � 0.008 290 � 10
F2 Passes 5.9 � 0.057 310 � 40
F3 Passes 6.7 � 0.044 395 � 30
F4 Passes 6.8 � 0.072 440 � 10

Fig. 2. A. SEM of formulation (F-1) B. SEM of formulation (F-2

273
3.8. Differential scanning calorimetry

The thermogram of hydrocortisone and formulation (F-4) is shown in
Fig. 3. The hydrocortisone had a long and distinctive endothermic peak
at 280.27 �C. Formulation of the in-situ gel revealed product endothermic
plateau at 224.40 �C. It is evident from this finding that the endothermic
formulation in-situ showed the lowest melting point at 224.40 �C of the
drug. Compared to pure medication (hydrocortisone), in-situ gel formu-
lation thermogram melting point appeared to be reduced and the
appearance of sharp and long endothermic peak confirmed the amor-
phous nature of hydrocortisone.

3.9. Drug content

Product content indicates that the amount of product content was
contained in the range of 76.4–94.7% for all product material formula-
tions (Table 2). The experiments were performed in triplicate.

3.10. In vitro drug release study

Drug loaded in-situ gel formulations were conducted for in vitro
release experiments was carried out using pH 6.8 phosphate buffer in the
diffusion medium for 8 h. The F1–F4 formulations containing polymer
concentration (0.25–1%) displayed up to 4–8 h of the drug release
(Fig. 5). The Formulations F-1 and F-2 released 100% of the drug within
5 h. The immediate release of the drug that was observed in formulations
was due to the low concentration of methylcellulose. These observations
indicated that the drug’s immediate release is attributable to the weak
gelling capacity at low concentrations of methyl cellulose. Due to higher
amounts of methyl cellulose than other formulations, the formulation
containing 1% w/v of methyl cellulose (F-4) showed about 50% of the
drug was released within 3 h. Study of the release of drugs in vitro
revealed that the release rate was dependent on concentration of methyl
Drug content (%) Syringeability Spreadability (g.cm/s)

80.3 � 0.012 Passes 12 � 0.03
76.4 � 0.051 Passes 13.6 � 0.15
85.1 � 0.076 Passes 15.2 � 0.11
94.7 � 0.082 Fails 17 � 0.09

) C. SEM of formulation (F-3) D. SEM of formulation (F-4).



Fig. 3. A. DSC of pure drug B. DSC of formulation (F-1) C. DSC of formulation (F-2) D. DSC of formulation (F-3) E. DSC of formulation (F-4).

Fig. 4. Rheological profile of the in-situ gelling systems of F-4.

Fig. 5. In vitro release study.
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cellulose. The greater the concentration of methyl cellulose, the lower the
drug release rate.

3.11. Release kinetics

The resulting data were fitted into the followingmathematical models
(Table 4) to determine the release pattern and release mechanism. The
drug release data from the in situ gel (F-4) was plotted using various
kinetic models such as zero order, first order, Higuchi and Korsmeyer-
Peppas. The R2 value and ‘n’ value of the drug loaded in-situ gel formu-
lation is summarized in Table 4.
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The best fit model of release sequence was considered with zero and
first-order maximum regression value (R2). Higuchi model regression
values showing diffusion function were similar to defining the release
mechanism. The slope value ‘n’ of the Korsmeyer-Peppas model further
confirms the release mechanism.

The results suggest that the in-situ gel formulation release profile
value of the first order kinetics and Higuchi kinetic model have the
highest linearity. The release exponent n was found to be 0.432, where, n



Table 4
Kinetics release studies.

Batch code KINETIC MODELS

Zero order First order Higuchi Korsmeyer-Peppas

R2 R2 R2 n R2

F1 0.956 0.436 0.730 1.538 0.452
F2 0.995 0.377 0.879 1.611 0.492
F3 0.993 0.254 0.898 1.530 0.350
F4 0.995 0.236 0.867 1.583 0.387

Fig. 6. Ex vivo studies of F-4.
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< 0.49 indicates the Fickian diffusionmechanism. From these results, it is
concluded that the release of hydrocortisone from the in-situ gel follows
first order kinetics and Fickian diffusion mechanism.

3.12. Stability studies

At 25 �C/60% and 40 �C/75% RH, the selected formulation F-4 was
subjected to accelerated stability studies for three months. Formulation
(F-4) remained unchanged in appearance, pH, consistency, percentage
drug content, and viscosity.

3.13. Ex vivo studies

The best stable formulation (F-4) was selected and subjected to a test
of ex vivo release using diffusion cell through the chicken skin. The ex vivo
release studies reveal a better estimate of the characteristics of drug
permeation through animal skin. It was observed that at the end of 8 h,
the permeation of optimized formulation F-4 showed a release of 88.33%
as seen in Fig. 6.

4. Discussion

Aphthous ulcer is an oral mucosal inflammatory ulcer that predomi-
nantly occurs in the oral cavity that affects everyday tasks such as
feeding, drinking, and speaking. In the present study, a sustained release
hydrocortisone loaded in-situ gel was developed for the treatment of
aphthous ulcers using various concentrations of methyl cellulose. Visu-
ally formulated in-situ gel formulation presented as a very simple and
clear gel and was observed to have a pH of 6.7 which is suitable for
gingival crevicular fluid (GCF). This characteristic is very important for
oral formulations and does not irritate the gingiva, which is considered
safe to administer in a mouth mucosal without any possible irritation and
improves patient compliance.17

Higher amounts of formulated methyl cellulose (F-4) displayed a
maximum viscosity of 440 cps at 25 �C than the lowest volume of methyl
cellulose reported (F-1). Upon application, the in-situ gel formulation
should have a high viscosity to bind to the mucosal surface for a pro-
longed period and ensure that the medication is absorbed consistently for
the successful treatment of aphthous ulcer.

Evaluation of spreadability in terms of area covered by in-situ nasal
gels per unit time showed that spreadability was related to the in-situ gel’s
viscosity. Increasing mucoadhesive polymer content reduces the distance
traveled by in-situ gels since mucoadhesive polymer increases the vis-
cosity of in-situ gels. The optimal in-situ gel should have the precise gel
strength such that it can be effectively applied and stored at the mucosa
without leaking after administration, where, the escape of the drug from
the preparation depends on the formulation viscosity. In formulation, the
highest concentration (1.0% w/v) of methyl cellulose was used indi-
cating strong gelation (þþ) time, where, the length of floating time re-
mains 6–8 h. This could be due to the methylcellulose reaction with
sodium citrate to form suitable gelling properties.18

FT-IR compatibility analysis was used to determine potential drug-
polymer interactions. Formulation revealed typical peaks of drug and
polymer and no new bands or peak changes were suggesting no associ-
ation between drug and polymer. SEM observations confirmed the
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distribution of drug molecules in the polymer matrix and cross-linked
into a gel. The SEM micrographs of F-3 & F-4 showed that hydrogel
with visible porosity.19

The percentage of drug content was observed to be in the range of
76.4–94.7% in all the formulations (F1–F4). The drug release pattern was
the true measure of the drug successfully loaded into the in-situ gel ma-
trix. The release studies were meant to replicate the conditions in vivo.20

The formulation containing 1% w/v of methyl cellulose (F-4) showed
that approximately 50% of the drug was released within 3 h due to higher
levels of methyl cellulose than other formulations.

Among all the formulations, the F-4 (1%w/v) formulation exhibited a
sustained drug release mechanism up to the end of 8 h. The decreased
release rate following an enhancement in methyl cellulose concentration
can be due to the relative improvement in gelling ability and gelling
intensity.21 F-4 formulation demonstrated first-order release pattern as
the observed higher R2 value for first-order. The formula for the in-situ gel
is stable at varying temperature and humidity levels. After evaluating the
results, F-4 was further tested for its ex vivo tests.14

The ex vivo release studies revealed a better estimate of the charac-
teristics of drug permeation through animal skin. It has been observed
that at the end of 8 h the permeation of optimized F4 formulation showed
a release of 88.33%. Therefore, an attempt was made in this study to
develop a sustained release of hydrocortisone in-situ gel for the treatment
of aphthous ulcer by using different concentrations of methyl cellulose.22

5. Conclusion

In the present analysis, the in-situ gel of hydrocortisone was prepared
using a specific concentration of methylcellulose (0.25–1% w/v) as the
base of the gel. To assess the suitability for the formulation, all the
formulated formulation was evaluated. All the prepared formulations
provide intimate contact between the drug and the absorbing tissue that
can lead to a high concentration of drugs in the local area. It can be
established based on the findings obtained that the formulated formu-
lation is appropriate for the treatment of aphthous ulcers. The formula-
tion containing 1% w/v of methyl cellulose is known as an optimal
formulation based on the measurement criterion from this four-different
formulation. The formulation F4 (1% w/v) showed desirable gelling
capacity and 6.8 pHwhich is suitable for the treatment of aphthous ulcer.
The in vitro release of 100% of drug release up to the end of 8 h which
offers a consistent means of releasing drugs and prolongs the residency
duration. This can also be inferred that the formulated formulation in-
creases patient compliance with improved bioavailability appropriate for
the diagnosis of aphthous ulcer.
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