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ABSTRACT
Background: The present study involves the formulation and in-vitro
assessment of mucoadhesive tablets of hydrocortisone sodium succinate.
Local treatment for buccal inflammatory injuries such as aphthous wounds
relies on the fact that a high amount of drug can be delivered at the target
site, as well as reduction or avoidance of steroidal adverse effects seen
by systemic administration routes. Methods: Tablets contained acacia as
the mucoadhesive component with different concentrations (10, 20 and
30%w/w). To this, lactose, magnesium stearate and active pharmaceutical
ingredient were added and mixed thoroughly. These tablets were
prepared by direct compression technique. Buccal tablets were tested
for thickness, hardness, weight and content uniformity, surface pH and
mucoadhesive strength. Kinetic of drug release was also calculated for
the best formulation. Dissolution parameters were also measured in-vitro
for the selected formulation and compared with Corlan® as the standard
reference tablet. Results: All of the tests confirmed the proper formulation
according to the standards of conventional oral tablets. Mucoadhesive
strength of one of formulations was about 50% more than the reference

tablet. The optimized formulation that was made by 10% acacia provided
adequate release comparable to Corlan®. Release profile was best fitted
to Hixson-Crowell model. Conclusion: We concluded that our formulated
buccal tablet was comparable and similar in-vitro bioequivalent) to the
reference tablets.
Key words: Aphthous, Buccal tablet, Mucoadhesive, Hixson-Crowell,
In-vitro, Bioequivalence.
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INTRODUCTION
Oral buccal administration of drugs offers advantages for either local or
systemic drug delivery such as ease of administration, patient acceptance,
fast absorption of drug through high vascularization of buccal mucosa
and avoidance from possible gastrointestinal damages.1 Previous studies
showed that topical buccal therapy with corticosteroid anti-inflammatory
drugs is promising in control of ulcerative and inflammatory mucosal
diseases.1-3
Several commercial products containing hydrocortisone sodium
succinate and hydrocortisone acetate as a systemic and local antiinflammatory and anti-allergic agent are available for parenteral or
topical use on skin.2
Mucoadhesive buccal tablets are also preferred for local delivery of active
compounds because adhesion of tablets to mucosal tissue keeps them in
place in direct contact to the target site like wound or lesion. Increase
in residence time of medicine at the site of action in turn increases the
concentration of localized drug leading to the improvement in efficiency
of treatment. Besides tablets are single dosed and offer accurate dosing
over other topical forms like ointments and gels. In fact by using
mucoadhesive buccal tablets, high amount of steroids are released at the
target site while systemic side effects are minimized or even avoided.
Developing a mucoadhesive buccal formulation for painful aphthous
lesions was the aim of this study. The conventional formulation like
lozenges, troches, gels and oral mouthwashes are simple dosage forms
for drug delivery through the oral cavity mucosa.1-5 However, these
conventional dosage forms have two major disadvantages which consist

of an initial burst of activity followed by a rapid decrease in concentration
and a limited in situ persistence related to the constant flow of saliva and
the mobility of involved tissues.3,6 Mucoadhesive buccal preparations
administered are expected to overcome above problems.7,8 Bioadhesive
polymers have received considerable attention as platforms of controlled
drug delivery for the following reasons. They can be localized in a specific
surface, which is able to absorb drugs leading to the enhancement of
bioavailability; they prolong the residence time and ensure an optimal
contact with the absorbing surfaces. The mechanism of bioadhesion of
polymers to the mucosa is still not fully understood. Different types of
mucoadhesive polymers may be used in design of buccal drug delivery
systems. Recently buccal mucoadhesive tablets have been developed
with promising results.8-13
There are a number of mucoadhesive polymers that many of them are
introduced recently.14,15 But acacia is a natural polymer that has been
used for years. Because of its properties like being natural, safety, water
solubility16 and also in order to produce a formulation comparable to
Corlan tablet, acacia was selected as the mucoadhesive polymer in our
study.
In this work we developed a bioadhesive tablet for buccal administration,
containing hydrocortisone sodium succinate by different concentrations
of mucoadhesive component acacia.17 It was then compared to the
reference tablet Corlan® manufactured by Auden Mckenzie, North
Devon, UK. The research covered formulations with varying ratios
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of mucoadhesive compound to study the effect of bioadhesive
concentration on tablet characteristics.17-19

MATERIALS AND METHODS
Materials
Hydrocortisone sodium succinate was kindly gifted by Jaber ebn Hayan
Pharmaceutical Co., Tehran, Iran. Lactose monohydrate, magnesium
stearate and acacia were purchased from Sigma-Aldrich Co. (Germany).
All other reagents and chemicals were of analytical grade.

Formulation of Mucoadhesive tablet
Different formulations were made by varying amounts of mucoadhesive
component (acacia). Other ingredients included the diluent (lactose
monohydrate) and the lubricant (1% w/w magnesium stearate)
accompanied by our medicinal compound (hydrocortisone sodium
succinate). All of ingredients, except lubricant, were homogenously
blended for 20 min, followed by further blending for 5 min after addition
of the lubricant. Resultant mixture of powders was screened through
sieve number 40. The blend was then directly compressed using 6 mm
flat-faced punch to 80mg tablet, at a constant compression load using a
single punch tablet machine (Noavaran Co. Iran). Table 1 shows different
formulations of our buccal tablets.

Evaluation of Tablets
Tablets were evaluated for weight variation (n=10), hardness (n=6),
thickness (n=6), friability (n=8, about 6.5 g), surface pH (n=3),
content uniformity (n=10), assay (n=5), Disintegration time (n=6), invitro release (n=6) and in-vitro bioequivalent test (n=6) and in-vitro
mucoadhesion study (n=3).19,20
Weight variation test was performed for ten tablets from each batch
using an electronic balance and average values were calculated.20
Hardness test was conducted for 6 tablets from each batch using hardness
tester and average values were calculated.
The thicknesses of buccal tablets were determined using a micrometer.
Six individual tablets from each batch were used and the average
thickness was calculated.20
Friability was found to be within the limits of conventional oral tablets
stated in the United States Pharmacopoeia (USP). Friability was
determined by testing 8 tablets in a friability tester for 4 min at 25 rpm.21,22
The bioadhesive buccal tablets (n=3) were exposed to 1 ml of distilled
water and allowed to swell for 5 min. The pH was measured after
bringing the pH meter electrode in contact with the surface of the tablet
and allowing it to equilibrate for 1 min.21,22
10 formulated tablets and 10 reference tablets were randomly selected.
Hydrocortisone amount was then measured and compared to the
amount found in the reference tablets according to the USP for content
uniformity assessment.
Five tablets were selected randomly and powdered in a mortar. An
amount of powder equivalent to the single dose of drug was dissolved
in purified water by shaking for 30 min. It was then filtered through a
filter (0.45 µm). The drug content was analyzed at 248 nm using the UV
spectroscopy (CECIL 7250, UK). Each measurement was carried out in
triplicate and average of drug content was calculated.21,22
For each batch, six randomly selected tablets were placed in disintegration
apparatus basket and the process of disintegration was carried out. Time
was recorded after complete disintegration of tablets.21,22
The USP rotating paddle method (apparatus II) was used to study the
drug release from the buccal tablets. Dissolution medium was consisted
of 900 mL purified water. Experiment was performed at 37±0.2°C with a

rotation speed of 50 rpm. Tablets were placed at the bottom of dissolution
medium and Samples (5 mL) were withdrawn at predetermined time
intervals and replaced by an equivalent amount of fresh medium. The
samples were filtered through a membrane filter (0.45 µm) and analyzed
by UV spectrophotometer at 248 nm.21,22 One-way ANOVA analysis
was performed on the release profile to compare different formulations.
(P<0.05, significant difference)
Amount of released hydrocortisone after 45 min were used as dissolution
test data according to pharmacopoeia.
An in-house apparatus23 was used to quantify the mucoadhesive property
of tablets in vitro (Figure 1).
The sheep buccal mucosa was cut into pieces, washed with phosphate
buffer pH 6.8 and tied onto the lower platform of the apparatus (Figure
1) with mucosal side upwards. The buccal tablet was mounted onto the
upper platform of the test device that was then lowered onto the lower
part until it just touched the sheep buccal mucosa. The upper platform
was attached to a digital balance. A digital balance was installed above
the instrument attached to the upper platform using a string. The vessel
containing the platforms was filled with phosphate buffer pH 6.8 and
kept at 37±0.5°C. Tablets were left in position in contact with mucosa
for a few minutes before the application of detachment force. The lower
platform was then steadily descended using the adjustable screw until
detachment of tablet from the sheep tissue. Mucoadhesive strength was
assessed in terms of weight (grams, g) required to detach the tablet from
the membrane, which was observed by a digital balance (Figure 2).23,24
For each batch of preparation, three tablets were examined and the
mean of adhesive strength was calculated. Mucoadhesive strength was
measured as force of adhesion in newton by using the following formula.
Force of adhesion (N) = Mucoadhesive strength (g) × 9.81/100
FI, FII, FIII and Corlan tablets were compared using this procedure.
Table 1: Composition of different formulations of hydrocortisone
buccal tablet.
Ingredients

FI (mg)

FII (mg)

FIII (mg)

Hydrocortisone (as sodium succinate)

3.52

3.52

3.52

Acacia

8.0

16.0

24.0

Lactose

67.68

59.68

51.68

Magnesium stearate

0.8

0.8

0.8

Total

80.0

80.0

80.0

Figure 1: Diagrammatic representation of the device for mucoadhesive
strength measurement.23
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To study the release kinetic model and bioequivalence in-vitro, Corlan
tablets (n=3) and the best-formulated tablets (n=3) were randomly
selected and put inside the dissolution device. The method of study was
the same as dissolution rate measurements mentioned before. Absorbance
at 248 nm was obtained and compared to calibration curve in order to
calculate the concentrations at 5, 10, 15, 30 and 45 min of experiment.
Kinetic model of release was also obtained for FI formulation and Corlan
tablets. Parameters of release profile for various models including zero
order, first order, Higuchi, Hixson-Crowell, Weibull, linear probability,
log probability, square root of mass and reciprocal powered time were
calculated by using relevant formulas. The best model was selected
considering the highest residual sum of squares (RSQ) and the least
mean percentage of error (MPE) values.25
For bioequivalence study, difference factor (f1) and similarity factor (f2)
were calculated to compare the release pattern between FI and Corlan
tablets.26

RESULTS
Composition of prepared formulations is represented in Table 1. All of
the performed tests were found to be within the limits of conventional
oral tablets stated in the USP Results are shown in Table 2.

Calibration curve for hydrocortisone is presented in Figure 3 that was
used for all hydrocortisone quantifications.
FI, FII and FIII were found to release 105.3%, 102.7% and 101.5% of the
drug within 45 min. The reference tablet was found to release 101.6% of
the drug within 45 min.13,27
All of the hydrocortisone is therefore released in 45 min for our study
and reference tablets. Comparison of cumulative drug release for all
formulations is shown in Figure 4.
The mucoadhesive characteristics were affected by the concentration
of the acacia, as any increase in concentration of acacia could increase
mucoadhesive strength of formulation consequently (Table 3). The
mucoadhesive strength of the reference tablet was slightly lower
compared to FI, which may be related to lower diameter of reference
tablet compared to our formulated tablets.
Among three concentrations of mucoadhesive component (10, 20 and
30%), all of them had an acceptable drug release profile, mucoadhesive
strength, surface pH and other physical characteristics. Although due to
economical concern, formulation made by using 10% acacia was chosen
as an optimum formulation.
Release profile between Corlan® and FI (acacia 10%) was comparable.
There was no significant difference (p<0.05) between release of reference
and FI tablets according to one-way ANOVA. Release pattern was fitted

Table 2: Physicochemical properties of mucoadhesive buccal tablets of Hydrocortisone Sodium Succinate and Corlan.
Formulations

Weight average
(mg)

Friability

DT
(min.)

Thickness
(mm)

Hardness
(kg/cm²)

Assay

Surface
pH

Content
uniformity

D
(mm)

FI

80.0

<1%

10´, 58˝

1.6

7.1

99.0

6.76

96.0 AV< 15

6.0

FII

80.0

<1%

12´, 20˝

1.6

7.6

100.0

6.77

97.0 AV< 15

6.0

FIII

80.0

<1%

13´, 45˝

1.6

7.8

98.5

7.65

97.0 AV< 15

6.0

Corlan

75.0

<1%

14´

1.2

7.1

99.0

6.7

97.0 AV< 15

5.5

DT=Disintegration time, D=Diameter, AV=Average

to a number of mathematical kinetic models of release. According to
results the best model for our optimized formulation is the HixsonCrowell model (Table 4). It seems that our release mechanism relies
in dissolution from a continually changing surface of tablet during the
process.25 Results were different for Corlan release pattern and degree
of correlation was low that was indicating a poor relationship with
predicted model (Weibull, RSQ: 0.883, MPE: 5.30).
In-vitro bio-equivalency was performed on the basis of a simple and
independent mathematical model using difference factor (f1) and

Figure 2: Mucoadhesive strength testing apparatus.
Table 3: Mucoadhesive strength of buccal tablets of Hydrocortisone
sodium succinate and Corlan.
Formulation code

Mucoadhesive
strength (g)

Mucoadhesive force
(N)

FI

3.71±0.2

0.36±0.02

FII

4.27±0.2

0.42±0.02

FIII

6.19±0.4

0.61±0.04

Reference tablet
(Corlan)

2.49±0.2

0.24±0.02

(Mean of 3±SD)
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Figure 3: Hydrocortisone sodium succinate calibration curve at 248 nm.
International Journal of Pharmaceutical Investigation, Vol 10, Issue 3, Jul-Sep, 2020

Daneshmehr, et al.: Hydrocortisone Mucoadhesive Buccal Tablet
Table 5: In-vitro bioequivalence test result for FI and Corlan tablets.
Time (min)

Tt

Rt

0

0

0

Model

MPE

RSQ

Slope

Intercept

13.87

0.824

0.014

0.445

First order

44.10

0.859

-0.203

1.320

Higuchi

9.41

0.912

0.134

0.165

Hixson-Crowell

4.08

0.984

0.019

0.068

Square root of mass

7.09

0.973

0.018

0.182

Weibull

4.53

0.938

1.246

-2.889

Linear probability

3.74

0.954

0.093

-0.774

Log probability

12.80

0.839

1.639

-3.350

Reciprocal powered
mass

20.38

0.729

-3.783

7.868

similarity factor (f2) obtained from release profile. Similarity factor is
approved by FDA for immediate-release solid oral medicines.28 Similarity
and difference factors were calculated by using number of time points
(n), dissolved amount of reference tablet at time t (Rt) and dissolved
amount of test tablet at time t (Tt). According to the literature two
formulations are considered bioequivalent if f1 is between 0 and 15 and
f2 is in the range of 50 to 100.29 For our FI formulation in comparison to
the reference mucoadhesive tablets, f1 was 9.24 and f2 was equal to 50.95
(Table 5). It is concluded that FI is similar to Corlan and may be used
instead.

DISCUSSION
As mentioned before, buccal adhesive systems offer some advantages in
terms of accessibility, ease of administration and withdrawal, keeping
in situ and high patient compliance. Adhesion of these drug delivery
devices to mucosal membrane leads to an increased drug concentration
at the absorption site and therefore improves availability of delivered
drugs. Adhesiveness increases the contact time over the lesion mucosa.
Shortening of treatment time is therefore another advantage of buccal
delivery for mouth disorders. In addition to increase in drug delivery
to the action site, these systems reduce side effects compared to the
systemic administration. It is concluded that buccal adhesive dosage
forms are excellent dosage forms for mouth local disorders.30
Several classes of polymers are used as mucoadhesive compounds.
Natural mucoadhesive polymers are getting more attention recently
because of low cost and toxicity, biodegradability and safety over
synthetic mucoadhesive compounds. Chitosan, alginate and cellulose

Tt - Rt

(Tt - Rt)2

0.00

0.00

0.00

5

37.95

41.55

-3.60

3.60

12.96

60.32

78.30

-18.02

18.02

324.7

15

78.30

88.18

-9.88

9.88

97.61

30

92.74

90.83

1.91

1.91

3.65

45

100.09

103.87

-3.78

3.78

14.29

369.40

402.73

-37.33

41.15

453.23

Figure 4: Comparison of release profile for FI, FII, FIII and Corlan. (Mean of
3±SD).

Zero order

Tt - Rt

10

Sum

Table 4: Parameters of release kinetic models for FI formulation.

Dissolution

f2 = 50 * log {[1+1.n ∑ (Rt - Tt) 2] -0.5 * 100} =

50.95

f1 = ∑(| Rt - Tt | ) . (∑Rt) * 100 =

9.24

derivatives are among these polymers.31 Acacia may be considered as one
of natural adhesives with high mucoadhesion strength.30 Furthermore as
we had decided to compare our formulated buccal tablet with Corlan in
which acacia was used for mucoadhesion, therefore acacia was chosen
for the formulation.
Using acacia, proper mucoadhesion was achieved. The mucoadhesive
strength with the lowest concentration of acacia was comparable to
Corlan tablets. These buccal tablets showed a fast in-vitro dissolution
profile that serves to release a high amount of drug in a short time to
promote healing of the aphthous lesions. The entire drug formulated in
tablets was released successfully. Results of in-vitro tests were quite similar
and comparable to Corlan tablets showing a promising formulation.
Increase in acacia concentration did not produce a significant change
(p<0.05) in the release profile. Although in many studies concentration
of mucoadhesive compound caused a significant decrease in release
rate.21 It may be related to the fact that formulated hydrocortisone
sodium succinate tablet has a fast dissolving property.
Model of release kinetic was also determined according to the formula of
different release models and found out to be obeying the Hixson-Crowell
best. This is a release pattern on the basis of dissolution of particles from
progressively changing surface of a matrix.
It has been repeatedly reported that similar pharmaceutical products
show different effects in-vivo. Comparison of dissolution profile may
be considered a fairly precise in-vitro method. A simple method of
calculation that is independent from type of formulation was employed
for this purpose. Difference factor (f1) shows the percentage of difference
between formulated and reference release profile at each time point.
Similarity factor (f2) measures the similarity between releases of
formulations that has been adopted by FDA for in-vitro bioequivalence
studies. According to f1 and f2 factors, our formulated buccal tablet is
expected to be similar to Corlan in-vivo.

CONCLUSION
Mucoadhesive buccal systems are offering superior therapy for localized
oral cavity disorders like aphthous lesions. In this study a buccal tablet
with mucoadhesive property was successfully formulated and compared
to a reference tablet in-vitro. Mucoadhesive strength of our tablet was
similar to the reference tablet. Released amounts after 45 min were
comparable. Release pattern were fit with the Hixson-Crowell model. Invitro bioequivalence study (similarity and dissimilarity factor) showed
that our formulated buccal tablet of hydrocortisone may be considered
bioequivalent to the reference tablet meaning that it may be used
interchangeably.
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The future expectation of buccal adhesive drug delivery may be accounted
for the efficient delivery of proteins and peptide compounds. Study on
the new natural or synthetic adhesive polymers will result in growing
interest for this type of formulation for management of painful ulcerative
lesions inside the mouth in chemotherapy and immunocompromised
patients. Studies should also be directed to develop more validated and
standard in-vitro methods in order to provide the accurate assessment
of buccal adhesive systems to promote local and systemic delivery via
oral mucosa.
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ABBREVIATIONS
AV: Average; D: Diameter; f1: Difference Factor; DT: Disintegration
Time; g: Gram; MPE: Mean Percentage of Error; µm: Micrometer;
mg: Milligram; ml: Milliliter; mm: Millimeter; min: Minute (s); nm:
Nanometer; N: Newton; n: Number; Rt: Reference at the time t; RSQ:
Residual Sum of squares; rpm: Rounds Per Minute; f2: Similarity Factor;
∑: Sum; Tt: Test at the time t; USP: United States Pharmacopoeia.
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