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ABSTRACT
Objectives: In the present investigation a novel oral drug delivery system was developed 
by combining two different techniques floating and mucoadhesive system so called float-
adhesive, in order to obtain a controlled system that could remain in the stomach for 
prolonged period and release the drug in a controlled manner. Materials and Methods: 
Microspheres containing Famotidine were prepared by ionic gelation method using 
Mimosa pudica seed mucilage as a natural mucoadhesive polymer. Sodium alginate (SA) 
and chitosan (CS) were incorporated as drug release modifier. The microspheres were 
characterized by scanning electron microscopy and evaluated by employing shape and 
particle size, % drug entrapment efficiency, in vitro floating ability, in vitro mucoadhesion 
and in vitro drug release pattern. Results: The prepared microspheres were acceptably 
spherical with a mean particle size in the range of 334 ± 1.18 µm to 498 ± 1.12 µm. 
Drug entrapment efficiency was observed in the range of 72.82 ± 1.10% to 92.38 ± 
1.20%. Formulations containing a combination of both mucilage and chitosan showed 
increased in vitro mucoadhesion and buoyancy as compared to formulations containing 
chitosan alone. In vitro drug release for all the formulations in 0.1N HCl was diffusion 
controlled gradually throughout 12 h and followed Higuchi’s and Korsmeyer Peppas 
kinetics. The mechanism of in vitro drug release was non-fickian type controlled by 
swelling and relaxation of the polymer. Conclusion: The developed microspheres have 
dual advantages of being floating and mucoadhesive to increase oral bioavailability and 
releasing drug in a controlled manner, to reduce the required frequency of administration 
thereby promoting patient compliance.
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INTRODUCTION
Oral sustained drug delivery systems are 
the most accepted and common systems 
due to various reasons like excellent patient 
compliance, dose reliable properties and 
reduction of  frequency of  administration.1 
but in oral medications, drug bioavailability 
has always been a major problem which 
is influenced by various factors such as 
short (GRT) gastric residence time,2 and 
this is the major factor of  the incomplete 
release of  the drug and low bioavailability 
which leads to decreased effectiveness of  
the administered dose.3 A novel technique 

for gastric retention favor prolonged drug 
release in the stomach,4 because in this 
system dosage form can remain in the gastric 
environment for a longer time and improves 
bioavailability.5,6 But, floating dosage forms 
has a disadvantage that it cannot release 
drugs on the mucosal surface because drug 
release occurs at multi directions, due to 
this kind of  release small amount of  drug 
reaches to the target site and to achieve 
more efficient results the release of  drug 
to the specific area is very important.7 
Floating drug delivery system has one more 
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disadvantage that it can work only when the fluid level 
in the gastric environment is sufficiently high because 
as the fluid level goes down and the stomach empties, 
the floating dosage form also goes down into the 
pylorus and the buoyancy of  the dosage form may be 
hindered.8 This serious problem can be overcome by 
using a mucoadhesive polymer in the system so that 
the dosage form can adhere to the mucus lining of  
the stomach wall for a long time. This mucoadhesive 
system has the benefit of  increased contact time with 
stomach linings and provides more effective absorption 
and bioavailability of  drugs with absorption window 
near proximal intestine and stomach hence reduced 
dosing frequency.9 In this article an intelligent idea 
of  combining two techniques such as floating and 
mucoadhesive has been explored by utilizing natural 
polymers so that dosage form can float as well adhere 
to the mucus lining to improve the residence time in the 
stomach. These polymers generally swell in gastric fluid 
and float, therefore, increasing the gastric residential 
time of  formulation.10 Mucilage and gums are examples 
of  these natural polymers.11 
Previous studies focused mainly on developing 
floating formulations of  Famotidine using synthetic 
polymers. However, the targeted drug delivery system 
of  Famotidine by using natural polymers like mucilage 
of  Mimosa pudica seed was not studied yet. First time 
in this article floating mucoadhesive microspheres of  
Famotidine using all natural excipients explored. The 
polymer was isolated from the seeds of  Mimosa pudica 
family: Mimosaseae. Extracted mucilage is a polysaccharide 
in nature12 and has been discovered for various uses such 
as gelling agent, tablet binder, stabilizer and thickening 
agent.13 So far no studies have formulated Mimosa 
mucilage based floating mucoadhesive microspheres 
loaded with Famotidine to the best of  knowledge.
Mimosa seed mucilage is chemically composed of  
D-xylose and D-glucuronic acid.14 It has a property 
of  mucoadhesive polymer due to its hydrophilic and 
sustained release nature.15 Second polymer used in 
this study for the comparative study is Chitosan; a 
natural, non-toxic, biodegradable, biocompatible 
and linear polysaccharide.16 Sodium bicarbonate was 
used to provide buoyancy to prepared microspheres. 
Sodium alginate, which shrinks in low pH when used 
at higher concentrations, was used for sustained drug 
release in combination with chitosan.17,18 It is nontoxic, 
biodegradable and biocompatible.19 Alginates undergo 
ion tropic gelation in an aqueous solution in the 
presence of  divalent cations like Ca2+, Ba2+, Pb2+ and 
trivalent cations like Al3+ due to ionic interaction and 
intermolecular bonding between the carboxylic acid 

groups located on the polymer backbone and cations.20 
Famotidine is a potent H2-receptor antagonist and 
is widely used in the treatment of  peptic ulcers in a 
dose of  20 mg two times a day. The plasma half-life 
of  Famotidine is 2.5-3 h has been reported in various 
articles; also exhibits a toxic effect in prolonged use. The 
low bioavailability (40-45%) and short biological half-life 
(2.5-4 hr) of  Famotidine following oral administration 
favors the development of  a float-adhesive dosage 
form.21 Hence an idea was made in this current study 
to investigate the mucoadhesive ability of  mucilage of  
Mimosa pudica seed in the form of  microspheres for 
floating mucoadhesive microspheres of  Famotidine.

MATERIALS AND METHODS
Materials
Famotidine was purchased from Yarrow Chem 
Pharmaceuticals, Mumbai. Sodium alginate and 
Chitosan were procured from the Central Institute of  
Fisheries Technology, Cochin. Calcium chloride and 
Sodium bicarbonate were purchased from Rankem 
Laboratory Chemical, New Delhi, India. All other  
reagents used were of  analytical grade.

Isolation of mucilage from Mimosa pudica seed
Mucilage was isolated as per previously reported methods 
in various published articles with little modifications. An 
accurate quantity (100 g) of  seeds of  Mimosa pudica was 
weighed and processed for separating the dried brown 
peels from the kernel seed with the help of  blander and 
plastic sieve were used to separate the seed. Collected 
seeds were then crushed lightly and soaked in the double 
volume of  water for 12 h, the hydrated mucilage along 
with seeds was taken out and spread in a thin layer on 
the stainless steel tray or in the dish as shown in Figure 
1. After that dried in an oven at 50°C for 4-5 h. The 

Figure 1: Hydrated seeds with a film of mucilage.
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dried mucilage was scraped from the tray by using a 
blade or knife and separated from the parts of  seeds by 
passing through a sieve (18 meshes). The mucilage was 
further purified by winnowing to separate seed husk. 
The dried purified mucilage powders were preserved in 
desiccators.22 

Preparation of Mucilage Based Float-adhesive 
Microspheres of Famotidine
Batches of  microspheres were prepared by ionic 
gelation method which involved a reaction between 
sodium alginate (SA) and polycationic ions like calcium 
chloride (CaCl2) to produce a hydrogel network of  
calcium alginate. Sodium alginate in the different 
ratios (2-6 % w/v) was dissolved in purified water in 
one beaker then drug (Famotidine) and mucilage (1:1) 
were added in the same beaker and stirred vigorously. 
After that gas forming agent Sodium bicarbonate in 
the ratio of  (0.5-3% of  alginate) was also mixed in 

alginate solution. The prepared slurry was added in a 
thin stream to 5 % w/v CaCl2 solution contained in a 
500 ml beaker at a stirring speed of  1200 rpm. 10% v/v 
glacial acetic acid was then added slowly while stirring 
for ionic gelation reaction. Stirring was continued for 
one hour to complete the reaction and to generate 
spherical microspheres. Afterward, microspheres were 
recovered by filtration through a sintered glass filter, 
under vacuum, dried in a hot air oven at 60° for 1 h. 
Other formulations with a different drug: polymer ratios 
(1:1 to 1:6 w/w), varying Sodium alginate and sodium 
bicarbonate concentration, were prepared at different 
stirring speed and the same method was adopted for 
the preparation of  Chitosan microspheres in ratios of  
(1:1 to 1:6 w/ w) keeping all the parameters constant.23 
Different formulations are represented in Table 1 and 
2. The ionic gelation methods used the concept 
of  cross linking of  polyelectrolyte in the presence 
of  counter ions.24 The mechanism of  this method 

Table 1: Batch details of Mucilage and Chitosan loaded Famotidine float-adhesive microspheres.
Batch Code

For mucilage
Batch Code
For chitosan

(Famotidine: Mucilage)
(Famotidine: Chitosan)

Stirring Rate 
(RPM)

NaHCO3 Sodium alginate
(%)

FM-1 FC-1 1:1 1200 0.5 1

FM-2 FC-2 1:2 1200 1.0 2

FM-3 FC-3 1:3 1200 1.5 3

FM-4 FC-4 1:4 1200 2.0 4

FM-5 FC-5 1:5 1200 2.5 5

FM-6 FC-6 1:6 1200 3.0 6

FM-7 FC-7 1:3 900 1.5 3

FM-8 FC-8 1:3 1000 1.5 3

FM-9 FC-9 1:3 1100 1.5 3

FM-10 FC-10 1:3 1300 1.5 3
In all the batches calcium chloride concentration 5% was kept constant to obtained best gelling structure and spherical shape

Table 2: Batch details of the combination of Mucilage and Chitosan loaded Famotidine float-adhesive 
microspheres.

Batch Code
For mucilage and chitosan

Drug: Polymer1: Polymer2 (Famotidine: 
Mucilage: Chitosan)

Stirring Rate 
(RPM)

NaHCO3 Sodium alginate 
(%)

FMC-1 1:1:1 1200 0.5 3

FMC -2 1:1:2 1200 1.0 3

FMC -3 1:1:3 1200 1.5 3

FMC -4 1:2:1 1200 2.0 3

FMC -5 1:3:1 1200 2.5 3

FMC -6 1:2:2 1200 3.0 3

FMC -7 1:3:1 900 2.0 3

FMC -8 1:3:1 1000 2.0 3

FMC -9 1:3:1 1100 2.0 3

FMC -10 1:3:1 1300 2.0 3
In all the batches calcium chloride concentration 5% was kept constant to obtained best gelling structure and spherical shape.
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occurs through polyelectrolyte interaction between 
the negatively charged Alginate carboxyl group and the 
positively charged Chitosan amine group.25

Evaluations of Float-adhesive Microspheres of 
Famotidine
FTIR study of prepared microspheres

The FTIR spectra of  isolated mucilage and formulation 
containing drug (Famotidine), mucilage and chitosan 
were recorded using a Fourier transforms infrared 
spectrophotometer (FTIR 410 PC), between ranges 450 
to 4000 cm-1. The sample was gently triturated with a 
small amount of  potassium bromide (KBr) powder 
(300mg) and compressed into pellets or discs by applying 
6000kg/cm2 pressure, using manual hydraulic pressure. 
FTIR is done in the laboratory of  NIET Greater Noida. 

Percentage yield
The practical percentage yield of  extracted mucilage was 
calculated from the weight of  prepared microspheres 
obtained from each batch about the sum of  the initial 
weight of  raw materials. The percentage yield was 
calculated using the following formula.26

                               Weight of  product
% Yield =  × 100
                  Total weight of  excipients and drug

Drug entrapment efficiency
100 mg of  prepared microsphere were crushed carefully 
and incorporate in 100 ml of  simulated gastric fluid 
(0.1N HCl pH 1.2 without pepsin). The prepared 
suspension was kept on a magnetic stirrer overnight and 
after that filtered through a 0.22 mm filter to separate 
shell fragments. Contents of  drug were analyzed by 
spectrophotometer at 265 nm. The drug entrapment 
efficiency of  each sample was determined in triplicate 
by using the formula.27 
                                               Actual drug content 
Drug entrapment efficiency (%)  × 100
                                                  Theoritical amount of  drugs

Particle size analysis
The particle size of  the prepared microspheres was 
determined by a laboratory scale optical microscope. 
Calibration of  instrument was done first and make sure 
that 1 unit of  eyepiece micrometer was equal to 12.5μm. 
Approximately 100 microspheres were calculated under 
45 x magnifications. The average particle size of  prepared 
microspheres was determined by using Edmondson’s 
equation.28

          ndDmean=              n

Where n =Number of  microspheres observed and d = 
Mean size range

Surface morphology
The surface morphology of  prepared microspheres was 
done by using the most common method of  scanning 
electron microscopy (SEM).29 Microspheres were spread 
directly onto the sample stub and coated with the 
gold film under reduced pressure. This film work as a 
conducting medium on which a stream of  the electron 
was allowed to flow and then the photograph was taken 
at an acceleration voltage i.e.15 kV by a scanning electron 
microscope (JEOL JSM – 6490 LA, Japan). The shape 
and surface texture of  the microspheres were recorded.

In vitro buoyancy study

100 milligrams of  the microspheres were placed in 100 
ml of  the simulated gastric fluid (pH 1.2) containing 
0.04% w/v tween 20 and then stirred at 100 rpm 
with a magnetic stirrer for 12 h. After 12 h, the layer 
of  buoyant microspheres was separated and placed on 
a filter paper to absorb water. Sinking particle layers 
were also separated by filtration. Both types of  particles 
(floating and sinking) were dried in desiccators until a 
constant weight was obtained. Both the fractions of  
dried microspheres were weighed and floating behavior 
was determined by using the following formula.30 
                   Microspheres remaied floating 
% Buoyancy   × 100
                        Total mass of  microspheres 

Swelling measurement
A swelling study was performed in dissolution test 
apparatus II. 100 mg of  prepared microspheres were 
placed in the vessels containing 500 ml 0.1 N HCl 
(pH1.2) and allowed to rotate at 50 rpm and swell 
throughout 12 h. The microspheres were withdrawn at a 
fix time intervals and placed on blotting paper to remove 
an excess amount of  water. The changes in weight of  
microspheres were determined at different time intervals 
until a constant weight was obtained. The swelling index 
was calculated using the following equation.31

                            Weight of  microspheres after swelling-
                                        Intial weight of  microspheres
Swelling index (S) =    × 100
                                        Initial weight of  microspheres 

In vitro mucoadhesion study
The mucoadhesive behavior of  the prepared 
microspheres was performed by in vitro wash-off  test. In 
this test a 4 cm x 4 cm piece of  goat intestinal mucosa 
was taken and tied onto the paddle bottom of  a USP 
dissolution test apparatus-II using a thread. A specified 
amount of  microspheres, i.e. 100 mg were spread onto 
the wet tissue specimen. The dissolution test apparatus 
was operated such that the tissue specimen was rotated at 
a speed of  25 rpm in 0.1 N HCl (pH 1.2). At the end of  



Mahor, et al.: Float-adhesive Microspheres of Famotidine

Indian Journal of Pharmaceutical Education and Research | Vol 55 | Issue 2 | Apr-Jun, 2021� 411

6 h and 12 h, the weight of  microspheres still adhering 
onto the tissue was calculated by using formula.31

                               Amount of  microspheres still 
                                                     adhering
% Mucoadhesion    × 100
                                 Amount of  microspheres applied 

In vitro drug release study
In vitro drug release study was performed in USP type-II 
dissolution test apparatus. An accurately weighed amount 
of  microspheres equivalent to 100 mg of  Famotidine 
was placed in the basket of  dissolution vessel containing 
900 ml of  0.1N HCl (pH 1.2) stirred at 50 rpm and 
maintained at 37±1°C. Aliquots of  samples (5 ml) at 
a fixed time interval were withdrawn and 5 ml fresh 
dissolution media was replaced after each withdrawal.32 
The samples were diluted with 0.1 N HCl and analyzed for 
Famotidine content by UV-Visible spectrophotometer at 
265 nm against the blank. All the experimental units 
were analyzed in triplicate (n=3).

RESULTS AND DISCUSSION
The peak of  Famotidine shows an absorption band at 
3505.98 cm-1 due to the N-H stretching of  sulphonamide 
group, peaks at 1427.99 cm-1 and 1147.33 cm-1 due to 
S-O stretching and C=S stretching. The peaks of  Mimosa 
mucilage shows the absorption band at 3400.67 cm-1 
owing to -OH stretching of  alcohol, a peak at 1171.28 
cm-1 owing to C-O stretching of  alcohol and at 2936.47 
cm-1 which is due to C-H stretching of  the alkyl group. 
The peaks of  chitosan show a strong band in the region 
3239 cm-1 corresponds to N-H and O-H stretching of  
amino and hydroxyl groups. The presence of  residual 
N-acetyl groups was confirmed by the bands at around 
1300-1633 cm-1 owing to C=O stretching of  amide 
group indicating there was no chemical interaction 
between the drug and excipients.33 as shown in Figure 2.
The SEM photographs of  the optimized formulations 
coded FM3, FC3 and FMC4 are depicted in Figure 3. 
The outer surface of  the microspheres showed small 
pores and crevices which may be responsible for the 
drug release. On visual examination it was observed 
that almost all formulations of  microspheres were 
irregular in shape and size but out of  them some were 
acceptably spherical that formulation was taken for 
further evaluations. 
From various evaluations it was observed that as the 
drug to polymer concentration increased, the product 
yield also increased. Sometimes the low percentage yield 
in some formulations may be due to product loss during 
the washing and handling process. The percentage yield 
of  all formulations containing mucilage and Chitosan 

was found to be in the range of  70.12% to 89.58% as 
shown in Table 3. Data of  encapsulation efficiency is 
Table 3. It was affected by the drug to polymer ratio 
and also the type of  polymer used. The entrapment 
efficiency increased significantly with increasing 
polymer concentration. This is because the increase in 
the polymer concentration resulted in the formation 
of  a larger microsphere so that entrapping more 
drugs.34 Encapsulation efficiency of  mucilage-loaded 
microspheres was higher as compared to Chitosan-

Figure 3: SEM images of Famotidine loaded microspheres 
(a) FC3 (Famotidine: Chitosan; 1:3); (b) FM3 (Famotidine: 
mucilage; 1:3); (c) FMC6 (Famotidine: mucilage: chitosan; 

1:2:1).

Figure 2: FTIR spectra for (a) formulation containing 
Famotidine, mucilage and chitosan and (b) mucilage.
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Table 3: Evaluation parameters of various batches of float-adhesive microspheres.
Formulation 

code
%Yield 

±SD
Average particle 
size* ±SD (μm)

% Drug entrapment 
efficiency* ±SD

Swelling 
rate* %

%Buoyancy*±SD

FM-1 74.36±1.5 398±1.25 78.12±1.25 70.72 83±1.12

FM-2 77.56±1.4 417±1.21 80.32±1.70 74.58 87±1.29

FM-3 82.23±1.3 422±1.71 83.27±1.30 78.67 90±0.99

FM-4 76.34±1.4 434±1.23 85.32±1.54 80.07 76±2.13

FM-5 78.76±1.4 448±1.43 87.43±1.34 84.21 71±1.34

FM-6 75.14±1.3 456±1.12 89.22±1.56 89.37 68±1.34

FM-7 80.38±1.5 498±1.34 80.56±1.42 77.87 82±1.08

FM-8 78.25±1.3 484±1.67 81.27±1.30 77.77 83±1.45

FM-9 76.68±1.4 471±1.29 82.34±1.56 78.11 81±1.34

FM-10 80.48±1.4 405±1.78 79.46±1.45 77.82 83±1.18

FC-1 70.12±0.3 334±1.18 72.82±1.10 64.70 70±1.30

FC-2 76.43±1.1 353±1.21 77.12±1.18 66.26 73±1.29

FC-3 80.23±2.5 372±1.71 82.34±1.72 67.03 78±1.49

FC-4 83.34±3.3 385±1.23 80.14±1.43 63.58 67±1.23

FC-5 81.45±3.4 391±1.43 76.21±1.49 61.47 63±1.27

FC-6 76.32±0.8 398±1.12 73.45±1.38 58.19 58±1.38

FC-7 77.53±0.1 412±1.31 78.56±1.20 66.21 80±1.10

FC-8 82.61±2.4 395±1.67 79.34±1.72 65.75 79±1.26

FC-9 71.28±1.2 384±1.29 80.22±1.36 64.28 82±1.36

FC-10 76.24±1.3 358±1.48 77.34±1.63 63.50 81±1.44

FMC-1 78.68±1.1 410±1.33 73.12±1.11 80.62 84±1.40

FMC-2 81.34±1.3 435±1.21 78.32±1.18 84.10 87±1.38

FMC-3 85.56±2.3 456±1.71 81.11±1.28 87.25 90±1.28

FMC-4 86.11±1.8 478±1.23 86.32±1.18 89.80 94±1.35

FMC-5 87.24±2.4 484±1.43 89.43±1.21 85.45 71±1.37

FMC-6 89.58±1.7 498±1.12 92.38±1.20 81.95 66±1.18

FMC-7 88.37±2.2 548±1.38 81.56±1.42 88.84 82±1.47

FMC-8 86.29±2.5 526±1.67 82.38±1.20 89.75 86±1.41

FMC-9 85.30±1.2 502±1.29 84.46±1.38 89.58 85±1.42

FMC-10 84.22±1.2 463±1.70 80.23±1.10 88.85 83±1.20

*Data are expressed as mean ± SD.

loaded microspheres because the increase in the 
concentration of  mucilage causes a rise in the viscosity 
of  the aqueous phase and mucilage has higher viscosity 
than that of  chitosan. DEE was also influenced by 
sodium alginate concentration used in the formulations 
and it was observed that at a concentration (˃3%), SA 
resulted in decreased drug entrapment efficiency because 
at higher concentrations of  SA, aggregation of  Chitosan 
occurs.35 In this study the maximum concentration for 
alginate was found to be 3% w/v and it was based on 
uniformity and size of  microspheres. 
As the polymer concentration of  either mucilage or 
chitosan increases the particle size also increases, this is 
due to the increased viscosity of  the medium which was 

responsible for decreasing the stirring efficiency due to 
increased interfacial tension. 
The average buoyancy in percentage was found to 
be 68±1.34% to 94±1.35%. The highest percentage 
buoyancy was obtained with formulation FMC4, 
94±1.35%, which is because the type of  polymer used 
and an average concentration of  Sodium bicarbonate 
taken in the formulations was responsible for increase in 
the buoyancy percentage. 

Mechanism of Floating
In the whole process of  microspheres formation cross 
linking of  divalent calcium ions by carboxylate groups 
of  the sodium alginate molecules occurred to form a 
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jell barrier at the surface of  the microspheres.36 So the 
released gas CO2 from the reaction of  acetic acid and 
calcium carbonate was entrapped in the formed gel 
barrier that produced buoyancy in the microspheres. 
Because of  the reaction of  incorporated calcium 
ions with mucilage, a cross-linked three-dimensional 
gel network was also formed that hindered further 
diffusion of  CO2 from the formulations and resulted 
in a prolonged period of  floating and drug release.37 
It was observed that NaHCO3 in the range of  0.5-2% 
demonstrated good floating ability. Upon increasing the 
concentration of  Chitosan in low (pH 1.2) media, the 
amino group of  chitosan will produce a repulsive force 
that leads to swelling and hydration of  microspheres and 
due to hydration weight of  the microspheres increased 
causes sedimentation of  microspheres which reduced 
the percentage buoyancy of  the dosage form.38 
NaHCO3+CH3COOH→CH3COONA+CO2+H2O
It was observed that the swelling behavior of  the 
formulations was responsible for the extension of  
mucoadhesion time and drug release pattern through 
the polymer. The swelling index was evaluated in 
simulated gastric fluid (pH-1.2) and it was observed that 
the swelling index was affected by the concentration of  
chitosan, mucilage as well as concentration of  sodium 
alginate. The result shown in Table 3 indicated that 
with an increase in polymer concentration, the degree 
of  swelling also increased. The higher concentration 
of  mucilage exhibited a large number of  polar groups 
which increased water absorption and hence, increased 
swelling index.39 as the concentration of  chitosan 
increases, initially the swelling of  chitosan microspheres 
increases in acidic media at pH 1.2 but later on it was 
hindered due to presence of  alginate. An increase in 
alginate concentration 3˂% resulted in a lowering of  

swelling index, which is due to the shrinking tendency 
of  sodium alginate at lower pH. 
To determine the mucoadhesive characteristics of  the 
microspheres in-vitro wash off  test was carried out for 
all the formulations for 12 h. The results obtained 
are shown in Table 4. The wash off  results indicated 
that all the formulations having a good percentage of  
mucoadhesion that were ranging from 68% to 76 % for 
formulation FM-1 - FM-10, 61% to 73% for formulation 
FC1 - FC10 and 74% to 86% for formulation FMC1 - 
FMC10. The formulation containing both the mucilage 
and polymer FMC-4 showing the highest mucoadhesion 
of  86% as shown in Table 4 at the end of  12 h. It was 
due to the presence of  a higher proportion of  mucilage 
and due to the anionic nature of  the polymer.
In-vitro release studies of  Famotidine from floating 
mucoadhesive microsphere were performed in simulated 
gastric fluid (pH 1.2) In-vitro drug release of  all mucilage 
containing microspheres formulations was in the range 
of  82.84% to 58.56% at the end of  12 h with 68% to 
78% of  mucoadhesion and 68±1.34% to 90±0.99% 
buoyancy. In all these formulations FM3 was found 
to be best as it releases Famotidine 69.64%, with 76% 
mucoadhesion and 92±0.99% of  buoyancy at the end of  
12 h in a sustained manner. All formulations containing 
chitosan shows drug release in the range of  81.48% 
to 32.12%, with 64% to 73% of  mucoadhesion and 
58.19% to 67.03% of  buoyancy up to 12 h. Similarly, the 
formulation containing the combination of  both these 
polymers (chitosan and mucilage at different ratio) shows 
the drug release in the range of  62.75% to 51.55% with 
74% to 82% mucoadhesion and 71±1.37% to 94±1.35 
% of  buoyancy up to 12 h. It was found that there was 
a decrease in drug release with an increase in polymer 
content. This could be attributed to the higher degree 

Table 4: Percentage Mucoadhesion of In vitro wash- off test for all formulations.
Time
(h)

Initial amount of 
microspheres 
attached (mg)

Microspheres remaining (in %)

FM1 FM2 FM3 FM4 FM5 FM6 FM7 FM8 FM9 FM10

0

100

100 100 100 100 100 100 100 100 100 100

6 83 84 87 81 80 78 91 90 90 87

12 74 75 76 74 73 68 77 78 78 77

FC1 FC2 FC3 FC4 FC5 FC6 FC7 FC8 FC9 FC10

0

100

100 100 100 100 100  100 100 100 100 100

6 83 85 86 78 77 74 85 96 83 84

12 71 72 73 68 64 61 74 75 73 71

FMC1 FMC2 FMC3 FMC4 FMC5 FMC6 FMC7 FMC8 FMC9 FMC10

0

100

100 100 100 100 100 100 100 100 100 100

6 87 88 88 89 85 80 88 85 85 86

12 83 84 85 86 80 74 84 80 81 82
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Figure 4: Cumulative percentage drug release of mucilage 
containing microspheres.

Figure 5: Cumulative percentage drug release of chitosan 
containing microspheres.

Figure 6: Cumulative percentage drug releases of chitosan 
and mucilage containing microsphere.

Table 5: In-vitro release data fitting into various mathematical models.
Formulation 

code
Release models

Zero order First order Higuchi matrix Koresmeyer –peppas
R2 R2 R2 R2 (n) Best fit model

FM1 0.8932 0.9050 0.9891 0.9912 0.4534 Peppas/Higuchi

FM2 0.8975 0.9224 0.9889 0.9876 0.4558 Peppas/Higuchi

FM3 0.8830 0.9337 0.9829 0.9758 0.4641 Peppas/Higuchi

FM4 0.9196 0.9303 0.9917 0.9908 0.4752 Peppas/Higuchi

FM5 0.9484 0.9245 0.9897 0.9986 0.4561 Peppas/Higuchi

FM6 0.9477 0.9369 0.9851 0.9845 0.4865 Peppas/Higuchi

FC1 0.8988 0.9285 0.9881 0.9799 0.5554 Peppas/Higuchi

FC2 0.9123 0.9293 0.9905 0.9867 0.5856 Peppas/Higuchi

FC3 0.9085 0.9156 0.9836 0.9924 0.6334 Peppas/Higuchi

FC4 0.8962 0.9313 0.9627 0.9873 0.6624 Peppas/Higuchi

FC5 0.9111 0.9467 0.9787 0.9865 0.6845 Peppas/Higuchi

FC6 0.9355 0.9587 0.9805 0.9829 0.7143 Peppas/Higuchi

FMC1 0.9136 0.9072 0.9948 0.9948 0.4648 Peppas/Higuchi

FMC2 0.8851 0.9031 0.9882 0.9912 0.4687 Peppas/Higuchi

FMC3 0.8661 0.9123 0.9828 0.9934 0.4778 Peppas/Higuchi

FMC4 0.8691 0.9168 0.9835 0.9932 0.4845 Peppas/Higuchi

FMC5 0.8836 0.9039 0.9865 0.9962 0.4756 Peppas/Higuchi

FMC6 0.8868 0.9119 0.9869 0.9924 0.4758 Peppas/Higuchi

of  swelling upon hydration with a higher concentration 
of  mucoadhesive polymer content in the microspheres 
which leads to an increase in the diffusion path length 
of  the drug that slows down its release. The in vitro drug 
release profiles for formulations are shown in Figure 4-6. 
For better understanding the kinetics of  drug release 
from prepared microspheres, was analyzed according 
to different kinetic models. Table 5 shows that drug 
release from all the formulations seems to fit best in 
the Higuchi square roots model and Korsmeyer-Peppas 
model. It was observed that the mucilage and chitosan 
ratio had a more prominent effect on percentage drug 
release than the mucilage/chitosan alone. Formulations 
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with drug, mucilage and Chitosan in the ratio of  1:2:1 
(optimized formulation) were capable of  controlling 
drug release well as compared to mucilage/chitosan 
alone and considered as optimized formulation. When 
mucilage alone was used the drug release rate was rapid 
with a low concentration of  polymer.

Effect of stirring speed on particle size
Stirring speed played an important role in the formulation 
of  microspheres. As the agitation speed increased, the 
mean particle size decreased. This is due to frothing and 
adhesion of  microspheres to the wall of  the container 
and when agitation speed was decreased, it was stable 
emulsion droplets were not formed, hence larger 
particles were prepared. The optimum speed was found 
to be 1200 rpm for the formation of  microspheres at 
room temperature as shown in Table 3.

CONCLUSION
In this study, we successfully designed mucoadhesive 
floating microspheres of  Famotidine for use as a 
gastroretentive delivery system. The in vitro drug release 
test indicated that the microspheres composed of  
either mucilage or Chitosan possessed a sustained drug 
release profile at the end of  12 h. When compared with 
chitosan microspheres significant differences in particle 
size, mucoadhesive, floating ability and drug release 
were found. The mucilage containing microspheres 
demonstrated good buoyancy and adhesion properties 
as compare to chitosan. The efficiency of  release of  
Famotidine from prepared microcapsules was the key 
factor in the successful optimization of  a formulation. 
With a comparison between the corresponding ratios 
(1:1 to 1:6 w/w), the mucilage polymers were found 
more effective than chitosan in sustaining the drug 
release rate. In conclusion, this study demonstrates 
clearly that the novel idea of  a drug delivery system 
combining floatation with mucoadhesive properties 
could increase drug retention time in the gastric chamber 
to improve the treatment of  gastric disease. In context 
to the intense worldwide research for natural polymer, 
it can be envisaged that future workers would indulge 
in the optimization of  the various formulations of  the 
investigating polymer to promote its commercial scale 
up, for effective management of  peptic ulcer.
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PICTORIAL ABSTRACT SUMMARY
In this current study we successfully prepared float-
adhesive microspheres of Famotidine by using natural 
ingredients for the gastroretentive delivery system. 
The method of preparation was very simple and easy. 
Percentage buoyancy, mucoadhesive test and in-vitro 
drug release study indicated that the microspheres 
composed of both mucilage and chitosan possessed 
better results as compared to chitosan alone. Our 
study demonstrates that the intelligent idea of 
combining two techniques floating and mucoadhesive 
could increase the retention time of dosage form in 
the gastric environment to improve the treatment of 
gastric disease.
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