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ABSTRACT
Objectives: This research was aimed to evaluate a novel approach for 
preparation of mucoadhesive microspheres which can reside in the gas-
trointestinal tract for an extended time period. The microspheres contained 
amoxicillin, an anti-bacterial agent useful for the eradication of Helicobacter 
pylori. Methods: Ten different formulations were prepared by chemical 
cross-linking technique using gluteraldehyde as a cross linking agent and 
chitosan as mucoadhesive polymer. Natural release retardant polymers like 
guar gum, gum ghatti and xanthan gum were employed. All the micro-
spheres were characterized for morphology, particle size, drug entrapment 
efficiency, swelling index, bioadhesion to mucosal tissue and in vitro drug 
dissolution and anti-bacterial activity against E. coli. Results: The FTIR and 
DSC data indicated that there were no interactions between the drug and 
polymers used. All the microspheres exhibited good flow properties. The 
microspheres had a spherical shape with rough surface. The microspheres 
showed a good mucoadhesivity and also anti-bacterial activity. The release 

of the drug was prolonged to 12h when incorporated into mucoadhesive 
microspheres. Conclusion: Data obtained in this study concluded that mu-
coadhesive microspheres of amoxicillin can be used to effectively clear 
H. pylori from the gastrointestinal tract due to prolonged residence time 
resulting from mucoadhesion. In this study drug release was diffusion con-
trolled and followed zero order kinetics.
Key words: Glutaraldehyde, Helicobacter pylori, Zone of inhibition, Chick 
ileum, Mucoadhesion.
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INTRODUCTION
Mucoadhesion is an emerging concept which is used widely in most of 
the novel drug delivery systems via mucosal membrane of buccal, na-
sal, digestive tract, etc when administered through various routes.1 The 
mucoadhesive microspheres are used in sustained drug delivery with 
improved bioavailability and targeting efficacy due to their potential in 
localizing optimized drug delivery by retaining the formulation in con-
tact with its site of absorption.2 The properties of mucoadhesive micro-
spheres like their force of mucoadhesion, drug release pattern, surface 
characteristics and biodegradability are determined by the nature of the 
polymers used in their formulation.3

With the availability of variety of natural polymers, the manufactur-
ers today have achieved a tremendous success in developing the most 
promising therapeutic systems i.e., drug delivery systems, that provide 
an effective therapy for prolonged time periods.4 Natural polymers are 
less expensive and are associated with minimum toxic effects when com-
pared to synthetic release retardants.5 Chitosan is a biocompatible and 
biodegradable cationic polysaccharide which possesses mucoadhesive 
properties due to its ability to form strong interaction with the surface 
of mucosa.6

Amoxicillin is a semi-synthetic, broad spectrum antibiotic for oral use. 
Chemically it is α-amino hydroxyl benzyl penicillin.7 Since decades it has 
been used for the standard treatment of gastric Helicobacter pylori eradi-
cation which is believed to be the major micro-organism responsible for 
the cause of gastric or peptic ulcers. Hence its eradication by enhancing 

the residence time of antibiotic in the stomach is a prerequisite for the 
treatment of gastric or peptic ulcer.8

The objective of this study was to formulate and evaluate in vitro and 
ex vivo performances of mucoadhesive amoxicillin microspheres for the 
potential use in the treatment of gastric and duodenal ulcers, which are 
associated with H. pylori using various natural release retardants. The 
physicochemical properties were examined using FTIR, DSC and XRD 
studies. The adhesion of microspheres to mucosal tissue (chick ilem) has 
been investigated. The antibacterial activity of the drug loaded micro-
spheres was evaluated against a strain of E. coli. 

MATERIALS AND METHODS

Materials
Amoxicillin, chitosan, guar gum, xanthan gum and ghatti gum were ob-
tained from Yarrow Chem Products, Mumbai. Acetic acid was purchased 
from Finar Ltd., Light liquid paraffin, petroleum ether, Span 80; gluteral-
dehyde were obtained from Lotus enterprises.

Preparation of microspheres by chemical cross-linking 
technique
Amoxicillin loaded mucoadhesive microspheres were prepared by 
chemical cross-linking technique using gluteraldehyde as a cross link-
ing agent. 4% chitosan solution (in acetic acid) was prepared and the 
required quantity of drug was dissolved in it. This solution was added 
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drop wise into dispersion medium containing 25:35 v/v ratio of min-
eral oil+ petroleum ether and emulsifier. Dispersion medium was stirred 
with a mechanical stirrer at 1000-2000 rpm at room temperature. To this 
gluteraldehyde was added and the formed microspheres were collected. 
They were then washed with petroleum ether, sodium bisulfide and ac-
etone. The microspheres were dried in an oven at 40°C for 2 days.

Compatibility studies

FTIR analysis
The FT-IR spectra of drug, polymers and crushed microspheres were 
scanned over a frequency range 4000-400 cm-1 by placing sample on dia-
mond ATR and analyzing for the presence of characteristic peaks.

Differential scanning Calorimetry
The DSC analysis of pure drug, polymers and drug- loaded micro-
spheres were carried out to evaluate any possible drug polymer interac-
tion. The analysis was performed at a rate 10°C min-1 from 20°C to 30°C  
temperature range under nitrogen flow of 25 ml min -1. 

X-Ray powder diffractometry (X-RD)
The X-ray diffraction patterns of pure drug and the crushed micro-
spheres were recorded using Philips X-ray diffractometry (Ultima-III, 
Rigaku, Japan) with copper target to investigate the effect of microencap-
sulation on crystallinity of drug. 

Characterization of microspheres

Determination of micromeretic properties
The microspheres were characterized by their bulk density, tapped den-
sity, compressibility index, Hausner’s ratio and angle of repose.9

Percentage Yield (% yield)
The percentage yield of microspheres was calculated as the weight of fi-
nal product after drying to the initial weight of drug and polymer used 
for preparation of microspheres.10

Estimation of drug entrapment efficiency 
A weighed quantity of microspheres (equivalent to 100 mg of a drug) 
was crushed into powder and added to 100 mL of 0.1N HCl buffer. The 
resulting mixture was kept stirring at 2 hrs and kept it overnight. Then 
the solution was filtered through the membrane whatman’s filter and  
1 mL of this solution was diluted using 0.1N HCl buffer and analyzed 
spectrophotometrically at 270 nm to get practical drug content.11

Particle size analysis
Particle Size of the microspheres was determined with the help of opti-
cal microscopy using stage micrometer and ocular micrometer. Micro-
spheres were mounted on a glass slide and a minimum of 200 micro-
spheres were counted per batch.12

Shape and surface morphology
The external morphology of the microspheres was analyzed using Scan-
ning Electron Microscope (SEM). The microspheres were analyzed us-
ing a scanning electron microscope (JSM 6360, Joel make, UK). Samples 
were fixed on an aluminum stub with conductive double side adhesive 
tape.

Equilibrium swelling studies
Swelling index was determined by measuring the extent of swelling of 
microspheres in simulated gastric fluid. A known weight (50 mg) of mi-
crospheres was allowed to swell in a glass vial containing 10 mL of 0.1N 
HCl at 37±0.5°C for a period of 24 hr. The microspheres were periodi-
cally removed, blotted with filter paper and their changes in weights were 
measured during the swelling until equilibrium was attained. Finally, the 
weight of the swollen microspheres was recorded and the swelling ratio 
(SR) was then calculated from the formula.13

Where Wo = initial weight of microspheres and Wt= weight of micro-
spheres at equilibrium swelling in the media.

In vitro mucoadhesion test
The mucoadhesive properties of the microspheres were evaluated by 
in vitro wash-off test. A 1x1 cm piece of chicken stomach mucosa was 
mounted on to a glass slide with thread and rinsed with 0.1 N HCl. Mi-
crospheres were spread (~50) on a wet rinsed tissue specimen and the 
prepared slide was hung on to one of the grooves of a USP tablet disinte-
grating test apparatus which contained 900 mL of 0.1 N HCl at 37±0.5°C. 
When the disintegrating apparatus is operated, the tissue specimen is 
given slow regular up and down movement in the test fluid. At the end 
of 30 min, 1 hr and at the hourly intervals up to 12 hr, the machine was 
stopped and number of microspheres still adhering to tissue was calcu-
lated. The studies were carried out in triplicate.

Antimicrobial studies
The purpose of antibacterial studies was to find out drug release from 
formulations and its efficacy to inhibit the growth of micro-organisms. 
The antibacterial potency of the drug needs to be tested as the desired 
Minimum Inhibitory Concentration (MIC) has to be achieved. Antibac-
terial efficiency of amoxicillin-loaded mucoadhesive microspheres was 
assessed by determining MIC by standard tube dilution method against 
four standard pathogenic strains and was evaluated by performing the 
experiments in triplicate. Amoxicillin at different concentrations of 
1–100 g/mL in HCl (pH 1.2) was tested against organism such as Esch-
erichia coli (E. coli), For formulations F1 and F3, samples collected from 
in vitro release study of amoxicillin-loaded microsphere at different time 
intervals (1, 2, 3, 4, 5, 24 h) were also tested against Escherichia coli.

In vitro drug release studies
Drug loaded mucoadhesive microspheres were carried out for 12 hrs 
using paddle type dissolution apparatus (USP-XXIII Electrolab, Mum-
bai) containing 900 mL of dissolution apparatus at 37±0.5°C tempera-
ture and speed of agitation at 50 rpm. An accurately weighed quantity of  
microspheres was suspended in dissolution medium consisting 900 
mL of gastric (0.1N HCl) fluid and the process were continued for up 
to 12 hrs.At present time intervals, 5 mL aliquots were withdrawn and 
replaced by an equal volume of fresh pre warmed dissolution medium. 
After suitable dilutions, the samples were analyzed spectrophotometri-
cally at 270 nm.

Kinetic modeling
Data obtained from dissolution studies was fitted to various kinetic 
equations. The kinetic models used were 
zero order equation (Qt= Q0- kot), 
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First order equation (ln Qt=ln Q0- k1t), 
Higuchi’s equation (Qt = kHC t1/2), 
Hixson-Crowell cube root law (Q0

1/3-Q1/3 =kHC t),
 Korsmeyer- Peppas equation (Mt/M∞= ktn) 
The coefficient of regression and release rate constant values were com-
puted to ascertain the mechanism of drug release.14

RESULTS 

Preparation of mucoadhesive microspheres
Ten formulations of mucoadhesive micropsheres were prepared using 
different ratios of polymers like guar gum, xanthan gum, ghatti gum as 
shown in Table 1.

Compatibility studies
FTIR analysis
The IR spectrum of amoxicillin showed characteristic peaks correspond-
ing to the functional groups present in the drug structure as shown in 
Figure 1. IR spectra of amoxicillin showed characteristic peaks at 1772.3 
cm-1 (C=O of lactum ring), 1518 cm-1 (aromatic C-H), 2342.6 cm-1 (C-N 
bond), 1395.9 cm-1 (carboxylic acid), 3445.9 cm-1 (-OH group). 

Differential scanning Calorimetry
The DSC thermogram of amoxicillin exhibited a sharp endothermic 
peak at 135.11°C corresponding to its melting point, indicating its crys-
talline nature. The onset of melting was obtained at 96.65°C. The DSC 

Figure 2: Test for mucoadhesion on chicken ileum.

curves of chitosan and guar gum were obtained at 95.89°C and 167°C 
corresponding to their respective melting points. 

X-Ray diffractometry (X-RD)
Amoxicillin exhibited a series of intense peaks at 16.219° and 26.939° 
which were indicative of its crystalline nature. 

Characterization of microspheres

Determination of micromeretic properties
Flow properties like angle of repose, bulk density, tapped density; Carr’s 
index and Hausner’s ratio of the drug were studied. 

Figure 3: SEM image of mucoadhesive microsphere.

Table 1: Formulation of amoxicillin loaded microspheres.

Formulation 
code

Drug (g)
Chitosan 

(g)
Guar gum 

(mg)
Xanthan 

gum (mg)
Ghatti 

gum (mg)
Span 80 

(mL)
Gluteraldehyde 

(mL)
Acetic 

acid (%)
Light Liquid 
paraffin (mL)

Petroleum 
ether (mL)

F1 1 1 - - - 2 2 5 25 35

F2 1 1 31.25 - - 2 2 5 25 35

F3 1 1 62.5 - - 2 2 5 25 35

F4 1 1 125 - - 2 2 5 25 35

F5 1 1 - 31.25 - 2 2 5 25 35

F6 1 1 - 62.5 - 2 2 5 25 35

F7 1 1 - 125 - 2 2 5 25 35

F8 1 1 - - 31.25 2 2 5 25 35

F9 1 1 - - 62.5 2 2 5 25 35

F10 1 1 - - 125 2 2 5 25 35

Figure 1: FTIR overlay spectrogram of (A) Amoxicillin; (B) physical mixture of 
microspheres; (C) crushed microspheres.
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Percentage yield of microspheres
Percentage yield of microspheres of different batches F1-F10 were found 
to be in the range of 83.94 % to 94.80 %.

Drug entrapment efficiency
Entrapment efficiency of all the formulations ranged from 75.8% to 
92.9%. 

Particle size determination
The average particle size range was 66.38µm.

Equilibrium swelling index (%)
Swelling index of the prepared microspheres was in the range of 91.5% 
to 118.7%.

Mucoadhesivity of microspheres (%)
Mucoadhesivity of the microspheres was found to be in the range of 
86.32-77.21% for F2-F4 formulations prepared with guar gum, 78.43-
89.65% for F5-F7 formulations prepared with xanthan gum and 92.16-
83.71% for formulations F8-F10 prepared with ghatti gum.

Antibacterial studies
Antibacterial activity of amoxicillin against E. coli showed the highest 
mean zone diameter of 1.5 cm. The antibacterial activity of in vitro dis-
solution samples against E. coli were found to be 2.5 cm.

Surface morphology
SEM photographs of optimized formulation of microspheres of amoxi-
cillin showed that the microspheres were discrete spherical and uniform 
in shape as shown in Figure 3.

In vitro drug release studies
The cumulative in vitro release studies of different formulations of amox-
icillin were performed in 0.1N HCl buffer for 12 hr. The samples were 
spectrophotometrically analyzed at 270 nm. Formulation F1 showed 
84.74% drug release respectively in 8 hr without any sustained action. 
So, in order to sustain the drug release polymers like guar gum, xanthan 
gum, ghatti gum were utilized along with chitosan. In formulations F2, 
F3, F4, the drug release was found to be 98.23%, 99.73%, 80.96% respec-
tively in 10, 12 and 12 hr. Formulations F5, F6, F7 showed drug release 
of 83.17%, 78.24%, 75.12% respectively in 12 hrs. Formulation F8, F9, 
F10 showed release of 96.32%, 98.74%, 83.16% respectively in 10, 11 and 
12 hr. 

Kinetics of drug release
The in vitro dissolution data was fitted in different kinetic models like 
Zero order, First order, Higuchi, Korsemeyer-Peppas and Hixon Crowell 
equation. 

DISCUSSION
Ten formulations of mucoadhesive micropsheres were prepared using 
different ratios of polymers like guar gum, xanthan gum, ghatti gum. 
Presence of any interaction between drug and polymers used often leads 
to significant changes in IR spectra of the drug-polymer mixture. Ab-
sence of significant shifting in intensity of peaks and band width showed 
that no incompatibilities occurred between the drug and polymers used. 
In the DSC curve of crushed microspheres, the original peaks were 
retained and no additional peaks were obtained. This indicated that 
amoxicillin and the polymers used are compatible with each other. The 
diffractogram of amoxicillin microspheres showed retention of original 

characteristic peaks which indicated physical compatibility between the 
drug and excipients. 
All the microspheres have exhibited good flow property from micro-
meretic properties. They exhibited good entrapment efficiency and an 
equilibrium swelling index values. The SEM images indicated free flow-
ing nature of the microspheres (Figure 2). It also showed that micro-
spheres had a rough and porous outer surface. 
The in vitro dissolution data indicated that all the formulations released 
the drug over a period of 12 hr. Comparing the correlation coefficient 
values of zero order (0.932) and first order (0.664), it was found that drug 
release follows zero order kinetics indicating that drug release was inde-
pendent of concentration. In order to find out the release component (n) 
value, the release data was analyzed as per Korsemeyer-Peppas model. 
The ‘n’ value of F3 batch was found to be 0.827 ensuring that the drug 
release followed non- Fickian or anomalous diffusion mechanism. This 
type of release behaviours was generally exhibited by swelling controlled 
drug delivery systems where solvent up take determines the swelling rate 
of the polymer and drug release.

CONCLUSION
The designed formulation F3 adheres in the stomach and prolongs the 
gastric residence time (GRT) consequently, providing sustained action. 
From the results we can conclude that design of mucoadhesive micro-
spheres employing natural gums by gluteraldehyde cross linking tech-
nique can be widely used to encapsulate wide range of drugs to achieve 
sustained drug delivery.
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