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ABSTRACT

Amoxicillin-loaded microcapsules were prepared by ionotropic gelation of sodium
alginate (ALG) with chitosan (CS) in presence of calcium chloride as gastroretentive
delivery system. The effect of pH, concentration of ALG, CS and calcium chloride, and
drug : ALG ratio were optimized in this study for minimizing the degradation of drug in
acidic environment and increasing the loading efficacy and mucoadhesive efficiency
of microcapsules. The optimum condition for prepared CS-ALG microcapsules was
2%w/v ALG, 0.75%w/v CS (pH5.0), and 1.0% w/v calcium chloride. The resulting
microcapsules had drug entrapment efficiency of 84% and average size of 840 um.
CS concentration significantly influenced particle size and encapsulation efficiency
of CS-ALG microcapsules (P<0.05). Decrease in the drug: ALG ratio resulted in an
increased release of amoxicillin in acidic media. The relative decomposition of drug
after encapsulation in CS-ALG microcapsules was decreased to 20.7%, 41.9%, and
83.3% in 2, 4, and 8 hours, respectively.
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INTRODUCTION

The drug delivery in recent time is getting highly technical
with the concept of targeted drug delivery or site-specificity
to increase the reliability of therapy, drug stability in the
biological system including gastrointestinal tract, cost
effectiveness, preventing adverse effects, and to reduce
drug resistance development.! The main advantages are
the prevention of side effects of drugs on healthy tissues and
enhancement of the drug uptake by targeted cells. The basic
objective of this research is to develop gastroretentive drug
delivery system that meets the therapeutic needs relating to
particular pathological conditions like peptic ulcer, gastritis,
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and Helicobacter pylori infection, along with a reduction in
the systemic side effects associated with the drug. Eradication
failure of H. pylori in various therapies with antibiotics like
metronidazole, clarithromycin, tetracycline, amoxicillin,
etc. is frequent in recent times due to antibiotic resistance,
which may be due to poor drug concentration at the site
of action and degradation of drug in the harsh stomach
environment and a less GI transit time for conventional
drug deliveries.” Most suitable approach includes local
application of the drug on to the gastric mucosal layer
with a concept of mucoadhesion that can adhere on to the
bacterium, thus eradicating it completely." In designing oral
mucoadhesive delivery of antibiotics, natural biodegradable
and bioadhesive polymers, chitosan (CS) and sodium alginate
(ALG), have attracted increasing attention.

CS, a unique cationic, mucoadhesive polymer, complexes
with oppositely charged ALG, an anionic polymer, to
prepare CS-alginate polyelectrolyte complex (CS-ALG-PEC)
delivery systems for various drugs, which may prove to be
the futuristic concept in gastroretentive drug delivery.**!
Another advantage of this system is physical cross-linking
by electrostatic interactions instead of toxic chemical cross-
linking. Also, the combination of CS and antimicrobial
agent (Amoxicillin) may prove to be synergistic, as CS
itself exhibits antimicrobial activity.[! Cross-linked CS-
ALG complex provide a protective coating against gastric
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harsh environment and increase chemical stability of acid
degradable moieties/drugs.”

Various mucoadhesive microspherical formulations were
developed for antibiotics active against H. pylori using
different polymers like polycarbophil and carbopol 934 P,
poly (D,L-lactide)-polyethylene glycol copolymer, glyoxal-
cross-linked CS, CS-coated gellan gum, gelatin, cellulose
acetate butyrate-coated cholestyramine, and CS-treated
ALG.B" These mucoadhesive systems have increased
gastroretention up to 12 hours as well as local concentration
of antibacterial agents in stomach. I vivo H. pylori clearance
studies using these formulations showed ~90-95% clearance
with 15 mg/kg single dose of amoxicillin, while 100%
clearance with 3.5 mg/kg dose twice a day for 3 days.

Earlier studies of amoxicillin with non-specific mucoadhesive
polymers like carbopol934 could not achieve the required
aim of mucoadhesion in gastric environment!® or specific
sustained drug release profile which may be suitable for
eradication of H. pylori™ Presence of CS coating on the
outer surface of cationic cross-linked gellan gum beads!®!
or glutaraldehyde cross-linked CS microspheres!'” resulted
in sustained drug release in 0.1N HCl as well as increased
mucoadhesive properties of microparticles. However,
limited studies involving direct cross-linking of CS with
anionic ALG have been done and rarely any study has
discussed the effect of concentration of CS and ALG on
gastric stability of amoxicillin, sustained release profile
in gastric environment, and mucoadhesive properties of
microparticulate delivery system.

In the above context, a mucoadhesive microparticulate
delivery system for Anti-H. pylori agents like amoxicillin
which can increase the efficiency of drug was attempted by
single-step cross-linking of polycationic CS with polyanionic
ALG in presence of calcium chloride. The purpose of the
present study was to examine the influence of various
formulation and process variables viz. pH of CS solution,
surfactant concentration, calcium chloride concentration,
gelation curing time, concentration of CS and ALG on the
properties of microcapsules along with their influence on
drug release kinetics and mucoadhesion strength.

MATERIALS AND METHODS

Materials

Amoxicillin trihydrate was provided as gift samples by
Siemens Laboratories (India) Gurgaon. CS (deacetylation
degree 290%, Mw <50 000) was purchased from Sigma
Aldrich (USA). ALG (viscosity 5.5+ 2cps) and sodium dioctyl
sulphosuccinate (DOSS) were purchased from HiMedia
laboratories (Mumbeai). Potassium dihydrogen phosphate,
disodium hydrogen orthophosphate, hydrochloric acid,
methanol, acetic acid, and sodium hydroxide were
purchased from Rankem, New Delhi. Simulated gastric

fluid (SGF) without pepsin was prepared as per USP 29.
Double distilled water was used in all the preparations. All
other solvents and chemicals used were of analytical grade.

Methods

Preparation and optimization of CS-ALG microcapsules
CS-ALG microcapsules of amoxicillin were prepared by
ionotropic gelation technique.™ Amoxicillin trihydrate
powder (2-9%w/v) was suspended thoroughly in the ALG
solutions (1-3% w/v) in de-ionized water containing 0.075%w/v
DOSS as surfactant by vigorous stirring for 10 minutes. The
ALG-amoxicillin mixture was directly sprayed using syringe
into the calcium chloride solution (1.0%w/v) containing CS
(0.75-1.0% w/v) (pH adjusted to 5.0). The microcapsules were
allowed to harden for 90 minutes before washing them twice
with distilled water and dried at 37°C in an oven overnight
and the final dried mass was recorded.

Optimization of CS-ALG microcapsules

Pre-optimization studies

Microcapsules with 1% w/v drug concentration were prepared
by ionic gelation method described above using different pH
of CS solution (pH 4.5-6.0), surfactant concentration (0.05-
0.125% w/v), calcium chloride concentration (0.5-3%w/v),
gelation curing time (30-120 minutes), and evaluated for
particle size by optical microscopy,'? shape, and percent
entrapment efficiency.™ Parameters which gave the
smaller and more uniform microcapsules with highest drug
entrapment were selected for further optimization studies.

Optimization studies

Twelve experimental runs [Table 1] were planned for the
optimization of the CS-ALG microcapsules statistically
with respect to the formulation parameters —concentration
of the bioadhesive polymer- CS (A), concentration of the
bioadhesive polymer- ALG (B), and ratio of polymer (ALG):
drug ratio (C) in the formulation by evaluating the effects
on the particle size (Y,), entrapment efficiency (Y,), % drug
release at 4h (Y,), and bioadhesion strength (Y,).

Swelling study

Accurately weighed (50 mg) amoxicillin-loaded
microcapsules (W) were placed separately in Petridish
containing 50 ml of 0.1N HCl in an incubator maintained
at 37 +0.5°C. The percent swelling index was calculated by
reweighing (W) the microcapsules at 4 hours and 8 hours,
using the following formula:["!

Wt-Wo
Percent swelling index (SI)= (To) x100

Bioadhesion detachment force study

The modified balance method was used to study the
bioadhesion of microcapsules to the mucosal membrane.”
10 mg amoxicillin microcapsules were placed between the
two sections (area - 2 x 4 cm?) of pig stomach mucosal tissues
(from the antrum region), fixed onto each glass slide using
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Table 1: Composition and evaluation of amoxicillin microcapsules

Formulation  Chitosan Sodium Polymer Evaluation parameters
code concentration  alginate drug Particle % % Swelling Bioadhesion
(%) concentration  ratio size (mm)  Yield DEE index (%) at  detachment
(%) (n=10) 8 h(n=3) force (g) (n=3)
AM1 0.75 1.0 1:2 827.60+7.40 68.00 72.00 115.7+4.97 10.18+1.17
AM?2 0.75 1.0 1:3 855.60+25.67 59.00 68.00 101.13%£2.28 14.56+0.76
AM3 0.75 2.0 1:2 840.00+10.81 82.00 84.00 118.30+2.65 15.40+0.92
AM4 0.75 2.0 1:3 876.00+15.94 71.00 71.00 102.40+2.80 14.97+1.20
AM5 0.75 3.0 1:2 916.80+21.37 52.00 62.00 113.4+4.98 13.10+0.95
AM6 0.75 3.0 1:3 946.40+16.33 42.00 57.00 102.03+2.20 13.23+0.97
AM7 1.00 1.0 1:2 867.00+=17.15 62.00 74.00 115.67+8.15 13.27+0.68
AM8 1.00 1.0 1:3 888.00+16.08 56.00 64.00 96.00*+14.42 12.63+1.66
AM9 1.00 2.0 1:2 931.40+14.72 58.00 57.00 93.00%=14.93 13.23x0.51
AM10 1.00 2.0 1:3 954.20+12.13 46.00 48.00 91.10+6.16 12.43x1.22
AM11 1.00 3.0 1:2 987.00+16.55 34.00 38.00 89.53+7.30 10.40+0.87
AM12 1.00 3.0 1:3 1026.60+54.12 26.00 32.00 86.37+3.70 9.73+0.50
AM: Amoxicillin microcapsules, DEE: Drug entrapment efficiency
cyanoacrylic glue and were allowed to stay at 37.0°C for . 25+
10 minutes. Bioadhesion detachment force or bioadhesion Percent degradation = # x 100

strength (g) was determined in triplicate from the minimal
weights that detached the two slides.

In vitro drug release studies

Dissolution studies of amoxicillin-loaded microcapsules
equivalent to 50 mg of amoxicillin were carried out by USP29
type-II tablet dissolution test apparatus (M/s Electrolab
India Ltd., Mumbai) at 50 rpm and 37 + 0.5°C, using 900 ml
of 0.1IN HCl (pH 1.2) as the dissolution medium. An aliquot
of sample (5 ml) was withdrawn periodically, replaced with
equivalent volume of dissolution medium. Samples, filtered
through Whatman filter paper (0.45 um), were analyzed
spectrophotometrically at 272.6 nm. Drug release data
obtained during in vitro dissolution studies were analyzed
for release kinetics using zero order, first order, and Higuchi
model equations and fitted into Korsmeyer-Peppas model
for evaluation of release mechanism from microcapsules.®!!

Stability of amoxicillin in simulated gastric fluid
Amoxicillin-loaded microcapsules equivalent to 25 mg of
amoxicillin were placed in nine conical flasks containing
100 ml of SGF, maintained at 37°C at 50 rpm in a shaking
incubator. After 2, 4, and 8 hours, aliquot of sample
(5 ml) was withdrawn from different flasks and analyzed
spectrophotometrically at 272.6 nm for drug released
from microcapsules (X1). The remaining microcapsules
in the flasks were also recovered quantitatively, washed
twice with double distilled water, and air dried. The dried
microcapsules were grinded in a mortar, ultrasonicated after
dispersing in 50 ml of distilled water until complete release
of amoxicillin, and the released drug content was analyzed
spectrophotometrically (Amax.-272.1 nm) (X2) to calculate
percent degradation of drug using the formula:

The similar study was carried out for plain drug to check
the percent degradation in SGF.

Statistical Analysis

Experimental results were expressed as mean + SD.
Student’s f-test and one-way analysis of variance (ANOVA)
were applied to check significant differences in drug release,
mucoadhesive properties, and particle size determination
for different formulations. Differences were considered to
be statistically significant at P<0.05.

RESULTS AND DISCUSSION

Formulation and Optimization of Amoxicillin
Microcapsules

On the basis of pre-optimization studies, following
parameters were used in optimization study:

a) pH of CS solution-5.0

b) Concentration of CaCl,- 1.0%w/v

¢) Concentration of DOSS-0.075%w/v

d) Gelation time (GCT) — 90 minutes.

1. The effect of pH is an important parameter which
controls particle size of microcapsules. Alginate
has the property of shrinking at low pH and getting
dissolved in higher pH, whereas CS dissolves in
low pH and is insoluble in higher pH ranges.! CS
precipitates on addition of ALG solution pH 7 as the
majority of amine groups undergo deprotonation
and hence do not participate in ionic interactions.
The optimum pH was found to be 5.0 for ALG where
maximum interaction between both polymeric
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groups occurred electrostatically, resulting in highest
drug entrapment and small and uniform size of
microcapsules.

2. By increasing the concentration of CaCl, from 0.50 to
1.0%w/v, drug entrapment increased with smaller particle
size and smooth surface. Beyond 1.0%w/v concentration
of CaCl,, drug entrapment was decreased with increase in
particle size which may be due to more gelation of ALG.

3. By increasing the concentration of DOSS (surfactant),
the greater interfacial area is formed due to lowering
of interfacial tension, hence the particle size decreased.
Based on highest entrapment efficiency, the 0.075%w/v.
concentration of DOSS was selected.

4. Withincrease in gel curing time (GCT) up to 90 minutes,
entrapment efficiency of microcapsule increased which
may be due to strengthening of matrix system.

Effect on particle size

During optimization studies, particle size of various
microcapsule formulations was determined by optical
microscopy as shown in Table 1. The results showed
increase in particle size with increase in CS, ALG, and
drug concentration. Increase in both polymers—CS and
ALG concentration lead to PEC between carboxyl groups
of ALG and the amino groups of CS, leading to increased
size.™ Increase in ratio of CS: ALG from 1:1, there is sharp
increase in particle size. Formulation AM3 showed lowest
particle size of 840 um. It was found that the particle size
distribution of each formulation was within a narrow range,
but the mean particle size was slightly different among the
formulations.

Effect on drug entrapment efficiency

The drug entrapment increased by increasing ALG
concentration from 1 to 2% w/v, which may be attributed
to stable gel complex in presence of CS and Ca++.
Further increase in concentration of ALG resulted in
decreased drug entrapment efficiency (DEE). CS and drug
concentration influenced negatively on DEE because at
higher concentrations, CS led to the formation of aggregates
upon addition of ALG.” The viscosity of ALG solution above
3% w/v concentration was high enough to be used in the
experiment. The optimum concentration for ALG was found
to be 2% w/v based on uniformity and size of microcapsules.

Swelling studies

Results of swelling studies as in Figure 1 showed the
decreasing trend with increase in CS concentration at
different time intervals. At lower CS concentration, increase
in concentration of ALG from 1.0% to 2.0% resulted in
increased swelling. Formulation-AM3 showed highest
swelling index at 8 hours (118.3%).

Increase in ALG concentration at high value of CS resulted
in lowering of swelling index, which may be due to reversal
of shrinkage of ALG at lower pH as well as erosion of CS

matrix in acidic environment.! Amoxicillin is more soluble
in acidic media and hence results in decreased swelling of
polymer with increase in its concentration.

Swelling increases with time because polymer gradually
absorbs water due to its hydrophilicity. The outermost layer
of the polymer hydrates, swells, and a gel barrier is formed
at the outer surface.

Bioadhesion detachment force study

All formulations have showed sufficiently high bioadhesion
strength (>8 g); however, bioadhesion strength of
formulation-AM3 was observed highest. On contact with
hydrated mucous of pig stomach tissue, hydrogels swell
rapidly, resulting in reduced glass transition temperature
and increased uncoiling of polymer chains. The uncoiled
polymeric chains interact electrostatically and tend to
increase the adhesion and interpenetration with mucin. 24
Poor swelling of ALG in acidic environment may be a
reason for further decrease in mucoadhesion strength of
microcapsules at higher concentration of ALG and CS. Also,
this may be due to decrease in net positive charge (amino
groups) on CS after interaction with anionic ALG, leading
to poor interaction with sialic acid and other anionic groups
present on mucin.®!

In vitro drug release studies

The presence of ALG in the microcapsules resulted in
controlled drug release in acidic environment; hence a
suitable polymer for control drug delivery as reported
earlier."¥ This can be attributed to poor swelling of ALG
as well as low erosion of cross-linked CS in presence of
acidic environment. Increase in CS and ALG resulted
in strong PEC in presence of calcium ions, leading to
highest stable gel matrix with reduced porosity.! Hence,
poor drug release profile was obtained with increase in
concentration of CS and ALG beyond formulation AM3.
At high concentration of CS and ALG, the drug release
was decreased to as low as ~65% in case of formulation
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Figure 1: Swelling index profile of amoxicillin microcapsules at 37°C
in 0.1N HCI Mean value+SD (n = 3)
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AMI12. At low pH, the alginates do not swell, but a
reversal of shrinkage takes place and the contents are
not released.™

The in vitro drug release studies were performed
using 0.1N HCI as dissolution medium to evaluate the
feasibility of bioadhesive formulation for sustained
release of drug in gastric environment. For eradication
of H. pylori, antibiotics must be released near the antrum
region of stomach for mucosal penetration in controlled
manner. The pre-optimized release profile considered for
formulation was ~35%, 60%, 80%, and ~95% drugin 1, 4,
8, and 10 hours, respectively. Hence, the formulation with
high similarity factor with theoretical release profile was
selected as optimized formulation. The dissolution profile
of various bioadhesive microcapsules of amoxicillin
are tabulated as Table 2 and graphically represented as
Figures 2 and 3.

Atlow concentration of ALG and CS (AM1-2), the release
of drug was faster than the expected release profile which
may be due to low ionic interaction and hence faster
solubilization of microcapsules in acidic environment
due to erosion of CS matrix.*! Also, it may be attributed
to reduction in polymer viscosity and hence increased

Table 2: Dissolution test profile of amoxicillin
microcapsules (n=3)

Formulation code % drug release (Q) ¢t ¢t
lhr 4hr 8hr (hr) (hr)
AM1 25.80 46.80 66.20 4.41 10.89
AM2 28.20 45.80 74.20 ~4.0 9.70
AM3 37.60 60.40 80.10 ~2.0 7.84
AM4 34.10 60.20 78.20 1.96 8.41
AM5 26.70 4520 71.40 4.41 10.24
AM6 24.80 4450 67.20 4.41 10.24
AM7 28.10 47.20 72.80 441 ~10.21
AM8 2340 4120 70.60 4.84 10.24
AM9 20.70 39.70 67.00 576 ~12.0
AM10 20.50 40.70 65.10 566 12.96
AMT1 18.60 38.20 55.60 6.60 16.73
AM12 18.00 35.70 54.20 7.07 17.76

drug diffusion through gel matrix.””! The release profile
of AM3 was more similar to theoretical release profile
(f2~87%).

Drug Release Kinetics

The drug release profile of CS-ALG microcapsule
formulations was evaluated for various release kinetic
equations and the characteristic parameters are tabulated
as Table 3.

The value of n (Korsmeyer-Peppas model) varies between
0.43 and 0.60, delineating non-Fickian (anomalous) release
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Figure 2: Dissolution rate studies of amoxicillin microcapsules
(AM1-AM6) in SGF without pepsin (n=3)
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Figure 3: Dissolution rate studies of amoxicillin microcapsules
(AM7-AM12) in SGF without pepsin (n=3)

Table 3: Drug release kinetics of amoxicillin microcapsules (n=3)

Model AMI AM2 AM3 AM4 AM5 AM6 AM7 AM8 AM9 AMIO AMI | AMI2
Zero order-R? 0.93 0.93 0.85 0.86 0.92 0.92 0.90 0.94 0.95 0.95 0.93 0.93
First order-R? 0.98 0.97 0.95 0.97 0.99 0.99 0.98 0.99 0.98 0.99 0.98 0.98
Higuchi-R? 0.99 0.99 0.97 0.98 0.99 0.99 0.98 0.99 0.99 0.99 1.00 0.99
Korsmeyer-peppas

R? 0.98 0.97 0.95 0.97 0.99 0.98 0.98 0.99 0.98 0.99 0.99 0.99

n 0.53 0.52 0.44 0.43 0.53 0.56 0.45 0.50 0.56 0.60 0.55 0.58

k 3.15 3.22 3.51 3.49 3.17 3.07 3.33 3.16 3.02 2.92 2.89 2.80
Hixon-Crowel-R? 0.84 0.85 0.77 0.79 0.84 0.83 0.85 0.90 0.87 0.85 0.84 0.83
Similarity factor f2 60.9 69.5 86.9 86.0 75.1 68.1 55.3 64.0 57.5 53.6 44.7 43.0

*AM3 being more similar to theoretical release profile is selected as optimum formulation
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Figure 4: In vitro stability studies of amoxicillin plain drug/
microcapsules in SGF without pepsin (n=3)

behavior. The release mechanism from the microcapsule
formulations refers to a combination of both diffusion- and
erosion-controlled drug release, which is attributed to the
rapid hydration, swelling, and erosion of polymeric blend.
This may be attributed to low binding of CS and its erosion
from the surface resulting in small pores in microcapsules.®!
Based on highest value of R?in release kinetics study, all the
formulations followed Higuchi model of release (R? between
0.968-0.995).

Stability of amoxicillin in simulated gastric fluid

The purpose of current research work was not only to control
the release profile of amoxicillin, but also to improve the
stability of amoxicillin in presence of gastric fluid. In order to
examine the stability of amoxicillin in stomach, SGF without
pepsin was used as a medium for determination of relative
decomposition of amoxicillin over the period of 8 hours.
Decomposition of amoxicillin in microcapsules was found
less than that for the pure drug [Figure 4]. The % degradation
of amoxicillin was decreased from 90.9% to 7.6% at 8 hour by
encapsulating in microcapsules. The relative decomposition
of drug after encapsulation in CS-ALG microcapsules was
decreased to 20.7%, 41.9%, and 83.3% in 2, 4, and 8 hours,
respectively, and hence microencapsulation improved the
stability of drug in stomach.

CONCLUSION

In order to overcome the problems associated with non-
specific mucoadhesive polymers and stability of drug in
acidic environment, a gastric mucoadhesive delivery system
of amoxicillin was developed which provided controlled
drug release in the gastric environment. The present research
optimized the polymeric concentration, pH, and mixing
ratio of polymers, drug:polymer ratio to formulate highly
mucoadhesive microcapsules of amoxicillin using natural
mucoadhesive polymers—CS and ALG. The optimized
formulation AM3 was composed of 0.75%w/v CS, 2%w/v
ALG, 0.075%w/v DOSS, 1%w/v calcium chloride with 840 um
size, highest drug entrapment (84%), and highest bioadhesive

strength. The release profile of optimum formulation
followed Higuchi model (1>>98%) and the release mechanism
as per power law was Fickian diffusion (n = 0.43). The in vitro
mucoadhesion studies confirmed the gastric retention of
prepared microcapsules up to 8 hours, proving its efficacy as
stomach-specific delivery of antibiotics. The gastric stability
of amoxicillin in AM3 was 92% even after 8 hours.
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