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The objective of this study is to create and design buoyant microspheres containing
gliclazide, and subsequently assess their properties. Gliclazide, a derivative of sulfonyl
urea, is used to treat type-11 diabetes. In order to address the medicine's limited solubility
in water and improve its absorption when taken orally, floating microspheres were
developed as a controlled drug delivery system. The development of this formulation
was achieved by the utilization of the ionotropic gelation process. A total of six
formulations, labeled F1-F6, were created using natural polymers in three distinct ratios.
The micromeritic properties, percentage swelling, buoyancy, in-vitro release, and
entrapment efficiency of the microspheres were evaluated. The flow characteristics of
all the formulated microspheres were determined to be satisfactory. The formulation that
demonstrated the most effectiveness was identified as F6. It exhibits zero order drug
release with a rate of 82.15%. Additionally, it has a percentage yield of 88.4%, a
percentage swelling of 92%, a buoyancy percentage of 96%, and an entrapment
efficiency of 89%. Formulation F6 was prepared, utilizing natural polymers for the first
time to generate floating microspheres of gliclazide.

INTRODUCTION

Gliclazide, a second-generation sulfonylurea, is
extensively utilized for the treatment of type 2
diabetes mellitus. It significantly reduces blood
glucose levels by boosting insulin secretion from
active pancreatic beta cells, hence improving
peripheral tissue sensitivity to insulin [1].

Gliclazide (Figure 1) has an elimination half-life
of roughly 16 hours and is extensively metabolized
by the liver, with merely 4% of its total clearance
occurring through renal excretion, primarily
excreted in urine and, to a lesser extent, in feces
[2-4]. Administration is generally advised with
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breakfast or the initial significant meal of the day
to enhance its glucose-lowering efficacy [5-8].

O/S<NHLN/N%

N-((hexahydrocyclopenta[b]pyrrol-1(2H)-yl)carbamoyl)-4-methylbenzenesulfonamide
Figure 1: Structure of Gliclazide

The  advancement of  controlled-release
technologies  has  transformed  medicine
administration in drug delivery. These systems are
engineered to provide pharmaceuticals at a
controlled pace over an extended duration,
ensuring stable drug concentrations in the
bloodstream and tissues [9,10]. These systems are
especially advantageous for drugs characterized
by rapid gastrointestinal absorption and brief half-
lives, such as gliclazide, which frequently
necessitate multiple doses. Diverse
methodologies, such as bioadhesive systems and
mechanisms that prolong stomach emptying, have
been devised to address these issues [11,12]. An
innovative approach involves the utilization of
floating microspheres, a drug delivery technology
characterized by a bulk density inferior to that of
gastric fluids, enabling the formulation to maintain
buoyancy in the stomach for prolonged durations
[13]. These microspheres, generally measuring
between 1 and 1000 um, deliver the medicine at a
regulated rate, improving solubility, concealing
unpleasant tastes, and providing prolonged drug
release. Floating microspheres predominantly
comprise a blend of pharmaceuticals and polymers
that create a gel-like barrier upon interaction with
stomach fluid [14-16]. This barrier controls drug
release while preserving buoyancy through
entrapped air within the hydrated polymer matrix.
The ionotropic gelation method is a prevalent
approach for producing floating microspheres. The
process  entails  the  cross-linking of

polyelectrolytes, such as sodium alginate, in the
presence of counter ions to create a gel matrix that
wraps the drug and regulates its release rate. This
approach is economical and adaptable, rendering it
suitable for encapsulating various
pharmaceuticals.

This work investigates the formulation and
assessment  of  gliclazide-loaded  floating
microspheres by the ionotropic gelation technique,
emphasizing its capacity to augment drug
solubility, regulate release Kkinetics, and boost
patient adherence [17].

MATERIALS AND METHODS

The gift sample of gliclazide was collected and the
floating microspheres were prepared using
ionotropic gelation technique. It is a process where
an ionic polymer interacts with an oppositely
charged ion to commence cross linking and create
hydrogel beads.

Preparation of Gliclazide-Loaded Floating
Microspheres

Gliclazide-loaded floating microspheres were
prepared using the ionotropic gelation method in
six formulations, each with varying ratios of
hydroxypropyl methylcellulose (HPMC K100M)
and xanthan gum 200M. Sodium alginate served
as the base matrix due to its viscosity and binding
properties, while calcium chloride (CaCl.) acted as
a cross-linking agent to form microspheres.
Calcium carbonate (CaCQOs) was included to
enhance buoyancy by releasing carbon dioxide in
the gastric environment [18]. The gliclazide-
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alginate solution, with different polymer ratios,
was extruded into a CaCl. solution, where
ionotropic gelation occurred, forming
microspheres. These microspheres were then
washed, dried, and collected for further evaluation.
This method effectively controlled drug release
and enhanced the floating behavior of the
microspheres, making them a potential delivery
system for improved bioavailability of gliclazide
in type-2 diabetes treatment.

Evaluation tests of microspheres:

Percentage yield:

The percentage yield of floating microspheres was
determined by dividing the actual weight of the
product by the total amount of all non-volatile
components employed in the manufacturing of the
floating microspheres. This value is represented by
the following formula [19].

Micromeritic properties:

The micrometric parameters of the prepared
microspheres include bulk density, tapped density,
Carr's compressibility index, Hausner's ratio, and
angle of repose [20].

Bulk and Tapped density:

The bulk and tapped densities were determined
using a 50 ml graduated cylinder. A precisely
measured quantity of 5g of the material was passed
through a glass funnel. The sample put into the
cylinder was physically tapped 3 to 100 times in
order to calculate the bulk volume (Vb) and tapped
volume (Vt) correspondingly. Next, the volume
was recorded by tapping, and the bulk density and
tapped density were subsequently determined. The
density was measured in grams per cubic
centimeter (g/cmd).

Tapped density=(mass of
microspheres(M))/(volume of microspheres
after tapping)

Carr's Compressibility Index:

The compressibility index (C.1.) or Carr's index
value of microspheres was determined using the
following equation.

N\
24

Y5

4

=<

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

7
\

Hausner's ratio:
The Hausner's ratio of microspheres was
calculated by comparing the tapped density to the
bulk density using a specific equation.
Angle of repose:
The maximum angle which is formed between the
surface of a pile of powder and horizontal surface
is called the angle of repose.
Tan 0=h/r
Where, T-angle of repose; h=height of the circle
formed by the powder heap; r = radius of heap
[21].
Percentage swelling:
The produced beads were immersed in an excess
amount of distilled water at a temperature of 37°C
for a specified duration. Subsequently, the beads
were promptly extracted and measured using an
analytical balance. The swelling percentage of the
beads was determined using the following formula
[22].
% swelling=(swollen beads weight-dry beads
weight)/(dry beads weight)x
Buoyancy percentage:
The experiments were conducted utilizing the USP
type 2 dissolution test apparatus, namely the
rotating paddle configuration. Each formulation,
consisting of 100mg of beads, was placed inside a
capsule and added to a dissolving medium
containing 900ml of 0.1N HCI. The temperature
was kept constant at 37° C and the paddle turning
speed was set at 50rpm. The buoyant and
sedimented beads were retrieved individually. The
percentage buoyancy (Pb) was determined using
the following formula [23].
Drug entrapment efficiency:
Microspheres containing a dosage of 25 mg of the
substance Model drug were used for examination.
The quantity of medication encapsulated was
determined by pulverizing the microspheres. The
powder was transferred to a 100 ml volumetric
flask and dissolved in a 1.2 pH hydrochloric acid
(HCI) buffer solution with a concentration of 0.1N.
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The buffer solution was made by dissolving 2.0g
of sodium chloride (NaCl) in water, adding 7.0ml
of hydrochloric acid (HCI), and diluting with water
to a total volume of 1 Liter. The solution was
filtered using Whatmann filter paper after 24
hours, and the absorbance was measured at 269 nm
using  spectrophotometry after appropriate
dilution. The quantity of medication encapsulated
within the microspheres was determined using the
subsequent formula [24].

In-vitro release studies:

The drug release rate from floating microspheres
was determined using the USP type Il (Electro
Lab.) dissolving paddle assembly. A measured
quantity of buoyant microspheres, with a mass
equal to 100 mg of the medicine, were evenly
distributed in 900 ml of a solution containing 0.1
N hydrochloric acid (pH=1.2). The temperature of
the solution was maintained at 37 = 0.5°C, and it
was agitated at a speed of 50 revolutions per
minute. A 5 ml sample was extracted at specific
time intervals, filtered, and then an equal volume

of dissolving media was added back into the vessel
after each extraction to ensure that the
concentration of the dissolved substance remained
constant. The gathered samples were examined
using spectrophotometry to ascertain the
concentration of the medication in the dissolving
medium [25].

RESULTS AND DISCUSSION

Preparation of floating microspheres:

The sodium alginate solution containing gliclazide
was drawn into a 20 ml syringe and carefully
added drop by drop into a calcium chloride
solution. The microspheres were allowed to form
over a period of 30 minutes, after which they were
filtered using a funnel. The filtered microspheres
were air-dried for 24 hours to ensure complete
drying. After this process, the microspheres were
fully prepared for further evaluation. Figure 2
illustrates the preparation process, while six
different formulations, using varying polymer
compositions, are summarized in Table 1.

Fig. 2 : Floating microspheres of gliclazide
Table 1: Various Formulations of floating microspheres

Chemicals F1 F2 F3 F4 F5 F6
Drug (mg) 160 | 160 |160 |160 |[160 | 160
Sodium alginate (g) 2 2 2 2 2 2
HPMC (mg) 100 | 200 [300 |- - -
Xanthan gum (mg) - - - 100 | 200 | 300
Calcium carbonate (mg) | 100 | 100 |100 |100 |100 | 100
Calcium chloride(g) 2 2 2 2 2 2
Distilled water (ml) 100 | 100 |100 |100 |100 | 100
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Evaluation Parameters

Percentage yield

It was found that the % yield increased as the
concentration of polymers increased. Polymers
play a major role in increasing the yield. The

percentage yield of all the six formulations
calculated using the specified formula. The F6
formulation has the highest % yield that is 88.4%
recorded in (table 2).

Table 2: Percentage yield of floating microspheres

Formulation code

Percentage yield (%)

F1

62.1

F2

65.8

F3

72.4

F4

60.7

F5

72.2

F6

88.4

Micromeritic properties:

All the micromeritic properties for floating
microspheres were calculated according to the
standard formulas. Carr's index ranges from 9.9 to
33.3, Hauser's ratio ranges from 1 to 1.6, and the
angle of repose ranges from 21.46 to 26.8 degrees

as per (table 3) The micromeritic investigations
indicated that the microspheres possess good flow
characteristics, suggesting that they are spherical
and not clumped together. F6 formulation exhibits
good flow characteristics within the standard limit
ranges.

Table 3: Micromeritic properties of floating microspheres

Formulation | Bulk | Tapped comp()j;ggifjility Hausner’s Ar;gle
code density | density . ratio
index repose
F1 0.3613 | 0.542 33.3 1.6 21.46
F2 0.3668 | 04192 27.2 1.3 22.1
F3 0.4747 | 0.538 21.0 1.25 24.12
F4 0.53 0.5888 9.9 1 23.5
F5 0.4969 | 0.646 23.2 1.5 25.37
F6 0.4707 | 0.5491 14.2 1.25 26.8
Percentage swelling to their expansion. The swelling of the

The percentage swelling of the microspheres
increased with the higher concentration of
polymers in the formulations. This swelling
behaviour is primarily attributed to the inclusion of
calcium carbonate, which not only imparts
buoyancy to the microspheres but also contributes

microspheres enhances drug release, as it
facilitates the diffusion of the drug from the
polymer matrix. The swelling percentage was
calculated using the specified formula, with the F6
formulation exhibiting a swelling percentage of
92%, as shown in Table 4.

Table 4: Percentage swelling of floating microsphere

Formulation code

Percentage swelling
(%)

F1

66

F2

75

F3

82

F4

58

F5

62

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

192 |Page



Divya Pingili, Int. J. of Pharm. Sci., 2024, Vol 2, Issue 10, 188-196 [Research

| F6

92 |

Buoyancy percentage:

The buoyancy percentage of the floating drug
delivery system increased with higher polymer
concentrations. This is attributed to the increase in
system volume while maintaining a relatively

constant density, resulting in enhanced buoyancy
of the microspheres. The F6 formulation exhibited
the highest buoyancy percentage of 96%, as
detailed in Table 5. The buoyancy percentage was
determined using a standard calculation formula.

Table 5: Buoyancy percentage of floating microspheres

Formulation code Buoyancy (%)
F1 52
F2 68
F3 2
F4 56
F5 87
F6 96

Drug Entrapment Efficiency:

An increase in polymer concentration led to a
corresponding rise in drug content, facilitated by
the improved dissolution properties of the
polymers. Upon administration, the microspheres
reach the stomach, where their buoyant nature
allows them to float while gradually

disintegrating, promoting both rapid and sustained
drug release. The drug entrapment efficiency for
all formulations was calculated using the specified
formula, with the F6 formulation exhibiting the
highest entrapment efficiency at 89%, as detailed
in Table 6.

Table 6: Drug entrapment efficiency of floating microspheres

Formulation code | Entrapment efficiency (%)
F1 55
F2 64
F3 72
F4 77
F5 82
F6 89

In- vitro drug release studies
The controlled release of the drug by the polymer
was confirmed through in vitro drug release
studies, which demonstrated the highest regression
coefficient values for zero-order release kinetics,
indicating a consistent release profile. Drug
release was found to be dependent on polymer

concentration and was calculated using a standard
formula. In vitro dissolution studies were
conducted on formulations F1 to F3, with
formulation F3, containing 300 mg of HPMC
K100M, showing a drug release of 69.04% after 6
hours, as outlined in Table 7.

Table-7: Drug release of floating microspheres

Formulation code F1 F2 F3
30 min 8.92 13.14 18.23
60 min 14.15 16.25 23.45
90 min 26.29 29.18 42.08
120 min 35.14 41.09 54.67
150 min 41.29 46.97 55.56
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180 min 46.23 53.28 58

210 min 47.68 55.71 60.67
240 min 48.31 56.2 62.8
270 min 49.27 57.38 64.86
300 min 51.45 58.92 65.83
330 min 53.82 59.23 67.72
360 min 57.21 60.03 69.04

Drug release profiles of formulations F1 - F3
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Fig 2 : Drug release of formulations F1 to F3
As said, a higher concentration of polymer leadsto ~ Xanthan gum, demonstrated 82.15% drug release
sustained release of the medication. Drug release  after 6 hours, as determined by in vitro dissolution
was calculated using specified  as per data in the table-8.
formula.Formulation 6, which contains 300 mg of
Table 8: Drug release of formulations F4 to F6

Time F4 F5 F6
30 min 14.01 15.21 16.2
60 min 25.21 26.44 27.23
90 min 26.71 36.85 37.54
120 min 28.56 38.45 39.6
150 min 30.57 39.67 40.65
180 min 32.87 40.13 41.29
210 min 34.88 41.23 43.35
240 min 36.76 42.54 56.86
270 min 37.56 47.69 65.29
300 min 38.89 49.21 70.85
330 min 44.65 53.93 76.21
360 min 47.72 56.63 82.15
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Drug release profiles of formulations F4 - F6
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Fig 3: Drug release of formulations F4 to F6
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