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Abstract

The objective of the present investigation was to prepare polymeric blend microspheres of glimepiride
for improving its half-life using chitosan and gelatin as the two polymers for preparing the blend. The
blend microspheres of chitosan and gelatin were prepared by using different ratios of both the polymers
as well as cross-linking agent, glutaraldehyde (GA), by emulsion cross-linking method.

The optimum formulation was one which exhibited the lowest particles size and it was used to load
glimepiride (20% by weight) of the polymers. The glimepiride loaded blend microspheres were
evaluated for yield, drug polymer interaction, entrapment efficiency, surface study and in vitro release.
The particle size of the blend microspheres was found to be in the range of 126.8 um to 371.3 um. The
lowest particle size (126.8 £ 6.11 um) was obtained in AF5 containing 50% of gelatin and 50% of
chitosan.

The FTIR spectra of the physical mixture of glimepiride, gelatin and chitosan displayed all the
characteristic peaks of glimepiride, thus indicating that no incompatibility was present between the drug
and the polymer.

The SEM image of the drug loaded blend microsphere revealed spherical particles of irregular size with
smooth surface.

The average particles size of the glimepiride loaded blend microspheres was obtained to be 131.4 £ 9.7
pum with a yield of 91.6% by weight of the drug and polymers used for formulation of the microspheres.
It was found that 82.4 + 6.8% of glimepiride was found to be entrapped in the particles.

The results of the in vitro release studies of the glimepiride loaded blend microsphere revealed that
71.49 + 0.74 % glimepiride was released from the particles at the end of 12" hour of study.

Keywords: glimepiride,blend microspheres,glutaraldehyde

1. Introduction

1.1 Microspheres and Controlled Release

Some of the drawbacks of traditional therapy can be resolved, and the therapeutic effectiveness of a
specific drug can be improved, with the help of a well-designed controlled drug delivery system. The
drug must be delivered to the target tissue in the ideal quantity and at the proper time in order to cause
the least amount of toxicity and adverse effects and achieve the greatest therapeutic efficacy?. In order to
deliver a medicinal chemical to the target region with a continuous regulated release, there are several
different methods. Using microspheres as medication carriers is one such strategy. Microspheres are
typically free-flowing powders made of biodegradable proteins or synthetic polymers, with a preferred
particle size of less than 200 m?.
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Polymers are frequently utilised as microspheres. They are divided into two categories:

1. Artificial Polymers

2. Organic polymers

There are two categories of synthetic polymers.

a. Polymers that are not biodegradable, such as Poly methyl methacrylate (PMMA),Glycidyl
methacrylate,® Acrolein®, Epoxy plastics

b. Biodegradable materials, such as lactides, glycolides, and their co-polymers® Poly anhydrides and
Poly alkyl cyano acrylates

2. Natural polymers derived from several sources, including proteins, carbohydrates, and carbohydrates
that have undergone chemical modification

Proteins: Albumin® , Gelatin’ , and Collagen

Carbohydrates: Agarose, Carrageenan, Chitosan, Starch®

Chemically modified carbohydrates: Poly dextran, Poly starch.

When delivered parenterally, non-biodegradable drug carriers have the potential to cause long-term
carrier toxicity because they stay in the body after the drug has been fully released.

Parenteral applications are better suited for biodegradable carriers because they don't cause carrier
toxicity and break down in the body to non-toxic breakdown products?.

1.1.1 Loading of drug and its release Kinetics

Two main techniques are used to load the active components onto the microspheres: either during the
creation of the microspheres or after their synthesis by incubating them with the medication or protein.
Physical entrapment, chemical coupling, and surface adsorption are three different ways that the active
component might be loaded. The composition of the drug or polymer (monomer if utilised) and the
preparation technique have a significant impact on the degree of entrapment.

The drug can be mixed in at the time of preparation to achieve maximum loading, but other process
variables, such as the mixing technique, the presence of additives (such as cross-linking agents and
surfactant stabilisers), the polymerization temperature, the amount of agitation, etc., may also have an
impact. In the case of microspheres, the release of the active ingredient is a crucial factor. The type of
polymer employed in the preparation and the nature of the active medication both affect the release
profile from the microspheres. The structure or micro-morphology of the carrier, as well as the
characteristics of the polymer itself, have an impact on the drug release from both biodegradable and
non-biodegradable microspheres.

Any one of the three methods—the osmotically driven burst mechanism, pore diffusion mechanism, or
erosion or degradation of the polymer—could cause the medications to be released through the
microspheres. Osmotically induced burst mechanisms cause the membrane to rupture by allowing water
to infiltrate into the core through a biodegradable or non-biodegradable covering. The ratio of
macromolecules to polymers, the size of the dispersed macromolecule's particles, and the size of the
microspheres' particles all play major roles in determining the burst effect. Because the penetrating water
front continues to disperse towards the core, the pore diffusion method is so termed. The accumulation
of monomer in the release media occurs concurrently with polymer erosion, or the loss of polymer. As
water seeps through the carrier, changing its microstructure and causing the matrix to become plastic,
the polymer begins to erode.
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It is possible to comprehend drug release from non-biodegradable polymers by taking into account the
shape of the carrier. The overall release profile of the medication or active ingredients is determined by
the geometry of the carrier, i.e. whether it is reservoir type, where the drug is present as the core, or
matrix type, where the drug is spread throughout the carrier.

1.1.2 Methods of Preparation®

The creation of microspheres needs to meet specific requirements:

The ability to incorporate reasonably high concentrations of the drug.

Stability of the preparation after synthesis with a clinically acceptable shelf life.
Controlled particle size and dispersability in aqueous vehicles for injection.
Controlled release of the active reagent over a broad time frame.
Biodegradability that can be controlled, as well as

Chemical modification sensitivity.

o U s wWwh e

1121 Single emulsion method

The single emulsion technique is used to create the micro particle carriers for natural polymers, such as
proteins and carbohydrates. After being dissolved or dispersed in an aqueous media, the natural
polymers are then distributed in a non-aqueous medium, such as oil. The dispersed globule is then cross-
linked after that. Either heat or chemical cross linkers can be used to achieve the cross linking.
Glutaraldehyde, formaldehyde, di acid chloride, and other chemicals are utilised as cross-linking agents.
Thermolabile compounds are not appropriate for heat denaturation. If an active component is applied
during preparation and subsequently subjected to centrifugation, washing, or separation, chemical cross-
linking has the drawback of exposing the active ingredient to excessive amounts of chemicals.

1.1.2.2 Double emulsion method

The ideal candidates for the double emulsion method of microsphere creation are water soluble
medicines, peptides, proteins, and vaccines. It requires creating several emulsions or a double emulsion
of type w/o/w. Both natural and artificial polymers can be employed using this technique. The lipophilic
organic continuous phase contains a dispersion of the aqueous protein solution. The active ingredients
could be present in this protein solution. The polymer solution that eventually wraps the protein present
in the scattered aqueous phase makes up the continuous phase in most cases. The primary emulsion is
then homogenised or sonicated before being added to the polyvinyl alcohol (PVA) aqueous solution. A
double emulsion is created as a result of this. The next step is to remove the solvent from the emulsion,
either using solvent extraction or solvent evaporation. Using the technique of double emulsion solvent
evaporation/ extraction, a range of hydrophilic pharmaceuticals, including leutinizing hormone releasing
hormone (LH-RH) agonist, vaccines, proteins/peptides, and conventional compounds are successfully
incorporated into the microspheres.

1.1.2.3 Polymerization techniques
The traditional methods of polymerization for creating microspheres can be broadly divided into: I.
Normal polymerization Interfacial polymerization, Il. Both processes take place in the liquid phase.
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1.1.2.4 Coacervation Phase separation method

This procedure is based on the idea that lowering the solubility of the polymer in organic phase will have
an impact on how quickly coacervates, a phase rich in polymers, develop. In this approach, the polymer
solution containing the drug particles is mixed with an incompatible polymer, causing the first polymer
to phase separate and engulf the drug particles. The solidification of the polymer is caused by the
addition of non-solvent. This technique was used to create polylactic acid (PLA) microspheres utilising
butadiene as an incompatible polymer. The rate of creating the coacervates impacts the dispersion of the
polymer film, the particle size, and the agglomeration of the produced particles, hence the process
variables are crucial. Agglomeration must be prevented by vigorously swirling the suspension with a
proper speed stirrer because as soon as the creation of microspheres starts, the polymerized globules
begin to clump together and create agglomerates. Since there is no clearly defined state at which
equilibrium is reached, the process variables are crucial since they regulate the kinetics of the produced
particles.

1.1.2.5 Spray drying and spray setting

These techniques rely on the polymer and medication mist in the air drying. Spray drying and spray
congealing are two different techniques that are distinguished by the elimination of the solvent or
chilling of the solution, respectively. First, a suitable volatile organic solvent, such as acetone,
dichloromethane, or another, is used to dissolve the polymer. The medication is subsequently dissolved
in the polymer solution while being homogenised at high speed. Then, a jet of hot air is used to atomize
this dispersion. The process of atomization produces tiny droplets or a fine mist, from which the solvent
instantly evaporates, resulting in the creation of microspheres with a size range of 1 to 100 um. The
cyclone separator is used to separate microparticles from the hot air, and vacuum drying is used to
remove any remaining solvent. The process's viability for use in aseptic environments is one of its main
benefits.

1.1.2.6 Solvent abstraction

The process of making microparticles by solvent evaporation entails removing the organic phase by
extracting the organic solvent. Organic solvents that are water soluble, like isopropanol, are used in the
procedure. Extraction with water is used to get rid of the organic phase. The microspheres' hardening
time is slashed by this procedure. Direct addition of the medication or protein to the organic polymer
solution is one version of the procedure. The ratio of emulsion volume to water, water temperature, and
the polymer's solubility profile all affect how quickly solvent is removed using the extraction procedure.

1.1.3 Physicochemical Evaluation®

Particle dimension and form

Electron spectroscopy for element examination
ATR FourierTransfom Infrared Spectroscopy
Density analysis

Isoelectric point

Surface carboxylic acid scum

Surface amino acid scum

Capture effectiveness

O N gk
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9. Angle of interaction
10. In vitro release methods
11. In vivo release methods

1.1.4 Advantages®

1. A reliable method to maintain the required concentration at the site of interest while delivering the
drug to the target location with specificity, if adjusted.

2. Solid biodegradable microspheres have the ability to deliver drugs in a regulated manner over the
entire particle matrix.

3. Microspheres attracted a lot of attention for their sustained release as well as their ability to direct
anticancer medications to the tumour.

4. 1t has been discovered that the size, surface charge, and surface hydrophilicity of microspheres have
a significant role in predicting the fate of particles in vivo.

5. Research on the uptake of microspheres by macrophages has shown that they can be used to deliver
medications to infections that are intracellular.

1.2 Blend Microspheres

Over the past few decades, one of the main fields of polymer science research and development has been
the technology of polymer blends. Polymer blends have the benefit of lower research and development
costs as compared to creating a new polymeric structure. Additionally, blends provide property profile
combinations that are difficult to come across in single polymers or new polymeric structures. These
mixtures make fascinating raw materials for the creation of composite polymers, films, sponges,
hydrogels, complexing agents, membranes, dressings, drug encapsulation shells, sutures, and membranes
for sponges. Natural polymers like shellac have been used for binding things and as a hot wood varnish
for centuries. The first polymer mix to be patented by Alexander Parkes was a combination of natural
rubber and gutta percha. The type of bonds that bind the components together, their compatibility, and
the characteristics that facilitate the formation of supramolecular structures all affect the physiochemical
and mechanical aspects of such blends. There is increasing interest in this area, and several studies and
analyses into the characteristics of polymer mix microspheres are becoming very significant in drug
release. Microspheres allow for medication release control while reducing harmful side effects,
eliminating the nuisance of frequent injections, and avoiding surgical procedures for both implantation
and removal.

1.2.1 Polysaccharides Mixtures

Polysaccharide mixtures with both natural and artificial polymers make for fascinating materials.
Blending solid polymers with solid polymers such as cellulose, chitin, and chitosan involves high
pressure and shear deformation working together to effectively mix the reagents on a molecular level,
which is necessary for the reaction to proceed. It is possible to prepare polymer compositions based on
polysaccharides in a variety of ways. Similarities in cellulose, chitin, and chitosan structurally influence
their compatibility and enable the creation of homogeneous blends.

The fundamental issue, however, is selecting the solvent for mix preparation. Bridgman anvils (1 to 50
GPa) that allow for the use of milligrammes of reactants or a twin screw pilot extruder (Berstorff,
Germany) with heating control that offers pressures of 0.2 to 10 GPa and shear stresses of 0.3 to 3
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M/mm2 were the two types of equipment employed. Analysis was done on the effects of mixing
duration and chemical reaction passage on the Kinetics and structure of the reaction.

The mechanical processing of the solid mixture of chitosan and cellulose led to a reduction in molecular
mass, and the chemical reaction led to the development of branching and cross-linked structures. It was
demonstrated that chitosan-cellulose

Abbreviation

SA Sodium alginate

HPC Hydroxypropyl cellulose

FTIR Fourier transform infrared spectroscopy
DSC Differential Scanning Calorimeters
TGA Thermogravimetric analysis

SEM Scanning electron microscopy
LCST Lower critical solution temperature
HPC Hydroxypropyl cellulose

MS Mass spetrometry

PCL Polycaprolactone

THB The total hemoglobin

PLA-PCL Poly lactic acid

AC Activated carbon

MPS Master production scheduling
QSM Quality management system

MET Metformin hydrochloride

OKG Okra gum

GLG Gallan gum

HPMC Hydroxypropyl methylcellulose
XRD X ray Diffraction

TH Theophylline

DCM Dichloromethane

PVA Solution  Polyvinyl alcohol

HEC Hydroxyl ethyl cellulose

INH Isoniazid is an antibiotic

FITC Fluorescein isothiocyanate

BSA Body surface area

MTT Material transfer agreement

EC Ethyl cellulose

PVP Poly vinyl pyrrolidine

NFD No fill detection

SOF Sofosbuvir

PEO Polyethylene oxide

PEG Polyethylene glycol

PRD Product requirements
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2. Units

blends were more thoroughly ground when they were put through an extruder. As the degree of
degradation increases, grinding chitosan and cellulose together causes a decrease in molecular mass and
a rise in temperature. One H NMR spectroscopy-ray diffraction study of structural alterations revealed
that sample treatment under more demanding conditions resulted in a nearly full amorphization of the
product structure at the pressure of 1 GPa. With pressure and shear stress, there was a rise in the weak
chemical interactions between two components as well as a change in the structure of hydrogen bonds.
The blends were insoluble in both acidic and alkaline aqueous media as a result of the addition of a
modest amount of cross-linking agents, which created three-dimensional structures with cross links.

The average particles size of the glimepiride loaded blend microspheres was obtained to be 131.4 £ 9.7
pm with a yield of 91.6% by weight of the drug and polymers used for formulation of the microspheres.
It was found that 82.4 + 6.8% of glimepiride was found to be entrapped in the particles. The results of
the in vitro release studies of the glimepiride loaded blend microsphere revealed that 71.49 + 0.74 %
glimepiride was released from the particles at the end of 12" hour of study.

In the present investigation, an attempt was made to optimize polymeric blend microsphere using
chitosan and gelatin and formulate glimepiride loaded blend microspheres for improving the half-life of
glimepiride. The results obtained from the experimental study performed as per the protocols depicted in
the previous chapter are presented in this chapter of the dissertation.

2.1  Preformulation Studies

2.1.1 Physical characterization of glimepiride

The color, odor, taste and appearance of the procured sample of glimepiride was observed using the
sensory organs and the results were compared to the specifications (Table 6.1). The melting point and
partition coefficient of glimepiride were also determined using standard procedures.

Table 2.1 Physical properties of glimepiride

S. No. | Property Studied Specification®® Observation
1 Appearance Powder Sticky powder
2 Color White Off-white
3 Odor Odorless Odorless
4 T aste Bitter Bitter
5 Melting T emperature 207-209°C 210-211°C
6 Partition Coefficient (octanol- | 3.81 3.74
water)

[JFMR230611381

Volume 5, Issue 6, November-December 2023



https://www.ijfmr.com/

~ Y International Journal for Multidisciplinary Research (IJFMR)

i

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

2.1.2 Solubility summary of glimepiride
The solubility of glimepiride was qualitatively observed in water, methanol, ethanol, acetonitrile and
dimethyl formamide (Table 6.2).

Table 2.2 Solubility of glimepiride

Solvent in which solubility was tested | Observation
Distilled Water Insoluble
Methanol Partially Soluble
Ethanol Partially Soluble
Acetonitrile Soluble
Dimethyl formamide Soluble

2.1.3 UV absorption spectra of glimepiride

The absorption spectrum of glimepiride was obtained by dissolving the drug in methanol and scanning
from 400 to 200 nm with the aid of a double beam UV Visible spectrophotometer (Figure 6.1). The
absorption maxima was obtained to be 224.0 nm and was used to measuring the absorbance of
glimepiride in solutions throughout the study. In previous studies the absorption maxima have been
reported to be 225 nm®°, 228 nm®’ and 236 nm®®.

MName: Glimepiride
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Figure 2.2 UV absorption spectra of Glimepiride
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2.1.4 Calibration curve of glimepiride
The calibration curve was constructed using absorbance of 5-25ug/mL solutions of glimepiride at 224
nm (Table 6.3, Figure 6.2). The equation for the calibration curve was generated and was used for
calculating the concentration of glimepiride in microspheres and release samples.

Table 2.2  Absorbance of working standards of glimepiride at 224nm

Strength (pg/mL) Optical Density at 224 nm
5 0.213
10 0.421
15 0.635
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Figure 2.2 Calibration line of glimepiride
As seen from the calibration curve, the regression equation was obtained to be
Absorbance = 0.0415 (concentration) + 0.008
The regression coefficient was obtained to be 0.9994, suggesting the applicability of the equation for
accurate analysis of glimepiride.

2.2  Optimization of blend microspheres

Different ratios of gelatin and chitosan were used to study the influence of polymer ratio on particle
diameter of the microspheres. The effect of the crosslinking agent (glutaraldehyde) on particles size was
also studied.

The particle diameter of the blend microspheres was obtained to be in the assortment of 126.8 um to
371.3 um (Table 6.4). The lowest particle diameter (126.8 + 6.11 um) was obtained in AF5 containing
50% of gelatin and 50% of chitosan. An increase in the amount of gelatin was linked to decreasing the
particle diameter of the microspheres as, the increased gelatin might lead to formation of matrix with
higher rigidity.

Table 2.4  Particle diameter of blend microspheres

Formulation Particle Diameter (um) Yield (%0)
AF1 371.3+8.29 88.1
AF2 336.4+6.24 83.7
AF3 279.6 £8.24 90.6
AF4 235.1+7.33 92.3
AF5 126.8 +6.11 93.1
AF6 373.5+9.27 90.8
AF7 372.7£8.13 89.6
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The effect of glutaraldehyde was negligible on particle size. As seen from the above table, the particle
size obtained using 5% glutaraldehyde was almost equal to that obtained from 2.5 and 7.5%
glutaraldehyde. Hence, an intermediate concentration (5% w/w) of glutaraledhyde was used in the
optimized formulation. The formulation with the lowest particle size (AF5) was considered the
optimized formulation for loading glimepiride.

Glimepiride 20% by weight of the polymer was loaded into the particles during the emulsification phase
under stirring.

2.3  Evaluation of Glimepiride loaded blend microsphere

2.3.1 Drug Polymer compatibility study (FTIR)

The FTIR spectra of the physical mixture of glimepiride, gelatin and chitosan displayed all the
characteristic peaks of glimepiride, thus indicating that no incompatibility was present between the drug
and the polymer (Figure 6.3a, 6.3b).
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Figure 2.3a FTIR spectrum of Glimepiride
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Figure 2.3b FTIR spectrum of physical mixture of chitosan, gelatin and glimepiride

2.3.2 Surface Morphology (SEM)
The SEM image of the drug loaded blend microsphere revealed spherical particles of irregular size with
smooth surface (Figure 6.4).
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Figure 2.4 SEM of glimepiride loaded blend microsphere
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2.3.3 Particle diameter and frequency distribution

The particles size of the microspheres was assessed with the help of calibrated optical micrometer by
analyzing 300 particles. The number of particles that appeared in a particular size range was counted and
the histogram for frequency distribution was constructed. The histogram (Figure 6.5) revealed that most
the particles were in the assortment of 100-150 pum.
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Figure 2.5 Histogram depicting frequency distribution of particles
The average particles diameter of the glimepiride loaded blend microspheres was obtained to be 131.4 +
9.7 yum with a yield of 91.6% by weight of the drug and polymers used for formulation of the
microspheres.

2.3.4 Entrapment efficiency

In order to compute the entrapment efficiency of glimepiride in the blend microspheres, the surface
adsorbed drug was first estimated followed by rupturing the microspheres by vortexing and measuring
the drug that leaked out of the particles into the solution. While 6.5% of the total drug used of loading
was found to adsorbed on the surface of the microspheres, it was found that 82.4 + 6.8% of glimepiride
was found to be entrapped in the particles. The remaining 11% drug was lost in process of formulation
of the particles.

2.3.5 Invitro drug release

The in vitro release study of glimepiride from the blend microspheres exhibited prolonged release. The
results of the in vitro release studies of the glimepiride loaded blend microsphere revealed that 71.49 +
0.74 % glimepiride was released from the particles at the end of 12" hour of study (Table 6.5, Figure
6.6).
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Table 2.5  Percent glimepiride released from the formulation

Time (h) % cumulative drug release
0 0

1 57057

2 046 =062

3 2541052

4 2967+ 061

6 3827076

8 4519+0.70

10 5908x059

12 7149+ 074

As found from the result, the sudden release of glimepiride from the blend microspheres after 3™ hour
was visible which might be attributed to the leakage of loosely entrapped glimepiride in the core. The
almost steady release thereafter indicates that the drug was entrapped within the matrix that was formed
by the gelatin and chitosan interlinking.

2.4  Release kinetics of glimepiride from the blend microspheres
The plots of drug release (cumulative percent release, log cumulative percent release, cumulative percent
retained) vs time (time, log time, square root of time) were plotted and the release kinetics of the drug
from the microspheres was studied.

20

-

% Drug Release

Time (h)

Figure 2.6 Zero order plot of release of glimepiride from blend microspheres
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Figure 2.7 First Order plot of release of glimepiride from blend microspheres
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Figure 2.8 Higuchi plot of release of glimperide from blend microspheres
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Figure 2.9 Korsemeyer-Peppas plot of release of glimperide from blend microspheres
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Table 2.6 Regression coefficient (R?) of various release models
Zero order First order Higuchi Peppa’s
0.9764 0.9601 0.9744 0.9618
The Higuchi equation describes the diffusion controlled release mechanism, and the regression
coefficient of determination showed that zero order Kinetics was the best fit for the release data.
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