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ABSTRACT

Background: This study aimed to develop an efficient drug delivery system targeting the
colon to treat inflammatory conditions using mesalamine. The approach involved formulating
microsponges with Eudragit polymers, focusing on assessing the in vitro drug release patterns.
Materials and Methods: The quasi-emulsion solvent diffusion method was employed using
various Eudragit polymers (5100, L100, RS100 and RL100). Critical parameters, such as entrapment
efficiency, particle size and drug release, were systematically examined. Different kinetic models
have been used to understand the mechanism of drug release. Results and Discussion: The
developed microsponges met the desired entrapment efficiency and particle size standards. Drug
release from these formulations exhibited a diffusion-based pattern aligned with a zero-order
kinetic model. Initial 1-2 hr showed minimal drug release (2-1%), whereas a significant release
(92-95%) occurred within 24 hr for formulations F1 and F2. This release behaviour suggests the
potential of sustained and pH-dependent drug delivery applications. Conclusion: This study
contributes to the field by successfully designing a colon-targeted drug delivery system for
mesalamines. Using Eudragit polymers and incorporating microsponges showed the potential
for sustained drug release, emphasizing their applicability for treating inflammatory colon
conditions. This study provides a foundation for future drug-delivery systems targeting specific
gastrointestinal regions.
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INTRODUCTION

Inflammatory Bowel Disorder (IBD) is a type of chronic
inflammatory condition that affects the digestive tract, with
Crohn's Disease (CD) and Ulcerative Colitis (UC) being the
most common. The CD is linked to transmural inflammation
and ulcers throughout the Gastrointestinal Tract (GIT), fistulas,
deep fissuring ulcers and abscesses. In contrast, the mucosa and
submucosa of the colon and rectum are vulnerable and are mainly
linked to crypt distortion and abscesses. Bloody diarrhoea, fever,
weight loss, stomach pain, or vomiting are signs of Crohn's
disease. Both disorders can raise the chance of death in extreme
circumstances.'

Conventional oral formulations used in the treatment of
Inflammatory Bowel Disease (IBD) have inherent limitations due
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to their primary emphasis on achieving systemic administration
of medicines. However, for the local therapy of inflammatory
disorders such as IBD, colonic cancer and other colonic
pathologies, targeted drug administration directly into the colon
is highly desirable. Delivering medications specifically to the
colon minimizes systemic exposure, reduces side effects and
enhances localized therapeutic effects, ultimately resulting in
improved efficacy and a safer treatment approach. Moreover,
targeted drug delivery to the colon offers the advantage of
improved patient compliance. Many individuals with IBD and
other colonic disorders require long-term medication and
conventional oral formulations can be associated with unpleasant
side effects. By delivering the medication directly to the colon,
targeted therapy reduces the likelihood of systemic side effects,
such as nausea or fatigue. It improves patient tolerance and
acceptance of the treatment.**

Colon-specific Drug Delivery Systems (DDSs) offer many
advantages over conventional oral formulation, making them
a promising approach for treating various colonic disorders.
These advantages include maintaining a near-neutral pH,
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prolonging transit time in the colon, reducing enzymatic activity,
achieving high local drug concentration with minimal adverse
effects, especially for anti-inflammatory medications, avoiding
undesired digestion and enhancing overall drug bioavailability.
By harnessing these benefits, colon-specific DDSs provide an
improved and optimized therapeutic approach for targeted drug
delivery to the colon, addressing the limitations of conventional
therapy and enhancing patient outcomes.®

When these delivery systems are administered orally, they allow
medications to be released from the delivery system once they
reach the colon. These delayed methods improve the treatment's
efficacy by concentrating the drug molecules where they are
most needed and reducing the risk of adverse effects and drug
instability associated with the drug's premature release.”

Coating with polymers, coating with pH-sensitive polymers,
coating with biodegradable polymers, time-dependent approach,
pressure-dependent approach, microbially controlled delivery,
osmotically controlled approach, prodrug approach, bioadhesive
system, are the approaches for colon targeting via the oral route.®

Micro sponges are porous microspheres with several consistent
voids ranging from 5 to 300 um.’ They are polymeric delivery
systems of tiny sponge-like spherical particles with many
interconnected gaps within a non-collapsible framework with a
porous concrete surface. They may improve medication stability,
lessen side effects and positively alter drug release. They are
simple to prepare, which makes them attractive in targeted drug

delivery systems.'®!*

Though the non-selective cyclooxygenase inhibitors class links
to IBD
anti-inflammatory medicines have been studied for their

exacerbation and  remission, non-steroidal
benefits in treating colonic disorders, even though selective
Cyclooxygenase-2 (COX-2) inhibitors have improved tolerability
and safety in IBD patients, many COX-2 medicines were pulled

from the market due to cardiovascular side effects.!>®

Mesalamine, a locally acting aminosalicylate utilized in treating
inflammatory bowel diseases such as ulcerative colitis and
Crohn's disease, faces challenges when administered orally.
Using mesalamine orally increases systemic adverse effects and
absorption from the upper gastrointestinal tract. Moreover,
mesalamine is rapidly and extensively metabolized in the
intestinal mucosal membrane and the liver, primarily forming
N-acetyl-5-ASA. This extensive metabolism reduces medication
bioavailability when administered through traditional oral dose
forms. The elimination half-life of Mesalamine is estimated to
range between half and 1.5 hr.'”"®

So, developing colon-targeted formulations using pH-sensitive
polymers of mesalamine as microsponges, is expected to have
effective localized and controlled drug therapy to colonic tissue
and circumvent the limitations of traditional oral formulations.
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This precise approach of utilizing microsponges demonstrates a
targeted and optimized strategy for improving the effectiveness
and bioavailability of mesalamine in treating colonic inflammatory
conditions.

The focus of this study was to enhance the therapeutic effectiveness
of mesalamine by employing a targeted drug delivery system.
This system incorporates pH-sensitive polymers of mesalamine,
enabling a precise and localized impact on the inflamed tissues
of the colon.

MATERIALS AND METHODS

Mesalamine gifted from chemicals Hyderabad. Eudragit S 100,
L 100, RS 100 and RL 100 p were gifted from Evonic Industries
Mumbai and Polyvinyl Alcohol (PVA) and glycerine were
purchased from Loba Chemicals Ltd Mumbai.

Fourier transform infrared spectroscopy (FTIR)

The FTIR spectrophotometer was employed to acquire FTIR
spectra for a physical blend comprising the pure drug and
polymers. A KBr disc was created by compressing 1-2 mg of
material with an equivalent weight of dehydrated potassium
bromide. For compatibility verification, the samples underwent
scanning using a Shimadzu Model 8400 FTIR spectrometer,
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covering the range of 500 to 4000 cm™.

Preparation of drug-loaded microsponges

In developing drug-loaded microsponges, the quasi-emulsion
solvent diffusion approach was utilized based on preliminary
observations. The polymers Eudragit S-100, Eudragit L-100,
Eudragit RL100 and Eudragit RS100 were dissolved in a mixture
of dichloromethane and methanol (1:1 ratio) to create an internal
phase. Mesalamine, the drug of interest, was incorporated into
the internal phase, which was then poured into the external phase
consisting of an aqueous solution of surfactant (polyvinyl alcohol)
and plasticizer (glycerine) while stirring at a speed of 1000 rpm,
as indicated in Table 1. The emulsion was continuously stirred for
up to 8 hr. The resulting product was subsequently filtered and
subjected to drying at 40°C for 12 hr to obtain microsponges.'*?'

Evaluation of microsponges

Particle Size

The particle size of the microsponges was determined using
optical microscopy. After dispersing in liquid paraffin, the micro
sponges and their particle size were measured using an eyepiece
micrometre calibrated against a stage micrometre. One hundred
particles were measured to ensure accuracy and the average
particle size was calculated based on these measurements. The
mean particle size and size distribution of the selected formulation
were examined using the Horiba SZ-100 nanoparticle Dynamic
Light Scattering (DLS) equipment at 25.2°C, sample dispersion
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Table 1: Formulation Chart.

Sl Formulation Drug Polymers(mg) Org Ag. PVA Glycerine
No. (mg) S-100 L-100 RS-100 RL-100 Phase  Phase (o) (%)
(mL) (mL)
1 F1 500 500 - - - 10 25 1 0.1
2 F2 500 - 500 10 25 1 0.1
3 F3 500 - - 500 10 23 1 0.1
4 F4 500 - - - 500 10 25 1 0.1
5 F5 500 250 250 - - 10 25 1 0.1
6 F6 500 - - 250 250 10 25 1 0.1
7 F7 500 125 125 125 125 10 25 1 0.1
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Figure 1: IR spectra of mesalamine, physical mixture and formulation.

was created and particle size was measured three times at a
scattering angle of 90°.2

Drug entrapment efficiency

To the drug
microsponges, 10 mg of microsponges were weighed and
dissolved in phosphate buffer solution pH 7.4; after suitable
dilutions, the absorbance of the solution was measured at 331 nm

determine concentration in Mesalamine

using a spectrophotometric technique, with blank microsponges
treated in the same manner serving as a reference. To determine
free drug concentration, 10 mg of mesalamine microsponges
were weighed and mixed with 10 mL of hot water. The mixture
was then centrifuged at 2500 rpm for 30 min. The supernatant
was collected, filtered and diluted with phosphate buffer solution
pH 7.4. The absorbance of the diluted solution was measured
at 331 nm using a spectrophotometric technique, using blank
microsponges as a control.”? The drug entrapment efficiency is
determined by the formula:
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Total drug content — Free drug content

Total drug content

In vitro drug release studies

In the in vitro drug release studies, microsponges were subjected
to the USP dissolution apparatus IT under simulated physiological
conditions. The microsponges were exposed to fluids with
different pH values to mimic the pH variations in different
gastrointestinal tract regions. Specifically, the microsponges were
exposed to Simulated Gastric Fluid (SGF) with a pH of 1.2 for 2
hr. Subsequently, they were exposed to Simulated Intestinal Fluid
(SIF) with a pH of 6.8 for 2-4 hr and then to Simulated Colonic
Fluid (SCF) with a pH of 7.4 for 10-24 hr at 37°C with agitation
at 50 revolutions per minute. Sampling was performed at regular
intervals and spectroscopic analysis was carried out at 331 nm
using a UV spectrophotometer. Sink conditions were maintained
by replacing the withdrawn medium volume. These studies
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allowed for assessing the microsponges' drug release profile and
kinetics under different pH conditions.**

Drug release kinetics

The accuracy and predictability of several kinetic models were
examined using R* (squared correlation coeflicient), utilising
KinetDS 3.0 software to fit the release data.”

Scanning electron microscopy

A JEOL JSMT-330 Scanning Electron Microscope (SEM) was
employed to analyze the morphological characteristics of a
specific microsponge formulation. The sample was prepared by
placing it on a brass stub and subjecting it to gold sputtering.
Gold sputtering, carried out at a pressure of 70 mTorr for 30 sec,
involved depositing a thin layer of gold onto the sample's surface.
Following this step, the brass stub was removed from the gold
sputtering system and transferred to the SEM sample chamber.
The SEM imaging was performed under vacuum and at voltages
ranging from 1-30 V.*¢

Stability studies

The chosen Formulation (F1) was subjected to a stability study
for three months at temperatures of 25+2°C/60+5% RH and
40+2°C/75+5% RH, as per ICH recommendations, to assess their
stability in terms of physical appearance and drug entrapment
efficiency.?”

RESULTS

FTIR analysis of the physical mixture of Mesalamine and
Eudragit revealed characteristic absorption bands corresponding
to the functional groups in both components, as shown in
Figure 1. In the spectrum, a broad and strong absorption band
at 3300-3500 cm™! was observed, indicating the presence of N-H
stretching vibrations associated with primary and secondary
amines of Mesalamine. Additionally, an intense absorption
peak at 1700-1800 cm™ indicated the presence of the Carbonyl
(C=0) group in the carboxylic acid functionality of Mesalamine.
Furthermore, absorption bands in the range of 1500-1600 cm™
indicated the aromatic rings in Mesalamine. In addition to the
characteristic absorption bands observed for Mesalamine, a
notable peak corresponding to Eudragit was identified in the FTIR
spectrum of the physical mixture. This peak is associated with
the ester Carbonyl (C=0) stretching vibration, typically observed
in Eudragit based on methacrylic acid derivatives. The peak was
observed around 1700-1740 cm™, indicating the presence of the
ester carbonyl group in Eudragit within the physical mixture.'**
These results suggest mesalamine's compatibility with various
grades of eudragit used in the formations.

Preparation of microsponges

A series of seven formulations were developed using Eudragit
L100, S100, RL100 and RS100 polymers in combination with
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1% PVA as the surfactant and glycerine, a plasticizing agent. The
drug and polymer were mixed in 1:1 to prepare the microsponge
formulations. Additionally, the volumes of the internal (organic)
and external (aqueous) phases were kept constant, ensuring
consistent conditions during the preparation of the micro
sponges. This approach allowed for a controlled and comparable
evaluation of the different formulations.

Evaluation of microsponges

Particle size

In the study, the particle size of the microsponges was evaluated
using optical microscopy. The obtained results are depicted
in Table 2. The particle size ranged between 10£0.942 um and
300£0.8162 um. The viscosity of various grades of eudragit
is the critical factor in maintaining the particle size. Eudragit
R100 and S100 have comparatively high viscosity compared
to RL and Rs 100 grades. Indicated that it exhibited a larger
globule size compared to the other formulations. Increasing
the viscosity increases the shear stress and thus breaks down
the globule, so there was a reduction in globule size observed
when the grade of polymers changed. The distinct properties
of different Eudragit grades likely influenced the formation and
size of the microsponges, resulting in variations in particle size.
Furthermore, Dynamic Light Scattering (DLS) analysis provided
a more accurate determination of the particle size of the selected
F1 formulation (Figure 2); the particle size was 7.430 pm,
which closely aligned with the results obtained through optical
microscopy, which is 10 um (Figure 3). These findings support
the reliability of optical microscopy as a method for particle
size evaluation and emphasize the impact of Eudragit grades on
particle size variations in the microsponge formulations.

Drug entrapment efficiency

The drug entrapment efficiency of the microsponge formulations
was assessed and found to be within the range of 62.05+0.42
to 95.23 +0.59%. The entrapment efficiency was highest for
formulations F1 and F2, which used Eudragit L100 and S100,
respectively. This may also be due to the viscosity contribution of
these formulations compared to the remaining formulation and

Table 2: Particle size and drug entrapment efficiency data.

Formulation Particle size (um) Drug entrapment
efficiency (%)

F1 10+0.942 95.23 £0.59

F2 20+0.471 94.87+0.48

F3 17+0.816 90.12+£0.519

F4 70+0.471 91.01£0.438

F5 100+0.816 62.05+0.42

F6 234+0.471 63.11+£0.450

F7 300+0.816 70.02+0.435
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Figure 2: Particle size of F1 formulation by DLS method.

Figure 3: Optical microscopy photograph of F1.

the lower particle size distribution might have helped entrap a
large amount of drug into the dispersed globules. Furthermore,
F3 and F4 formulations also exhibited high drug loading
capacity. However, the drug entrapment efficiency was found
to be decreased when a combination of these two polymers was
observed in F1 and Fé6.

In vitro drug release

The in vitro drug release profile from the formulations is depicted
in Figure 4. As given in the figure, the drug release was found
to be in a controlled pattern. In the first two hr, there was no
considerable amount of drug release observed from all the
formulations. Formulation F3 1.01+0.05% to maximum of
6.12+1.01%. When we see the data for the next 6 hr, a minimum
of 40.12+1.12 (F1) to a maximum of 70.45+1.54% is observed.
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Hereafter, the drug release was slowed down and approximately
40-45% of the drug was released from various formulations for
14 hr. These findings indicate that including Eudragit S100 and
Eudragit L100, pH-sensitive polymers with a threshold pH value
above 6 and 7, respectively, effectively prevented the premature
release of Mesalamine in the upper Gastrointestinal Tract (GIT).
Instead, drug release occurred predominantly at pH values
above 6, bypassing the upper GIT. Based on these results, it can
be concluded that using individual polymers, such as Eudragit
S100 or Eudragit L100, yielded relatively higher drug release
profiles compared to the combination of polymers, as seen in
formulations F5 to F7. These findings highlight the importance
of carefully selecting and optimizing polymer combinations to
achieve the desired drug release behaviours. Table 3 exemplifies
the drug release kinetics of the formulations and it was observed

International Journal of Pharmaceutical Investigation, Vol 14, Issue 3, Jul-Sep, 2024
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Figure 4: In vitro drug release profile of Mesalamine from microsponges.
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Figure 5: SEM images of F1 formulation.

Table 3: Drug release kinetics.

Formulation Zero order
R? R?

F1 0.9717 0.9837
F2 0.9934 0.9949
F3 0.9211 0.9765
F4 0.7359 0.8738
F5 0.9988 0.9897
F6 0.9883 0.9863
E7 0.9405 0.9732

that the drug release followed a zero-order pattern, indicating
a zero-order drug release pattern R*> 0.7359-0.9934), and a
diffusion-controlled release mechanism (n=0. 0.1235-0.3417)
from all the formulations. This also assures a predictable and
sustained drug release, ensuring consistent therapeutic effects
over an extended period. Drug formulations exhibited maximum
particle size and had slower release patterns, which may be the

International Journal of Pharmaceutical Investigation, Vol 14, Issue 3, Jul-Sep, 2024

Korsmeyer - Peppas model

n

0.1488
0.3417
0.1461
0.1235
0.1701
0.2313
0.2345

factor of the longer diffusional path to get it released to the outer
environment.
Scanning electron microscopy

The formulation F1, which is superior in drug loading, has a
smaller particle size and the drug release profile was selected for
studying the surface properties. Microsponges exhibited a high
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Table 4: Stability studies data of F1 formulation.

SI. No. Observation 25+2°C/60% RH+5% 40+2°C/75% RH%5%
1 Entrapment efficiency (%) 93+0.16 85.01+0.23
2 Physical appearance Buft colored product Buft colored product

degree of sphericity, as observed in optical microscopy in SEM
photographs. They also revealed the presence of minute pores
on their surfaces, as depicted in Figure 5. However, there were
few with open structures, which depicts the porosity within the
particles or spongy structures. The characteristic properties of
the microsponges can be attributed to the inclusion of glycerine,
a plasticizing agent, in the formulation. The visual inspection
confirmed the overall structural integrity of the microsponges;
however, the pores appeared more discernible in terms of both size
and quantity. This observation suggests a potential detachment of
drug molecules from the microsponge surface and a mild erosion

phenomenon contributing to drug release properties.

Stability studies

The short-term stability of formulation F1 was assessed
over three months under varying temperature and humidity
conditions, as represented in Table 4. The physical appearance
of F1 remained unchanged throughout the storage period,
indicating good physical stability. At 25°C+0.5°C/60% RH, the
entrapment efficiency was determined to be 93+0.16%. However,
when exposed to a higher temperature of 40°C+2°C/75% RH,
the entrapment efficiency slightly decreased. The studies suggest
suitable storage conditions for the microsponge formulations.

DISCUSSION

The compatibility study of the drug and excipients revealed no
incompatibility. The particle size in the eight formulations ranged
from 10+0.942 pm to 300+0.816 um. The drug entrapment
efficiency varied between 62.05+£0.42% and 95.23+0.59%. The
formulation with the smallest particle size (7.430 um) and the
highest entrapment efficiency was identified through dynamic
light scattering. In an acidic environment, the polymers in the
microsponges remained intact, resulting in negligible drug
release. At pH 6.8, a substantial drug release was observed due
to the pH-dependent release properties of Eudragit L 100 and RL
100. Eudragit S 100 and RS100 contributed to a maximum drug
release of 40-45% between 10 and 24 hr. The drug release profile
followed a zero-order model, indicating a diffusion-controlled
mechanism. SEM photographs confirmed the spherical nature
of the particles, consistent with optical microscopy findings.
Stability studies demonstrated no apparent changes in entrapment
efficiency at Room Temperature (RT), with slight alterations

observed at elevated temperatures.
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CONCLUSION

This investigation aimed to develop and assess microsponges
as a localized therapy for inflammatory diseases, specifically
Crohn's disease and ulcerative colitis, utilizing Mesalamine.
The microsponges were prepared using the quasi-emulsification
solvent diffusion method, employing various Eudragit polymers
(L100, S100, RL100 and RS100) either alone or in combination.
The drug entrapment efficiency of the polymers, both individually
and in combination, was found to be satisfactory. In vitro drug
release studies revealed that utilizing individual polymers,
such as Eudragit S100 or Eudragit L100, yielded superior
drug release profiles compared to the polymer combinations.
Polyvinyl Alcohol (PVA) demonstrated excellent emulsification
properties, as evidenced by particle size and drug entrapment
efficiency. Overall, the study suggests that Eudragit polymers
exhibit promising characteristics for sustained localized drug
delivery to the colon, including biocompatibility, non-toxicity,
biodegradability and the ability to modulate drug release.
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