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HIGHLIGHTS

o Nanotechnology-based drug delivery significantly improve the therapeutic efficacy.

o Biodegradable polymers are excellent in mucoadhesion process.

o Inotropic gelation-based fabrication of microspheres demonstrated improved mucoadhesion.

e Chitosan fortified Repaglinide mucoadhesive microsphere showed improved anti-diabetic activity.

ARTICLE INFO ABSTRACT

Keywords: Repaglinide (RPG) has a high rate of absorption from the gastrointestinal system after oral administration due to
Biodegradable polymers low log P value. Hence, in this study the inotropic gelation process was used to fabricate mucoadhesive micro-
Chitosan

spheres of RPG using biodegradable polymers such as guar gum, chitosan, and fenugreek seed mucilage. The

g::: %_::{ mucoadhesive microspheres were characterized and tested in vitro followed with oral glucose tolerance test on
Micrgspheres animals. Scanning electron microscopy images demonstrated that the fabricated microspheres were smooth and
Repaglinide spherical with lack of pores. The particle size and polydispersity index (PDI) of microsphere was observed as 300

pm and 0.349, respectively with high positive zeta potential of 38.4 mV. The results of percentage yield and
swelling index analysis demonstrated 87.04 % and 90.65 %, respectively for optimized formulation with an in
vitro release capability of 95.20 % in 10 h. In addition, the results suggested that the mucoadhesive microspheres
successfully entrapped 94.86 + 4.25 % of the RPG. These results clearly indicated that the optimized formulation
of RPG fortified mucoadhesive microspheres reduced the blood glucose level (hyperglycemia due to glucose load
2 g/kg) significantly, compared to marketed RPG formulation (0.25 mg/kg) after 2 h of oral administration.
Additionally, RPG incorporated microspheres enable the regulated blood glucose level over a 10 h. Hence, the
formulation demonstrated overall improvement in anti-diabetic efficacy.
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1. Introduction

Currently, particulate systems able to integrate diverse naturally
occurring or synthetically produced pharmacologically active chemicals
that can be exploited, as microencapsulated pharmaceutical dosage
forms. In this regard, natural biomaterials are used to prepare micro-
spheres due to their biocompatibility, biodegradability, non-
carcinogenic, non-toxic, safe for use in humans, economical, and
readily available. This allows formulator to address several issues
relating to the release and transport of pharmaceutical substances.’
Moreover, due to close contact with the mucus layer, prolonged retention
in the gastrointestinal tract, or occasionally specific targeting of the drug
to the gastric absorption site, the mucoadhesive microspheres improves
oral drug absorption properties. The observable fact is better known as
"bioadhesion or mucoadhesion"; the bioadhesion occurs primarily to-
wards the mucous membrane comprises of mucous layer. Principally by
means of either non-specific or specific interaction with ligands of the
surface at a mucosa surface mucoadhesion can be achieved. The ability of
mucoadhesive drug delivery systems to optimize localized drug release
by retaining a dosage form at the site of action or systemic delivery by
retaining a formulation in closer contact with the absorption site. The use
of mucoadhesive microspheres or microparticles has been shown in
several investigation to be useful in delivering controlled release action
with enhance drug absorption for prolonged time intervals to enable
better patient compliance.? Intimate contact with the underlying ab-
sorption surface is made possible by mucoadhesive microspheres that
demonstrate a prolonged residence period at the application site that
results in improved drug absorption and therapeutic effectiveness.®
Cationic molecules can interact with the mucus surface, since it is
negatively charged at physiological pH. Mucoadhesion of cationic poly-
mers such as chitosan, occurs because of the ionic interactions, hydrogen
bonding, Vander walls forces, electrostatic interactions of their amino
groups with the sialic groups of mucins and swelling and penetration in
the mucus layer. The pH responsiveness also makes chitosan a valuable
biomaterial in mucoadhesion.*

The effectiveness and stability of modified drug delivery further can
be improved by addition of anionic linear polysaccharide such as sodium
alginate with any suitable polymer. Guar gum,® sodium alginate,®
gelatin, linseed, and aloe adhesive’ are notable characteristic polymers
that have played a key role in specific pharmacological dosage forms.
Natural polymeric biomaterials include several remarkable qualities that
made them popular and desirable for use in a variety of biomedical ap-
plications. These characteristics include biodegradability, biocompati-
bility, low extraction costs, efficiently accessible high swelling limits, and
others.®

Fenugreek seeds contain a high percentage of mucilage. The phar-
maceutical utility of fenugreek seed mucilage (FSM) is well established as
mucoadhesive gelling agent, binding agent, and disintegrating agent.
Moreover, several investigation reported that the FSM exhibit anti-
diabetic anctivity.9 While chitosan (CH) is an acidic water soluble linear
amino polysaccharide of 2-amino-2-deoxy-b-D-glucan and glycosidic
connections derived from chitin after deacetylation biodegradable and
biocompatible polymeric material. CH is typically extracted from the
shells of crustaceans such as shrimp and crab. The primary chain of CH
exhibits several free amino groups that allow to free amino groups to
become protonated in acidic environment.'%'" CH is well known for its
cationic nature, which make it attractive for binding with negative
charged drugs during conjugation. Additionally, this positive charge
allow ease in binding to negative charged mucin, nucleic acids, and
proteins.

Microspheres fabricated using mucoadhesive polymer with a diam-
eter of 1-1000 pm are well known as mucoadhesive microspheres. As a
result, it is conceivable that the drug delivery system of enteric coated
mucoadhesive microspheres could achieve a higher dissolution per-
centage during the residence time and high drug loading capacity, as well
as prolong the drug's residence time in the intestine.'? The preferred and
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acceptable method of administering medications is orally. Most medi-
cations are often only absorbed in the upper portion of the small intes-
tine. In such cases, release and dissolution are necessary before
absorption. Unfortunately, only 40 % of medications currently in the
market and up to 75 % of future drug candidates are poorly water-soluble
molecules with slow absorption and release rates in the GI tract. If not
resolved, this could be a problem that results in reduced bioavailability.
Repaglinide is an oral meglitinide class blood glucose-lowering
medication used to treat type 2 diabetes (commonly known as non-
insulin dependent diabetes mellitus). The half-life of RPG is 1 h with a
56-63 % of absolute bioavailability when taken orally and it is primarily
absorbed through GI tract. Moreover, RPG demonstrate an hour-long
half-life, with a 56-63 % of absolute bioavailability when taken orally
twice a day, and the GIT is where it is primarily absorbed.'>'* Hence it is
deemed necessary to retard the release of the drug in upper gastroin-
testinal tract to maximize the therapeutic efficacy. Thus, in this study
FSM/alginate/chitosan fortified with RPG mucoadhesive microspheres
was fabricated and effect of polymeric biomaterials on release profile was
examined for 10 h. Moreover, RPG fortified mucoadhesive microspheres
tested in vivo for oral glucose tolerance test with ethical permission.

2. Materials and methods
2.1. Materials

Repaglinide (Mw. 452.586 g/mol) was procured from Gujarat's Jay
Jalaram Enterprises. Sodium alginate (SA: Mw. 216.12; density 1.601 g/
cm®) was purchased from Loba Chemie, Mumbai, Maharashtra, India.
Changhun Chemicals, China, generously donated calcium chloride (CC).
Chitosan (CH: Mw. 50,000-190,000 Da; degree of deacetylation:
75-85%) was purchased from Hi-media laboratories Pvt. Ltd., Mumbai,
Maharashtra, India. Guar gum (GG: Mw.535.145) was purchased from
Merck Specialties Pvt. Ltd., Mumbai, Maharashtra, India. While raw
seeds of fenugreek were purchased from local market at the Ahmednagar,
Maharashtra, India. All other reagent employed in the study was of the
pharmaceutical/analytical purity.

2.2. Extraction and isolation of fenugreek mucilage

The mucilage from fenugreek seeds was isolated as reported.'>'® In
brief, the dried, clean fenugreek seeds were shortened for lower hardness
by passing it through sieve # 80 and pulverized in a lab mixer under
moderate circumstances. Then the seeds were soaked in water overnight
to expand the gum and discharge of mucilage. Once the slurry was
formed, it was passed through a muslin cloth to separate the swollen gum
from seeds. The separated gum was precipitated using organic solvent
acetone, then dried and ground into fine powder. The dried gum was
denoted as FSM and stored in silica incorporated desiccator until further
use. The percentage yield was quantified by extorting gum from 10 g of
fenugreek seed and re-weighing after drying the isolated gum using the
equation.

Practical yield
Yield (%) actical yie

=——"——x 100
Theoretical yield x

2.3. Fabrication of microspheres

Repaglinide mucoadhesive microspheres were fabricated using
inotropic gelation process as reported.'” The composition of repaglinide
mucoadhesive microspheres formulations is presented in Table 1. Briefly,
to develop a homogeneous polymer solution, the necessary quantity of
sodium alginate was dissolved in 1 % (v/v) acetic acid along with CC,
guar gum, FSM, and CH continuously stirring over magnetic stirrer for 30
min at 1000 RPM. Then RPG was added dropwise into solution of CC
using a disposable syringe (needle size 22), which acts as crosslinker, and
continuously stirred, to generate a viscous spherical and rigid
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Table 1
Composition of different mucoadhesive microsphere formulation.
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Formulation code RPG [mg] Calcium Chloride (%) Sodium alginate (%) Gaur Gum [gm] Fenugreek seed mucilage [%] Chitosan [%]
F1 2 5 2 - 3 1
F2 2 7.5 2 0.15 3 1
F3 2 10 2 0.3 3 1
F4 2 5 2 0.45 2 1
F5 2 7.5 2 0.6 2 1
F6 2 10 2 0.75 2 1
F7 2 5 2 0.9 1 1
F8 2 7.5 2 1.05 1 1
F9 2 10 2 1.20 1 1

microsphere constant rate 300 RPM. The mixture was then filtered, and
the collected microspheres were washed with distilled water after being
magnetically agitated for 30 min. Microspheres were air dried for 24 h.
Prior to further investigation, dried microspheres were stored at room
temperature (25 °C) in desiccator.

2.4. Preliminary trials

2.4.1. Effect of acetic acid and chitosan concentration on microspheres

Repaglinide mucoadhesive microspheres were fabricated using
inotropic gelation process as reported.'® Different acetic acid concen-
trations, ranging from 1 % (v/v) to 6 % (v/v), were used to produce the
polymeric solution. Further, the effect of acetic acid concentration on
drug entrapment and the solubility of the polymer at various acetic acid
concentrations was tested. The initial fabrication using chitosan at 0.5 %,
1 %, and 2 % w/v were tested for to mucoadhesive and biodegradability.
Whereas other factors, such as cross-linking agent concentration and
stirring duration, were held constant. The concentration of other poly-
mers like FSM, Sodium alginate also have an effect on the optimization of
the formulation and drug release (see Table 2).1:19

2.4.2. Compatibility between drug and polymer

Structural and infrared spectra of with or without RPG fortified
microsphere formulation were quantified using Fourier Transformed
Infrared Spectroscopy (FTIR spectrometer; 8400 S, Shimadzu, Japan) to
obtain distinctive peaks in the 400-4000 cm ! region. Furthermore, the
mucoadhesive microsphere incorporated with or without RPG was tested
for compatibility using differential scanning calorimetry (Perkin Elmer
6000) under nitrogen flow at a rate of (20 mL/min), the samples were
heated to temperatures between 50 and 150 °C.

Percentage yield, drug entrapment efficiency, and micrometric
property analysis.

The fabricated microspheres were tested for yield (%) and entrap-
ment efficiency. Briefly, after drying, the percentage yield of the RPG
fortified mucoadhesive microsphere was calculated using equation.

Percentage yield = WK x 100
t

Where, W is practical weight of prepared microsphere and Wt is original
weight of drug and polymer.

Repaglinide mucoadhesive microspheres containing 2 mg of pure
medication were crushed and transferred into a 100 mL volumetric flask.
Then the microspheres were dissolved in 10 mL of ethanol, and 0.1 N
HCL was used to get the final volume of 100 mL. The drug entrapped in
the resulting solution was measured using spectrophotometer at 247 nm
using equation as reported.20

Table 2
Effect of polymer concentration.

Concentration of chitosan (%) Observation

0.5%
1%
2%

Flake formulation
Maximum spherical microsphere
Viscous solution can't pass through syringe
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Actual of drug present

= 100
Theoretical amount of drug x

Drug entrapment efficiency (%)

Furthermore, the micromeritic property of RPG fortified mucoadhe-
sive microsphere formulation (F9) was tested for angle of repose, bulk
density, tapped density, and carr's index.

2.4.3. Zeta potential, particle size, and scanning electron microscopy

The zeta potential of the RPG fortified mucoadhesive microspheres
was measured using a zeta sizer (Malvern zetasizer) by calculating the
electrophoresis mobility in a micro electrophoresis flow cell. Further,
using photo correlation spectroscopy at a submicron particle size
analyzer (Zetasizer NanoZS, Malvern (Almelo, Netherlands) and scat-
tering angle of 90°, the mean particle size of the microspheres was
calculated. The measurement was performed using a sample of 0.5 mg of
the microspheres suspended in 5 mL of distilled water.”! Furthermore,
the morphology of dried microspheres was quantified using Motic mi-
croscope. Briefly, a droplet of microspheres was suspended on a glass
slide and dyed with sulforhodamine B solution made with combination of
distilled water and acetic acid (0.5 %). The sample was carefully covered
with a cover slip. A 40x magnification microscope was used to examine
the sample placed on a glass slide. Additionally, using digital motic mi-
croscopy, the dried microsphere's particle size was determined manually.
Also, the morphology was characterized using scanning electron micro-
scope (SEM: Joel Japan 6000) using a high vacuum evaporator to apply
fine gold sputtering after followed with attaching it on carbon tape. In
addition, surface morphology, microphotographs at various magnifica-
tions up to higher levels (200x) were captured 20 KV.%?

2.4.4. Swelling index

Swelling index was measured using a modified method with USP
paddle type dissolution testing apparatus as reported.?®> The precisely
weighed mucoadhesive microspheres fortified with or without RPG were
added to 900 mL of 0.1 N HCl maintained at 37 °C £ 0.5 °C and allowed
to swell under stirring condition with stirring speed of 50 rpm. At spec-
ified time intervals, the microspheres were taken out and blotted with
filter paper to remove any extra water. The weight changes were
measured at every 1 h interval until constant weight achieved using
equation.

Swelling index = Wn = Wi oo 100

Wr

Where Wt denotes the initial weight of the microspheres and Wm denotes
the weight after specific time interval.

2.4.5. Ex vivo mucoadhesive analysis, in-vitro release studies, and release
kinetics

The ex vivo mucoadhesive strength was tested through in vitro wash-
off method as reported.?® Briefly, goat intestinal mucosa was procured
from nearby slaughter and moistened with phosphate buffer and a 2 x 2
cm of inverted mucosa membrane was washed properly with 0.1 N HCL.
The disintegration test was slightly modified by replacing the cylindrical
part and attached with glass slide (10 x 2 cm?). The microspheres were
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allowed to adhere over the mucosa and mucoadhesive strength was
measure in 0.1 N HCIL. The detachment time in min for microsphere was
recorded as in vitro wash-off time, which represent as mucoadhesive
strength. In vitro drug release profile for RPG fortified mucoadhesive
microsphere was assessed using USPXXII paddle type dissolving test
apparatus for 10 h in 900 mL of 0.1 N HCL at 37 °C + 0.5 °C while being
stirred at 100 rpm as reported.?® Throughout the investigation, the sink
condition was maintained. An aliquot of 5 mL sample was withdrawn out
at an interval of 1 h and replaced with pre-warmed fresh media, diluted,
as necessary. The cumulative percentage RPG release from biopolymers
fortified mucoadhesive microsphere was estimated spectrophotometri-
cally using a UV spectrophotometer (Jasco V-630) set to 247 nm.
Furthermore, the data obtained from in vitro release studies for RPG
fortified mucoadhesive microsphere formulation (F9) were fitted to
various kinetics equations such as zero-order, first-order, and Higuchi
models to find out the best fit mechanism of drug release from
microspheres.

2.4.6. Oral glucose tolerance test

Oral glucose tolerance test on animals were conducted with prior
permission from the institute's animal ethics committee (MESCOP/03/
2022-23) in accordance the standard protocol.26’27 In brief, wistar albino
rats of either sex, weighing 150-250 g, were used in the study and had to
refrain from eating anything except water for 24 h. To induce diabetes,
the peritoneum was injected with monohydrate alloxan (120 mg/kg).
The rats were allowed to feed and watered in accordance with standard
lab practices while being observed in ideal lab surroundings. The animals
were divided into four groups at random (n = 24). Rats in groups II, III,
and IV received vehicle as negative controls, commercialized RPG
formulation (PREMEAL) as a positive control, and optimized RPG forti-
fied mucoadhesive as a test, respectively. While the group I included
healthy (non-diabetic) rats. A oral glucose tolerance test was conducted
between 9:00 and 10:00 AM one week after the administration of
alloxan. All the animals were given glucose (2 g/kg) 30 min after above
dosing. Blood samples were collected from the retro-orbital plexus of the
eye just prior (0 h) and 1, 2, 3, and 4 h after the glucose loading, blood
glucose levels were estimated by using a glucometer (Make: Contour TS).

3. Results and discussion

In recent years, nanotechnology driven various novel drug delivery
systems have been developed for the effective delivery of drug in the
management of diabetes mellitus, however, mucoadhesive microsphere
are most effective for has a high rate of absorption from the gastroin-
testinal system after oral administration. FSM production yielded 20 %
(w/w). Organoleptic qualities tests revealed that the color, odor, taste,
fracture, and texture of isolated gum were distinguishing in character-
istics. The taste and color of FSM was discovered to be bitter and
yellowish. In comparison to the isolated FSG gum, the fracture was harsh
and uneven in texture.

3.1. Effect of acetic acid concentration

The polymeric solutions were prepared using various of concentration
(1 % v/v to 6 % v/v) acetic acid indicated insignificant discernible in-
fluence on percentage mucoadhesion or drug entrapment efficiency with
excellent CH solubility. Hence, 1% (v/v) of acetic acid was used as
optimized concentration in preparation of polymeric solutions. The low
acetic acid concentration did not show any effect on mucoadhesion.?®%°
Smaller particle size was obtained by decreasing the concentration of
acetic acid and CH.

3.2. Effect of chitosan concentration on microsphere

For the initial trials, polymer concentrations of 0.5 %, 1 %, and 2 %
(w/v) were chosen. Other factors, such as acetic acid content, a cross-
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linking agent, and stirring time, were kept constant. Variations in the
concentration of CH (0.5 %, 1 % and 2%) influenced the physical char-
acteristics of the microspheres. The higher concentration of CH demon-
strated higher drug entrapment efficiency as well as the higher yield.
However, 1 % CH exhibited smooth and spherical microsphere, while 2
% showed viscous solution that was difficult to pass through syringe. The
polymer solution was chosen to include 1% (w/v) of CH in 1% (v/v) of
acetic acid.

3.3. Compatibility study

The mucoadhesive microsphere fortified with or without RPG was
tested for compatibility using FTIR and DSC. The FTIR spectra were used
to analyze the chemical composition of the formed microspheres,
whereas DSC was tested to understand the thermal behavior after
incorporating RPG within polymeric core. Different representative RPG
peaks were apparent in the FTIR spectrum of RPG-containing micro-
spheres, however, there was no apparent shift in these peaks observed,
suggesting that there was no conformation interaction between RPG and
the polymers used as presented in Fig. 1 (a, b, ¢). FT-IR analysis allows the
observation of vibration modes for the specific groups of compounds
analyzed. Therefore, infrared spectra of RPG, CH, and microsphere
formulation is presented in Fig. 1 a, b, and c respectively. The IR spectrum
of repaglinide reveals the presence of a peak at 3451.26 cm ™, assigned
to N-H stretching vibration and one at 1647.24 cm™*corresponding to
the carbonyl group.>’ As shown in Fig. 1b, The FTIR spectrum clearly
indicates the presence of hydroxyl (O-H) and amide groups in chito-
san.>"*2 The bands at 2961.12 and 2926.04 cm ™! correspond to alkyl
C-H (C-H stretching vibration) and carboxylic acid O-H stretch. Ab-
sorption peaks at 1604.85 cm™! and 1599.49 cm™! are assigned to the
bending of -NH (amine) group.> By analyzing the IR spectra of the ab-
sorption spectrum of the of Pure RPG and microsphere formulations the
differences were noted in the vibration modes of their peaks compared
with the polymers alone. In detail, the appearance of the bands at
1600.40 cm™}, 1470.81 cm™! and 2972.17 cm™! as well as the disap-
pearance of the band at 1491.87 em™! (the characteristic peak of the
chitosan amino group) suggest the formation of a polyelectrolyte com-
plex between drug and chitosan.>* As shown in Fig. 1c, two wide ab-
sorption band around 1440.61 em ! and 11058.65 cm ™! representing
the infrared spectrum of the pure RPG, indicating a polyelectrolyte
complex has been formed between polymer and drug.

Fig. 2 (a) and (b) illustrate the differential scanning colorimetric
patterns of pure RPG and optimized RPG microsphere formulation (F9).
The endothermic peak of repaglinide observed in the DSC thermograph
at 138.52 °C.° Repaglinide's physical form changed from its crystalline
peak to an amorphous in naature, as indicated by the thermograph
changing to a lower temperature of 127.07 °C with a diminished in-
tensity and broadening of the peak in the microsphere formulation. The
formation of microspheres was observed in the DSC experiments.

3.4. Percentage yield, drug entrapment efficiency, and micrometric
property analysis

Weighing the microspheres after drying allowed us to establish the
percent yield of various formulations. The results of the analysis of the
mucoadhesive microspheres of RPG and the observation of the polymeric
influence on the formulation (Table 3). According to the findings, the
yield percentages for formulations F1 through F9 range from 83.27 % to
68.09 %. It was shown that an increase in polymer concentration caused
a rise in percentage yield. The drug entrapment efficiencies (DEE) of
mucoadhesive microspheres fortified with RPG ranged in between 70.63
4 2.32 t0 94.86 & 4.25. It was shown that DEE (%) increased as FSM/GG
concentrations decreased (Table 4). This effect might be due to viscosity
of polymeric solution that increased with addition of excess FSM resulted
in prevention of active drug escape into the cross-linking solution.
Additionally, the DEE (%) of the microsphere improved as the CaCl,
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Fig. 1. FT-IR spectra of pure RPG (a), FT-IR spectra of chitosan (b), FT-IR spectra of RPG fortified optimized mucoadhesive microsphere formulation (C).

concentration in the cross-linking solution increased. This could be due
to the SA in the polymeric mix and the Ca* in the cross-linking solution
that interact strongly, resulting in a high degree of cross-linking.
Furthermore, drug entrapment was augmented with increase in drug:
polymer ratio. These results might be due to increase in viscosity of
aqueous phase with increasing in polymer concentration that stabilize
droplets and which prevent out flow of drug during the hardening phase.
The results of micrometric property analysis for RPG fortified mucoad-
hesive microspheres (F9) demonstrated good flow property, bulk density,
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tapped density, carr's index and hausner ratio of 18.9 + 0.11, 0.781 +
0.12, 0.836 + 0.11, 6.21 + 0.08, and 1.07 =+ 0.10, respectively.

3.5. Zeta potential, particle size, and scanning electron microscopy

The surface charge and related properties of mucoadhesive micro-
spheres fortified with or without RPG was studied using zetasizer. Zeta
potential values higher than —30 mV show good physical stability, being
optimized when they reach approximately —60 mV, exhibiting a good
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Fig. 2. Differential scanning colorimetric thermogram of RPG (a) and differential scanning colorimetric thermogram of RPG fortified mucoadhesive microsphere (b).

Table 3
Percentage yield of different formulation.

Formulation code Percentage yield +SD (%) (n = 3)

F1 83.27 + 1.24
F2 85.91 + 0.98
F3 87.04 £ 1.42
F4 75.04 + 2.54
F5 78.94 +£1.88
F6 81.08 + 0.56
F7 73.81 + 2.14
F8 68.09 + 2.80
F9 71.07 £ 1.56
Table 4

Drug entrapment efficiency of different formulation.

Formulation code Drug entrapment (% w/w)

F1 70.63 £ 2.32
F2 76.03 £ 2.82
F3 84.37 £ 2.97
F4 73.61 £ 2.63
F5 78.12 + 3.00
F6 86.98 + 3.08
F7 81.50 + 3.87
F8 85.82 + 3.87
F9o 94.86 + 4.25

All the values are mean + SD of three determinants.

physical stability during the shelf-life. Furthermore, the mean size of the
microspheres was quantified using photo correlation spectroscopy (PCS)
on a submicron particle size analyzer at a scattering angle of 90°. The
optimized RPG (F9) mucoadhesive microspheres formulation showed a
negative zeta potential of 38.4 mV Showing stable formulation.*® Studies
have reported that polymers with charged density serve as good
mucoadhesive agents. It has also been reported that anion polymers are
more effective bioadhesive than polycations or nonionic polymers.
Using, Motic digital microspheres, the particle size of RPG fortified
mucoadhesive microsphere was measured, and results are presented in
Table 5. The rise in FSM concentration resulted in larger microsphere
diameters. This might occur as a result of an increase in polymer
concentration-related viscosity.

Fig. 3 (b) displays the Motic microscopy image (a) and scanning
electron microscopy of selected formulation (b). The optimized RPG (F9)
mucoadhesive microspheres formulation indicated smooth surfaces with
recognizable creases and polymeric derbies that were spherical in shape
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and impermeable in nature. However, some microspheres displayed a
rough surface might be due to incorporation of GG. These creases and
polymeric derbies resulted might be due to process technology, such as
the simultaneous synthesis of gel microspheres and the formation of a
polymer-blend matrix, as well as the partially collapsed polymeric gel
network after drying. The drug crystals observed on the surface of the
microspheres might formed due to their migration to the surface with the
water during drying.®

3.6. Swelling index

In an acidic buffer (0.1 N HCl), the swelling behavior of RPG fortified
mucoadhesive microspheres was measured Fig. 4. The most crucial
mucoadhesive microspheres' characteristic is swelling, which influences
how quickly drugs are released from their excipients.'® The swelling
index percentage of RPG fortified mucoadhesive microspheres in 8 h was
in the range (80.25%-90.65%). This result indicated higher swelling
index due to higher cross-linking between solution and guar gum con-
tent. The swelling behavior of Ca*™ alginate in the presence of Ca’ " ion
capturing agent was previously reported to be based on the gradual
displacement of Ca*™ ions within the calcium-alginate-based mucoad-
hesive microspheres.® Moreover, this finding indicated that polymer
concentration improves the ability to swell, which may have occurred
due to GG enhanced hydrophilicity and water-retentive capacity that
made it easier to swell and quickly hydrate.

3.7. Ex vivo mucoadhesive analysis, in-vitro release studies, and release
kinetics

The ex vivo mucoadhesion analysis demonstrated adhesion time of
145.0 + 5 min for optimized RPG fortified mucoadhesive microsphere
(F9). The adhesion time observed for chitosan functionalized mucoad-
hesive microsphere might be due to the presence of thiol group, which
are known to enhance the mucoadhesive property of chitosan due to
formation of strong covalent bonds (disulfide bonds) with mucin. In

Table 5

Zeta potential of optimized RPG (F9) mucoadhesive microspheres formulation.
Parameters Observation
Zeta potential —38.4 mV
Mobility 10.81 um/s/v/cm
Conductivity 2355 us/cm
Particle size using Motic microscopy 0.32 pm
Particle size using zeta sizer 300 nm
PDI 0.349
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Fig. 3. Motic microscopy image (a) and scanning electron microscopy of selected formulation (b).
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Fig. 4. Swelling index of RPG release from mucoadhesive microspheres
formulations.

addition, the formation of disulfide bonds between the thiomer and the
mucus gel layer take place either through thiol/disulfide exchange re-
action or via a simple oxidation process to thiol groups. Moreover,
presence of numerous hydrophilic functional groups sch as carboxyl
groups in chitosan molecules have been reported for CH ability to form
hydrogen bonds with the mucus molecules. In-vitro drug release was
tested for all formulations to check the release profile of the RPG from
mucoadhesive microsphere. The results and curves obtained from the in
vitro release test are presented in Fig. 5. Repaglinide fortified mucoad-
hesive microspheres were tested for drug release in vitro using 0.1 N HCL
of pH 1.2. The percentage of drug release demonstrated >70 % in 10 h for
all formulations. The percent release was controlled due to addition of
polymers (guar gum, FSM, and CH), however some formulations had
drug release delays of almost 10 h. The polymer solubility and micro-
sphere surface hydration both had an impact on the drug release. The
excellent hydration and swelling property of GG throughout the formu-
lation process indicated improvement in cumulative percentage drug
release results in a regulated prolonged drug release. The presence of
RPG over the surface of microspheres was responsible for initial bust
effect in first few hours. The proportion of medication released from the
RPG microsphere in 10 h ranged between 69.34 % and 95.20 %, and it
was discovered that this percentage rose with increasing cross-linking
solution concentration and decreased with increasing FSM concentra-
tion. Drug release from the microspheres depends on the nature of the
polymer and inversely proportional to quantity of polymers used.
Comparing the formulation F9 with other formulations, it was demon-
strated that the drug release was optimized. The poor solubility and
sluggish rate of absorption, prolonged release of RPG is preferred to
enable improved absorption. Thus, the effective absorption of RPG can be
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Fig. 5. Cumulative percentage of RPG release from mucoadhesive microspheres
formulations.

achieved if microspheres were delivered to the lower region of the
gastrointestinal tract. The results indicated though the RPG was more
soluble in 0.1 N HCI, the release rate of RPG in 0.1 N HCl was sluggish
and sustained due to consistency and stability of GG and CH in 0.1 N
HCL®’ The release profile demonstrated the release kinetic of first order
was best fitted followed with Higuchi pattern (n: 0.988) suggesting that
the diffusion plays an important role in the regulation of drug release
from matrix of microsphere.

3.8. Oral glucose tolerance test

The institute's animal ethics committee authorized the study protocol.
Effect of RPG fortified mucoadhesive microspheres on oral glucose
tolerance test in alloxan-induced diabetic rats were tested to determine
the efficacy of the optimized microsphere formulation. The results indi-
cated that the RPG fortified mucoadhesive microspheres optimized
formulation (F9) reduced the blood glucose level (hyperglycemia due to
glucose load 2 g/kg p. 0.) significantly and RPG (0.25 mg/kg) after 2 h of
oral administration, when compared to diabetic control rats (Table 6).
Diabetes mellitus type 2 is a disease caused by genetic and environmental
factors, and the main clinical manifestation is hyperglycemia. Currently,
insulin injections are still the first-line treatment for diabetes.*® However,
repeated injections may cause insulin resistance, hypoglycemia, and
other serious side effects. The formulation exhibited excellent control of
plasma sugar levels due to better penetration of RPG, as a consequence of
improved permeability characters of Polymers. Hence, the results
collectively indicate that RPG fortified mucoadhesive microspheres could
me probable alternative and safe treatment strategy for the management
of diabetes mellitus.
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Table 6
Effect of RPG fortified mucoadhesive microspheres on blood glucose level of
diabetic rats.

Group Treatment
(n=6)

Fasting plasma glucose level + SD (mg/dl)

Oh 1h 2h 3h 4h

Group I: Normal 100.33 110.50 + 119.83 129.17 139.67
(non-diabetic +1.62 1.70 +1.81 +1.35 + 0.84
rats)

Group II 278.83 291.50 + 290.50 297.00 301.67
(Negative + 9.93** 10.65** + 6.23%* + 5.62%* + 5.66%*
control)

Group III 276.17 289.33 + 286.17 279.17 272.83
(Positive + 7.14%* 7.23%* + 5.43%* + 5.21%* + 4.65%*
control)

Group IV 285.83 295.83 + 287.33 276.50 266.67
(Microsphere + 5.64** 6.31%* + 6.17%* + 6.08** + 5.10%*
F9)

*p < 0.05, **p < 0.01 values are Mean + SD, n = 6, when compared with normal
by using one way ANOVA followed by Dunnett's multiple comparison test.

4. Conclusions

In conclusion, the successful fabrication of RPG-fortified mucoadhe-
sive microspheres, employing a synergistic blend of FSM, SA and GG
polymers, demonstrated pronounced efficacy. Systematic investigation
into the influence of cross-linking agents and polymer concentrations on
the in vitro release of FSM-alginate mucoadhesive microspheres revealed
critical insights. Notably, the microspheres, enriched with RPG, exhibi-
ted accelerated swelling in the gastric milieu, attributed to the height-
ened concentration of guar gum. This facilitated prompt adherence to the
stomach mucosa, effectively mitigating diffusion barriers and extending
gastric residence time. The study unequivocally established the formu-
lation's prowess in regulating and delaying repaglinide release, leading to
a sustained impact on blood glucose levels. This substantiates the po-
tential of microsphere-based delivery systems laden with natural poly-
mers, opening avenues for promising applications in the realms of
biological and biomedical research. The demonstrated capacity to
modulate drug release kinetics and enhance therapeutic efficacy posi-
tions these RPG-fortified mucoadhesive microspheres as a compelling
avenue for advancing pharmaceutical strategies in diabetes management.
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