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ABSTRACT

Background: Alzheimer’s disease is the main reason for dementia among the older section of the community. Administration of
drugs through oral route to the patients suffering from neurological disorders is a serious challenge. Intranasal pharmacothera-
peutics is an integral part of the modern drug delivery module used as an alternative way due to several therapeutic advantages.

Objective: The objective of this current research was to develop intranasal mucoadhesive microspheres of anti-Alzheimer’s
drug donepezil HCI.

Methodology: The formulations were prepared using gellan gum polymer in various drug: polymer ratios from 1:1 to 1:4 by
emulsification cross-linking technique with an intention to enhance the onset of action, increase the drug bioavailability, and
also to overcome the major obstacle blood-brain barrier. The prepared mucoadhesive microspheres were evaluated in terms
of drug loading, entrapment efficiency, ex vivo drug permeation, histopathological characteristics, in vitro drug release, in vitro
mucoadhesion, morphology, particle size, production yield, and swelling property. The prepared intranasal microspheres were
characterized by differential scanning calorimetry, scanning electron microscopy, and X-ray diffraction study.

Result: The fabricated intranasal microspheres had good spherical nature and excellent swelling property with entirely smooth
surfaces. After reaching the nasal mucosa, the mucoadhesive microspheres formulations come in contact with the nasal fluid
(containing cations), spontaneous viscous gelation (decreases the clearance rate) occurs in the nasal cavity, and the activity
enhances several-folds by elevating the residence duration.

Conclusion: This study opened new avenues for enhancing the pharmaceutical efficacy of donepezil HCI in Alzheimer’s patient
through intranasal route.
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INTRODUCTION extracellular level of acetylcholine in hippocampus and

cerebral cortex of rats.* In experimental animal models, do-

Alzheimer’s disease is the main reason for dementia among  nepezil displayed effectiveness in context to the reference
the older section of the community.! The most imperative memory, however, it has very less reliable activity in ref-
approach for treating the symptoms of Alzheimer’s disease  arence to working memory.® It is explicitly recommended
includes augmentation of the amount of cholinergic levels in  j, the case of vascular dementia, cognitive impairment, etc
the brain by specifically obstructing the activity of the en-  j, the dose of 5 mg/day or 10 mg/day. The most common
zyme accountable for splitting acetylcholine (the most vital 1 own adverse events include gastrointestinal system (nau-

neurotransmitter).” This is mostly accomplished by the class sea, vomiting, gastric upset, constipation, and diarrhea), and
of drugs known as the cholinesterase inhibitors, of which  orvous system (dizziness).®

donepezil is an active and well-known member.> Donepezil

HCl is a potent and specific non-competitive in vivo inhibi- Intranasal pharmacotherapeutics is an integral part of the
tor of acetylcholinesterase. In human erythrocytes, the drug ~Modern drug delivery module used as an alternative way due
inhibits the enzyme acetylcholinesterase and enhances the t© several therapeutic advantages.” The human nasal mucosa

Corresponding Author:

Purushottam S. Gangane, PhD, Associate Professor, Department of Pharmaceutics, Dadasaheb Balpande College of Pharmacy, Nagpur —
440037, Maharashtra, India; Email: p.gangane@gmail.com

ISSN: 2231-2196 (Print) ISSN: 0975-5241 (Online)
Received: 15.06.2020 Revised: 12.08.2020 Accepted: 25.09.2020 Published: 06.10.2020

"7
N Int J Cur Res Rev | Vol 12 - Issue 19 - October 2020 105



Gangane et al.: Gellan gum assisted fabrication and characterization of donepezil hydrochloride mucoadhesive intranasal microspheres

and mucosa present in several regions in the human body
such as vaginal cavities, buccal, gastrointestinal tract, etc. of-
fer a very high surface area which provides a greater perme-
ability that facilitates swift systemic absorption of the drug
and fast initiation of drug action.® The mucosa of the nasal
cavity is enriched with blood vasculature which leads to di-
rect systemic circulation with results in complete avoidance
of hepatic metabolism, and thus enhancement in systemic
bioavailability of drugs.’

The nasal cavity offers rapid absorption of several impera-
tive drugs as compared to the oral route.'” Administration
of drugs through oral route (tablets, capsules, elixirs, and
syrups) to the patients suffering from neurological disorders
(Alzheimer’s disease, Parkinson’s disease, psychosis, etc.)
is a serious challenge.'' Nasal administration of very finely
distributed powdered drug-loaded intranasal mucoadhesive
microspheres results in swelling of formulation in presence
of water and immediately forms a gel constituency that re-
duces the clearance rate from the mucosal cavity and eventu-
ally leads to a higher retention of formulation in the nasal
cavity and releases drug for a prolong period of time to the
brain via nose to brain pathway.'? After the administration of
intranasal microspheres, the nasal mucosa gets dehydrated
due to the rapid uptake of moisture by the microspheres. This
causes reversible contraction of the cells which provides a
provisional gaping of the taut junctions that enhances the ab-
sorption of drugs."

In general, emulsification cross-linking technique is a signifi-
cant procedure for the preparation of microspheres due to high
feasibility, easy scale-up, excellent drug loading ability, and
good laboratory-scale reproducibility as compared to the other
prevalent techniques of microsphere development.'* The ob-
jective of this current research was to develop intranasal mu-
coadhesive microspheres of anti-Alzheimer’s drug donepezil
HCI using gellan gum polymer in various drug: polymer ra-
tios from 1:1 to 1:4 by emulsification cross-linking technique
with an intention to enhance the onset of action, increase the
drug bioavailability, and also to overcome the major obstacle
blood-brain barrier. The prepared mucoadhesive microspheres
were evaluated in terms of drug loading, entrapment efficien-
cy, ex vivo drug permeation, histopathological characteristics,
in vitro drug release, in vitro mucoadhesion, morphology, par-
ticle size, production yield, and swelling property. The pre-
pared intranasal microspheres were characterized by differen-
tial scanning calorimetry, scanning electron microscopy, and
X-ray diffraction study.

MATERIALS AND METHODS

Materials
Pharmaceutical grade donepezil HCI and gellan gum were
procured from Cipla® India Limited, Mumbai, India. Loba

Chem® Limited, Mumbai, India supplied analytical grade
calcium chloride, Span-80, n-octanol, and dichloromethane.
All other solvents, chemicals, and reagents employed in
the experimentation were of analytical grade and procured
through a local vendor at Nagpur, India. Double distilled wa-
ter (Borosil®, Mumbai, India) was utilized for the study.

Instruments

Mechanical stirrer (Remi® Laboratory Limited., Mumbai,
India), Digital Motic microscope (DMW2-223, Motic® In-
struments Inc., Canada), Franz Diffusion Cell (Orchid Sci-
entific®, Nashik, India), pH meter (Labtronics® LT-10, New
Delhi, India), Weighing balance (Wensar Weighing Scales
Limited, India), Rotary shaker (Biotechniques® BIP05B,
India), Magnetic stirrer (Remi® Laboratory Limited, Mum-
bai, India), Sonicator (PCI analytical 100HPOTC, India),
UV/Vis spectrophotometer (Shimadzu® UV-1800, Japan),
Fourier transform infrared spectroscopy (GX-FT-IR, Perkin
Elmer®, USA), Scanning electron microscopy (Jeol®, JSM-
5610 LV, Japan), X-ray diffraction (Ultima-III, Rigaku®,
Japan), Differential scanning calorimetry (Mettler Toledo®,
USA), USP Dissolution 33 (Type-II) apparatus (Electrolab®,
Mumbai, India), and Hot air oven (Biotechniques® Limited,
India) were employed for formulating the microspheres and
their characterization functions.

Drug and polymer interaction studies

The drug and polymer compatibility study was conducted
between donepezil HCI and polymer gellan gum using a FT-
IR spectrometer to check the suitability of polymer for the
preparation of microsphere. The samples (drug, polymer,
and physical mixture) were prepared into the KBr disks and

scanning was performed in the range of 4000 to 500 cm™."

Preparation of mucoadhesive microsphere

Mucoadhesive microspheres were prepared by w/o emul-
sification cross-linking technique. The w/o emulsifica-
tion cross-linking technique is one of the most prevalent
preparation techniques used extensively for developing the
therapeutic microspheres. There are basically two systems
from which to choose: oil-in-water (o/w) or water-in-oil
(w/0) emulsions. The o/w emulsions are more widely used
for water-insoluble drugs. For the present study, w/o emul-
sion was employed as donepezil HCI is very soluble in
double-distilled water. So, in the present investigation, the
inorganic solvent was used as a polar phase (representing
the aqueous phase) to form w/o type of emulsion system.
The mucoadhesive polymer gellan gum was made to cross-
link with CaCl, solution for the preparation of intranasal
mucoadhesive microspheres. These polymers were em-
ployed for the fact that they possess good biocompatibility,
are non-irritant, and non-toxic. Gellan gum can prolong the
residence time of drugs at the absorption site due to their
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desirable mucoadhesive property.

Gellan gum was dissolved in the double-distilled water by
gentle heating. Donepezil HCI was dispersed uniformly in
the gellan gum solution with constant agitation at 40°C tem-
perature and then, the weighed amount of drug was added
to the above gellan gum homogeneous solution. The above
solution was quickly injected using a 5 mL syringe into 100
mL of n-octanol: water system (99:1 ratio) containing 2%
w/v span-80 in a 250 mL beaker with constant agitation at
1700 rpm using a mechanical stirrer. The w/o emulsion was
stirred for 30 min. 4% CaCl, solution was then added drop-
wise and then dispersion was agitated for the duration of 5
min. The prepared microspheres were then filtered through
the Whatman filter paper no. 41 and washed 2-3 times thor-
oughly with isopropyl alcohol. The microspheres were then
dried in a hot air oven at 40°C temperature and stored in
a desiccator at room temperature. The formulation chart is
given in Table 1.

Table 1: Formulation batches of gellan gum microspheres of donepezil HCI.

Evaluation of mucoadhesive microspheres

Production yield

The production yield of various microsphere formulation
batches was determined by calculating the percentage of
weight obtained after drying the final product (formulation)
with respect to the initial weight of donepezil HCl and gellan
gum polymer.'*

Practical mass (final product)

% Production yield = x100

Theoretical mass(polymer +drug)

Drug loading

The weighed amount of donepezil HCI in the microsphere
of each formulation was extracted in double distilled water
on a mechanical shaker for 24 hrs duration to extract the en-
trapped drug completely. The solution was filtered through
Whatman filter paper no. 41. 1 mL of this solution was with-
drawn and diluted to 10 mL with double distilled water. This

Formulation Drug Gellan gum Polymer Stirring
code (mg) (mg) ratio (w/w) speed (rpm)
N1 200 200 11 1700

N2 200 400 1:2 1700

N3 200 600 13 1700

N4 200 8oo 1:4 1700

solution was assayed for the drug content by UV spectropho-
tometer at 314 nm.'*

_ Actual amount of drug loaded in microspheres

% Drug loadi - . :
Weighed quantity of microspheres

%100

13

Entrapment efficiency

The weighed amount of donepezil HCI in the microsphere
of each formulation was extracted in double distilled water
on a mechanical shaker for 24 hrs duration to extract the en-
trapped drug completely. The solution was filtered through
Whatman filter paper no. 41. 1 mL of this solution was with-
drawn and diluted to 10 mL with double distilled water. This
solution was assayed for the drug content by UV spectropho-
tometer at 314 nm.'¢

Mactual

% Entrapment efficiency = ———x
Mtheoretical

Where Mactual is the actual drug content in a weighed quan-
tity of powder of microspheres and theoretical amount of
drug in microspheres calculated from the quantity added in
the fabrication process is Mtherotical.

Particle size analysis
For the determination of particle size, a microscopic im-
age analysis technique was utilized by a Motic digital mi-

croscope set with a 1/3”” CCD camera imaging accessory as
well as computer-controlled image analysis software. The
prepared microspheres were suitably dispersed on a micro-
scope slide of standard dimension and the microscopic field
was scanned by a video camera. The software analyzed the
images that lie within the scanned field.'®

Degree of swelling

The swellability of the donepezil HCl microspheres in the
physiological media was determined by allowing the formu-
lations to swell in the phosphate buffer pH 6.6. An accurate-
ly weighed amount of microspheres was immersed in little
excess of phosphate buffer pH 6.6 for 24 hr duration and
washed thoroughly. The degree of swelling was calculated
using the following formula'®:

o =(Ws-Wo) / Ws
I=ax100
Where, o = degree of swelling; Ws = weight of microspheres

after swelling; Wo = initial weight of microspheres; and I =
% swelling index.

In-vitro mucoadhesive study
For determining the mucoadhesive property of the prepared
microspheres, falling liquid film technique was employed. 2
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cm? area of freshly cut goat nasal mucosa was taken from a
recently sacrificed goat and thoroughly cleaned with isotonic
saline solution. 100 mg of microsphere was placed carefully
on a mucosal surface which was attached over a polyethyl-
ene plate. The simulated nasal electrolyte solution (100 pL)
was added to the microspheres and the content was incubated
for 15 min duration in a desiccator at 90% relative humidity
to make the gellan gum (polymer) to interact with the nasal
mucosa membrane. The membrane was fixed finally at a 45°
angle relative to the horizontal plane. The phosphate buffer
of pH 6.6, previously warmed at a temperature of 37+5°C
was circulated all over the prepared microspheres and mem-
brane at the rate of 1 ml/min. After 1 hr duration, the amount
of drug in the collected perfusate was spectrophotometrically
determined. The weight of washed-out microspheres was es-
timated and the percentage mucoadhesion was computed by
the following formula'®:

. amount of washout drug in perfusate
amount of applied drug in microspheres

% in vitro x100

Differential scanning calorimetry (DSC)

The thermal behavior of the pure drug, polymer, physical
mixture, and optimized microsphere formulation were stud-
ied using a differential scanning calorimeter by heating the
samples over a temperature range 30-300°C at a heating rate
of 10°C/min under an inert nitrogen atmosphere flushed at a
rate of 20 mL/min."”

X-Ray diffraction study (XRD)

The pure drug, polymer, physical mixture, and optimized
formulation were studied for X-ray diffraction patterns on
a X-ray diffractometer by irradiating (40 kV, 35 mA) the
samples with Cu-Ka radiation (monochromatized) in the 20
range of 3-60°.'8

Scanning electron microscopy (SEM)

The microspheres were analyzed for their surface mor-
phology under both 400x and 2000x magnifications under
a scanning electron microscope. The surface morphology
was determined by powdering the gold-coated (4A° thick-
ness) microspheres over the double-sided tape placed on the
aluminum stub of the SEM chamber system. The photomi-
crographs of the developed microspheres were taken at an
operational accelerating voltage of 6 kV."”

In-vitro drug release study

Glass-fabricated Franz diffusion cell was employed for the in
vitro drug release study of the fabricated microspheres. The
diffusion barrier of the dialysis membrane was employed
which had a molecular cut-off 12,000—14,000. The dialysis
membrane was equilibrated by cautiously dispersing the fab-
ricated mucoadhesive microspheres into the donor compart-
ment. The phosphate buffer solution of pH 6.6 (pH range

closer to the nasal cavity) was filled into the receptor com-
partment. The donor compartment was kept in a way that it
comes in contact with the receptor compartment containing
the diffusion medium. The circulating water bath helped in
maintaining the temperature of 37+1°C. From the receptor
compartment, the samples were withdrawn periodically and
the sink condition was maintained. The samples were ana-
lyzed at 314 nm in the UV spectrophotometer.”’

Drug release kinetics

To study the release kinetics of donepezil HCI intranasal
mucoadhesive batches, the data obtained from ex vivo drug
release studies were plotted in a variety of kinetic models?!,
where:

Zero-order is represented as the rate of the cumulative
amount of drug released (Equation 1)

C=Kt 1)

where K is the zero-order rate constant expressed in units
of concentration/ time and t is the time in minutes. A graph
of concentration vs. time would yield a straight line with a
slope equal to K and intercept the origin of the axes.

First-order is presented as the rate of Log cumulative % of
remaining drug (Equation 2)

LogC = LogC K /2.303 ?2)

where C is the initial concentration of the drug, K is the first
order constant and t is the time.

Higuchi’s model is depicted as the squared rate of cumula-
tive % of drug released (Equation 3)

Q=K 3)

where Q, is the amount of drug release in time t, K is the
kinetic constant and t is the time in minutes.

Korsmeyer-Peppas exponential model is Log rate of Log
cumulative percentage of drug released (Equation 4).

Mt=M1 % Kt" @)

The release exponent n and K value were calculated through
the slope of the straight line. If the exponent n = 0.43 then the
drug release mechanisms Fickian diffusion, if 0.43<n<0.85
then it is non-Fickian or anomalous diffusion, if n <0.85
mechanism is non-Fickian case-II diffusion.

Ex-vivo permeation study

Glass-fabricated Franz diffusion cell was employed for the
ex vitro drug release study of the fabricated microspheres.
The diffusion barrier of goat nasal mucosa was employed.

I
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The goat nasal mucosa was equilibrated by cautiously dis-
persing 10 mg of fabricated mucoadhesive microspheres into
the donor compartment. The phosphate buffer solution of pH
6.6 (pH range closer to the nasal cavity) was filled into the
receptor compartment. The donor compartment was kept in
a way that it comes in contact with the receptor compart-
ment containing the diffusion medium. The circulating water
bath helped in maintaining the temperature of 37+1°C. From
the receptor compartment, the samples were withdrawn peri-
odically and the sink condition was maintained. The samples
were analyzed at 314 nm in the UV spectrophotometer.”

Histopathology study

The freshly cut goat nasal mucosa was taken from a recently
sacrificed goat, obtained from a local slaughter house and
thoroughly cleaned with isotonic saline solution. Donepezil
HCI microspheres were applied to the nasal mucosa for the
duration of 1 hr and the nasal mucosa was fixed carbonate
buffered formalin solution (10%, pH 7.0). The content was
processed and embedded in paraffin (to facilitate optimal
conditions for tissue viability). 7 mm of paraffin section was

1
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cut over a glass slide and stained with hematoxylin dye and
eosin dye. Under a light microscope, the sections were ex-
amined and any damage occurred by the drug-loaded intra-
nasal mucoadhesive microspheres during in vitro permeation
study was detected.”

RESULTS AND DISCUSSION

Drug-polymer compatibility study

The possible interaction between the pure drug and the poly-
mer was studied by FTIR spectroscopy. The principal FTIR
peaks of the pure donepezil HCI (3726 cm™!, 3526 cm™, 2362
cm’, 1697 cm!, and 1265 cm™) (Figure 1A), polymer gellan
gum (3593 cm!, 2358 cm!, 1697 cm!, 1269 cm™!, 1174 cm’!,
632 cm, and 395 cm™) (Figure 1B), physical mixture (3587
cm?, 2358 em™, 1683 cm™, 1645 cm™, 1589 cm™, 1361 cm’,
1313 cm!, 1265 cm’!, 896 cm’!, and 453 cm™') (Figure 1C),
and optimized formulation N2 (3668 cm™!, 2358 cm™, 1697
cm’!, 1267 cm™, 1220 cm™, 1178 ¢cm™!, 773 c¢cm’!, and 669
cm!) (Figure 1D) were recorded. The spectra of physical

Figure 1: Drug compatibility studies: (A) pure donepezil HCI; (B) gellan gum; (C) physical mixture; and (D) optimized formulation

N2.

mixture and the optimized formulation represented nearly
similar peaks of pure drug as well as polymeric peaks which
concluded no prominent drug interaction between the drug
and the polymer, thereby representing high drug-polymer
compatibility.

Characterization of intranasal mucoadhesive
microspheres

The prepared mucoadhesive microsphere formulations
(N1-N4) were evaluated in terms of drug loading, entrap-
ment efficiency, ex vivo drug permeation, histopathological
characteristics, in vitro drug release, in vitro mucoadhesion,

morphology, particle size, production yield, and swelling
property. The prepared intranasal microspheres were charac-
terized by differential scanning calorimetry, scanning elec-
tron microscopy, and X-ray diffraction study.

Production yield

The production yield of intranasal donepezil HCl mucoadhe-
sive microspheres was found to be in the range of 40.26% to
55.93%, respectively (Table 2). It was observed that with an
increasing concentration of the polymer, a slight increase in
the yield resulted.
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Drug loading

The drug loading of developed mucoadhesive microspheres
was observed to be in the range of 49.21% to 74.60%
(Table 2). The drug loading was found to be highest in the
formulation having the ratio of 1:1 as compared to formula-

tion containing ratio of 1:4 because with an increase in the
concentration of polymer, the morphology of the fabricated
microsphere increases and simultaneously, the surface area
of the microspheres decreases which results in a decreased
drug loading into the formulation.

Table 2: Pharmaceutical properties of prepared donepezil HCl intranasal mucoadhesive microsphere formu-

lations.
Formulation Production Drug loading Entrapment Particle size % Swelling Mucoadhesion
code yield (% + SD) efficiency (pm = SD) (% + SD) (% + SD)
(% + SD) (% + SD)

N1 40.26 £ 0.1 74.60 * 0.01 34.5 £ 1.02 17.3+0.3 82+ 0. 45.6 £ 0.1
N2 44.83+0.3 64.62 £ 0.01 40.5 + 0.15 143+ 0.2 83+0.2 57.6 £ 0.2
N3 50.45 * 0.2 57.77 £ 0.02 42.3 +0.15 17.6 £ 0.1 88 + 0. 62.2+ 0.1
N4 55.93 + 0.1 49.21 £ 0.03 53.6 + 0.21 183+ 0.5 91+ 0.1 79.6 £ 0.1

Entrapment efficiency

The entrapment efficiency of mucoadhesive microsphere
formulations lies in the range of 34.5 to 53.6% (Ta-
ble 2). The entrapment efficiency was recognized to in-
crease with an enhancement of polymeric concentration.
The reason for the enhanced entrapment efficiency with
increasing polymer amount may be explained as; an en-
hanced rate of drug entrapment owing to faster hardening
of the larger particles which allows reduced time for the
diffusion of the drug out of the particles, thereby leading
to high encapsulation efficiency with increasing polymer
levels in the formulations.

Particle size

For intranasal administration of microspheres, the average
particle size of the particles must remain in the range of 10
to 20 um. The average particle size of the prepared micro-
spheres ranged from 14.3 um to 18.3 um (Table 2) with an
average perimeter of 500 pm, average radius of 75 pm, and
average area of 20,000 square um (Figure 2). The particle
size mainly depends on the rate of stirring; hence, as the stir-
ring rate increases, the particle size decreased, irrespective
of the concentration of mucoadhesive polymer. In contrast
to the spray drying method where the diameter of the noz-
zle plays a vital role in the determination of the particle size

Figure 2: Microscopic image of microspheres.
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of the formulation, the stirring process plays a critical role
in controlling the particle size of formulation in the case of
emulsification cross-linking technique.

Swelling property

The swelling property of the fabricated mucoadhesive mi-
crosphere was seen to lie in the range of 82% to 91% (Ta-
ble 2). All the microsphere formulations (N1-N4) swelled
rapidly in the Simulated Nasal Fluid (SNF). The swelling
capacity of the prepared microspheres was estimated by the
amount of polymeric content. With an augmentation in the
concentration of polymer (gellan gum), the amount of swell-
ing enhances concurrently due to the retention of fluid (wa-
ter) by the polymeric matrix.

Mucoadhesion potential

To make certain the adhesion of formulation to the mucosal
membrane at the site of absorption for a prolonged time peri-
od, the in vitro mucoadhesion study was performed. The study
revealed that all the mucoadhesive microsphere formulations
adhered to the nasal mucosal membrane for a prolonged dura-
tion. From all batches, the percentage of the originally applied
mass of microspheres attached to the nasal mucosa ranged
from about 45.6% to 79.6% (Table 2). With an increase in the
concentration of polymer (gellan gum) from 1:1 ratio to 1:4

axo
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ratio, the degree of microsphere mucoadhesion on goat nasal
mucosa was perceived. The reason may be the availability of
a high quantity of polymeric content for possible contact with
the nasal mucosa membrane in the nasal cavity.

Thermal characteristics

The DSC thermogram of the pure drug, polymer, physical
mixture, and optimized formulation (N2) are depicted in
Figure 3. Donepezil HCI, the pure drug represented a sharp
melting endotherm peak at 225.08°C in the thermogram,
which corresponds with the melting point of the drug (Fig-
ure 3A). The polymer gellan gum demonstrated a broad en-
dotherm peak at 55.64°C in the thermogram (Figure 3B).
The physical mixture of both donepezil HCI along with the
polymer gellan gum presented the appearance of both the
components (sharp endotherm peak at 221.52°C for done-
pezil HCI and broad endotherm peak at 90.62°C for gellan
gum) in the thermogram which indicated that the drug and
the polymer were compatible with each other (Figure 3C).
However, in the thermogram of the optimized mucoadhesive
microsphere formulation N2, the sharp peak shifted towards
lower magnitude and a very broad endothermic peak was
perceived at 69.16°C which indicated that the drug was mo-
lecularly dispersed (high disordered amorphous state) inside
the microsphere formulation (Figure 3D).

ah METTIER STAR SW 17 0

ex

I|!'

Figure 3: DSC thermograms: (A) pure donepezil HCI; (B) gellan gum; (C) physical mixture; and (D) optimized formulation N2.

Physical state examination

The X-ray diffraction studies of pure drug, polymer, and
optimized formulation N2 are presented in Figure 4. Done-
pezil HCI, the pure drug represented a crystalline nature with
characteristic peaks at 6.64°, 6.87°, and 13.00° on 20 scale
(Figure 4A). The polymer gellan gum showed no character-
istic crystalline peak in the diffractogram which represented

an amorphous nature of the component (Figure 4B). The
absence of sharp crystalline peaks of donepezil HCI loaded
mucoadhesive microspheres confirmed that the drug was
molecularly dispersed in the polymeric matrix and the drug
gets converted into the highly disordered amorphous form
(Figure 4C).
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L

Figure 4: Powder X-Ray diffractogram: (A) pure donepezil HCI; (B) gellan gum; and (C) optimized formulation N2.

Morphological examination

The morphological characteristics and surface characteris-
tics were studied by SEM where the photomicrographs dem-
onstrated that the microspheres are uniformly circular and
round in shape (Figure 5A). The surface of the microspheres
has majority smooth surface with minute rough or uneven
texture (Figure 5B). No pores or holes or rupture over the
formulation surface were perceived which will lead to good
deposition, higher retention and slow clearance in the nasal
cavity (Figure 5C). No drug particles have been seen to be
attached on the surface of the microspheres which represent-
ed encapsulation of donepezil HCI in the polymeric matrix
(Figure 5D).

B BOO 6O KV B .4 rren =S00 B

In-vitro release of donepezil HCI

The drug release profiles from various mucoadhesive micro-
sphere formulation batches (N1-N4) are described in Figure
6A. The formulation N2 presented the highest cumulative
drug release of 98.26% within 5 hrs duration of in vitro dis-
solution study (Table 3). The high release may be explained
due to the most favorable blend in the polymer concentration
that provided an optimized release of donepezil HCI. In con-
trast to it, the formulation N4 having a 1:4 ratio represented
the lowest release rate after 300 min of dissolution study.
The reason for the decreased release rate may be due to a
high concentration of the polymer (gellan gum) which pro-
vided controlled release attributes to the microsphere system

Figure 5: Scanning electron photomicrographs: (A) 400x maginification; (B) 2000x maginification; (C) 400x maginification; and

(D) 400x maginification.
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Figure 6: Drug release attributes: (A) in vitro and (B) ex vivo.
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Table 3: In vitro drug release profile of donepezil HCl intranasal mucoadhesive microsphere formulations.

N3 N4

(min) (% = SD) (% = SD) (% = SD) (% = SD)

15 15.52 + 0.1 19.69 + 0.1 9.78 £ 0.3 12.07 £ 0.2
30 31.93 + 0.1 41.20 + 0.1 25.67 +0.2 25.55 + 0.1
60 38.07 £ 0.2 47.92 0.3 37.71+ 0.1 31.29 £ 0.1
90 44.43% 0.1 54.48 £ 0.1 4416 £ 0.2 3639+ 0.5
120 50.39 + 0.1 62.94 + 0.1 49.11 £ 0.1 44.05 + 0.1
150 53.72% 0.2 67.94 0.2 53.93 £ 0.4 50.09 * 0.2
180 57.81% 0.2 72.86 £ 0.1 55.93 + 0.4 53.61 £ 0.1
210 63.06+ 0.2 79.03 £ 0.1 59.58 + 0.5 59.27 + 1.1
240 66.41+ 0.1 85.07+ 0.2 64.79 £ 0.1 65.31 £ 0.1
270 72.62 + 0.2 92.87+0.3 71.97 £ 0.2 68.16 £ 0.2
300 78.24 £ 0.1 98.26 £ 0.1 77.21+ 0.1 76.92 + 0.1

and relatively restricted the free release of donepezil HCI in
the media. For examining the drug release mechanism, the
release data obtained in the case of optimized formulation
N2 were fitted to various kinetic models such as zero-order,
first-order, Higuchi’s plot, and Korsmeyer-Peppas exponen-
tial model.

Ex vivo permeation of donepezil HCI

The ex vivo permeation study was performed using the goat
nasal mucosa for various batches of mucoadhesive formula-
tion (Figure 6B). The formulation N1 presented the highest
cumulative drug release of 95.73% within 5 hrs duration of
ex vivo dissolution study (Table 4). The reason for higher
release as compared to other formulations may be due to low
polymeric content that facilitated the faster release of done-
pezil HCL. The formulation N4 having a 1:4 ratio represented

the lowest release rate after 300 min of dissolution study. The
reason for the decreased release rate may be due to a high
concentration of the polymer (gellan gum) which provided
controlled release attributes to the microsphere system and
relatively restricted the free release of donepezil HCI in the
media.

Kinetic profiles of drug release

The analysis of the ex-vivo drug release data indicates that
donepezil HCI release from formulations N1 and N4 fol-
lowed zero-order kinetics whereas the formulations N2 and
N3 followed the Higuchi’s plot as observed from the corre-
lation coefficient ‘r’ values (Table 5). The results indicated
that the drug releases from the microspheres at a constant
rate in the case of N1 and N4.

—=l—
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Table 4: Ex vivo drug release profile of donepezil HCI intranasal mucoadhesive microsphere formulations.

Time N1 N2 N3 N4
(min) (% + SD) (% + SD) (% + SD) (% + SD)
15 17.28 + 0.1 14.28 +0.1 13.21 * 0.1 12.76 *0.2
30 27.58 +0.2 28.15 £ 0.1 35.76 0.1 26.61 + 0.1
60 34.03 £0.2 35.23+ 0.2 43.45 0.2 28.45 £ 0.1
90 40.99 +0.1 40.53 = 0.2 44.78 0.1 3115 + 0.1
120 50.36 £ 0.3 48.09 £ 0.1 48.87 £ 0.1 34.15 £ 0.1
150 56.78 £ 0.2 55.08 + 0.3 51.71 £ 0.5 37.23 £ 0.5
180 61.47 0.5 59.83 £ 0.4 6191 £ 0.2 40.39 £ 0.2
210 73.7 £0.1 67.27 £ 0.1 68.98 +0.3 47.66 03
240 86.18 + 0.2 74.40 + 0.1 73.05 +0.1 53.08 0.1
270 9136 +o0.1 78.20 £ 0.2 7722 0.2 54.93 * 0.1
300 95.73 0.1 84.40 £ 0.1 8131 +0a1 60.76 0.2

Table 5: Results of kinetic models applied to release profile of various microsphere formulations.

Formulation Code Zero order First order

Higuchi Model Korsmeyer-Peppas  Best fit model

Model
N1 0.98 0.58 0.96 0.39 Zero order
N2 0.97 0.54 0.99 0.33 Higuchi model
N3 0.92 0.47 0.96 0.28 Higuchi model
N4 0.97 0.62 0.93 0.21 Zero order

Effect of microspheres on nasal vasculature

The histopathological investigations of hematoxylin-eosin
stained untreated goat nasal mucosa showed the presence
of normal goblet cells and ciliated respiratory epithelium.
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In contrast to it, goat nasal mucosa treated with optimized
drug-loaded microsphere formulation N2 presented no del-
eterious response or adverse effects over the nasal mucosa
(Figure 7).

Figure 7: Histopathological studies: (A) Untreated goat mucosa; (B) drug-loaded microspheres treated goat mucosa.
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CONCLUSION

The present research involved emulsification cross-linking
technique assisted development of gellan gum-based intra-
nasal mucoadhesive microspheres loaded with donepezil
HCI for possible drug delivery in the promising treatment of
Alzheimer’s disease as compared to the conventional dosage
forms such as tablets or capsules. The fabricated intranasal
microspheres had good spherical nature and excellent swell-
ing property with entirely smooth surfaces. After reaching
the nasal mucosa, the mucoadhesive microspheres formula-
tions come in contact with the nasal fluid (containing cati-
ons), spontaneous viscous gelation (decreases the clearance
rate) occurs in the nasal cavity, and the activity enhances
several-folds by elevating the residence duration. The his-
topathological investigation revealed that the polymer was
biocompatible and did not produce any toxic effects in the
nasal mucosa after administration for prolonged periods.
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