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The present research was aimed at development and optimization of dipyridamole gastroretentive
microspheres. Gastro retention was achieved using swellable polymeric material such as hydroxypropyl
methylcellulose K4M, ethyl cellulose as release retardant using solvent diffusion evaporation method. 3’
factorial design was applied for the development of best optimized formulation. The design was developed
by considering two independent variables, ethyl cellulose, and stirring speed. Their effect on drug release,
entrapment efficiency, particle size was analysed using response surface methodology. Formulation B1
among all formulations tested was found to be the best as it demonstrated prolonged floating time, maximum
entrapment efficiency and drug release in a controlled manner. Formulation B1 was characterized further
for presence of residual solvent by gas chromatography/mass spectrometry and the result showed absence
of residual solvent. Gastro retention was assessed using the in vivo gamma scintigraphy technique in albino
rabbits and the results indicated prolonged gastric retention. Pharmacokinetic study comparing pure
dipyridamole and dipyridamole microspheres was conducted and C__ , T = and K,k were estimated. In
vitro-in vivo correlation was determined using Wagner-Nelson function. Pharmacokinetic study revealed
improved bioavailability (30 %) as compared to pure dipyridamole. Good correlation was obtained with
a regression coefficient of 0.9704. The in vivo gamma scintigraphy and pharmacokinetic studies confirmed
gastric retention of the prepared dipyridamole floating microspheres. Accelerated stability studies indicated
integrity of the developed formulations.
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Dipyridamole (DIP) is a platelet inhibitor. Clinically
it is used as an antithrombotic agent. DIP has a short
biological half-life of 2-3 hi'?. Oral dosage forms
of DIP exhibit variable absorption with limited
bioavailability ranging from 11-44 %. DIP exhibits
a pH-dependent solubility with good solubility at
low pH (37°, 36.5 g/l at pH 1.0) and poor solubility
at a higher pH (37°, 0.02 g/l at pH 7.0)"!. The major
absorption sites of DIP are stomach and duodenum!®.
Due to short biological half-life of 2 to 3 h, DIP should
be frequently administered or as a sustained-release
(SR) preparation. In the present study, a gastroretentive
formulation of DIP microspheres (MPs) was attempted
to prepare a stable formulation with prolonged gastric
retention in the stomach with improved bioavailability.

Previously, researchers have formulated controlled
release dosage forms of DIP using various techniques
and polymers such as pH-controlled silicon by spray
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drying® and co-evaporates using enteric and insoluble
acrylic polymers!®. DIP was formulated with acidic pH
modifiers, SR pellets by extrusion spheronization and
also a floating osmotic pump system was developed™”.

In the present study preparation of DIP floating MPs
using hydroxypropyl methylcellulose (HPMC) K4M
and ethyl cellulose by solvent diffusion evaporation
method was found to be simple, reproducible and
cost effective, which was not reported previously in
the literature. Prepared MPs using this method were
expected to have lesser floating lag time, longer
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buoyant time for continuous drug release in the
stomach and upper part of gastrointestinal (GI) tract
with improvement in bioavailability of DIP.

MATERIALS AND METHODS

DIP was kindly gifted by Cadila Pharmaceuticals,
Ahmadabad, India. Ethyl cellulose, HPMC K4M
and polyvinyl alcohol (PVA) were purchased from
Research Lab Fine Chem. Industries, Mumbai, India.
Dichloromethane (DCM) and ethanol were procured
from Loba Chemie Ltd., Mumbai, India.

Preliminary trials and experimental design:

In the preliminary trials, floating MPs with central
hollow cavity were prepared by solvent diffusion
evaporation technique. Trials were taken for the
selection of the best combination of polymers (ethyl
cellulose and HPMC K4M) to achieve maximum
floatation, entrapment efficiency (EE) and drug
release retardation. Floating MPs were prepared by
dissolving required quantity of DIP, ethyl cellulose and
HPMC K4M in a mixture of DCM:ethanol (1:1). This
solution was then poured in to aqueous solution of PVA
containing 0.02 % Tween 80 as dispersing agent with
constant stirring on mechanical stirrer (300 rpm) at 40°
(Table 1). The dispersed droplets were solidified in the
aqueous phase by evaporation of the solvents. After
agitating the system for 1 h at 300 rpm, the resulting
polymeric particulate system were washed with water
then filtered and dried overnight in desiccators to
produce MPs!®,

Design of experiment:

In the pre-optimization studies, the solvent
(DCM:ethanol) ratio and the concentration of HPMC
were optimized based on the results obtained from
particle size, shape and surface morphological
studies, floating ability, EE and drug release in 10 h.
Formulation development was done by applying 32
randomized full factorial design. In this case, 2 factors
were evaluated, each at 3 levels, and experimental
trials were performed at all 9 possible combinations,
details of study design was given in Table 2.

Statistical analysis of the data and validation of the
optimization model:

Statistical experimental design was generated and
evaluated using a Design Expert 8.0.7.1 software (Stat-
Ease, Inc, USA). To demonstrate the influence of each
factor and interaction amongst the factors, on each of
the response, response surface graphs were constructed.
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TABLE 1: PRELIMINARY TRIALS FOR POLYMER
SELECTION

Batch Drug:ethyl Drug:ethyl Solvent ratio
code cellulose cellulose:HPMC (ethanol:DCM)
P1 01:01 - 01:01
P2 01:02 - 01:01
P3 01:03 - 01:01
P4 01:04 - 01:01
P5 - 01:04:01 01:01
P6 - 01:04:02 01:01
P7 - 01:04:03 01:01
P8 - 01:04:04 01:01

TABLE 2: 32 FULL FACTORIAL EXPERIMENTAL
DESIGNS

Factors

X, Levels of the factors used in the

Amount of EC formulation

XZ

Stirring speed -1 0 1
150 200 250
300 650 1000

Responses

Y, Particle size (um)

Y, Entrapment efficiency (%)

Y, Drug release (%)

Polynomial models including interaction terms were
generated for all the responses using multi-linear
regression analysis. In order to validate the polynomial
equations, one optimum formulation composition
and two random checkpoints were selected from the
entire experimental domain based on the desirability.
Formulations corresponding to the selected check
points were prepared and evaluated for all the three
responses (Y -Y,). The resultant experimental data
of response properties were subsequently compared
quantitatively with the predicted values and the best
optimized formulation was selected. The in vitro drug
release data of the optimized formulation was treated to
kinetic models such as zero order, first order, Higuchi
model and Peppas model in order to determine the drug
release mechanism.

Micrometric properties:

Micromeritic properties of the MPs such as particle
size, true density, tapped density, compressibility index
and flow properties were studied. Tapped density was
measured using USP bulk density apparatus and the
percent compressibility was determined as Eqns. 1
and 2, tapped density = mass of MPs/volume of MPs
after tapping; percent compressibility = 1-V/V x100,
where V and V = volume of sample after and before
the standard tapping, respectively.
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True density was determined using a benzene
displacement method. Porosity was calculated using the
Eqn. 3, porosity (¢) = 1-Pp/Pt x100, where Pt and Pp
were the true density and tapped density, respectively.

Angle of repose h of the MPs, which measures the
resistance to particle flow, was determined by a fixed
funnel method and calculated as Eqn. 4, Tan @=2H/D,
where, 2H/D is the surface area of the free-standing
height of the MPs heap that is formed on a graph paper
after making the MPs flow from the glass funnel. The
particle size was measured using calibrated optical
microscope and the mean particle size was calculated
by measuring 200 to 300 particles.

Percent yield and EE:

Percent yield of microsphere formulations were
determined for all the formulations based on the dry
weight of the drug and the polymers taken. Eqn. 5,
percent yield = total weight of floating MPs/total
weight of drug and polymerx100. The drug content of
MPs was determined by crushing and dispersing 50 mg
of formulation in 10 ml methanol followed by agitation
on vortex mixer to extract the drug. After filtration
through Whatman filter paper, the drug concentration
in the methanol phase was determined UV/Vis
spectrophotometrically at 283 nm. Each determination
was made in triplicate. Percent drug entrapment was
calculated as Eqn. 6, % EE = calculated drug content/
theoretical drug contentx100.

Scanning electron microscope (SEM):

The external and internal morphology of the MPs
was studied using SEM. The samples were prepared
by placing the MPs on a double adhesive tape stuck
to aluminium stub. The stubs were then coated with
gold ion for 5-6 min. These were then observed under
different magnifications with an analytical SEM cope
(Jeol-JSM 6360A-Japan).

Drug release study:

The drug release study was performed using USP type
II apparatus (Electro lab, Mumbai) at 37°+0.5° and
at 50 rpm using dissolution medium 900 ml of 0.1 N
HCI (pH 1.2) containing Tween 80 (0.02 % w/v) as a
surfactant. MPs equivalent to 50 mg of DIP were used
for the study. Five millilitres of sample solution was
withdrawn at predetermined time intervals, filtered
through a 0.45 pum membrane filter, diluted suitably
and analysed UV/Vis spectrophotometrically at 283
nm. An equal amount of fresh dissolution medium
was replenished immediately after withdrawal of the
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test sample. Cumulative percent drug release was
determined using PCP Disso v2.08 Software (Poona
College of Pharmacy, Pune, India).

In vitro buoyancy study:

In vitro buoyancy study was performed to check
floating behavior of the prepared MPs using USP
type II dissolution apparatus. This dissolution medium
consisted of 900 ml of 0.1 N HCI containing Tween
80 (0.02 % w/v). In the above media 100 mg of MPs
were spread and rotated at 50 rpm for 10 h. After
10 h, both the settled and floating portions of MPs were
collected separately, dried and weighed™. The percent
floating MPs was calculated using the following
Eqn. 7, percent floating MPs = weight of floating MPs/
initial weight of floating MPsx100.

Determination of mechanism of drug release:

To understand the mechanism of drug release, in
vitro drug release data of the optimized formulation
(B1) was treated to kinetic models such as zero order,
first order, Higuchi model and Peppa’s model. The
most appropriate model was selected based on best
goodness-of-fit criterial'%!31,

Residual solvent:

According to USP-NF VIII DIP (methylene chloride)
belongs to class 2 residual solvent and its limits
given in the pharmacopeia are 600 ppm. Residual
solvent analysis was qualitatively performed by
gas chromatography mass spectrometry (GC/MS)
technique. About 50 mg of dried MPs were dissolved in
a suitable solvent and subjected to gas chromatography
using GC 17A (Shimadzu, Tokyo, Japan) for the
detection of presence of DCM in the MPs.

In vivo gamma scintigraphy study, method of
radiolabelling:

Radio labelling of MPs was achieved by incorporation
of an appropriate *™Tc labelled radiopharmaceutical
(*"Tc—MIBI) into the microsphere formulation. To
achieve this 1:4 proportion of HPMC K4M and ethyl
cellulose were dissolved in a mixture of DCM and
ethanol (1:1) solvent system. To the above organic
solution *"Tc-MIBI solution (I ml) was added.
The procedure was then similar to that used for the
preparation of MPs (batch B1)!'4. Radiolabel efficiency
was checked using thin layer chromatography (TLC)["1.
Instant TLC silica gel plates were used as a stationary
phase and 100 % acetone was used as mobile phase.
Percent radio labelling was calculated as follows, Eqn.
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8, percent radio labelling = radioactivity retained in
the lower half of the strip/total count present with the
stripx100.

Administration of the radio labelled MPs:

MPs were administered orally via feeding tube to
each rabbit without anaesthesia. For the study the
permission was obtained from Institutional Animal
Ethics Committee (SIOP/IAEC/2013/09).
1 y old male albino rabbits were used to monitor the
in vivo transit behaviour of the floating MPs. These
rabbits were divided into 2 groups (group I and group
IT). None of them had symptoms or a past history of
GI disease. In order to standardize the conditions of GI
motility, the animals were fasted for 12 h prior to the
commencement of each experiment.

Twelve

In vivo gamascintigraphy imaging:

After oral administration of DIP floating MPs, gamma
scintigraphic imaging was carried out to determine the
location and extent of its transit through the GI tract.
The location of the formulation in the stomach was
monitored by keeping the subject in front of a gamma
camera. A specific stomach site (anterior) was imaged
by gamma camera after definite time intervals and
activity counts were recorded to calculate the counts
per minute. All counts were corrected for background
and isotope decay. The gamma images were recorded
using an online computer system. In between the
gamma scanning, the animals were freed and allowed
to move and carry out normal activities but were not
allowed to take any food or water until the formulation
had emptied the stomach completely!®.

Pharmacokinetic study:

The pharmacokinetic studies were performed as per
the animal ethical committee of Sinhgad Institute
of Pharmacy, Narhe and Pune. Protocol approval
no. CPCSEA/TAEC/SIOP/2012/62. The study was
carried out in Wistar rats of either sex weighing 200-
250 g to determine the concentration of DIP in rat
blood. The animals were fasted overnight previous
to drug administration with free access to water. The
rats were divided into three groups (6 animals each).
Out of three groups, one group was kept as a control,
administered saline by intragastric tubing and other
two were administered with pure DIP and DIP MPs
formulation (as suspension), respectively. Pure DIP
suspension and DIP MPs dose of 246.6 mg/kg (i.e.
55.5 mg) were ingested orally to rats (DIP suspended
in aqueous solution containing 1 % w/v carboxyl
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methyl cellulose-sodium). The blood samples (200 pl)
were withdrawn from retro-orbital plexus region at 0
(pre-dose), 0.25, 0.5, 1, 2, 3,4, 6, 8, 12, and 24 h in
tubes containing anticoagulant, mixed and centrifuged
at 3000 rpm for 20 min. The plasma was separated
carefully and stored at 2-10° until drug analysis was
carried out using reversed-phase high-performance
liquid chromatography.

Pharmacokinetic analysis:

After collection of data for formulation Bl the
pharmacokinetic parameters were derived from the
plasma concentration versus time plot. The area under
curve (AUC), the peak concentration (C_ ) and the
time to attain peak concentration (T__ ) were obtained
from such plots. The rate constant was determined using

.= —2.303 (slope). The total area under the plasma
concentration was calculated using the trapezoidal rule.

Bio-analytical method for estimation of DIP in rat
plasma:

The estimation of DIP in rat plasma was carried out
using methanol and 0.5 % acetic acid (pH adjusted to
4.5)in theratio of 70:30 v/v as the mobile phase at a flow
rate of 1.0 ml/min. The analysis was carried out using
Kromasil C18 (250x4.6 mm ID, 5 pum) column for the
development of a bio-analytical method. The eluents
were monitored for peak symmetry and retention time.
Diazepam was used as an internal standard (IS) for this
study!'”. The eluents were monitored at 284 nm.

In vitro-in vivo correlation (IVIVC):

To execute IVIVC Wagner—Nelson function was
used. To obtain IVIVC for DIP MPs (B1) a graph of
percent drug dose absorbed in vivo vs. percent drug
dose dissolved in vitro was plotted and correlation was
established using regression analysis.

Stability study:

Stability of DIP floating MPs (batch B1), was performed
as per ICH and WHO guidelines!®"l. Accelerated
stability studies were performed at 40+2° and
75+5 % relative humidity for 6 mo to assess their long-
term stability and were physico-chemically evaluated.
Similarity factor f,, was calculated for comparison of
release profiles of initial and stability samples.

RESULTS AND DISCUSSION

Preliminary trials were performed for the selection
of best combination of ethyl cellulose and HPMC
K4M. In the preliminary study total 8 formulations
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were prepared using ethyl cellulose alone and in
combination with HPMC K4M and characterised
physico chemically. Formulation containing ethyl
cellulose alone shown at higher concentration of ethyl
cellulose the particle size was increased with improved
sphericity, % yield and % EE of the MPs. This may be
due to higher concentration of ethyl cellulose content;
more is the probability of drug surrounded by the
polymer, which acts as a barrier for the diffusion of the
drug to the external phase, thereby increasing the EE.
However, at higher concentrations of ethyl cellulose,
drug release was found to be greatly retarded, since
ethyl cellulose is a hydrophobic and thus acts as a
release retardant. Based on the obtained results batch
P4 was further used in combination with hydrophilic
swellable polymer HPMC K4M in order to improve
and achieve the controlled release of DIP. MPs prepared
with HPMC K4M could not produce the desired particle
size and sphericity at higher levels of HPMC K4M;
therefore, the prepared MPs could not float for a longer
period. This may be due to greater viscosity imparted
by HPMC K4M at this concentration. Whereas HPMC
K4M shown significant effect on drug release but only
up to certain extent, beyond this concentration it retards
the drug release due to increase in the diffusional path
length of the formulation. The data obtained from the
formulation P1 to P8 indicate that ethyl cellulose has
a prominent effect on the buoyancy in comparison to
HPMC K4M. The highest buoyancy was observed with
the batch P51.e., 82.65 %. The decreased in the extent of
buoyancy in formulation having higher concentration
of HPMC K4M could be due to its hydration effect that
favours formation of more pores and channels within
the MPs causing increased water diffusion over period
of time leading to change in density and subsequent
settling of MPs.

Formulation batch P5 containing combination of ethyl
cellulose and HPMC K4M shown an adequate drug

release (73.78+0.45), EE (81.95£1.20 %), floating
ability (82.65) hence, was further selected for the
development of the optimised formulation (Table 3).

Literature data revealed that stirring speed has
significant effect on EE, drug release and particle
size. Therefore, stirring speed was kept constant in the
preliminary trials and selected as second independent
variable. Based on the results obtained in the preliminary
trials and their findings ethyl cellulose was selected as
independent variable in factorial design since it has
significant effect on particle size, EE and drug release.
In this preparation though the floating behaviour is one
of the important parameters, it was not considered as a
dependent variable in the factorial design since at high
levels of ethyl cellulose its sphericity improved and
ultimately led to improvement in the floating behaviour.

The micromeritic properties showed the tapped density
values in the range of 0.32 to 0.62 g/cm® while their
true densities ranged between 0.42 to 0.72 g/cm® of
all formulations, which might be due to the presence
of low density MPs. This was less than 1.004 g/cm?,
the specific gravity of the gastric fluid, which reflected
the floating property of the MPs. The porosity of all
the formulations was found to be in the range of 62 to
82 %. The % compressibility index ranged from 15.3
to 23.7 %. All the formulations showed excellent flow
pattern as expressed in terms of angle of repose (<40°).
The better flow property indicated that the floating
MPs produced were non-aggregated.

SEM photographs revealed that the developed floating
MPs as shown in fig. 1 were predominately spherical
in shape and possessed a porous internal surface
with smooth and dense outer surface. This implied
the solubility of drug in the polymers. The SEM
photographs of MPs revealed the absence of drug
particles on the surface of the floating MPs, indicating
that maximum drug was entrapped in the microspheric
wall.

TABLE 3: EFFECT OF ETHYL CELLULOSE ALONE AND IN COMBINATION WITH HPMC K4M ON PREPARED

MICROSPHERES

Batch code Yield (%) Particle size (um)

Floating (%)

Entrapment efficiency (%) Release (%) up to 10 ht

P1 68 253.64+9.7 60.87 68.94+1.34 76.85+0.24

P2 72 313.88+7.7 67.12 73.17:0.54 74.56:0.16

P3 80 412.59+5.9 73.54 78.43+0.32 71.24+0.89

P4 87 473.14+3.7 80.17 80.64+0.62 68.56+0.56

P5 86.45 487.33+7.3 82.65 81.95+1.20 73.78+0.45

P6 87.17 513.66x4.6 78.24 78.34+0.89 77.16x0.50

P7 85.64 532.6415.0 72.34 74.35+0.76 81.56+0.25

P8 85.69 552.95+4.4 71.45 71.64+0.34 83.71+0.78
*Mean+SD (n=3)
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To investigate the floatability, a floating study was
performed. The MPs containing ethyl cellulose showed
good floating ability (Table 3). Increasing concentration
of ethyl cellulose increased the particle size due to
insolubility of ethyl cellulose polymer in simulated
gastric fluid (SGF, pH 1.2) and increasing particle size
resulted in prolonged floating time. Percent drug EE
and percent yield of the MPs varied from 62 to 78 %
(Table 5) and 64.43 to 84.43 % (Table 4), respectively.
These results indicated that upon increasing the
concentration of polymer (ethyl cellulose), EE of drug
increased.

The results showed that upon increasing the
concentration of ethyl cellulose, the yield of the MPs
increased. It was observed that the stirring speed exerted
a significant effect on improving percent yield but up

Fig. 1: SEM photographs of a formulation from batch F3

to certain extent only. In this case, when stirring speed
increased the percent yield increased but decreased
with further increment to 1000 rpm. At higher stirring
speed of 1000 rpm, the percent yield decreased due to
breaking up of MPs and formation of coagulant masses
of MPs. Hence, the stirring speed should be optimized
to obtain the desired percentage yield.

The in vitro dissolution study was performed by using
USP type II apparatus containing SGF i.e. 0.1 N HCl
(pH 1.2) for 10 h. It was observed that formulations
F1 to F3 showed 74.2+0.04 to 81.66+£0.12 % of
cumulative drug release at 10 h. With formulation
F4, F5 and F6, retarded release was observed i.e.
68.22+0.21 to 76.6+£0.23 %. This could be because of
increasing concentration of release retarding polymer
(ethyl cellulose) in the formulations. Furthermore, it

1Bpm o

TABLE 4: EVALUATION OF FLOATING MICROSPHERES SUBJECTED TO OPTIMIZATION BATCH F1-F9

Batch code Yield (%) Entrapment efficiency (%)

Cumulative drug
release (%) 10 h

Particle size (um) Floatability (%)

F1 72.4+0.6 68.12+1.3
F2 74.1:1.2 64.5:0.8
F3 83+1.3 62.3+0.76
F4 68.9+0.9 74.9+1.34
F5 71:0.8 72.3:1.02
Fé 79+1.2 70.8+0.89
F7 68+1.1 78+0.56

F8 71.3£0.9 75.6+1.09
F9 74.7:0.8 73.1£1.78

74.2+0.04 300+3.21 76x1.5
78.1210.22 282+2.1 72+1.15
81.66+0.12 270+4.5 73+2.4
68.22+0.21 525+1.58 81+1.2
73.43:0.43 510+2.45 80+1.5
76.6:0.23 498+2.1 78+2.25
64.23+0.08 540+3.15 84.25+1.7
68.38+0.31 522+2.0 82.3+0.98
72.39+0.19 510+2.4 81+1.2

*MeanzSD (n=3)

TABLE 5: ALL RESPONSES Y1 TO Y3 ALONG WITH PERCENT ERROR FOR FLOATING MICROSPHERE
FORMULATIONS OBSERVED FOR OPTIMAL COMPOSITION B1

Composition Responses % Error
Battfh Predicted Experimental
code X (mg) X, (PPM) i)™ Y2 %) Y3 (%Rel) YA (um) Y2 (%) Y3 (%Rel) || v2 v3
B1 202 570 520 71 71 518 71 71.8 -0.38 -0.14 -0.14
B2 167.85  309.16 400 70.5 72.4 404 70.4 72.1 1 -0.22 0.41
B3 171.7 385 418 70.1 72.3 419.5 70.2 72.2 0.35 0.14 0.13

% Error = (predicted value-experimental value/experimental value)x100. Two random check points for DIP microsphere compositions

covering the experimental domain B2 and B3
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was reduced to 64.2340.08 to 72.39+0.19 % for F7 to
F9. The data obtained in the dissolution study revealed
that, as the concentration of ethyl cellulose increased,
the percent cumulative release of drug was decreased

(fig. 2).

The investigation contained a total of 9 trial batches
as proposed by the 32 factorial design. In which, two
independent variables, amount of ethyl cellulose
(X, mg) and stirring speed (X, rpm), were varied at
three different levels, high, low and medium. The effect
of these independent variables on particle size (um),
EE (%) and drug release (%) were investigated.
Overview of the experimental and observed responses
is given in Table 4. Design-Expert 8.0.7.1. software
provided suitable polynomial equations involving
main factors and interaction factor after fitting this
data. The model Eqn. related to particle size in pm as a
response became Eqn. p, Y, (um) = +509.33+120xX —
14.50xX,+3.55E-0.15xX X, ~107xX +2.50xX ;
R?>= 0.9990; F value= 285.31; p= <0.0001. In the
Eqgn. the concentration of ethyl cellulose X, showed
the positive effect on particle size. The particles
size was in the range of 270+4.5 to 54043.15 pum
(Table 5). This increase in particle size may be due to at
high concentration viscosity of the medium increased
resulting in enhanced interfacial tension and shearing
efficiency is also diminished at higher viscosities™".
Whereas, stirring speed (X,) shown negative effect on
particle size.

The model Eqn. relating EE (%) as a response is Eqn.
10,7, (% EE) =+71.67+5.33xX -2.50x +0.25xX X —
2.00xX +0.50xX ; R*=0.9950; F value=31; p=<0.0001.
The independent factors X, (amount of ethyl cellulose)
and X, (stirring speed) significantly affected the EE.
At higher levels of ethyl cellulose EE was improved,

100 -
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70 -
60 -
50 -
40 | |
30 1 [
20 |/
10 4
0 & : :

0 2 4

% Cum. Rel

10 12

Time (h)
Fig. 2: Comparative cumulative % drug release profiles of
formulations F1 to F9
= F1; == F2;

F7; — F8; — F9. *All values are mean+SD, (n=3)

F3; =><e== F4; =—>|<=— F5; — F6;
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this could be due to increase in the ethyl cellulose
concentration made organic phase viscous and thus,
increased the diffusional resistance of drug molecules
to diffuse from organic to aqueous phase. As a result,
more and more drug gets entrapped in polymer matrix.
In the above Eqn. the stirring speed X, exerted negative
effect on EE. Model Eqn. relating to drug release (%)
is Eqn. 11, Y, (%Rel) = +72.67-4.83xX +3.83xX ;
R?=0.9928; F value=56.96; p= <0.0001.

In this case, negative coefficient of X, indicated that
as the concentration of ethyl cellulose increased
the percent release decreased whereas in the above
equation, coefficient of X, had positive effect on the
percent release. Increasing stirring speed caused
increase in drug release and this could be due to
reduction in particle size, which attributed increase
in surface area, so due to the surface area particle
size relationship, the contact area between MPs and
dissolution medium increased leading to an increase in
the rate of dissolution.

In addition, the three-dimensional response surface
plots were generated and represented in fig. 3A, which
showed nearly linear decreasing patterns for the particle
size values as the stirring speed increased. But at higher
levels of the polymers, the response surface showed
a slightly linear shape. Maximum particle size is
observed at high levels of ethyl cellulose concentration.
It shows nearly linear decreasing pattern for the values
of particle size as the stirring speed increased. Fig. 3B
showed quite a linearly increasing trend in the values
of drug EE with increased value of ethyl cellulose
and stirring speed. However, the influence of stirring
speed is more significant than that of the ethyl cellulose
concentration. Hence, lower levels of ethyl cellulose
to maintain drug entrapment at a constant level.
Fig.3Crevealed adecline inthe values of drug release (at
10 h) with increasing in concentration of ethyl cellulose.
A linear increasing pattern is seen with the increase in
stirring speed. It also elucidated that the variation in
the real , is a complex function of the concentration
of ethyl cellulose and the effect of stirring speed being
less significant.

The aim of the optimization of pharmaceutical
formulations is to determine the levels of the variable
from which a robust product with high quality
characteristics may be produced. In order to assess
the reliability of the developed mathematical model,
formulations corresponding to optimum composition
and two additional random compositions covering the
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Fig. 3: Response surface plots

Particle size (A), entrapment efficiency (B) and cumulative percent drug release (C)

entire range of experimental domain were performed
and all the three responses Y, Y, and Y, were estimated
using developed mathematical model Eqns. 9-11 and
also by the experimental procedures. The formulation
composition of the optimum and the random check
points, their experimental and predicted values for
all the three responses variables are tabularized
(Table 5). The low magnitudes of the bias values
indicated a reasonable agreement between the
predicted and the experimental values. It also indicated
the robustness and high degree of predictive power of
the generated quantitative mathematical models®?!23,
From the results obtained, it could be concluded that the
generated Eqns. described adequately the influence of
the selected formulation components on the responses
under study and indicated the robustness of the model
and high prognostic ability of multi variate optimization
technique and also proved that 32 full factorial designs
was thus validated. The calculated desirability factor
for optimized formulation (B,) was close to one,
indicating suitability of the designed factorial model.
The results of dependent variables from the software
were found to be 71 % for percent ethyl cellulose and
518 um for particle size and 71.1 % cumulative release
at these levels.

Determination of mechanism of drug release,
optimized batch B1, was subjected to different kinetic
models to understand in vitro drug release mechanism.
Correlation coefficient of different kinetic models is
shown in Table 6. Based on the regression coefficient
(R?) values Higuchi’s model shown highest R? value
of 0.989 this indicates the release occurs by diffusion
mechanism and when it was analysed according to
Peppa’s model the release exponent n was 0.489. In this
model n value indicates diffusional (controlled) release
and found to be non Fickian transport since exponent n
was less than 0.5. The non Fickian mechanism of drug
release demonstrates both diffusion controlled, and
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swelling controlled drug release from buoyant MPs
containing DIP!?4,

Floating DIP MPs (batch B1) were prepared using
the stirring time of 1 h at 40°. The GC/MS results of
this batch shown absence of DCM. This indicated 1 h
stirring at 40° is sufficient to remove DCM and to form
the hollow cavity in the MPs.

In the present study in vivo gamma scintigraphy study
was done to observe the in vivo floating behaviour of
optimized floating MPs. Radiolabelling efficiency for
radiolabelled formulation (B1) was found more than
90 Y%. Examination of the sequential gamma
scintigraphy images during the study clearly indicated
thatthe formulation B1 remained buoyant and uniformly
distributed in the gastric contents for the study period
of 6 h (fig. 4A). This might be due to after swallowing;
the floating MPs adopted a floating position on top of
the stomach content. A measurable number of counts of
PmTe-tagged B1 for the 6 h study period showed very
good gastro-retentive propensity as the administered
MPs remained floating and distributed in the stomach
contents for the 6 h study period. Gamma scintigraphy
was performed for 6 h, corresponding to the half-life of
¥mTe (fig. 4B).

The proof of concept of gastro retention of floating
MPs was further confirmed by performing the
in vivo pharmacokinetic study. The pharmacokinetic
parameters of batch B1 and pure DIP are shown in
Table 7. B1 formulation showed slower absorption
and elimination compared to pure DIP (fig. 5). The
plasma level of pure DIP was increased quickly and
the maximum concentration was reached at 2 h after
administration. The maximum concentration of
floating MPs was reached at 4 h and the concentration
slowly decreased even at 24 h after administration. In
case of floating MPs, T__ was shifted towards higher
side (4 h) indicating sustained release properties.
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Elimination rate constant (K ) and AUC, _ of floating
DIP formulation was greater than the pure DIP. The
bioavailability was improved by 1.41 folds. In the
present study IVIVC relationship was studied by
Wagner-Nelson method. The relationship between
percent DIP released in vitro vs. percent DIP absorbed
in vivo is described by the regression Eqn. as follows,
Eqn. 12, Y = 0.0002x°+0.0256x%+0.0166x.

The second order polynomial relationship was found to
be the best fit for IVIVC data of DIP MPs. An acceptable
correlation was obtained with regression coefficient
of 0.9744. This improvement in the bioavailability

TABLE 6: THE CORRELATION COEFFICIENT (R?)
VALUES FOR B, FORMULATION

Kinetic model Parameters Values
Zero order R? 0.8183
Higuchi R? 0.9892
Hixon R? 0.9889
Korsmeyer-Peppas R? 0.9778

n* 0.488

*Release exponent

confirms the gastric retention of the prepared floating
DIP MPs in the stomach. Accelerated stability study
shown no significant changes by characterizing samples
for appearance, % drug release, % buoyancy and drug
content for a period of 6 mo (Table 7). Similarity factor
(f2) was found to be more than 50 for batch B1 kept
at 0 mo and 6 mo and evaluated dissolution profile.
Results shown no significant change in the release
profile indicating two dissolution profiles are similar

(fig. 6).

The non-effervescent floating MPs of DIP were
successfully developed using ethyl cellulose and
HPMC K4M by solvent diffusion evaporation method
with the help of 32 factorial design, the in vitro results
indicate that they are potentially useful. The optimized
buoyant MPs (B1) containing DIP combining excellent
drug entrapment, good buoyant ability with a minimum
buoyant lag-time and suitable prolonged drug release
pattern with improved bioavailability of DIP. In vivo
gammascintigraphy study provided the confirmation
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Fig. 4: Representative gamma scintigraphy images and gastric emptying curves of the floating microspheres of radio labelled

formulation B1

(A) Representative gamma scintigraphy images of floating microspheres in rabbits and (B) representative gastric emptying curve
for the radio labelled formulation B1. All values are mean+SD, (n=3)
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TABLE 7: PHARMACOKINETIC PARAMETERS
OF PURE DIP AND DIP MICROSPHERES
FORMULATION (B1)

Pharmacokinetic parameters

Pure DIP B1 formulation

Cmax (ng/ml) 487.2+1.25 453.6+1.85
Tmax (h) 2 4
K, (h') 158.2 37.14
AUCO_inf (rgh/ml) 2891.3 4105.25
BA (in folds) - 1.41 (30 %)
*Mean+SD (n=3)
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Fig. 5: Plasma concentration curves of oral pure DIP and DIP
floating microspheres B1 in rats

B1 plasma concentration in ng/ml (=—¢=—); dipyridamole
plasma concentration in ng/ml (=—m=). *All values are
mean£SD, (n=3)
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Fig. 6: Dissolution profiles of Formulation B1 after storage at
40° and 75 % RH for 6 mo
Dissolution profiles of Formulation B1 at 0 mo (
after 6 mo of storage at 40° and 75 % RH ( )

) and

of gastroretentive behaviour of optimized formulation.
The method used in the preparation of DIP floating
MPs was found to be simple, reproducible, easily
controllable, economical and consistent process.
The use of concept of formulation by design using
experimental design might be useful to develop an
effective GRDF with desired floating behaviour and
drug release profile with minimum efforts in shortest
time.
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