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Abstract—Recently much emphasis is being laid on the development of microparticulate DDS in preference to single unit systems because of
their potential benefits such as increased bioavailability, reduced risk of systemic toxicity, reduced risk of local irritation and predictable
gastric emptying. The objective of the study is to prepare and evaluate starch acetate-glipizide microparticulate drug delivery systems for oral
controlled release of glipizide.

Spherical starch acetate- Glipizide microparticles could be prepared by the emulsification-solvent evaporation method using chloroform as
solvent for starch acetate. The method is industrially feasible as it involves emulsification and removal of the solvent, which can be controlled
precisely. The emulsification solvent evaporation method was reproducible with regard to size and size distribution of the microparticles. About
70-75% of microparticles in each batch were in the size range 35/50 mesh (398.5um).Encapsulation efficiency was in the range 96.8-98.8 %. in
the preparation of microparticles. Glipizide release from the starch acetate microparticles was slow and spread over longer periods of time. The
drug release depended on the proportion of core:coat in the microparticles. A good linear relationship (R? = 0.874) between percent coat and
release rate (ko) was observed. The relationship could be expressed by the linear equation, y = 10.5-0.167x where x is percent coat and y is
release rate (ko).Glipizide release from the starch acetate microparticles was by non fickian (anomalous) diffusion. Formulation F2 prepared
using a core: coat ratio of 8:2 gave slow, controlled and complete release similar to the theoretical sustained release needed for glipizide based
on its pharmacokinetics. As such formulation F2 is considered as a promising microparticulate DDS for oral control release of glipizide over 12
hours for b.i.d administration.
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Design of microparticulate drug delivery systems requires
.~ INTRODUCTION a suitable polymer to serve the intended purpose. Several
he design of microparticulate drug delivery systems polymers such as benzyl cellulose, cellulose nitrate, cellulose
is an efficient technique to provide the sustained & acetate, epoxy resin, ethyl cellulose, polyethylene, polymethyl
controlled delivery of drugs over long periods of methacrylate, polystyrene, polyvinyl acetate, Eudragit S-100,
time. Microparticulate drug delivery systems [1] consist of  chitosan have been used in the design of microparticulate drug
small particles of solids or small droplets of liquids delivery systems [5,6]. In the present investigation Starch
surrounded by walls of natural & synthetic polymer films of  acetate, a new modified starch was tried for the preparation of
varying thickness & degree of permeability acting as a release microparticulate drug delivery systems of glipizide for oral
rate controlling substance & have a diameter upto the range of ~ controlled release. Modified starches have been used [7,8] for
0.1um-200pum. Microparticulate dosage forms [2] are  various pharmaceutical purposes such as fillers,
pharmaceutical formulations in which the active substance is  superdisintegrants and matrix formers in capsules and tablet
present as a number of small independent subunits. To deliver ~ formulations. One of the important modification of starch is
the recommended total dose, these subunits are filled into  acetylated starch. Starch acetate is reported [9,10] to have
capsules, encapsulated or compressed into a tablet. excellent bond forming ability and suitable for coating and
Microparticulate drug delivery systems contain discrete  controlled release applications. Much of the literature on
particles that make up a multiple-unit system. They provide  starch acetate and its industrial applications are patented.
many advantages over single-unit systems because of their The objective of the present study is to design and evaluate
small size. Multiparticulates are less dependent on gastric  starch acetate-glipizide microparticulate drug delivery systems
empty time, resulting in less inter and intra-subject variability ~ for oral controlled release of glipizide. Glipizide is a second
in gastrointestinal transit time. They are also better distributed generation sulphonylurea that can acutely lower the blood
and less likely to cause local irritation [3]. Recently much glucose level in humans by stimulating the release of insulin
emphasis is being laid on the development of microparticulate ~ from the pancreas and is typically prescribed to treat type Il
dosage forms in preference to single unit systems because of (non-insulin dependent diabetes mellitus). [11,12] When it is
their potential benefits such as increased bioavailability, given orally in healthy people, it absorbs rapidly and
reduced risk of systemic toxicity, reduced risk of local completely. [13] However, its absorption is erratic in diabetic
irritation and predictable gastric emptying [4]. patients due to impaired gastric motility or gastric emptying.
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This erratic absorption of glipizide is clinically relevant since
the efficacy of short acting sulphonylureas depends upon the
absorption rate of drug. Its short biological half life (3.4 £ 0.7)
necessitates that it is administered in three or four doses of 2.5
to 20 mg per day. [14,15]. The development of controlled
release dosage forms thus, would clearly be advantageous.
The characteristics of the drug such as short half life, low
dose, and therapeutic use in chronic disease make it a suitable
candidate for sustained release formulation.

The reported [5,6] methods for the preparation of
microparticulate drug delivery systems include emulsion—
solvent evaporation (o/w, w/o, w/o/w), phase separation (non
solvent addition and solvent partitioning), interfacial
polymerization, spray drying, emulsion extraction process, jet
milling technique,  fluidization & solvent precipitation
method, and pan coating. In the present study emulsification-
solvent evaporation method [16,17] was tried for the
preparation of starch acetate-glipizide microparticles.

Il.  MATERIALS AND METHODS

Materials:

Glipizide was a gift sample from M/s Micro Labs Limited,
Pondicherry. Starch acetate with a percent acetylation of 28.38
% and a degree of substitution (DS) of 2.75 was prepared in
the laboratory as per the method described earlier [18]. All
other materials used were of pharmacopoeial grade.

Methods:

Estimation of Glipizide:

An UV Spectrophotometric method based on the
measurement of absorbance at 275nm in phosphate buffer of
pH 7.4 was used for the estimation of glipizide. The method
was validated for linearity, accuracy, precision and
interference by the excipients. The method obeyed Beer’s law
in the concentration range of 1 — 10 pg/ ml. When a standard
drug solution was repeatedly assayed (n=6), the relative error
and coefficient of variance (RSD) were found to be 0.75% and
1.4% respectively. No interference by the excipients used in
the study was observed.

Preparation of Starch Acetate-Glipizide Microparticulate
DDS:

An emulsification solvent evaporation method was tried
for preparation of starch acetate- glipizide microparticulate
DDS. Starch acetate (0.2 g) was dissolved in chloroform
(10mL) to form a homogeneous solution. Core material,
glipizide (0.8 g) was added to the polymer (starch acetate)
solution (5 ml) and mixed thoroughly. The resulting mixture
was then added in a thin stream to 200 ml of an aqueous
mucilage of sodium CMC (0.5 % w/v) contained in a 450 ml
beaker while stirring at 1000 rpm to emulsify the added
dispersion as fine droplets. A Remi medium duty stirrer with
speed meter (model RQT 124) was used for stirring. The
solvent, chloroform was then removed by continuous stirring
at room temperature (28 °C) for 3 h to produce spherical
microparticles. The microparticles were collected by vacuum
filtration and washed repeatedly with water. The product was
then air dried to obtain discrete microparticles. Different
proportions of core: coat namely 9:1 (F1), 8:2 (F2), 7:3 (F3)
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and 6:4(F4) were used to prepare microparticles with varying
amount of coat polymer.
Estimation of Drug Content and Encapsulation Efficiency:

Four samples of 100mg each were taken from each batch
of microparticles prepared and assayed for glipizide content at
275nm .Encapsulation efficiency was estimated using the
equation,

Encapsulation efficiency (%)==[Estimated drug content,
%/Theoritical drug content%]X100
Size Analysis:

For the size distribution analysis, different fractions in a
batch were separated by sieving using a range of standard
sieves. The amounts retained on different sieves were
weighed.

Drug Release Study:

Release of glipizide from the microparticles of size
35/50mesh (398.5um) was studied in phosphate buffer of pH
7.4 (900 ml) using an 8 station dissolution rate test apparatus
(model Disso0-2000, M/s Lab. India) with a paddle stirrer(
Apparatus 2) at 50 rpm. A temperature of 37° + 1 °C was
maintained throughout the experiment. A sample of
microparticles equivalent to 10 mg of glipizide was used in
each test. Samples (5 ml) were withdrawn through a filter
(0.45 p) at different time intervals over 12 h and were assayed
at 275 nm for glipizide content. The sample (5 ml) taken at
each sampling time was replaced with drug free dissolution
fluid and a suitable correction was applied for the amount of
drug lost in sampling for the estimation of amount of drug
released at various times. Each drug release experiment was
conducted in triplicate (n=3).

Analysis of Release Data:

Drug release data were analyzed as per zero order, first
order, Higuchi [19] equation and Korsmeyer-Peppas [20]
equation models to asses the release kinetics and mechanism.

I1l.  RESULTS AND DISCUSSION

The objective of the study is to prepare and evaluate starch
acetate-glipizide microparticulate drug delivery systems for
oral controlled release of glipizide.

Characterization of Starch Acetate Used:

Starch acetate used as coat polymer was found to be a
white crystalline powder. The percent acetylation was 28.38 %
and the degree of substitution was 2.75. The IR spectrum of
starch acetate showed the acetyl carbonyl stretching at 1749
cm™, which was absent in the IR spectrum of potato starch,
indicating the acetylation of the native starch. The starch
acetate used was insoluble in water, aqueous buffers of pH 1.2
and 7.4, methanol, petroleum ether, dichloromethane and
cyclohexane. It is freely soluble in chloroform. Hence
chloroform was used as the solvent for starch acetate in the
preparation of microparticulate DDS.

Preparation and Evaluation of Starch acetate-Glipizide
Microparticles:

An emulsification - solvent evaporation method was used
for the preparation of micropaticles of starch acetate-glipizide.
The method involves emulsification of the polymer (starch
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acetate) solution in chloroform containing the dispersed drug
particles in an immiscible liquid medium (0.5 % wi/v solution
of sodium CMC) as microdroplets, followed by removal of the
solvent, chloroform by continuous stirring to form rigid
microparticles. The microparticles were collected by vacuum
filtration and washed repeatedly with water. The product was
then air dried to obtain discrete microparticles. The
microparticles were found to be discrete, spherical and free
flowing. The sizes could be separated readily by sieving and a
more uniform size range of microparticles could easily be
obtained. The sieve analysis of different batches of
microparticles prepared indicated that a large proportion,70-
75%, in each batch were in the size range of 35/50
mesh(398.5um).The reproducibility of the method with regard
to size distribution of the microparticles was evaluated by
preparing three batches of microparticles under identical
conditions in each case. Size analysis indicated that 70-75% of
the microparticles are in the size range 35/50 mesh in all the
batches. Microparticles of the size (398.5um) were selected
for further evaluation.

The physical characterstics of the microparticulate DDS
prepared are given in table I.

TABLE . Physical Characterstics of the Microparticulate DDS Prepared.

Mean . Glipizide Encapsu | pecont

DDS M_esh size Core._Coat content(%) |{:1t_|0n Coat
Size (um) ratio (x+sd) efficiency Polymer

(%)

F1 20/35 | 670 9:1 87.8+1.8 97.5 12.2
35/50 | 398.5 9:1 87.2+1.5 96.8 12.8
2 20/35 | 670 8:2 79.1+1.6 98.8 20.9
35/50 | 398.5 8:2 78.9+1.2 98.6 21.1
F3 20/35 | 670 7:3 69.1+1.5 98.7 30.9
35/50 | 398.5 7:3 68.6+1.5 98 31.4
F4 20/35 670 6:4 58.6+1.2 97.7 41.4
35/50 | 398.5 6:4 58.8+1.4 98 41.2

Low coefficient of variation (cv) in percent drug content (<
2.0 %) indicated uniformity of drug content in each batch of
microparticles prepared. The encapsulation efficiency was in
the range 96.8-98.8 %. Drug content of the microparticles was
found to be the same in the two sizes, 20/35, 35/50 mesh. A t-
test of significance indicated that the difference in the drug
content of the two sizes in each case is not significant
(P>0.05).

Glipizide release from the various microparticles of size
35/50 was studied in phosphate buffer pH 7.4. The drug
release profiles are shown in Fig. 1. The release data were
analyzed as per Zero order, First order, Higuchi [21] equation
and Korsmeyer-Peppas [22] equation models to asses the
release kinetics and mechanism. The kinetic parameters (r®
values, rate constants and n values) in the analysis of release
data as per various kinetic models are given in table II.

Glipizide release from all the starch acetate microparticles
tested was slow and spread over longer periods of time. The
release depended on proportion of core and coat in the
microparticles. As the coat proportion was increased the
release rate was decreased. A good linear relationship (R? =
0.874) between percent coat and release rate (k,) was observed
as shown in Fig. 2.
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Fig. 1. Glipizide Release Profiles of Various Microparticles Prepared and
Theorictal Sustained Release needed for glipizide.
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Fig. 2. Relationship between Percent Coat and Release Rate (K0) of
Microparticulate DDS (Size 398.5um).

The relationship could be expressed by the linear equation,
y = 10.5-0.167x where x is percent coat and y is release
rate(Ko).

TABLE 1. Kinetic Parameters (R? Values, Rate Constants and n values) in the
Analysis of Release Data as per Various Kinetic Models.

DDS Zero order First order Higuchi Ko;:er;;g/er
Ko R’ R’ K, R’ n R’
F1 9.93 | 0.8813 | 0.9785 | 0.322 | 0.9842 0.576 0.9867
F2 7.77 | 0.9696 | 0.8479 | 0.299 | 0.9631 0.629 0.9902
F3 6.59 | 0.9823 | 0.9449 | 0.138 | 0.9177 0.624 0.989
F4 | 6.143 | 0.9944 | 0.9826 | 0.115 | 0.9313 0.860 0.9989

A comparision of R? values in various models revealed
that the R2 value was higher in the case of korsmeyer peppas
model in all the cases. As such the release data of all the
microparticles prepared obeyed korsmeyer peppas equation
model which indicates that the drug release from the
microparticles was by diffusion mechanism. The release
exponent (n) in korsmeyer peppas equation model was in the
range 0.576-0.860 in all the cases indicating that the drug
release from the microparticles was by non- fickian
(anomalous) diffusion.

The theoritical sustained release profile needed for
glipizide was estimated based on its pharmacokinetics. [15,21]
(Dose=2.5mg; t;,=3.4h;T=2h). Based on these data the
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desired release rate was estimated as k, =0.51mg/hr after an
intial dose of 2.5mg for b.i.d administration. The theoretical
sustained release profile needed for glipizide is shown in Fig.
1. A comparision of the drug release profiles of various
microparticles and the theoretical sustained release profile of
glipizide revealed that the release profile of microparticles F2
is very close to the theoretical sustained release profile needed
for glipizide. Hence formulation F2 is considered as the best
sustained release microparticulate drug delivery system of
glipizide.

The results of the study, thus indicated that starch acetate-
glipizide microparticles could be prepared by emulsification
solvent evaporation method using chloroform as solvent for
starch acetate. These microparticles could be used for oral
control release of Glipizide. Formulation F2 prepared using a
Core: coat ratio of 8:2 gave slow, controlled and complete
release (100%) of Glipizide over 12 hours. As such
formulation F2 is considered as a promising microparticulate
DDS for oral control release of glipizide over 12 hours for
b.i.d administratio

IV. CONCLUSIONS

1. Spherical starch acetate-glipizide microparticles could be
prepared by the emulsification-solvent evaporation method
using chloroform as solvent for starch acetate. The method
is industrially feasible as it involves emulsification and
removal of the solvent, which can be controlled precisely.

2. The emulsification solvent evaporation method was
reproducible with regard to size and size distribution of the
microparticles. About 70-75% of microparticles in each
batch were in the size range 35/50 mesh(398.5um)

3. Encapsulation efficiency was in the range 96.8-98.8 %. in
the preparation of microparticles.

4. Glipizide release from the starch acetate microparticles
was slow and spread over longer periods of time. The drug
release depended on the proportion of core:coat in the
microparticles.

5. A good linear relationship (R2 = 0.874) between percent
coat and release rate (k,) was observed. The relationship
could be expressed by the linear equation,y = 10.5-0.167x
where x is percent coat and y is release rate (k).

6. Glipizide release from the starch acetate microparticles
was by non fickian (anomalous) diffusion.

7. Formulation F2 prepared using a core: coat ratio of 8:2
gave slow, controlled and complete release similar to the
theoretical sustained release needed for Glipizide based on
its pharmacokinetics.

8. As such formulation F2 is considered as a promising
microparticulate DDS for oral control release of glipizide
over 12 hours for b.i.d administration.
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