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Abstract. Gliclazide is a second generation of hypoglycemic sulfonylurea and acts selectively on
pancreatic 3 cell to control diabetes mellitus. The objective of this study was to produce a controlled
release system of gliclazide using chitosan beads. Chitosan beads were produced by dispersion technique
using tripolyphosphate (TPP) as gelating agent. The effects of process variables including chitosan
molecular weight, concentration of chitosan and TPP, pH of TPP, and cross-linking time after addition of
chitosan were evaluated by Taguchi design on the rate of drug release, mean release time (MRT), release
efficiency (REg%), and particle size of the beads. The blood glucose lowering effect of the beads was
studied in normal and streptozotocin-diabetic rats. The optimized formulation CL,TsP,t;y with about
31% drug loading, 2.4 h MRT, and 69.16% REg% decreased blood glucose level in normal rats for 24 h
compared to pure powder of gliclazide that lasted for just 10 h.

KEY WORDS: blood glucose; chitosan beads; controlled drug delivery; gliclazide; streptozotocin-

diabetic rats.

INTRODUCTION

Multiple-unit solid dosage forms such as microspheres or
beads have gained in popularity as oral drug delivery systems
because of more uniform distribution of the drug in the
gastrointestinal tract, more uniform drug absorption, reduced
local irritation, and elimination of unwanted intestinal
retention of polymeric material when compared to non-
disintegrating single-unit dosage forms (1-3).

Chitosan is a natural polysaccharide prepared by deace-
tylation of chitin, the principal component in shells of
crustaceans (4-6). However, chitosan is a basic polymer and
dissolves in acidic environment (7). Therefore, processing
techniques have been extensively developed since the 1980s
to prepare stable microspheres of chitosan. Four main
approaches for the preparation of chitosan microspheres are:
ionotropic gelation with oppositely charged polyelectrolytes
such as tripolyphosphate (TPP) or alginate (8-12), simple or
complex coacervation (13), spray drying (14,15), and emulsifi-
cation-solvent evaporation (16,17). TPP is a nontoxic and
multivalent anion. It can form gel by ionic interaction between
positively charged amino groups of chitosan and negatively
charged counterion of TPP. This interaction could be con-
trolled by the charge density of TPP and chitosan, which is
dependent on the pH of solution (18,19).
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Statistically experimental design methods provide a
systematic and efficient plan for experimentation to achieve
certain goals so that many control factors can be simulta-
neously studied. The simplex method (20,21), evolutionary
operation (22,23), response surface methodology (24-26), and
the Taguchi method (27-29) are frequently applied experi-
mental design methods. The Taguchi method has the
advantages of optimization of many more factors simulta-
neously and extraction of much quantitative information by
only a few experimental trials (30). Optimization of the
process implies the use of a designed experiment in order to:
(1) identify factors affecting the procedure, (2) estimate the
factor levels yielding an optimum response, and (3) decrease
the process variability without controlling or eliminating
causes of variation. Thus, optimizing process parameters by
the Taguchi method is an attempt not only to bring the
average quality near to the target value but also to
simultaneously minimize the variation in quality (31).

Gliclazide, 1-(3-azabicyclo(3.3.0)oct-3-yl)-3-p-tolylsul-
phonylurea is an oral hypoglycemic agent used in the
treatment of non-insulin-dependent diabetes mellitus. Its
plasma half-life is 6-14 h (32). After a single oral dose of
80 mg to 23 subjects, peak plasma concentrations of 0.7—
4.9 mg L' were attained in about 4 h (33). Sulfonylureas
have been used successfully for the treatment of type 2
diabetes and useful for islet p cell function in whom dietary
and lifestyle modifications have been proven to be insufficient
(34). Gliclazide modified release is a new once-daily
formulation of the sulfonylurea gliclazide (35). The
bioavailability after administration of a single dose of 30 mg
is almost complete (97%) (36). The release of gliclazide over
a 24-h period has been shown to parallel the circadian
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Table I. Definition and Trial Levels of Factors in Taguchi’s Lg
Orthogonal Array Experiment in Production of Chitosan Beads
Loaded with Gliclazide

Levels
Studied variables I I
Chitosan MW Low (L) Medium (M)
Chitosan concentration (%, w/w) 1 2
pH of TPP solution 2 9.6
TPP concentration (%, w/v) 2 5
Cross-linking time (min) 10 20

glycemic profile of type 2 diabetics (36,37). In spite of the
good clinical results of this sustained release formulation, the
binding of gliclazide to sulfonylurea receptors on pancreatic 3
cells is very rapidly reversible (38,39). This property may
explain the low rate of hypoglycemia and pancreatic
exhaustion and failure of modified release gliclazide (35,40).
The objective of this study was to design a sustained
release formulation of chitosan microparticles containing
gliclazide to increase the duration of its blood glucose-lowering
effect. For this purpose, the chitosan beads were prepared by
TPP. Considering that there were many variables interfering in
the preparation process, to evaluate the effect of the these
variables on the drug release behavior, various conditions such
as concentration and molecular weight (MW) of wall material
(chitosan), pH, and concentration of cross-linker (TPP)
solution and curing time were evaluated by a Taguchi design.

MATERIALS AND METHODS
Materials

Chitosan with low MW (1.5x10%) and medium MW (4x10°;
the degree of deacetylation was 86.8, 86.4%, respectively) were
obtained from Fluka (Switzerland). Gliclazide was obtained
from Synteco Chemical Ltd. (Italy). Sodium TPP (Sigma, USA),
streptozotocin (Sigma, USA), glacial acetic acid, HCI, and other
reagents were all analytical reagents grade from Merck Chemical
Company (Germany).

Experimental Design and Analysis

Table I displays the five control factors selected in the
optimization study. A standard orthogonal array Lg (41) was
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used to examine this five-factor system. L and subscript
8 denote the Latin square and the number of the experimen-
tal runs, respectively. The run involved the corresponding
combination of levels to which the factors in the experiment
was set. All studied factors had two levels and all experiments
were performed in triplicate. The mean release time (MRT)
and release efficiency (REg%) of the release of gliclazide
from chitosan beads were considered to be the responses. The
optimum conditions were determined by the Taguchi’s two-
step optimization method (42) to yield a heightened perfor-
mance with the lowest possible effect of the noise factor. The
first step was to select the factor/level combination to
maximize the response. The second step was to find the
condition for attaining optimal desirability (31).

Chitosan beads containing gliclazide were prepared by a
dispersion technique (43). Briefly, chitosan (100 or 200 mg)
was dissolved in 10 ml of 2% (v/v) acetic acid containing 2%
Tween 20 to form a homogeneous solution. The solution was
filtered through glass wool and degassed overnight. Gliclazide
powder (200 mg) was added to the chitosan gel and was
homogenized thoroughly for 20 min. The curing solution used
was a 2 or 5 wt.% TPP aqueous solutions (pH 2 or 9.6). The
beads were formed by injecting 5 mL of bubble-free chitosan
solution dropwise using a disposable plastic syringe with a 22-
gauge needle and a push—pull syringe pump into 10 mL of the
curing solution under gentle agitation. The dropping rate was
30 beads/min. The falling distance was 5 cm. The beads
formed instantaneously and were kept for 10 or 20 min to
cure. The solidified beads were extensively rinsed with
deionized water and then dried at 37°C for 24 h (43). The
final products were stored in a desiccator for future charac-
terization and analysis.

Five studying variables (Table I) were investigated for
optimization of beads properties by Taguchi’s design and
eight formulations were prepared according to an orthogonal
Lg array as shown in Table II. Calculations and statistical
analysis of the results by analysis of variance were carried out
to determine which factors had statistically significant effect
on the response parameters by Qualitek4 software)Nutek,
Inc., USA.).

Particle Size Analysis
The loaded beads were first overwhelmed for 1 h in

water and then 625 particles were measured microscopically
(Central Scientific Co., USA).

Table II. Formulations of Chitosan Beads Produced by a Taguchi Design in a Standard Orthogonal Array Lg

Chitosan concentration TPP concentration pH of TPP Cross-linking
Formulation code Chitosan MW (%, wiw) (%, wiv) solution time (min)
CL]Tsztl[) Low 1 2 2 10
CMszPthO Medium 2 2 2 20
CL2T5P2t20 Low 2 5 2 20
CMlTSPZth Medium 1 5 2 10
CL]T2P9.6t20 Low 1 2 9.6 20
CM2T2P9_6t10 Medium 2 2 9.6 10
CLQT5P9'6t10 Low 2 5 9.6 10
CMlTspgbtzo Medium 1 5 9.6 20
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Table III. Drug Loading, Particle Size, Release Efficiency up to 8 h of Release Test (REg%), and MRT of Chitosan Beads Loaded with
Gliclazide (n=3)

Formulation code Mean particle size (mm) Drug loading (%) REg (%) MRT (h)
CL, TPty 1.1+0.05 41.8+0.57 75.03+0.05 1.73+0.01
CM,T,Pstag 1.45+0.04 24.86+0.45 53.30+1.52 3.60+0.09
CL,TsPats 1.30+0.04 19.0+0.25 59.00+2.50 321+0.15
CM;TsPatio 1.22+0.05 38.0+0.52 67.93+0.90 1.83+0.04
CL,T>Po 620 1.19+0.02 34.6+0.66 64.00+2.60 2.26+0.07
CM,T,Pgst10 1.58+0.03 20.0+1.02 43.00+2.00 3.22+0.05
CL,TsPo t10 1.38+0.04 23.8+1.00 46.30+0.55 2.31+0.12
CM;TsPg stao 1.28+0.03 33.0+1.12 66.50+0.75 2.65+0.05

Drug Content of Beads

Encapsulation efficiency was studied by triturating 10 mg
of the beads in 500 mL of phosphate buffer solution (pH 7.4)
for 24 h. Tween 20 (0.5 mL) was added into the solution to
enhance the drug solubility. The amount of drug loaded was
determined by spectrophotometer at 227.8 nm. All the
experiments were carried out in triplicate and drug free
beads were used to prepare the blank.

Loading efficiency (%) = [W,/W;] x 100 (1)

where W, is the actual gliclazide content and W, is theoretical
gliclazide content (44).

In Vitro Release Studies

Beads (0.01 g) were suspended in 500 ml of phosphate-
buffered solution (pH 7.4) containing Tween 20 (0.5 mL) in a
900-mL dissolution flask of USP apparatus II and maintained
at 37°C. The release medium was stirred by USP paddle
method at 50 rpm. Samples (3 mL) were periodically
removed until 8 h and the volume of each sample was
replaced by the same volume of fresh medium. The amount
of released gliclazide was analyzed with a spectrophotometer
at 227.8 nm. The in vitro release studies were performed in
triplicate for each of the samples and drug free beads were
used as the blank.

Analysis of Release Data

RE (45) after 8 h of release test was used to compare the
results of release tests of different formulations:

ot
RE 8% — 529 100 2)
100 ¢

The other release parameter used for comparing the different
formulations was MRT, which is calculated from the amount
of drug released to the total cumulative drug. MRT is a
measure of the rate of the release process: the higher the
MRT, the slower the release rate. The following equation was
used to calculate the MRT from the mean release data:

Zi? tmid XAM

MRT = n
i1 AM

3)

where i is the release sample number, n is the number of
release sample time, #,,,;4 is the time at the midpoint between i
and i—1, and AM is the additional amount of drug released
between i and i—1 (46).

Experimental Animals

The animal experiments were conducted in full compli-
ance with local, national, ethical, and regulatory principles
and local licensing regulations per the spirit of Association for
Assessment and Accreditation of Laboratory Animal Care
International’s expectations for animal care and use/ethics
committees. Male albino Wistar rats of body weight 180-250 g
were selected for all the experiments. Animals were kept in
the animal house at an ambient temperature of 25-30°C and
45-55% relative humidity with 12 h each of dark and light
cycle. Animals were fed pellet diet and water ad libitum. They
were kept fasted 12-14 h before blood sampling.

Experimental Design

Gliclazide powder and the optimized beads of gliclazide
were suspended in 1% (w/v) carboxymethylcellulose (CMC)
suspension in normal saline and administered orally to the
rats as much as 10 mg/kg of drug alone using a gastric tube.
Animals were randomly divided into the following ten
experimental groups, each group including six animals:
groups I to V included non-diabetic animals and groups VI

100
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801 —a— CM2T2P2t20
— & — CL2T5P2t20
—o— CM1T5P2t10
—x— CL1T2P9.6t20
—-0---CM2T2P9.6t10

—0— CL2T5P9.6t10

60

40 A

Gliclazide release (%)

204
---@--- CM1T5P9.6t20

Time (hr)

Fig. 1. Release profiles of gliclazide from different studied formula-
tions of the chitosan beads (n=3)
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to X were streptozocin-induced diabetic rats. Group I were
non-diabetic control animals and treated orally with CMC 1%
suspension, groups II to IV included non-diabetic animals
which were administrated orally suspension of placebo
chitosan beads in CMC 1%, suspension of gliclazide beads
in CMC 1%, suspension of gliclazide powder in CMC 1%
respectively, and group V which were non-diabetic animals
received 2.5 IU/kg of NPH insulin subcutaneously. Groups VI
to X were exactly similar to groups I to V except that included
diabetic control animals. The animals were carefully moni-
tored everyday (47).

Induction of Diabetes in Rats

Diabetes was induced in rats by a single intraperitoneal
injection of streptozotocin (STZ) at 60 mg/kg body weight in
freshly prepared normal saline solution (80 mg/4 mL) injected
in a volume of about 0.5 mL. Control rats received only CMC
1% suspension in normal saline. The diabetic status of rats
was assessed by measuring the fasting blood glucose (48).
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Blood Collection and Biochemical Analysis

After 3 days of injection the STZ when the blood glucose
level of rats reached to 300 mg/dL, rats were fasted 12-14 h
and 0.5 mL of blood was withdrawn after 0, 1, 2, 3, 4, 8, 12,
and 24 h through the retro-orbital plexus using a glass
capillary and collected in Eppendorf tubes containing 20 mL
of 10% EDTA. Collected blood was centrifuged for 10 min at
3000 rpm. The plasma thus obtained was used for glucose
measuring. Blood glucose concentrations (mg/100 mL) were
determined using a commercial kit based on the glucose
oxidase method (49).

RESULTS AND DISCUSSION

The results of drug loading efficiency and particle size of
the beads are shown in Table III. Among the studied
parameters, only TPP concentration had a statistically signif-
icant effect on the particle size of the beads. Figure 1 depicts
the release profiles of different studied formulations of the
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Fig. 2. Effect of different levels of studied variables. a pH of TPP solution, b TPP concentration, ¢ MW of
chitosan, d curing time, and e chitosan concentration on MRT of gliclazide release from chitosan beads.
The vertical axis shows the mean MRT (h) and horizontal one shows two levels of the studied variables
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gliclazide beads. The release parameters MRT and REg% are
also shown in Table III. According to the statistical analysis,
the results show that changing the pH of the TPP solution
from 2 to 9.6 does not have a significant effect on the MRT
(Fig. 2a), while increasing its concentration from level 1 to 2
has a reducing effect on the MRT (Fig. 2b). Changing the
MW of chitosan, curing time, and chitosan concentration from
level 1 to 2 increased the MRT significantly (Fig. 2c-e).
Changing the pH of the TPP solution and curing time from
level 1 to 2 decreased the REg% (Fig. 3a, d), while changing
TPP concentration, MW, and concentration of chitosan from
level 1 to 2 did not change the REg% significantly (Fig. 3b, c, e).
Figure 4a shows that MRT is more affected by the curing
time of the beads in the TPP solution and the chitosan
concentration. These parameters affect their cross-linking
density and the wall thickness of the beads, respectively.
Curing time and also the pH of the TPP solution are the
most effective variables on REg% (Fig. 4b).

With respect to the objective properties considered in
this study, both responses (MRT and REg%) are the-larger-
the-better, as the higher MRT shows a more prolonged
release and the higher RE shows the greater amount of the
loaded drug in the beads that can be released. Accordingly,
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Taguchi’s design predicted the optimized situation of the
gliclazide bead formulations (Table V). These formulations
were prepared and their MRT and REg% were determined
experimentally as shown in Table IV. The results show that
the actual and predicted values of the optimized formulations
according to both responses are near and the Taguchi design
can successfully predict the best situation of preparing the
chitosan beads for sustained delivery of gliclazide.

Considering the higher REg% values obtained by the
optimized formulation CL,TsP,tyo, this formulation was
chosen for in vivo studies.

Figure 5 shows the effect of gliclazide powder or beads
on the blood glucose levels in normal rats (Fig. 5a) and STZ-
diabetic rats (Fig. 5b). As Fig. Sa indicates, gliclazide beads
have reduced more significantly (p<0.05) blood glucose levels
at 2, 3, and 24 h after administration in the normal rats
compared with gliclazide powder. This indicates the sustained
increased duration of action of gliclazide beads in lowering
blood glucose levels. These groups both showed significantly
lower (p<0.05) blood glucose levels from the control groups
administered 1% CMC suspension or blank beads. However,
in diabetic rats, there is not any significant difference between
the control groups and treated groups administered gliclazide
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Fig. 3. Effect of different levels of studied variables. a pH of TPP solution, b TPP concentration, ¢ MW of
chitosan, d curing time, and e chitosan concentration on REg% of gliclazide release from chitosan beads.
The vertical axis shows the mean REg (%) and horizontal one shows two levels of the studied variables
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Fig. 4. Contribution effect of studied variables on a MRT and b
REg% of gliclazide release from chitosan beads

powder or beads form (p>0.05). In other words, not only the
gliclazide beads but also its powder have not been able to
reduce the blood glucose level in diabetic rats. This may be
related to the utilized dose of STZ that has damaged
completely the pancreas of the rats. There are different and
controversial reports about the effect of gliclazide on different
doses of STZ used for induction of diabetes in rats: Pulido
et al. (50) examined whether the treatment of STZ-diabetic
rats with gliclazide in 5 mg/kg body weight twice daily orally
increases muscle glucose uptake. They concluded that glicla-
zide has a glucose-lowering effect in STZ-diabetic rats that
could be attributed to an increase in muscle glucose clearance
by a post-insulin receptor mechanism, probably related to a
normalization of GLUT4 content (50). However, Qiang et al.
(51) used doses of gliclazide administered (28.2 to 100.7 mg
kg ! day ') that were extremely higher than clinical doses for
humans (approximately 10 to 40 times as much as those for
humans), but equivalent to the rat experiments previously
reported (52,53), while serum levels of gliclazide (2.5 to
10.8 pg/mL) were comparable to those in both rats (53) and
humans (52), which effectively lowered blood glucose levels
in the short-time experiment. In their study, although the
blood glucose levels of diabetic rats were more than 300 mg/
dL 24 h after the STZ injection, the hyperglycemia remained

Table IV. Comparison of the Predicted MRT and REg% of
Optimized Formulations of Chitosan Beads Designed by Qualitek4
Software and the Real Values of These Parameters

MRT (h) REg(%)
Optimized formulation  Predicted = Actual Predicted  Actual
CM,T,Pg 6t 3.75 3.75 49.5 45.1
CL,TsP,tyg 2.5 2.4 76.4 69.16
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stable throughout the entire experiment. There was no
difference in blood glucose levels between non-treated rats
and gliclazide- or glibenclamide-treated rats both in diabetic
and nondiabetic rats, ie., administration of gliclazide or
glibenclamide had no effect on blood glucose levels in this
experiment. Gliclazide or glibenclamide administration did
not affect non-fasting serum insulin or glucose levels in either
non-diabetic and diabetic rats, although the exact reason was
unclear (51). The authors concluded that a possible reason
was that the rats were chronically administered sulfonylureas
with foods, which might induce secondary failure to
sulfonylureas (54).

These reports can explain our results on the glucose-
lowering effect of gliclazide sustained release beads in normal
rats, but not in the STZ-diabetic ones.

CONCLUSIONS

It may be concluded that the optimized beads prepared
by 2% low-molecular-weight chitosan that were cross-linked
by 5% TPP at pH 2 with a curing time of 10 min could
decrease blood glucose level in normal rats for 24 h compared
to powder of gliclazide that lasted for just 10 h. These
sustained release beads may be considered for further human
evaluation as a promising controlled release dosage form for
gliclazide.
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Fig. 5. Blood glucose levels in a normal rats and b streptozocin-
diabetic rats (n=6). Control group were treated orally with CMC 1%
suspension, control beads groups were administrated orally suspen-
sion of placebo chitosan beads in CMC 1%, gliclazide powder, and
gliclazide beads groups were administered as much as 10 mg/kg of
pure drug and the loaded chitosan beads containing the same amount
of pure gliclazide suspended in 1% (w/v) carboxymethylcellulose
(CMC) suspension in normal saline, respectively, and NPH insulin
group received 2.5 IU/kg of NPH insulin subcutaneously. *p<0.05
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