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ABSTRACT

Objective: The objective of the work is to formulate gliclazide
bioadhesive tablets that will significantly improve the availability of the
drug especially under the situations of prolonged use of drug and also
reduce the total dosage of administered drug and consequently reduce the
side effects. All these factors will ultimately lead to enhanced patient
compliance and patient care.

Methods: Various natural and semi synthetic polymers were screened and
they were selected on the basis of their swelling and gelling properties.
The formulated batches were subjected to various evaluation parameters
and optimization was done.

Results: The F7 batch was concluded to be the best batch in which
Xanthan gum (70%) and HPMC K4M (30%) were taken. Stability
studies of the optimized batches were conducted as per the ICH
guidelines.

Conclusions: From this study it was concluded that as the thickness of
tablet increases the hardness of tablet decreases which leads to increase
in the swelling of the tablet and hence the increase in the drug release.
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Introduction

Oral route has most commonly adopted and

system (NDDS) aims to enhance safety and
efficacy of already used drug molecule by
formulating a convenient dosage form for
administration and to achieve better patient

most convenient route for the drug delivery.
Oral route of administration has been received
more attention in pharmaceutical field because
of its flexibility in the designing of dosage form
than other drug delivery design through any
other routes. The oral drug delivery depends on
various factors such as type of delivery system,
the disease being treated, and patient, the length
of the therapy and properties of the drug.!
Recent advances in novel drug delivery

compliance.?
Controlled drug delivery

The controlled drug delivery system is intended
to exercise control on drug released in the body.
In other words; system attempts to regulate drug
concentration within tissue or cell. The
controlled or sustain delivery attempts to;
sustain drug action at predetermined rate by
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maintaining relatively constant, effective drug
level in the body with minimization of
undesirable side effects. Localized drug action
can be achieved by spatial placement of
sustained release system.?

Different
delivery

approaches of controlled drug

1. Sustained released.
2. Modulated released.
3. Targeted delivery.

Advantages of controlled drug delivery system!

1. Reduction in dosing frequency.

Reduced fluctuations in circulatory drug
levels.

Avoidance of night time dosing.

Increased patient compliance.

More uniform effect.

Decreased side effects like reduced Gl
irritation.

N

o ks w

Disadvantages of controlled drug delivery
systems!

1. High cost,
2. Unpredictable or poor in vitro — in vivo
correlation,

3. Dose dumping,

4. Reduced potential for dosage adjustment,
5. Increased first pass clearance,

6. Poor systemic availability in general.

Merits of controlled or sustained drug delivery
systems over conventional dosage form*

1. Improved patient convenience and
compliance due to less frequency of drug
administration,
Reduction in adverse side effects ,
3. Increased safety margin of high potency
drugs due to better control of plasma levels,

4. Reduction in health care cost due

e Toimproved therapy,

o Less frequent dosing,

e Shorter treatment period.

N

Major challenge to controlled/Sustained release
drug delivery system is to uphold a delivery
system at exacting site for extensive time period
for local and systemic bioavailability of drug
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also these system has disadvantage of less
gastric retention time, which is a physiological
limitation that leads to lower bioavailability of
drug. Therefore bioadhesive dosage form has
been selected which remained intact at an
exacting position for prolonged period to
provide a longer residence time and prolonged
drug release and for targeting the delivery
system at a particular location in the body.

Bioadhesive drug delivery system

The term bioadhesion refers to any bond
formation between two biological surfaces or a
bond between a biological and a synthetic
surface. In the case of bioadhesive drug delivery
systems, the term bioadhesion is typically used
to describe the adhesion between polymers,
either synthetic or natural, and soft tissues (i.e.,
gastrointestinal mucosa).®

Bioadhesion is an attachment of macromolecules
that are synthetic or natural to mucus or surface
of epithelium. This utilizes the bioadhesion
property which adheres on hydration due to
certain polymers. Hence, used for drug targeting
at an exacting area for extensive period of time
in the body. When applied to mucosal
epithelium  bioadhesive interactions occur
primarily with the mucus layer and this
phenomenon is refered to as mucoadhesion.®

Bioadhesive delivery system includes the
following drug delivery system (DDS).!

a) Buccal DDS

b) Topical DDS

C) Rectal DDS

d) Ocular DDS

e) Vaginal DDS

f) Nasal DDS

)] Gastro intestinal DDS

Advantages
systems!

of bioadhesive drug delivery

a) A prolonged residence time at the site of
action or absorption,

b) A localization of the drug delivery system at
a given target site,

c) An increase in the drug concentration
gradient due to the intestine contact of the
particles with the mucosal surface,
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d) A direct contact with intestinal cells, which
is the step earlier to particulate absorption.

Gliclazide
Chemical Name: 1-[Hexa hydro cyclo penta

[c]pyrrol-2(1H)-yl]-3-[(4-methylI phenyl)
sulphonyl] urea.

Figure 1: Gliclazide drug structure.

Materials and Methods

Materials: Gliclazide was received as a gift
sample from Shandong keyuan Pharma. Talc
were obtained from Research lab and
magnesium stearate were obtained from Thomas
Baker. HPMC K4M, Xanthan gum were
obtained from Hi media, India.

All pre-compression parameters for drug and
blend such as bulk density, tap density, Carr’s
index, Hausner’s ratio and angle of repose were
studied. The compressed tablets were subjected
to post compression parameters such as
appearance,  weight variation,  hardness,
friability, thickness, swelling property, in vitro
dissolution studies, content unformity test and
bioadhesive strength.

Results and Discussion
Preformulation studies:3!-3
U.V. spectrum of drug gliclazide

The solution of gliclazide in 0.IN HCL and
Phosphate buffer pH 6.8 was found to exhibit
maximum absorption (A max) at 224.2 nm after
scanning in the range of 200-400 nm.
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Figure 2: UV spectrum of gliclazide.

Fourier transmission infrared (FT-IR)
spectroscopy

The identity of drug was confirmed by
comparing IR spectrum of drug with reported
spectrum of Gliclazide as shown in Figure 3.

gc
"

Figure 3: FTIR spectrum of drug.
Melting point

The melting point of drug was found to
approximately 168°C.

Physical properties of drug powder: The drug
Gliclazide undergoes through various tests to
know its physical properties. Results are shown
in Table 1.

The percent compressibility of the drug was
21.2% and angle of repose was 32° suggesting
that it can be directly compressed.
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Construction of calibration curve:5-38

The calibration curve for Gliclazide was
determined in Phosphate buffer pH 6.8 in
UV spectrophotometer.

Table 1: Physical properties of drug.

SI.No. Test Result
1. Bulk density (g/ml) 0.445
2. Tap density (g/ml) 0.566
3. Carr’s 21.2%

Compressibility
4. Hausner’s ratio 1.23
5 Angle of Repose 32°
Flow properties Passable
0.5 -
045 | y=0.0358x-0.0073
04 - R2=0.999

8 035

Se 03

S < 025 -

P 0.2 -

0.15
0.1 -
0.05
0 . . .
-0.05 5 10 15
Concentration
pg/ml

Figure 4: Calibration curve of gliclazide.

Drug excipients compatibility studies (using FT-
IR spectroscopy):394°

Compatibility study should be done to know if
any chemical interactions exist between drug
and excipients. Interpretation is done by
comparing FTIR spectra of pure drug and drug-
excipient mixture. Both the spectra should show
that characteristic bands of drug were not altered
indicates no chemical interactions between the
drug and excipients used.

Screening of polymers:1®

Screening of polymers was done by swelling
index and gelling properties and depending
on these two the shear stress measurement
of polymer were studied.

Hence, from the above result of the above
experiment two synthetic polymers and two
natural polymers were selected and all these
polymers were subjected to shear stress
measurement of polymers in order to conclude
the bioadhesive strength of polymers.

Shear stress measurement study was performed
on polymer solution. The results were shown in
Table 3.

Table 2: Swelling index and Gelling properties of polymers.

Sr.no. Polymer Swelling Index Gelling
Water pt1.2 p™ 6.8 Water pt1.2 p™ 6.8
1 HPMC K4M 200 100 120 ++ T SRE
2 HPMC E15 300 200 450 ++ + +
3 HPMC K100 175 225 125 ++ T SRE
4 Carbopol 1220 1720 2140 i i iR
5 Xanthan gum 400 450 450 i i i
6 Guar gum 333.33 300 400 +++ +++ 15
7 Chitosan 66.66 100 66.66 + + +
Table 3: Shear stress measurement of polymer solution.
Polymer Shear stress force Detachment force
(9m) (N) (gm) (N)
HPMC K4M 90 0.882 185 1.814
HPMC K100 27 0.264 140 1.373
Xanthan gum 110 1.079 120 1.177
Guar gum 50 0.490 110 1.079
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From the above experiment it was concluded
that HPMC K4M and Xanthan gum required
more force as compared to HPMC K100 and
Guar gum for the slide down movement or
detachment of blocks. Hence, HPMC K4M as
synthetic polymer and Xanthan gum as natural
polymer were used for the development
bioadhesive tablet.

Pre compression parameters of blends: 2
Angle of repose

Angle of Repose of powder was determined by
the funnel method. Accurately weight powder
blend were taken in the funnel. Height of the
funnel was adjusted in such a way the tip of the
funnel just touched the apex of the powder
blend. Powder blend was allowed to flow
through the funnel freely on to the surface.
Diameter of the powder cone was measured and
angle of repose was calculated using the
following equation.

Tan o= h/r
Bulk density and tapped density

An accurately weighed quantity of the blend
(W), was carefully poured into the graduated
cylinder and the volume (Vo) was measured.
Then the graduated cylinder was tapped and
volume (Vi) was measured which was tapped
volume. The bulk density and tapped density
were calculated by using the following formulas.

Bulk density = W/ V,
Tapped density = W/ V,

Compressibility index (CI)/ Carr’s index

It was obtained from bulk and tapped densities.
It was calculated by using the following
formula.

Tapped Density - Bulk Densit;
cr=—"EP 4 Y X 100

Tapped density
Hausner’s ratio

Hausner’s ratio is a number that is correlated to
the flowability of a powder. It is measured by
ratio of tapped density to bulk density.
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Tapped Density
Bulk Density

Hausner’s ratio =

Table 4: Pre compression parameters of
blends.

§6 Test F1,F2,F3 F4,F5F6 F7,F8F9
Bulk density  5g 0.56 0.46
(gm/ml)
Tap density
(gm/ml) 0.71 0.68 0.55
Carr’s

3. Compressibil  18.30% 17.64% 16.36%
ity

4, (Hawsners o 121 1.19
ratio
Angle of . o o

5. Repose 37.87 36.38 33.02

Flow properties Passable Passable Passable

Method of preparation

The initial screening and selection of polymers
were done based on their swelling and gelling
properties. From the initial observation two
polymers were selected for further optimization
of formulation batches, they are HPMC K4M
and Xanthan gum. Different concentrations of
each polymer were also further explored for
their role in bioadhesiveness and drug release
along with their swelling capacity.

Preparation of bioadhesive tablets

Tablets containing 30 mg of Gliclazide were
prepared by direct compression technique and
various formulae used in the study are shown in
the Table 1. Drug, polymers and other excipients
were weighed accurately. The active ingredient
Gliclazide, all polymers and other excipients
except lubricants get sifted through sieve 40#.
They were properly mixed. The blend was
evaluated for pre compression parameters. Then
the blend was lubricated by magnesium stearate
and talc. The prepared blend was compressed
into tablets by using 9 mm punch using 8 station
tablet punching machine. The tablets were
evaluated for appearance, weight variation,
hardness, friability, thickness, swelling index
and in vitro drug release.

All tablets were stored in airtight containers at
room temperature for further study.



Pathan A and Dev A. Pharmaceutical and Biological Evaluations 2016; vol. 3 (3): 377-387.

Post compression evaluation of bioadhesive
gliclazide tablets:3 2

Appearance
Pale white in color.
Weight variation test

To study weight variation, 20 tablets of each
formulation were weighed using an electronic
balance United Weigh Scale, and the test was
performed according to the official method.

Content uniformity test:*®

Assay of drug content was performed in
triplicate for each gliclazide tablet formulation.
An amount of powder equivalent to 30 mg of
gliclazide was weighed and transferred to a 50
ml volumetric flask. Methanol and pH 6.8
phosphate buffer solution was used to dissolve
the drug under sonication for 15 minutes. Then
samples were filtered through a 0.45 pm
diameter membrane. Filtered solutions were
suitably diluted with pH 6.8 phosphate buffer
solution and drug content of the diluted
solutions were measured using a UV
spectrometer at a wavelength of 224.2 nm.

The drug content was calculated as:

% Drug Content = (Analysed value / Theoraotical
Value) x 100

Table 5: Formulation batches from F1 to F9.

Ingredients F1 F2 F3
Gliclazide (mg) 30 30 30
HPMC K4M (%) 70 70 70
Xanthan gum (%o) 30 30 30
Talc (%) 0.5 0.5 0.5

Magnesium stearate 0.5 0.5 0.5
(%)

Total (mg) 200 200 200
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Hardness

Hardness of the tablets was determined using a
digital tablet hardness tester Monsanto hardness
tester.

A tablet hardness of about 2-4 kg/cm? is
considered adequate for mechanical stability.

Friability

Friability test of tablets should be done to ensure
the tablets are stable to abrasion or not. Friability
is tested using Roche friabilator. 20 tablets are
weighed and placed in the plastic drum attached
to the machine rotated at 25 rpm for 100
revolutions. Then tablets are cleaned with a
cloth and weighed again. Percentage friability is
calculated as follows:

% Friability = (Wo-W)/ Wo*100
Where, Wo = Initial weight of 20 tablets
W = Weight after 100 revolutions

The weight loss should not be more than 1%
wiw.

Thickness

Thickness of the tablets was determined using a
digital vernier caliper AEROSPACE.

F4 =3 F6 F7 F8 F9
30 30 30 30 30 30
50 50 50 30 30 30
50 50 50 70 70 70

0.5 0.5 0.5 0.5 0.5 0.5

0.5 0.5 0.5 0.5 0.5 0.5

200 200 200 200 200 200
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Table 6: Physical properties of tablets.

Appearance Weight variation Hardness Friability Thickness
(mg) Kg/cm? (%) (mm)

F1 +++ 199+0.07 4+0.01 0.20 2.70+0.01
F2 +++ 200+0.01 4+0.01 0.25 2.78+0.01
F3 +++ 201+0.05 4+0.01 0.32 2.88+0.01
F4 +++ 200+0.07 3.5+0.05 0.20 2.70+0.01
F5 +++ 199+0.02 3.5+0.05 0.29 2.78+0.01
F6 +++ 201+0.06 3.4+0.01 0.39 2.88+0.01
F7 +++ 200+0.03 3.2+0.01 0.76 2.70+0.01
F8 ++ 201+0.02 2+0.03 0.78 2.78+0.01
F9 ++ 201+0.07 2+0.03 0.81 2.88+0.01

+ Poor, ++ Acceptable, +++ Good

Table 7: Swelling index of tablets.

Time F1 F2 F3 F4 F5 F6 F7 F8 F9

Hrs % % % % % % % % %
1 138.69 138.80  140.79 120 123.61 123 146 15247  178.60
2 158.79 159.20 161.19 1415 14371 144 181  189.60  208.45
3 178.89 178.10  180.09 190 193.96 1945 241 24158  288.05
4 31457 31293  315.42 225 229.14 229 291  291.08 31791
5 339.69  337.81 34029 2465 24924 2495 336 336.63  357.71
6 369.84  367.66 370.14 257 259.29 260 356  362.87  392.53
7 420.10 41791  419.90 275 279.39 280 411 41980  442.28
8 42512  421.89 42537 2825 28442 2825 426  435.64  452.23
9 430.15 42736 42935 290.5  294.47 295 451 45445  462.18

10 435.17  432.33  433.83 305 309.54 310 461  466.83  477.11
Table 8: Dissolution studies of all above batches shows % cumulative drug release.

Time F1 F2 F3 F4 F5 F6 F7 F8 F9
(hrs.)
1 11.376  12.969 12.21 12.11 135 14.55 15.14 135 13.23
2 16.668  13.587 14.94 37.58 34.93 37.85 41.92 37.32 38.58
3 50.013 26.12 27.21 48.42 50.55 53.47 61.14 57.17 70.84
4 55.836 40.761  47.64 51.06 51.08 53.99 68.13 73.27 75.70
5 56.106 56.376  51.61 54.52 58.23 61.41 68.42 80.069 83.95
6 63.252 62.995 71.99 56.38 59.02 65.11 71.62 83.46 88.80
7 68.814 83.52 83.28 61.11 64.84 68.81 77.15 89.72 97.53
8 69.588 97.752  98.25 62.20 65.37 66.97 79.77 97.54 -
9 76.491 - - 66.17 66.17 70.14 86.18 - -
10 80.578 - - 69.88 69.61 74.38 89.95 - -
In vitro dissolution studies:**4’ used as dissolution medium.  Temperature
maintained at 37 + 0.5°C and RPM of 100. A
USP Dissolution apparatus of type 2 (paddle) suitable volume of sample was removed at
was used for in vitro drug release study. 100 0.1 regular intervals of 1,2,34,56,7,8,9,10 hrs.
N HCL and Phosphate buffer pH 6.8 of 900 ml Every time the sample withdrawn was replaced

©Pharmaceutical and Biological Evaluations 383



Pathan A and Dev A. Pharmaceutical and Biological Evaluations 2016; vol. 3 (3): 377-387.

by fresh dissolution medium maintained at the
same temperature. The sample removed was
filtered, diluted and analyzed at 224.2 nm using

Bioadhesive strength of a tablet: Bioadhesive
strength of a tablet was determined in the acidic
and basic media the results are as follows.

UV-Vis spectrophotometer.

Table 9: Bioadhesive strength of a tablet in

600 acidic media.
500 Bioadhesive Bioadhesive
Batch
0 strength force
E 00 -2 no.
- - - F1 36 0.353
H ——Fs F2 34 0.333
£ 0 :: F3 28.5 0.279
R F4 37 0.362
v fo F5 32.3 0.316
ool , ‘ , F6 29 0.284
0 2 4 6 8 10 12 F7 56.6 0.555
Time (hours) F8 52 0.510
F9 47 0.461

Figure 5: Swelling Index of different

formulations (F1-F9). Table 10: Bioadhesive strength of a tablet in
basic media.
Bioadhesive Bioadhesive
10 Batch
strength force
¢ 80 no.
£ gm N
g o D = 28.5 0.279
: | F2 25 0.245
z — | F3 215 0.210
£ " F4 30 0.294
£ o . . . : - F5 26.2 0.257
Time (hours) F6 24 0 235
F7 425 0.416
F8 39.6 0.388
Figure 6: In vitro drug release profile of F9 35 0.343
batches (F1-F5).
0.45 -
0.4 mFl
120 Zo3s | ur2
g o3 ur3
E:’n % 015 urs
= -g 0.1 mF6
E —+F6 0.05 1 uF7
é —m—F7 0 rs
g i) FL F2 F3 F4 F5 F6 F7 F8 F9
C::) ———F9 Batches uF9
1 Figure 8: Bioadhesive strength of a tablet in
acidic media.
Time (hours)

From the above result it was reveal that batch F7
tablet required higher force to detached from the

Fig 7: In vitro drug release profile of batches :
gastric mucosa.

(F6-F9).
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0 =FY
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Batch

Figure 9: Bioadhesive strength of a tablet in
basic media.

From the above result it was reveal that batch F7
tablet required higher force to detached from the
intestinal mucosa.

Stability studies:*

The optimized batch is subjected to accelerated
stability studies at 40°C £ 2°C/75 % RH + 5 %
RH for duration of three months to investigate
stability of formulation in terms of physical and
chemical changes. Stability study of optimized
F7 batch indicates no significant change in
physical parameters. The in vitro dissolution
studies, content uniformity test and bioadhesive
strength of optimized batch F7 shows
satisfactory results.

Conclusions

Bioadhesive tablet of Gliclazide were prepared
by Direct Compression method using polymer
such as HPMC K4M and Xanthan Gum, other
excipients such as Magnesium stearate and talc.
All pre-compression parameters for drug and
blend such as bulk density, tap density, Carr’s
index, Hausner’s ratio and angle of repose were
studied. The compressed tablets were subjected
to post compression parameters such as
appearance,  weight variation,  hardness,
friability, thickness, swelling property, in vitro
dissolution studies, content uniformity test and
bioadhesive strength.

In vitro dissolution studies of nine batches
concluded that the batch F2, F3 and F8 tablets
completely disintegrated at 8 hour and batch F9
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completely disintegrated at 7 h so these batches
were rejected.

Amongst the other batches F7 batch was
selected as an optimized batch because the Pre
and Post compression parameters results are
satisfactory. The F7 batch showed best result as
the percent cumulative drug release of F7 is
89.95% at 10 h and also % swelling index is
about 461 at 10 h. The tablet does not swell too
much, which results in controlled release of drug
and also shows good bioadhesive strength in
both acidic and basic media.

From this study it was concluded that as the
thickness of tablet increases the hardness of
tablet decreases which leads to increase in the
swelling of the tablet and hence the increase in
the drug release.

Stability study of optimized F7 batch indicates
no significant change in physical parameters.
The in vitro dissolution studies, content
uniformity test and bioadhesive strength of
optimized batch F7 shows satisfactory results.

Funding: No funding sources
Conflict of interest: None declared
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