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Sustained Release Oral Dispersible Tablets
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Krishna, et al.: Stability Study of Granisetron Sustained Release Oral Dispersible Tablets
Granisetron, a selective 5-HT3 receptor antagonist has a good safety profile but a shorter half-life hence is
only suited for a multiple-dosage regimen, which increased side effects. Ion-exchange resins were extensively
investigated as potential drug release modulators and the ability to get encapsulated along with drugs
appeared to be a distinct advantage. Optimized conditions for drug loading using ion-exchange resins Kyron
T-114 and Kyron T-134 were evaluated. The microencapsulated drug-resin complexes were incorporated into
oral dispersible tablets prepared using crospovidone as a superdisintegrant. The in vitro release profile of the
optimized formulation of F4 was investigated, which showed linearity of Higuchi's rate kinetic equation. The
shelf life of the optimized formulation was estimated to be 6.7 y, based on accelerated stability study data
obtained. The physical and dissolution 3-month stability studies with the three formulations, F4, F5 and F6,
showed better disintegration times.
Key words: Granisetron, Kyron T-134, Kyron T- 114, microencapsulation, oral dispersible tablet, stability
study

Granisetron
(C18H24N4O),
endo-n-(9-methyl-9azabicyclo[3.3.1]non-3-yl)-1-methyl-1H-indazole3-carboxamide, is a 5-HT3 receptor antagonist used
as an antinauseant and antiemetic agent in various
disease conditions[1]. Granisetron with a low sideeffect profile is used to treat the chemotherapy-induced
nausea and vomiting, radiotherapy-induced nausea and
vomiting, postoperative nausea and vomiting since
heart rate, blood pressure were affected to a very little
extent[2]. However, the plasma half-life of granisetron
hydrochloride is less than 10 h, and the dosage lasts
for only 4-9 h[3]. This recommended dosage regimen
is to administer two to three times a day to increase its
efficacy. Sustained-release dosage forms of granisetron
have shown a clear advantage over other setrons[4-6]. The
need for a sustained-release dosage form eventually
arises in order to improve patient compliance and ease
of administration.
In recent years, oral dispersible tablets (ODTs) have
attained popularity due to increased patient compliance
and ease of administration. Geriatric and paediatric
patients with a difficulty in swallowing benefit from
the ODTs[7]. The US Food and Drug Administration
proposed in guidance for the definition of ODTs.
“ODTs should have an in vitro disintegration time of

approximately 30 s or less”[8]. ODT disintegrates in
the mouth and releases the drug into the stomach for
absorption. However, there has been a disadvantage
in an ODT with an immediate release of drug dose
into the system, which may lead to dose dumping[9].
In order to sustain the release of drug from an ODT, it
may be necessary to include a multi-particulate system.
The ion-exchange resin could produce a sustained
release effect when it complexes with the drug[10]. This
multi-particulate system is mostly encapsulated using
a polymer, which would provide a barrier for drug
diffusion and further prolong the release effect[11-13].
The multi-particulate system is introduced into an
ODT and compacted at a shear rate not to rupture the
microcapsules. This might provide a chance to avoid
the dose dumping in an immediate-release dosage form.
The encapsulated particle size should be ≤300 µm,
at which the particulate nature is not perceived by the
tongue.
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In the past few years, ion-exchange resins have gained
a substantial attention from pharmaceutical scientists
because of their versatile properties as drug delivery
vehicles. The ion-exchange resins are applicable
in novel drug delivery system and in biomedical
techniques. For immediate and sustained release
purpose, several ion-exchange resin products have
been developed for oral and per oral administration.
Kyron is a derivative of cross-linked polyacrylic
polymer used to mask the bitter of medicines and
hence to achieve the stability of drugs. It is white to off
white fine coloured powder and is easily swellable in
water. Many grades of Kyron like Kyron T-104, Kyron
T-114, Kyron T-134, Kyron T-154, Kyron T-159, Kyron
T-123 are used. Kyron T-114 is a weak acid derivative
of methyl acrylic acid cross-linked polymer having
carboxylic acid functional group, which is responsible
for its taste masking property. It is a white to off white
free flowing, high purity polymer powder used to mask
taste of many drugs specifically β-lactam antibiotics. It
ionises in H+ ionic form and has moisture content less
than 5 %. Kyron T-134 is also a weak acid derivative
of acrylic acid cross-linked polymer having carboxylic
acid functional group, which ionises in K+ ionic form.
It is also a white to off white free flowing powder
having moisture content less than 10 %[14].
The cancer chemotherapy involves many side effects,
which might be affected by the stability of the drug. In
this case the shelf life estimation of the formulation is
an important criterion along with the physical stability
of the formulation. The ion-exchange resin not only
imparts a sustained release property to the multiparticulate formulation but also improves the stability
of the drug. Many reports include the polymeric
encapsulation of the resin complex to improve the
extended release property[15-19].

MATERIALS AND METHODS
Kyron T-114 and Kyron T-134 were obtained from
Corel PharmaChem, Ahmedabad, India, These resins
were washed successively with distilled water and
methanol for several times and dried at 60° for 24 h until
the total moisture content was evaporated. Granisetron
hydrochloride was obtained from Zhongbao Chemicals
Co. Ltd., China. Eudragit polymers of grade RSPO and
RLPO were gifted by Evonik Degussa India Pvt. Ltd.,
Mumbai, India.
Preparation of drug-resin complex:
The drug-resin complexes were prepared by batch
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method[20]. The resin particles were dispersed in a
minimum amount of water and allowed to swell for
about 10 min. Then an amount of drug was added to the
above solution in the ration 1:2 of resin and was stirred
using a magnetic stirrer at room temperature. The drug
loading onto the resin was determined by analysing the
supernatant at 302 nm using a UV spectrophotometer
after filtering the drug-resin complex. The filtered drugresin complex was then dried at room temperature for
24 h. The drug loading onto the resin was evaluated
with varying factors such as pH, drug to the resin ratio
and stirring time.
Microencapsulation of the drug-resin complex:
Microencapsulation of the drug-resin complex was
performed using the solvent evaporation method.
About 50 mg of magnesium stearate was dispersed in
1 ml of PEG 400. Subsequently, a solution of 13.5 ml
of acetone and 1.2 g of the polymer was prepared and
later added to the first solution to form a suspension
of milky white in colour. This suspension was slowly
added to a mixture of 135 ml of liquid paraffin and
15 ml of hexane, which was continuously, stirred using
motor stirrer for 4 h at an RPM of 400. Polymers of
Eudragit were used during the microencapsulation
procedure as shown in Table 1.
The microencapsulated beads obtained were allowed
to settle overnight, and vacuum filtered. The beads
were washed with hexane to remove the oily layer on
the beads[21]. The collected beads were dried at room
temperature and stored in a plastic pouch at room
temperature.
Entrapment efficiency:
Entrapment efficiency of the Eudragit RSPO, RLPO,
RSPO:RLPO (1:1) microcapsules was analysed in
0.1N HCl. An equivalent amount of microcapsules of
the granisetron HCl (11 mg) were weighed and added
to a 100 ml of 0.1 N HCl and sonicated for about 30 min
and filtered. A 10 ml solution of filtrate was diluted up
to 10 times and analysed using UV spectrophotometry
at 302 nm.
TABLE 1: MICROENCAPSULATION POLYMERS
USED IN THE SOLVENT EVAPORATION PROCESS
Ingredients
Eudragit RSPO
Eudragit RLPO
Acetone
Hexane
PEG 400
Magnesium stearate
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EU1
0.6
0.6
13.5
15
1
50

EU2
1.2
13.5
15
1
50

EU3
1.2
13.5
15
1
50
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Morphological
microcapsules:

characterization

of

the

Scanning electron microscopy (SEM) analysis was
done to evaluate the morphological characteristics
of the microcapsules obtained. SEM was carried out
using Jeol, JSM 6390 LV, Japan. Prior to examination,
the samples were platinum sputter-coated to render
them electrically active and studied under different
magnifications to analyse the texture and appearance
of the particle.
Micrometric properties:
Flow property of the blends was evaluated by estimating
the Carr’s index, Hausner’s ratio, tapped density and
bulk density. The bulk density and tapped density
were estimated by the tap density tester of ETD-1020
Electrolab.
Compression of the tablets:
ODTs were prepared by direct compression method
using a superdisintegrant, crospovidone at 5 % w/w
of the compression weight of the tablet as shown in
the Table 2. The microencapsulated beads were mixed
with the bulk of the tablet except the lubricants,
magnesium stearate and sodium stearyl fumarate, and
blended together. To the above blend, lubricants were
added to compress a 150 mg tablet using a 16-station
single rotary tablet press.
Evaluation of the tablets:
The tablets were evaluated for their physical properties
and disintegration times. The disintegration of
tablets was evaluated through disintegration tester of
Electrolab. Six tablets were allowed to disintegrate

in the buffer pH of 6.8 and the time interval to pass
through the sieve was noted. The hardness of the
tablet was tested by Monsanto hardness tester and the
friability by Electrolab friabilator.
In vitro release study:
An in vitro release study was performed using USP
apparatus II in a dissolution medium of 0.1 N HCl of
500 ml volume for first 2 h, then a 400 ml of 0. 1 M
tribasic sodium phosphate was added to the above
media after 2 h, the gastric transit time. The dissolution
media pH was made up to 6.5 using 1 N HCl and the
volume was finalised to 1000 ml. The dissolution was
performed at 37±0.5° temperature and an RPM of
100[22]. The samples were collected at different time
intervals for 10 h, by a syringe and passed through
0.45 μ filter and then a 20 µl of the filtered sample was
injected into a high performance liquid chromatography
(HPLC).
HPLC:
A Hypersil C18 column of 4.0×150 mm with a particle
size of 5 µm was used. The HPLC system of Shimadzu
equipped with a LC-10AD pump, Rheodyne manual
injector consisting of a 20 µl loop and SPD-10 a UV
detector was used. Shimadzu LC solution software
was used as an interface to record the HPLC peaks and
data analysis. The mobile phase consists of monobasic
sodium phosphate buffer of pH 2.0, methanol and
tetrahydrofuran in the ratio of 75:24:1.
Stability study:
Stability studies were performed for 3 mo at a controlled
temperature and humidity conditions of 40±2°/75±5 %

TABLE 2: FORMULATION DESIGN OF ORAL DISPERSIBLE TABLET PREPARED BY DIRECT COMPRESSION
METHOD
Ingredients
EU1

F1
10.5

EU2
EU3
Crospovidone
Accecel 200

F2

F3

F4
10.5

9.1
7

7

F5

F6

9.1
9.1
7

7
100

7
100

Direct compressible grade starch

88

89.4

89.4

Mannitol

20

20

20

Lactose

20

20

20

Magnesium stearate

1.5

1.5

1.5

31

Sodium stearyl fumarate
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1.5
150

1.5
150

1.5
150

150
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F8

F9

9.1
9.1
7
100

Accecel 102

Aerosil
Total

F7
10.5

7

7

9.1
7

129.5

131

131

31

31

1.5

1.5

1.5

1.5

1.5

1.5
150

1.5
150

1.5
150

1.5
150

1.5
150
344
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RH, 30±2°/65±5 % RH and 5° . The formulations
F4, F5 and F6 were analysed for their drug content,
drug release kinetics, tablet disintegration time, tablet
friability and hardness stability studies.
[23]

Drug content:
Five tablets were placed in a 50 ml solution of 0.1 N
HCL and sonicated for about 30 min. The solution was
filtered and analysed. The data was obtained at different
intervals during the stability study period of 0, 1, 2,
and 3 mo. A 10 ml solution of the filtrate was diluted
with the buffer solution having pH 2.0 and volume was
made up to 50 ml. Then the 20 µl of the above solution
was injected as test solution into the HPLC system
equipped with a 300 nm detector and 4.0×150 mm,
5 µm, C18 column and the mobile phase used was a
mixture of buffer solution having pH 2.0, methanol,
and tetrahydrofuran in the ratio of 75:24:1. The flow
rate was 1.2 ml/min. The chromatogram and peaks
were analysed and theoretical plates were greater than
1200 and tailing factor was in the range of 0.8-1.5. The
percent drug at different point of stability times 0, 1, 2
and 3 mo during the stability study was calculated.

tablets was analysed by Electrolab Roche Friabilator.
The percent weight loss during the friability of the
tablets was not exceeded by 1 % of the initial weight.
Shelf life estimation:
The shelf life was estimated with the help of Sigma
plot software of Systat solutions. Three month
mean stability data was extrapolated to 12 mo. The
extrapolated data was collected and based on this
extrapolated data a lower confidence interval of 95 %
was estimated. Finally, the graph was plotted for the
label claim of the drug remaining at the end of the
stability on y-axis and time in months on x-axis with a
confidence band of 95 %.

RESULTS AND DISCUSSION
The drug-resin complex was optimized based on the
different conditions of drug loading on to the resin.
The optimisation of drug loading was carried out
step by step based on the various factors. The fig. 1
and 2 shows the effect of drug to resin ratio and pH
effect, respectively. Based on the values from Table 3,
Kyron T-134 resin has shown a better drug loading in

Drug release profile:

100%
90%
80%
Drug loading

Drug release from the formulations was estimated
using the USP dissolution apparatus 2. For dissolution
medium, 0.1 N HCl was used for the first 2 h. The
tablets were placed in a solution of 500 ml 0.1 N HCl
at a temperature of 37±5o and 100 rpm. Then 400 ml
of 0.1 N tribasic sodium phosphate was added to the
above medium and pH was adjusted to 6.8 with 1 M
HCl and the volume was made up to 1000 ml. The drug
content was analysed spectrophotometrically at 302 nm.
The drug release profile was measured at regular time
intervals of 0, 1, 2 and 3 mo using the HPLC method
proposed above.

60%
50%
40%
30%
20%
10%
0%
1:1

1:2

1:3

Drug - resin ratio

Fig. 1: Effect of drug-resin ratio on drug loading at room
temperature and stirring media of pH-8
■ Kyron T-144; ■ KyronT-134
100%

Disintegration time:

Tablet hardness and friability:

90%

80%
Drug loading

The disintegration time of the tablets was determined
using the disintegration apparatus having phosphate
buffer solution of pH 6.8 as medium. The conditions
maintained for stability studies were 40±2º/75±5 %
RH at a temperature of 37±0.5o.

70%
60%
50%
40%
30%
20%

The hardness and friability of tablets were tested for
their stability studies at a condition of 40±2°/75±5 %
RH for 0, 1, 2 and 3 mo. Hardness of the tablet was
measured using Monsanto hardness tester and the
results were collected as kg/cm2. The friability of the
345

70%

10%
0%
0

2

4

6

8

10

pH of stirring media

Fig. 2: Effect of pH of the stirring media on drug loading at
room temperature; ▬♦▬ drug loading
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comparison with Kyron T-114 and there is a gradual
increase in amount of drug loading up to 2 h of stirring
time after which there is not much change in the drug
loading. The conditions were chosen as a drug to the
resin ratio of 1:2 with a pH of the solution as 8 and
the optimum stirring time to be 2 has about 90 % of
drug complex was formed in 2 h after which there is
no significant increase in the drug loading. The effect
of media pH was evident, during basic pH there was
a gradual increase in the drug loading capacity of the
resin. The ratio of drug to resin was selected as 1:2 as
there was no significant increase in the drug loading at a
ratio of 1:3. The microcapsules of EU3 have been with
a smooth texture when compared to that of the EU1
and EU2. The EU3 microcapsules with RLPO polymer
have shown a smooth texture with a mean particle size
of 334 µm, whereas the EU1 and EU2 were evaluated
for their texture they have comparatively a rough
surface texture than EU3. The SEM images of the three
microcapsules were depicted in the fig. 3. However, the
TABLE 3: EFFECT OF STIRRING TIME ON DRUG
LOADING
Time (h)
1
2
3
4

Drug loading
Kyron T-134 resin
Kyron T-114 resin
75.60 %
19.50 %
90.37 %
32 %
91.70 %
38.90 %
93.90 %
40 %

a

5kV

X250

100µm 0001

5kV

2041 SEI

X250

mean particle size as observed was decreased in both
EU1 (261 µm) and EU2 (213 µm). The particle size
below 300 µm was to be chosen because this particle
size gives no feel of particle presence on the tongue.
The entrapment efficiency of the microspheres
was observed to increase when the polymers in
combination were used; EU1 has shown a better yield
than EU2 and EU3. The EU2 and EU3 have shown
no significant difference. The entrapment efficiency
of the microspheres was evaluated with a recovery
of 97.3, 98.4 and 98.8 % for EU1, EU2, and EU3,
respectively. Crospovidone was chosen to be the
super disintegrant in a 5 % w/w of the tablet weight.
The formulations F1, F2 and F3 magnesium stearate
was used as a lubricant showing a disintegration time
of >1 min. Sodium stearyl fumarate was used in the
formulations F4-F9, which eventually decreased the
disintegration time. The blend properties such as Carr’s
index and Hausner’s ratio, of the formulations F1 to
F9 were shown in the Table 4. The formulations were
optimized based upon the disintegration times, and in
vitro release profile. The disintegration times of F1, F2
and F3 formulations were found to be >1 min, where
there is a requirement of disintegration times of <30 s
for an ODT. However, the formulations F4, F5, F6,
F7, F8 and F9 show desirable amount disintegration
in less than <20 s. The hardness and friability of the
formulations provide a good handling capacity of

b

100µm

5kV

X250

100µm 0001

2141 SEI

0000 21 41 SEI

c
Fig. 3: Scanning electron microscopy images of the microcapsules
a, b and c are the scanning electron microscopy images of the microcapsules EU2, EU3, EU1, respectively obtained by solvent
evaporation method
March-April 2018
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the ODTs; the values of disintegration, hardness and
friability are tabulated in Table 5. The friability of the
F7, F8 and F9 formulations was around 0.7 % and the
formulations F4, F5 and F6 showed a relatively less
friability than the prior ones. For the consideration of
optimized formulations, F4, F5 and F6 were selected
based upon the disintegration times, which are further
evaluated for the in vitro release profile, Table 6
shows the release profile of the three formulations
F4, F5 and F6 formulations. The F4 formulation was
proved to show a more sustained release effect than its
counterparts. The release kinetics performed for the
F4 formulation has shown an r2 value close to unity
for Higuchi rate kinetic Eqn. The assay was performed
during the stability study period to estimate the percent
recovery of drug from the formulation. For the stability
study, three formulations were selected F4, F5 and F6,
which differ in the polymer of the microcapsules. The
percent recovery of the drug during the time interval
of 1, 2 and 3 mo kept under the conditions of 40±5°/
75±5 %, there was no significant change in the percent
recovery of the drug from the formulations. The percent
drug recovery at 30±2°/65±5 % RH and at 5° is also
tabulated in Table 7, which showed no notable change
in the drug content. This might prove that complexation

of ion-exchange resin to drug increase the stability of
the drug molecule. The tablets were evaluated for their
physical change and no significant change in the colour
or appearance of the tablet was observed. The friability
and hardness were tested during the stability study
of the samples kept under the conditions of 40±2°/
75±5 % RH. There was an insignificant change in the
friability and hardness as shown in the Table 8 of the
formulations. The change in the friability and hardness
of the formulations would show worst effect during
the tablet handling and administration of the ODT.
The stability study for this formulation was mainly
performed to analyse the changes of drug release
profile. As in a multi-particulate system of drug-resin
complex encapsulated in a microsphere, there is an
increased amount of stability of the drug. The only
limiting factor in the stability study was the degradation
of the polymer, which might affect the release rate of
the drug from the microcapsule[24-26]. However, there
was no significant change in the release profile of the
three polymer formulations during the stability study
as observed in the figs. 4A, B and C for the F4, F5
and F6 formulations, respectively. The shelf life of the
optimized ODT formulation (F4) was estimated to be
80.3 mo (around 6.5 y). The percent drug remaining was

TABLE 4: CARR’S INDEX AND HAUSNER’S RATIO OF THE FORMULATIONS F1 TO F9
Property
Carr's index
Hausner’s ratio

F1
16.2
1.193

F2
20.3
1.2547

F3
19.2
1.273

F4
7.14
1.076

F5
18.7
1.23

F6
15.4
1.182

F7
8.2
1.09

F8
10.5
1.1173

F9
9.2
1.103

TABLE 5: DISINTEGRATION, HARDNESS AND FRIABILITY OF THE ORAL DISPERSIBLE TABLET
FORMULATIONS
Ingredients
Disintegration
Hardness
Friability

F1
155
5.2
0.26

F2
135
4.9
0.254

F3
129
5.4
0.26

F4
15
3.8
0.54

TABLE 6: IN VITRO RELEASE PROFILE OF THE
OPTIMISED FORMULATIONS F4, F5, F6 ORAL
DISPERSIBLE TABLETS
Time (h)
0
1
2
3
4
5
6
7
8
9
10
347

F4
0
23.65
30.23
38.97
54.8
63.2
75.09
81.54
85.32
89.2
90.41

F5
0
31.2
49.72
69.65
75.68
80.63
87.92
90.15
93.19
93.4
93.89

F6
0
45.62
52.065
68.75
74.52
80.82
90.54
92.32
94.58
94.62
94.65

F5
15
4
0.62

F6
15
4.1
0.65

F7
12
3.50
0.72

F8
12
3.6
0.75

F9
12
3.6
0.75

TABLE 7: ASSAY OF THE DRUG CONTENT DURING
THE STABILITY PERIOD OF 3 MONTHS
Stability
Formulation
conditions
40±5°/75±2
% RH

30±5°/65±2
% RH

5°

Indian Journal of Pharmaceutical Sciences

Drug content

F4

93.26

91.4

91.94

91.23

F5

92.5

93.2

93.68

92.1

F6

97.3

97.15

97.89

96.7

F4

94.23

94.1

94.12

93.2

F5

93.2

93.2

93.68

92.4

F6

98.2

98.1

97.9

97.35

F4

94.89

94.72

94.68

94.5

F5

94.5

94.34

94.23

94.4

F6

97.6

97.54

98.2

97.4

March-April 2018
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TABLE 8: DISINTEGRATON, HARDNESS AND
FRIABILITY VALUES DURING THE STABILITY
STUDY AT CONDITIONS OF 40±2°/75 % RH±5 %
0
15.34
15.67
15.34
0.54
0.62
0.65
3.8±0.1
4±0.1
4.1±0.1

Disintegration
timea
Friability

Hardness

1
15
16
14.67
0.58
0.59
0.62
3.8±0.2
4±0.2
4.1±0.2

2
14.67
16.34
14
0.56
0.59
0.63
3.7±0.1
4±0.3
4.1±0.3

3
14
15.34
13
0.54
0.57
0.68
3.5±0.4
4±0.4
4.1±0.4

All disintegration values were the average of three readings

Cumulative % Release of Drug

a

100
90
80
70
60
50
40
30
20
10
0

100

95

90

80.3 months

85
0

10

20

30

40

50

60

70

80

90

Time (in months)

Fig. 5: The estimated shelf life value, data plotted at a 95 % one
sided lower confidence level

plotted against time in months at a lower confidence
interval of 95 %. Fig. 5 shows the estimated shelf life
of the formulation F4.
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10
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The study has revealed sustained release ODTs
prepared by the solvent evaporation technique of
microencapsulation of the drug-resin complex. The
Kyron T-134 with 90 % as drug loading was the
optimized resin for the microencapsulation. Sodium
stearyl fumarate used as lubricant provided a better
compressibility of microspheres without rupturing
during the direct compression method. The in vitro
release profile has shown a linear relationship when
the Higuchi rate model was considered, this shows
the sustained release profile of the formulation.
In vitro release study conducted during the stability
study showed no significant change in the release
profile, where the microcapsule was considered
stable under stress in the provided conditions. The
formulations showed an insignificant amount of
change in the disintegration times, friability and
hardness. However, the ODTs need better packaging
to improve the patient compliance and administration
in spite the estimated shelf life of the product being
greater than 6 y.
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