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Abstract

Article History:

The objective of the present study was to develop and evaluate bi-layer tablets of Ketorolac
tromethamine, a nonsteroidal antiinflammatory drug with short half-life, that are
characterized by initial burst drug release in the stomach and comply with the release
requirements of sustained-release products. Each of the proposed bi-layer tablets is
composed of an immediate-release layer and a sustained-release layer, anticipating rapid
drug release that starts in the stomach to rapidly alleviate the symptoms and continues in
the intestine to maintain protracted analgesic effect. Gastro retentive Bi-Layer tablets of
Ketorolac Tromethamine were prepared by using hydrophilic polymers with direct
compression on floating – matrix technology and evaluated. Ketorolac tromethamine is
freely soluble in water, so it is suitable to develop it as gastro retentive bi-layer tablets using
hydrophilic polymers. The developed formulation is equivalent to calculated theoretical
drug profile in view of its in vitro release. Immediate release layer was prepared by using
dry granulation method in which ac-di sol used as a disintigrant for immediate release of
drug. Sustained release layer formulated by using HPMC as release retardant, two grades of
HPMC that are HPMC K4M and HPMC K100M used to get sustained release profile for 24 hr.
Various trial batches are taken to get desired release profile. Ketorolac tromethamine
release from the developed floating formulation followed Higuchi model and nonFickian
diffusion is found to be the main mechanism of drug release. The manufacturing procedure
was found to be reproducible and formulations were stable after one month of stability
studies.
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INTRODUCTION
Ketorolac tromethamine (KET) is a nonsteroidal
antiinflammatory drug (NSAID) with extremely potent antiinflammatory and analgesic activities. It is commercially
available in the form of rapid-release tablets (10 mg), and
parenteral
formulations
(30
mg/ml).
Ketorolac
tromethamine decreases inflammation, pain, and fever
through inhibition of prostaglandin synthesis. However,
ketorolac tromethamine's usefulness is limited due to its
short half-life 5.3 hours. Its pka value is 3.49, PH of 1%
solution in water is 5.7. Bi-layer tablets are tablets made by
compressing several different granulations fed into a die in
succession, one on top of another, in layers. Each layer comes
from a separate feed frame with individual weight control.
Rotary tablet presses can be set up for two or three layers.
The advantages of bi-layer tablets are (1) Incompatible
substances can be separated by formulating them in separate
layers as a two-layer tablet or separating the two layers by a
third layer of an inert substance as a barrier between the
two. (2) Two layer tablets may be designed for sustained
release-one layer for immediate release of the drug and the
second layer for extended release, thus maintaining a
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prolonged blood level. (3) Layers may be colored differently
to identify the product. 1-5

MATERIALS AND METHODS
Drug Identification by FTIR
The Fourier transform infrared spectrum of moisture free
powdered sample of KET was recorded on IR
spectrophotometer by potassium bromide (KBr) pellet
method. The range of spectra was found to be600 to 4000
cm-1.The characteristics peaks of different functional group
were compared with reported standard peak. 6
Physical Characteristics of KET
Flow Properties 7
Bulk density (B.D.) and tapped density (T.D.)
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 with lid, set
into the density determination apparatus (Tapped Density
Apparatus). The density apparatus was set for 100 taps and
after that the volume (Vf) was measured which was tapped
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volume. The bulk density and tapped density were calculated
by using the following formulas.

loading dose, dose of immediate release part and 16mg is
maintenance dose, dose of sustained release part.

Bulk density = W/ V0

Formulation and Evaluation of Bi-Layer Gastro Retentive
Tablet

Tapped density = W/ Vf

Compressibility index (CI) / Carr’s index
It was obtained from bulk and tapped densities. It was
calculated by using the following formula.
% Carr’s index = (T.D. - B.D. ÷ T.D.) × 100
Hausner’s ratio
Hausner’s ratio is a number that is correlated to the flow
ability of a powder. It is measured by ratio of tapped density
to bulk density.
Hausner’s ratio = (Tapped density ÷ Bulk Density)
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 θ= h/r
Calculation of total dose 8
The loading dose & maintenance dose of Ketorolac
Tromethamine Bilayer tablet was calculated by following
equation using available pharmacokinetic data.
Dt= Dose (1 +0.693 x t/t1/2)
Where, Dt= Total dose of drug; Dose = dose of immediate
release part (5 mg); t=time (hours) during which the
sustained release is desired (23.5 hours); t1/2= half-life of
drug (5.3 hours) Dt= 5 (1 + 0.693 x 23.5/5.3) = 20 mg Hence
formulation should contain total dose 20 mg with 5mg as

Composition of immediate release formulation was shown in
Table 1. Different immediate release tablets formulations
were prepared by direct compression technique. All the
powders were passed through 80 mesh sieve. Required
quantity of drug and various super disintegrating agents like
sodium starch glycolate, and ac-di-sol were mixed
thoroughly. Talc and magnesium stearate were finally added
as glidant and lubricant respectively. The blend was
compressed using 8mm punch in Rotary punching tablet
machine. For formulation of sustained release tablet,
composition of preliminary batches is shown in Table 1. The
Gastro retentive layer is composed of maintenance dose (15
mg) of drug and different grade of hydroxyl propyl methyl
cellulose (HPMC) like HPMC K4M, HPMC K100M. Other
ingredients
were
Sodium
bicarbonate
(NaHCO3),
microcrystalline cellulose, lactose and talc, magnesium
stearate. All the ingredients were mixed thoroughly and
finally compressed with help of Rotary Tablet punching
machine. Prepared tablets were evaluated in terms of in-vitro
dissolution profile and physical parameters. Each
formulation composed of different concentration of sodium
bicarbonate and citric acid in order to optimize
concentration of gas generating agent. Composition of Bilayer gastro retentive tablet was given in Table 1. Optimized
batch of immediate release layer as well as gastro retentive
layer was selected. First, immediate release formulation
placed on cavity of die and compressed then finally sustained
release layer (gastro retentive layer) were placed. of KET bilayer tablet was performed. Tablet was then evaluated for
various physical parameters, weight variation, friability and
hardness, in-vitro dissolution profile, swelling index, kinetic
modelling, drug release mechanism and stability study.

Table 1: Composition of different batches of bi-layer Tablets of KET

KET
Ac-di-sol
Sodium Starch Glycolate (SSG)
Dicalcium Phosphate (DCP)
Magnesium stearate
Talc
KET
HPMCK100M
HPMCK4M
NaHCO3
Miro Crystalline cellulose (MCC)
Magnesium stearate
Talc

F1
F2
F3
Immediate release layer
5
5
5
2.5
5
7.5
89.5
87
84.5
1
1
1
2
2
2
Sustained release layer
15
15
15
80
50
40
40
35
35
35
64
94
64
2
2
2
4
4
4

In-vitro dissolution studies
The release rate of KET from bi-layer gastro retentive tablets
was determined using United State Pharmacopoeia (USP)
XXIV dissolution testing apparatus II (paddle method). The
dissolution test was performed using 900 ml of 0.1 N HCl
ISSN: 2250-1177
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F4

F5

F6

5
2.5
89.5
1
2

5
5
87
1
2

5
7.5
84.5
1
2

15
25
25
35
94
2
4

15
80
35
64
2
4

15
50
35
94
2
4

(pH 1.2), at 37 0.5C and 50 rpm. A sample (10 ml) of the
solution was withdrawn from the dissolution apparatus at
an interval of every hr for initially three hours and then
every two hours till 24 hrs. The samples were replaced with
fresh dissolution medium of same quantity. The samples
were filtered through a 0.45 membrane filter. Absorbance
CODEN (USA): JDDTAO

Patel et al

Journal of Drug Delivery & Therapeutics. 2021; 11(1):36-41

of these solutions was measured at 322 nm using a
Shimadzu UV-1601
spectrophotometer.
Cumulative
percentage of drug release was calculated using an equation
obtained from a standard curve. 9-11

physical balance in which the right pan was replaced by a
glass slide with copper wire and additional weight, to make
the right side weight equal with left side pan. Another glass
arrangement of suitable height and diameter was prepared,
which was kept in beaker filled with 0.1N HCl (pH 1.2), and
then placed below the right side of the balance. The
detachment force, i.e. the force required for separating the
tablet from the tissue surface was determined. The tablet
was lowered onto the mucosa under a constant weight of 5 g
for a total contact period of 1min. 12

Comparison of dissolution profiles
The similarity factor (f2) given by SUPAC guidelines for
modified release dosage form was used as a basis to
compare dissolution profile. The dissolution profiles are
considered to be similar when f2 is between 50 and 100. The
dissolution profiles of products were compared using f2. This
similarity factor is calculated by following formula,
f2


1

 50 log 1 
n




n

 R
t 1

t

 Tt



2





0.5



 100



Where, n is the number of dissolution time and Rj and Tj are
the reference and test dissolution values at time. Theoretical
release profile of sustained release shown in Table 2. 11
Table 2: Theoretical release profile of sustained release
tablet
Time (hrs)
0
1
2
4
6
8
10
12
14
16
18
20
22
23.5

Swelling index
The swelling index of tablets was determined in 0.1 N HCl
(pH 1.2) at room temperature. The swollen weight of the
tablets was determined at predefined time intervals. The
swelling index was calculated by the following equation.
Determinations were made in triplicate.
Where, W0 is the initial weight of tablet, and Wt is the weight
of the tablet at time t.13
Kinetic modeling and mechanism of drug release

Theoretical release profile %
0
4.25
8.5
17.01
25.52
34.00
42.53
51.04
59.54
68.00
76.53
85.00
93.53
99.92

Data obtained form in vitro drug release studies were fitted
to dissocalculation software. The kinetic models used are
zero order, first order, Korshmers and papps, Hexon crowell,
and Higuchi equation. 14
Stability study of the optimized batch
Bi-layer gastro retentive tablets of KET formulated in the
present study were subjected to accelerated stability studies
at 40 °C and 75% RH for 1 month in a humidity chamber.
The tablets of best batch were packed in aluminum foil
pouch and analyzed for floating behavior and in-vitro drug
release study. 14-15

RESULTS AND DISCUSSION
Identification of KET by FTIR
KET is identified by FTIR shown in Figure 1.

Ex-Vivo Bio-adhesion study
Tablet bio-adhesion studies were done using goat stomach
mucosa. The apparatus consisted of a modified double beam

Figure 1: FTIR OF KET
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Preparation of Bi-layer gastro retentive tablet of
Ketorolac tromethamine

property was determined by Angle of repose, and it was
25.66º, which shows that drug has good flow Properties.
(Table 3)

The photograph of bi-layer tablet of KET in which bottom
layer is floating layer which is composed of maintenance
dose of KET, upper layer (pink in color) is immediate release
layer which is composed of loading dose of KET is shown in
Figure 2.
Flow Properties
The bulk density of Ketorolac tromethamine was 0.355
gm/ml, tapped density was 0.448 gm/ml. Hausner’s ratio
and Carr’s Index values were 1.261 and 20.690 respectively,
which indicates the higher compressibility. Further flow

Figure 2: Bi-layer tablet of KET

Table 3: Flow properties of KET
Bulk Density
(gm/ ml)
0.355

Tapped Density
(gm/ ml)

Compressibility

0.448

20.690

Hausner’s Ratio

Angle of Repose
(°)

1.261

25.66

Index (%)

Post Compression Parameters of Bi-layer Tablets
All the tablet formulations showed acceptable properties and
complied with the in-house specifications for weight

variation, hardness and friability. Results of these studies are
shown in Table 4.

Table 4: Post compression parameters of prepared tablets
Batches

Weight variation (mg)

Hardness (kg/cm2)

Friability (%)

(n=20)

(n=10)

(n=10)

F1

205 ± 2.88

4.8 ± 0.124

0.92 ± 0.0028

F2

200 ± 2.51

4.5 ± 0.057

0.95 ± 0.0023

F3

200 ± 2.51

5 ± 0.15

0.83 ± 0.0018

F4

190 ± 2.88

5.5 ± 0.057

0.68 ± 0.00149

F5

200 ± 2.51

5 ± 0.15

0.826 ± 0.0018

F6

195 ± 2.88

5.5 ± 0.057

0.79 ± 0.0015

In- Vitro Dissolution Profile
In vitro dissolution behaviour of bi-layer tablets is shown in
Figure 3. In different batches of bi-layer tablets, drug release

was affected by hardness. It was found that time for 80%
drug release was increased due to increase in hardness.
Therefore intermediate hardness (5kg/cm 2) was considered
to be optimum for formulation of bi-layer tablets.

120

% Drug release

100
80
60
40
20
0
0

5

10
F1

F2

Time (hr.)
F3

15

F4

20
F5

25

F6

Figure 3: In-vitro drug release profile Bi-layer tablet formulations of KET
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Comparison of dissolution profiles

reciprocal square root transformation of one plus the
average mean squared (the average sum of squares)
differences of drug percent dissolved between the test and
reference products over all time points. In vitro drug release
profile of all batches was compared with theoretical drug
release profile. The result is shown in Table 5, which
indicates that, all batches shows good similarity to
theoretical release profile. Amongst these, Batch F5 showed
the highest f of 85.126.

The similarity factor, f , given by SUPAC guidelines for
2

modified release dosage form was used as a basis to
compare dissolution profiles. The dissolution profiles are
considered to be similar when f is between 50 and 100. The
2

dissolution profiles of products were compared using a
similarity factor (f ). This similarity factor is a logarithmic
2

2

Table 5: Comparison of dissolution profiles of bi-layer tablet batches with theoretical release profile and Ex-vivo
Mucoadhesion study
Formulation code

Dependent variables

Ex-vivo Mucoadhesion study

Q24

t80%

f

Force required (gms)

F1

73.145

>24

50.709

12

F2

89.254

22

65.691

7

F3

57.539

>24

38.305

10

F4

86.835

22.5

55.619

6

F5

99.922

18

85.126

11

F6

100.342

18

77.479

6

2

Ex-vivo bio adhesion study

Table 6: Swelling study of batch F5

The result of bio adhesion study is shown in Table 5. F1 and
F2 batch showed bioadhesive force 12 gm and 7 gm
respectively. The values indicate that the bioadhesive force
increased significantly as the concentration of HPMCK100M
bioadhesive polymer increased. The highest bioadhesive
strength was observed in formulation F1 and F5 containing
HPMCK100M and HPMCK4M. F1 and F5 batch showed bio
adhesive force 12 gm and 11 gm respectively. Tablets of
formulations F3 showed intermediate bioadhesion force
whereas formulations F2, F4 and F6 showed least
bioadhesion strength. In case of F1 formulation, high
bioadhesive strength of HPMCK100M was retard drug
release. Therefore, formulation F5 was selected for further
preparation of bilayer tablets.
Swelling index study
Tablets composed of polymeric matrices build a gel layer
around the tablet core when they come in contact with
water. This gel layer governs the drug release. Kinetics of
swelling is important because the gel barrier is formed with
water penetration. Swelling is also a vital factor to ensure
floating. To obtain floating, the balance between swelling
and water acceptance must be restored. The swelling index
of the best batch at different time intervals is mentioned in
Table 6, which may be because of high viscosity and high
water retention property of HPMC polymer.

Time
(hrs)
6
12
18
24

Swelling
index
1.831
2.184
3.157
3.31

Kinetic modelling and mechanism of drug release
The dissolution profile of the best batch was fitted to zeroorder, first-order, Higuchi and Hixon-Crowell, and
korsmeyer models to ascertain the kinetic modeling of drug
release. To analyze the mechanism of drug release from the
matrix tablets, the release data of best Batch F5 were fitted
in all models. (Table 7) The dissolution profile of the best
batch was fitted to zero-order, first-order, Higuchi and
Hixon-Crowell, and korsmeyer models to ascertain the
kinetic modeling of drug release. To analyze the mechanism
of drug release from the matrix tablets, the release data of
best batch F5 were fitted Higuchi model. Further to
characterize the release mechanisms of KET from optimize
formulation, the dissolution data were subjected to the
Higuchi model. The ‘n’ values for F5 formulation was 0.61,
indicating that the release mechanism was non-Fickian or
anomalous release in. It can be inferred that the release was
dependent on both drug diffusion and polymer relaxation. 16

Table 7: Kinetic modeling data of batch F5
Model

Zero-order

First-order

Higuchi plot

Hixon Crowell

Korsmeyer

R2

0.9961

0.9664

0.9995

0.9162

0.9983

Slope

10.025

0.0765

38.684

3.3417

0.6135(n)

Intercept

20.206

1.432

-12.675

26.598

-0.5657
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Stability study of the optimized batch

the in-vitro drug release profile and floating behaviour. No
significance change was observed in in-vitro drug release
profile and the floating behaviour of tablet after stability
studies. The results of stability studies are shown in Figure 4.

The promising formulation F5 was subjected to short term
stability study by storing the formulation at 40°C/75% R.H.
for 1 month. After 1 month the tablet was again analyzed for

17, 18

120

% Drug release

100
80
60
40
20
0

0

200

400
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800

1000

1200

1400

1600

Time (min.)
initially

after 30 days

Figure 4: In-vitro drug release profile of optimized batch F5 after stability study

CONCLUSION
Bilayer tablets of KET containing sustained release layer and
immediate release layer were successfully formulated.
Release was found to follow zero, first, Higuchi, Hixon–
crowel and krossmayer–peppas models. All the formulation
batches tested for physical parameters like weight variation,
hardness and friability all were found to be within the USP
limits. The optimized formulations were found to be stable at
all the stability conditions. During stability studies, no
significant variation (1-4%) in drug release was observed.
Total floating time of optimized batch was found to be more
than 24 hrs. This is due to the floating as well as good
sustained release properties of HPMC polymer. 40%
concentration of HPMC K4M was optimized for bi-layer
gastro retentive tablet of KET.
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