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ABSTRACT
Bilayer tablet is new era for successful development of controlled release formulation along with various features to provide
successful drug delivery system. It can be a primary option to avoid chemical incompatibilities between API by physical
separation, and to enable the development of different drug release profiles. The main objective of present study is to separate
incompatible active pharmaceutical ingredient (APIs) from each other and to control their lease of API from one layer by
utilizing the functional property of the other layer (such as, osmotic property). Also, to modify the total surface area available
for API layer either by sandwiching with one or two inactive layers in order to achieve swellable /erodible barriers for
modified release and to administer fixed dose combinations of different APIs, prolong the drug product life cycle, fabricate
novel drug delivery systems such as chewing device buccal/ mucoadhesive delivery systems and floating tablets for gastro-

retentive drug delivery.
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INTRODUCTION

A tablet is a mixture of active substance and excipients
usually in powder form pressed or compacted into a solid.
The excipients include binders, glidants (flow-aids), and
lubricants to ensure efficient tableting, disintegrants to
ensure that the tablet breaks up in the digestive tract;
sweeteners or flavors to mask the taste of the bad tasting
active ingredients and pigments to make uncoated tablets
visually attractive. A coating may be applied to hide the taste
of tablets components, to make the tablet smoother and
easier to swallow and to make it more resistant to
environment extending its self-life.

The manufacture of bi-layer tablets, produced by sequential
compaction of loose powder layers has become of increased
interest within the pharmaceutical industry due to the
tailored release profiles of active ingredients that may be
obtained. Bilayer tablet is suitable for sequential release of
two drugs in combination, separate two incompatible
substances and also for sustained release tablet in which one
layer is immediate release as loading dose and second layer
is maintenance dose. In case of bilayer tablets drug release
can be rendered almost uni directional if drug can be
incorporated in the upper non-adhesive layer its delivery
occurs into the whole oral cavity.

The immediate release layer of bilayer tablet has worked as
the loading dose and the sustained release layer has
maintained therapeutic plasma drug concentration for

prolonged time. This article explains why development and
production of quality bi-layer tablets need to be carried out
on purpose-built tablet presses to overcome common bilayer
problems, such as layer-separation, insufficient hardness,
inaccurate individual layer weight control, cross-
contamination between the layers, reduced yield, etc.

Using a modified tablet press may therefore not be the best
approach in producing a quality bilayer tablet under GMP-
conditions, especially when high production output is
required.

IDEAL CHARACTERISTICS OF BILAYER
TABLET [4-5]
. A bilayer tablet should have elegant product

identity while free of defects like chips, cracks,
discoloration and contamination.

. It should have sufficient strength to withstand
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mechanical shock during its production packaging,
shipping and dispensing.

It should have the chemical and physical
stability to maintain its physical attributes overtime. The
bi-layer tablet must be able to release the medicinal
agents in a predictable and reproducible manner.

It must have a chemical stability shelf-life, so
as not to follow alteration of the medicinal agents.

ADVANTAGES OF THE BILAYER TABLET

Sr. No
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It is the dosage form and offers the greatest
capabilities of all oral dosage form for the greatest dose
precision and the least content variability.

Cost is lower compared to all other oral
dosage form.

Lighter and compact.
Easiest and cheapest to pack and strip.

Easy to swallow with least tendency for hang-
up.

Objectionable odor and bitter taste can be
masked by coating technique.

Suitable for large scale production.

Greatest chemical and microbial stability over

Chemicals
Nicotinic Acid

Aspirin
PVP (Poly vinyl pyrrolidone)
Citric acid
HPMC (Hydroxy Propyl Methyl Cellulose)
Sodium bicarbonate
Magnesium stearate
Talc
Lactose
Sodium Starch glycolate
Croscarmellose sodium
Crospovidone

Microcrystalline cellulose

Shrivastava S, Sahu A, Loksh KR & Rajput A

all oral dosage form.

Product identification is easy and rapid
requiring no additional steps when employing an
embossed and/or monogrammed punch face.

NEED OF BILAYER TABLETS

For the administration of fixed dose
combinations of different APIs, prolong the drug
product life cycle, buccal/ mucoadhesive delivery
systems; fabricate novel drug delivery systems such as
chewing device and floating tablets for gastro-retentive
drug delivery [11-13].

Controlling the delivery rate of either single or
two different active pharmaceutical ingredients.

To modify the total surface area available for
API layers either by sandwiching with one or two
inactive layers in order to achieve swellable/erodible
barriers for modified release.

To separate incompatible Active
pharmaceutical ingredient (APIs) from each other, to
control the release of API from one layer by utilizing
the functional property of the other layer (such as,
osmotic property).

MATERIALS AND METHODS

Materials (Table 1)
Table 1. Materials used in the investigation.

Supplier
Gift Healthcare Gift sample from Cadila Healthcare,
Ahmedabad
Gift Sample from Bioplus Life Science, Bangalore
S.D. Fine Chem. Ltd., Mumbai
Qualigens Fine Chemicals, Mumbai
Ozone International, Mumbai
Chempure Pvt. Ltd
Jiangsu Huaxi International
Loba Chemie Pvt. Ltd Mumbai
Loba Chemie Pvt. Ltd Mumbai
Loba Chemie Pvt. Ltd Mumbai
Loba Chemie Pvt. Ltd Mumbai
Loba Chemie Pvt. Ltd Mumbai
Loba Chemie Pvt. Ltd Mumbai
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Pre-formulation characteristics

The following properties of active
ingredients (APl)were investigated,;

pharmaceutical

> Organoleptic properties
> Solubility analysis

> Loss on drying

> Melting point

Organoleptic properties

Organoleptic properties of the drug substance are very
important for designing the dosage from. The color, odor
and tests of the drug are characterized.

Solubility analysis

An important physical-chemical property of a drug
substance is solubility, especially aqueous solubility [34]. A
drug must possess some aqueous solubility for therapeutic
efficacy in the physiological pH range of 1 to 8. For the
determination of solubility of Nicotinic acid and Aspirin in
various solvents that were methanol, ethanol, chloroform
and distilled water etc. 5mg of each drug was added to 10 mli
of each solvent in a test tube and shaken for few minutes at
room temperature (21.0+ 1.5°C) (Table 2).

Table 2. 1.P. Ranges for Solubility.
Parts of solvent required for

Descriptive term
parts of solute

Very soluble Less than 1
Freely soluble From 1 to 10
Soluble From 10 to 30
Sparingly soluble From 30 to 100

Slightly soluble From 100 to 1000

Very slightl

DRI From 1000 to 10000
soluble
Practically
) 10000 or more
insoluble

Loss on drying (%)

Loss on drying is the loss of weight expressed as
percentage w/w resulting from water and volatile matter
of any kind that can be driven off under specified
conditions [35].

Loss on drying is directly measured by IR moisture balance.
Firstly, calibrated the instrument by knob, then taken 5 gram
of sample (powder) and fixed the temperature at 100°C to
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105°C for 15 min and constant reading, and fixed the knob
and check percent moisture.

Loss on drying (%) = (Initial weight of sample-Weight of
sample after drying*100) / (Initial weight of sample)

Melting point

Melting point of Nicotinic acid and Aspirin was determined
using open capillary method by melting point apparatus [36].
Fine powder of the drug was filled in glass capillary tube
which was sealed at one end. The capillary tube was tied to
the thermometer and thermometer was kept in Theil’s tube
apparatus and then slowly increased the temperature of the
apparatus and recorded the temperature at which drug was
completely melted. The observed melting point of the drug
was compared with melting point given in literature.

Determination of UV-Visible absorption maxima of
Nicotinic acid and Aspirin

Preparation of calibration curve of Nicotinic acid in 0.1
N HCI:10mg of Nicotinic acid was engaged in 10ml
volumetric flask and dissolved up to 10ml with 0.1 N
Hydrochloric acid to contribute the concentration of
1000g/ml.1ml of beyond was diluted to 10mlwith 0.1 N HCI
to give concentration of 100g/ml. From the beyond stock
solution, aliquots of 0.5, 1.0, 1.5, 2.0 and 2.5 ml were shifted
to 10 ml volumetric flasks and made up to the mark with 0.1
N HCI. This solution was perused in UV-Visible
Spectrophotometer. Sample was subjected to scan with a
wavelength range of 200.0 to 400.0 with fast scan speed.
The absorbance of these and a graph of concentration versus
absorbance was plotted.

Preparation of calibration curve of Aspirin in 0.1 N HCI:
Accurately weighed 10 mg of drug were dissolved in 10 ml
of 0.1 N HCI solutions in 10 ml of volumetric flask. The
resulted solution 1000pg/ml and from this solution 0.1 ml
pipette out and transfer into 10 ml volumetric flask and
volume make up with 0.1 N HCI solution prepare suitable
dilution to make it to a concentration of 10ug/ml for Aspirin.
The spectrum of this solution was run in 200-400nm range
in U.V spectrophotometer (Labindia-3000+).

FTIR spectroscopy of Nicotinic acid and Aspirin

The purity of pure drug was determined by LR.
Approximately 10 mg of Nicotinic acid and Aspirin was
triturated with 100 mg of dried potassium bromide (KBr) in
agate mortar. Pellet was prepared by using KBr press pellet
method. Pellet was scanned between the ranges of400 to
2000 cm with background correction [37]. The spectrum
was recorded and major peaks were determined.

Formulation development of bilayer tablet by direct
compression

The term “direct compression” is defined as the process by
which tablets are compressed directly from powder mixture
of APl and suitable excipients. No pretreatment of the
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powder blend by wet or dry granulation procedure is
required.

Preparation of instant layer of Aspirin (Phase-1)

Fast dissolving (Instant Layer) tablets of Aspirin were
prepared by direct compression method after incorporating
different super disintegrants such as, croscarmellose sodium
(Ac-Di-Sol), crospovidone and sodium starch glycolate in
different concentrations. The ingredients given below were
weighed and mixed in geometric progression in a dry and
clean mortar. Then the ingredients were passed through
mesh#60.

Magnesium stearate as lubricant and talc as glidant were
added in a final step and mixed, this blend was subjected to
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analysis of pre-compression parameters which included
Angle of repose, Bulk density, Tap density, Carr’s index and
Hausner’s ratio.

The Blend was compressed on 8mm (diameter)fat punches
on a ‘Rimek mini press 16station rotary compression
machine. Nine different formulations of Aspirin were
prepared and each formulation contained one of the three
disintegrant in different concentration [38]. Each tablet
weighing 350mg, were obtained.

RESULTS AND DISCUSSION
Pre-formulation study

Organoleptic properties (Table 3)

Table 3. Organoleptic characteristics of Nicotinic acid and Aspirin.

S. No. Properties Studied Nicotinic acid Aspirin
1. Color White crystalline powder White crystalline powder
2. Odor Odorless Odorless
3. Taste Bitter Bitter

Solubility analysis (Table 4)
Table 4. Solubility determination of Nicotinic acid and Aspirin.
Solvents Solubility of Nicotinic acid Solubility of Aspirin
Methanol Slightly soluble Freely soluble
Ethanol Slightly soluble Freely soluble
Distilled water Slightly soluble Soluble
Phosphate buffer Freely soluble Sparingly soluble
pH6.8
0.1N HCI Freely soluble Soluble
0.1IN NaOH Soluble Sparingly soluble

Solubility of Nicotinic acid was examined that was soluble
in 0.IN NaOH, slightly soluble in methanol, ethanol,
distilled water, and freely soluble in phosphate buffer pH 6.8
and 0.1IN HCI. The solubility of Aspirin was examined
freely soluble in methanol and ethanol, sparingly soluble in
phosphate buffer pH 6.8 and 0.1N NaOH, soluble in 0.1N
HCl and distilled water.

Results: Results of loss on drying of Nicotinic acid and
Aspirin were found to be 0.274+0.005% and 0.352+0.002%.

Melting point

Results: Results of melting point of Nicotinic acid and
Aspirin  were found to be 234-237°C and134-136°C
respectively.

Calibration curve of Nicotinic acid and Aspirin (Table 5,
Figure 1 & Table 6, Figure 2)

Table 5. Calibration curve of Nicotinic acid.

S. No. Concentration (pg/ml) Mean absorbance
1. 5 0.280+0.005

2. 10 0.557+0.003

8 15 0.848+0.004

4. 20 1.15+0.005

5. 25 0.1.43+£0.001

All values are expressed in S.D (n=3)
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Figure 1. Calibration curve of Nicotinic Acid.
Reference Citation: Nicotinic Acid Reference for assessing the Far UV absorbance scale of your spectrophotometer
https://www.starnacells.com/d_ref/d_abs/NIC.html

The linear regression analysis was done on Absorbance data  The intercept = 0.006

points. The results are as follow for standard curve The correlation coefficient (r2) = 0.999

Slope = 0.056
Table 6. Calibration curve of Aspirin.
S. No. Concentration (ug/ml) Mean absorbance
1. 5 0.181+0.004
2. 10 0.344+0.003
3. 15 0.517+0.005
4. 20 0.679+0.002
5. 25 0.829+0.001

All values are expressed in S.D (n=3)

]
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Figure 2. Calibration curve of Aspirin.
Reference Citation: Karim et al. (2016) Formulation and in vitro evaluation of aspirin sustained release tablets using
hydrophilic polymers. World Journal of Science and Engineering 3(3): 39-45.

The linear regression analysis was done on Absorbance data
points. The results are as follow for standard curve

Slope = 0.033

The intercept = 0.009

The correlation coefficient (r?) = 0.999
FTIR spectra of Nicotinic acid and Aspirin

Infra- red spectrum is an important record which gives
sufficient information about the structure of a compound.

This technique provides a spectrum containing a large
number of absorption band from which a wealth of
information can be derived about the structure of an organic
compound. The region from 0.8 u to 2.5 p is called Near
Infra-red and that from 15 to 200  is called Far infra-red
region. Approx. 5 mg of drug was mixed with KBr and
prepared the IR pallet. Pallet was analyze using FT-IR
spectrophotometer (Bruker, USA) (Figures 3 & 4).

-

KT 4

40000 3000 2000

4000

Figure 3. FTIR spectra of Nicotinic acid.
Reference Citation: Trivedi MK, Branton A, Trivedi D, Nayak G, Bairwa K, et al. (2015) Spectroscopic Characterization of
Disulfiram and Nicotinic Acid after Biofield Treatment. J Anal Bioanal Tech 6: 265.
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Figure 4. FTIR spectra of Aspirin.
Reference Citation: C. Muthuselvi et el. (2016) Growth and Characterization of Aspirin Crystal in the Phosphoric acid
Medium. Journal of Chemical and Pharmaceutical Research 8(5): 804-814.

Results of pre-compressional
release layer of Aspirin

The loose bulk density (LBD) and tapped bulk density
(TBD) of the powders of different formulations were
evaluated before the compression of powders in to tablets.
The bulk density and the tapped density for all the
formulations varied from 0.319 to 0.357gm/cm®and 0.424 to
0.464gm/cmq respectively.

parameters of instant

The values obtained lies within the acceptable range. The
difference exists between the bulk density and tapped
density found to be very few. This result helps in calculating
the % compressibility of the powder.

The result of Hausner’s ratio of all formulations ranges from
1.290to 1.345. Results of Hausner’s ratio of all formulations
were shown in Table 7 which indicates that the flow ability
of all the formulation.

The results of the Compressibility index of all the
formulations ranges from 22.455% t025.175%. Results of
Compressibility index of all the formulations were shown in
the Table 7. Results clearly showed that the flow ability of
all the formulations was good and also the powder had good
compressibility (Figure 5).

Table 7. Results of pre-compressional parameters of Aspirin.

Formulation code Loose Bulk Density

Parameters

Tapped Bulk Density

(gm/ml) (gm/ml) Carr’s Index (%) Hausner’s Ratio
AF1 0.324 0.431 24.768 1.329
AF2 0.346 0.456 24.671 1.328
AF3 0.353 0.461 23.378 1.305
AF4 0.357 0.464 23.111 1.301
AF5 0.346 0.457 24.237 1.320
AF6 0.336 0.431 22.455 1.290
AFT7 0.319 0.424 25.175 1.336
AF8 0.324 0.432 24.595 1.326
AF9 0.327 0.439 25.572 1.345
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Figure 5. Graphical representation of results of pre-compressional parameters of Aspirin.

Results of post-compression
formulations (Table 8 & Figure 6)

Table 8. Results of post-compression parameters of all formulations.

parameters of all

F. Code Hardness test (kg/cm?)  Friability (%) Weight variation (%)  Thickness (mm)  Drug content (%6)
AF1 3.5+0.2 0.659+0.045 149+3 2.2+0.2 98.85+0.32
AF2 3.2+0.3 0.653+0.023 15044 2.1+0.3 98.74+0.25
AF3 3.4+0.2 0.712+0.014 15245 2.3+0.2 98.64+0.15
AF4 3.5+0.1 0.621+0.027 14545 2.4+0.1 98.85+0.26
AF5 3.5+0.2 0.718+0.032 152+3 2.5+0.2 99.05+0.32
AF6 3.4+0.3 0.621+0.024 148+2 2.5+0.1 98.65+0.14
AF7 3.6+0.2 0.853+0.015 152+4 2.6x0.2 99.86+0.25
AF8 3.4+0.1 0.753+0.032 148+5 2.4+0.2 98.85+0.36
AF9 3.4+0.2 0.684+0.035 154+3 2.3+0.2 98.75+0.15
SciTech Central Inc.
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Figure 6. Graphical representation of post-compression parameters.
Thickness indicate uniform of mixing. The Table 8 shows the % drug

The thickness of the tablets was reported in the
micrometer(mm). The thickness of tablet indicates that, die
fill was uniform. The thickness depends on the size of the
punches (8mm) and the weight of one tablet (150mg). The
average weight of each formulation was recorded in shown
in Table 8. The value of thickness ranges between 2.1+0.3
t02.6+0.2mm.

Friability

Friability determines the strength of the tablets. The values
of friability test were given in the Table 8. The friability for
all the formulations was below 1% indicating that the
friability was within the prescribed limits. The results of
friability test indicate that the tablet possesses good
mechanical strength. The friability value ranges from
0.621+0.024 to 0.853+0.015.

Hardness

The mean hardness values were measured for all the
formulation using Monsanto hardness tester. The results
were tabulated in Table 8. The hardness value ranges from
3.2+0.3 to 3.6+0.2kg/cm?.

Uniformity of weight

Twenty tablets were randomly selected from each
formulation and evaluated. The average weight of each
formulation was recorded and is shown in Table 8. The
obtained data were almost uniform. The values of tablets
average weight ranging from 1455 to 154+3mg. All the
tablets passed weight variation test as the % weight variation
was within the USP Pharmacopoeia’s limits of +5% of the
weight.

Drug content

The % drug content of all the formulated tablets were found
within the limit. % Drug content value of drug was within
98.64+0.15% to 99.86+0.25%. The results within the range

content in each formulation.
Results of disintegration time of instant layer of Aspirin

Disintegration time of formulation AF1, AF2, AF3, AF4,
AF5, AF6, AF7, AF8 and AF9 was found to be 88+3, 84+2,
8516, 975, 88+4, 87+3, 39+2, 455 and 48+4 sec
respectively. The Minimum Disintegration time was found
in formulation 1F7(39+2), select as optimized formulation
for instant layer of aspirin (Table 9 & Figure 7).

Table 9. Results of Disintegration time of instant layer of
Aspirin.

) Disintegration time (sec.) (n=3);
Formulation code

Mean=SD
AF1 88+3
AF2 8412
AF3 856
AF4 9745
AF5 88+4
AF6 87+3
AF7 39+2
AF8 4515
AF9 48+4
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Figure 7. Graphical representation of disintegration time.

Formulation of Nicotinic acid matrix tablets

The loose bulk density (LBD) and tapped bulk density
(TBD) of the powders of different formulations were
evaluated before the compression of powders in to tablets.
The bulk density and the tapped density for all the
formulations varied from 0.364 to 0.396 gm/cm3 and 0.474
to 0.498gm/cm? respectively.

The values obtained lies within the acceptable range. The
difference exists between the bulk density and tapped
density found to be very few. This result helps in calculating
the % compressibility of the powder.

The result of Hausner’s ratio of all formulations ranges from
1.262 to 1.302. Results of Hausner’s ratio of all formulations
were shown in Table no 3.8 which indicates that the flow
ability of all the formulation.

The results of the Compressibility index of all the
formulations ranges from 20.684% to 23.159%. Results of
Compressibility index of all the formulations were shown in
the Table 10. Results clearly showed that the flow ability of
all the formulations was good and also the powder had good
compressibility (Figure 8).

Table 10. Result of pre-compression properties of Nicotinic acid tablets.

Formulation Code = Bulk density (gm/ml)  Tapped density (gm/ml) Compression index Hausner’s ratio
AF1 0.384 0.496 22.222 1.285
AF2 0.374 0.485 22.680 1.293
AF3 0.385 0.492 21.748 1.278
AF4 0.364 0.476 23.159 1.302
AF5 0.385 0.492 21.748 1.278
AF6 0.396 0.498 20.684 1.262
AFT7 0.375 0.474 20.930 1.265
AF8 0.382 0.495 22.828 1.296
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Figure 8. Graphical representation of pre-compression properties of Nicotinic acid tablets.

Results of post-compression properties of sustain release
tablets of Nicotinic acid (Table 11 & Figure 9)

Table 11. Results of post-compression properties of Nicotinic acid tablets.

Formulation . Hardness Weight variation o Drug content
code Thickness (mm) (kglem2) (ma) Friability (%0) %)

F1 3.4 5.1 499 0.857 98.88

F2 3.5 5.3 496 0.658 99.85

F3 35 5.1 498 0.488 98.89

F4 3.7 5.5 502 0.558 99.57

F5 55 5.3 505 0.658 99.28

F6 34 54 505 0.857 99.57

F7 3.4 5.2 503 0.658 99.23

F8 3.5 51 501 0.759 99.14

e —
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Figure 9. Results of post-compression properties of Nicotinic acid tablets.

Thickness

The thickness of the tablets was reported in the micrometer
(mm). The thickness of tablet indicates that, die fill was
uniform. The thickness depends on the size of the punches (8
mm) and the weight of one tablet (150mg). The average
weight of each formulation was recorded in shown in Table
11. The value of thickness ranges between 3.4 to 5.5mm.

Friability

Friability determines the strength of the tablets. The values
of friability test were given in the Table 11. The friability
for all the formulations was below 1% indicating that the
friability was within the prescribed limits. The results of
friability test indicate that the tablet possesses good

mechanical strength. The friability value ranges from 0.488
to 0.857.

Hardness

The mean hardness values were measured for all the
formulation using Monsanto hardness tester. The results

were tabulated in Table 11. The hardness value ranges from
5.1 to 5.5kg/cm?.

Uniformity of weight

Twenty tablets were randomly selected from each
formulation and evaluated. The average weight of each
formulation was recorded and is shown in Table 11. The
obtained data were almost uniform. The values of tablets
average weight ranging from 496 to 505 mg. All he tablets
passed weight variation test as the % weight variation was
within the USP Pharmacopoeia’s limits of +5% of the
weight.

Drug content

The % drug content of all the formulated tablets were found
within the limit. % Drug content value of drug was within
98.88 % to 99.85 %. The results within the range indicate
uniform of mixing. The Table 11 shows the % drug content
in each formulation.

In vitro drug release study of sustain release matrix
tablet (Table 12 & Figure 10)

Table 12. In vitro drug release study of sustain release matrix tablet.

Time (h) % Cumulative Drug Release

F1 F2 F3 F4
0.5 56.56 44,54 44.23 40.23
1 76.56 57.89 56.56 51.32
15 84.56 89.89 81.25 75.65
2 98.89 97.29 90.98 86.65
3 - - 96.89 91.25
4 d 3 3 97.65
6
8
12

E5 F6 F7 F8
37.89 35.56 34.21 31.12
46.65 42.23 40.23 38.89
67.89 65.65 61.32 56.65
79.38 73.25 71.12 65.65
86.56 80.32 79.89 70.23
91.23 86.69 83.23 79.32
98.52 92.23 89.98 86.56
99.85 96.59 90.23
99.12 94.32
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Figure 10. Graph of in vitro drug release study of control layer.

Results of formulation development of bilayer tablet Table 15. Results of Dissolution rate studies of bilayer

(Tables 13-15 & Figure 11) tablets.
Table 13. Post-compression parameters of optimized % Drug Release
formulation. Time (h)
Aspirin Nicotinic acid
i i 0.5 45.65 20.23
Formulatio TETENES Friabilit We.'ght Thickn
n s test y (%) variatio ess
(kg/lem?) n (mm) g 85.65 33.32
15 99.12 41.15
1. 59 0.652 Passes 4.85
2 - 55.65
4 - 69.98
Table 14. Results of Drug content analysis.
o o 6 - 76.65
) Aspirin (% Aspirin (%
Formulation . )
Label Claim) Label Claim) 8 - 86.65
. 10 = 94.45
In-house Bilayer
99.45 99.85
tablet 12 - 98.95

]
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Figure 11. Graph of release of bilayer tablets.

A dissolution study shows the release of Aspirin and
Nicotinic acid. The Instant layer of Aspirin release approx.
99.12 percent drug within 1.5 h and control layer Nicotinic
acid shows release up to 12 h approx. 98.95 percent of drug
release in 12 h.

SUMMARY

Fast dissolving (Instant Layer) tablets of Aspirin were
prepared by direct compression method after
incorporating different super disintegrants such as,
croscarmellose sodium (Ac-Di-Sol), crospovidone and
sodium starch glycolate in different concentrations. The
prepared tablets were evaluated for pre-compression and
post-compression parameters.

The loose bulk density (LBD) and tapped bulk density
(TBD) of the powders of different formulations were
evaluated before the compression of powders in to tablets.
The bulk density and the tapped density for all the
formulations varied from 0.319 to 0.357gm/cm?® and 0.424
to 0.464gm/cmd respectively.

The values obtained lies within the acceptable range. The
difference exists between the bulk density and tapped
density found to be very few. This result helps in
calculating the % compressibility of the powder. The
result of Hausner’s ratio of all formulations ranges from
1.290 to 1.345. The results of the Compressibility index
of all the formulations ranges from 22.455% to 25.176%.
Results clearly showed that the flow ability of all the

formulations was good and also the powder had good
compressibility.

The thickness of the tablets was reported in the
micrometer(mm). The thickness of tablet indicates that,
die fill was uniform. The thickness depends on the size of
the punches (8mm) and the weight of one tablet (150mg).
The value of thickness ranges between 2.1+0.3 to
2.6+£0.2mm.

Friability determines the strength of the tablets. friability
for all the formulations was below 1% indicating that the
friability was within the prescribed limits. The results of
friability test indicate that the tablet possesses good
mechanical strength. The friability value ranges from
0.621+0.024 to 0.853+0.015.

The mean hardness values were measured for all the
formulation using Monsanto hardness tester. The
hardness value ranges from 3.2+0.3 to 3.6+0.2kg/cm?.
Twenty tablets were randomly selected from each
formulation and evaluated. The obtained data were almost
uniform. The values of tablets average weight ranging
from 1455 to 154+3mg. All the tablets passed weight
variation test as the % weight variation was within the
USP Pharmacopoeia’s limits of +5% of the weight.

The % drug content of all the formulated tablets were
found within the limit. % Drug content value of drug was
within 98.64+0.15% to 99.86+0.25%. The results within
the range indicate uniform of mixing.
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Disintegration time of formulation AF1, AF2, AF3, AF4,
AF5, AF6, AF7, AF8 and AF9 was found to be 883,
84+2, 8516, 9745, 88+4, 87+3, 3912, 4545 and 48+4 sec
respectively. The Minimum Disintegration time was
found in formulation IF7 (39+2), select as optimized
formulation for instant layer of aspirin.

Direct compression was followed to manufacture the
sustain release tablets of Nicotinic acid. Eight different
formulations (AF1, AF2, AF3, AF4, AF5, AF6, AF7, &
AF8) were prepared by direct compression. The control
layer also evaluated for pre-compression and post-
compression properties.

The loose bulk density (LBD) and tapped bulk density
(TBD) of the powders of different formulations were
evaluated before the compression of powders in to tablets.
The bulk density and the tapped density for all the
formulations varied from 0.364 to 0.396 gm/cm® and
0.474 to 0.496 gm/cm?® respectively. The values obtained
lies within the acceptable range. The difference exists
between the bulk density and tapped density found to be
very few. This result helps in calculating the %
compressibility of the powder. The result of Hausner’s
ratio of all formulations ranges from 1.262 to 1.302. The
results of the Compressibility index of all the
formulations ranges from 20.684% to 23.159%. Results
clearly showed that the flow ability of all the formulations
was good and also the powder had good compressibility.

The thickness of the tablets was reported in the
micrometer (mm). The thickness of tablet indicates that,
die fill was uniform. The thickness depends on the size of
the punches (8 mm) and the weight of one tablet (300mg).
The value of thickness ranges between 2.5+0.1 to 2.8+0.1
mm.

The prepared patch showed good tensile strength and there
was no cracking sign in patch. There was an increase in
tensile strength with an increase in Eudragit RLPO in
polymers ratio. The drug content ranged between
97.78+0.45 and 99.12+0.36.

This test is essential to check the uniformity of drug content
in different patches from a single batch. The drug content
analysis of patch show that the process employed to prepared
patch was capable of giving uniformity drug content and
minimum batch variability. F3 is optimized formulation that
shows the good result. The in vitro permeation study was
done to see the effect of polymers through the Franz
diffusion cell from patch having Eudragit RLPO, RSPO,
HPMC, EC indifferent conc. to optimized formulation for in
vitro study. All the formulation was studied and all data
fitted on Zero Order, First Order to explain the diffusion
mechanism and pattern. The % cumulative drug release was
calculated over the study time range in 0-12 h. Data analysis
for order of release kinetics the formulation followed zero
order release kinetics. From the in vitro permeation study, it

Shrivastava S, Sahu A, Loksh KR & Rajput A

was confirmed that the release of formulation F3 was to be
found higher as compared to other formulation (F1, F2, F4,
F5, F6).

CONCLUSION

In the present study, an attempt was made to deliver a novel
anti-hypertensive drug, Canagliflozin through Transdermal
route in the form of Transdermal patches. Transdermal
patches of matrix were prepared out of which matrix type of
patches was found to be satisfactory. Among the different
formulations of matrix type (F1 to F6); the formulation F3
containing Eudragit RLPO and HPMC was selected as best
formulation. The drug permeation profile was also found to
follow zero order kinetics. The patches were thin, flexible
and transparent. The Present study showed that matrix
Transdermal patches of Canagliflozin exhibited better in
vitro performance than pure drug.
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