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ABSTRACT: The present basis for drug delivery system is to deliver the medicament rapidly so as to
attain the quick therapeutic effect and maintain the effect for an extended period time through
releasing the drug in a controlled manner. Bilayer tablet technology is one of those technique that
contains an immediate release layer and an extended release layer. The technology has proven
tremendous accessibility to counter several diseases and ailments that require both functionality. It
is also possible to deliver multiple drug to achieve different therapy using a single dosage form.
Bilayer tablet system has successfully used in the treatment of diabetes, cardiovascular and
inflammatory diseases. The aim of the present study is to discuss about various approaches to
bilayer tablet technology and a detailed recent characterization technique in analyzing its

INTRODUCTION:

Oral drug delivery system covers a majority proportion
of the total modern formulations. Solid orals are the
preferred route of drug administration because of better
patient compliance and ease manipulation in the dosage
regimen. Several novel drug delivery systems have
gained acceptance and researchers still show interest in
modified tablets such as controlled/sustained release
tablets, delayed release tablets, compression coated
tablets and oral osmotic pumps !SI For better
therapeutic activity immediate attainment of effective
serum concentration is required to get immediate relief
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from symptoms. Similarly the sustained action is
required though constant release of medication to
maintain the plasma concentration within the therapeutic
window. Hence bilayer tablets are developed to
manufacture both the approaches into a single tablet as a
fixed dose combination as shown in Fig 1 4,
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Fig 1. General appearance of bilayer tablets.

The important advantages associate with bilayer tablet
are A single API can be administered with two different
release profile to get immediate and sustained effect ¥/,
Two different APIs can be administered with dissimilar
therapeutic activity '°l; Physical separation between two
physically or chemically incompatible medicaments can
be achieved !"l; The reduction in units of daily dose is
possible Bl; Synergistic effect can be accomplished in
right combination of drugs !; The design of bilayer
tablet is very simple over other complex-configuration
dosage form and Patient compliance can be improved,;
vii) Manufacturing is cost effective and easy for large
scale manufacturing 11,

Despite the several advantages, few challenges are
associated with the suitability of the final product. The
characterisation of tablet is important to ensure the
optimum tablet properties as the failure in the dosage
form may lead to suboptimal or toxic effect in patients.
The study also emphasizes the recent novel approaches
that can be applicable to this dosage form. The review
contains a detailed evaluation procedure to study all
empirical parameters related to bilayer tablets 4],

MAJOR CHALLENGES AND REMEDIES
ASSOCIATED TO BILAYER TECHNOLOGY:

It is evident that bilayer tablets carry some major
advantages over the conventional tablet and sustained
release tablet when used alone. But researchers find
several issues associated with the development of a
robust bilayer tablet manufacturing techniques M-151,
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» The non-uniformity in the weights of two individual
layers is observed.

» Ineffective binding results at the interface of the two
layers because of the high elastic modulus ratio.

» Release of part of the sustained release layer along
with the immediate layer may be possible.

» Contamination at the adjacent layer may occur.

» The tablet has a tendency to delaminate at the non-
planer interface.

» The tablet hardness is insufficient.

» Due to the large size of the particle, it is difficult to
swallow.

U Upper Punch

Lower punch

Step-1 Filling of firs ayer into the die ~ SteP-2 1t Compression Step-3 Filling of second layer into the die

s on

Step-4 2nd compression

Step-5 Ejection

Fig 2. Step by step approach of bilayer tablet
manufacturing.

Effect of material properties:

The material properties such as plasticity, viscoelasticity
and brittleness largely affect the bilayer tablets. The
compression behaviour depends on the plastic/elastic
characteristics of the API and/or the excipients. In such
cases, the plastic flow or the elastic recovery should not
surpass the bond strength 181,

Effect of compression forces:

The mechanical integrity of a bilayer tablet is a function
of the compression force applied for the adhesion of two
layers at the interface. Inappropriate compression force
may result in delamination and reduction of tensile
strength. If the ingredients of the first layer tablet is
more elastic than the second layer, compression force
weakens the strength of bilayer tablet during unloading
phase and ejection of tablet 171,

Effect of lubricating agent:
Lubricating agents are mixed in the tablet excipients to
reduce the friction between the powder/granules, and

©Journal of Pharmaceutical Advanced Research 2018. 1081



J Pharm Adv Res, 2020; 3(12): 1080-1085.

punch and/or die cavity during the compaction process.
The coating of lubricants on the powder particles hinders
an optimum interfacial interaction between the two
layers. Kottala, et al. (2012a) suggested in his study that
an increased concentration of magnesium stearate in
bilayer tablet formulation decreases the interfacial
strength 131,

Effect of environmental factor:

Hygroscopic porous particles in the tablet excipients
absorb moisture and lead to layer expansion during
storage. It also changes the Young’s modulus of
elasticity. Such deviations may weaken the interface
between the layers leading to time dependent
delamination. Examples of such hygroscopic substances
showing this behavior are Poly Vinyl Pyrrolidine,
Sodium starch glycolate, Microcrystalline Cellulose and
colloidal silicon dioxide 8201,

CHARACTERIZATION OF BILAYER TABLET:
General appearance and organoleptic
characteristics:

The general appearance of the bilayer tablet has an
important feature in patient compliance. The tablet size,
shape, colour, odour, taste and surface texture should be
evaluated for general acceptability of patients. A
tablet’s shape and size should be dimensionally stated.

Thickness of bi-layer tablets:

The tablet thickness is measured using a standard slide
calliper or using a micrometre instrument for ten tablets.
The uniformity of thickness within the statistical limit is
the prerequisite ensuring the content uniformity and
consistency of applied compressional force for each unit
of bilayer tablets 2!,

Weight variation:

For the weight variation evaluation procedure, standard
procedures recommended in the official books to be
followed. The appropriate result of this study ensures an
approximation of content uniformity 22!,

Friability:

Friability of bilayer tablets is determined as a measure of
sustaining the integrity of the tablet or resistance to loss
in weight due to shock and friction during its handling
and transportation. Roche friabilator is used to determine
the friability using standard procedure specified in
official books. The limit for acceptance is weight loss
within 1 % of initial weight for 20 tablets 4 min 13!,

Bibaswan, et al.

©Journal of Pharmaceutical Advanced Research 2018.

e - ISSN: 2581-6160 (Online)

Hardness:

The resistance to capping, abrasion and breakage during
handling, shipping and storage can be assessed by
performing the hardness test of the tablet. Monsanto and
Pfizer hardness testers are used for this purpose. This
helps in determining the requirement of adjusting
compression force during manufacturing of bilayer
tablets at different steps. The tablet should not be
excessively hard which might not disintegrate and the
release of medicament of immediate release layer is
delayed. As per the Indian Pharmacopoeia, acceptable
hardness of tablet is considered to be 4 kg/cm? 1241,

Dissolution:

Dissolution is determined as the percent of drug dissolve
per unit time in a particular solvent system under a
condition as specified in the official monograph for that
particular drug.

The two layers of bilayer tablets may contain the same
drug or different drug substance. The study is performed
at least in triplicate and the result is expressed with
standard deviation %51,

Drug content:

The drug content of the drug substances present in
different layers can be determined by taking the sample
of the solvent in which the dissolution study is
performed after completion of dissolution. Appropriate
calculation is made to compensate loss due to sampling
during dissolution study. The study is performed at least
in triplicate and the result is expressed with standard
deviation 121,

Stability:

ICH guidelines specify the appropriate condition for the
long term stability testing for drug products. After a
period of 15 days of storage under these conditions, the
bilayer tablets are tested for physical characterizations

i.e. hardness, drug content, dissolution and friability 271,

RECENT APPROACHES TO
TECHNOLOGY:

Researchers and pharmaceutical manufacturers have
found interest in the development of bilayer tablets in

BILAYER

recent years. Various approaches such as floating,
swelling and mucoadhesive can be incorporated to
bilayer tablets in addition to variable release profiles
from two layers. Some of the novel ideas identified so
far are discussed as follows.

1082



J Pharm Adv Res, 2020; 3(12): 1080-1085.

Intra gastric buoyant approach:

There are low density tablets that wupon oral
administration floats over the gastric content of the
stomach. The immediate release layer delivers the drug
rapidly so as to get rapid onset of action. On the other
hand the drug releases from the controlled release layer
in a controlled manner to maintain the serum drug
concentration steady. Subsequently the system absorbs
fluid and breaks down to smaller particles that can be
casily passed from the stomach. Complete drug release
within the gastric emptying time is the prerequisite for
the fate of the system 281,

Mucoadhesive approach:

In this approach, after administration of the dosage form,
the immediate release layer delivers the API to attain the
minimum effective concentration in the blood. But the
extended release layer absorbs the biological fluid and
becomes viscous, tacky and sticky. Such a system has
special affinity to the mucous of gastric layer whereby it
attaches and discharges the drug to maintain the
effective serum level. However this approach is yet to be
administered to humans because it is unsuccessful due to
rapid shading and inconsistent incidence of mucous in
GIT 121,

Table 1. Examples of some bilayer tablets for
common rationale.

Drugs Rationale of bilayer tablet
Diclofenac Sodium, Synergistic effect for pain
Paracetamol 31
Metformin HCI, Synergistic effect for
Pioglitazone diabetes mellitus 1**!
Pioglitazone HCIl, Synergistic effect for Type
Gliclazide 11 Diabetes treatment 1**!

Losartan potassium Biphasic release for

hypertension treatment 34

Misorostol, Diclofenac For minimizing contact

between drugs 1!

Metformin, Glipizide Synergistic effect for

diabetes 1361

Atorvastatin, Atenolol Hypercholesterolemia and

hypertension treatment *7!

Indomethacin Biphasic drug release 38

Atenolol, Lovastatin Synergistic effect for

biphasic release profile and

hypertension 3!

Swellable unit approach:

After administration, these types of system disaggregate,
unfold as swellable units that restrict their passage
through pylorus till a programmable period. Once the
drug is released completely, these are degraded by
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breaking down further and are cleared by the gastric
emptying. These are considerably small in size and
comprise both immediate and extended release layer 13,

CONCLUSION:

Bilayer tablet is a suitable technique for the sequential
release of the same or two different drug desiring varied
release profiles. Instant drug release is achieved from the
immediate layer followed by a sustained release for an
extended time period. Though few challenges are there
in developing a robust bilayer tablet, meticulous study of
the parameter described in this review may enlighten the
pharmaceutical scientist in the development of bilayer
tablets with optimum characteristics. The various recent
novel approaches discussed in the review with the
characterization study definitely draw the attention of
researchers adding newer concepts and discoveries to the
bilayer technology.
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