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ABSTRACT

Bilayer tablets are innovative drug delivery systems designed to enhance therapeutic efficacy by enabling the simultaneous or sequential release of
active pharmaceutical ingredients. They offer distinct advantages in managing diseases requiring combination therapy or controlled release. This
system enables the incorporation of two different drugs or release profiles within a single unit, enhancing patient compliance and therapeutic
outcomes. Bilayer tablets are particularly beneficial for drugs with narrow therapeutic windows, those requiring sustained release, or those with
poor bioavailability. This review outlines the formulation strategies, types of bilayer tablets, manufacturing challenges, evaluation parameters, and

current regulatory considerations.
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INTRODUCTION

Oral drug delivery remains the most preferred route for medication
administration due to its convenience, non-invasiveness, high
patient compliance, and broad formulation options. Among oral
dosage forms, tablets are especially favored for their ease of
handling, dosing accuracy, and stability profiles [1, 2]. The
pharmaceutical industry has increasingly focused on the
development of advanced oral dosage forms, such as controlled-
release and sustained-release systems, to enhance therapeutic
efficacy and minimize dosing frequency [2].

Bilayer tablets represent a significant advancement in oral drug
delivery technology. These systems are designed to incorporate two
different layers, each capable of delivering one or more active
pharmaceutical ingredients (APIs) with distinct release profiles,
typically one for immediate release and the other for sustained release
[3, 4]. This design is particularly beneficial for combination therapy,
especially in the management of chronic conditions such as
hypertension, diabetes, and inflammation [5]. By physically separating
APIs that are chemically or physically incompatible, bilayer tablets
improve drug stability and minimize formulation challenges [6].

Furthermore, bilayer tablets offer greater flexibility in customizing
drug release kinetics. They can be engineered to release drugs
sequentially or simultaneously, depending on therapeutic needs. For
example, a loading dose may be delivered via the immediate-release
layer, while the maintenance dose is released slowly from the
sustained-release layer [7]. Innovations such as floating bilayer
tablets have further enhanced the utility of this dosage form by
prolonging gastric residence time, which is especially valuable for
drugs that are unstable or poorly soluble in intestinal fluids [8].
These systems are particularly effective in improving bioavailability
and achieving long-acting therapeutic effects [9].

Advanced fabrication techniques now allow for multilayered matrix
structures and coatings that further refine drug release patterns.
Technologies such as gastro-retentive systems, osmotic pumps, and
polymeric matrices have contributed to the evolution of bilayer
tablets into precise and patient-friendly delivery tools [10].

A comprehensive literature search was conducted using PubMed,
Scopus, and Google Scholar databases. Keywords included: “bilayer
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tablets,” “dual-release formulations,” “controlled release,” “multi-
layered tablets,” “oral drug delivery systems,” and “tablet
compression.” Filters were applied to include peer-reviewed articles
published in English between 2018 and 2025, with special emphasis
on studies from the last five years (2020-2024). Priority was given
to review articles, original research, and regulatory reports relevant
to bilayer tablet formulation, manufacturing technologies, and
therapeutic applications.

Types of bilayer tablets

Bilayer tablets can be homogenous, which consists of uniform
composition, and heterogeneous, which consists of well-defined
layers of two or more compositions.

Homogenous type

All drug-layers are homogeneous in composition, and the two-layer
tablet consists of the same drug in both layers with different drug-
release characteristics. Usually, one layer is immediate-release, and
the other is extended-release [11].

Heterogeneous type

Heterogeneous bilayer tablets are designed either for the sustained
release of two drugs in combination or for separating incompatible
substances within a single tablet [11].

To manufacture quality bilayer tablets under wvalidated GMP
conditions, we need a bilayer tablet press that can: Several advanced
techniques have been developed for preparing bilayer tablets to
achieve controlled and targeted drug release. Notable among these
are Elan Drug Technology’s Dual Release Drug Delivery System,
DUROS TROL Technology, EN SO TROL Technology, L-OROS
Technology, and OROS Push Pull Technology [15]. These
technologies enable precise modulation of drug release profiles to
enhance therapeutic efficacy and patient compliance.

OROS push-pull technology

OROS Push-Pull Technology is a sophisticated drug delivery system
designed to release medication in a controlled and consistent way
over time. The tablet typically consists of two or three layers: one or
more layers containing the active drug, and another called the “push
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layer.” The drug layer also includes ingredients that help suspend
the drug evenly and draw in water. The push layer is made of special
polymers that swell when they absorb fluid. As water enters the
tablet through a semi-permeable outer membrane, the push layer

Delivery

Drug laver+«———

"
Push 1

yd

ayer

Int ] App Pharm, Vol 17, Issue 6, 2025, 25-37

expands and steadily pushes the drug out through a small, laser-
drilled hole. This controlled mechanism helps deliver the medication
at a consistent rate, improving its effectiveness and reducing the
need for frequent dosing [16].

—*Drug laverI

—+Drug layer II

Fig. 1: Illustrates the OROS push-pull technology, showing the drug layers separated by a push layer. The delivery orifice releases the drug
at controlled rates from both drug layers, offering both immediate and extended release characteristics.

L-OROS technology

It is a specialized drug delivery system designed to improve the
effectiveness of medications that don’t dissolve well in water. It
works by using a lipid-based formulation that holds the drug in a
liquid form inside a soft gelatin capsule. Surrounding this core is a
carefully engineered system that includes an osmotic push layer, a

semi-permeable membrane, and a tiny hole called an egress orifice
that controls how the drug is released. When the tablet comes into
contact with fluid in the body, water enters through the membrane,
activates the osmotic layer, and pushes the drug out in a slow, steady
manner. This helps ensure that the drug is absorbed more reliably
and over a longer period, improving both its effectiveness and the
patient’s experience [17].
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Fig. 2: Demonstrates the structure of L-OROS technology, highlighting the osmotic push layer, semi-permeable membrane, and the liquid
drug formulation within a soft gelatin capsule. The system is designed to enable controlled drug release through the delivery orifice

EN-SO-TROL technology

EN-SO-TROL is an integrated drug delivery system designed to
enhance the solubility and bioavailability of poorly soluble drugs. It
employs a combination of solubility-enhancing agents and a semi-
permeable membrane, which enables controlled drug release. The
inclusion of a wicking agent in the system guarantees consistent drug
delivery over time, thereby improving patient compliance and
therapeutic outcomes. This technology is particularly effective in
formulations that require precise dosing and extended therapeutic
efficacy action [18].

DUROS technology

DUROS Technology is an advanced drug delivery system designed to
provide a steady, long-term release of medication, sometimes lasting
for months or even years. It works by using a tiny, implantable
device made of titanium that safely stores the drug in liquid form.
This protective design keeps the medication stable and shields it
from the body's enzymes and external conditions. Once implanted,
the device absorbs body fluids through a special membrane, which
creates osmotic pressure. This pressure slowly moves a piston
inside the device, pushing the drug out through a small opening at a
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constant rate. DUROS is especially useful for treating chronic
conditions where patients need consistent medication over long
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periods, such as in cancer therapy, pain management, or hormone
treatments [19].

Wicking

Fig. 3: Illustrates the EN-SO-TROL technology, showing the core surrounded by a semi-permeable membrane and a wicking agent. This
system is designed to enhance drug delivery by utilizing the wicking agent to facilitate controlled release
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Fig. 4: DUROS technology shows the DUROS technology, depicting the osmotic engine, drug reservoir, piston, and exit port. This system is
designed to provide controlled and sustained drug release over an extended period by utilizing osmotic pressure to move the drug
through the exit port

Duredas™ technology (A dual-release drug delivery system,
elan drug technologies)

A new bilayer tablet technology has been developed to provide
either immediate (IR) and sustained release (SR) for two different
drugs or for different rates of release of one drug all in one dosage
form. It consists of the delivery system layered as classes of both an
immediate-release granulate and a modified-release hydrophilic
matrix complex in the same tablet during the tableting process. A
combination of hydrophilic polymers are used, thus imparting
modified-release properties [20].

Bilayer tablet production is primarily determined by the physical
and/or chemical properties of active pharmaceutical ingredients
(APIs) and excipients. The strength and failure of bilayer tablets
depend on the material composition of the dosage form.
Compression, in all its aspects-plasticity, brittleness, and
viscoelasticity-must consider the deformation of plasticity and
brittleness of materials under compression. Plasticity refers to a
material’s ability to undergo permanent deformation without
breaking, allowing it to retain its new shape once the stress is
removed. In bilayer tablet manufacturing, plasticity helps the
material flow into the die cavity and maintain uniformity in layer
thickness, ensuring the tablet’s structural integrity [21]. However,
excessive plasticity can lead to excessive deformation, which may
affect the tablet's final shape. Brittleness, on the other hand, refers to
a material's tendency to break or fracture under stress instead of
deforming. Too much brittleness in bilayer tablets can lead to tablet
breakage during compression or handling, causing issues like
capping or delamination between layers [22]. Viscoelasticity, which
combines both viscous (resistance to flow) and elastic (ability to
return to original shape) properties, plays a crucial role in the
manufacturing of bilayer tablets. During compression, the viscous
component ensures that the material flows properly to fill the die
cavity, enabling uniform tablet formation, while the elastic
component allows some recovery after compression [23]. A material

with an optimal viscoelastic profile can deform sufficiently under
pressure without cracking or losing structural integrity, which is
essential for achieving uniformity and mechanical strength in bilayer
tablets. If plastic deformation remains below the bonding limit, it
does not negatively affect the process; however, excessive plasticity
can lead to undesirable deformation, while excessive elasticity can
cause interfacial stress, leading to capping or delamination.
Balancing these viscoelastic properties ensures that the material
compresses efficiently, maintains strong interlayer adhesion,
minimizes brittleness, and supports the structural integrity and
therapeutic performance of the final dosage form. Compatibility of
viscoelastic properties between both layers is particularly important
to avoid interfacial failure and ensure a stable, high-quality bilayer
tablet [24, 25]. However, since the breakdown of particles is more
considerable in the middle layer of the die compared to the outer
layer, it is essential to assess the material properties of a substance
before manufacturing bilayer tablets. For a multilayer tablet
formulation, volume reduction, mechanical durability, and cohesive
strength among each layer are required. They must be highly
compact (compressibility-the ability of a material to decrease in
volume under pressure; compatibility-the ability of powdered
material to convert into tablet form) [26]. To stack tablets,
individual layers must be precisely controlled in weight by either
optimizing particle size distribution, flow properties, and
compression capabilities of the material, or by specifically designing
the tablets [27].

Reproducibly making bilayer tablets relies on precise control of the
compression force applied to the first layer, as this force
significantly influences the binding and adhesion between the layers
at their interface [28]. This ensures incredibly tight and uniform
aeration between the layers. However, if the first layer is too elastic,
excessive stress and strain can compromise the entire bilayer tablet
structure and weaken layer adhesion due to contact breakage.
Additionally, the compactability of the die itself is crucial to the
entire process [29].
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Compression improves both the tensile strength and the
smoothness of the surfaces. A smoother surface of the first layer can
help lower adhesion between molecular bonds, which might aid in
layer delaminating [30]. A lightweight first layer, which moves very
freely at a low compressive force, effectively ends up interacting with
the second layer during final compression, when the bonding is to take
place [31]. On the other hand bonding is extremely negatively affected
with high compression force when it comes to the first layer. Even the
distribution of lubricant reduces friction between the lubricant
particles and mold [32]. For bilayer formulations, a lower amount of
lubricant is needed, thus improving the contact and strength between
the layers. On the flip side, bilayer tablets are more sensitive to
lubricant levels than they are to brittle materials since the material
flow affects the bilayer structure more [33].

It is critical to establish the right level of lubricant that will allow the
first layer to release from the tablet press during product development
[34]. Lubricant is mixed and blown onto the surface of the granule
when it touches the die and punches in the processes of compression,
hence diminishing friction and wear [35]. This also decreases
intergranular bonding, influencing the tablet QA in ways such as
breaking force and dissolution [36]. External lubrication has also been
investigated in which the lubricant is applied to the dies and punches
rather than internally mixed with the granules [36]. External
lubrication sprays lubricant on the die and punches during every
compression cycle (rather than being included in the bulk powder
mixtures); it can raise crushing strength by as much as 40%. The
technique has been verified to produce a magnesium stearate layer on
the tablet surface via scanning electron microscopy. While this method
is suitable for monolayer tablets, it will give an understanding of the
effect of lubricant on the quality attributes of bilayer tablets [37].

In a typical bilayer tablet formulation, the two layers only sometimes
weigh the same, giving rise to various tablet weight ratios (1:1, 1:2, 1:3,
etc). It is incredibly tricky to keep the second layer's weight the same as
the first in manufacturing [38]. The compaction of bilayer tablets is
mainly influenced by environmental factors such as humidity and
moisture. Strangely enough, little is known about moisture's effect on
bilayer tablet strength [39]. Hygroscopic materials in tablets absorb and
desorb water as a function of the relative humidity, which will alter the
pore structure of these tablets [40]. Water can also pass through
compacts from sodium starch glycolate, starches, microcrystalline
cellulose, crospovidone, polyvinylpyrrolidone, and colloidal silicon
dioxide. In the long run, the moisture-driven expansion delaminates the
porous structures, as the interfacial contact between the layers may
become ineffective [41, 42].

One of the significant challenges in bilayer tablet manufacturing is
ensuring robust interfacial bonding between the layers [43]. The
quality of bonding directly influences the tablet’s structural integrity
and its performance during storage and use. Issues such as insufficient
interlayer bonding can lead to separation, cracking, or delamination of
the tablet. For successful bilayer tablet production, it is essential to
achieve the right compression force to ensure proper bonding without
compromising the properties of each layer. The use of excipients like
microcrystalline cellulose (MCC) is commonly employed to enhance
this interfacial adhesion and improve stability during environmental
stress, such as humidity changes.

Moisture is another crucial factor affecting the stability of bilayer
tablets. Since certain excipients, like microcrystalline cellulose
(MCC), are hygroscopic, their interaction with moisture can lead to
swelling, compromising the tablet's structure. Increased humidity
and prolonged storage time can also reduce interfacial strength,
causing delamination or altering the release profile of the active
ingredients. To mitigate these issues, it is recommended that
materials be preconditioned in the same conditions as the
manufacturing environment (relative humidity) and that the tablets
be packaged in blisters with moisture-resistant materials to prevent
vapor ingress [24]. A detailed moisture control protocol ensures that
tablets maintain their physical stability and quality parameters, such
as tensile strength, interlayer adhesiveness, friability, and
dissolution, under varying environmental conditions. In contrast,
bilayer tablets utilizing microcrystalline cellulose (MCC) as widely
used binder and disintegrant in the first layer (at the interface)
demonstrate an increase in interfacial strength with the same
changes in humidity and storage time [44].
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Uniform dispersion of active pharmaceutical ingredients

Uniform dispersion of active pharmaceutical ingredients (APIs) in the
individual layers of bilayer tablets is dependent on multiple factors
such as the flowability of the material, size distribution of the particles,
and compactibility of the bilayer mix [45]. Flowability of each layer is
very important to achieve consistent weight and uniform distribution
of APl among the layers, thus, material flow properties are critical.
Variations in layer weight and drug content due to poor flow can affect
the performance and uniformity of the tablet [46].

Uniform particle size in each material layer

Each layer aims for a uniform particle size distribution to facilitate
blending and limit segregation. This maintains a consistent pinout
across the tablet's API dispersion [47].

Compressibility

The compressibility of bilayer mixture is an important factor in the
final thickness of the cohesive tablet that is necessary to provide
sufficient hardness and structural integrity. Inadequate
compactibility can lead to capping, lamination or a defect in a tablet
thereafter resulting in its quality [48].

Weight control methods

Different methods can be used to control the weight of both layers in
bilayer presses that are instrumented. Normally, the first and second
layers are individually weighted. Yet, one of the main challenges over
weight control and homogeneity of the second layer is that often there
are neither commercial available mechanisms to directly weigh the
second layer on existing presses. In most instrumented bilayer presses,
the compression force and the punch displacement are calculated
automatically. With the latest improvements in compression machine
design and accessory technologies, functions can now be product-
specific like first-layer sampling, sealed feeders, pre-compression rolls
(to create uniformity in the powder to give the same load to every single
small sample), layer strain gauge sensitivity and upper punch maximum
penetration. Aside from these theoretical physical benefits, such as loss-
free compression and independent compaction, many other things
contributed to the creation of high-end bilayer tablets. These consist of
the sample's particle size distribution, angle of repose, photo
microscopic examinations, densities, compressibility’s, and moisture
sorption capacity. This type of medication delivery is most suitable for
coronary vasodilators, as well as antihypertensive, antihistamine,
analgesic, antipyretic, and antiallergenic medications. In certain bilayer
tablets, both layers function as sustained-release components for specific
antidiabetic medications [49].

Fabrication of the bilayer tablet

The outer layer releases the drug quickly and the inner layer
releases drug slowly, acting as a second dose or giving it an
extended release [52]. Bilayer tablets are formed by compressing 2
layers of each incompatible pharmaceuticals, to minimize the
contact between 2 incompatible pharmaceuticals.

Compaction

Formulating the correct tablet is therefore dependent on some
parameters, including good mechanical strength and good drug
releasing profile. Nevertheless, obtaining these prerequisites can be
difficult, specifically for the formulator if the drug has poor flow and
compatibility properties, which may cause capping and/or
lamination problems, particularly in bi-layer tablet preparations
that employ the double compression principle. The properties of
compressibility and consolidation of the material are the paramount
parameters of the process of compaction.

Compression

A method that reduces the size of contents by removing empty
spaces and allows the closeness of particles.

Consolidation

It is a characteristic of material in which mechanical strength is
enhanced due to inter-particle interaction (bonding). However, the
first layer compressive stress was proved to have a great effect on
tablet crack.
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Table 1: Key features and challenges of bilayer tablets in drug delivery

Aspect Description Reference
1. Control release of APIs To control the release of one or two active pharmaceutical ingredients (APIs) at a time. [15]
2. Control release of therapeutic agents ~ To control the release of one to two therapeutic agents or excipients. [15]
3. Dissociation of incompatible APIs To exploit the functional behavior of the extra instars for dissociating incompatible APIs [22]
and control their release from a layer (e. g, through osmotic properties).
4. Embedding incompatible APIs To embed two active pharmaceutical ingredients that are not compatible with one another [22]

while using the functional properties of the outer layer to regulate the release property
from a single layer.

5. Incorporation of API layer between Incorporating the API layer between one or two passive layers translates to a larger [23]
passive layers available surface area for the API layer, resulting in swellable or erodible barriers for

customized release profiles.
6. Surface area modification To change the entire surface area available for the API layer through the incorporation of 1 [23]

or 2 passive layers in the bilayer sheet, enabling the creation of swellable or erodible
barriers for modified release.
7. Fixed-dose combinations To provide multiple active pharmaceutical ingredients in optimal fixed-dose combinations [23]
to prolong the product lifecycle and novel drug delivery systems, including chewable
tablets, floating tablets, and buccal systems.

8. Purpose of multilayered tablets To regulate the release of APIs, separate incompatible APIs, and enhance API surface area [50]
via passive layers for controlled or customized release.

9. Economical Bilayer tablets are relatively economical compared to other oral dosage forms. [51]

10. Stability Bilayer tablets have superior chemical and microbiological stability compared to all other [51]
oral dosage forms.

11. Limitation (swallowing issues) Kids and those who are unconscious may have trouble swallowing them. [51]

12. Compression difficulties The characteristic amorphous form and lower density of some drugs can lead to difficulties  [51]

compressing a tablet into a dense one.
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TUpper punch First layer powder V powder
Die
[t
Lower punch-
1st stage 2nd Stage 3rd Stage unloading 4th Stage die [illing
Die filling of loading of second Iayer

first layer

z -l
|tz Bilayer tablet

Sth Stage loading 6th Stage unloading 7th Stage ejection

Fig. 5: Fabrication/Manufacturing of the bilayer tablet

Fig. 6: Single-sided tablet press showing powder filling and compression from one side to form a tablet [54]
**https://www.adinathpharma.com/single-sided-rotary-tablet-press-machine.html
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Types of bilayer tablet press
Single-sided tablet press

The most basic design is a single-sided press where the chambers of
the double feeder are distinctly separated. Each chamber is fed by
gravity or force with different powders, creating the two individual
tablet layers. As the die moves beneath the feeder, it is first filled
with the powder for the first layer, followed by the powder for the
second layer. The complete tablet is then compressed in one or two
steps [53].

The single-sided tablet press, while commonly used in bilayer tablet
manufacturing, presents several limitations that can affect the
quality and consistency of the final product:

1. Inadequate Individual Layer Weight Control: Single-sided presses
often lack precise mechanisms to monitor and control the weight of
each individual layer, leading to potential variability in dosing.

Dhoke et al.
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2. Short Dwell Time for First Layer: The design of single-sided
presses can result in a very short dwell time for the first layer during
compression. This insufficient dwell time may cause poor de-
aeration, leading to issues like capping and inadequate hardness.

3. Lack of Distinct Visual Separation Between Layers: There is a
tendency for slight mixing at the interface of the two layers in single-
sided presses, which can result in a lack of clear visual separation
between the layers. This can be problematic for quality control and
product identification.

4. Difficulty in First-Layer Sampling: Sampling the first layer for in-
process quality control is challenging in single-sided presses, making
it difficult to perform timely weight recalibrations and ensure
consistent tablet quality.

These limitations highlight the need for careful consideration when
choosing tablet press equipment for bilayer tablet production, especially
when precise layer control and product quality are critical [55].

Fig. 7: Double-sided tablet press showing simultaneous compression of two powder layers from both sides, enabling the formation of
bilayer tablets with distinct layers for controlled drug release [56]**https://www.fluidpack.net/blogs/b4-double-sided-rotary-tablet-
press-features-and-applications

Fig. 8: Bilayer tablet press with displacement monitoring - Enables real-time tracking of punch movement to ensure uniform tablet
thickness and layer bonding [59] **https://shriramassociate.in/products/bilayer-tablet-press-machine?srsltid=AfmBOorLsFibriv7_5HI-
4VpPvcwNkgmPgtK2ujlVCRHKOpB2y-i8rHG
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Bilayer tablet press with displacement monitoring

The principle of displacement-based tablet weight control differs
significantly from that based on compression force. In this method,
the sensitivity of the control system when measuring displacement
is not dependent on the tablet's weight but rather on the applied
precompression force [57, 58]. This approach offers several
advantages, including the ability to monitor and control the weight
of each individual layer, thereby preventing capping and separation
between the two layers. It also operates independently of the
machine's stiffness and ensures adequate hardness even at
maximum turret speed. Moreover, it minimizes the risk of cross-
contamination between the layers and provides a clear visual
separation, ultimately enhancing the overall yield [59].

Methods employed for bilayer tableting
Layered compression

With layered compression, each layer of the tablet is compressed
individually before the layers are combined, giving precise control
over each layer's properties and release profiles [60].

Granulation techniques

To improve the flowability of the powders and the uniformity of the
tablets, various granulation techniques are used for each layer, such
as wet granulation or dry granulation [61].

Excipients

Different excipients can be employed in each layer to tailor the drug
release profile. For instance, hydrophilic polymers could serve in
one layer for immediate release, while hydrophobic materials could
be deployed in another for sustained release [62].

Coating techniques

Coating techniques in bilayer tablets serve to protect moisture-sensitive
drugs, control drug release (e. g, enteric or sustained release), enhance
mechanical strength, prevent layer separation, and improve taste and
appearance. Common coating materials include HPMC, ethyl cellulose,
and PVA, applied through methods like pan or spray coating [63].

Osmotic systems

In some bilayer tablets, osmotic principles are used for controlled
release. Each layer may be compressed with a different set of
compression parameters: adjusting the compression parameters (e.
g, force and speed) for each layer can optimize the tablet's
mechanical properties and performance [64].

Adhesives

Adhesives in bilayer tablets help bond the layers together to prevent
delamination during compression, storage, or use. These are
typically polymeric binders like HPMC or PVP, which enhance
interfacial adhesion and can also influence drug release. Proper
adhesive selection ensures structural integrity and consistent tablet
performance [65].

Sequential release designs

The design can be customizable to elicit a specific sequential release
of drugs in which one layer releases its drug first, followed by the
second layer after a particular time [65].

Three-dimensional printing

Recent technological innovations have enabled 3D printing of
bilayer tablets, providing novel customizations with drug release
profiles and therapeutic aspects [66].

Applications of bilayer tablet
Controlled release

Bilayer tablets employ different materials and methods of
compression to achieve and control the release of the drug over
time. This can , however, be accomplished by engineering the first
layer to consist of a fast-dissolving matrix to allow a rapid release of
the drug, followed by materials that are able to dissolve at a more
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prolonged rate for the second layer thus giving the drug release over
a longer time frame [67].

Immediate and extended release

Many therapeutic regimens have the need for patients to have not
only immediate, but also sustained relief. This dual action can be
effectively delivered by bilayer tablets. In pain management, for
instance, one layer could deliver a fast-acting analgesic for
immediate relief, and the other could contain a longer-lasting
compound that maintains pain relief for several hours [68].

Combination therapies

Bilayer tablets are ideal for combination therapies needing two or
more drugs to treat a particular condition. Physical and chemical
interactions of incompatible drugs can be mitigated by
compartmentalizing the active pharmaceutical ingredients (APIs)
into separate layers. This is especially crucial wherein two drugs
could become undesirable to be combined in one layer [69].

Targeted drug delivery

This feature enables selective delivery of the drug to different sites
of the gastrointestinal tract. As an example, some drug products
intended to be absorbed in the intestines could be coated in a bilayer
tablet, formulated to resist disintegration in the stomach, to reach
the optimal location of absorption. Bilayer tablets can also utilize
pH-sensitive polymers for targeted drug delivery, ensuring that
drugs are released in specific parts of the gastrointestinal tract. For
example, a bilayer tablet could incorporate a pH-sensitive polymer
like Eudragit in the outer layer, which dissolves in the higher pH of
the intestine, while using a different polymer in the inner layer
designed to release drugs in the acidic stomach environment. This
strategy enables targeted drug release, improving treatment
effectiveness while reducing side effects [70].

Enhancing patient compliance

Many of our patients are on complex dosing regimens with multiple
medications taken at different times. Bilayer tablets eliminate this
step by packaging multiple drugs or drug release profiles into a
single dosage form. This can help ensure that the patient adheres to
the treatment plan, which is important for managing chronic
conditions like diabetes, hypertension, or psychiatric disorders [71].

Preventing drug degradation

Some of these drugs are susceptible to environmental factors, such
as high humidity and light, that can cause degradation. Keeping
these ingredients separated in distinct layers of a bilayer tablet
allows formulators to stabilize unstable compounds, ensuring
efficacy until absorption [72].

Reduction of side effects

Many medications can induce adverse effects when they reach high
peak concentrations in the bloodstream. By controlling the release
of drugs through bilayer formulations, manufacturers can reduce the
likelihood of side effects. This is particularly beneficial in drugs with
a narrow therapeutic index, where slight deviations from the
effective dose can lead to toxicity [73].

Specific examples in diabetes treatment

In diabetic management, bilayer tablets are used to combine
medications like metformin and glipizide. Metformin is designed for
immediate release to control blood sugar spikes after meals, while
glipizide is formulated for slow-release to manage blood sugar levels
throughout the day. This combination not only enhances glucose control
but also reduces the number of pills the patient has to take [74].

Applications of pain management

Bilayer pills, for instance, can allow for the quick release of an
analgesic (a painkiller) like acetaminophen or ibuprofen in one layer
and an opioid or non-opioid analgesic with a prolonged-release
pharmacokinetic profile in the other layer. This dual-action
medication first relieves pain quickly, followed by a long-lasting
pain-controlling effect [75].
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Formulation of cardiovascular drugs

Bilayer tablets can improve the way cardiovascular conditions like
chronic heart failure or hypertension are treated. One layer may
contain a fast-acting antihypertensive medicine, while the other
layer may have a drug that maintains blood pressure control over
time. This approach addresses both immediate and long-term
management demands [76].

Therapeutic customization

A novel bilayer tablet formulation comprising a rapid-release layer of
vitamin B6 and a sustained-release layer of melatonin was developed to
achieve tailored drug delivery for improved therapeutic outcomes. The
formulation strategy involved evaluating the effects of the viscosity and
concentration of the sustained-release matrix material, the amount of
diluent, and the particle size of melatonin on its release characteristics.
Drug-release behavior was further assessed in various dissolution
media, with in vitro tests confirming complete release of vitamin B6
within 10-15 min and approximately 90% cumulative release of
melatonin over 8 h. Kinetic modeling indicated that melatonin release
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followed the Ritger-Peppas model, suggesting a non-Fickian diffusion
mechanism involving both diffusion and erosion. Notably, the sustained-
release layer primarily exhibited polymer swelling rather than erosion.
Stability studies demonstrated the robustness of the bilayer tablets
under stress conditions, including high temperature, humidity, and light
exposure. These findings support the potential of this bilayer system as a
customizable oral delivery platform for controlled melatonin release,
although in vivo evaluation is warranted to confirm its therapeutic
efficacy in humans [77].

Improved use of nutraceuticals

In nutraceuticals, bilayer systems are also advancing. These systems
allow for the formulation of vitamins or dietary supplements so that
one layer delivers a prolonged release of minerals or other elements
required for general health, while the other layer offers quick
nutritional advantages. For example, a bilayer tablet could release
energy-boosting nutrients such as B-vitamins or caffeine in the
immediate-release layer, while releasing minerals like calcium or
magnesium in the sustained-release layer to support overall
wellness throughout the day [78].

Table 2: Various advancements in the field of bilayer tablets

Drug(s) Dosage form Rationale Reference
Glipizide, Metformin Bilayer Tablets To avoid interaction between incompatible drugs [79]
Hydrochloride
Atenolol, Lovastatin Bilayer Tablets Synergistic effect in hypertension and biphasic release profile: Atenolol reduces [80]
heart rate and blood pressure, while Lovastatin lowers cholesterol levels.
Metformin Hydrochloride, Bilayer Tablets Synergistic effect in diabetes mellitus: Metformin reduces insulin [81]
Pioglitazone resistance, and Pioglitazone enhances insulin sensitivity.
Amlodipine, Atenolol Bilayer Tablets To improve the stability of drugs in combination: Amlodipine relaxes blood [82]
vessels, and Atenolol reduces the heart's workload.
Tramadol, Acetaminophen Bilayer Tablets Synergistic effect of drugs in pain: Tramadol inhibits the reuptake of [83]
serotonin and norepinephrine, while Acetaminophen inhibits COX enzymes
to reduce pain.
Cefuroxime Axetil, Potassium Bilayer Tablets Synergistic effect against microbial infections, minimizing dose-dependent [84]
Clavulanate side effects: Cefuroxime Axetil inhibits bacterial cell wall synthesis, while
Potassium Clavulanate protects against beta-lactamase enzymes.
Atorvastatin Bilayer Buccal To overcome bioavailability problems, reducing side effects and frequency [85]
Calcium Tablets of administration
Granisetron Hydrochloride Bilayer Buccal To overcome bioavailability problems, reducing side effects [86]
Tablets
Acetaminophen, Methocarbamol Bilayer Tablets Synergistic effect of drugs in back pain: Ibuprofen inhibits COX enzymes, [87]
while Methocarbamol relaxes muscles.
Salbutamol, Theophylline Bilayer Tablets Synergistic effect of drugs in asthma: Salbutamol relaxes bronchial muscles,  [88]
and Theophylline improves lung function by inhibiting phosphodiesterase.
Metformin Hydrochloride Bilayer Tablets Synergistic effect in diabetes: Metformin reduces blood glucose levels by [89]
enhancing insulin sensitivity.
Losartan Bilayer Tablets Biphasic release profile: Losartan is used for hypertension and its extended [90]
release helps maintain steady blood pressure control.
Amlodipine Besilate, Metoprolol Bilayer Tablets Synergistic effect in hypertension: Amlodipine relaxes blood vessels, and [91]
Succinate Metoprolol reduces heart rate.
Misoprostol, Diclofenac Bilayer Tablets To minimize contact between drugs: Misoprostol protects the stomach [92]
lining, while Diclofenac reduces inflammation.
Diclofenac Sodium, Paracetamol Bilayer Tablets Synergistic effect in pain: Diclofenac inhibits COX-2, while Paracetamol [93]
inhibits COX-1 and COX-2 enzymes to reduce pain.
Valsartan, Clopidogrel Bisulfate Bilayer Tablets A bilayer tablet combining Valsartan and Clopidogrel Bisulfate offers dual [94]
therapeutic action for cardiovascular care. Valsartan, in the sustained-
release layer, lowers blood pressure by blocking angiotensin II receptors,
while Clopidogrel, in the immediate-release layer, prevents platelet
aggregation by irreversibly inhibiting P2Y12 receptors. This design ensures
rapid antiplatelet action with prolonged antihypertensive effect, improves
patient compliance, and reduces drug interaction risks by separating the
two drugs physically within the tablet.
Nifedipine Gastro-Retentive ~ Treatment of hypertension and angina pectoris: Nifedipine relaxes blood [95]
Floating Bilayer vessels to reduce blood pressure.
Tablets
Divalproex sodium Bilayer Tablets Divalproex sodium bilayer tablets combine an immediate-release layer for [96]
rapid symptom relief with a sustained-release layer for prolonged
therapeutic effect. This dual-release mechanism ensures quick onset and
extended control, enhancing treatment efficacy and patient compliance in
epilepsy, bipolar disorder, and migraine prophylaxis.
Atenolol Bilayer Buccal To overcome bioavailability problems, reducing side effects and frequency [97]

Tablets

of administration

32



V. U. Dhoke et al.

Int ] App Pharm, Vol 17, Issue 6, 2025, 25-37

Drug(s) Dosage form Rationale Reference
Guaifenesin Bilayer Tablets Biphasic release profile: Guaifenesin helps loosen mucus in the chest, and [98]
its release is controlled for extended efficacy.
CefiximeTrihydrate, Dicloxacillin Bilayer Tablets Synergistic effect in bacterial infections: Cefixime inhibits bacterial cell wall [99]
Sodium synthesis, while Dicloxacillin works against beta-lactamase-producing bacteria.
Tramadol, Diclofenac Bilayer Tablets Bilayer tablets of Tramadol and Diclofenac combine rapid pain relief and [100]
sustained analgesia. Diclofenac in the immediate-release layer quickly
reduces inflammation by inhibiting COX enzymes, while Tramadol in the
sustained-release layer provides prolonged pain control through central
opioid receptor activation and neurotransmitter modulation. This design
enhances effectiveness and patient compliance.
Losartan Potassium Bilayer Tablet Treatment of hypertension: Losartan blocks the action of angiotensin II to [101]
help lower blood pressure.
Metformin Hydrochloride, Bilayer Tablets To develop polytherapy for the treatment of NIDDM and hyperlipidemia: [102]
Atorvastatin Calcium Metformin reduces insulin resistance, while Atorvastatin lowers cholesterol.
Montelukast, Levocetirizine Bilayer Tablets To improve the stability of drugs in combination: Montelukast reduces [103]
inflammation in the airways, and Levocetirizine is an antihistamine.
Atorvastatin, Propanalol Bilayer Treatment of hypertension and hypercholesterolemia: Atorvastatin lowers [104]
Gastroretentive cholesterol, and Atenolol reduces blood pressure.
Matrix Tablet

Evaluation of bilayer tablets
Overall appearance

The thickness of the tablet is now a crucial factor for duplicating its
appearance and using filling equipment. The tablets' uniform
thickness is a counting method in some filling equipment. A
micrometre was used to measure the thickness of ten different
tablets. Nice, Texture and general elegance of a tablet play a vital
role in patient acceptance. Factors such as size, shape, colour, odor,
flavour, particle morphology, structural integrity, and the
consistency and legibility of any identification markings are all
critical considerations [105].

Shape and size

A bilayer tablet's size and form are essential factors that must be
carefully specified, monitored, and controlled during production. In
addition to the tablet's mechanical properties and stability, these
aspects significantly affect patient compliance, swallowing comfort,
and overall customer preference. Bilayer tablet design can also
impact the release profile of the active ingredients since varying
sizes and shapes may alter the rates at which the active ingredients
dissolve when in contact with gastric fluids. Specific ratios, for
instance, might enhance the tablet's ability to stay afloat in a gastro-
retentive formulation. At the same time, a rounded or streamlined
form might facilitate more straightforward passage through the
digestive system [106].

Measurement of thickness of bilayer tablet

The thickness of the tablet is a crucial factor in both duplicating
appearances now and when filling equipment is used. The tablet's
uniform thickness serves as a counting method in some filling
equipment. A micrometer was used to measure the thickness of ten
different tablets [107].

Tablet hardness

Tablet hardness influences their resistance to fracture or shipment
while storing, transporting, and handling before use. The hardness
of every other formulation's tablet was determined using a
Monsanto hardness tester. The hardness was measured in kilograms
per square meter [108].

Friability

Friability testing is used to assess the hardness of tablets and to
assess a tablet's ability to tolerate abrasion during packaging,
handling, and shipping. The Roche friability is commonly used to
measure it [108].

(W0 — wf)

Wo=Initial weight of tablets,

Wi=Final weight of tablets
Uniformity of weight

To ensure consistent tablet quality, weight uniformity testing is an
essential part of the bilayer tablet formulation process. The
statistical methods used for weight uniformity testing include
descriptive statistics, where the mean, standard deviation, and range
of tablet weights are calculated across multiple samples. This allows
for the identification of any significant variations in weight.
Additionally, Analysis of Variance (ANOVA) can be employed to
determine whether there are significant differences in tablet weight
across different production batches. For comparing two groups or
batches, a t-test can be utilized to assess if any statistically
significant weight differences exist. Furthermore, regression
analysis may be applied to evaluate the relationship between tablet
weight and other factors, such as compression force or the excipient
composition. It is also crucial to define acceptance criteria based on
established standards (e. g, USP or ICH guidelines) to determine
acceptable weight variation limits for ensuring uniformity across
batches [109].

Dissolution studies

Bilayer tablets are put through in vitro release experiments to
simulating gastrointestinal fluid to see if they could deliver the
necessary controlled medication. Because the average time for
stomach emptying is around 2 h, drug release tests were conducted
for two hours, use For two hours, use USP dissolving testing
machine at 100rpm, 37.5 °C, and a pH 1.2 buffer (900 ml). These
dissolving liquids were replaced by 900 ml of pH 6.8 buffer solution,
and the study was maintained for just an additional 10 h. At various
time intervals, 5 ml of a sample are removed and replace by 5 ml of
medication dissolving media. A UV spectrophotometer in a multi-
component model was used to evaluate the removed samples [110].

Stability studies

The stability of the bilayer tablets was assessed following the ICH
Q1A(R2) and ICH Q1Eguidelines, which govern stability testing for
new drug products. The tablets, packaged in suitable primary
containers, were stored under accelerated conditions at 40+2 °C
and 75 = 5% relative humidity for periods of 6 and 12 mo. Samples
were collected at specified intervals, including a midpoint at 15 days,
and evaluated for physical appearance, drug content, hardness,
friability, and dissolution. ICH Q1A(R2), titled “Stability Testing of
New Drug Substances and Products,” establishes the framework for
designing stability studies, specifying conditions such as
temperature, humidity, and testing schedules to ensure
pharmaceutical quality, safety, and efficacy throughout the product’s
shelf life. ICH Q1E, titled “Evaluation of Stability Data,” provides
guidance on the statistical methods and models-like the Arrhenius
equation and first-order Kkinetics-for analyzing stability results,
determining shelf life, and predicting product expiration based on

33



V. U. Dhoke et al.

both accelerated and long-term stability data. Together, these
guidelines represent the internationally recognized standard for the
evaluation of pharmaceutical product stability [111].

CONCLUSION

Bilayer tablets represent a significant advancement in oral drug
delivery systems, offering tailored therapeutic outcomes through the
combination of immediate and sustained drug release. Their ability
to house multiple active pharmaceutical ingredients with different
release profiles enhances patient compliance, reduces dosing
frequency, and allows for targeted drug delivery. Despite their
promising benefits, bilayer tablets present notable manufacturing
and formulation challenges, particularly in achieving robust
interfacial bonding, maintaining layer uniformity, and ensuring
stability under varying environmental conditions. Advanced
technologies-such as displacement monitoring, osmotic systems, and
novel coating techniques-are instrumental in overcoming these
barriers. The therapeutic versatility of bilayer tablets is evident
across a wide spectrum of diseases, including hypertension,
diabetes, pain management, and microbial infections. As innovation
in pharmaceutical engineering continues, bilayer tablet systems will
play an increasingly critical role in achieving precise, effective, and
patient-centric drug delivery.
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