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Abstract 
Dual-phase extended-release tablets represent a sophisticated oral drug delivery strategy, integrating the benefits 
of both immediate-release and sustained-release systems. These formulations, also known as biphasic or bilayer 
extended-release systems, are meticulously engineered to provide a rapid onset of therapeutic action via an initial 
drug burst, followed by prolonged drug release to maintain stable plasma concentrations over an extended period. 
This design addresses critical pharmacokinetic shortcomings of traditional immediate-release and single-phase 
extended-release formulations, such as fluctuating drug levels, sub-therapeutic troughs, and peak-related 
toxicities. The rationale for their development spans ensuring rapid relief, maintaining consistent therapeutic 
levels, reducing dosing frequency, and improving overall pharmacokinetic profiles, making them suitable for fixed-
dose combinations. Various design and formulation approaches, including bilayer tablets, polymeric matrix 
systems, membrane-coated systems, multilayer tablets, and osmotic dual-release systems, are employed, each 
leveraging distinct mechanisms such as disintegration, dissolution, diffusion, erosion, and swelling. Rigorous 
evaluation through physical, mechanical, in vitro dissolution studies, IVIVC, and advanced analytical techniques 
like FT-IR and SEM, alongside stability studies, ensures their quality and performance. Dual-phase tablets find 
widespread applications in analgesics, antivirals, urologic, antidiabetic, cardiovascular, and antihistamine drugs. 
Despite challenges such as mechanical integrity issues, manufacturing complexity, and regulatory hurdles, ongoing 
advancements in smart polymers, in-silico modeling, and 3D printing are enhancing their feasibility. Poised to play 
a major role in future pharmacotherapy, these systems promise improved patient compliance, better therapeutic 
outcomes, and greater formulation flexibility  
 
Keywords: Dual-phase drug delivery, Extended-release tablets, Immediate-release, Pharmacokinetics, Bilayer 
tablets, 3D printing. 
 
Introduction 
Oral drug delivery remains the most widely 
preferred route for drug administration due to its 
inherent convenience, cost-effectiveness, and high 
patient compliance. Historically, traditional 
immediate-release dosage forms have dominated the 
pharmaceutical landscape, offering rapid delivery of 
active drug into the systemic circulation[1]. 
However, this rapid release often necessitates 
frequent administration to maintain therapeutic 
efficacy and can lead to undesirable pharmacokinetic 
profiles characterized by sharp peaks in plasma drug 
levels, potentially causing dose-related side effects, 
and subsequent troughs, which may result in sub-
therapeutic concentrations and treatment 
failure[2,3]. 
To address these significant limitations, extended-
release formulations were developed. These systems 
are designed to deliver a drug over an extended 
period, thereby maintaining more stable, prolonged, 
and consistent therapeutic concentrations and 
reducing the frequency of dosing. While ER 
formulations improve drug exposure over time, they 

typically lack the rapid onset of action that is crucial 
for certain therapeutic needs[4,5]. 
This is where dual-phase extended-release tablets 
emerge as a significant advancement. These 
innovative formulations ingeniously combine the 
strengths of both IR and ER systems within a single 
dosage unit. They are typically designed as either 
bilayer tablets, featuring distinct immediate-release 
and sustained-release layers, or as monolithic 
matrices with two differentiated release phases. The 
fundamental goal of these systems is to deliver an 
initial loading dose rapidly to achieve a quick 
therapeutic effect, followed by a sustained release 
phase that maintains drug concentrations for hours, 
or even a full day[6]. 
Such dual-phase dosage forms are particularly 
beneficial for drugs that require a rapid onset of 
action for instance, for conditions like pain 
management, asthma rescue therapy, or acute 
allergic reactions combined with a sustained 
pharmacotherapy to maintain therapeutic levels 
throughout the day and avoid fluctuations. Specific 
examples include analgesics for prompt pain relief 
followed by prolonged comfort, antihistamines and 
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cough/cold formulas for continuous symptom 
management, and antidiabetic or cardiovascular 
agents requiring rapid glycemic control or consistent 
blood pressure regulation, respectively[7,8]. 
Given the increasing demand for finely tuned, 
controlled pharmacokinetic profiles and patient-
friendly formulations that enhance adherence and 
improve overall therapeutic outcomes, dual-phase 
ER dosage forms have rapidly become a major 
research and development area in pharmaceutics. 
Their ability to provide both rapid therapeutic 
response and sustained drug action marks them as a 
sophisticated and highly valuable strategy in modern 
pharmacotherapy[9]. 
 
2. Rationale for Dual-Phase Drug Delivery 
Dual-phase drug delivery systems are meticulously 
engineered to achieve a multitude of 
pharmacokinetic and therapeutic advantages, 
addressing many shortcomings of traditional 
immediate-release and even single-phase extended-
release formulations[10]. These systems represent a 
sophisticated approach to optimize drug efficacy and 
patient experience. 
 
2.1. Rapid Onset of Action 
A primary rationale behind dual-phase delivery is to 
ensure a rapid onset of therapeutic action. The 
immediate-release portion of the tablet serves as a 
"loading dose," quickly delivering the drug to achieve 
effective plasma concentrations. This is crucial for 
overcoming any potential delays in drug absorption, 
such as those caused by gastric emptying or the 
slower dissolution of matrix materials inherent in 
sustained-release formulations. This rapid initial 
drug exposure is particularly essential for conditions 
where immediate relief or intervention is required, 
including pain management, asthma rescue therapy, 
and the administration of antihistamines or 
antipyretics, where symptomatic relief cannot be 
delayed[11,12]. 
 
2.2. Maintenance of Therapeutic Levels 
Following the initial rapid burst, the sustained-
release portion of the dual-phase system takes over, 
providing a "maintenance dose." This extended 
delivery is designed to compensate for the body's 
natural processes of drug elimination, effectively 
preventing the plasma drug levels from dropping 
below the minimum effective concentration. By 
sustaining drug release over an extended period, 
these systems eliminate the fluctuations often 
observed with frequent dosing of IR formulations, 

ensuring consistent therapeutic levels and 
maximizing the duration of drug action[13]. 
 
2.3. Reduced Dosing Frequency 
By integrating both the rapid onset and the sustained 
maintenance phases into a single dosage unit, dual-
phase tablets significantly minimize the need for 
multiple daily doses. This reduction in dosing 
frequency is a major advantage, directly translating 
to improved patient adherence to medication 
regimens. Patients are more likely to comply with 
treatments that require less frequent administration, 
which in turn leads to better therapeutic outcomes 
and enhanced overall patient convenience[14]. 
 
2.4. Improved Pharmacokinetic Profile 
Dual-release systems are instrumental in optimizing 
the pharmacokinetic profile of a drug. They are 
specifically designed to reduce undesirable peak-
related side effects that can occur with high drug 
concentrations immediately following an IR dose. 
Simultaneously, they prevent sub-therapeutic 
troughs, which can lead to treatment failure if drug 
levels fall below the effective range. This precise 
control results in a much narrower and more stable 
range of plasma drug concentrations, thereby 
reducing wide variations and promoting a safer and 
more effective therapeutic window[15,16]. 
 
2.5. Suitable for Fixed-Dose Combinations 
Dual-phase systems, especially in the form of bilayer 
tablets, offer exceptional versatility for fixed-dose 
combinations. They can effectively separate 
incompatible drugs into distinct layers, preventing 
chemical interactions that might compromise 
stability or efficacy. Furthermore, these designs 
allow for the precise tailoring of different release 
kinetics for each drug within the same tablet, 
optimizing their individual therapeutic 
contributions. This capability also enables sequential 
delivery, where one drug is released immediately, 
followed by the sustained release of another, or even 
staggered release profiles for synchronized 
therapeutic effects, providing considerable flexibility 
in drug design[17,18]. 
 
3. Design & Formulation Approaches 
Dual-phase extended-release tablets can be 
manufactured using a variety of sophisticated 
technological approaches, each designed to achieve 
the desired immediate and sustained release profiles 
(Figure 1) [19]. The choice of approach often 
depends on the drug's properties, the desired release 
kinetics, and manufacturing capabilities. 
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Figure 1: Different types of dual-phase extended-release tablets 

 
3.1. Bilayer Tablet Technology 
Bilayer tablet technology represents the most 
common and widely utilized design for dual-phase 
extended-release systems. This approach involves 
compressing two distinct layers into a single tablet. 
The first layer is typically an immediate-release 
layer, formulated to rapidly dissolve and release its 
drug content. This layer often incorporates 
superdisintegrants, such as croscarmellose sodium 
or sodium starch glycolate, to facilitate quick 
breakdown and drug release[20]. The second layer 
functions as the extended-release portion, designed 
to provide sustained drug delivery over an extended 
period. This ER layer is commonly constructed using 
polymers like hydrophilic polymers (e.g., HPMC, 
HPC) that form a gel layer upon hydration to control 
diffusion, hydrophobic matrices (e.g., ethylcellulose, 
stearic acid) that create water-insoluble barriers, or 
waxes. Key considerations in bilayer tablet 
manufacturing include ensuring sufficient layer 
adhesion strength to prevent delamination, 
achieving uniform die filling, preventing cross-
contamination between the layers during 
compression, and precisely controlling the 
compression force applied to each layer to maintain 
its integrity and release characteristics[21,22]. 
 
3.2. Polymeric Matrix Systems 
Polymeric matrix systems are fundamental to 
controlling drug release in dual-phase formulations, 
particularly for the extended-release component. 
These systems can be broadly categorized into 
hydrophilic, hydrophobic, and combination matrices. 
Hydrophilic matrices, frequently employing 
polymers such as hydroxypropyl methylcellulose or 
carbomers, function by hydrating upon contact with 
gastrointestinal fluids, forming a viscous gel layer. 
This gel layer acts as a barrier, regulating drug 
diffusion from the matrix. Conversely, hydrophobic 
matrices, often composed of materials like 
ethylcellulose, stearic acid, or various waxes, slow 

down drug release by creating water-insoluble 
barriers through which drug diffusion is hindered. 
More advanced approaches utilize combination 
matrices, which involve synergistic blends of 
polymers (e.g., HPMC, HPC, and carbomer). These 
blends allow for a more nuanced modulation of both 
diffusion and erosion mechanisms, offering greater 
control over the overall drug release profile[23,24]. 
 
3.3. Membrane-Coated Systems 
Another effective strategy for creating dual-phase 
release is through membrane-coated systems. In 
these designs, a drug core (either an immediate-
release or an extended-release core) is surrounded 
by one or more polymeric coatings. For instance, an 
immediate-release core might be coated with an 
enteric polymer to delay release until it reaches the 
intestine, or an extended-release core might be 
further coated with a functional polymer to fine-tune 
its release. This approach is particularly beneficial 
for drugs that require modified release triggered by 
specific environmental factors, such as changes in 
intestinal pH, allowing for targeted drug delivery or 
protection from the acidic stomach 
environment[25]. 
 
3.4. Multilayer Tablets 
Extending beyond simple bilayer configurations, 
multilayer tablets offer even greater complexity and 
control. These systems can incorporate more than 
two layers, enabling a wider array of release profiles 
and drug combinations. For example, multilayer 
tablets might include two immediate-release layers 
for different active pharmaceutical ingredients, or 
separate layers designed for pulsatile release, where 
drug is released at specific intervals. They can also 
facilitate chronotherapeutic layers, where drug 
release is timed to coincide with circadian rhythms 
or specific physiological needs, optimizing treatment 
efficacy for conditions like hypertension or 
asthma[26]. 
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3.5. Osmotic Dual-Release Systems 
Advanced osmotic pump systems, such as L-OROS or 
push–pull osmotic tablets, can be ingeniously 
modified to achieve biphasic release. These 
sophisticated devices inherently control drug release 
by utilizing osmotic pressure. To create a dual-phase 
profile, an immediate-release coating can be applied 
to the exterior of the osmotic pump. This external 
coating provides the initial rapid drug release. 
Subsequently, the internal osmotic gradient controls 
the sustained release of the remaining drug from the 
pump's core, thereby achieving both immediate and 
extended therapeutic effects from a single dosage 
form[27,28]. 
 
4. Mechanisms of Drug Release 
Dual-phase tablets are meticulously designed to 
achieve their characteristic biphasic release profile 
by relying on distinct and often synergistic 
mechanisms for their immediate and sustained 
release components. 
 
4.1. Immediate-Release Mechanisms 
The immediate-release portion of these tablets is 
engineered for rapid drug delivery. The primary 
mechanisms involved include rapid disintegration of 
the tablet matrix and fast dissolution of the active 
pharmaceutical ingredient. This quick breakdown 
and release are often significantly aided by the 
incorporation of pharmaceutical excipients such as 
superdisintegrants (e.g., croscarmellose sodium, 
sodium starch glycolate) or effervescent agents, 
which accelerate the tablet's breakup upon contact 
with gastrointestinal fluids, making the drug readily 
available for absorption[29,30]. 
 
4.2. Sustained-Release Mechanisms 
Conversely, the sustained-release portion operates 
through more complex mechanisms to provide 
prolonged drug delivery. Key mechanisms 
contributing to sustained release include diffusion of 
the drug through hydrated polymer matrices, 
erosion of polymeric gel layers, and swelling of 
hydrophilic matrices. In diffusion-controlled 
systems, the drug slowly passes through a polymeric 
network. Erosion mechanisms involve the gradual 
breakdown of the polymer matrix itself, releasing the 
entrapped drug over time[31]. Swelling of 
hydrophilic polymers, upon contact with water, 
forms a viscous gel that acts as a barrier, regulating 
the rate of drug release. Advanced systems may also 
incorporate osmotic pumping, where osmotic 
pressure drives drug release at a controlled rate, or 
pH-dependent dissolution, where drug release is 
modulated by the pH environment of the 
gastrointestinal tract. It is common for most dual-
phase tablets to combine multiple sustained-release 
mechanisms, such as diffusion and erosion, to 

achieve a precisely tailored and consistent drug 
release profile[32]. 
 
5. Evaluation & Characterization 
The rigorous evaluation and characterization of 
dual-phase extended-release tablets are critical steps 
in their development to ensure their quality, 
performance, and stability[33]. A range of physical, 
chemical, and biological tests are employed to assess 
these complex formulations. 
 
5.1. Physical & Mechanical Testing 
Physical and mechanical testing is fundamental to 
ensuring the robustness and integrity of dual-phase 
tablets. Key parameters assessed include: 
 Hardness and friability: These tests measure the 

tablet's resistance to crushing and its tendency to 
chip or break during handling and packaging. 

 Layer adhesion strength: This is a crucial test for 
bilayer and multilayer tablets, assessing the force 
required to separate the layers, which is vital to 
prevent delamination during manufacturing, 
packaging, and patient use. 

 Thickness and uniformity: Ensuring consistent 
tablet dimensions is important for packaging and 
consistent dosage. 

 Tablet density and porosity: These 
characteristics can influence drug release kinetics 
and are important for ensuring consistency 
between batches[34,35]. 

 
5.2. In-vitro Dissolution Studies 
In-vitro dissolution studies are of paramount 
importance for dual-phase systems as they provide 
insights into the drug release profile under simulated 
physiological conditions. These studies are critical 
for predicting how the drug will behave in vivo. 
Commonly used methods include: 
 USP apparatus I (basket) and USP apparatus II 

(paddle): These are standard dissolution 
apparatuses used to determine the rate and extent 
of drug release. 

 Profiles tested in different pH conditions: To 
mimic the transit of the tablet through the 
gastrointestinal tract, dissolution profiles are 
typically tested in various pH media, such as pH 1.2 
(simulating gastric fluid) and pH 6.8 (simulating 
intestinal fluid). This helps to understand how both 
the immediate and sustained release phases 
perform in different environments[36,37]. 

 
5.3. In-vitro/In-vivo Correlation 
Establishing an In-vitro/In-vivo Correlation is highly 
desirable for dual-phase extended-release tablets 
and is often a regulatory requirement. A successful 
IVIVC demonstrates a predictive mathematical 
relationship between an in vitro property (like 
dissolution rate) and a relevant in vivo response (like 
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plasma drug concentration). This correlation can 
significantly reduce the need for extensive in vivo 
bioavailability and bioequivalence studies, especially 
during post-approval changes or for new 
formulations[38,39]. 
 
5.4. Analytical Techniques 
Advanced analytical techniques are employed to gain 
deeper insights into the tablet's structure, 
composition, and release mechanisms: 
 FT-IR mapping: Fourier-transform infrared 

mapping can be used to study polymer interactions 
within the tablet layers and to identify the 
distribution of components. 

 SEM imaging of swelling/erosion: Scanning 
electron microscopy provides visual evidence of 
how polymer matrices swell and erode during drug 
release, offering crucial information about the 
physical changes occurring. 

 Differential scanning calorimetry: DSC is used to 
characterize thermal properties of materials, such 
as glass transition temperature, melting point, and 
drug-excipient compatibility. 

 X-ray diffraction: XRD can assess the crystallinity 
of the drug and excipients, which can influence 
dissolution rates and stability[40,41]. 

 
5.5. Stability Studies 
Stability studies are conducted in accordance with 
International Council for Harmonisation guidelines. 
These studies evaluate how the quality of the drug 
product varies with time under the influence of 
environmental factors such as temperature, 
humidity, and light. The goal is to establish a re-test 
period for the drug substance or a shelf-life for the 
drug product and to recommend storage conditions. 
For dual-phase tablets, stability across layers must 
be proven, ensuring that both the immediate and 
sustained release components maintain their 
integrity and functionality over time[42]. 
 
6. Applications & Case Studies 
Dual-phase extended-release tablets have found 
diverse applications across various therapeutic 
areas, showcasing their versatility and effectiveness 
in optimizing drug delivery. The following examples 
illustrate how these innovative formulations are 
being utilized and the benefits they offer. 
 
6.1. Analgesics (e.g., Tramadol, Aceclofenac) 
In the realm of pain management, dual-phase tablets 
are particularly valuable for providing both rapid 
analgesia and prolonged pain relief. The immediate-
release component quickly alleviates acute pain, 
while the extended-release portion ensures 
sustained therapeutic concentrations to manage pain 
over an extended duration. This dual action is crucial 
for conditions requiring continuous pain control, 

improving patient comfort and reducing the 
frequency of dosing. Formulations for the extended-
release portion of these analgesics commonly utilize 
hydrophilic polymer-based matrices, such as those 
made from hydroxypropyl methylcellulose, which 
control drug diffusion and erosion to maintain 
consistent drug levels[43,44]. 
 
6.2. Antivirals (e.g., Oseltamivir) 
Recent research has successfully applied dual-phase 
mechanisms to antiviral agents, demonstrating their 
potential to enhance treatment regimens. One 
notable example involves the development of a 
bilayer tablet combined with an enteric coating. This 
system was designed for an antiviral like oseltamivir, 
aiming to achieve near-bioequivalent results to the 
marketed capsule while offering the significant 
advantage of once-daily dosing. The bilayer design 
allows for precise control over the initial and 
sustained release of the drug, while the enteric 
coating protects the drug from gastric degradation 
and ensures targeted release in the intestine, 
ultimately improving patient convenience and 
adherence[45,46]. 
 
 
6.3. Urologic Drugs (e.g., Mirabegron + 
Fesoterodine) 
Combination therapies are frequently employed in 
urology to manage complex conditions. Dual-phase 
tablets, particularly in bilayer form, are well-suited 
for such applications. For instance, combination 
tablets for urologic drugs might feature separate 
layers, each designed with differing dissolution 
mechanisms, distinct polymer matrices, and specific 
swelling behaviors. This allows for the simultaneous 
delivery of two or more drugs, each with its 
optimized release profile, which is crucial when 
drugs have different pharmacokinetic needs or when 
their combination provides synergistic therapeutic 
effects, as seen with drugs like Mirabegron and 
Fesoterodine[47,48]. 
 
6.4. Antidiabetic & Cardiovascular Agents 
For chronic conditions such as diabetes and 
cardiovascular diseases, maintaining stable drug 
levels is paramount. Dual-phase formulations offer 
significant benefits for drugs like metformin, 
glipizide (antidiabetics), or various beta-blockers 
(cardiovascular agents). These tablets provide a 
rapid onset for immediate effects, such as glycemic 
control in diabetes or initial blood pressure 
reduction in hypertension, followed by a prolonged 
maintenance phase. This allows for once-daily 
dosing, which significantly enhances patient 
adherence and helps in achieving consistent 
therapeutic outcomes throughout the day and 
night[49]. 
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6.5. Antihistamines and Cough/Cold Formulas 
Dual-phase release systems are highly advantageous 
for over-the-counter medications like antihistamines 
and cough/cold formulas. These formulations are 
designed to provide rapid relief from symptoms 
initially, followed by sustained release of the active 

ingredients. This extended action helps maintain 
symptom relief overnight or throughout the entire 
day, preventing the recurrence of symptoms and 
ensuring prolonged patient comfort and well-being 
without the need for frequent re-dosing (Table 1) 
[50].

 
 

Table 1: Comparison of Major Dual-Phase Extended-Release Tablet Studies 

API / Drug(s) 
FormDosage

Type 
KeyPolymers /

Excipients Used 
Release 
Mechanism(s) 

Reported Release 
Profile 

Tramadol HCl 
Bilayer tablet (IR 
+ SR) 

HPMC, MCC, PVP, 
superdisintegrants 
(CCS) 

IR: fast 
disintegration; ER: 
diffusion + polymer 
hydration 

IR layer released in 
~15 min; ER over 
~10 hours 

Aceclofenac 
Bilayer dual-
release tablet 

HPMC (various grades), 
HPC, Carbomer, PVP 

Combination of 
diffusion + swelling 
+ erosion 

Controlled release 
sustained for 12 
hours; comparable 
to marketed CR 
tablets 

Oseltamivir 
Phosphate 

Dual-phase ER 
matrix + enteric-
coated system 

Ethylcellulose, HPMC, 
enteric polymer 
(HPMCP), plasticizers 

pH-triggered 
release + 
hydrophilic matrix 
diffusion 

Biphasic profile: 
initial release after 
gastric transit; 
prolonged 
intestinal release; 
~95% relative 
bioavailability to 
capsule 

Mirabegron + 
Fesoterodine 
Fumarate 

Bilayer 
combination 
tablet 

EC, HPMC, HEC, PVP, 
hydrophobic excipients 

Mirabegron: 
erosion-controlled; 
Fesoterodine: 
diffusion (Higuchi) 

Clear dual-release 
behavior; 
interactions 
between layers 
influenced kinetics 

Metformin HCl 
ERIR +
ormonolithic

bilayer 

HPMC K15M/K100M, 
PEO, carbopol 

Hydrophilic matrix 
swelling + diffusion 

IR: immediate 
burst; ER 
maintained for 8–
12 hours 

Diclofenac 
Sodium 

dualBilayer -
release 

HPMC K4M, EC, sodium 
alginate 

Diffusion-
controlled + erosion 

initialRapid
release + sustained 
12- release;hr

gastricreduced
irritation 

Glipizide 
Biphasic matrix 
tablet 

HPMC (multiple grades), 
ethylcellulose, MCC 

+Diffusion
controlled erosion 

IR: ≤30% in 30 
min; SR: linear 
release for 8–10 
hours 

Amlodipine 
+Besylate

Atenolol 

Bilayer FDC (IR 
+ SR) 

HPMC, sodium CMC, EC, 
SSG 

Atenolol: slow 
release via matrix 
diffusion; 
Amlodipine: IR 
disintegration 

Combination dual-
release; compatible 
PK targets 

Caffeine (model 
drug) 

Bilayer model 
for mechanistic 
study 

HPMC+Carbomer
blends 

Polymer synergy 
causing swelling + 
erosion 

Distinct dual-phase 
release; polymer 
ratio controlled 
transition point 
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7. Advantages 
Dual-phase extended-release tablets offer a 
compelling array of advantages across 
pharmacokinetic, clinical, and patient-centric 
domains, alongside significant manufacturing 
flexibility. These benefits collectively underscore 
why these formulations are a major focus in modern 
drug delivery. 
 
7.1. Pharmacokinetic Benefits 
One of the most significant advantages of dual-phase 
systems lies in their ability to optimize the drug's 
pharmacokinetic profile. By providing both an 
immediate and a sustained release component, these 
tablets achieve lower fluctuations in plasma 
concentration. This is crucial as it allows for the 
avoidance of high peaks in drug concentration that 
are often linked to toxicity and undesirable side 
effects. Simultaneously, they prevent sub-
therapeutic troughs, which can lead to therapy 
failure if drug levels fall below the minimum effective 
concentration. This precise control over drug levels 
ensures that the drug remains within the therapeutic 
window for an extended period, leading to more 
consistent and effective treatment[51,52]. 
 
7.2. Clinical Benefits 
From a clinical perspective, dual-phase tablets 
deliver substantial improvements in patient care. 
They enable a rapid therapeutic response due to the 
immediate-release portion, which is critical for 
conditions requiring quick symptomatic relief or 
intervention. This initial effect is then seamlessly 
followed by a precisely controlled maintenance 
phase, ensuring that the therapeutic benefits are 
sustained over many hours. This controlled delivery 
can also lead to a potential reduction in side effects, 
as drug concentrations are kept within an optimal 
range, mitigating dose-related adverse reactions that 
might occur with less controlled release 
profiles[53,54]. 
 
7.3. Patient-Centric Benefits 
The design of dual-phase tablets brings considerable 
advantages for the patient experience. By 
consolidating both immediate and extended release 
into a single dosage unit, they lead to a reduced pill 
burden. This simplification of the medication 
regimen directly contributes to improved adherence, 
as patients are more likely to comply with treatments 
that require less frequent administration. The 
convenience of once- or twice-daily dosing 
significantly enhances patient quality of life, making 
it easier to integrate medication into daily routines 
and reducing the likelihood of missed doses[55-58]. 
 
7.4. Manufacturing & Formulation Flexibility 

Dual-phase tablets also provide considerable 
flexibility in manufacturing and formulation. For 
instance, in bilayer tablet designs, the separation of 
layers allows for the incorporation of incompatible 
active pharmaceutical ingredients or excipients into 
the same tablet, preventing potential chemical 
interactions that could compromise stability or 
efficacy. Furthermore, this modular design offers the 
capacity to precisely tailor the desired release profile 
for each component, enabling drug developers to 
fine-tune the pharmacokinetics to meet specific 
therapeutic needs. This adaptability makes dual-
phase systems a powerful tool for developing 
complex and optimized drug products[59,60]. 
 
8. Limitations & Challenges 
Despite their significant advantages, dual-phase 
extended-release tablets present several notable 
limitations and challenges that require careful 
consideration during development and 
manufacturing. A primary concern is mechanical 
integrity, with layer separation being a major issue, 
often stemming from differing compression 
requirements between layers, poor interfacial 
bonding, and uneven particle size distribution of the 
materials used in each layer [61,62]. Furthermore, 
the manufacturing process is inherently complex, 
demanding specialized equipment such as advanced 
bilayer tablet presses, stringent quality control 
measures, and often tailored granulation processes 
to ensure consistency and quality. Predicting the 
release kinetics of these systems can also be difficult, 
particularly when complex polymer interactions 
occur or when swelling and erosion rates differ 
significantly between the immediate and sustained-
release layers. Lastly, regulatory challenges are 
prominent; establishing robust In-vitro/In-vivo 
Correlation can be demanding, proving stability 
across all layers is essential, and comprehensive 
bioequivalence studies are often required for each 
distinct release phase to gain regulatory 
approval[63-65]. 
 
9. Future Perspectives 
Dual-phase extended-release tablets are poised for 
continued evolution, driven by advancements in 
materials science, computational tools, and 
manufacturing technologies. Future developments 
will likely center around smart polymers capable of 
dynamic environmental response, allowing for 
highly precise and adaptive drug release tailored to 
physiological conditions. The integration of 
improved in-silico dissolution modeling will enhance 
the predictability of drug release kinetics, thereby 
streamlining formulation development and reducing 
the need for extensive in vitro and in vivo testing[66]. 
The advent of 3D printing offers revolutionary 
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potential for creating customizable therapies, 
enabling the design of complex tablet geometries and 
drug loading patterns that can be personalized for 
individual patient needs. Furthermore, the scope of 
dual-phase systems is expanding to include 
sophisticated combination products, such as those 
incorporating nutraceuticals, probiotics, or even 
peptides, offering synergistic therapeutic benefits 
within a single dosage form. The rise of digital 
manufacturing techniques will also pave the way for 
patient-specific dosing, where tablets can be 
manufactured on demand with precise drug 
quantities and release profiles optimized for each 
patient. As the demand for drugs that provide both 
rapid onset and sustained effect continues to grow, 
these advanced dual-phase systems are expected to 
become increasingly important in modern 
pharmacotherapy, pushing the boundaries of oral 
drug delivery[67-70]. 
 
10. Conclusion 
Dual-phase extended-release tablets stand as a 
testament to the sophistication and ingenuity within 
oral drug delivery, representing a highly advanced 
strategy that seamlessly integrates the most 
advantageous features of both immediate-release 
and sustained-release systems into a single dosage 
form. This synergistic combination allows for an 
initial, rapid therapeutic onset, crucial for addressing 
acute symptoms or achieving immediate 
pharmacological effects, followed by a prolonged and 
controlled drug action that maintains stable plasma 
concentrations over an extended period. This unique 
capability makes them exceptionally valuable across 
a broad spectrum of therapeutic classes, from 
analgesics requiring quick pain relief and sustained 
comfort, to cardiovascular and antidiabetic agents 
demanding consistent, long-term therapeutic levels. 
Despite the undeniable advantages, the development 
and manufacturing of dual-phase tablets are not 
without their inherent challenges. Significant 
hurdles include ensuring robust mechanical stability, 
particularly concerning layer adhesion in bilayer 
systems, navigating complex polymer compatibility 
issues, and overcoming the overall manufacturing 
complexity associated with producing multi-layered 
or multi-phasic dosage forms with consistent quality 
and performance. However, the pharmaceutical 
industry is actively addressing these challenges 
through continuous innovation. Advances in 
materials science are yielding novel excipients and 
polymers with enhanced functional properties, while 
the adoption of quality-by-design approaches is 
leading to more systematic and robust formulation 
development processes. Furthermore, emerging 
technologies such as 3D printing are revolutionizing 
the field by offering unprecedented precision and 
customization capabilities, rapidly improving the 

feasibility and overall performance of these complex 
drug delivery systems. 
Looking ahead, dual-phase extended-release tablets 
are undeniably poised to play a major and 
increasingly pivotal role in future pharmaceutical 
development. Their capacity to enhance patient 
compliance through reduced dosing frequency, to 
deliver better therapeutic outcomes by optimizing 
pharmacokinetic profiles, and to offer greater 
formulation flexibility for a diverse range of active 
pharmaceutical ingredients underscores their 
importance. As the demand for patient-centric and 
highly effective drug delivery solutions continues to 
grow, dual-phase ER tablets will remain at the 
forefront of innovation, continuously pushing the 
boundaries of modern pharmacotherapy. 
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