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Abstract:
Extended-release (ER) tablets represent a significant advancement in pharmaceutical
technology, offering sustained drug release to maintain therapeutic levels over an extended
period. Designed for chronic conditions requiring consistent medication levels, ER
formulations reduce dosing frequency, enhance patient adherence, and minimize side effects
associated with peak plasma concentrations. This review explores the mechanisms of drug
release in ER systems, including diffusion-controlled, osmotic, and matrix-based approaches.
Additionally, it addresses the advantages of ER formulations, such as improved compliance
and reduced adverse effects, while highlighting challenges like dose dumping, patient
variability, and high manufacturing costs. Recent innovations are also discussed, providing
insights into future directions for ER technologies in drug delivery.
Keywords: Extended-release (ER), plasma concentrations, diffusion-controlled, matrix-based
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Introduction
level, they help reduce the risk of side

An extended-release (ER) tablet is a
medication formulation designed to release
its active ingredients gradually over an
extended period. Unlike immediate-release
tablets, which release their full dose
quickly, ER tablets maintain a steady
concentration of the drug in the
bloodstream for a longer duration, typically
12-24 hours. This allows for less frequent
dosing, often once or twice a day,
improving  patient convenience and
adherence to the prescribed regimen. [1]

ER tablets are commonly used for chronic
conditions like pain management, ADHD,
anxiety, depression, and hypertension,
where continuous symptom control is
necessary. By providing a consistent drug
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effects that can occur with fluctuating drug
levels, such as nausea or dizziness.[2]

However, these tablets are not suitable for
acute conditions that require immediate
relief. Crushing, breaking, or chewing ER
tablets can lead to an overdose, as the
medication would be released all at once.
Though they can improve compliance and
reduce side effects, ER tablets may be
difficult for some patients to swallow due to
their size. [3]

Key Features of Extended-Release
Tablets:

Gradual Release: Unlike immediate-
release tablets that release their entire dose
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of medication quickly, extended-release
tablets are designed to release their active
ingredients slowly over several hours or
even an entire day. This helps maintain a
steady concentration of the drug in the
bloodstream.

Improved Adherence: Extended-release
formulations typically require less frequent
dosing—often once or twice a day—
making it easier for patients to follow their
prescribed regimen. This is particularly
beneficial for chronic conditions that
require long-term medication.

Steady Blood Levels: ER tablets can help
maintain stable blood levels of the drug,
which is often necessary for managing
chronic diseases such as high blood
pressure, pain, anxiety, or depression. This
consistency can improve the overall
effectiveness of the treatment and reduce
side effects associated with fluctuating drug
levels.

Reduction in Side Effects: By releasing
the medication gradually, ER tablets
minimize the peaks and valleys in drug
concentration that can lead to side effects.
This can help reduce the incidence of
adverse effects like nausea or drowsiness.

Duration of Effect: Because of their
controlled release mechanism, extended-
release tablets offer prolonged therapeutic
effects throughout the day, which can be
beneficial in treating conditions that require
consistent symptom control, such as
chronic pain or ADHD. [4,5]

Pros:

Convenience: Since the medication is
released gradually, patients may only need
to take the medication once or twice a day
instead of multiple doses throughout the
day. This is more convenient and improves
adherence to the treatment regimen.

Steady Medication Levels: Extended-
release tablets help maintain a more
consistent level of the drug in the
bloodstream, which can be beneficial in
conditions where stable blood levels are
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necessary, such as in chronic pain or certain
mental health disorders.

Improved Compliance: Fewer doses can
lead to better adherence to the prescribed
medication schedule, reducing the chances
of missing doses and the potential for the
medication to be ineffective.

Reduced Side Effects: By releasing the
drug gradually, ER tablets can minimize the
peak and valley effects of the medication,
leading to fewer side effects compared to
immediate-release formulations.

Cost-Effectiveness: Although the upfront
cost may be higher than immediate-release
tablets, fewer doses can lead to overall cost
savings, particularly for chronic conditions.
[6.7]

Cons:

Not for Everyone: ER tablets are typically
not suitable for conditions that require rapid
medication absorption. They might not be
effective in acute conditions where
immediate relief is necessary.

Swallowing Difficulties: Some patients,
particularly children or elderly individuals,
may have difficulty swallowing large
tablets, which could make ER formulations
challenging to use.

Risk of Overdose: If an ER tablet is broken
or crushed, it may release the drug all at
once, increasing the risk of overdose. It is
important to take the tablet whole and
follow the instructions provided.

Cost: While they may be cost-effective in
the long term, ER tablets are usually more
expensive than immediate-release options,
which could be a concern for some patients
or healthcare systems.

Delayed Action: For some patients, the
gradual release might mean they don't feel
the immediate effects of the medication,
which could be problematic for certain
conditions that require quick symptom
relief. [8]

International Journal of Health Advancement and Clinical Research (tz)

22



International Journal of Health Advancement and Clinical Research (tz)

Mechanism Of Drug Release in
Extended-Release Systems

The mechanism of drug release in
extended-release (ER) systems is designed
to release the active drug gradually over an
extended period, maintaining a consistent
therapeutic effect. There are several
different mechanisms used to control the
release rate of the drug in these systems.
Some of the most common mechanisms
are:

e Diffusion-Controlled Release

The drug is embedded in a matrix, and the
release occurs as the drug diffuses through
the matrix material over time.

The drug molecules move from areas of
higher concentration (inside the tablet) to
areas of lower concentration (in the
surrounding gastrointestinal fluids). The
rate of drug release is influenced by the
properties of the matrix and the solubility of
the drug. [9]

e Reservoir Systems

In this system, the drug is encapsulated in a
core surrounded by a rate-controlling
membrane.

The drug is released through the membrane
via diffusion. The membrane’s properties
(e.g., thickness and permeability) control
the release rate of the drug, providing a
sustained effect over time.

e Osmotic Pump Systems

These systems use osmotic pressure to
release the drug.

The tablet contains a semi-permeable
membrane with a small hole and a drug core
that also contains an osmotic agent (such as
sodium chloride). As the tablet absorbs
water from the gastrointestinal tract,
osmotic pressure forces the drug to be
released through the hole in a controlled
manner.

e Matrix Systems
The drug is dispersed within a matrix
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material, which could be hydrophilic
(water-attracting) or hydrophobic (water-
repelling).

When the tablet enters the stomach, water
or fluids cause the matrix to swell or
dissolve. The drug slowly leaches out of the
matrix, and its release is controlled by the
rate at which the matrix dissolves or swells.
[10]

e lon Exchange Resins

The drug is bound to a resin that exchanges
ions with the surrounding environment.

The resin gradually releases the drug
through ion exchange processes, often in
response to the ionic environment in the
gastrointestinal tract, leading to sustained
release over time.

e Erosion-Controlled Release

The tablet contains materials that erode
over time, releasing the drug in the process.

The matrix material is designed to erode
slowly as it comes into contact with
gastrointestinal fluids. As the material
breaks down, the drug is gradually released.
[11,12]

e pH-Dependent Release

The drug is released depending on the pH
of the environment in the gastrointestinal
tract.

Some ER tablets are designed to release the
drug when the pH changes, typically as the
tablet moves from the stomach (low pH) to
the small intestine (higher pH). This can be
achieved with enteric coatings or special
polymers that dissolve only at certain pH
levels. [13]

Challenges  with
Tablets

1. Complex
Manufacturing

Extended-Release
Formulation and

Designing an ER tablet requires advanced
technologies to ensure a consistent and
predictable release profile. The
manufacturing process must maintain the
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uniformity of drug distribution within the
tablet, which can be technically
challenging. Quality control is critical, as
variations in production can affect drug
release and efficacy.

2. Cost

ER tablets are typically more expensive to
develop and manufacture compared to
immediate-release formulations due to the
complex technologies and materials
involved.

Higher costs may pose challenges for both
manufacturers and patients, particularly in
low-resource settings. [14]

3. Suitability for Acute Conditions

ER tablets are not ideal for conditions
requiring rapid onset of action, such as
severe pain or acute infections, as their
delayed release does not provide immediate
therapeutic effects.

4. Dose Dumping Risk

If an ER tablet is chewed, crushed, or
broken, it can release its active ingredient
all at once instead of gradually, leading to a
dangerous spike in drug concentration
(dose dumping). This can cause severe side
effects or overdose. [15]

5. Patient-Specific Variability

Factors such as gastrointestinal pH,
motility, and transit time can vary between
individuals, affecting the release rate and
drug absorption. Conditions like diarrhea or
constipation can further alter the release
profile, impacting efficacy.

6. Swallowing Difficulty

ER tablets are often larger than immediate-
release tablets, making them difficult to

swallow for some patients, particularly
children or elderly individuals.

7. Limited Flexibility in Dosing

ER tablets are designed for specific release
profiles and cannot be easily split or
adjusted for dose changes, which can be a
challenge for titrating medication or
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customizing doses for individual patients.
8. Not Suitable for All Drugs

Some drugs are not suitable for ER
formulations due to their pharmacokinetic
properties (e.g., short half-life, poor
stability, or narrow therapeutic index).
Medications with a high first-pass
metabolism or those requiring high doses
may not be feasible in ER form.

Innovations in Extended-Release (ER)
Technology

1. Multiparticulate Drug Delivery
Systems (MPDDS)

MPDDS involves the use of small, discrete
particles (e.g., pellets, granules, or
microspheres) coated with materials that
control drug release.

Advantages:

Offers flexible dosing by combining
particles with different release profiles.

Minimizes the risk of dose dumping.

Improves uniform drug distribution in the
gastrointestinal tract.

2. Osmotic Pump-Based Systems

Advanced osmotic systems utilize water
absorption to create pressure, pushing the
drug out through a laser-drilled orifice.

Controlled multi-layered systems
combining immediate-release and
extended-release doses.

Use of novel osmotic agents to fine-tune
release rates.

3. 3D Printing in ER Formulations

3D printing allows precise fabrication of
ER tablets with intricate geometries to
achieve tailored release profiles.

Advantages:

Customizes dosing and release rates for
individual patient needs.

Combines multiple drugs with different
release kinetics in a single tablet. [15,16]

4. Biodegradable Polymer Systems
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Use of biodegradable polymers like
polylactic acid (PLA) and polyglycolic acid
(PGA) in ER tablets.

Advantages:

Polymers degrade into non-toxic by-
products, eliminating the need for
excretion.

Prolonged release  with minimal

environmental or bodily impact.

5. Nanotechnology-Enhanced ER
Systems

Nanoformulations incorporate
nanoparticles to enhance drug solubility
and bioavailability. Nanoencapsulation for
sustained release of poorly soluble drugs.
Nanocrystals for drugs with challenging
physicochemical properties.

6. Gastroretentive Systems

ER systems designed to remain in the
stomach for an extended period, ensuring
prolonged release in the  upper
gastrointestinal tract. Floating tablets that
stay buoyant in gastric fluids. Swelling
systems that increase in size to resist gastric
emptying.

7. Targeted Release Technologies

Focus on site-specific release by leveraging
pH-sensitive coatings or enzyme-triggered
systems.

Examples:

Enteric coatings for drugs that need to
bypass the stomach.

Colon-targeted systems for drugs treating
inflammatory bowel diseases. [17]

8. Dual-Release Systems

Combines immediate-release and
extended-release components in a single
dosage form.

Advantages:

Provides rapid symptom relief while
maintaining long-term therapeutic levels.

Reduces the need for multiple medications.
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9. Bioadhesive Drug Delivery Systems

Utilizes bioadhesive materials to adhere to
the mucosal lining, prolonging the
residence time in the gastrointestinal tract.

Benefits:
Enhances localized drug absorption.
Reduces dosing frequency further.

10. Controlled Release Through Genetic
Engineering

Emerging technologies use genetically
engineered cells or proteins to modulate
drug release based on physiological
triggers.

Potential:  Promises precision  drug
delivery tailored to real-time patient needs.
[18]

Conclusion

Extended-release tablets have transformed
drug delivery by offering controlled,
consistent, and prolonged therapeutic
effects. Despite the challenges in
formulation and patient variability,
advancements in material science and
delivery mechanisms continue to address
these limitations. Future research should
focus on enhancing patient-centric designs
and developing cost-effective
manufacturing methods to expand the
accessibility of ER formulations globally.
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