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ABSTRACT 

In contrast to traditional immediate-release formulations, modified-release medications are 

pharmacological dosage forms intended to regulate the rate, time, or location of drug release 

in order to enhance therapeutic performance. Extended-release, sustained-release, delayed-

release, controlled-release, and other cutting-edge drug-delivery techniques are examples of 

these systems. Careful integration of formulation design, drug characteristics, excipient 

selection, manufacturing procedures, and pharmaceutical quality assessment is necessary for 

the creation of modified-release medications. To guaranty consistent product performance, 

factors including dissolving behaviour, drug-release kinetics, content homogeneity, assay, 

stability, and mechanical qualities are crucial. 

Additionally, a formulation's in-vitro release properties can alter pharmacokinetic parameters 

such drug exposure, peak plasma concentration, and duration of action, which in turn can 

impact clinical efficacy and safety. Current developments in multiarticulate systems, osmotic 

delivery, polymeric systems, nanotechnology, and customized medication distribution have  

increased modified-release therapy's potential. With a focus on the connection between 

formulation design, product quality, and therapeutic outcomes, this review addresses the 

principles, formulation strategies, pharmaceutical quality requirements, release evaluation, 

clinical performance, advantages, limitations, and regulatory considerations of advanced 
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modified-release medicines. 
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INTRODUCTION 

Following delivery, conventional immediate-release dose forms often release the medication 

quickly, which may cause variations in the body's drug concentration. These variations may 

lead to times when medication concentrations are either above or below the intended 

therapeutic range, and frequent administration may be necessary to sustain the therapeutic 

effect. Modified-release drug delivery systems, which are intended to change the rate, timing, 

or location of drug release in comparison to traditional immediate-release formulations, have 

been developed as a result of these constraints [1]. Extended-release, prolonged-release, 

sustained-release, controlled-release, and delayed-release formulations are among the several 

methods used in modified-release medications. These systems are intended to maintain 

medication exposure for a suitable amount of time, lower the frequency of doses, enhance 

patient comfort and adherence, and, when necessary, lessen side effects associated with 

concentration. A modified-release formulation's design is influenced by a number of 

variables, including as the drug's physicochemical characteristics, dosage, solubility, 

permeability, drug–excipient interactions, and the intended release profile [1,2]. A key factor 

in influencing how well modified-release medications work is formulation design. Drug 

release can be controlled using a variety of technologies, such as reservoir systems, coated 

dosage forms, osmotic systems, hydrophilic and hydrophobic matrix systems, and 

multiarticulate formulations. The rate and mechanism of drug release can be greatly 

influenced by the choice of polymers and other excipients, their concentration, coating 

properties, manufacturing method, and formulation geometry [2]. Because modifications to 

the formulation composition or manufacturing conditions may vary the drug-release profile, 

pharmaceutical quality is especially crucial for modified-release medicines. As a result, 

dissolution testing is a crucial instrument for assessing and managing these formulations' 

release properties. For modified-release solid oral dose forms, regulatory guidelines 

additionally stress proper chemistry, production and controls, dissolution testing, and, if 

necessary, in-vivo bioequivalence evaluation [3]. Another crucial factor to take into account 

is the connection between clinical performance and formulation quality. Pharmacokinetic 

factors, including maximum plasma concentration, time to maximum concentration, area under 
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the concentration–time curve, and length of drug exposure, can be affected by variations in 

drug-release characteristics. As a result, biopharmaceutical, pharmacokinetic, effectiveness, 

and safety factors must be taken into account when developing and accessing modified-

release formulations [4]. 

 

FUNDAMENTALS OF MODIFIED-RELEASE MEDICINE 

Definition 

In contrast to traditional immediate-release dosage forms, modified-release (MR) medications 

purposefully change the pace, timing, or site of drug release. Drug release modification is 

intended to accomplish particular therapeutic goals, such as extended drug activity, delayed 

drug release, or release at a specific gastrointestinal tract location. [5] 

 

Need for Modified-Release Medicines 

In order to keep the medication concentration within the therapeutic range, conventional 

immediate-release formulations might need to be administered often. Drug activity can be 

prolonged and the frequency of doses can be decreased with modified-release formulations. 

[6] By lowering variations in plasma drug concentration, modified-release devices can offer 

more steady drug exposure. [7] 

Lowering the frequency of doses can enhance patient convenience and medication 

compliance, especially for medications that need several daily doses. [6] 

 

Objectives of Modified-Release Medicines 

• To manage a drug's release over a longer time period in order to prolong its therapeutic 

effect. [6] 

• To increase patient compliance and decrease the frequency of medication 

administration. [7] 

• To lessen peak-to-trough variations and keep medication concentrations within the 

therapeutic range for an extended amount of time. [7] 

• To deliver site-specific or delayed medication release when necessary for therapeutic 

objectives. [5] 

 

Pharmaceutical Development 

Carefully choosing the drug, polymers, excipients, and drug-release mechanism in 

accordance with the intended release profile is necessary to develop a modified-release 

formulation. The pace and degree of drug release can be affected by formulation elements as 
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drug solubility, dose, particle size, polymer characteristics, and drug–excipient interactions. [8] 

Because modifications to the formulation or manufacturing process can impact the final 

product's dissolution and release properties, production parameters must be properly 

regulated. [3] 

Because it assesses whether the formulation offers the desired drug-release profile, 

dissolution testing is a crucial quality-control method for modified-release medications. [5] 

To comprehend and manage the formulation's clinical performance, the in-vitro drug-release 

profile may be assessed in connection to in-vivo pharmacokinetic performance during 

development. [7] 

 

Types of Modified-Release Systems 

Extended Release 

Extended-release systems prolong the therapeutic impact and minimize the frequency of 

administration by releasing the drug gradually over a longer period of time. [7] Matrix 

systems, reservoir systems, polymer coatings, pellets, microspheres, or osmotic systems can 

all be used to regulate drug release. [8] 

These methods are especially helpful for medications that often need frequent dosage and 

have a short biological half-life. [7] 

Example: For instance, compared to immediate-release metformin, metformin extended-

release tablets are made to give longer drug release and enable less frequent administration. 

[7] 

 

 

Fig-1.1. 

 

Delayed Release 

Systems with delayed release are made to stop the delivery of drugs for a set amount of time 

before releasing them. One of the most popular techniques for achieving delayed release is 

enteric coating. The coating dissolves at a higher intestinal pH but stays intact in the acidic 
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stomach. [5] 

Delayed release can be utilized to shield the stomach from irritating medications or to shield 

acid-sensitive medications from gastric disorders. [5] 

Example: As an illustration, enteric-coated aspirin postpones the release of medication until 

the dose form enters the intestine. [5] 

 

 

Fig-1.2. 

 

Pulsatile Release 

Instead of releasing the medication continuously, pulsatile-release devices are made to 

release it in one or more quick pulses following a predefined lag period. 

These methods are helpful when a medication is needed at a certain time or when a disease's 

symptoms follow a specific biological rhythm. 

A lag-time mechanism, such as a soluble barrier, rupturable coating, swelling polymer, or 

erodible layer, is typically present in pulsatile systems. [9] 

Example: As an illustration, pulsatile delivery systems have been studied for medications used 

in the chronotherapy of rheumatoid arthritis, asthma, and hypertension, where drug release 

can be timed to coincide with symptoms. [9] 

 

 
Fig-1.3. 
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Targeted-Release or Site-Specific Systems 

Site-specific systems are made to primarily distribute the medication at a certain 

gastrointestinal tract site or another targeted region. To accomplish drug release at the 

intended location, these systems may employ pH-sensitive polymers, biodegradable 

polymers, enzyme-sensitive materials, or particular targeting mechanisms. 

Site-specific administration may lessen unintended exposure to other body areas while 

increasing medication concentration at the intended site. [10] 

Example: As an illustration, mesalamine delayed-release formulations are intended to treat 

inflammatory bowel disease by releasing mesalamine in the intestinal tract. [10] 

 

 

Fig-1.4. 

 

Controlled Release System 

Controlled-release systems are made to release the medication for a predetermined amount of 

time at a controlled rate. 

The primary goal is to minimize drug concentration variations while keeping drug 

concentration within the therapeutic range over an extended period of time. 

Diffusion, dissolution, osmosis, swelling, erosion, or a combination of these processes can 

regulate drug release. [11] 

Example: As an illustration, osmotic pump pills, including versions of controlled-release 

nifedipine, employ osmotic pressure to regulate medication release via a tiny delivery aperture. 

[11] 
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Fig-1.5. 

 

Sustained Release Systems 

In contrast to immediate-release formulations, sustained-release systems are intended to slow 

a drug's release and prolong its therapeutic effect. The medicine is released gradually, which 

can help maintain more stable drug levels and lessen the need for recurrent dosing. [8] 

Example: As an illustration, Diclofenac sustained-release tablets are made to offer therapeutic 

activity and extended drug release. [8] 

 

 

Fig-1.6. 

 

Formulation Design and Technologies 

Determining the intended rate, duration, and place of drug release is the first step in the 

development of modified-release medications. When determining whether a modified-release 

formulation is practical, the drug's physicochemical, biopharmaceutical, pharmacokinetic, 

and pharmacodynamic characteristics are taken into account. 

Different mechanisms, including as diffusion, dissolution, swelling, erosion, and osmotic 

pressure, can be used to regulate drug release in modified-release formulations. The targeted 

release profile and the drug's characteristics influence the method choice. 

Polymers and other excipients that can alter drug release are significant rate-controlling 
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materials. Therefore, formulation creation necessitates an understanding of how the 

medication, release-controlling ingredient, dosage-form design, and gastrointestinal 

environment interact. [12] 

A common method of delivering controlled-release medications is through matrix tablets. Drug 

release can happen via processes including erosion and diffusion when the drug is integrated 

into a matrix-forming substance in a matrix system. Polymers like HPMC are frequently used 

in hydrophilic matrix tablets. The polymer hydrates and creates a gel layer when the tablet 

comes into touch with an aqueous solution. Diffusion through the hydrated matrix and polymer 

degradation then affect drug release. 

The kind and quantity of polymer, polymer viscosity, drug solubility, drug-to-polymer ratio, 

and formulation composition can all have an impact on the drug-release behaviour of matrix 

tablets. Therefore, these characteristics are taken into account when developing formulations. 

[13] 

Drug-release behaviour can be described and predicted using mathematical modelling during 

drug-delivery development. Researchers can better understand the impact of formulation 

variables and optimize delivery systems with the aid of mathematical models. In-silico drug-

delivery system optimization can also be aided by mathematical modelling. Before conducting 

in-depth experimental research, various formulation circumstances might be examined using 

suitable models. Drug release models can assist in connecting formulation properties to the 

final release profile. This offers a quantitative method for comprehending and improving 

controlled drug delivery systems. [14] 

Modified-release formulations made up of several tiny units, such as pellets, microparticles, 

and nanoparticles, are known as multiparticulate systems. These technologies are intended to 

give customized medication release and can be integrated into oral dose forms. It is possible 

to create pellets and other multiparticulate units with various compositions or release-

controlling properties. Thus, a desirable overall drug-release profile can be created by 

combining several particle populations. Multiparticulate systems can also be compressed into 

tablets or added to capsules. Their small-unit shape enables for the incorporation of various 

drug-release characteristics into a single oral dosage form and offers flexibility in formulation 

design. [15] 

Osmotic pressure is the driving mechanism behind medication release in osmotic drug 

delivery devices. Water access into the system is regulated by a semipermeable membrane, 

and the osmotic pressure that results help transport drugs. Controlling elements like the drug-

delivery channel and the semipermeable membrane are part of the design of an osmotic 
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system. These features affect how the medication moves from the dose form into the 

environment. Osmotic delivery has been used into several pharmaceutical delivery 

technologies and has been studied as a way to achieve controlled medication release. When a 

controlled release rate is needed, its principle is especially helpful. [16] 

One new technique for creating pharmacological dose forms is three-dimensional (3D) 

printing. It can be used to create dosage forms with various drug-release properties because it 

offers significant control over the distribution of ingredients within the printed structure. The 

amount of medication administered and the dosage form's biopharmaceutical behaviour can 

be influenced by material selection and structural design in pharmaceutical 3D printing. For 

oral dose forms, many printing technologies, such as fused deposition modelling, have been 

studied. 

Because the formulation structure and medication content may be modified in accordance 

with particular treatment requirements, 3D printing also offers options for customized dosage 

forms. This makes it a promising technique for cutting-edge modified-release medications in 

the future. [17] 

 

Pharmaceutical Quality Evaluation 

Testing the dosage form against predetermined quality features and acceptability criteria is 

part of the pharmaceutical quality evaluation of modified-release medications. Strength, 

purity, consistency, physical qualities, and performance characteristics of the final product are 

all significant quality attributes. 

One crucial feature of solid oral dose forms is uniformity of dosage units. It can be evaluated 

using the proper pharmacopeial processes and takes into account the uniformity of the 

amount of pharmacological material contained in individual dose units. Dosage-unit 

homogeneity is correlated with weight variance and content uniformity. One suitable method 

is chosen to show that individual dose units deliver constant medication content, depending 

on the product and relevant parameters. 

When hardness and friability significantly impact the dosage form's performance and quality, 

they can also be regarded as quality qualities. For instance, when tablet integrity affects 

product performance, mechanical characteristics may be significant. [5] 

The amount of active pharmaceutical ingredient in the drug product is ascertained by assay. To 

ensure that the final product has the desired strength, the specification should set suitable 

acceptance criteria for the drug substance content. [5] 

The dosage form must also exhibit suitable drug-release performance for modified-release 
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medicines; physical and chemical quality alone is insufficient. Therefore, a crucial component 

of the quality assessment of modified-release oral dosage forms is dissolution testing. Drug 

release from the dosage form under particular experimental conditions is measured by 

dissolution testing. To accurately assess the product's release behaviour, the dissolution 

process needs to be properly created and tested. 

Dissolution testing can be performed to describe the drug-release profile over time for 

modified-release dosage formulations. Instead of depending on a single measurement, several 

sampling points can reveal information about the release behaviour during the dissolution 

period. A good dissolve technique should be able to identify significant modifications in the 

manufacturing or formulation process that may have an impact on drug release. Thus, the 

creation and verification of the dissolution process are crucial elements of the assessment of 

pharmaceutical quality. [18] 

Stability testing assesses whether a pharmaceutical product retains its quality attributes when 

being stored. Temperature, humidity, light, and storage time are all taken into account by the 

stability program. 

Stability studies reveal how the drug product's quality, safety, and efficacy-related features 

have changed over time. The findings aid in determining the product's shelf life and suitable 

storage settings. Because changes in the formulation, polymer properties, coating, or physical 

qualities during storage may impact drug-release efficacy, stability evaluation is especially 

crucial for modified-release products. Therefore, when the features of the product warrant it, 

appropriate performance attributes should be checked. [19] 

Another crucial factor to take into account when developing oral extended-release 

medications is in-vitro/in-vivo correlation, or IVIVC. IVIVC investigates the connection 

between an in-vitro property, like dissolution, and an in-vivo reaction, such medication 

absorption. A well-designed IVIVC can assist in determining whether variations in the in-

vitro dissolution profile are indicative of variations in in-vivo performance. The use of IVIVC 

in developing dissolution standards and, when properly verified, supporting particular bio 

equivalency assessments is also covered in the FDA advice. [7] 

Modified-release dosage forms' performance and quality may be impacted by modifications 

to the manufacturing process. Therefore, examination of dissolution and extra in-vivo 

documentation may be necessary when formulation components, manufacturing site, scale, 

equipment, or manufacturing process are altered. Post approval modifications to modified-

release solid oral dosage forms, including as modifications to components or composition, 

manufacturing site, production scale, manufacturing process, or equipment, are particularly 
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covered by the FDA's SUPAC-MR regulation. [3] 

An essential technique for assessing oral modified-release dose formulations is dissolution 

testing. Under particular test settings, it aids in determining the pace and degree of drug 

release. The characteristics of the medication and dosage form, as well as the formulation's 

design, all affect how a formulation dissolves. Dissolution testing is therefore helpful for 

understanding drug-release behaviour and for formulation development. Dissolution profiles 

for modified release medications can be used to determine if the formulation offers the desired 

drug-release pattern.[20] 

 

Critical Quality Evaluation Parameters 

Table:2.1 [3][5][18][19] 

Quality

 Evaluati

on Parameter 

What is Evaluated Importance 

Appearance Colour, shape, coating and physical 

defects 

guaranties regularity and 

physical qualities 

Identification The active pharmaceutical ingredient's 

(API) identity 

Verifies the proper drug 

substance. 

Assay/Drug Content Quantity of API in the dose form ensures the right dosage of 

medication 

Content Uniformity Uniformity of API units among each 

unique API 

guaranties the delivery of a 

constant dosage 

Weight Variation Weight variation between dose units shows uniformity in 

manufacturing 

Hardness/ 

Mechanical Strength 

The resilience of tablets

 against mechanical stress 

Maintains dosage-form 

integrity 

Friability Tablets' propensity to lose material when 

handled 

assesses abrasion 

resistance 

Disintegration Dosage-form breakdown duration and 

severity 

evaluates physical 

performance  as 

appropriate 

Dissolution/

 Dru

g-Release Profile 

quantity of medication delivered

 at various times 

Essential for items with 

modified releases 

Release Kinetics Pattern of drug release pattern of time 

with drug release time 

Release Mechanism 

Stability Changes in drug content, physicochemical 

characteristics and release profile during 

storage 

Makes certain that shelf 

quality throughout 

 

Clinical Performance of Modified-Release Medicines: 

The efficacy, safety, biopharmaceutical characteristics, and pharmacokinetic behaviour of 

modified-release (MR) medications are assessed in order to assess their clinical performance. 
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Determining if the formulation offers the promised therapeutic performance in humans is the 

goal of the clinical evaluation. 

A well-defined clinical goal, such as enhancing patient compliance, lowering dosage 

frequency, preserving therapeutic drug concentrations, or enhancing the safety profile, should 

guide the creation of an MR formulation. Therefore, when developing a formulation, the 

intended clinical performance is taken into account. [4] 

A crucial component of clinical performance evaluation is pharmacokinetic analysis. 

Systemic drug exposure can be described using parameters such area under the 

concentration–time curve (AUC), maximum plasma concentration (Cmax), and time to 

maximum plasma concentration (Tmax). [21] 

Because the rate of drug release and absorption is altered for MR products, the plasma 

concentration–time profile may be different from that of an immediate-release formulation. 

Pharmacokinetic characterisation is therefore crucial for assessing an MR formulation's 

effectiveness. The pace and degree of medication absorption into the systemic circulation are 

described by bioavailability (BA) investigations. Pharmacokinetic measurements can help 

assess the formulation's performance and provide information about systemic exposure for 

oral MR products. [21] 

When comparing an MR product to a reference product, bioequivalency (BE) evaluation is 

crucial. The formulation, reference product, dosage, and pharmacokinetic properties of the 

goods under comparison all influence the best study design. [4] 

Because the dose form passes through various parts of the gastrointestinal system, 

gastrointestinal transit can affect how well oral MR formulations work. Therefore, the 

resulting pharmacokinetic profile may be influenced by the interaction between drug release, 

gastrointestinal transit, and drug absorption. For multiple-unit MR systems like pellets, beads, 

and granules, this factor is very important. The predictability and repeatability of drug 

absorption may be impacted by their gastrointestinal behaviour. [22] 

To determine if variations in pharmacokinetic profiles are clinically significant, exposure-

response relationships can be employed. PK/PD data and clinical pharmacology can help 

evaluate MR products throughout development and regulatory review. 

Exposure-response data can be used to assess the clinical significance of a pharmacokinetic 

profile difference between an MR agent and its reference product. In many cases, sufficient 

PK/PD characterisation may support regulatory choices without necessitating more extensive 

clinical research. [23] 

When evaluating MR products, clinical efficacy and safety are crucial factors. The efficacy, 
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safety, biopharmaceutical qualities, and pharmacokinetic features of MR formulations are all 

specifically covered by the EMA guideline. [4] 

An in-vitro/in-vivo correlation (IVIVC) can be used to examine the connection between the 

in-vitro dissolution profile and in-vivo performance. Because dissolution and drug absorption 

may be connected, IVIVC is especially pertinent to oral extended-release medicines. The 

formulation of dissolution standards for extended-release drugs may be supported by an 

appropriately designed IVIVC, which can be used to assess the predictability of an in-vitro 

dissolution test. IVIVC may also be used in formulation development and regulatory 

evaluation. When the correlation is properly created and confirmed, it may be used as a stand-

in for certain in-vivo bioequivalency tests, according to FDA guidance. [7] 

 

Safety and Limitations of Modified-Release Medicines 

Doses Dumping  

Modified-release dose forms are made to release the medication at a predetermined time or at a 

regulated rate. When all or a sizable portion of the medication in a modified-release dosage 

form is released quickly during a brief period of time rather than in accordance with the 

intended profile, this is known as "dose dumping." 

Because fast release might increase the amount of medication available for absorption in a 

little length of time, dose dumping is a significant safety risk. Depending on the drug's 

properties, this could result in unexpectedly high systemic exposure and raise the risk of side 

effects. 

For modified-release products that contain medications for which a sudden rise in exposure 

could have detrimental effects, the danger of dose dumping is especially significant. Therefore, 

when developing and assessing sensitive MR formulations, the possibility of dose dumping is 

taken into account. 

Alcohol-induced dose dumping and food-induced dose dumping are two significant types of 

dosage dumping documented in the literature. Both have the ability to alter vulnerable MR 

formulations' release behaviour. [24] 

 

Dose Dumping Caused by Alcohol 

One particular issue with several oral controlled-release formulations is alcohol-induced 

dosage dumping. In vulnerable formulations, alcohol can change the mechanism that 

regulates medication release, potentially leading to uncontrolled and instantaneous drug 

release. Drugs having a limited therapeutic range and controlled-release opioid formulations 
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have drawn special attention to this problem. An unwanted rise in drug exposure could result 

from a quick increase in medication release. 

Physicochemical and formulation parameters, such as the characteristics of the active 

pharmaceutical ingredient, excipients, polymer system, and final dose form, determine a 

formulation's sensitivity to alcohol. A formulation's reaction to alcohol can be influenced by its 

solubility, wettability, swellability, mechanical characteristics, hardness, and swelling 

behaviour. [25] 

Therefore, creating controlled-release formulations that are resistant to alcohol is a significant 

formulation issue. To lessen the likelihood of alcohol-induced changes in drug release, various 

technologies, such as appropriate matrix and coated systems, can be researched. [25] 

 

Food-Induced Effects 

Because oral MR products are subjected to varying physiological circumstances throughout 

the gastrointestinal tract, food might affect how modified-release dose forms behave. Food 

can change the state of the gastrointestinal tract, which can impact the release and absorption of 

drugs. 

As a result, one of the possible safety issues with sensitive modified-release solid oral dosage 

forms is food-induced dose dumping. Rather from being a feature shared by all MR products, 

the effect is dependent on the substance and the formulation. 

Therefore, when assessing an MR formulation's efficacy, the possible impact of food should be 

taken into account. When applicable, suitable research can be utilized to ascertain whether 

food modifies the product's pharmacokinetic behaviour or release. [24] 

 

Transit Through the Digestive System 

Oral modified-release dose forms release medication as they pass through the digestive 

system. They come into contact with many gastrointestinal environments during this process, 

which can lead to complex and diverse in-vivo behaviour. Because the amount of time a dosage 

form spends in various gastrointestinal regions influences both its exposure to local 

physiological circumstances and its potential for drug release and absorption, gastrointestinal 

transit can have an impact on the efficacy of MR dosage forms. 

For multiple-unit MR systems like pellets, beads, and granules, this unpredictability is 

especially important. Gastrointestinal transit is still very unpredictable and can affect these 

systems' bioperformance, despite the fact that they are frequently thought to be more 

predictable than single-unit systems. 
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Variability in drug absorption can therefore be attributed to variations in gastric transit. When 

creating MR solutions meant to deliver consistent medication exposure over a long duration, 

this is a significant constraint. [22] 

 

 Absorption Window and Drug Absorption 

When evaluating a drug's eligibility for oral modified-release delivery, its absorption 

properties are crucial. Because intestinal metabolism, luminal conditions, and permeability 

vary throughout the gastrointestinal system, MR formulations can release medication in 

various areas. 

The gastrointestinal system exhibits significant regional variations in gut-wall metabolism, 

luminal pH and contents, and permeability. As a result, the site of drug release from an MR 

formulation may affect the absorption that follows. 

When applying biopharmaceutical principles to oral MR formulations, these features must be 

taken into account. Long-term or site-specific release may be more difficult for a medication 

whose absorption is highly dependent on a specific area of the gastrointestinal tract. [26] 

 

Modification of Dosage-Form 

The release-controlling structure of various MR dosage forms may be impacted by improper 

manipulation, which is another drawback. The mechanism in charge of regulated drug release 

may be disrupted by crushing or otherwise changing a formulation. 

When a patient has trouble swallowing or when an enteral feeding tube is required to provide 

medication, this is very crucial. Therefore, rather than being assumed for all MR medications, 

the appropriateness of crushing or dispersing a specific dose form should be ascertained from 

product-specific information. 

An acceptable alternate dose form may be needed when a modified-release formulation 

should not be crushed or otherwise altered. Because of this, one significant practical 

constraint of several MR products is administration issues. [27] 

  

Complexity of Formulation 

Because regulating the drug's release from the dosage form is essential to their therapeutic 

efficacy, MR products can be technically challenging. The final drug-release profile can be 

affected by variations in formulation composition and release mechanisms. 

This intricacy makes it difficult to prove that several MR formulations offer comparable 

treatment outcomes. When assessing modified-release products, the correlation between in-

vitro drug release and in-vivo performance may be significant. As a result, rather than 
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depending on a single quality metric, the assessment of MR products may need to take 

dissolving behaviour, pharmacokinetic performance, and bioequivalence into account. [28] 

 

Drug Release and Performance Variability 

Maintaining an MR product's intended release characteristics is essential to its intended 

performance. Disparities between the anticipated and observed release behaviour may result 

from factors influencing the dose form or its gastrointestinal environment. [24] 

One aspect that may affect the in-vivo performance of oral MR systems is variation in 

gastrointestinal transit. For formulations whose effectiveness is dependent on the location and 

length of residency within the gastrointestinal tract, the effect can be more significant. [22] 

As a result, the physiological conditions that an MR formulation will experience upon 

administration should be taken into account throughout its design and evaluation. To achieve 

consistent medication release and absorption, formulation robustness is crucial. [22,25] 

 

Drug-Specific Restrictions 

Oral MR administration is not always appropriate for all medications. Drug absorption, 

permeability, solubility, and the gastrointestinal area where absorption takes place must all be 

taken into account when applying biopharmaceutic principles to MR products. One important 

factor to take into account is that MR products might transport medication across the 

gastrointestinal tract, where physiological features and permeability differ from the stomach 

to the colon. As a result, when designing a formulation, the drug's characteristics and 

absorption behaviour must be taken into account. [26] 

This implies that increased systemic availability is not always a result of prolonging drug 

release. The drug's absorption properties and the physiological milieu that the dose form 

encounters must be compatible with the release profile. [26] 

 

Limitations Associated with Manufacturing and Quality 

Because variations in formulation or manufacturing features may impact the drug-release 

behaviour of modified-release products, proper pharmaceutical development and quality 

assessment are necessary. Therefore, a key component of developing MR products is 

establishing suitable scientific and regulatory requirements. 

Because MR products may differ in their formulation and release properties, establishing 

therapeutic equivalency might be difficult. Therefore, evaluation must take into account the 

possibility that observed variations might affect medication exposure and treatment 

effectiveness. 
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Pharmaceutical quality evaluation should take into account the features that are pertinent to 

drug release and clinical performance due to the complexity of MR products. This 

demonstrates that when developing and comparing MR formulations, proper dissolving and 

pharmacokinetic evaluation are essential. [28] 

  

Limitations Associated with Patients 

Maintaining the intended effectiveness of MR medications requires proper administration. 

When it comes to swallowing, crushing, chewing, or other dosage-form modification 

techniques, patients might require particular instructions. 

When the formulation's release properties rely on an intact dosage-form structure, 

administration mistakes may be especially significant. Therefore, two crucial elements of safe 

MR medication usage are patient counselling and explicit product-specific administration 

instructions. [27] 

 

General Safety and Restrictions 

dosage dumping, alcohol-induced dosage dumping, food-related side effects, and 

gastrointestinal transit unpredictability are the main safety issues with MR medications. The 

planned release and absorption behaviour of susceptible formulations may be altered by these 

circumstances. [22-24] 

The dependency of medication performance on gastrointestinal physiology, drug-specific 

absorption properties, and the difficulty of creating uniform release and therapeutic 

performance are significant formulation restrictions. [22, 26, 28] 

Therefore, limiting variability and guaranteeing that an MR product operates in accordance 

with its intended design need appropriate formulation development, dissolution evaluation, 

pharmacokinetic assessment, and management of administration settings. [28] 

In general, MR medications offer significant benefits in managing drug distribution; 

nonetheless, their effectiveness is contingent upon a complex interplay of formulation design, 

drug characteristics, gastrointestinal physiology, and administration settings. It is crucial to 

comprehend these constraints in order to create modified-release products that are reliable 

and secure. [24-28] 

 

Regulatory Considerations 

Development of Pharmaceuticals 

The scientific foundation for creating an MR dosage form is provided by pharmaceutical 

development. Pharmaceutical development is defined by ICH Q8(R2) as a methodical strategy 
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to comprehending the product and manufacturing process and determining the connection 

between formulation factors, process variables, and product quality. The formulation of an MR 

product should be created with an awareness of the variables influencing drug release. The 

physical structure of the dosage form, drug characteristics, manufacturing circumstances, and 

excipient qualities and concentrations are some examples of these variables. 

During pharmaceutical development, ICH Q8(R2) encourages the application of scientific 

knowledge and quality risk management. This method can enhance comprehension of the 

connection between important quality characteristics, process parameters, and material 

properties. [29] 

 

Requirements and Acceptance Standards 

According to ICH Q6A, a specification is a set of tests, analytical techniques, and suitable 

acceptance standards that a drug substance or drug product must fulfill. A key element of the 

total control method utilized to guaranty the consistency and quality of pharmaceuticals is 

specifications. Appropriate pharmacological development and characterization data should 

serve as the foundation for MR product specifications. The chosen tests should be supported 

by science and concentrate on features that are helpful for guaranteeing the product's quality. 

ICH Q6A highlights that there are other ways to guaranty quality than specs. Consistent 

product quality is further influenced by raw-material controls, manufacturing controls, process 

validation, stability testing, in-process testing, and product characterisation. 

The specification system should thus be viewed as a component of a more comprehensive 

pharmaceutical quality-control approach for MR dosage forms. This is significant because 

manufacturing and formulation factors that could not be sufficiently controlled by a single test 

can have an impact on drug-release behaviour. [5] 

 

Correlation Between In Vitro and In Vivo 

An essential regulatory idea for extended-release dose forms is in vitro–in vivo correlation, or 

IVIVC. IVIVC aims to establish a connection between an in-vivo reaction associated with 

drug concentration or exposure and an in-vitro feature, often the rate or amount of drug release. 

The FDA's guidance on extended-release oral dose forms offers suggestions for creating and 

assessing IVIVC and talks about how it may be used to determine dissolving requirements.[7] 

 

Pharmacokinetic Assessment 

Since altering drug release is meant to affect the concentration–time profile, pharmacokinetic 

evaluation is a crucial component of the regulatory review of MR medications. Thus, 
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information on the rate and degree of systemic exposure may be obtained from 

pharmacokinetic studies. 

Studies necessary to examine the pharmacokinetic characteristics of modified-release 

formulations are explicitly outlined in the EMA recommendation. The features and state of 

development of the specific MR product are taken into consideration while designing and 

evaluating these investigations. [4] Comparing metrics that describe systemic exposure and 

concentration-time behaviour may be part of pharmacokinetic assessment. The formulation 

and the regulatory question being addressed determine the proper parameters and research 

design. 

When assessing formulation or production modifications, pharmacokinetic data may also be 

crucial. Comparative data may be needed to show that a change that might affect the product's 

release characteristics does not result in an undesirable change in the product's performance. 

[4] 

 

Modified-Release Products' Bioequivalency 

When developing a generic MR product or when comparison with a reference product is 

necessary, bioequivalency is a crucial regulatory factor. Establishing that the test product 

offers equivalent systemic exposure to the relevant reference product is the goal. 

The EMA guideline offers suggestions for the bioequivalency and pharmacokinetic analysis 

of delayed-release and prolonged-release dose forms. The particular strategy is determined by 

the formulation type and the regulatory environment. Because variations in formulation design 

may result in variations in drug release and systemic exposure, bioequivalency demonstration 

is especially crucial for generic MR products. Therefore, whether the test product performs 

similarly to the reference product is taken into account during regulatory examination. [4] 

 

Guidelines for Administration 

Because changing the dose form might change the release properties of MR medications, 

proper administration instructions are especially crucial. Therefore, conditions in which the 

dosage form should be administered are taken into account in regulatory 

evaluation. Appropriate directions should be given where a dose form should not be eaten, 

crushed, or otherwise altered. These limitations are crucial when preserving the dosage form's 

physical structure is required for its planned release behaviour. 

Conditions of administration and circumstances concerning the transition between 

immediate-release and modified-release formulations are also taken into account by the EMA 

http://www.ijarp.com/


 

                                                                                 International Journal Advanced Research Publication 

www.ijarp.com                                                                                                                                                                                                                    

20 

 

guideline. Because distinct release patterns may result in distinct pharmacokinetic behaviour, 

these factors are crucial. [4] 

 

 Unique Populations 

The usage of MR formulations in certain populations may also be taken into account during 

regulatory examination. Elderly patients, children, and patients with renal or hepatic 

impairment are among the populations for which the EMA guideline identifies 

considerations. The clinical use of an MR formulation may be impacted by physiological 

variations or organ dysfunction, which might affect drug exposure. The qualities of the active 

ingredient and the formulation determine whether certain information is required. 

Therefore, the suggested usage of an MR product in pertinent patient categories should be 

supported by appropriate pharmacokinetic and clinical data. The product and the target 

patient population are taken into consideration while determining regulatory requirements. [4] 

 

Risk Management for Quality 

A methodical strategy to detecting, assessing, regulating, communicating, and analyzing 

threats to pharmaceutical quality is offered by quality risk management. According to ICH 

Q9(R1), excellent risk management need to be grounded on scientific understanding and 

ultimately connected to patient safety. When developing and manufacturing MR medications, 

quality risk management may be utilized to find variables that could affect drug-release 

behaviour and other important quality characteristics. Documentation and effort should be 

commensurate with the degree of risk. 

ICH Q9(R1) outlines a number of risk-management instruments that regulators and 

pharmaceutical producers may employ. These consist of Hazard Analysis and Critical Control 

Points (HACCP), Hazard Operability Analysis (HAZOP), Failure Mode and Effects Analysis 

(FMEA), Fault Tree Analysis (FTA), and Preliminary Hazard Analysis (PHA). Quality risk 

management is not meant to be a one-time event. According to ICH Q9(R1), risk 

management should be reassessed whenever new information or 

experience becomes available and when pertinent information is provided by events like 

inspections, audits, change control, investigations, or recalls. [30] 

 

Modifications After Approval 

Modifications to an authorized MR product may affect the production method, manufacturing 

site, manufacturing equipment, or formulation composition. These modifications need to be 

properly evaluated as they might impact the product's in-vivo performance and release 

http://www.ijarp.com/


 

                                                                                 International Journal Advanced Research Publication 

www.ijarp.com                                                                                                                                                                                                                    

21 

 

characteristics. 

The FDA's IVIVC guideline expressly addresses the potential application of IVIVC in the 

assessment of certain pre-approval and post-approval modifications. These include 

modifications to the manufacturing location, equipment, method, and formulation. [7] 

 

Regulations Concerning Generic MR Drugs 

Pharmacokinetic and clinical assessment of generic modified-release medicines are 

particularly covered by the EMA guideline. Depending on whether the product is 

delayed- release, prolonged-release, or another kind of modified-release formulation, 

different standards apply. Consequently, a generic MR product should be assessed using a 

method suitable for its reference product and release mechanism. Establishing that variations 

in formulation design do not lead to intolerable variations in product performance or systemic 

exposure is the regulatory goal. [4] 

 

Future Perspectives 

A comprehensive knowledge of the interaction between formulation composition, 

manufacturing procedures, product quality, and desired performance is anticipated to become 

more important in the development of modified-release medications in the future. In order to 

continuously achieve the desired product performance, ICH Q8(R2) highlights that 

pharmaceutical development should produce scientific information that supports the design of 

a high-quality product and its production process. 

The wider implementation of Quality by Design (QbD) concepts in the creation of modified-

release formulations is a significant future trend. Using scientific methods, past knowledge, 

risk management, and relevant experimental investigations, QbD entails gaining a deeper 

comprehension of the product and production process. This information may be used to 

pinpoint crucial formulation and process elements that affect the performance and quality of 

the final product. As a result, future formulation development might shift from mostly 

empirical optimization to more methodical development based on knowledge of the product 

and process. A systematic method may incorporate previous knowledge, experiment design, 

quality risk management, and knowledge management, according to ICH Q8(R2). These 

methods can aid in the creation of reliable production procedures and formulas. [29] 

Improving knowledge of drug-release behaviour and how it relates to in-vivo performance is 

another crucial issue for the future. The FDA defines in-vitro/in-vivo correlation (IVIVC) for 

extended-release oral dosage forms as a connection between an in-vitro feature, like drug 
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disintegration, and an in-vivo reaction. Pharmaceutical scientists may be able to anticipate 

some characteristics of in-vivo performance from in-vitro data if these correlations are better 

used. [7] 

IVIVC could play a significant part in the creation and assessment of extended-release 

products in the future. The FDA advisory addresses IVIVC's possible application in defining 

dissolution parameters and outlines procedures for creating and assessing its predictability. 

The relationship between formulation development, dissolution testing, and clinical 

pharmacokinetic performance may thus be strengthened by improved knowledge and use of 

IVIVC. 

Dissolution testing will be crucial for modified-release medications in the future. Dissolution 

testing can be used in product development and quality control to offer information regarding 

the drug's release from a dosage form. Appropriate dissolving data can help develop 

dissolution requirements and assess product performance for extended-release products. 

Increased usage of dissolution standards supported by science may likewise be part of future 

development. An correctly established IVIVC may help create dissolving parameters for 

an extended-release medication, according to FDA guidelines. This may improve the 

correlation between predicted in-vivo performance and routine in-vitro quality testing. [7] 

Applying pharmaceutical development expertise across the product lifetime is another crucial 

future viewpoint. Pharmaceutical development knowledge can be updated when new 

information is discovered during a product's lifespan, according to ICH Q8(R2). After the 

first stage of creation, this method facilitates ongoing comprehension of the product and 

production process. 

More suitable regulatory methods may also be supported by the use of a deeper scientific 

understanding of formulation and manufacturing processes. According to ICH Q8(R2), a 

deeper comprehension of the product and manufacturing process can serve as a foundation 

for adaptable regulatory strategies, the extent of which will rely on the pertinent scientific 

information included in the regulatory submission. [29] 

When assessing specific modifications to extended-release drugs, IVIVC may also become 

more helpful. Applications of IVIVC in connection to bioequivalency during original 

approval and specific pre-approval or post-approval modifications, such as modifications 

pertaining to formulation, equipment, manufacturing process, and manufacturing location, are 

described in the FDA guideline. [7] 

As a result, tight integration of formulation design, manufacturing knowledge, dissolution 

testing, pharmacokinetic assessment, and regulatory science will be necessary for future 

http://www.ijarp.com/


 

                                                                                 International Journal Advanced Research Publication 

www.ijarp.com                                                                                                                                                                                                                    

23 

 

modified-release development. While FDA guidance offers particular concerns for IVIVC 

and extended-release oral dosage forms, ICH Q8(R2) offers the pharmaceutical-development 

framework for developing scientific knowledge of the product and process. [7,29] 

In general, the development of formulations with predictable performance and the 

establishment of scientifically validated connections between formulation properties, in-vitro 

release, manufacturing procedures, and in-vivo behaviour will be critical to the future of 

modified-release medications. Increased scientific knowledge can help ensure consistent 

product quality and make it easier for sophisticated modified-release goods to be developed 

and evaluated by regulators. [7,29] 

 

CONCLUSION 

Modified-release medications are crucial drug delivery systems that regulate the pace, 

duration, and even the location of drug release. Compared to traditional immediate-release 

formulations, they can increase patient convenience, decrease the frequency of doses, and 

improve drug exposure. 

Clinical performance, pharmaceutical quality, and formulation design must all be integrated 

for development to be successful. Achieving a predictable release profile requires careful 

selection of polymers, excipients, release mechanisms, and production techniques. Consistent 

product performance is ensured by quality evaluation using dissolution tests, assay, content 

uniformity, stability, and other crucial quality criteria. 

To ensure that the anticipated release characteristics offer suitable therapeutic performance, 

clinical and pharmacokinetic study is required. Throughout development and product 

lifecycle management, safety, constraints, patient-related considerations, and legal 

requirements must also be taken into account. 

It is anticipated that future developments will enhance formulation comprehension, drug 

release control, in-vivo performance prediction, and the use of cutting-edge pharmaceutical 

technology. All things considered, creating efficient, dependable, and therapeutically 

beneficial modified-release medications requires the combination of formulation science, 

pharmaceutical quality, safety, regulatory requirements, and clinical performance. 
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