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 Abstract 

Hypertension is a chronic cardiovascular disorder that requires long-term and consistent pharmacotherapy to 

prevent serious complications such as stroke, myocardial infarction, heart failure, and renal damage. Conventional 

immediate-release antihypertensive dosage forms often require multiple daily administrations, resulting in fluctuating 

plasma drug concentrations, increased incidence of dose-related adverse effects, and poor patient compliance. Sustained 

release (SR) tablets have emerged as an effective strategy to overcome these limitations by providing controlled and 

prolonged drug delivery over an extended period. 

Sustained release tablets are designed to maintain therapeutic plasma drug levels, minimize peak–trough 

fluctuations, and reduce dosing frequency, thereby improving patient adherence and overall therapeutic efficacy. 

Antihypertensive drugs are particularly suitable for sustained release systems due to the chronic nature of hypertension and 

the need for continuous blood pressure control. Several classes of antihypertensive agents, including beta-blockers, calcium 

channel blockers, angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, and centrally acting agents, 

have been successfully formulated into sustained release dosage forms. 

This review provides a comprehensive overview of sustained release tablets of antihypertensive drugs, 

highlighting the rationale for sustained drug delivery, ideal drug candidates, formulation approaches, polymers used, 

mechanisms of drug release, evaluation parameters, and kinetic modeling. The advantages, limitations, recent advances, 

and future prospects of sustained release antihypertensive formulations are also discussed. Sustained release tablet 

technology represents a significant advancement in the management of hypertension by improving patient compliance, 

enhancing therapeutic outcomes, and reducing cardiovascular risk. 

Keywords: Sustained release tablets, antihypertensive drugs, controlled drug delivery, matrix systems, hypertension, 

polymers. 

1. Introduction  

Hypertension is one of the most prevalent chronic 

cardiovascular disorders worldwide and remains a leading 

risk factor for morbidity and mortality associated with 

stroke, myocardial infarction, heart failure, and renal 

complications. According to global health estimates, a 

substantial proportion of the adult population suffers from 

elevated blood pressure, with a significant number requiring 

lifelong pharmacotherapy. Effective control of hypertension 

often demands continuous and consistent drug levels in 

systemic circulation to maintain blood pressure within the 

therapeutic range and to prevent acute fluctuations that may 

lead to adverse cardiovascular events [1]. 

Conventional immediate-release antihypertensive 

dosage forms generally require multiple daily 

administrations due to their short biological half-lives. Such 

frequent dosing regimens are associated with poor patient 

compliance, especially in elderly patients who commonly 

suffer from polypharmacy. Non-adherence to 

antihypertensive therapy is a major clinical challenge and is 

strongly linked with suboptimal blood pressure control and 

increased cardiovascular risk. In this context, sustained 

release (SR) tablet formulations have emerged as a rational 

and patient-centric approach to improve therapeutic 

outcomes in the long-term management of hypertension [2]. 

Sustained release tablets are designed to release 

the active pharmaceutical ingredient (API) gradually over 

an extended period of time, thereby maintaining relatively 

constant plasma drug concentrations and minimizing peak–

trough fluctuations. By prolonging drug release, SR 

formulations reduce dosing frequency, enhance patient 

convenience, and improve adherence to therapy. 

Additionally, sustained release systems can decrease dose-

related adverse effects that often occur due to high peak 
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plasma concentrations observed with immediate-release 

formulations. 

Antihypertensive drugs represent a particularly 

suitable class for sustained release formulation because 

hypertension is a chronic condition requiring long-term 

treatment and steady drug exposure. Several classes of 

antihypertensive agents—including β-blockers (e.g., 

atenolol, metoprolol), calcium channel blockers (e.g., 

nifedipine, verapamil), angiotensin-converting enzyme 

(ACE) inhibitors (e.g., enalapril, captopril), angiotensin 

receptor blockers (e.g., valsartan, losartan), and centrally 

acting agents—have been successfully formulated into 

sustained release dosage forms. These drugs often possess 

pharmacokinetic properties such as moderate half-life, good 

oral bioavailability, and wide therapeutic index, which 

make them suitable candidates for controlled drug delivery 

systems [3]. 

From a pharmacokinetic and pharmacodynamic 

perspective, sustained release antihypertensive formulations 

offer several advantages. Maintenance of steady plasma 

drug levels helps achieve consistent blood pressure control 

throughout the dosing interval, including early morning 

hours when the risk of cardiovascular events is highest due 

to circadian variations in blood pressure. Furthermore, 

sustained release formulations may reduce variability in 

drug absorption and improve overall therapeutic efficacy by 

optimizing drug exposure at the site of action [4]. 

Technological advancements in pharmaceutical 

formulation science have significantly contributed to the 

development of sustained release tablets. Modern SR 

systems utilize various approaches such as matrix systems 

(hydrophilic, hydrophobic, or lipid matrices), reservoir 

systems, osmotic pump tablets, and polymer-coated 

multiparticulates. Hydrophilic matrix systems, particularly 

those based on polymers such as hydroxypropyl 

methylcellulose (HPMC), are widely used due to their 

simplicity, cost-effectiveness, and robust release control. 

These systems swell upon contact with gastrointestinal 

fluids, forming a gel barrier that regulates drug diffusion 

and erosion-controlled release [5]. 

In addition to improving patient compliance, 

sustained release antihypertensive tablets can also enhance 

safety profiles. By avoiding rapid drug release and high 

peak concentrations, SR formulations may reduce adverse 

effects such as hypotension, dizziness, headache, and reflex 

tachycardia. This is especially beneficial for drugs like 

nifedipine and other vasodilators, where rapid onset of 

action can produce undesirable cardiovascular effects [6]. 

Despite their advantages, the development of 

sustained release tablets for antihypertensive drugs presents 

several formulation and biopharmaceutical challenges. 

Variability in gastrointestinal transit time, food effects, drug 

solubility, and polymer–drug interactions can influence 

release behavior and bioavailability. Therefore, careful 

selection of polymers, excipients, and manufacturing 

processes is essential to achieve reproducible and 

predictable drug release profiles. Moreover, in vitro–in vivo 

correlation (IVIVC) plays a crucial role in ensuring 

consistent therapeutic performance of sustained release 

antihypertensive formulations [7].  

In recent years, increased emphasis has been 

placed on quality by design (QbD) and regulatory 

compliance in the development of sustained release tablets. 

Regulatory authorities require comprehensive 

characterization of release kinetics, stability, and 

bioequivalence with reference products. Advances in 

dissolution testing, mathematical modeling of drug release, 

and pharmacokinetic evaluation have further strengthened 

the scientific basis for sustained release antihypertensive 

drug delivery systems [8].  

In conclusion, sustained release tablets of 

antihypertensive drugs represent a significant advancement 

in the pharmaceutical management of hypertension. By 

improving patient adherence, enhancing therapeutic 

efficacy, and reducing adverse effects, these formulations 

play a vital role in long-term blood pressure control. 

Continued research and innovation in sustained release 

technologies are expected to further optimize 

antihypertensive therapy and contribute to improved 

cardiovascular health outcomes [9]. 

 

2. Rationale for sustained release 

antihypertensive formulations 

Hypertension is a chronic and progressive 

cardiovascular disorder that requires long-term, often 

lifelong, pharmacological management to prevent serious 

complications such as stroke, myocardial infarction, and 

renal failure. Effective antihypertensive therapy depends on 

maintaining optimal and consistent blood pressure control 

over a 24-hour period. Conventional immediate-release 

formulations frequently fail to achieve this goal due to their 

short duration of action, resulting in wide fluctuations in 

plasma drug concentrations [10]. 

Immediate-release antihypertensive tablets 

typically produce rapid drug absorption followed by a sharp 

decline in plasma levels below the therapeutic range, 

necessitating multiple daily doses. Such dosing regimens 

are associated with poor patient compliance, particularly in 

elderly patients and those receiving polypharmacy. Non-

adherence to antihypertensive therapy is a major cause of 

treatment failure and is strongly linked to uncontrolled 

blood pressure and increased cardiovascular risk [11]. 
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Sustained release (SR) antihypertensive 

formulations are designed to deliver the drug at a 

predetermined rate for an extended period, thereby 

maintaining steady plasma drug concentrations and 

minimizing peak–trough variations. This controlled drug 

delivery helps reduce dose-related adverse effects such as 

hypotension, dizziness, headache, and reflex tachycardia, 

which are commonly observed with high peak plasma 

levels of immediate-release dosage forms [12]. 

Another important rationale for sustained release 

antihypertensive tablets is the presence of circadian 

variation in blood pressure. Blood pressure tends to rise 

sharply in the early morning hours, a phenomenon 

associated with an increased risk of cardiovascular events. 

Sustained release formulations ensure continuous drug 

availability during this critical period, providing improved 

protection against morning surges in blood pressure [13]. 

From a therapeutic standpoint, sustained release 

systems enhance patient convenience by reducing dosing 

frequency, often allowing once-daily administration. 

Improved dosing convenience significantly enhances 

patient adherence, leading to better long-term blood 

pressure control and improved clinical outcomes. 

Additionally, sustained release formulations can improve 

the safety profile of antihypertensive drugs by preventing 

abrupt changes in blood pressure [14]. 

In summary, the rationale for developing sustained release 

antihypertensive formulations lies in their ability to provide 

prolonged and consistent drug delivery, improve patient 

compliance, reduce adverse effects, and achieve effective 

24-hour blood pressure control. These advantages make 

sustained release tablets a valuable and clinically relevant 

approach in the long-term management of hypertension 

[15]. 

 

3. Ideal drug candidates for sustained release 

systems 

The selection of a suitable drug candidate is a 

critical factor in the successful development of sustained 

release (SR) dosage forms. Not all drugs are appropriate for 

sustained release delivery, as the physicochemical, 

biopharmaceutical, and pharmacokinetic properties of the 

drug strongly influence its release behavior and therapeutic 

performance. Antihypertensive drugs often fulfill many of 

the criteria required for sustained release formulations due 

to their chronic use and need for prolonged therapeutic 

action [16]. 

An ideal drug candidate for a sustained release 

system should possess a short to moderate biological half-

life, typically ranging from 2 to 8 hours. Drugs with very 

short half-lives require frequent dosing in immediate-

release form and can greatly benefit from sustained release 

formulations, while drugs with very long half-lives 

generally do not require release modification. 

The drug should exhibit good oral bioavailability and be 

stable in the gastrointestinal environment. Drugs that 

undergo extensive degradation in the stomach or intestine 

may not be suitable unless protective formulation strategies 

are employed. Additionally, sustained release formulations 

are most effective when the drug is well absorbed 

throughout the gastrointestinal tract [17]. 

Dose size is another important consideration. 

Ideally, the total daily dose of the drug should be relatively 

low, usually less than 500 mg, to ensure patient 

acceptability and to allow incorporation into a sustained 

release matrix without excessive tablet size. Drugs with a 

wide therapeutic index are preferred, as minor variations in 

drug release are less likely to cause toxicity or 

subtherapeutic effects [18]. 

The drug should follow linear pharmacokinetics, 

meaning that plasma drug concentrations increase 

proportionally with dose. Drugs exhibiting non-linear 

pharmacokinetics may show unpredictable behavior when 

formulated as sustained release systems. Furthermore, the 

drug should not require rapid onset of action, as sustained 

release formulations are designed for maintenance therapy 

rather than immediate therapeutic effect [19]. 

From a physicochemical perspective, the drug 

should have moderate aqueous solubility. Highly water-

soluble drugs may release too rapidly, while poorly soluble 

drugs may exhibit incomplete release. However, 

formulation strategies such as polymer selection and matrix 

modification can be used to overcome these challenges 

[20]. 

In the context of antihypertensive therapy, many 

drugs such as beta-blockers (e.g., atenolol, metoprolol), 

calcium channel blockers (e.g., nifedipine, verapamil), 

angiotensin-converting enzyme inhibitors (e.g., enalapril), 

and angiotensin receptor blockers (e.g., valsartan) 

demonstrate suitable pharmacokinetic and physicochemical 

characteristics, making them ideal candidates for sustained 

release systems [21]. 

In conclusion, ideal drug candidates for sustained 

release systems should possess appropriate half-life, good 

oral bioavailability, suitable dose size, wide therapeutic 

index, and predictable pharmacokinetic behavior. Careful 

evaluation of these properties ensures the development of 

effective and safe sustained release antihypertensive 

formulations [22]. 
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4. Antihypertensive drug classes used in 

sustained release tablets 

Antihypertensive drugs belong to several 

pharmacological classes that act through different 

mechanisms to lower blood pressure. Many of these drugs 

are suitable candidates for sustained release (SR) tablet 

formulations because hypertension requires long-term 

therapy and continuous blood pressure control. Sustained 

release formulations help maintain steady plasma drug 

levels, reduce dosing frequency, and minimize adverse 

effects associated with peak drug concentrations. The major 

classes of antihypertensive drugs commonly formulated as 

sustained release tablets are discussed below [23]. 

4.1 Beta-Adrenergic Blockers 

Beta-blockers reduce blood pressure by decreasing 

heart rate, cardiac output, and renin release from the 

kidneys. Drugs such as atenolol, metoprolol, propranolol, 

and carvedilol are frequently formulated as sustained 

release tablets. These drugs often have short to moderate 

half-lives and require multiple daily dosing in conventional 

formulations. Sustained release beta-blockers provide 

prolonged antihypertensive activity, improved patient 

compliance, and reduced cardiovascular fluctuations, 

making them particularly useful in chronic hypertension 

management [24]. 

4.2 Calcium Channel Blockers 

Calcium channel blockers (CCBs) inhibit calcium 

ion influx into vascular smooth muscle and cardiac cells, 

leading to vasodilation and reduced peripheral resistance. 

Nifedipine, verapamil, and diltiazem are commonly 

formulated as sustained release tablets. Immediate-release 

formulations of these drugs may cause rapid vasodilation, 

reflex tachycardia, and hypotension. Sustained release 

formulations ensure gradual drug release, minimizing these 

adverse effects while providing consistent blood pressure 

control over 24 hours [25]. 

4.3 Angiotensin-Converting Enzyme (ACE) Inhibitors 

ACE inhibitors lower blood pressure by inhibiting 

the conversion of angiotensin I to angiotensin II, resulting 

in vasodilation and reduced aldosterone secretion. Drugs 

such as enalapril, captopril, and lisinopril have been 

developed in sustained release forms to prolong their 

antihypertensive effect and reduce dosing frequency. 

Sustained release ACE inhibitors provide continuous 

suppression of the renin–angiotensin–aldosterone system, 

improving therapeutic efficacy and patient adherence [26]. 

4.4 Angiotensin Receptor Blockers (ARBs) 

ARBs selectively block angiotensin II receptors, 

thereby preventing vasoconstriction and aldosterone 

release. Common examples include valsartan, losartan, 

telmisartan, and irbesartan. Sustained release 

formulations of ARBs help maintain stable plasma 

concentrations, enhance 24-hour blood pressure control, 

and reduce the risk of early morning blood pressure surges, 

which are associated with increased cardiovascular events 

[26]. 

4.5 Diuretics 

Diuretics reduce blood pressure by promoting 

sodium and water excretion, thereby decreasing blood 

volume. Although many diuretics are effective in 

immediate-release form, drugs such as 

hydrochlorothiazide and indapamide have been explored 

in sustained release formulations to provide prolonged 

antihypertensive action and reduce electrolyte imbalance 

associated with high peak concentrations [27]. 

4.6 Centrally Acting Antihypertensive Drugs 

Centrally acting agents reduce sympathetic 

outflow from the central nervous system, leading to 

decreased peripheral vascular resistance. Clonidine and 

methyldopa are examples of centrally acting 

antihypertensive drugs that benefit from sustained release 

formulations. Controlled drug delivery helps reduce central 

nervous system side effects such as sedation and dizziness 

while ensuring steady blood pressure control [28]. 

4.7 Combination Antihypertensive Therapy 

Sustained release tablets are also developed for 

combination therapy, where two or more antihypertensive 

drugs are incorporated into a single dosage form. These 

combinations improve therapeutic efficacy, simplify dosing 

regimens, and enhance patient compliance. Sustained 

release combination tablets are particularly useful in 

patients with moderate to severe hypertension requiring 

multidrug therapy [29]. 

Multiple classes of antihypertensive drugs have 

been successfully formulated as sustained release tablets to 

enhance therapeutic effectiveness and patient adherence. By 

providing controlled and prolonged drug delivery, sustained 

release formulations play a crucial role in achieving 

consistent blood pressure control and improving long-term 

cardiovascular outcomes [30]. 

 

5. Formulation approaches for sustained 

release tablets 
Sustained release (SR) tablet formulations are 

designed to deliver antihypertensive drugs at a controlled 

rate over an extended period, thereby maintaining 

therapeutic plasma concentrations and improving patient 

compliance. The selection of an appropriate formulation 

approach depends on the physicochemical properties of the 

drug, desired release profile, and manufacturing feasibility. 

Several formulation strategies have been developed and 

successfully employed for sustained release tablets, as 

discussed below [31]. 
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5.1 Matrix Systems 

Matrix systems are the most widely used and 

simplest approach for developing sustained release tablets. 

In these systems, the drug is uniformly dispersed within a 

polymeric matrix that controls drug release. 

5.1.1 Hydrophilic Matrix Systems 

Hydrophilic matrix systems utilize swellable 

polymers such as hydroxypropyl methylcellulose 

(HPMC), hydroxypropyl cellulose (HPC), sodium 

alginate, xanthan gum, and carbopol. Upon contact with 

gastrointestinal fluids, these polymers hydrate and swell to 

form a gel layer around the tablet. Drug release occurs 

primarily through diffusion across the gel layer and gradual 

erosion of the matrix. Hydrophilic matrices are widely 

preferred due to their simplicity, cost-effectiveness, ease of 

manufacture, and ability to provide predictable drug release 

[32]. 

5.1.2 Hydrophobic Matrix Systems 

Hydrophobic matrix systems employ water-

insoluble polymers such as ethyl cellulose, polyvinyl 

acetate, and stearic acid. These polymers restrict the 

penetration of gastrointestinal fluids into the tablet matrix, 

thereby retarding drug release. Drug release from 

hydrophobic matrices occurs mainly through diffusion via 

pores or channels formed within the matrix. These systems 

are particularly useful for highly water-soluble drugs that 

require strong release retardation [33]. 

5.2 Reservoir Systems 

In reservoir systems, the drug core is surrounded 

by a rate-controlling polymer membrane. The polymer 

coating regulates drug release by controlling the diffusion 

of the drug from the core into the surrounding medium. 

Polymers such as ethyl cellulose and Eudragit RS/RL are 

commonly used for coating. Reservoir systems offer precise 

control over drug release; however, they are more complex 

to manufacture and carry a risk of dose dumping if the 

coating is damaged [34]. 

5.3 Osmotic Drug Delivery Systems 

Osmotic systems are advanced sustained release 

formulations that utilize osmotic pressure to control drug 

release. These tablets typically consist of a drug core 

containing osmotic agents, surrounded by a semi-permeable 

membrane with a laser-drilled orifice. Upon exposure to 

gastrointestinal fluids, water enters the tablet, generating 

osmotic pressure that pushes the drug solution out through 

the orifice at a controlled rate. Osmotic systems provide 

pH-independent and predictable drug release but involve 

higher manufacturing complexity and cost [35]. 

5.4 Multiparticulate Systems 

Multiparticulate systems consist of pellets, 

granules, or beads that are coated with sustained release 

polymers and compressed into tablets or filled into 

capsules. These systems offer improved drug distribution 

throughout the gastrointestinal tract and reduce the risk of 

dose dumping compared to single-unit dosage forms. 

Multiparticulate sustained release systems also minimize 

variability in drug release due to gastrointestinal motility 

and food effects [36]. 

5.5 Floating Sustained Release Systems 

Floating sustained release tablets are designed to 

remain buoyant in the stomach for an extended period. 

These systems are particularly beneficial for drugs that are 

primarily absorbed in the upper gastrointestinal tract. 

Floating systems typically use gas-generating agents and 

swellable polymers to maintain buoyancy while releasing 

the drug in a controlled manner  [37]. 

5.6 Bioadhesive and Mucoadhesive Systems 

Bioadhesive or mucoadhesive sustained release 

tablets utilize polymers such as carbopol, chitosan, and 

polycarbophil to adhere to the gastrointestinal mucosa. 

This adhesion prolongs the residence time of the tablet at 

the absorption site, enhancing drug bioavailability and 

providing sustained drug release. 

A wide range of formulation approaches are 

available for the development of sustained release 

antihypertensive tablets. Matrix systems remain the most 

popular due to their simplicity and reliability, while 

advanced systems such as osmotic and multiparticulate 

formulations offer superior control over drug release. 

Selection of an appropriate formulation approach is 

essential to achieve desired therapeutic outcomes and 

ensure patient safety [38]. 

 

6. Polymers used in sustained release tablets 
Polymers play a crucial role in the design and 

performance of sustained release (SR) tablets, as they 

govern the rate and mechanism of drug release. The choice 

of polymer depends on the physicochemical properties of 

the drug, the desired release profile, and the formulation 

approach employed. Polymers used in sustained release 

tablets may be broadly classified into hydrophilic, 

hydrophobic, biodegradable, and synthetic polymers [39]. 

6.1 Hydrophilic Polymers 

Hydrophilic polymers are widely used in sustained 

release formulations due to their swelling and gel-forming 

properties. Upon contact with gastrointestinal fluids, these 

polymers hydrate and form a viscous gel barrier that 

controls drug diffusion and matrix erosion. 

Common hydrophilic polymers include: 

• Hydroxypropyl methylcellulose (HPMC) – most 

widely used SR polymer 

• Hydroxypropyl cellulose (HPC) 

• Hydroxyethyl cellulose (HEC) 

• Sodium alginate 
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• Xanthan gum 

• Guar gum 

• Carbopol (Carbomer) 

Hydrophilic polymers are preferred for antihypertensive 

drugs because they provide predictable release kinetics, are 

non-toxic, and are compatible with most drugs. 

6.2 Hydrophobic Polymers 

Hydrophobic polymers are water-insoluble and are 

used to retard drug release by limiting the penetration of 

gastrointestinal fluids into the tablet matrix. These polymers 

are particularly useful for highly water-soluble drugs that 

tend to release rapidly from hydrophilic matrices. 

Common hydrophobic polymers include: 

• Ethyl cellulose 

• Polyvinyl acetate 

• Hydrogenated castor oil 

• Stearic acid 

• Glyceryl behenate (Compritol®) 

Drug release from hydrophobic matrices primarily 

occurs through diffusion via pores or channels within the 

matrix. 

6.3 pH-Dependent Polymers 

pH-dependent polymers are used to control drug 

release at specific regions of the gastrointestinal tract. 

These polymers remain intact at certain pH values and 

dissolve or swell at others. 

Examples include: 

• Eudragit L and S series (enteric polymers) 

• Cellulose acetate phthalate 

• Hydroxypropyl methylcellulose phthalate 

(HPMCP) 

These polymers are useful when protection of the drug 

from gastric acid or targeted intestinal release is required. 

6.4 pH-Independent Polymers 

pH-independent polymers allow drug release 

irrespective of gastrointestinal pH variations, ensuring 

consistent drug delivery throughout the GI tract. 

Common examples include: 

• Eudragit RS and RL 

• Ethyl cellulose 

These polymers are frequently used in reservoir 

systems and multiparticulate sustained release formulations. 

6.5 Natural Polymers 

Natural polymers are increasingly explored due to 

their biocompatibility, biodegradability, and cost-

effectiveness. 

Examples include: 

• Chitosan 

• Pectin 

• Carrageenan 

• Agar 

• Starch derivatives 

Natural polymers offer eco-friendly alternatives but may 

exhibit batch-to-batch variability. 

6.6 Synthetic Polymers 

Synthetic polymers provide better reproducibility, 

stability, and controlled drug release. 

Examples include: 

• Polyethylene oxide (PEO) 

• Polyvinyl pyrrolidone (PVP) 

• Polymethacrylates (Eudragit series) 

These polymers are widely used in modern 

sustained release antihypertensive formulations. 

The selection of an appropriate polymer is a 

critical step in the formulation of sustained release tablets. 

Hydrophilic polymers such as HPMC are most commonly 

used due to their reliable performance and ease of 

processing, while hydrophobic and pH-dependent polymers 

offer additional control over drug release. Advances in 

polymer science continue to expand the possibilities for 

designing effective sustained release antihypertensive 

formulations. 

 

7. Mechanisms of drug release 
The mechanism of drug release from sustained 

release (SR) tablets determines the rate, extent, and pattern 

of drug availability in the systemic circulation. 

Understanding these mechanisms is essential for designing 

effective sustained release antihypertensive formulations 

and for predicting in vivo performance. Drug release from 

SR tablets generally occurs through one or a combination of 

the following mechanisms [40]. 

7.1 Diffusion-Controlled Release 

In diffusion-controlled systems, drug release 

occurs due to the concentration gradient between the drug-

rich matrix and the surrounding dissolution medium. After 

the tablet comes in contact with gastrointestinal fluids, the 

drug diffuses through the polymeric matrix or through pores 

and channels formed within the matrix. 

This mechanism is commonly observed in: 

• Hydrophilic matrix systems 

• Hydrophobic matrix systems 

• Reservoir systems 

The rate of drug release depends on the diffusion 

coefficient of the drug, polymer characteristics, and matrix 

porosity. 

7.2 Erosion-Controlled Release 

Erosion-controlled release occurs when the 

polymer matrix gradually dissolves or erodes in the 

gastrointestinal environment, releasing the entrapped drug. 

This mechanism is predominant in formulations containing 

soluble or biodegradable polymers. 
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Key features include: 

• Drug release proportional to polymer erosion rate 

• Suitable for drugs requiring near zero-order release 

• Frequently observed with hydrophilic polymers 

such as HPMC 

Erosion-controlled systems are widely used in 

sustained release antihypertensive tablets due to their 

predictable release behavior. 

7.3 Swelling-Controlled Release 

In swelling-controlled systems, hydrophilic 

polymers absorb gastrointestinal fluids and swell to form a 

gel layer around the tablet. The swollen gel acts as a barrier, 

controlling drug diffusion from the core to the surrounding 

medium. 

Important characteristics: 

• Initial polymer hydration 

• Formation of viscous gel layer 

• Drug release controlled by gel thickness and 

viscosity 

This mechanism is typical of hydrophilic matrix 

systems and is one of the most commonly employed release 

mechanisms in sustained release tablets. 

7.4 Osmotically Controlled Release 

Osmotic drug release systems utilize osmotic 

pressure as the driving force for drug release. Water enters 

the tablet through a semi-permeable membrane, creating 

osmotic pressure that pushes the drug out through a small 

orifice at a controlled rate. 

Advantages include: 

• pH-independent drug release 

• Minimal influence of gastrointestinal motility 

• Near zero-order release kinetics 

Osmotic systems are highly reliable but require 

complex manufacturing techniques. 

7.5 Ion-Exchange Controlled Release 

In ion-exchange systems, the drug is bound to an 

ion-exchange resin and released slowly in the presence of 

ions in gastrointestinal fluids. The release rate depends on 

the ionic strength and pH of the surrounding medium. 

This mechanism is suitable for: 

• Ionizable drugs 

• Taste-masked sustained release formulations 

• Controlled and site-specific drug delivery 

7.6 Combination of Release Mechanisms 

In many sustained release formulations, drug 

release is governed by a combination of mechanisms such 

as diffusion, swelling, and erosion. The overall release 

profile depends on the dominant mechanism and the 

formulation design. 

Drug release from sustained release tablets occurs 

through multiple mechanisms, including diffusion, erosion, 

swelling, osmotic pressure, and ion exchange. A thorough 

understanding of these mechanisms enables the rational 

design of sustained release antihypertensive formulations 

with predictable and reproducible therapeutic performance. 

 

8. Evaluation parameters for sustained release 

tablets 

Evaluation of sustained release (SR) tablets is 

essential to ensure their quality, safety, efficacy, and 

reproducibility. These parameters assess the physical, 

chemical, and release characteristics of the formulation and 

confirm compliance with pharmacopoeial and regulatory 

requirements. Evaluation is generally divided into pre-

compression, post-compression, in-vitro drug release, and 

stability studies. 

8.1 Pre-Compression Evaluation Parameters 

Pre-compression studies are conducted to assess 

the flow and compressibility properties of the powder blend 

or granules before tablet compression. 

8.1.1 Angle of Repose 

Measures powder flowability. 

Lower angle indicates better flow. 

8.1.2 Bulk Density: Determines the packing ability of 

powder under no tapping conditions. 

8.1.3 Tapped Density: Measures powder volume after 

mechanical tapping. 

8.1.4 Carr’s Compressibility Index: Indicates 

compressibility and flow properties of powder blends. 

8.1.5 Hausner’s Ratio: Evaluates interparticle friction and 

flow behavior. 

8.2 Post-Compression Evaluation Parameters: Post-

compression tests ensure uniformity, mechanical strength, 

and dosage accuracy of SR tablets. 

8.2.1 Weight Variation: Assesses tablet weight uniformity 

to ensure accurate dosing. 

8.2.2 Thickness: Ensures uniform tablet dimensions. 

8.2.3 Hardness: Determines mechanical strength to 

withstand handling. 

8.2.4 Friability: Evaluates resistance to abrasion and 

mechanical shock. 

8.2.5 Drug Content Uniformity: Ensures uniform 

distribution of drug in tablets. 

8.3 In-Vitro Dissolution Studies 

Dissolution testing is the most critical evaluation for 

sustained release tablets. It determines the rate and extent of 

drug release over a specified period (usually 8–24 hours). 

• Conducted using USP Dissolution Apparatus I or II 

• Samples withdrawn at predetermined intervals 

• Drug concentration analyzed spectrophotometrically or 

chromatographically 

http://www.ssjournals.co.in/


Kumar et al / Sustained-release tablets of antihypertensive drugs: A review                e5892 

IJAP (2025) 14 (02)                        Page 8 of 12                                       www.ssjournals.co.in  

The dissolution profile must meet pharmacopoeial 

specifications and reflect controlled drug release. 

8.4 Drug Release Kinetic Modeling 

In-vitro dissolution data are fitted into various 

kinetic models to understand the mechanism of drug 

release: 

• Zero-order model 

• First-order model 

• Higuchi model 

• Korsmeyer–Peppas model 

These models help predict in vivo performance. 

8.5 Swelling Index 

Swelling behavior of SR tablets containing 

hydrophilic polymers is evaluated to understand hydration 

and gel formation characteristics that influence drug 

release. 

8.6 In-Vitro–In-Vivo Correlation (IVIVC) 

IVIVC establishes a relationship between in-vitro 

drug release and in-vivo absorption. A good IVIVC ensures 

predictable therapeutic performance and reduces the need 

for extensive bioavailability studies. 

8.7 Stability Studies 

Stability studies are conducted according to ICH 

guidelines to evaluate the effect of temperature, humidity, 

and time on the formulation. 

Common storage conditions include: 

• 25°C ± 2°C / 60% RH ± 5% RH 

• 40°C ± 2°C / 75% RH ± 5% RH 

Stability parameters include drug content, 

dissolution profile, hardness, and physical appearance. 

Comprehensive evaluation of sustained release 

tablets is essential to ensure consistent quality and 

therapeutic performance. Proper assessment of pre-

compression, post-compression, dissolution, kinetic 

behavior, and stability parameters ensures the development 

of safe and effective sustained release antihypertensive 

formulations. 

 

9. Advantages of sustained release 

antihypertensive tablets 

Sustained release (SR) antihypertensive tablets 

offer several clinical and pharmaceutical advantages over 

conventional immediate-release dosage forms. These 

benefits contribute significantly to improved long-term 

management of hypertension and better cardiovascular 

outcomes. 

9.1 Improved Patient Compliance 

One of the most important advantages of sustained 

release antihypertensive tablets is improved patient 

compliance. Hypertension requires lifelong therapy, and 

frequent dosing associated with immediate-release 

formulations often leads to missed doses. Sustained release 

tablets, typically administered once daily, simplify the 

treatment regimen and encourage better adherence, 

especially among elderly patients and those receiving 

multiple medications. 

9.2 Reduced Dosing Frequency 

Sustained release formulations are designed to 

maintain therapeutic drug levels over an extended period, 

allowing for reduced dosing frequency. Once-daily dosing 

not only improves convenience but also minimizes the risk 

of dosing errors and enhances consistency in drug 

administration, which is essential for effective blood 

pressure control. 

9.3 Enhanced Therapeutic Efficacy 

By maintaining steady plasma drug concentrations, 

sustained release antihypertensive tablets provide more 

consistent and effective blood pressure control throughout 

the dosing interval. This reduces fluctuations in drug levels 

and helps prevent periods of subtherapeutic exposure or 

excessive drug concentration, thereby enhancing overall 

therapeutic efficacy. 

9.4 Reduced Adverse Effects 

Immediate-release antihypertensive formulations 

may produce high peak plasma concentrations that lead to 

dose-related adverse effects such as hypotension, dizziness, 

headache, and reflex tachycardia. Sustained release tablets 

minimize these peak concentrations, resulting in a lower 

incidence and severity of adverse effects and improved drug 

tolerability. 

9.5 Improved Quality of Life 

Improved compliance, fewer side effects, and 

consistent blood pressure control collectively contribute to 

an improved quality of life for hypertensive patients. 

Reduced pill burden and better tolerability allow patients to 

manage their condition more comfortably and confidently, 

supporting long-term treatment success. 

Sustained release antihypertensive tablets provide 

significant advantages in chronic hypertension management 

by improving patient compliance, reducing dosing 

frequency, enhancing therapeutic efficacy, minimizing 

adverse effects, and improving overall quality of life. These 

benefits make sustained release formulations a preferred 

choice in modern antihypertensive therapy. 

 

10. Limitations and Challenges of Sustained 

Release Antihypertensive Tablets 

Despite the numerous advantages of sustained 

release (SR) antihypertensive tablets, their development and 

clinical use are associated with several limitations and 

challenges. These factors must be carefully addressed 

during formulation design, manufacturing, and evaluation 

to ensure safety, efficacy, and regulatory compliance. 
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10.1 Complex Formulation Development 

The development of sustained release tablets is 

more complex than that of conventional immediate-release 

formulations. It requires careful selection and optimization 

of polymers, excipients, and processing parameters to 

achieve the desired release profile. Minor variations in 

formulation composition or manufacturing conditions can 

significantly affect drug release behavior, making 

development time-consuming and technically demanding. 

10.2 Risk of Dose Dumping 

Dose dumping refers to the unintended rapid 

release of a large amount of drug from a sustained release 

dosage form, which can lead to toxic plasma drug 

concentrations. This risk may arise due to polymer failure, 

tablet damage, alcohol interaction, or improper 

manufacturing. Dose dumping is a critical safety concern, 

particularly for potent antihypertensive drugs, as it may 

cause severe hypotension and cardiovascular complications. 

10.3 Variability in Gastrointestinal Conditions 

Drug release from sustained release tablets can be 

influenced by physiological factors such as gastrointestinal 

pH, motility, transit time, and the presence of food. 

Interindividual variability in these conditions may result in 

inconsistent drug release and absorption, leading to 

variations in therapeutic response among patients. 

10.4 Higher Production Costs 

Sustained release formulations often require 

specialized polymers, advanced manufacturing techniques, 

and stringent quality control measures. These factors 

contribute to higher production costs compared to 

immediate-release tablets. Additionally, the need for 

extensive formulation optimization and stability testing 

increases development expenses. 

10.5 Difficulty in Achieving In-Vitro–In-Vivo 

Correlation (IVIVC) 

Establishing a reliable in-vitro–in-vivo correlation 

is challenging for sustained release formulations due to the 

complex interplay between drug release mechanisms and 

physiological variables. Poor IVIVC complicates 

formulation optimization and regulatory approval, as it may 

necessitate additional bioavailability and bioequivalence 

studies. 

Although sustained release antihypertensive tablets 

offer significant therapeutic benefits, challenges such as 

complex formulation development, dose dumping risk, 

gastrointestinal variability, higher costs, and difficulties in 

achieving IVIVC must be carefully managed. Addressing 

these limitations through rational formulation design, robust 

evaluation, and advanced modeling techniques is essential 

for the successful development of safe and effective 

sustained release antihypertensive products. 

11. Recent Advances in Sustained Release 

Antihypertensive Tablets 

Recent innovations in sustained release (SR) 

technology have enhanced the design, performance, and 

clinical effectiveness of antihypertensive drug delivery 

systems. These advances address key formulation 

challenges, improve predictability of drug release, and 

enable personalized therapy. The following trends reflect 

contemporary research and technological progress in SR 

antihypertensive tablets: 

11.1 Quality by Design (QbD) and Design of 

Experiments (DoE) 

Quality by Design (QbD) principles have been 

widely adopted in formulation development to 

systematically optimize SR tablets. QbD involves 

identifying critical quality attributes (CQAs) and critical 

process parameters (CPPs), and using structured Design of 

Experiments (DoE) to understand how formulation and 

process variables influence drug release. This approach 

enhances robustness, reduces batch-to-batch variability, and 

improves regulatory compliance. 

• Benefits: Predictable release profiles, fewer failed 

batches, efficient risk mitigation. 

 

11.2 Novel Polymers and Functional Excipients 

Research continues to identify new polymers and smart 

excipients that provide more precise control over drug 

release. Examples include: 

• Stimuli-responsive polymers that modulate release in 

response to pH, temperature, or ionic strength. 

• Biodegradable polymers that gradually break down in 

the GI tract. 

• Polymer blends and composites that optimize swelling 

and erosion characteristics. 

Such materials improve release predictability and 

reduce dependence on a single mechanism. 

11.3 Nanotechnology and Nanoformulations 

Nanotechnology has expanded the capabilities of 

sustained release systems. Nanoparticles, nanofibers, and 

nanoemulsions have been incorporated into SR tablets to: 

• Increase drug solubility and dissolution uniformity. 

• Improve surface area and matrix interaction. 

• Achieve more reproducible release kinetics. 

Nanostructured matrices may also enhance 

bioavailability for poorly soluble antihypertensive agents. 

11.4 3D Printing and Additive Manufacturing 

3D printing (additive manufacturing) enables precise 

control over tablet geometry, internal architecture, and drug 

distribution. This technology allows: 

• Complex multi-layered and compartmentalized SR 

tablets. 

http://www.ssjournals.co.in/


Kumar et al / Sustained-release tablets of antihypertensive drugs: A review                e5892 

IJAP (2025) 14 (02)                        Page 10 of 12                                       www.ssjournals.co.in  

• Tailored release profiles based on layer design. 

• Personalized dosing and combination therapies in a 

single tablet. 

3D printing expands the flexibility of formulation 

design beyond traditional compression methods. 

11.5 Multiparticulate and Coated Pellet Systems 

Multiparticulate SR systems such as coated pellets, 

granules, and microcapsules are increasingly used due to 

their uniform release characteristics and reduced food-effect 

variability. These systems distribute throughout the GI 

tract, minimizing localized saturation or dose dumping. 

Layered coating technologies also enable precise 

modulation of release rates. 

11.6 Advanced Dissolution Modeling and IVIVC 

Improvements in in-vitro dissolution modeling and 

establishment of reliable in-vitro–in-vivo correlations 

(IVIVC) enable better prediction of in-vivo performance 

based on in-vitro data. Techniques include: 

• Mathematical and mechanistic modeling 

• Physiologically based pharmacokinetic (PBPK) 

simulations 

• Real-time dissolution monitoring 

These advances reduce reliance on extensive 

bioavailability studies during formulation optimization. 

11.7 Chronotherapeutic Release Systems 

Chronotherapeutic SR tablets are designed to align 

drug release with circadian rhythms of blood pressure, such 

as early morning surges. These formulations may combine 

delayed and sustained release mechanisms to optimize 

therapeutic timing and improve cardiovascular outcomes. 

11.8 Combination and Multi-Drug Release Tablets 

SR tablets incorporating multiple antihypertensive 

agents in a single dosage form are an emerging trend. These 

combination systems can provide: 

• Synergistic therapeutic effects 

• Simplified dosing regimens 

• Improved adherence 

Advanced coating and layering techniques allow 

independent control of release profiles for each drug. 

11.9 Regulatory and Analytical Advancements 

Regulatory guidance has become more structured 

around sustained release technologies, emphasizing: 

• Mechanistic understanding of release behavior 

• Dissolution specifications linked to therapeutic 

performance 

• Risk-based strategies for formulation control 

Analytical advancements such as real-time release 

testing (RTRT) and enhanced dissolution apparatus 

improve monitoring and product consistency. 

Recent advances in sustained release 

antihypertensive tablets reflect a shift toward smarter, more 

predictable, and patient-tailored drug delivery. Innovations 

in materials, manufacturing, modeling, and regulatory 

science are expanding the capabilities of SR systems, 

enabling better therapeutic outcomes and streamlined 

development. As research continues, these technologies are 

expected to further optimize antihypertensive therapy and 

enhance patient quality of life. 

 

12. Future perspectives 

The future of sustained release (SR) 

antihypertensive tablets is closely linked to advances in 

pharmaceutical sciences, material engineering, and 

personalized medicine. As hypertension remains a lifelong 

condition for most patients, there is a growing need for 

more effective, safer, and patient-centric drug delivery 

systems. Future research and development efforts are 

expected to focus on improving therapeutic outcomes, 

minimizing variability, and enhancing patient adherence. 

One of the key future directions is the 

development of personalized sustained release 

formulations. With progress in pharmacogenomics and 

patient-specific risk profiling, SR tablets may be tailored to 

individual therapeutic needs, allowing optimization of dose, 

release rate, and combination therapy. Technologies such as 

3D printing are expected to play a significant role in 

producing patient-specific dosage forms with customized 

release profiles. 

Another promising area is the advancement of 

chronotherapeutic sustained release systems. These 

formulations are designed to synchronize drug release with 

circadian rhythms of blood pressure, particularly targeting 

early morning surges associated with a higher risk of 

cardiovascular events. Chronomodulated SR tablets could 

significantly improve cardiovascular protection and 

therapeutic efficacy. 

The integration of novel and smart polymers will 

further enhance sustained release technology. Future 

polymers may respond to physiological stimuli such as pH, 

temperature, or ionic strength, allowing adaptive drug 

release in response to gastrointestinal conditions. 

Biodegradable and bioresponsive polymers are also 

expected to reduce long-term safety concerns and improve 

formulation sustainability. 

Improvement in in-vitro–in-vivo correlation 

(IVIVC) and the application of physiologically based 

pharmacokinetic (PBPK) modeling will enable better 

prediction of clinical performance from in-vitro data. This 

will streamline formulation development, reduce the need 

for extensive in-vivo studies, and facilitate faster regulatory 

approval. 

Combination therapy is likely to expand further, 

with multi-drug sustained release tablets delivering two or 
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more antihypertensive agents in a single dosage form. 

Advanced layering and compartmentalization techniques 

will allow independent control of release profiles, 

improving therapeutic synergy and patient compliance. 

In addition, future sustained release 

antihypertensive formulations may incorporate digital and 

smart health technologies, such as ingestible sensors and 

digital monitoring systems, to track medication adherence 

and therapeutic response in real time. These innovations 

could significantly enhance treatment outcomes in chronic 

hypertension management. 

In conclusion, future perspectives in sustained 

release antihypertensive tablets point toward more 

intelligent, personalized, and chronotherapeutic drug 

delivery systems. Continued advancements in formulation 

science, modeling tools, and regulatory frameworks are 

expected to further optimize sustained release technology, 

ultimately improving long-term blood pressure control and 

patient quality of life. 

 

13. Conclusion 

Sustained release tablets of antihypertensive drugs 

represent a significant advancement in the long-term 

management of hypertension. By providing controlled and 

prolonged drug delivery, these formulations overcome the 

limitations associated with conventional immediate-release 

dosage forms, such as frequent dosing, fluctuating plasma 

drug levels, and poor patient compliance. The ability of 

sustained release systems to maintain consistent therapeutic 

drug concentrations plays a crucial role in achieving 

effective 24-hour blood pressure control and reducing the 

risk of cardiovascular complications. 

A wide range of antihypertensive drug classes, 

including beta-blockers, calcium channel blockers, 

angiotensin-converting enzyme inhibitors, angiotensin 

receptor blockers, and centrally acting agents, have been 

successfully formulated into sustained release tablets. 

Advances in formulation approaches, polymer science, and 

drug release mechanisms have enabled the development of 

reliable and predictable sustained release systems. 

Comprehensive evaluation and kinetic modeling further 

ensure quality, safety, and reproducibility of these 

formulations. 

Despite certain challenges such as complex 

formulation development, risk of dose dumping, 

gastrointestinal variability, and difficulty in establishing in-

vitro–in-vivo correlation, continuous research and 

technological innovations have addressed many of these 

limitations. Recent advances and future perspectives 

highlight the potential of personalized therapy, 

chronotherapeutic delivery, novel polymers, and advanced 

modeling techniques to further enhance sustained release 

antihypertensive formulations. 

In conclusion, sustained release antihypertensive 

tablets offer improved patient compliance, enhanced 

therapeutic efficacy, reduced adverse effects, and better 

quality of life for patients with hypertension. With ongoing 

advancements in pharmaceutical technology and regulatory 

science, sustained release drug delivery systems are 

expected to play an increasingly important role in 

optimizing hypertension therapy and improving long-term 

cardiovascular health outcomes. 
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