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Abstract 
 

This book chapter explores the complex 

world of gastroretentive drug delivery 

systems (GRDDS), providing an in-depth 

analysis of various approaches, pros, cons, 

and uses in the controlled drug delivery field. 

The importance of attaining gastroretention 

for prolonged drug release within the 

gastrointestinal tract is highlighted by the 

study's comprehensive examination of the 

various methodologies applied in the design 

of GRDDS. Through a thorough examination 

of the pros and cons of GRDDS, this study 

sheds light on the intricacies and 

compromises of using these systems for 

regulated medication delivery. This research 

shows that GRDDS has the ability to improve 

treatment results by delivering drugs more 

precisely and over longer periods of time. A 

more nuanced awareness of these systems' 

limitations and improvement prospects can be 

fostered by addressing the issues that come 

with them. The study also elucidates new 

approaches and potential uses for regulated 

medication delivery that are just starting to 

emerge. Offering a comprehensive and 

current review of GRDDS, this exploration is 

designed to cater to the demands of 

researchers, practitioners, and pharmaceutical 

experts. This research is significant for 

guiding future developments and 

breakthroughs in controlled drug delivery 

systems since it presents a balanced 

perspective on the tactics, benefits, 

drawbacks, and applications of GRDDS. 
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of controlled drug administration, research 

into gastroretentive drug delivery systems 

(GRDDS) has become an important focus in 

pharmaceutical science. Problems with 

maintaining therapeutic concentrations of 

medications in the gastrointestinal tract are a 

common cause of subpar treatment results 

and decreased patient compliance with 

traditional drug delivery methods. 

Investigating GRDDS is warranted since 

these systems are one-of-a-kind in their 

capacity to increase bioavailability and ensure 

sustained drug release by extending stomach 

residence duration. Floating, bioadhesive, and 

expandable systems are only a few of the 

many methodologies used to build GRDDS, 

which offer a range of strategies to overcome 

the limits of traditional delivery methods. The 

purpose of this comprehensive review is to 

weigh the benefits and drawbacks of 

GRDDS. In order to fully utilise these 

systems and overcome obstacles associated 

with formulation, biocompatibility, and 

patient acceptance, it is crucial to grasp their 

intricacies. With the goal of giving 

researchers, practitioners, and pharmaceutical 

experts a thorough grasp of the field's present 

status, this book chapter delves into the 

complexities of GRDDS. 

 

In addition, GRDDS has the potential to 

revolutionise therapeutic approaches, as 

shown by its investigation into controlled 

drug delivery. Advancements in GRDDS 

have great potential for more precise 

medication distribution, fewer adverse 

effects, and higher levels of patient 

compliance in the ever-changing 

pharmaceutical industry. To summarise, the 

crucial need for an in-depth analysis of 

GRDDS, which have the potential to 

revolutionise controlled drug delivery, is the 

context and motivation of this study. This 

book chapter helps move pharmaceutical 

science forward and provides new drug 

delivery systems that are better suited to 

patients' needs by outlining the many 

methods, pros, cons, and uses. 
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I. RECENT ADVANCEMENTS IN THE FIELDS OF FOLLOWING 

 

The pursuit of more effective and precise regulated medication delivery has propelled the 

development of Gastroretentive medication Delivery Systems (GRDDS) to the forefront of 

pharmaceutical technology. Suboptimal treatment results and decreased patient compliance are 

common outcomes of traditional drug delivery systems that struggle to maintain therapeutic 

concentrations of medicines throughout the gastrointestinal tract. The unique capacity of 

GRDDS to increase bioavailability and ensure sustained drug release by extending stomach 

residence time is the reason to investigate these systems. There is a spectrum of solutions to 

overcome the inherent limits of conventional delivery methods that are applied in the varied 

approaches to creating GRDDS, including as floating, bioadhesive, and expandable systems. We 

hope to weigh the benefits and drawbacks of GRDDS in this comprehensive analysis. Using 

these systems to their full potential while overcoming obstacles with formulation, 

biocompatibility, and patient acceptability requires an in-depth understanding of their subtleties. 

This study aims to fully inform academics, practitioners, and pharmaceutical experts about the 

present state of the field by delving into the complexities of GRDDS. Research on GRDDS's 

potential uses in controlled drug delivery further highlights the game-changing effects this 

technology can have on medical treatments. Targeted medication distribution, less side effects, 

and more patient compliance are all goals of new developments in GRDDS, which are changing 

the face of the pharmaceutical industry. In conclusion, the important requirement for an in-depth 

analysis of GRDDS is addressed by this study's background and reasoning, which acknowledge 

their potential to revolutionise controlled drug delivery.  

 

II. KEY QUESTIONS 

 

1. What are the primary approaches employed in Gastroretentive Drug Delivery Systems 

(GRDDS) to enhance gastric residence time? 

2. How do GRDDS address the limitations of traditional drug delivery systems in sustaining 

therapeutic drug concentrations within the gastrointestinal tract? 

3. What are the advantages associated with GRDDS in terms of sustained drug release and 

improved bioavailability? 

4. What are the key challenges and disadvantages associated with the formulation and 

implementation of Gastroretentive Drug Delivery Systems? 

5. How do different types of GRDDS, such as floating, bioadhesive, and expandable systems, 

impact drug delivery and patient outcomes? 

6. What is the current state of research and innovation in GRDDS, and how do these 

advancements contribute to controlled drug delivery? 

7. How can the understanding of GRDDS contribute to the optimization of drug formulations, 

addressing biocompatibility issues and improving patient acceptance? 

8. What applications in controlled drug delivery are explored through GRDDS, and how do 

they compare to conventional delivery methods? 

9. How can the insights gained from this in-depth analysis of GRDDS contribute to 

advancements in pharmaceutical science and the development of targeted drug delivery 

systems? 

10. What transformative impact do GRDDS have on therapeutic interventions, including the 

potential for reduced side effects and improved patient compliance? 

 

 



Novel Drug Delivery System from Fundamental Principles to Advanced Applications 

e-ISBN: 978-93-6252-066-1 

IIP Series 

GASTRORETENTIVE DRUG DELIVERY SYSTEMS (GRDDS): AN IN-DEPTH  

ANALYSIS OF APPROACHES, AND APPLICATIONS IN CONTROLLED DRUG DELIVERY 

 

Copyright © 2024 Authors                                                                                                                        Page | 130  

III. INTRODUCTION 

 

Despite continual developments in medication delivery technologies, oral administration remains 

popular due to its ability to provide patient comfort and convenience. Controlled release 

medicine delivery systems are designed specifically for oral administration. These drug delivery 

strategies demonstrate a predetermined, anticipated, and controlled release of medication. They 

are not appropriate for drugs that have limited bioavailability due to concerns about stability or 

absorption [1]. These issues can be improved using contemporary methodologies that aim to 

enhance the retention of these medications in the stomach for a prolonged duration. 

Gastroretentive drug delivery systems (GRDDS) refer to drug delivery systems designed 

specifically to remain in the stomach for an extended period of time. Gastroretentive drug 

delivery systems (GRDDS) are appropriate for medications that exhibit absorption from the 

stomach (such as albuterol) [2], are unstable under alkaline conditions (such as ranitidine and 

metformin) [3], have low solubility under alkaline conditions (such as furosemide and diazepam) 

[4], and have a restricted absorption range (such as riboflavin and levodopa) [5]. The use of 

GRDDS offers several benefits, including enhanced patient compliance by reducing dosing 

frequency, improved effectiveness of drugs with a short half-life, targeted delivery of 

medications to specific sites, controlled and sustained release of drugs in the stomach, prolonged 

presence of drugs at the absorption site, improved bioavailability from the gastrointestinal tract, 

and prevention of dose dumping of medicines [6]. The development of GRDDS involves the 

utilisation of various materials such as ion-exchange resins, mucoadhesives, high-density 

substances, raft forming agents, magnetic materials, and super porous hydrogels [7,8]. This book 

chapter offers a succinct overview of the different characteristics of recently established methods 

for GRDDS. 

 
 

Figure 1: The Anatomical Aspects of the Stomach will be Elucidated, with a Detailed Description 

of Each Component 
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1. Anatomy and Physiology of the Stomach 
 

Understanding the structure and function of the stomach is crucial for developing effective 

gastroretentive medications. The stomach is anatomically divided into three regions, as depicted 

in Figure 1. The section closest to the esophagus is called the fundus, which is followed by the 

body. The body acts as a reservoir for ingested food, and the antrum is the final segment that 

connects the body to the small intestine. Antrum facilitates peristaltic contractions and promotes 

the process of stomach emptying [9]. During the fasting state, a periodic series of contractions 

takes place in the stomach and intestine every 120-180 minutes. This series is known as the 

migrating myoelectric cycle. It is additionally segmented into four stages. The alteration in 

muscle contractions during a state of being fed is referred to as the digestive motility pattern 

[10]. The pattern consists of four phases: phase 1 (basal phase), phase 2 (preburst phase), phase 3 

(burst phase), and phase 4 [11].Figure 2 illustrates the movement pattern in the gastrointestinal 

tract. 

 
Figure 2: Motility Pattern in Gastrointestinal Tract 

 

2. Physicochemical Properties of GRDDS 

 

The formulation of GRDDS is significantly influenced by the physicochemical features of density, 

size, and shape of the dosage form. Dosage forms with a lower density than the gastric contents 

will float to the surface, while systems with a higher density will sink to the bottom of the stomach. 

The density of an optimal formulation should fall within the range of 1.0-2.5 g/cm [3]. 

Pharmaceutical formulations with a diameter exceeding 7.5 mm exhibit enhanced gastric residence 

time (GRT). Devices with circular, spherical, or tetrahedron shapes exhibit exceptional 

gastroretentive characteristics [12]. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9438753/figure/f1/
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3. Physiological Factors Affecting Retention of GRDDS in the Stomach 

 

Key determinants of stomach retention time for dosage forms include the individual's state of being 

fed or unfed, the characteristics of the meal consumed, the caloric value of the meal, and the 

frequency of feeding. In a fasting setting, stomach retention time decreases as a result of increased 

gastrointestinal motility. Gastric content is emptied during peristalsis. If the occurrence of 

peristalsis aligns with the delivery of the dosage form, then the duration of stomach residency is 

brief. Nevertheless, following meals, the movement of peristalsis is slowed down, which can 

potentially enhance the amount of time the formulation stays in the stomach. A meal that is rich in 

calories and consists of proteins, lipids, and fibrous substances leads to an extended period of time 

that food stays in the stomach. When there are several meals, the stomach retains food for a longer 

period of time compared to a single meal because peristalsis, the movement of the digestive tract, 

is continuously suppressed. Additionally, stomach retention is influenced by various variables, 

including gender and age. Females exhibit a slower rate of stomach emptying compared to males, 

regardless of their height, weight, and body surface area. An individual over the age of 70 

demonstrates an extended General Response Time (GRT). Neonates exhibit lower Gastrointestinal 

Transit (GRT) rates when compared to geriatric patients, as indicated by previous studies [13, 14, 

15]. 

 

4. Gastroretentive Dosage form Approaches 

 

Recent years have seen ongoing research and progress in different methods of developing 

gastroretentive dose formulations. These methods of GRDDS facilitate the controlled and 

prolonged delivery of medication through the gastrointestinal tract, as depicted in Figure 3. 

 
 

Figure 3: Methods for Gastroretentive Drug Delivery System 
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5. Classification of GRDDS 

 

GRDDS can be categorized into two primary types: floating and non-floating systems. Floating 

systems can be categorized into two types: effervescent systems and non-effervescent systems, 

depending on the mechanism of floating. On the other hand, non-floating systems are divided 

into four classes according on the method employed for gastroretention. Figure 4 illustrates the 

categorization of the GRDDS.  

 

 
 

Figure 4: Classification of Gastroretentive Drug Delivery System 

 

I- High-Density System 

 

When making the GRDDS, the dosage form density is a key consideration. As a means of 

retention, a high-density system makes use of its own weight. A drug's density needs to be higher 

than the normal stomach content (1.004 g/mL) in order to improve its gastric residence time in the 

stomach [16].  The idea of a dense system is shown in Figure 4A. With the use of gamma 
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scintigraphy, Clarke et al. evaluated the gastrointestinal transit of placebo pellet systems with 

different densities. According to their findings, the GRT of this formulation may be increased from 

an average of 5.8 hours to 25 hours, with the increase being more influenced by the density of the 

pellets than their diameter [17]. 

 

II- Floating or Low-Density System 

 

Using a dose form with a lower density than the typical gastric content is another way to enhance 

gastric residence. These devices offer continuous medication release and stay buoyant because of 

their decreased density. By doing so, they enhance the drug's bioavailability and GRT [18]. 

 

(A) Effervescent System 

 

In order to produce carbon dioxide (CO2) on the spot, this technique makes use of carbonates, 

such as sodium bicarbonate [19, 20]. To makes the reaction go more quickly, organic acids like 

tartaric and citric acid are added to the dosage form, making it less dense so it stays afloat in the 

stomach [20]. There are two groups into which it falls: 

 

a) Type: Vacuum-containing volatile liquid there are three subcategories for them. 

 

 Inflatable System: A pullout system containing a chamber of evaporating liquids at room 

temperature makes up the system. So, the system floats when it is inserted into the stomach 

because the chamber inflates. Polymers such as polyvinyl alcohol and polyethylene make 

up the bioerodible polymer filament that makes up the inflatable chamber. The polymer 

slowly degrades and releases the medication as the inflated chamber floats in the 

esophageal fluid. The inflatable part eventually pops because the polymer dissolves with 

time [19, 20]. 

 

 Intragastric Floating System: A microporous chamber acts as a medication reservoir, 
while the device itself incorporates a vacuum-filled chamber [20]. A floating intragastric 

device is shown in Figure 5. Using the gel-forming chemicals hydroxypropyl 

methylcellulose (HPMC), carbopol, and xanthan gum, Patel et al. created verapamil HCl 

intragastric floating tablets. Sodium bicarbonate and anhydrous citric acid were mixed to 

create a bubbly mixture that was added to attain buoyancy. The optimized formulation 

showed promising results with a regulated drug release for up to 24 hours, a total buoyant 

time of over 24 hours, and a low buoyancy lag time of 36 seconds [21]. 

 

 Intragastric-Osmotically Controlled System: Inflatable floating support congestion and 
an osmotic pressure-controlled medication delivery device can be combined in a 

biodegradable capsule to accomplish osmotic control [22,23].  An oral push-pull osmotic 

pump was produced by Zhao et al. using mesoporous silica nanoparticles loaded with 

fenofibrate. For the suspension agent, we chose polyethylene oxide (100,000) and for the 

expansion agent, we chose polyethylene oxide (6,000,000). A semipermeable membrane 

composed of cellulose acetate and polyethylene glycol 6,000 was utilized to enhance 

flexibility and regulate the membrane's permeability. According to reports, the prepared 

system has a longer half-life in the stomach (21.72 h vs. 12.48 h for the reference tablet) 

and a more consistent drug delivery pattern (24 h vs. 12.48 h) [24]. 



Novel Drug Delivery System from Fundamental Principles to Advanced Applications 

e-ISBN: 978-93-6252-066-1 

IIP Series 

GASTRORETENTIVE DRUG DELIVERY SYSTEMS (GRDDS): AN IN-DEPTH  

ANALYSIS OF APPROACHES, AND APPLICATIONS IN CONTROLLED DRUG DELIVERY 

 

Copyright © 2024 Authors                                                                                                                        Page | 135  

 

 
 

Figure 5: Intragastric Floatation for the Administration of Gastrointestinal Drugs 

 

b) Matrix Tablets: Both bilayer and single-layer matrix tablets are available. A hydrocolloid-

forming gel and a medicine are the ingredients in the single-layer matrix tablet, while a 

bilayer matrix tablet has two layers: one for immediate release and another for prolonged 

release. By utilizing a direct compression process, Saisivam et al. created losartan potassium 

single-layer floating matrix tablets with varying amounts of HPMC-K4M and karaya gum as 

retarding polymers and sodium bicarbonate as an effervescent ingredient. An in vivo 

investigation of the improved formulation revealed that the tablet floats in stomach content 

and extends the GRT to about 12 hours. X-ray imaging research in albino rabbits showed that 

the tablet remained in the stomach for 12 hours after administration [25]. 

 

c) Gas Generating Systems: Effervescent chemicals and hydrophilic polymers are used to 

prepare gas-generating devices. 

 

 Floating Capsules: Drugs are enclosed in hydrophilic polymers, such as ethyl cellulose 
and eudragit RS-100, in these dosage formulations combined with carbonating agents 

(calcium carbonate, sodium bicarbonate, etc). Nicardipine hydrochloride and hydrocolloids 

were combined in a hydrodynamically balanced capsule by Moursy et al. The capsule's 

outer shell dissolves and swells when it comes into touch with gastric fluid, creating a 

gelatinous barrier that floats for a long time in the stomach juice [26]. 

 

 Floating Pills: A variety of oral floating dosage forms have been created, each with an 
effervescent ingredient inside and a hydrophilic polymer outside. Hydrophilic polymer 

layer on the outside expands and sinks in stomach fluid, but effervescent agent on the 

inside releases carbon dioxide gas, causing the system to float [27,28]. In order to boost the 

drug's overall bioavailability and prolong the GRT, Meka et al. developed a gas formation 

approach to create multiple-unit minitabs of captopril. Utilizing the direct compression 

method, they created drug-containing core units that were subsequently covered with three 
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alternating layers: an inner seal coat, an effervescent layer made of sodium bicarbonate, 

and an outer gas-entrapped polymeric membrane composed of polymethacrylates (eudragit 

RL30D, RS30D, or a mix of the two). Drug release was shown to be lowered as the coating 

amount of the gas-entrapped polymeric membrane was increased [29]. 

 

 Floating Systems with ion Exchange Resins: One primary use for these floating systems 

is to increase the GRT of ion exchange resin dosage forms. Beads covered with hydrophilic 

polymers and filled with bicarbonate ions make up the drug resin complex [30]. It makes 

the beads float by reacting with the gastric juice, which in turn generates carbon dioxide 

gas. A floating system was created by Atyabi et al. using ion exchange resin. This resin is 

composed of resin beads that have bicarbonate and a medicine linked to them, which is 

negatively charged. After subjecting two resins—Amberlite IRA-400 and Dowex 2 x 10—

to a standardized technique, researchers found that both had in vitro floating durations of 

more than 24 hours. With the non-coated approach, the coated dose form stayed in the 

stomach for more than three hours, and its retention was much higher than with the 

standard formulation [31]. 

 

(B) Non-Effervescent Systems 

 

The medicine expands when it comes into touch with stomach fluid in non-effervescent floating 

systems. Because it keeps its form and density below one, it floats on the surface of gastric fluid. 

These floating systems make use of hydrocolloids of the swellable, matrix-forming, or gel-forming 

varieties [32]. There are additional ways to categorize them: 

 

 Hydrodynamically Balanced Systems (HBS): The essential component of these systems 
is a combination of hydrocolloids and medications, which, when exposed to gastric fluid, 

swell to create a gelatinous barrier. Being less dense than gastric fluid causes it to float for 

a long time in the stomach. To improve the regulation of theophylline distribution in the 

stomach for an extended period with a minimum floating time of 6 hours, Nayak and 

Malakar created gastroretentive theophylline HBS capsules with the following ingredients: 

lactose, ethylcellulose, liquid paraffin, polyethylene oxide, and polyvinylpyrrolidone [33]. 

 

 Microballoons: A drug-containing emulsion is slowly added to a volatile solvent to form 
microballoons. An internal hole in the drug-polymer microsphere is created as the solvent 

evaporates, releasing gas from a dispersed polymer droplet. The emulsion solvent diffusion 

method is another name for it [22]. The amount and kind of polymer utilized in the 

formulation determine the floating time of microspheres. By utilizing eudragit L100 and an 

emulsion solvent diffusion process with a non-effervescent methodology, Gupta et al. 

created microspheres filled with pantoprazole sodium. The drug-release pattern that was 

determined to be most effective in healing ulcers and increasing bioavailability was 

supported by both in vitro and in vivo investigations [34].  

 

 Alginate Beads: The hydrocolloid gel-forming agent and sodium alginate are the 
interlocking agents used to construct these systems. The hydrocolloid binds to stomach 

fluid and creates a barrier, trapping air within the polymer. This causes the polymer to 

swell, which in turn allows the dosage form to float, allowing the medicine to be released 

over an extended period of time. Using an emulsion gelation technique, Ghareeb and Radhi 
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created trimetazidine calcium alginate floating beads with sodium alginate solution (2, 3, 

and 4% w/v), hydrophobic polymer complexes (HPC), and peppermint oil (15, 20, and 

25% v/v). They discovered that floating beads encased in oil showed promise for 

maintaining the drug's release throughout a 10-hour period [35]. 

 

 Layered Tablets: Layered tablets are more popular due to ease of their preparation, low 

cost, and high stability. 

 

a) Single-Layered Floating Tablets: The formulation of these tablets involved incorporating 

gas-generating chemicals into the matrix tablet along with the medication. Because of their 

increased gastric reflux time (GRT) and relatively low bulk density compared to gastric fluid, 

these formulations maintain their buoyancy in the stomach [36]. Using wet granulation and 

compaction, Kim et al. created non-effervescent gastroretentive tablets of pregabalin that are 

to be taken once daily. In vitro solubility and floating characteristics of the manufactured 

tablets were determined to be significantly impacted by the concentrations of HPMC and 

crospovidone. Figure 6 shows a diagram of floating tablets with only one layer [37]. 

 
Figure 6: Mechanism of Single Layer Tablet 

 

b) Double-Layered Floating Tablets: With two distinct release patterns, it consists of two 

formulations stacked on top of each other [3,38].Using the direct compression method, 

Kuldeep et al. created a bilayer floating tablet with two layers: one layer that releases 

metoprolol succinate over time, and the other layer that releases rosuvastatin calcium 

immediately. The gel-forming agents utilized were HPMC K100, K4M, and K15M, whereas 

the super disintegrants were cross carmellose sodium, sodium starch glycolate, and 

crospovidone. An effervescent agent is sodium bicarbonate's primary function. The in vitro 

buoyancy investigation found that the floating lag time reduces with increasing 

concentrations of gas-generating agents. Both the floating lag time and the total floating 

duration were seen to be affected by the polymer gas producing agent ratio [39]. 

 

III- Mucoadhesive and Bioadhesive Systems 

 

The sticky qualities of a mucoadhesive or bioadhesive system allow for the long-term localization 

of a medicine to a certain area of the body. In Figure 4D, we can see a GRDDS mucoadhesive 



Novel Drug Delivery System from Fundamental Principles to Advanced Applications 

e-ISBN: 978-93-6252-066-1 

IIP Series 

GASTRORETENTIVE DRUG DELIVERY SYSTEMS (GRDDS): AN IN-DEPTH  

ANALYSIS OF APPROACHES, AND APPLICATIONS IN CONTROLLED DRUG DELIVERY 

 

Copyright © 2024 Authors                                                                                                                        Page | 138  

system. Bioadhesive and mucoadhesive polymers are employed most often for this purpose [40]. A 

variety of polymers, both natural and semisynthetic, are utilized for mucoadhesion. Natural 

polymers include guar gum, sodium alginate, gelatin, and lectins. Semisynthetic polymers include 

carbopol, sodium carboxymethyl cellulose, and HPMC. Receptor interactions, hydration, or 

bonding mediate the adherence [41,42]. The itraconazole sustained-release pills were created by 

Madgulkar et al. with the help of the mucoadhesive polymer carbopol 934P and HPMC K4M. 

Albino rats were shown to have stomach retention and sustained drug release for six hours [43]. 

 

IV- Swelling System 

 

After swelling, these systems remain clogged in the stomach because they enlarge substantially in 

response to gastric fluid, surpassing the size of the pyloric sphincter. One more name for this is a 

"plug type system" [44].  With the right excipient, controlled and sustained medication release can 

be accomplished. In a hydrophilic polymer network, the amount of cross-linking determines the 

swelling ability of the material. When the cross-linking degree is high, the system stays intact, but 

when it's low, the polymer swells up and dissolves quickly [45]. 

 

V- Superporous Hydrogels 

 

A three-dimensional network of hydrophilic polymers with multiple super-size pores inside is 

called a superporous hydrogel. Capillary soaking via interconnected open pores causes 

superporous hydrogels to expand. Certain components, such as initiators and cross-linkers, are 

utilized to commence the cross-linking process in the development of superporous hydrogels [46]. 

In addition, there were foaming agents, foaming aids, and foam stabilizers. A superporous 

hydrogel system was created by Desu et al. with the following components: polyvinyl alcohol, 

ammonium persulfate, N, N-tetramethylenediamine, Span 80, and N', N'-methylene bisacrylamide, 

which were used as cross-linking operators and composite specialists, respectively. To create a 

gas-forming porous structure, they are employed as a froth stabilizer [47]. 

 

VI- Magnetic System 

 

This technology allows for the control of the movement of a gastroretentive formulation with a 

small internal magnet by applying a powerful magnetic field onto the body surface using a strong 

magnet. According to multiple accounts, this system has been successful; nonetheless, picking the 

magnet's location with extreme precision is crucial to the system's operation [48]. Magnetized 

acyclovir depot tablets were created by Gröning et al. for oral administration. The administration of 

acyclovir and the length of time it took for the dose form to reach the bloodstream were both 

affected by the use of an extracorporeal magnet. The acyclovir plasma concentration-time profiles 

were established in an in vivo investigation including five healthy male volunteers. The impact of 

GRT on the plasma concentration-time profiles of acyclovir was demonstrated by computer 

simulations of acyclovir depot preparations [49]. 

 

In Vitro Assessment 

 

To forecast gastric transit behavior, in vitro evaluation is crucial for GRDDS. New gastroretentive 

formulations should take the following factors into account. 
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 Buoyancy Lag Time: It is the duration it takes for gastroretentive formulations to reach 

the dissolving medium's surface. The test medium, which is kept at 37°C and contains 900 

mL of 0.1 N HCl solution, is used in a USP dissolving equipment to determine it. Floating 

lag time is the amount of time it takes for various dose forms to float [50]. 

 

 Floating Time: The buoyancy of the dose form is determined by this. The dosage form 
determines the specific dissolution equipment utilized in this test, which involves 900 mL 

of dissolution media maintained at 37°C. Just by looking at the dosage form, you can tell 

how long it will float [51, 52]. 

 

 Specific Gravity/Density: Estimates of specific gravity are crucial for GRDDS of low and 
high density. According to the displacement method is used to find specific gravity [53]. 

 

 Swelling Index: To find the swelling index, the pills are submerged in 0.1 N HCl at 37°C 

and taken out at regular intervals [54]. 

 

 Water Uptake: In this investigation, a weight change is assessed after removing the 
dosage form from the dissolution medium at the regular intervals [55]. 

Water uptake (WU) = (Wt - Wo) * 100/Wo 

where Wt= weight of the dosage form at time t, Wo= initial weight of the dosage form 

 

 Weight Variation: The weight variation can be calculated according to a number of 
approved procedures recommended by pharmacopeias. It is standard practice to document 

both the average and individual weight of twenty pills. The average weight and the weight 

variation are computed using these data points [56,57]. 

 

 Hardness and Friability: A variety of testers, including those made by Pfizer, Monsanto, 
and Strong Cobb, are used to ascertain the hardness or crushing strength of materials. A 

Roche friabilator is used to determine the strength (or friability) of tablets [58,59]. 

 

 In Vitro Dissolution Tests: By employing the USP dissolve type II apparatus (paddle) and 

keeping the stomach and intestines at 37°C for a predetermined amount of time, this test 

can ascertain the rate of drug release from GRDDS [59,60]. 

 

Evaluation of Microsphere and Beads 

 

The size of the beads and microspheres was measured using an optical microscope. A scanning 

electron microscope is used to assess the surface morphology as well as the cross-sectional 

morphology. 

 

In Vivo Assessment 

 

 Radiology: The primary application of this method is to ascertain, by means of X-ray, the 
location within the body of a gastroretentive dose form containing barium sulfate, a radio-

opaque marker. In order to document the precise location of the dose form, X-ray 

photographs are obtained at various intervals [61, 62]. 

 



Novel Drug Delivery System from Fundamental Principles to Advanced Applications 

e-ISBN: 978-93-6252-066-1 

IIP Series 

GASTRORETENTIVE DRUG DELIVERY SYSTEMS (GRDDS): AN IN-DEPTH  

ANALYSIS OF APPROACHES, AND APPLICATIONS IN CONTROLLED DRUG DELIVERY 

 

Copyright © 2024 Authors                                                                                                                        Page | 140  

 Scintigraphy: It is utilized to determine the floating behavior of the gastroretentive dose 

form in vivo, similar to radiology. Instead of using an X-ray to envelop the formulation and 

record the image, scintigraphy uses 99mTc pertechnetate as the emitting material [63, 64]. 

 

 Gastroscopy: Visual inspections of gastroretentive dose forms are commonly performed 
using gastroscopy. In this method, a thin, illuminated tube called a "endoscope" is inserted 

into the body to examine internal organs such the small intestine, esophagus, and stomach 

[65,66]. 

 

 Ultrasonography: It is a method of diagnosing medical conditions by creating pictures of 
the inside of the body using ultrasound. One major drawback of this test is that it cannot 

detect entrails [1,66,67]. 

 

 13
C Octanoic Acid Breath Test: The amount of medication absorption from GRDDS is 

evaluated using radioactive 13C octanoic acid. Radiolabeled octanoic acid can be measured 

by comparing the amount of CO₂  exhaled after its metabolism to the amount of the 

chemical absorbed from the duodenum. Isotope ratio mass spectroscopy was used to 

measure the radiolabelled CO2 [65,66]. 

 

 Magnetic Marker Monitoring: This procedure is safer than radiography and 
scintigraphy because it does not use radiation [67,68]. In it, the dose form is monitored in 

real-time as it travels through the digestive tract [69,70]. The dissolving behavior and 

gastrointestinal motility of drugs are the primary areas of research that make use of this 

method. This method involves labeling the dosage form as a magnetic dipole by adding a 

trace of ferromagnetic particles and then detecting the field strength using a device that 

can detect bio-magnetic signals [71,72,73].  
  
Advantages of GRDS  

 

 Peptic ulcer disease has been treated with it.  

 It is rarely employed for drugs with a wide therapeutic window in order to reduce the 
frequency of dose.  

 Drug bioavailability is enhanced.  

 It's a good fit for medications that don't do well in the digestive tract.  

 Its primary function is to ensure the therapeutic withdrawal of a high concentration of 
medications by providing their continuous supply [74].  

 

Disadvantages of GRDDS 

 

 It is not possible to synthesize drugs as GRDDS if they are unstable in highly acidic 
environments, have extremely low solubility in acid environments, or irritate the gastric 

mucosa.  

 To ensure optimal flotation and performance, FDDS (Floating Drug Delivery Systems) 
necessitate a high stomach fluid level. Therefore, it is necessary to drink extra water when 

taking this dosage form [75,76]. 
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IV. APPLICATIONS OF GASTRORETENTIVE DELIVERY SYSTEMS 

 

A regulated release of the medicine to the site of action is achieved with gastroretentive dosage 

forms [77]. Substances like riboflavin and levodopa, which undergo metabolism in the upper 

esophagus, are made more bioavailable with the aid of these systems [78,79]. By increasing 

GRT, gastroretentive dosage forms assist decrease the frequency of administration and enhance 

patient compliance for medications with a short half-life. Additionally, they aid in local therapy 

by providing a steady and extended release of medications in the intestines and stomach [80, 81, 

82]. 

 

V. CONCLUSION 

 

Finally, research into GRDDS is a major step forward in the development of controlled drug 

delivery procedures. This chapter provides a comprehensive overview of GRDDS by analyzing 

its numerous approaches, pros, cons, and applications. Floating, bioadhesive, and inflatable 

systems are just a few examples of the various approaches used to lengthen the amount of time a 

medicine spends in the stomach. These methods show promise for longer drug retention and 

better bioavailability. Although there are some obstacles to overcome, such as complicated 

formulations and possible drawbacks, GRDDS show great promise in overcoming the 

shortcomings of conventional drug delivery methods. Pharmaceutical researchers are interested 

in GRDDS because of its potential benefits, which include prolonged medication release, 

improved patient compliance, and fewer side effects. New developments in this area hold great 

potential for improving patient outcomes, resolving biocompatibility concerns, and optimizing 

medication formulations. This study provides a thorough insight that enhances the existing body 

of knowledge in pharmaceutical science and also points the way for future research and 

development. The profound influence of GRDDS on regulated drug delivery is demonstrated by 

their numerous uses, which cover a wide range of issues, from gastrointestinal diseases to the 

enhancement of therapeutic interventions. The promise of revolutionary advances in tailored 

drug delivery systems and improved treatment regimens is high as pharmaceutical researchers 

keep digging into the complexities of GRDDS. The importance of Gastroretentive Drug Delivery 

Systems in promoting patient-centered healthcare and their crucial role in defining the future of 

regulated drug delivery are both highlighted by this in-depth exploration. 

 

VI. FUTURE SCOPE 

 

The in-depth analysis of Gastroretentive Drug Delivery Systems (GRDDS) presented in this 

study unveils promising avenues for future research and development. The following aspects 

outline the potential future scope and directions for advancing GRDDS: 

 

1. Innovative Formulation Strategies 

 

Continued exploration of novel formulation strategies, such as the integration of advanced 

polymers, nanotechnology, and smart materials, can contribute to overcoming existing 

challenges and enhancing the performance of GRDDS. Innovations in formulation techniques 

will likely lead to optimized drug delivery systems with improved biocompatibility and stability.  
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2. Tailored Drug Release Profiles 

 

Future research should focus on tailoring drug release profiles based on specific therapeutic 

requirements. The development of customizable GRDDS that allow for precision in drug release 

rates and duration will be instrumental in achieving targeted therapeutic outcomes for diverse 

medical conditions. 

 

3. Biocompatible Materials 

 

Advancements in identifying and utilizing biocompatible materials will be crucial for addressing 

concerns related to safety and tolerability. Research efforts should be directed towards the 

selection and modification of materials that ensure optimal performance, minimal side effects, 

and efficient elimination from the body. 

 

4. Patient-Centric Approaches 

 

Future studies should aim at incorporating patient-centric approaches into the design of GRDDS. 

Personalized drug delivery systems, considering individual patient variations and needs, have the 

potential to revolutionize the field, improving treatment adherence and overall healthcare 

outcomes. 

 

5. Clinical Translation and Validation 

 

Bridging the gap between laboratory research and clinical application is vital. Conducting 

extensive clinical trials to validate the safety, efficacy, and feasibility of GRDDS in diverse 

patient populations will be a critical step toward their widespread adoption in real-world medical 

practices. 

 

6. Combination Therapies 

 

Exploring the integration of multiple therapeutic agents within a single GRDDS could pave the 

way for innovative combination therapies. This approach holds the potential to address complex 

medical conditions and enhance treatment efficacy while simplifying drug administration for 

patients. 

 

7. Regulatory Considerations 

 

As GRDDS continue to evolve, regulatory frameworks need to adapt to accommodate these 

innovative drug delivery systems. Collaborative efforts between researchers, pharmaceutical 

companies, and regulatory bodies are essential to establish standardized guidelines and ensure 

the safe deployment of GRDDS in clinical settings. 

 

Ultimately, GRDDS research aims to expand the frontiers of innovation, overcome existing 

restrictions, and provide real advantages to patients and healthcare providers through the 

application of scientific discoveries. The future of controlled drug delivery is bright for GRDDS 

as interdisciplinary collaboration takes off. 
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