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Abstract  

Gastro retentive drug delivery system (GRDDS) is one of the most widely used technique of drug formulation for oral controlled delivery of drugs. These 

formulations help to prolong the gastric residence time, leading to increased contact time of drug with the gastric mucosa, therefore better bioavailability is attained 

and hence increased therapeutic activity. Various types of GRDDS systems are available based on their floating and non- floating behavior, different polymers were 

used to develop these gastro retentive systems. Individual systems had some deficiencies, they were tried to be eliminated by advanced formulation techniques that 

includes combination of two or more GRDDS in one design. It was observed that the latest combinational approaches lead to formulation of improved and effective 

drug delivery systems with better patient acceptability.   
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Introduction 

Oral administration is the most convenient and preferred means of any drug delivery to the systematic circulation. Oral controlled release drug delivery 

have recently been of increasing interest in pharmaceutical field to achieve improved therapeutic advantages, such as ease of dosing administration, 

patient compliance and flexibility in formulation. Drugs that are easily absorbed from gastrointestinal tract (GIT) and have short half-lives are eliminated 

quickly from the systemic circulation.[1]. However, this route has several physiological problems. Including an unpredictable gastric emptying rate that 

varies from person to person, a brief gastrointestinal transit time (8- 12h), and the existence of an absorption window in the upper small intestine for 

several drugs.[2] It is widely acknowledged that the extent of gastrointestinal tract drug absorption is related to contact time with the small intestinal 

mucosa. Thus small intestinal transit time is an important parameter for drugs that are incompletely absorbed. Basic human physiology with the details 

of gastric emptying, motility patterns and physiological and formulation variables affecting the cosmic emptying is summarized.[3] Traditional approaches 

have been followed to encourage gastric retention of an oral dosage form. Briefly, gastro-retentive systems can be based on the floating systems, bio 

adhesive systems and systems that have a size or will expand in the stomach to a size that is too large to pass the pyloric sphincter. Over the past three 

decades, the pursuit and exploration of devices designed to be retained in the upper part of the gastrointestinal tract (GIT). [4] 

Disadvantages 

1. Unsuitable for drugs with limited acid solubility. E.g. Phenytoin.  

2. Unsuitable for drugs those are unstable in acidic environment. E.g. Erythromycin.  

3. Drugs that irritates or causes gastric lesions on slow release. E.g. Aspirin &NSAID’s.  

4. Drugs that absorb selectively in colon E.g. Corticosteroid.  

5. Drugs that absorb equally well through GIT. E.g. Isosorbide, dinitrate, Nifidipine. [5]  

6. Bio/muco adhesives systems have problem of high turnover rate of mucus layer, thick mucus layer & soluble mucus related limitations. [6] 

7. Gastric retention is influenced by many factors such as gastric motility, pH and presence of food. These factors are never constant and hence 

the buoyancy cannot be predicted. [6]     

Advantages 

1. Delivery of drugs with narrow absorption window in the small intestine region 

2. Improved therapeutic efficacy [7] 
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3. Gastro retentive dosage forms minimize the fluctuation of drug concentrations and effects. 

4. By using this drug delivery we can prolong and sustain release of drugs from dosage. 

5. This site-specific drug delivery reduces undesirable effects of side effects. [8] 

6. GRDDS helps to maintain a constant therapeutic level of drug for longer period of time, example Beta lactam antibiotics. 

7. These controlled release formulations of drugs with short half life, decreases dosing frequency, hence improves patient compliance. [9] 

Physiology of Stomach 

The main function of the stomach is to process and transport food. It serves as a short‐term storage reservoir, allowing a rather large meal to be consumed 

quickly. Vigorous contractions. of gastric smooth muscle mix and grind foodstuffs with gastric secretions, resulting in liquefaction of food. As food is 

liquefied in the stomach, it is slowly released into the small intestine for further processing [10]  

   

 

 

 

 

 

 

 

Anatomically the stomach is divided into 3 regions: fundus, body, and pylorus. The proximal part made of fundus and body acts as a reservoir for 

undigested material, whereas the cavity is the main site for mixing motions and act as a pump for gastric emptying by propelling actions. The pattern of 

motility is however distinct in the 2 states. During the fasting state an interdigestive series of electrical events take place, which cycle both through 

stomach and intestine every 2 to 3 hours. This is called the interdigestive myloelectric cycle or migrating myloelectric cycle (MMC) [10], the migrating 

myoelectric complex (MMC) is further divided into Four phases. [11] 

 

 

 

 

 

 

 

Phase I - Quiecent period lasting from 40 to 60 min with rare contraction.  

Phase II- Period of similar duration consisting of intermittent action potentials and contractions that gradually increase in intensity and frequency as the 

phase progress.  

Phase III- Short period of intense, contraction lasting from 4 to 6 min. The cycle in this phase is called “housekeeper” wave, for the reason that it sweep 

undigested materials out of the stomach.  

Phase IV- Brief transitional phase, that occurs between phase III and phase I of two consecutive cycles.   [12] 

Drug selection criteria for GRDDS 

• Drugs those are locally active in the stomach (e.g. misroprostol, antacids)  

• Drugs that have narrow absorption window in GIT (e.g. L-DOPA, p- aminobenzoic acid, furosemide, riboflavin). 

• Drugs those are locally active in the stomach (e.g. misroprostol, antacids). 

• Drugs exhibit low solubility at high pH values (e.g. diazepam, chlordiazepoxide, verapamil). 
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• Drugs that disturb normal colonic microbes such as tetracycline, clarithromycin, amoxicillin  

• Drugs those are unstable in the intestinal or colonic environment [13] 

Methods for GRDDS 

 

 

 

 

 

 

 

 

 

 

1. High-density/non-floating system 

Gastric contents have a density close to water    (≈ 1.004 g/cm3). These systems have density higher than the gastric content. A density close to 2.5 g/cm3 

is necessary for significant prolongation of gastric residence time. Barium sulfate, zinc oxide, iron powder, and titanium dioxide are excipients used to 

formulate such type of dosage Form. [14] 

 

 

 

 

 

 

 

 

 

2. Low density (Floating) system  

One of the most essential techniques to achieving stomach retention and appropriate drug bioavailability is to use floating device. Dosage form should 

have less bulk density than that of the gastric fluids (1.004–1.001 g/cm3), so that it can float on gastric fluid for entire duration of therapy, and the 

medicine is released slowly with a controlled rate. [15] 
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3. Bio/mucoadhesive system   

In this system drugs bind to the gastric epithelial cell surface & extend the GRT by increasing the intimacy & duration of contact betn the dosage form 

and the biological membrane. The concept is based on the self-protecting mechanism of the GIT. The mucus not only protect the surface mucosal cells 

from acid and peptidases but also acts as a lubricant for the passage of solids and as a barrier to antigens, bacteria, and viruses. The epithelial adhesive 

properties of mucin are well known and have been applied to the development of GRDDS through the use of bioadhesive polymers. The adherence of 

the delivery system to the gastric wall increases residence time at a particular site, thereby improving bioavailability. [16] 

 

 

 

 

 

 

 

 

 

 

 

4. Swelling/Expanding Systems 

Swelling or expanding systems are dosage forms that, after swallowing, swell to an extent that prevents their exit from the pylorus. As a result, the dosage 

form is retained in the stomach for a long period. These systems may be called 'plug type systems', since they exhibit a tendency to be logged at the 

pyloric sphincter. Extensive swelling of the polymer is the result of the presence of physical-chemical crosslinks in the hydrophilic polymer network. The 

bulk enables gastric retention and maintains the stomach in a 'fed' state, suppressing housekeeper waves. A balance between the rate and extent of swelling 

and the rate of erosion of the polymer is crucial to achieve optimum benefit and to avoid adverse effects [17] 

 

 

 

 

 

 

 

 

 

 

Physiochemical Properties of GRDDS 

• Nature of meal: Feeding of indigestible polymers or fatty acid salts can change the motility pattern of the stomach to that of the fed state and thus, 

decreasing the gastric emptying rate of the stomach and prolonging drug release.  

• Caloric content:  GRT can be increased by 4 to 10 h with a meal i.e. high in proteins and fats.  

• Density: GRT is a function of dosage form buoyancy that is dependent on the density and the dosage form also affects the gastric emptying rate. 

The dosage forms having a density lower than the gastric contents can float to the surface, while the high density systems sink to bottom of the 

stomach and the density of < 1.0 gm/ cm3 is required to exhibit floating property of the dosage form. [18] 

• Particle size: The particle size range up to 1-2 micrometer (mm). Which are going into the intestinal membrane.  
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• The shape of dosage form: The shapes of dosage forms are responsible for better GRT that is 90- 100%. The shapes involved are the tetrahedron, 

ring-shaped devices as compared to other shapes of the dosage form. [19] 

• Fed or unfed state: Under fasting conditions, the GI motility has characterized by periods of strong motor activity that occurs every 1.5-2 hrs. The 

MMC (Migrating Motor Complex) sweeps undigested material form the stomach and if the timing of the formulation coincides with that of MMC, 

the GRT of the unit can be very short, however in fast state MMC is delayed and GRT is longer[20] 

• Age: GRT is more common in geriatric patients, and less common in neonates and infants. Age over 70 (> 70) shows GRT for longer.  

• Concomitant Intake of Drug: mixture of some drugs along with gastric motility enhancers or depressants, affect “Gastro retention time. [21] 

• Disease state: GRT is altered during disease state.[22] 

 

Excipients used in GRDDS . [23] 

(1) Synthetic polymers 

a) Various gardes Poly ethylene oxide like WSR 301, 301, N10, Coagulants.  

b) Cellulose derivatives (methyl cellulose, ethyl cellulose, hydroxy-ethylcellulose, Hydroxyl propyl cellulose, hydroxy propyl methylcellulose, 

sodium carboxy methylcellulose. 

c) Poly (acrylic acid) polymers (carbomers, polycarbophil). 

d) Poly (hydroxyl ethyl methyl acrylate). 

e) Poly (vinyl pyrrolidone). 

f) Poly (vinyl alcohol).   

(2) Natural polymers 

(a) Tara gum 

(b) Sodium alginate 

(c) Karaya gum 

(d) Guar gum 

(e) Xanthan gum 

(f) Locust bean gum26 

Evaluation Parameters in GRDDS 

1. Drug-excipient interaction: It is done by using FTIR and HPLC. Appearance of a new peak and/or disappearance of original drug or excipient 

peaks indicate the drug excipient interaction. 

2. Floating lag time: It is the time taken to emerge tablet onto the surface after it is kept in to the dissolution medium. It is measured in minutes 

or seconds. [24] 

3. Swelling Index: After immersion of swelling dosage form into Simulated Gastric Fluid at 370C, dosage form is removed out at regular interval 

and dimensional changes are measured in terms of increase in tablet thickness with time. 

4. Specific Gravity / Density: Density can be determined by the displacement method using Benzenes displacement medium. 

Applications [25] 

1. Reduced undesirable activity at the colon: The drug maintenance in the hydro dynamically balanced system (HBS) is affected by the present 

drug in the intestine and also their action is restricted. These properties may be shows good GRDF formulations for antibiotics  like beta-

lactam which are absorbed only in the small intestine and results in the formulation of microorganism’s resistances. 

2. Enhanced Bioavailability: The drug riboflavin bioavailability is enhanced by Control Release Gastro retention delivery formulation 

(CRGRDF) Other than non-GRDF CR dosage forms.  
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3. Absorption enhancement: For the development of a floating system some drugs have poor bioavailability at the target site of GIT and regulate 

absorption.  

4. Site-specific drug delivery systems: The site-specific drug conveyance frameworks imply that the medications are caught up in the small 

digestive tract and the stomach site. For the controlled way of the medication at the site of the stomach shows better therapeutics impacts. This 

prompts the base symptoms and furthermore decreases dosing recurrence like Riboflavin and Furosemide 

Conclusion   

Gastro retentive drug delivery technologies offers a potential advantages of enhanced bioavailability and controlled delivery of drug. Gastro retentive 

drug delivery system showed the potential to increase the gastric retention of drug. 

The goal of any drug delivery system is to provide a therapeutic amount of drug to the proper site in the body and also achieve and maintain the desired 

plasma concentration of the drug for a particular period of time. 

References 

1. Amit Kumar Nayak , Ruma Maji, Biswarup Das, Gastroretentive drug delivery systems: a review, AJPCR, Vol.3 Issue 1, January-March 

2010. 

2. Meenakshi Jassal, Ujjwal Nautiyal, A review: Gastroretentive drug delivery system, Indian J. Pharm. Biol. Res. 2015; 3(1):82-92. 

3. Shivram Shinde, Imran Tadwee, Gastro retentive Drug Delivery System, IJPRAS, Volume 1, issue1 (2011), 01-13. 

4. Vijay Chudiwal, Sadhana Shahi, Innovative Technologies for Gastro-Retentive Drug Delivery Systems, GJPPS.MS.ID.555650 (2018). 

5. Meenakshi Jassal, Ujjwal Nautiyal, A review: Gastroretentive drug delivery system, Indian J. Pharm. Biol. Res. 2015; 3(1):82-92 

6. Shailaja pant, Ashutosh badola, A review on Gastroretentive drug delivery system, IJRDP, June-July, 2016, Vol.5, No.4, pp2178-2187.Bhavsar 

Dhaval Niranjanbhai, Advances in grdds: Raft forming system a review, Journal of Drug Delivery & Therapeutics; 2012, 2(5), 123-128. 

7. Bhavsar Dhaval Niranjanbhai, Advances in grdds: Raft forming system a review, Journal of Drug Delivery & Therapeutics; 2012, 2(5), 123-

128. 

8. Shaikh Siraj, Molvi Khurshid.I, Various Perspectives of Gastroretentive Drug Delivery System: A Review, AJADD[1][4][2013]443‐451. 

9. Nazia Khanam, Md Irshad Alam, A review on novel approaches incorporated in the formulation of gastro retentive drug delivery system, 

IJPBS | Volume 7 | Issue 1| Jan-Mar| 2017 | 52-60. 

10. Dr. Prashant S. Malpure, Bapu R. Chavan, Gastroretentive drug delivery system, WJPAPS, Volume 8, Issue 3, 506-528. 

11. Swati M. Aute, Santosh A. Payghan, John I. D’Souza, Novel Approach In Gastro Retentive Drug Delivery System: Floating Microspheres, 

IJPBA, 2 (5) 2014, 09-22. 

12. Manisha Ware, Sandip Prasad Tiwari, New Insights Into Gastro-Retentive Floating Drug Delivery Systems, WJPAPS, Volume  3, Issue 1,  

252-270. 

13. Shaikh Siraj, Molvi Khurshid.I, Various Perspectives of Gastroretentive Drug Delivery System: A Review, AJADD[1][4][2013]443‐451. 

14. Swati M. Aute, Santosh A. Payghan, John I. D’Souza, Novel Approach In Gastro Retentive Drug Delivery System: Floating Microspheres, 

IJPBA, 2 (5) 2014, 09-22 

15. Bhushan P. Gayakwad, Sunil R. Bavaskar, Natural Polymers In The Development Of Gastroretentive Systems, NVEO, Nat. Volatiles & 

Essent. Oils, 2021; 8(5): 2895 – 2906. 

16. Shaikh Siraj, Molvi Khurshid.I, Various Perspectives of Gastroretentive Drug Delivery System: A Review, AJADD[1][4][2013]443‐451 

17. Chaturvedi Shashank, Kumari Prabha, Approaches To Increase The Gastric Residence Time: Floating Drug Delivery Systems, IJPCR, Vol 6, 

Issue 3, 2013.          

18. Gunjan Gadge, Vidya Sabale, Current Approaches on Gastro Retentive Drug Delivery System: An Overview, IJPRT, |July-December 2019 | 

Vol9| Issue 2. 

19. KM Nidhi, Jaya Bhati, A brief summary on “gastro retentive drug delivery system”, IJMPR 2022, 6(3), 53-60. 

20. Sai Dividevara, K. Naveen Kumar and K. Preethi, gastro retentive drug delivery  systems: a review, IJRPC 2020, 10(1), 96-104. 

21. Anand Goswami, Dr. Neetesh Kumar Jain, An Updated Review on Gastro Retentive Drug Delivery System, Int. J. Pharm. Sci. Rev. Res., 

65(1), Pages: 45-51. 



International Journal of Research Publication and Reviews, Vol 4, no 1, pp 1373-1379, January 2023                             1379 

 

 

22. Manisha Ware, Sandip Prasad Tiwari, New Insights Into Gastro-Retentive Floating Drug Delivery Systems, WJPAPS, Volume  3, Issue 1,  

252-270. 

23. Shaikh Siraj, Molvi Khurshid.I, Various Perspectives of Gastroretentive Drug Delivery System: A Review, AJADD[1][4][2013]443‐451. 

24. Himal Paudel Chhetri, Panna Thapa, An Overview On Gastroretentive Drug Delivery System, Chhetri et al., Vol.10, No.I, November, 2014, 

pp 90-103. 

25. KM Nidhi, Jaya Bhati, A brief summary on “gastro retentive drug delivery system”, IJMPR 2022, 6(3), 53-60. 

 

 


