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Advances in gastric retention drug delivery system
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(Harbin University of Commerce, Harbin 150076, China)

Abstract: The conventional oral drug delivery frequently results in the drug elimination before its complete
release due to rapid gastric emptying and short gastrointestinal transport time, thus reducing the bioavailability of
drug. In order to maintain an effective concentration of drug in the body and maximize its optimal efficacy, the
frequency of administrations often needs to be increased. By contrast, gastric retention drug delivery system
(GRDDS), as an innovative method of drug delivery, prolongs the retention time of the drug in the stomach and
reduces irritation to the gastrointestinal tract. Consequently, it enhances the bioavailability of drug, reduces dosing
frequency for patients and improves treatment adherence. In recent years, domestic and foreign studies have been
conducted on gastric retention drug delivery systems. Here, we provide a comprehensive overview of the relevant
literature published in recent years, examining their current marketing status, various types, as well as in vivo and
in vitro evaluation methods.
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Table 1 Listed gastroretentive products™. API: Active pharmaceutical ingredient

Product API Technology Company
Zanocin OD Ofloxacin Effervescent floating system Ranbaxy, India
Riomet OD Metformin hydrochloride Effervescent floating system Ranbaxy, India
Cifran OD Ciprofloxacin Effervescent floating system Ranbaxy, India
Inon Ace Tablets Sime thicone Foam-based floating system Sato Pharma, Japan
ProQuin XR Ciprofloxacin Polymer-based swelling technology: AcuForm™  Depomed, USA
Glumetza Metformin hydrochloride Polymer-based swelling technology: AcuForm™  Depomed, USA
Prazopress XL Prazosin hydrochloride Effervescent and swelling-based floating system  Sun Pharma, Japan

Metformin hydrochloride Metformin hydrochloride
Cafelor LP
Tramadol LP

Cefaclor
Tramadol

Cipro XR Ciprofloxacin hydrochloride
and betaine

Baclofen GRS Baclofen

Coreg CR Carvedilol

Madopar Levodopa and benserazide

Liquid gaviscon Alginic acid and sodium
bicarbonate

Valrelease Diazepam

Cytotec Misoprostol (100/200 pg)

Topalkan Aluminum magnesium
antacid

Conviron Ferrous sulfate

Minextab floating system
Minextab floating system
Minextab floating system
Erodible matrix-based system

Coated multi-layer floating and swelling system
Gastroretention with osmotic system

Floating, CR capsule

Effervescent floating liquid alginate preparation

Floating, CR capsule
Bilayer floating capsule

Floating liquid alginate

Colloidal gel forming floating system

Galenix, France
Galenix, France
Galenix, France
Bayer, USA

Sun Pharma, India
GlaxoSmithKline, UK

Roche, UK

Reckitt Benckiser Healthcare, UK

Roche, UK
Pharmacia Limited, UK

Pierre Fabre Medicament, France

Ranbaxy, India
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Table 2 Drug candidates suitable for use in gastroretentive drug delivery systems

Drug Disease

Drawback Ref

Metformin Treatment of type 2 diabetes

Narrow absorption window and the best absorption [6]
part is the upper digestive tract

Revaprazan Treatment of peptic ulcers Poor dissolution properties and short half-life [7]
Trazodone hydrochloride — Treat a major depressive disorder Poor dissolution properties and a short half-life [8]
Raloxifene Treat osteoporosis in postmenopausal women Poor dissolution properties [9]
Ranitidine hydrochloride ~ Treatment of peptic ulcers Narrow absorption window and a short half-life [10]
Acyclovir Treat infections caused by herpes simplex virus (HSV) Narrow absorption window and a short half-life [11]
or herpes zoster virus (VZV)
Ofloxacin Treatment of bacterial urogenital tract and respiratory With a low solubility at alkaline pH [12]
tract infections
Metoprolol succinate Treatment of hypertension, congestive heart failure, Narrow absorption window and a short half-life [13]
angina pectoris, and arrhythmia
Verapamil Treatment of hypertension and tachycardia With a low solubility at alkaline pH [14]
Clarithromycin Helicobacter pylori in the treatment for upper Short half-life [15]
respiratory tract infections
Famotidine HCI For the treatment of gastrointestinal and duodenal ulcer, ~Narrow absorption window and low solubility in [16]
reflux esophagitis, upper gastrointestinal bleeding and intestinal pH
other gastrointestinal diseases
Domperidone Treatment of upper gastrointestinal diseases Poor oral bioavailability, short biological half-life, [17]

and pH-dependent solubility

Esophagus

Pylorus

Gastric antrum
Duodenum

Figure 1 Physiological anatomy map of the stomach
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Figure 2 Categories and schematic diagram of different GRDDS.
A: Floating GRDDS; B: High-density type GRDDS; C: Unfolded
GRDDS; D: Swelling and expanding GRDDS; E: Magnetic
GRDDS; F: Bio/mucoadhesive type GRDDS; G: Floating raft type
GRDDS; H: The GRDDS with superporous hydrogels. GRDDS:

Gastric retention drug delivery system
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Table 3 Mechanisms of action and disadvantages of various types of gastric retention delivery systems

Type Mechanism

Drawback

Floating type
concentration to float
High density type
gastric juice, allowing the drug to sink

Swelling and

expanding type
the pyloric size and difficult to expel

Magnetic type
magnets to control the position of the drug

Bio/mucoadhesive Adhesive materials are added to the drug to adhere to the gastric

Relies on drug concentration being lower than gastric fluid

Relies on the density of the drug being higher than the density of the

After oral administration, the drug comes into contact with gastric

juices, expands and unfolds in volume, making the drug larger than

Incorporation of magnetic material into the drug, using external

Gastric fluid levels, body position after drug
administration, and food intake all affect floating status
High technical requirements, difficult to make high-
density particles with high drug content, possible
material safety and biocompatibility issues

Uneven or excessive swelling of the drug causing
stomach upset or blockage

Requires external magnetic field cooperation, affecting
patient comfort

Adhesion may be reduced by physiological factors and
food intake

type mucosa or epithelial cell surface through adhesion

Raft forming type  The drug absorbs water and swells to form a viscous cohesive gel that
floats like a raft on the surface of the gastric juice

Superporous Utilising a super porous aqueous gel structure to increase the carrying

hydrogels capacity of the drug and prolong the residence time of the drug in the

Synergistic type

Nanoparticulate-
based GRDDS
3D printing-based
GRDDS

stomach

Combines multiple mechanisms, such as floating, adhesion, swelling,
etc., which work synergistically to prolong the residence time of the
drug in the stomach and improve the delivery effect

Use of nanocarriers and other technologies to extend the residence
time of drugs in the stomach and improve targeting and bioavailability
Design and preparation of GRDDS according to the individual needs
of patients using 3D printing technology to increase individual
differentiation of therapeutic effects

Complex preparation process and high cost

Complex preparation process, difficult to control pore
structure and size

Complex to prepare and optimise as there is a need to
overcome synergistic problems with the various
mechanisms involved

Possible problems with biosafety and metabolic
pathways of nanocarriers; high preparation costs
Higher costs make it difficult to achieve mass
production
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