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Drugs with an absorption window can benefit from more regulated administration when
they are administered with GRDDSs because they release the drug continuously for a
longer amount of time before it reaches the absorption site. Just because of gastro-
retentive drug delivery devices, medications are meant to remain in the stomach for an
extended amount of time (GRDDS). This could be beneficial for drugs that must be
taken gradually or that are hydrolyzed by stomach acid. GRDDS are a new and exciting
technology that could improve medication delivery to the gastrointestinal tract. Their
potential is to reduce the negative effects of drugs while simultaneously improving their
safety and efficacy. The primary goal of GRDDS is to improve the therapeutic efficacy
and bioavailability of drugs taken orally. There are several forms of GRDDS available,
including tablets, capsules, and multi-particulate systems. They are manufactured using
a range of methods, including as expandable, muco-adhesive, and floating systems, to
accomplish gastro-retention. The primary goals of this review paper are to go over the
fundamental idea behind GRDDS, the most recent technique for GRDDS, and the state
of GRDD delivery at the moment. In this review, we talk about the physiological
condition of the stomach and the several elements that affect GRDDS. This review
article also provides a brief overview of the benefits and drawbacks of newly developed
gastrointestinal technologies, such as sticky, muco-adhesive, low- and high-density
systems, and expandable.

INTRODUCTION

Because of oral drug delivery systems' numerous
advantages—such as high patient compliance,
affordability, convenience

transportation, formulation flexibility, and ease of
administration—they have replaced other drug
delivery methods for human administration. Oral

of storage and drug administration techniques encounter a
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number of challenges, including low
bioavailability due to the heterogeneity of the
gastrointestinal tract, bacterial pH, the dosage
form's stomach retention time, surface area, and
enzymatic activity. A type of drug delivery system
called GRDDS is designed to increase a
medication's half-life in the stomach. [1]. This may
be advantageous for medications that must be
administered to the stomach, are sensitive to
stomach acid, or are poorly absorbed in the small
intestine. Upper GIT drug release is the focus of
GRDDS, a technique for extending GRT that has

both local and systemic effects. GRDDS can
enhance regulated administration of medication
with an absorption window by releasing the
medication for a longer period of time prior to it
reaching the absorption site. Prolonging a drug's
residence duration in the stomach is the aim of a
gastro-retentive drug delivery system (GRDDS)
[1-2]. There are several ways to accomplish this,
including: Floating systems, Muco-adhesive
systems, Magnetic systems, Expandable systems.
[1-3]. GRDDS are used for a variety of drugs,
including as shown in table 1.

Table: 1 Drugs used for GRDDS with examples

Erc; Drug Candidate Example

1 Drugs that are absorbed from the stomach Proton Pump inhibitor like
omeprazole, lansoprazole

2 Drugs that are labile at alkaline pH ranitidine, metformin

3 Drugs that are poorly soluble at alkaline pH furosemide, diazepam

4 | Drugs that have a narrow window of absorption riboflavin, levodopa

GRDDS are a good choice for drugs that have
short half-lives, poor solubility at alkaline pH, low
absorption in the bottom half of the GIT, and local
activity in the upper part of the gut for the
eradication of Helicobacter pylori. GRDDS is a
potentially helpful technique for improving
medicine delivery to the stomach. They provide a
number of advantages over conventional oral
pharmaceutical administration techniques, and
research is being done on possible applications. [3]
Advantages and Disadvantages of GRDDS
It is important to consider the several advantages
and disadvantages of GRDDS when developing or
applying this drug delivery technique. The main
benefits and drawbacks of GRDDS for
compositional progress are as follows:
Advantages
GRDDS have a number of advantages, but they
also have some disadvantages. The merits of
GRDDS as below followings:

By keeping poorly water-soluble medications

in the stomach, where absorption can take

place, GRDDS can

absorption.

ii. They make sustained medication release

possible, which may lead to less frequent

dosage and a lengthier therapeutic impact.

Additionally, controlled release helps lessen

variations in the circulation levels of the

medicine, which may minimize adverse

effects. [2-4].

Disadvantages

Although they have many benefits, gastro-

retentive medication delivery devices also have

certain drawbacks. The following are GRDDS'
drawbacks:

i. GRDDS can be difficult to target specific
stomach areas, especially if the medicine is
administered gradually. This could be
problematic for drugs that need to be
released in a specific area of the stomach for
optimal absorption or therapeutic effect.

improve the drug's
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Additionally, esophageal binding with bio-
adhesive drug delivery methods is a
potential.

Not all medications are compatible with
GRDDS. GRDDS, for example, may not
hold onto drugs that easily dissolve in
stomach acid.

GRDDS can raise the possibility of a
medication's negative effects, particularly if
it is released too quickly or too slowly.
GRDDS development and manufacturing
may be more expensive than that of other
drug delivery methods.

Their stomachs must hold a lot of fluid in
order for them to float and function properly.
Consequently, when using this dose form, it
is recommended to consume more water. [2-
5].

Drug selection criteria for GRDDS

A number of considerations should be made
while selecting drugs for Gastro-retentive
Drug Delivery Systems (GRDDS) to ensure
that the medication is suitable for this kind
of delivery system. The main factors used to
choose GRDDS medications are:

GRDDS are especially useful for drugs that
are poorly soluble and have low
permeability in the gastrointestinal tract.
These drugs often have limited absorption in
the upper GI tract; therefore, prolonging
their residence duration can increase their
bioavailability.

iv.

Vi.

Vii.

For drugs with a restricted window of
absorption in the stomach or upper small
intestine, GRDDS is advantageous. These
systems can increase the chance of
absorption by making sure the drug remains
in the absorption site for a longer period of
time. [3-7].

The stability or solubility of some drugs
changes with pH. GRDDS can be designed
to release the medication in response to the
pH of the stomach, ensuring optimal
absorption.

Medication that undergoes significant first-
pass metabolism in the liver may benefit
from  gastro-retentive  delivery. By
remaining exposed in the stomach for an
extended length of time, the medicine can
initially bypass the liver by decreasing
metabolism and increasing  systemic
bioavailability.

Medication with a mechanism of action
unique to the stomach, like antacids or those
used to treat peptic ulcers or gastro
esophageal reflux disease (GERD), is a good
fit for GRDDS.

Certain drugs may interfere with meals or
respond adversely to pH changes in the
stomach. GRDDS can be designed to control
the drug's release while food is present or to
reduce interactions with food. [3]

Table 2: Drug selection criteria for GRDDS with drugs example [3-9]

E:)' Drug Selection Criteria Example Drugs selected

Solubility Poorly solublfa-ir] the small ir)testine but soluble in the
1 stomach: Ranitidine, Metformin

Stability Stab_lt? _in the acidic environment of the stomach:
2 Ranitidine, Sucralfate

Absorption Absprbgd in the stomach or upper small intestine:
3 Ranitidine, Ondansetron

Pharmacokinetics Has a long half-life_ so that it can be released over an
4 extended period of time: Metformin, Ondansetron
5 Safety Safe to be released in the stomach: Ranitidine, Sucralfate
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| 6 | Tolerability

| Well-tolerated by patients: Ranitidine, Ondansetron |

The GRDDS medication selection process should
include a comprehensive evaluation of these
criteria to determine the feasibility and potential
benefits of this drug delivery approach.
Additionally, collaboration with formulation
experts, regulatory specialists, and pharmaceutical
scientists is essential during the development
stage. GRDDS is widely used to administer
medications with short half-lives because it
maintains a steady drug level in the bloodstream.
[8]

Requirements of GRDDS

Phase |
30 - 60 min

™
‘ N
_ ——

There are several reasons why a medication
delivery system such as a gastro-retentive drug
delivery device (GRDD) can be necessary. Some
of the most common causes are as follows:
I.  To improve the bioavailability of the drug

ii.  To provide a sustained release of the drug

ili.  To protect the drug from stomach acid

iv.  To target the drug to the stomach: [6-9]
The GRDDS is a complicated mechanism for drug
delivery and removal; the time and stages of the
GRDDS motility pattern are displayed in the
figure 1 according to the description below.

Phase lll

10 - 20 min

Figure 1: Motility patterns of GIT in the fasted state

Gastro-retentive drug delivery systems (GRDDS)
and conventional drug delivery systems (CRDDs)
differ greatly in terms of their uses, drug release
procedures, and architecture. GRDDS are
customized medication delivery systems designed
to increase the amount of time a medication stays
in the stomach or upper gastrointestinal tract.
[1,9,10]. The main goal of GRDDS is to prolong
the duration that the medication is in the stomach

NS4
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region, hence improving drug absorption.
Conventional drug delivery methods are the
typical pharmaceutical dose forms that are
regularly used to provide medications. These
include injectables, syrups, pills, capsules, and
other dosage forms that typically allow the drug to
enter the stomach to be absorbed and distributed
there. The comparison between GRDDS and
CRDDs mentioned in Table 3 as below
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Table 3: Gastro-retentive Drug Delivery Systems (GRDDS) Vs Conventional Drug Delivery Systems

(CRDDS) [11,12]

ilz Features GRDDS Description CRDDS Description
1 PUIDOSe To prolong the residence time of a drug in To deliver the drug to the small
P the stomach. intestine as quickly as possible.
Uses various mechanisms to keep the drug .
. - . - Does not use any mechanisms to
2 Mechanism in the stomach, such as floating, swelling, ’
X . . keep the drug in the stomach.
mucoadhesion, and magnetic targeting.
Suitable for drugs that are poorly
absorbed in the small intestine, sensitive . .
8 Drugs to stomach acid, or need to be delivered to Suitable for a wider range of drugs.
the stomach.
May cause nausea, vomiting, or other side
4 Side effects effects due to the harsh environment of Less likely to cause side effects.
the stomach.
- More efficient at delivering drugs to the | Less efficient at delivering drugs to
5 Efficiency
stomach. the stomach.
May be more difficult for patients to take
6 Patient GRDDS consistently due to the need to CRDDs are easier for patients to
compliance take them with food or on an empty take consistently.
stomach.

PHYSIOLOGY OF STOMACH

Due to its primary role in both drug release and
retention, the stomach plays a crucial role in
gastro-retentive drug delivery systems (GRDDS).
Understanding the fundamental physiology of the
stomach in GRDDS is crucial to understanding
how the stomach functions and how GRDDS
benefits from these physiological processes
Understanding the anatomy and physiology of the
stomach is essential for creating an effective
gastro-retentive dosage form, as the stomach plays
a significant part in GRDDS. The stomach is
physically separated into two halves, as shown in
Fig. 01: the proximal stomach, which contains the
fundus and body, and the distal stomach, which
contains the antrum and pylorus. Processing food,
holding it for a short period, and then gently
releasing it into the duodenum is the stomach's
main function. [12] The fundus and body primarily
act as storage areas for undigested food, whereas
the antrum pushes food forward to assist in
stomach emptying. The stomach's movement
pattern is referred to as the "migrating myoelectric
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complex” (MMC); Table 05 shows the many
stages of the MMC. While the process differs
greatly between the fed and fasted stages, both
involve stomach emptying. When fasting, the
stomach and small intestine undergo a sequence of
electrical events that cycle every 90 to 120
minutes. [17] The pylorus widens to around during
the inter digestive phase. As a result, during inter
digestive phase, particles smaller than the diameter
of the pyloric sphincter can move readily from the
pylorus to the duodenum. [21-24].

The Basic Overview of the Physiology of the
Stomach in GRDDS

Gastric Emptying Time (GRT)

The stomach's primary function is to store and
process food. After food is digested, the stomach
begins to physically and chemically break it down.
The gastric emptying duration is the amount of
time it takes for the stomach to empty its contents
into the small intestine (GRDDS). [16] By
extending the gastric residence time, GRDDS
make sure that the medication stays in the stomach
for a longer amount of time before moving on to
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the small intestine. The stomach's anatomy is
depicted in the provided Figure

Pyloric antrum

Greater
curvature

Figure 2: Anatomy of stomach Representation

Gastric Secretions

Peptides and hydrochloric acid, two gastric
secretions from the stomach, help break down food
into chyme, a semi-liquid mixture. GRDDS must
be developed to withstand the acidic and
enzymatic conditions prevalent in the stomach in
order to guarantee that the medication stays stable
until it is administered at the scheduled rate.
Motility and Mixing

The stomach's muscular walls flex to mix and
churn food with gastric juices, facilitating full

0 = — > - /;’}‘991
o R Parietal cell

SSI7X 5 1

—Surface
eplithelium

Lamina
propria

Muscularis —{ Circular layer

extemna Longitudinal

| layer

Serosa

_Obhque layer — . T

T

digestion. GRDDS's drug delivery technique, in
instance, uses floating devices that are meant to
float on top of stomach contents to provide
consistent medication release and mixing. [18].
Food Reservoir: The stomach serves as a food
reservoir, consistently supplying the body with
nutrients even in cases of irregular meal
consumption. GRDDS makes use of this reservoir
function to maintain medicine delivery within the
stomach.

| | }— Gastric pit

cell

Figure 3: Schematic view physiology of GRDDS as stomach part

Pyloric Sphincter

The pyloric sphincter is the name of the muscular
valve that separates the stomach from the small
intestine. Since some systems are designed to
adjust the sphincter's opening in order to delay or
limit the release of pharmaceutical formulations

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

into the small intestine, this sphincter can function
as a control point in GRDDS. [17]

Gastric Emptying Variability

There are several factors that can cause individual
variations in stomach emptying, such as the type
of meal and the presence of disease. GRDDS must
account for this variability since drug release
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profiles must be consistent. [16] The several
variables influencing the gastric retention of dose

forms are described below for Table 4, which
displays the relevant data.

Table 4: The various factors controlling gastric retention of dosage forms [19-27]

Sr. Factors
No Involving

Description

. The size and shape of the dosage form can affect its gastric retention. Larger
Size and ! . .
1 and more spherical dosage forms tend to float in the stomach, while smaller

shape . .
and more irregular dosage forms tend to sink.

The density of the dosage form can also affect its gastric retention. Denser

dosage forms tend to sink, while less dense dosage forms tend to float.
Surface The surface properties of the dosage form can also affect its gastric retention.
3 Dosage forms with hydrophilic (water-loving) surfaces tend to be more easily

2 Density

properties retained in the stomach.
Stomach | ¢ including th f food or fluid, th f food in the small
4 emptying actors, including the type of food or fluid, the presence of food in the sma
rate intestine, and the patient's medical condition.
The properties of the drug itself can also affect its gastric retention. Drugs
5 Drug that are poorly soluble in water tend to be more easily retained in the
properties stomach, while drugs that are soluble in water tend to be more easily cleared
from the stomach.
Current Pharmaceuticals Approaches of drug delivery systems facilitate the efficient and
Gastrointestinal Drug Delivery  System  targeted delivery of pharmaceutical substances to
(GRDDS) the gastrointestinal tract. Many techniques and

The current methods for delivering gastro-
retentive medications are described in this section.

instruments have been developed to improve drug
absorption, increase bioavailability, lessen side

The main mechanisms of GRDDS include
swelling, effervescence, floating, sinking,
mucoadhesion, and magnetic properties. Intestinal

effects, and improve patient adherence. [20].
Recent approaches for GRDDS shown in Figure 4.

FAS GENERATING
SYSTEMS
—I VIATR X TABLETS

HIGH DENSITY
SYSTENMS

wn I FLOATING I

% SO A RAFT-FORMING
=~ SYSTEMS

St

.

= HOLLOW

E MICROSPHERES
EE ALGINATE
wn HBEADS

=

@ EXPANDING I SWELLING
folla] SYSTEMS SYSTEMS

BIOMUCOADHEST
VE SYSTENM

Figure 4: Flow diagram of the recent approach for GRDDS
NON-FLOATING SYSTEM Non-floating medication delivery systems are
designed to remain in the stomach for extended
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periods of time without floating above its contents.
Non-floating systems are a subclass of gastro-
retentive drug delivery devices (GRDDS) that do
not float on the surface of stomach fluid. These
systems may prove advantageous for drugs that
require a prolonged stomach residence period for
therapeutic or absorption purposes. [21]. The four
different kinds of non-floating systems are listed
as follows:
(@)

Drug +

Polymer +
/ Effervescent agent

1. High Density System

The purpose of high-density systems is to sink to
the bottom of the stomach and remain there since
their density is greater than that of gastric fluids.
These systems are typically composed of denser
polymers or heavier components. The stomach
mucosa and the drug delivery system can have
prolonged contact thanks to the high-density
characteristic. [22]

(b)
Drug +
High density
/ excipient
- 4

Figure 5: Schematic representation of GRDDS approach

a. Low density

b. High Density approach

2. Swelling System

The purpose of swelling systems is to expand by
absorbing stomach contents. They are also known
as swelling-controlled systems or extremely
porous hydro gels. Because of its expansion, the
pyloric sphincter prevents the system from
entering the small intestine. As the system
weakens and stretches over time, the drug is
released (see figure 6). [20]

3. Expandable System

By expanding their volume or form, expandable
drug delivery devices are intended to have a longer

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

GRT. Its uses were first extended to the veterinary
field before being extended to humans [25]. For
the system to function properly, it must have three
main designs: a small size for easy oral
consumption, an enlarged shape in the stomach to
hinder passage via the pyloric sphincter, and a
smaller system size to aid in evacuation after the
medication has released fully. This device is
sometimes called a "plug type system" since it has
the ability to block the pyloric sphincter.
Expandable systems inflate in reaction to stomach
contents, just like swelling systems do.
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Drug and

swellable polymer

{

(a)

Drug and
highly swellable polymer

)

(b)

Figure 6: Schematic representation of GRDDS based non-floating approach

4. Bio-adhesive/Muco-adhesive System

In 1984, Park and Robinson provided the first
description of the mucoadhesive/bioadhesive
system. Its goal was to cling to the stomach
epithelial cells' surface in order to extend the half-
life of therapeutic substances. Using this
technique, medications are mixed with a
mucoadhesive agent—which could be composed
of natural or synthetic polymers. The link that
forms between the polymer and mucosal surface

(i)

# Tablet (DrugiPolymer}

Contact stage

facilitates mucoadhesion. Mucoadhesive systems
are designed to adhere to the stomach mucosa in
order to prevent them from being swept into the
small intestine. They consist of compounds or
polymers that use bioadhesion to interact with the
mucosal lining. Mucoadhesion enhances the drug
delivery system's stomach retention to guarantee
prolonged contact with the mucosa for drug
release and absorption, as illustrated in figure 7.
[20-29].

)

Consolidation stage

Figure 7: Mucoadhesive GRDDS (a) General representation of muco-adhesive systems and (b)
Mechanism of muco-adhesive systems.

FLOATING SYSTEM

Park and Robinson first described the
mucoadhesive/bioadhesive system in 1984. Its
purpose was to prolong the GRT of medicinal
compounds by adhering to the surface of gastric
epithelial cells. This method involves the
incorporation  of pharmaceuticals into a
mucoadhesive agent, which may be made of
synthetic or natural polymers. Mucoadhesion is

\

v

R(éb/
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facilitated by the bond formed between the
polymer and mucosal surface. In order to keep
them from being swept into the small intestine,
mucoadhesive systems are made to stick to the
gastric mucosa. They include substances or
polymers that interact with the mucosal lining
through bio-adhesion. In order to ensure extended
contact with the mucosa for drug release and
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absorption, muco-adhesion improves the stomach
retention of the drug delivery system. [28]

FLOATING S5YSTEM

L

SINGLE UNIT SYSTEM

MULTIPLE UNIT SYSTEM

RAFTFOAMING SYSTEM

EFFERVESCENT | [NON EFFERVESCENT
SYSTEM SYSTEM
EFFERVESCENT SYSTEM

| NON EFFERVESCENT SYSTEM I E]ATI NG MICROSPHERE

Figure 8: Flow diagram of the recent approach for the Floating system

The advantages of floating systems as following

1. They can prolong the residence time of drugs
in the stomach.

2. They can protect drugs from the acidic
environment of the stomach.

3. They can be used to deliver drugs to a specific
location in the stomach.

The disadvantages of floating systems as

following:

1. They can be difficult to formulate.

2. They can be expensive to produce.

3. They can cause side effects, such as nausea
and vomiting.

One possible technological advancement for

medicine delivery to the stomach is the use of

floating systems. They have certain drawbacks as

well as a lot of benefits over traditional oral

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

medication delivery methods [30-31]. Floating
systems are selected according on the particular
medicine and the planned use. There are several
types of floating systems, described as below
description:

1. Single Unit Floating Dosage form System

a. Effervescent System (Gas-Generating System
[32].

b. Non-Effervescent System

2. Multiple Unit Floating Dosage Form System

a. Non-Effervescent System

b. Effervescent System (Gas Generating System.
[33]

c. Hollow Microspheres

3. Raft Foaming System — as shown in figure 9.
[34]
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—* Raft forming

Figure 9: GRDDS based on raft-forming systems

The common differences in floating and non-floating GRDDS discussed in Table 5 as below.
Table 5: the differences between floating and non-floating GRDDS [34-38]

N Feature Floating GRDDS Non-floating GRDDS
1 Mechanism of Float on the gastric fluid due to their Adheres to the stomach lining or
action lower density expands in the stomach
2 Drug delivery Sustained release of drug Controlled release of drug
Drugs that are sensitive to the acidic | Drugs that are not sensitive to the acidic
3 Applications environment of the stpmach,_ drugs environment qf the stomach, Qir_ugs_ thgt
that need to be delivered in a need to be delivered to a specific site in
controlled manner the stomach
Esomeprazole delayed-release Domperidone (Motilium), lansoprazole
4 Examples capsules (Nexium), ranitidine (Prevacid), ketoprofen delayed-release
bismuth citrate (Tritec) capsules (Orudis KT)

Common Excipients

Retentive Floating Formulations

Used With Gastro- Excipients that are used in gastro-retentive drug

delivery system are listed below in table. [33]

Table 6: Common Excipients Requirements in Gastro-Retentive Floating Formulations

Sr.
No Systems Polymers Requirements
1 EffervescentSystem | Agar,Carbopol,HydroxypropylMethylCellulose,PolyacrylatePolymer,Polyvinyl Ace
S - tate, Sodium Alginate, Calcium Chloride, Polyethylene Oxide, Polycarbonates
9 Non-Effervescent | HydroxypropylMethylCellulose,Ethylcellulose,Hydroxypropylcellulose,Carrageen,
Systems PolyvinylAcetate,Carbopol,SodiumAlginate,Agar,CalciumChloride
Carbopol,HydroxypropylMethylcellulose,Chitosan,Polycarbophil,Carbopol,Lecti
3 Mucoadhesive ns, Carboxy Methyl Cellulose, Gliadin, Polyethylene Glycol, Tragacanth, Dextrin,
' Chitosan, Sodium Alginate, Cholestyramine, Poly Acrylic Acid, Sucralfate
4 Porojsulf)lf/[j—rogel CrospovidoneAndSodiumCarboxymethylcellulose
Acacia,Pectin,Chitosan,Agar,Casein,Bentonite, Veegum,HydroxypropylMethyl
5 SwellingSystems | Cellulose,GellanGum,SodiumCarboxyMethylCellulose,MethylCellulose,Hydroxy
Propyl Cellulose
ColloidalGelBarrier Hydroxy Propyl Cellulose, Polysaccharides, Matrix-Forming Polymer
6 .
System (Polycarbophil, Polyacrylate, Polystyrene)

CURRENT STATUS OF GRDDS

MARKETED BASIS

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

IN GRDDS are currently available on the market,
with several of them having been approved and
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humans.

Numerous
medications, such as anti-inflammatory, anti-

by these GRDDS. Gastro-retentive marketed
formulation with their technology shown in table

emetic, and anti-ulcer medications, are delivered 8.
Table 8: The GRDDS that are currently marketed, along with the technology they are used with drug

category [33, 47, 48]
Sr Active
No. Product Name | Pharmaceutical Technology Category Manufacturer
' Ingredient
1 CafeclorLP Cefaclor MinextabFloating Antibiotic Galenix,France
2 | InonAceTablets Simethicone FO"?““ based Antacid SatoPharma,Japan
floating system
. Ciprofloxacin Erodible matrix I
3 CiproXR hydrochloride based system Antibiotic Bayer,USA
. Ferrous Colloidal gel Iron .
4 Conviron sulphate formingFDDS supplement Ranbaxy, India
5 Metfor[npm HCI MetforminHCI | MinextabFloating Antidiabetic Galenix,France
. . . Effervescent A .
6 CifranOD Ciprofloxacin floating form Antibiotic Ranbaxy, India
Polymer based
7 | GabapentinGR Gabapentin swelling Anticonvulsants | Depomed,USA
technology
Polymer based
8 Glumetza MetformineHCI swelling Antidiabetic Depomed,USA
technology
. Bilayer floating . PharmaciaLimit-
9 Cytotec Misoprostol capsule Anti-Ulcer ed. UK
10 | Kadian Morphine . Painrelief Sumitomo
sulfate Pharma, Japan
Levodopaand . Anti-
11 Madopar Benserzide Floating,CRcapsule Parkinson’s Roche,UK
12 | OflinoD Ofloxacin Gas-generating Antibiotic
floating tablets
Polymer based
13 | Metformin GR | MetformineHCI swelling Antidiabetic Depomed,USA
technology
Polymer based
14 ProQuinXR Ciprofloxacin swelling Antibiotic Depomed,USA
technology
Effervescent and Anti-
15 | PrazopressXL PrazosinHCI swelling-based h . SunPharma,Japan
. ypertension
floating system
16 Riomet OD MetformineHCI Effgrvescent Antidiabetic Ranbaxy,India
floating system
FUTURE PERSPECTIVES OF GRDDS absorbed from the upper intestine. The

One of

the biggest

problems facing
pharmaceutical business is the GRT of the typical
dosage form, particularly for medications that are
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the disadvantages of the standard dose form will be
mitigated by the development of GRDDS, while

more research is required to address these issues.
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Numerous research on GRDDS, including those
on floating, expandable, and mucoadhesive
systems, have been conducted to far using the
single system approach [39]. Prospects for
GRDDS's future appear bright. There are several
methods in which GRDDS can enhance
medication delivery to the stomach with further
study and advancement.

The future perspectives of GRDDS as below
followings

e Improved drug bioavailability:

e Extended drug release .

e Targeted drug delivery

e Reduced side effects

e Improved patient compliance.

e Stability

e Biocompatibility

e Manufacturing: GRDDS need to be
manufactured in a cost-effective way. This is
a challenge, as GRDDS often require
specialized equipment and techniques.

e Clinical trials: GRDDS need to be tested in
clinical trials to demonstrate their safety and
efficacy. This is a long and expensive process,
but it is essential to ensure that GRDDS are
safe and effective for human use [40-48]

CONCLUSION

Currently, gastro-retentive drug delivery systems

are used to improve the bioavailability and

controlled distribution of drugs that exhibit an
absorption window. During gastro-retentive
operations, the main drug delivery techniques that
were employed were floating, bio-adhesive,
swelling, magnetic, and high density systems.

More and more drug delivery systems are being

created these days with the goal of releasing the

medication into the stomach region. Despite the
fact that adopting these medication delivery

mechanisms has a number of benefits. From a

pharmaceutical point of view, future GRDDS

techniques could have to focus on a combined

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

strategy to enhance product quality. The right drug

and excipient combinations, formulation methods,

and physiological processes that take place in the

GIT must all be considered. This review's

conclusion included a thorough overview of

GRDDS delivery, including their most current

developments and commercialized goods.

ACKNOWLEDGEMENT

Author expresses his sincere thanks to Kehar

Singh for providing support to carry out this

review work.

CONFLICT OF INTEREST

The authors declare that they have no conflict of

interest.

REFERENCES

1. Shivram Shinde, Imran Tadwee, Sadhana Shahi
“Gastro retentive Drug Delivery System: A
Review” Int. J. of Pharm. Res. & All. Sci.,
Volume 1, issue 1 (2011), 01-13

2. Amit Kumar Nayak , RumaMaji, Biswarup
Das; Gastroretentive Drug Delivery Systems: A
Review; Asian Journal of Pharmaceutical and
Clinical Research, 2010;3(1):2-10

3. Nayak AK, Maji R., Das B. Gastroretentive
drug delivery system: A Review. IISN 0974-
2441.

4. Joseph R. Robinson and Vincent H. L. Lee,
Controlled Drug Delivery, Fundamentals and

Applications, 2nd Edition, Revised and
Expanded, Marcell. Dekker Inc., New York
(2009).

5. Singh BN and Kim; Floating Drug Delivery
Systems; An Approach to Controlled Drug
Delivery via Gastric Retention; J. Control.
Release. 2000; 63: 235-2309.

6. Kim, S.; Hwang, K.-M.; Park, Y.S.; Nguyen,
T.-T.; Park, E.-S. Preparation and evaluation of
non-effervescent  gastro-retentive  tablets
containing  pregabalin  for  once-daily
administration and  dose  proportional
pharmacokinetics. Int. J. Pharm. 2018, 550,
160-169.

618 |Page



Kehar Singh, Int. J. of Pharm. Sci., 2024, Vol 2, Issue 6, 606-621 |Review

7. Lin, H. L., Chen, L. C., Cheng, W. T., Cheng,
W. J, Ho, H. O., & Sheu, M. T. (2020).
Preparation and Characterization of a Novel
Swellable and Floating Gastro-retentive Drug
Delivery System (sf GRDDS) for Enhanced
Oral Bioavailability of Nilotinib.
Pharmaceutics, 12(2), 137.

8. Jassal, M., Nautiyal, U., Kundlas, J., & Singh,
D. (2015). A review: Gastro-retentive drug
delivery system (GRDDS). Indian journal of
pharmaceutical and biological research, 3(1),
82.

9. Bhavsar, D. N. (2012). Advances in GRDDS:
Raft forming system a review. Journal of drug
delivery and therapeutics, 2(5).

10.  Vishwakarma, S. K., Mishra, J. N., &
Vishwakarma, D. K. (2021). A Review on
GRDDS Recent Advances In Drug Delivery
Systems And Its Application. World Journal of
Pharmaceutical Research, 10(11), 1159-1175.

11.  Sharma, G., Nautiyal, U., & Ahmad, S.
(2019). An overview on gastro-retentive drug
delivery system (GRDDS). International
Journal of Health and Biological Sciences, 2(2),
1-8.

12. Badoni , A. Ojha, G. Gnanarajani, P.
Kothiyali; Review on Gastro Retentive Drug
Delivery System; The Pharma Innovation,
2012;1(8): 32-42.

13. Dehghan, M., & Kha, F. (2009). Gastro-
retentive drug delivery systems: A patent
perspective. International Journal of Health
Research, 2(1).

14, Tomar, A., Upadhyay, A., Gupta, S. K., &
Kumar, S. (2019). An overview on gastro-
retentive drug delivery system: current
approaches and advancements. Current
Research in Pharmaceutical Sciences, 12-16.

15. Bera, H.; Kandukuri, S.G.; Nayak, A.K;
Boddupalli, S. Alginate-sterculia gum gel-
coated oil- entrapped alginate beads for gastro-

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

retentive risperidone delivery. Carbohydr.
Polym. 2015, 120, 74-84.

16.  Vedha Hari; The Recent Developments on
Gastric Floating Drug Delivery Systems: An
Overview; Int Journal pharmtech Res.2010;
2(1): 524-534.

17. Pund, S.; Joshi, A.; Vasu, K.; Nivsarkar,
M.; Shishoo, C. Gastro-retentive delivery of
rifampicin: In vitro mucoadhesion and in vivo
gamma scintigraphy. Int. J. Pharm. 2011, 411,
106-112.

18. Wang, L.; Wu, Y.; Li, J.; Qiao, H.; Di, L.
Rheological and mucoadhesive properties of
polysaccharide from Bletilla striata with
potential use in pharmaceutics as bio-adhesive
excipient. Int. J. Biol. Macromol. 2018, 120,
529-536.

19. Khutoryanskiy, V.V. Advances in
mucoadhesion and mucoadhesive polymers.
Macromol. Biosci. 2011, 11, 748-764.

20. Rubinstein A, Friend DR. Specific delivery
to the gastrointestinal tract, in: Domb A.J (Ed.),
Polymeric  SiteSpecific ~ Pharmacotherapy,
Wiley, Chichester 1994; 282-283.

21. Prajapati, V.D.; Jani, G.K.; Khutliwala,
T.A.; Zala, B.S. Raft forming system—An
upcoming approach of gastro-retentive drug
delivery system. J. Control. Release 2013, 168,
151-165.

22. Singh B and Kim KH; Floating drug
delivery system: an approach to oral controlled
drug delivery system via Gastric Retention;
Journal of Controlled Release, 2000;63:235-
259.

23. Mandal, U.K.; Chatterjee, B.; Senjoti, F.G.
Gastro-retentive drug delivery systems and
there in vivo success: A recent update. Asian J.
Pharm. Sci. 2016, 11, 575-584.

24, Y. MadhusudanRao, A. V. lithan,
Advances in Drug Delivery, Vol. Il, Pharma.
Med. Press, Hyderabad (2011).

619 | Page



Kehar Singh, Int. J. of Pharm. Sci., 2024, Vol 2, Issue 6, 606-621 |Review

25. Jaimini M, Rana AC, Tanwar YS.
Formulation and evaluation of famotidine
floating tablets. Current Drug Delivery 2007;
4:51-55

26.  Reddy, S., Bijjika, S., & Rao, S. (2017).
Approaches to gastro retentive drug delivery
systems: An overview. International Journal of

Research in Phytochemistry and
Pharmacology, 7(3), 50- 63.
27. Devkant  Sharma, Anjali  Sharma;

Gastroretentive Drug Delivery System - a mini
review; Asian pacific Journal of Health
Sciences, 2014; 1(2): 80-89.

28.  Singh S, Dadabhau GD, Singh K, a
systematic review of antiulcer drug its
pharmacodynamic & pharmacokinetic
properties: nizatidine, Eur. Chem. Bull. 2022,
11(8), 1159-1164.

29.  Tripathi J, Thapa P, Maharjan R, Jeong S
H. Current state and future perspectives on
gastroretentive  drug  delivery  systems.
Pharmaceutics 2019;11(4):193.

30.  Joseph NH, Laxmi S, Jayakrishnan A. A
floating type oral dosage form for piroxicam
based on hollow microspheres: in vitro and in
vivo evaluation in rabbits. J. Cont. Rel. 2002;
79:71-79.

31.  Arora$, AliJ, Ahuja A, Khar KR, Baboota
S. Floating Drug Delivery Systems: A Review.
AAPS Pharm. Sci. Tech. 2005; 6 (3) Article 47.

32.  Gopal, S. V., Chaurasia, P. K., Pardhe, H.
A., Santosh, S. S., & Sonar, N. S. (2020).
Gastro-retentive drug delivery system: A
systematic review. Asian Journal of Pharmacy
and Technology, 10(4), 278-284.

33. Singh K, Singh S, Archana, A
Comprehensive  Review: Importance of
Polymers in controlled drug delivery system,
International journal of research publication
and reviews, 2024, 5(5), 7090-7103.

34. Sanghavi, R. S., Agrawal, O., & Usman,
M. R. M. (2022). Gastro-retentive drug delivery

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

system: An overview. Research Journal of
Pharmacy and Technology, 15(3), 1343-1347.

35. Singh S, Dadabhau GD, Singh K,
Formulation, Development and investigation of
matrix type sustained release tablet of antiulcer
drug by using soluble polymer as a drug release
retarding agent, International journal of
membrane science and technology, 2023,
10(4), 2593-2603.

36. Singh S, Dadabhau GD, Singh K,
formulation and evaluation of floating drugs
with importance of floating drug delivery
system, JPTCP, 2022, 29(4), 819-827.

37. Sawanny, R., Sharma, A., Jain, S,
Mukherjee, S., & Khamkat, P. (2023). Gastro
Retentive Drug Delivery System: Latest
Approach towards Novel Drug Delivery.
Research Journal of Pharmacy and Technology,
16(1), 453-458.

38.  Jeganath, S. (2022). Recent approaches of
gastro-retentive drug delivery system—a review.
Asian Journal of Pharmaceutics (AJP), 16(1).

39. Landge, P., Lavande, J., Swami, A., &
Dharashive, V. (2023). A Review on Gastro-
retentive Drug Delivery System. Research
Journal of Pharmaceutical Dosage Forms and
Technology, 15(1), 62- 68.

40.  Jeong, S.H.; Park, K. Development of
sustained release fast-disintegrating tablets
using various polymer-coated ion-exchange
resin complexes. Int. J. Pharm. 2008, 353, 195—
204.

41.  Torres, D.; Boado, L.; Blanco, D.; Vila-
Jato, J.L. Comparison between aqueous and
non-aqueous solvent evaporation methods for
microencapsulation of drug-resin complexes.
Int. J. Pharm. 1998, 173, 171-182.

42.  Singh et al. A study on formulation of a
novel herbal treatment for peptic ulcer, ejbps,
2023, Volume 10, issue 9, XX-XX.

43. El-said, I.A.; Aboelwafa, A.A.; Khalil,
R.M.; ElGazayerly, O.N. Baclofen novel

620 | Page



Kehar Singh, Int. J. of Pharm. Sci., 2024, Vol 2, Issue 6, 606-621 |Review

gastro-retentive extended release gellan gum
superporous hydrogel hybrid system: In vitro
and in vivo evaluation. Durg Deliv. 2016, 23,
101-112.

44, Singh S, Dadabhau GD, Singh K,
formulation development of sustained release
antiulcer drug and study of pre-formulation
parameters and its characterization, JPTCP,
30(8), 610-622.

45, Turner, P.V.; Brabb, T.; Pekow, C.;
Vasbinder, M.A. Administration of substances
to laboratory animals: Routes of administration
and factors to consider. J. Am. Assoc. Lab.
Anim. Sci. 2011, 50, 600-613.

46. Badve, S.S.; Sher, P.; Korde, A.; Pawar,
A.P. Development of hollow/porous calcium
pectinate beads for floating-pulsatile drug

delivery. Eur. J. Pharm. Biopharm. 2007, 65,
85-93.

47, Pattan SR, Wani NP, Shelar MU, Nirmal
SA, Chaudhari PD, Gude RS. Scope and
Significance of floating drug delivery system.
Indian Drugs 2012; 49(10):5-12.

48.  Singh S, Dadabhau GD, Singh K, review
on sustained release dosage form: a novel
approach and its evaluation, journal of survey
in fisheries sciences, 2022, 8(3), 570-577

HOW TO CITE: Satbir Singh, Kehar Singh, Yogita,
Hemant Rana, A Review On Gastro Retentive Drug
Delivery System: Novel Approach With The Future

Perspectives , Int. J. of Pharm. Sci., 2024, Vol 2, Issue 6,
606-621. https://doi.org/10.5281/zenodo.11550881

621 |Page



