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Abstract

A major constraint in oral controlled release drug delivery is that not all the drug candidates are
absorbed uniformly throughout the gastrointestinal tract (GIT). Drugs having ‘‘absorption
window’’ are absorbed in a particular portion of GIT only or are absorbed to a different extent
in various segments of the GIT. Thus, only the drug released in the region preceding and in
close vicinity to the absorption window is available for absorption. The drug must be released
from the dosage form in solution form; otherwise, it is generally not absorbed. Hence, much
research has been dedicated to the development of gastroretentive drug delivery systems that
may optimize the bioavailability and subsequent therapeutic efficacy of such drugs, as these
systems have unique properties to bypass the gastric emptying process. These systems show
excellent in vitro results but fail to give desirable in vivo performance. During the last 2–3
decades, researchers from the academia and industries are giving considerable importance
in this field. Unfortunately, till date, few so-called gastroretentive dosage forms have been
brought to the market in spite of numerous academic publications. The manuscript considers
strategies that are commonly used in the development of gastroretentive drug delivery systems
with a special attention on various parameters, which needs to be monitored during
formulation development.
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Introduction

Oral route is considered as most convenient and preferred

route for drug administration due to high level of patient

compliance (Lee & Mukherjee, 2006; Shahiwala, 2011). Oral

route has variable and versatile physiological conditions

in different parts, which enables development of formulations

that can selectively release the medicament for optimal

absorption and therapeutic benefit. Oral route offers multiple

advantages like ease of administration and enormous surface

area for passive diffusion of drugs (Hoffmann et al., 1983;

Narayana et al., 2010). Because oral dosage forms do not need

special attention for administration, avoid the emotional

trauma and pain associated with injections, most drugs are

designed for oral administration.

To maintain the drug concentration within the therapeutic

range, it is often necessary to take the drug dose several times

a day which may result in significant fluctuation in plasma

drug concentration (Shen et al., 2003). This has led to the

development of controlled release dosage forms, where

the dosage form is designed to control the drug release such

that its plasma profile is maintained within the therapeutic

range for prolonged time. The term ‘‘controlled release’’

implies that the release of drugs from the delivery systems

proceeds at a reproducible rate (Wilson & Crowley, 2011).

The basic rationale for the development of controlled drug

delivery is to control the drug concentration in the target

tissue, reducing the number of administrations and to improve

the efficacy of drugs by altering pharmacokinetics and

pharmacodynamics of the drugs (Chien, 2009; Akala, 2010;

Awasthi et al., 2010). However, a controlled release dosage

form offers limited advantages for drugs that have an

absorption window in the upper small intestine (Siegel &

Rathbone, 2012). Despite the extensive absorption properties

of the duodenum and jejunum, the extent of drug absorption

from these sites is limited as the passage through this region is

rapid (Davis, 2005). Once the dosage form is emptied from

the stomach, the passage through this region is rapid, thus

limiting the extent of absorption at this site. After crossing

the absorption window, the released drug goes to waste with

negligible or no absorption. This phenomenon drastically

decreases the time available for drug absorption after it and

limits the success of delivery system. In order to increase the

bioavailability of such drugs, the residence time of the dosage

form in the upper GIT needs to be prolonged that offer a

new and better option for drug therapy (Streubel et al., 2006).

This can be achieved by the development of gastroretentive

systems that can withstand the contractions, grinding,
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crushing and peristaltic waves in the stomach and exhibit

controlled release of drug in the gastric environment. The

developed system should not have any effect on gastric

motility or should not cause any gastric mucosal damage

(Klausner et al., 2003a,b). This is possible by developing

gastroretentive drug delivery systems with physical properties

like smaller size, high buoyancy with minimum lag time,

along with the controlled release of drug in the gastric

environment. The solute released in the stomach will empty

along with the fluids and thus the whole surface area of the

intestine will be available for absorption. An orally admin-

istered drug in gastroretentive delivery system must survive in

the acidic environment of the stomach tract and should be

absorbed. These systems are particularly useful for drugs that

are primarily absorbed in the duodenum and upper jejunum

segments (Sriamornsak et al., 2004; Jain & Gupta, 2009).

The first pioneering gastroretentive dosage form was

suggested as far as back in 1957. Over the last 2–3 decades,

numerous gastroretentive dosage forms such as high-density

systems, floating systems, expandable systems, mucoadhesive

or bioadhesive systems, magnetic systems, dual working

systems and superporous systems have been designed to

prolong the gastric residence time (Hwang et al., 1998; Pawar

et al., 2011). After administration, these systems can remain

in the stomach for a determined time period and thus,

can maintain the drug concentration at the target site

(Gangadharappa et al., 2007). Floating controlled release

drug delivery system represents one of such approaches.

There are numerous publications and patents about the

development of controlled release dosage forms using

gastroretentive approach.

Drug targeting to the stomach or upper small intestine can

be attractive for several reasons such as drugs released over

an extended period at a controlled rate and hence improve

the patient compliance. A long-lasting local action on the

gastrodudonal wall can be achieved, for example, drugs used

in the treatment of gastric ulcer caused by H. pylori, such as

amoxicillin. Certain drugs get benefited from gastroretentive

devices such as drugs that are degraded in the colon or drugs,

which primarily get absorbed in the stomach or act locally in

the stomach. Weakly basic drugs with poor solubility in the

basic environment can also benefit using gastroretentive

delivery systems. The better therapeutic effect of short

half-life drugs can be achieved by increasing the gastric

retention (Talukder & Fassihi, 2004; Arora et al., 2005).

Drugs administered as gastroretentive-controlled release

dosage form have limitations such as (Singh & Kim, 2000;

Waterman, 2007; Adebisi & Conway, 2011):

(1) drugs which undergo significant first-pass metabolism

may not be desirable candidates for floating drug

delivery systems;

(2) drugs which are well absorbed throughout the gastro-

intestinal tract (GIT) may not be desirable candidates for

floating drug delivery systems;

(3) the drugs that cause local irritation of the gastric mucosa

may not be suitable for gastroretentive drug delivery

systems.

The interest in the field remains high, over thousands

papers on various aspects of gastroretentive drug delivery are

published till now. Clearly, within the frame of a single paper,

it is impossible to address all the logical relevant issues, but

in this laconic review, we first describe the biological aspects

of gastroretentive drug delivery systems, benefits and draw-

backs associated with various gastroretention technologies

and factors affecting gastroretention. Second, we discuss the

formulation approaches used for the development of gastro-

retentive drug delivery systems. Finally, we outlined the basic

challenges and essential processing parameters which need

to be considered during the development of these systems

for bringing attention to the main theme of the article.

Biological aspects of gastroretentive drug
delivery systems

Gastrointestinal tract (GIT) is a 9 m long tube that runs

through the middle of the body from mouth to anus. The

major parts of the GIT are throat (pharynx), esophagus,

stomach, small intestine (consisting of the duodenum,

jejunum and ileum) and large intestine (consisting of the

cecum, appendix, colon and rectum). The GIT has the same

general structure from the esophagus to the anus, with some

local variations in each region (Table 1; Waugh & Grant,

2001; Tortora & Derrickson, 2011). Gastrointestinal charac-

teristics of healthy humans are given in Table 2.

Stomach

The stomach is a muscular sac situated in the left upper part

of the abdominal cavity just below the diaphragm and liver.

Table 1. Salient features of upper gastrointestinal tract.

Segment of GIT Length (m) Transit time (h) pH Microbial counta Absorbing surface area (m2) Absorption pathways

Stomach 0.2 Variable 1–4 �103 0.1 P, C, A
Small intestine 6–10 3 ± 1 5–7.5 103–1010 120–200 P, C, A, F, I, E, CM

aNumber of microorganisms per gram of gastrointestinal contents.
P: Passive diffusion, C: Convection or aqueous transport, A: active transport, F: Facilitated transport, I: ion air transport, E: entero or pinocytocis, and

CM: Caveolin mediated transport.

Table 2. Gastrointestinal characteristics of healthy humans.

Parameter Value

Volume of stomach (ml) 1500
Basal acid output (mequiv h) 3.7 ± 2.1 male,

2.2 ± 1.8 female
Peak acid output (mequiv h) 23 ± 7 male,

18 ± 5 female
Gastric pH in the fasting state 1.2 to 2
Periodicity of housekeeper wave (min) 106 ± 8
Length of phase 3 activity (min) 18.6 ± 4
Duodenal diameter, autopsy (cm) 3 to 4
Small intestinal transit time (min) 180 ± 60
Total gastrointestinal transit time (h) 20 to 30
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The volume of empty stomach is 20–25 ml, which can get

expanded upto 1.5 l, on consumption of food. There are three

major functions of stomach: physical digestion-churning

action, chemical digestion and limited absorption (some

water, alcohol, certain drugs). Stomach is anatomically

divided into four segments namely, cardia, fundus, body

(corpus) and pyloric antrum. The opening between stomach

and small intestine is the pylorus. It is 12–13 mm wide in its

open resting state, but the sphincter muscle can relax

further to allow larger objects to pass. Muscle layers are

well developed in the stomach, which help to break up food

by churning action resulting in milky white liquid chyme.

When the stomach digests the food as much as it can, the

valve opens and the food travels into the small intestine

(Wilson & Washington, 1989; Daniels & Allum, 2005;

Marieb, 2007).

Gastrointestinal motility and gastric emptying
of dosage forms

The emptying process of the stomach is caused by two

mechanisms: tonic contraction of the stomach and peristaltic

waves moving over the distal part of the gastric corpus.

Two distinct patterns of gastrointestinal motility and secretion

take the form of segmentation of mixing contractions and

propulsive or peristaltic contractions.

The bioavailability of orally administered drug depends

on the fasted or fed state. In the fasted state, gastric

emptying generally occurs within 2 h (Fell, 1996). This

cyclical phenomenon is called the migrating motor complex

(MMC). The process of MMC is divided into four consecutive

phases: basal (Phase I), pre-burst (Phase II), burst (Phase III)

and Phase IV intervals (Figure 1; Vantrappen et al., 1979;

Chawla et al., 2003; Takahashi, 2012). Plasma motilin level

(stored in the duodenum) is highly associated with the appear-

ance of gastric phase III of MMC (Sarna, 1985; Schemann &

Ehrlein, 1986; Wilding et al. 2001; Romanski, 2009).

(i) Phase I (basal phase) is a quiescent period with virtually

no contractions, lasts for 40–60 min.

(ii) Phase II (pre-burst phase) lasts for 40–60 min with

intermittent, irregular low amplitude contractions.

The intensity and frequency also increase gradually as

the phase progresses.

(iii) Phase III (burst phase) consists of short burst (4–6 min)

of regular high amplitude contractions (house-keeper

waves) due to which, all the undigested material is swept

out of the stomach down to the small intestine.

(iv) Phase IV is a short transition period between phases III

and I of two consecutive cycles and lasts for 0–5 min,

with very little or no contractions.

The motor activity in the fed state is induced after

5–10 min of food ingestion and persists as long as the food

remains in the stomach (Deshpande et al., 1996). The larger

the amount of food ingested, the longer the period of feeding

activity, with usual time spans of 2–6 h and phasic contrac-

tions similar to Phase II of MMC (Hasler, 1995). The effect

of meal size and composition on gastric emptying of humans

is presented in Table 3.

Multi-particulate systems avoid ‘‘all or none’’ gastric

emptying process of single unit systems as these particles

distribute evenly over the gastric intestinal tract which is

independent of nutritional status (Rouge et al., 1997).

Factors affecting gastric retention (Kaus et al., 1984;

O’Reilly et al., 1987; Sangekar et al., 1987; Hocking et al.,

1988; Mazer et al., 1988; Mojaverian et al., 1988; Coupe

et al., 1991, 1993; Clarke et al., 1993; Timmermans & Moes,

1994; Awasthi et al., 2010)

(1) Age and gender - People over 70 years have a longer

gastric retention time. Mean ambulatory gastric reten-

tion time in males (3.4 ± 0.6 h) is less compared with

their age and race matched female counterparts

(4.6 ± 1.2 h), regardless of the weight, height and body

surface area.

(2) Concomitant drug administration - Concomitant admin-

istration of anticholinergics, opiates and prokinetic agents

can prolong gastric retention time.

(3) Density - The buoyancy of gastroretentive dosage form

depends on the density of the dosage form. It should be

less than the gastric contents. However, sometimes the

bulk density of a dosage form is not an appropriate

parameter for describing the buoyancy due to the floating

force kinetics of such dosage forms. This can be

maintained by controlling the entry of water in the

system.

(4) Fed or unfed state - Under fasting conditions, the GI

motility is characterized by MMC which sweeps

undigested material from the stomach. The retention

time of the dosage form is very short if the timing of

administration of the formulation coincides with that

of the MMC.

Figure 1. Motility patterns of the gastrointestinal tract in the fasted state
(Chawla et al., 2003).

Table 3. Effect of meal size and composition on gastric emptying of
humans (Dressman, 1986).

Marker Meal Mean transit time (min)

1–5 mm fiber Light 164 (same as liquid)
0.7–1.2 mm pellets Light 188

Heavy 202
2� 4 mm tubing Not documented 300
Osmotic pump Light 191
Tablet Heavy 275,4600
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(5) Frequency of feed - The gastric retention can increase

by 6–7 h when successive meals are given compared with

a single meal.

(6) Nature of the meal - Indigestible polymers or fatty acid

salts can decrease the gastric emptying rate. Gastric

retention time can be increased by 4–10 h with a protein-

and fat-rich meal.

(7) Particle size - The dosage forms which are less than

10 mm in size can get emptied from the fed stomach.

(8) Single or multiple unit formulations - It has been reported

that multiparticulate systems avoid the ‘‘all or none’’

gastric emptying process of the single unit system. From

the past literature, it can be concluded that multiple unit

formulations have a more predictable release profile.

Formulation approaches for gastroretentive
drug delivery systems

Formulation approaches used for the development of gastro-

retentive drug delivery systems are broadly classified into

following seven categories based on formulation variables

and mechanism of gastric retention:

(1) High-density systems

(2) Swelling and expandable systems

(3) Mucoadhesive or bioadhesive systems

(4) Superporus hydrogels

(5) Magnetic systems

(6) Floating systems

(7) Dual working systems.

These systems have different principles of working

and have their own merits and demerits. Figure 2 describes

localization mechanisms of the different gastroretentive

dosage forms. Benefits and drawbacks associated with

gastroretention technology are described in Table 4.

High-density systems

The density of gastric content is close to the density of water

(�1.004 g/cm3), whereas the density of these systems, is

about 3 g/cm3. These systems are retained in the rugae of the

stomach due to the high density (above a threshold density

of 2.4–2.6 g/cm3) and are capable of withstanding its

peristaltic movements. This phenomenon is confirmed by

various clinical studies (Kaus et al., 1984; O’Reilly et al.,

1987; Sangekar et al., 1987; Hocking et al., 1988; Mazer

et al., 1988; Mojaverian et al., 1988; Coupe et al., 1991, 1993;

Clarke et al., 1993, 1995; Timmermans & Moes, 1994; Tuleu

et al., 1999; Hejazi & Amiji, 2002). The major drawback

of high-density systems is that they are technically difficult

to manufacture with a large amount of drug because

the weight of matrix decreases progressively as the drug

gets released (Bechgaard & Ladefoged, 1978; Davis et al.,

1986; Rouge et al., 1998). High-density systems did not

significantly extend the gastric residence time (Gupta &

Robinson, 1995).

Swelling and expandable systems

The initial size of expandable dosage form should be

minimum possible to facilitate swallowing and once the

dosage form reaches to the stomach, the size of the dosage

form should significantly increase rapidly and thus prevent

premature passage through the pyloric sphincter. The size of

the system needs to decrease after the complete drug release

and enable the system to be evacuated from the stomach

(Cargill et al., 1988; Fix et al., 1993; Kedzierewicz et al.,

1999). For these systems, the stomach must be filled with

fluids as swelling is due to the fluid absorption. The super

porous hydrogels can reduce this problem to a certain limit

as they have high swelling capacity. The expansion can

be achieved by swelling due to the osmosis or unfolding

of polymeric chains. Extensive study of unfolding gastro-

retentive devices has been carried out by Caldwell et al.

(1988a,b,c).

An expandable system based on unfolding mechanism has

been developed for veterinary use (Laby, 1974). In terms of

safety, the expandable systems should not interfere with

Figure 2. Localization mechanisms of the
different gastroretentive dosage forms.
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gastric motility, must be biodegradable, and must not cause

any local damage to the gastric mucosa on prolonged

retention. Since permanent retention of rigid, large single-

unit may cause bowel obstruction, intestinal adhesion and

gastropathy, the system should be designed in such a way

that it gets eliminated from the body after completion of drug

release (Hou et al., 2003).

Mucoadhesive or bioadhesive systems

Adhesion of the dosage forms to the mucosal membrane of

the stomach is an attractive approach to increase the retention

of dosage form in the stomach or upper small intestine

(Ponchel & Irache, 1998). These formulations utilize

bioadhesive materials, namely, polyacrylic acids (Carbopol�

974P and 971P), Chitosan, cholestyramine, sodium alginate,

hydroxypropyl methylcellulose (HPMC), sucralfate, traga-

canth, dextrin, polyethylene glycol (PEG), gliadin etc., which

enables the device to adhere to the gastric mucosal wall

(Longer et al., 1985; Castellanos et al., 1993; Akiyama &

Nagahara, 1999; Harding et al., 1999; He et al., 1999).

The bioadhesive material should form a strong non-covalent

bond with the mucin-epithelial cell surface of the GIT.

The gastric mucoadhesion of the dosage form may follow any

of the reported mechanisms of mucoadhesion such as wetting,

diffusion, absorption or electron transfer. It has been reported

that the anionic polymers have better mucoadhesion property

than neutral or cationic polymers (Lehr, 1994; Huang et al.,

2000). The bioadhesion of polymers to the mucus membrane

is achieved by the formation of electrostatic and hydrogen

bonding at the mucus-polymer boundary. Based on the past

clinical and pre-clinical trials, it seems that the mucoadhesive

polymers are unable to effectively/significantly control

gastrointestinal transit of the dosage form (Chickering et al.,

1995). It is very difficult to maintain effective mucoadhesion,

due to continuous renewal of mucus on the walls of the

stomach, resulting in unpredictable adherence (Lee et al.,

2000; Chun et al., 2005). Mucoadhesive delivery systems can

cause local side effects due to the intimate contact of system

with gastric mucosa for prolonged periods of time.

However, mucoadhesion is regarded as one of the best

approach to achieve gastroretention, but, in most clinical

trials, there was little or no benefit of mucoadhesion approach

was observed in gastroretention. In a study, similar time for

50% of particles to pass the pyloric sphincter was observed

when cholestyramine powder was evaluated for the in vivo

performance in humans using g-scintigraphy. The comparison

of mucoadhesion was done using carbopol� 934P, a pH-

dependent polymer and sucralfate as a non-adhesive control

(Jackson et al., 2001). In a study, erratic results were observed

for gastroretention when microcrystalline Chitosan granules

were evaluated by g scintigraphy for determination of

mucoadhesion (Sakkinen et al., 2004).

Superporous hydrogels

Hydrogels have been used in various pharmaceutical formu-

lations due to their biodegradability and biocompatibility

(Kamath & Park, 1993). Hydrogels are cross-linked network

of hydrophilic polymers that are insoluble in water. Hydrogels

have the ability to swell by absorbing water or gastric fluid

(Park et al., 1993). The rate of swelling of conventional

hydrogels is very slow, and hence, there are chances of

premature evacuation of the dosage form through the pyloric

sphincter (Chen et al., 2000). Therefore, these conventional

hydrogels are commonly not used in gastroretentive drug

delivery systems. Superporous hydrogels (pore size4100 mm)

swell very fast due to rapid water uptake by capillary action,

and hence, these hydrogels are important for in the develop-

ment of gastroretentive delivery systems. These hydrogels can

retain their mechanical strength due to their water insoluble

nature (Mayur et al., 2013). Examples of superporous

hydrogels are poly (acrylamide-co-acrylic acid)/polyethyle-

neimine polymer networks, polymerized vinyl monomers, or

acrylate derivatives, sucrose hydrogels, Ac-Di-Sol� (croscar-

mellose sodium; Qiu & Park, 2003; Omidian, 2005).

Magnetic systems

Magnetic systems contain a small internal magnet (iron

powder) and an extracorporal magnet placed on the abdomen

Table 4. Benefits and drawbacks associated with various gastroretention technologies.

Formulation approach Benefits Drawbacks

Floating systems The gastric retention time and drug release time
improves as the system float over the gastric fluids.

Highly depends on the fed state of stomach; higher level
of fluid is required in the gastric region. Due to the
floating lag time the system can eliminate rapidly
from the absorption window.

High-density systems The system retain in the rugae of the stomach and thus
withstand peristaltic movements.

Commercialization is not possible with large amount
of drug due to technical problems. Till date, these
formulations are not available in the market.

Expandable systems The size of the dosage form significantly increases
rapidly and thus prevent premature passage through
the pyloric sphincter.

Storage troubles due to hydrolysable, biodegradable
polymers. Mechanical shape maintained for a short
period. Manufacturing is not easy and costly.

Magnetic systems The gastrointestinal transit of the dosage form can be
controlled using a small magnet.

The external magnet may cause compatibility issues,
and the therapy depends on the position of the
external magnet thus might compromise with patient
compliance.

Mucoadhesive systems Adhesion of the dosage forms to the mucosal membrane
of the stomach increase the retention of dosage form
in the stomach.

Efficiency can be reduced in rapid turnover of mucus.
No specific binding.

Raft forming systems Gastric retention achieved due to the entrapment of CO2

bubbles within the viscous cohesive gel.
The higher level of fluid is required in the stomach.

382 R. Awasthi & G. T. Kulkarni Drug Deliv, 2016; 23(2): 378–394



over the position of the stomach, which control or guide the

gastrointestinal transit of the dosage form (Fujimori et al.,

1994). Various studies based on human trials have been

reported by many researchers (Groning & Berntgen, 1996).

The images are taken by very sensitive bio-magnetic meas-

urement equipment. The major drawback of these systems is

that the effectiveness of the therapy depends on the position

of the external magnet, which might compromise patient

compliance. The prolonged residence time of such delivery

systems in the stomach of human volunteers has been

proved by magnetic resonance imaging of the dosage forms

(Groning et al., 1998).

Floating drug delivery systems

Floating systems are low-density systems which float over the

gastric fluids and thus increase the retention time of the

dosage form at the site of drug absorption, particularly in

the stomach (Hwang et al., 1998; Yang et al., 1999). The first

floating system was described by Sheth & Tossounian in

1975. These delivery systems are formulated by the incorp-

oration of carbonate or bicarbonate salts in the swellable

polymer matrix. The floatation is achieved by the entrapment

of carbon dioxide gas within the polymer matrix (Mouzam

et al., 2011), which decreases the density of the dosage form.

These systems release the drug in a controlled manner

while the system floats over the gastric fluid, which results in

increased bioavailability of the drug with reduced fluctuation

in plasma concentration (Reddy & Murthy, 2002). This study

reports that the bulk density of a dosage form is not a

appropriate parameter for describing buoyancy capability.

Further, the report suggests that the optimization of floating

force can be done by either slowing water penetration inside

the formulation or by improving the swelling properties of the

dosage form. Table 5 represents companies investing in the

development of gastroretentive drug delivery systems and

Table 6 represent different floating dosage forms formulated

either single or multiple systems. The effectiveness of the

buoyancy process is dependent on physiological conditions

and the characteristics of dosage form.

Classification of floating drug delivery systems

Floating systems can be classified as effervescent, non-

effervescent, low density and raft forming systems, depending

on the formulation variables. The first category of floating

systems is effervescent systems which are obtained by the

incorporation of bicarbonate salt, which is responsible for

gas generation or by volatilization of an organic solvent which

make hollow cavity. The other category is non-effervescent

systems which are formulated using the gel-forming, highly

swellable polymers (Hascicek et al., 2011).

Effervescent systems

Effervescent systems are prepared by using swellable poly-

mers such as methylcellulose and a gas forming agent like

Table 5. Companies investing in the development of gastroretentive drug delivery systems (Pies, 1982; Washington et al., 1986; Chouza et al., 1987;
Erni & Held, 1987; Ceballos-Baumann et al., 1990; Degtiareva et al., 1994; Fabregas et al., 1994).

Manufacturer Technology Brand Name Drug

Pierre Fabre drug, France Floating liquid form Almagate float coat� Al-MG antacid
Ranbaxy, India Colloidal gel forming floating system Conviron� Ferrous sulfate
Ranbaxy, India Gas generating System Cifran OD� Ciprofloxacin
Pharmacia Ltd., UK Bilayer floating capsule Cytotec� Misoprostol
GlaxoSmithKline Osmotic system Coreg CR� Carvedilo
Reckitt Benckiser Healthcare, UK Effervescent floating liquid preparation Liquid Gaviscon� Aluminium hydroxide,

Magnesium carbonate
Lupin, India Bioadhesive tablets Xifaxan� Rifaximin
Hoffmann-La Roche, USA Floating CR capsule Madopar� Levodopa Benserazide
DURECT Corporation, USA OROS� Covera HS� Verapamil HCl
Ranbaxy, India Effervescent floating system Riomet OD� Metformin hydrochloride
Pierre fabre drug, France Floating liquid alginate Topalkan� Al-Mg antacid
Hoffmann-La Roche, USA HBS Floating capsule Valrelease� Diazapam
Ranbaxy, India Effervescent floating system Zanocin OD� Ofloxacin
Skyepharma Geomatrix� (expandable/swelling) Xatral OD� Alfuzosin HCl
Skyepharma, Shionogi Phasma Inc. Geomatrix� Paxil CR� Paroxitine
Skyepharma, Shionogi Phasma Inc. Geomatrix� Requip� Ropinirole
Skyepharma, Shionogi Phasma Inc. Geomatrix� Sular� Nisoldipine
Skyepharma, Shionogi Phasma Inc. Geomatrix� Zyflo CR� Zileuton

Table 6. List of drugs explored for various floatations based gastroretentive dosage forms.

Dosage forms Type of unit Drugs

Floating microspheres Multiple unit Aspirin, Griseofulvin, p-nitroaniline, Ibuprofen, Terfinadine and Tranilast
Floating granules Multiple unit Diclofenac sodium, Indomethacin and Prednisolone
Films Single unit Cinnarizine
Floating capsules Single unit Chlordiazepoxide hydrogen chloride, Diazepam, Furosemide, Misoprostol, L-Dopa, Benserazide,

Ursodeoxycholic acid and Pepstatin
Floating tablets and pills Single unit Acetaminophen, Acetylsalicylic acid, Ampicillin, Amoxycillin trihydrate, Atenolol, Diltiazem,

Fluorouracil, Isosorbide mononitrate, Para- aminobenzoic acid, Piretamide, and Theophylline
Powders Multiple unit Verapamil hydrochloride
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carbonate or bicarbonate salt with or without tartaric acid/

citric acid (Rubinstein & Friend, 1994). Floatation can

also achieve by the volatilization of an organic solvent

(e.g. dichloromethane, ether, cyclopentane etc.). The most

common approach for preparing these systems involves resin

beads loaded with bicarbonate and coated with ethylcellulose.

The insoluble but permeable coating allows water to permeate

through it. Thus, carbon dioxide is released, causing the

beads to float in the stomach. Other approaches and materials

that have been reported are mixtures of hydroxypropyl

methylcellulose, hydroxypropyl cellulose, ethyl cellulose or

Carbopol� together with sodium bicarbonate (Xiaoqiang

et al., 2006), light mineral oils (Bera et al., 2009), polypro-

pylene foam powder (Streubel et al., 2003a), a mixture of

alginate and bicarbonate that generate carbon dioxide when

ingested (Stockwell et al., 1986), floating minicapsules with

a core of sodium bicarbonate (Shaha et al., 2009) and floating

systems based on ion-exchange resin technology (Atyabi

et al., 1996). From the formulations containing carbonate salt,

carbon dioxide gas is generated upon contact with acidic

gastric fluid. The generated gas remains entrapped in the

hydrated polymer matrix to make the dosage form remain

buoyant for a prolong time period. The working of these

systems depends on the net resultant force acting on the

system. Buoyancy and sinking of system is balances by the

upward and downward forces. The upward forces are caused

by the generation of CO2 gas and increased density of

system caused by continuous penetration of gastric fluid,

respectively.

Strubing et al. (2008b) investigated the drug release

behavior of poly(vinyl acetate)-based membrane controlled

floating tablets. The results of benchtop MRI study of

selected samples suggested that the drug release was

sustained for a period of 24 h. A multi-layer coated floating

system based on gas formation using acrylic polymers

(Eudragit RL 30D, RS 30D, NE 30D) and ethylcellulose

was developed by Sungthongjeen et al. (2008). The results of

in vitro floatation and in vitro drug release studies showed

that the floatation time was not affected when the amount

of the gas forming agent was increased, but the drug release

from the system was increased with the increase in concen-

tration of gas forming agent. Optimization of floating tablets

containing hydroxypropyl methylcellulose, ethyl cellulose

and sodium bicarbonate was done using a simplex lattice

design. The optimized formulation remained buoyant for

more than 12 h and showed zero-order release profile (Patel

et al., 2007a).

The work of Shishu et al. (2007b) presents a floating

system of 5-fluorouracil using hydrocolloids, such as,

hydroxypropyl methylcellulose (HPMC) and Carbopol�

934P, gas forming agents like sodium bicarbonate and citric

acid. The results of the in vitro study demonstrated that the

formulation remained buoyant for 16 h and the drug release

was sustained for a period of 24 h. Nakagawa et al. (2006)

developed double-compressed floating drug delivery system

by pulsed plasma-irradiation of 5-Fluorouracil with an outer

layer of a 68/17/15 weight ratio of Povidone (PVP), Eudragit

RL (E-RL) and sodium bicarbonate. The formulation showed

sustained drug release due to plasma-induced cross-linking

reaction on the outer layer of tablet. X-ray imaging method

was used to evaluate the buoyancy behavior of captopril

bilayer-floating tablet in human subjects (Rahman et al.,

2006). The X-ray images showed that the tablets remained in

the stomach for about 6.4 h. An attempt was made to improve

the dissolution profile of gliclazide by developing floating

alginate beads by ionotropic gelatin method using various

biodegradable polymers like gelatin, pectin and hydroxy

propyl methylcellulose. The mechanism of drug release was

Fickian diffusion with swelling. The in vivo sub-acute

hypoglycemic study in high fat diet induced diabetic

C57BL/6J mice demonstrated significant (p50.05) hypogly-

cemic effect over a period of 12 h and 24 h, respectively,

with HPMC and pectin beads. A significant (p50.05)

reduction in fasting and non-fasting blood glucose levels,

reduction in fasting plasma insulin level and a significant

improvement in glucose tolerance was observed in animals

treated with formulations (Awasthi & Kulkarni, 2012).

Floating tablets of dextromethorphan HBr have been

evaluated in healthy humans for the determination of

pharmacokinetic parameters (Hu et al., 2011). There was no

significant difference the pharmacokinetic values for the test

and reference formulations, but the Tmax of floating tablets

was significantly delayed compared with the conventional

tablets. Effervescent tablets of ciprofloxacin HCl were

evaluated for pharmacokinetic parameters after administra-

tion to the human subjects (Mostafavi et al., 2011). The study

reported the Cmax and Tmax were 0.945 mg/mL and 6.0 h,

respectively. Cmax and Tmax for conventional product were

estimated to be 2.1 ± 0.46 mg/ml and 1.42 ± 0.59 h, respect-

ively. The effect of metolose SH 4000 SR on drug release

from floating matrix tablets of captropril has been reported

(Martinez et al., 2010). The study concluded that the higher

level of gas forming agent caused hindrance on drug

release, as carbon dioxide bubbles obstructed the diffusion

path and decreased the matrix coherence. The developed

formulations remained buoyant for a period of more than 8 h.

The addition of polymer decreased drug release rate due

to an increasing tortuosity and length of the diffusion

path through the matrix. Optimization studies on floating

tablets containing nimodipine solid dispersion has been

reported by Barmpalexis et al. (2011). PXRD diffractograms

of formulation indicated the existence of nimodipine in

crystalline form. The floatation duration varied from 1 to 20 h

with a lag time less than 3 min. The in vitro release profile

followed both the Korsmeyer–Peppas and zero-order kinetic

models.

A comparative study was done for in vivo evaluation of

coated bicarbonate loaded resin beads against uncoated,

bicarbonate-loaded ion exchange resins using g-scintigraphy.

Half-life for gastric emptying of coated test beads was about

3 h in fed human volunteers whereas uncoated control

beads showed only about a 2 h time for half emptying

(Atyabi et al., 1996). In vivo performance of the verapamil

containing coated carbonate minitablets was determined

based on pharmacokinetic study against an immediate release

control formulation in healthy human volunteers. An increase

in AUC was observed in test minitablet against the control.

The study could not conclude the gastric retention because

of the indirect link between pharmacokinetics and the

gastrointestinal position (Sawicki, 2002).

384 R. Awasthi & G. T. Kulkarni Drug Deliv, 2016; 23(2): 378–394



Non-effervescent systems

These delivery systems are developed using a high level

of one or more gel-forming, highly swellable polymers.

Hydroxypropyl methylcellulose (HPMC) is the most com-

monly used excipient for the development of non-effervescent

floating systems, although agar, carrageenans, hydroxyethyl-

cellulose (HEC), hydroxypropylcellulose (HPC) and sodium

carboxymethycellulose (NaCMC) are also used. These gel

forming polymers hydrate and form a gel barrier that controls

the fluid penetration into the device and the consequent

drug release from the device. The buoyancy of the dosage

form depends on the density of swollen polymeric matrix,

which can be reduced due to the entrapped air within the

matrix (Nakamichi et al., 2001).

Hydrodynamically balanced systems

Hydrodynamically balanced systems (HBS) are useful for

drugs having a better solubility in gastric environment and

useful for drugs that are primarily absorbed in the stomach.

These systems are able to remain in the stomach for a

longer period by maintaining their low apparent density less

than the gastric fluid, while the polymer hydrates and forms a

gelled barrier at the outer surface (Seth & Tossounian, 1984;

Bardonnet et al., 2006). Nama et al. (2008) have reported

an HBS of clarithromycin for the eradication of H. pylori.

The results of in vivo radiographic study in healthy male

volunteers suggested that the gastric residence time of tablet

was increased, which leads to the effective localized action

of the clarithromycin. The drug release from the floating

tablets was through the anomalous diffusion process and

followed zero-order kinetics. An optimized single unit HBS

of metformin was formulated and evaluated by Ali et al.

(2007). The in vivo buoyancy and pharmacokinetic param-

eters were assessed by gamma scintigraphy in rabbits.

The developed system remained buoyant during 5 h of the

study. An increase in AUC was observed when the animals

were treated with an optimized formulation. Artificial neural

networks (ANNs) as modeling tools for prediction of drug

release from HBS composed with Metholose 90SH (hydroxy

propyl methylcellulose) has been reported by Mendyk et al.

(2006). It was found that ANNs were capable to accurately

predict release patterns of different drugs from HBS based

on the description of the formulation as well as chemical

structure of the drug.

Low-density systems

Gas generating systems have a lag time before floating on

the stomach contents, during which, the dosage form may

undergo premature evacuation through the pyloric sphincter.

Low-density systems (51 g/cm3) with immediate buoyancy do

not have this kind of problem. They are made of low-density

materials, entrapping oil or air. Most of them are multiple

unit systems, such as microspheres and are also called

as ‘‘microballoons or hollow microspheres’’ because of the

low-density core. They are characteristically free flowing

powder with a size less than 200 mm. Solid biodegradable

microspheres incorporating a drug dispersed or dissolved

throughout the particle matrix have the potential for

controlled release of drugs. In low-density approach, the

globular shells with a density lower than that of gastric fluid

are used as a carrier (Streubel et al., 2003b). A buoyant

dosage form can also be obtained using a fluid-filled system

that floats on the stomach. These are further coated with a

drug–polymer mixture. The polymer of choice can be either

ethylcellulose or hydroxyl propylcellulose depending on

the type of release desired. Finally, the product floats on

the gastric fluid while releasing the drug gradually over a

prolonged duration (Sharma & Pawar, 2006; Goole et al.,

2007; Garg & Gupta, 2008). For easy administration and

accurate dose, these systems can be compressed into fast

disintegrating tablets (Streubel et al., 2003a). Recently,

sublimation material based floating tablets were investigated

by Oh et al. (2013).

An attempt was made to improve the release profile of

gliclazide by developing hollow alginate beads by the

ionotropic gelation method in combination with low

methoxyl pectin and hydroxypropylmethylcellulose. The

beads remained buoyant for more than 12 h. The drug

release from beads followed Fickian diffusion with swelling

(Awasthi & Kulkarni, 2014). An in vivo study of a floating

depot system of metformin HCl in healthy male albino rats

was conducted by Choudhury et al. (2008). The developed

ethylcellulose microspheres had good encapsulation effi-

ciency (73–93%). It was found that the drug release and

plasma sugar levels were controlled more efficiently from

the prepared microspheres. Strubing et al. (2008a) developed

floating Kollidon� SR matrix tablets of Propranolol.

They studied the floatation behavior of tablets and the

drug release profiles. Results showed that the tablets

remained buoyant for 24 h with a very short lag time.

The floatation was found to depend on the level of

Kollidon� SR.

Wakode & Bajaj (2008) optimized pramipexole-loaded

floating microspheres of ethyl cellulose and hydroxyl propyl

methylcellulose on the basis of 23 level factorial design. The

particle size and morphology of formulations was character-

ized by image analyzer and scanning electron microscopy,

respectively. The results of in vitro drug release kinetics

showed that the drug release from microspheres was diffusion

controlled. Shishu et al. (2007a) developed floating alginate

beads of 5-fluorouracil. The prepared beads were evaluated

for percent drug loading, buoyancy, surface topography and

in vitro drug release. The in vivo antitumor study was done

using an optimized formulation to check the therapeutic

efficacy of the floating dosage form against benzto(a)pyrene

induced stomach tumors in albino female mice. The

developed system was found to reduce the tumor incidence

in mice by 74%, while the conventional tablet reduced tumor

by only 25%. Melt granulation technique was used for the

development of floating granules of ranitidine HCl by Patel

et al. (2007b). Gelucire 50/13 and Gelucire 43/01 were used

as lipid carrier. The optimization was done by 32 full factorial

design. The drug release was controlled by a moderate

amount of polymer. A similar formulation approach was used

by Shimpi et al. (2004) for the preparation of floating

granules of diltiazem HCl using Gelucire 43/01. The results

of in vivo g-scintigraphy study showed that the granules were

retained in stomach of healthy human volunteers for 6 h and
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65–80% of drug was released over 6 h with an initial fast

release from the surface.

Ishak et al. (2007) used ionotropic gelation method for the

development of Chitosan-treated floating alginate beads

of metronidazloe for the eradication of H. pylori infection.

The results of histopathologic study showed that metronida-

zole loaded floating beads gave a better effect than the

corresponding suspension. Gohel & Sarvaiya (2007) devel-

oped novel gastroretentive tablets of rifampicin and isoniazid

by wet granulation to minimize their degradation in acidic

medium using hydroxypropyl methylcellulose, calcium car-

bonate and polyethylene glycol 4000. The degradation of

rifampicin was arrested because of the minimization of

physical contact between the two drugs and controlled release

of rifampicin in acidic medium. Badve et al. (2007) developed

hollow calcium pectinate beads for floating-pulsatile release

of diclofenac sodium. The developed floating beads had

Ft50% of 14–24 h due to the porous (34% porosity) structure

with bulk density less than 1. In vivo gamma scintigraphy

results showed that the beads remained buoyant for 5 h in

rabbit stomach. Ravala et al. (2007) investigated the effects

of formulation and processing parameters on floating matrix

controlled drug delivery system. Poly (styrene-divinyl ben-

zene), a highly porous co-polymer, was used for the

development of low-density system. Excellent in vitro float-

ing behavior of the tablets was obtained at a concentration

of 15% (w/w).

Tanwar et al. (2008) developed floating microspheres

of verapamil HCl using cellulose acetate, acrycoat S100 and

eudragit S100. Radiographic images of dog stomach revealed

that cellulose acetate microspheres loaded with barium sulfate

floated on the gastric fluid for about 3.2 h and in vitro release

study demonstrated non-Fickian diffusion of the drug.

Pharmacokinetic studies of hollow microspheres of piroxicam

were reported in male albino rabbits by Joseph et al. (2002).

As compared to the free drug, bioavailability of the drug from

the microspheres was about 1.4 times, whereas it was about

4.8 times when the microspheres were administered with a

loading dose. The elimination half-life was increased by

about three times for the microsphere preparation alone and

nearly about six times for the dosage form consisting of

microspheres and a loading dose in comparison to the free

drug. Jain et al. (2006a) evaluated floating microspheres of

repaglinide by gamma scintigraphy study in albino rabbits.

The gastric residence time was found to be around 6 h. The

relative bioavailability of drug loaded floating microspheres

was 3.17 times higher than the marketed tablet.

Jain et al. (2006b) have reported gamma scintigraphic

and pharmacokinetic studies in albino rabbits for a compara-

tive study of Orlistat loaded floating microspheres and

marketed Xenical capsule. Gamma scintigraphic images

showed gastric residence time of 6 h. In contrast, non-floating

marketed formulation showed gastroretention of less than 2 h.

The results showed that the time to reach peak plasma

concentration (Tmax) and area under the curve (AUC) were

increased from 4 to 8 h and 69.0–113.3 ng h/ml, respectively,

for floating microspheres. Anti-H. pylori activity of floating

microspheres containing acetohydroxamic acid was carried

out by Umamaheshwari et al. (2006) in Mongolian gerbils.

The microspheres exhibited greater anti-H. pylori activity due

to the prolonged residence time. Stithit et al. (1998) prepared

buoyant theophylline microspheres by emulsion solvent

evaporation method using cellulose acetate butyrate and

Eudragit RL 100. The microspheres remained buoyant for

24 h, and the drug release from microspheres followed nearly

zero-order kinetics.

In a study, Lee et al. (2001) determined the effect of

solvent composition and non-volatile oil on floatation and

release profile of drug from microspheres. Model drugs used

were cyclosporine A, ketoprofen, piroxicam, tacrine HCl and

tenoxicam. The best formulation was obtained when the ratio

of dichloromethane: ethanol: isopropanol was maintained at

5:6:4. The formulations containing oil had less dense and

more porous channels. The drug release was found to increase

with the increase in pH of the dissolution media. A novel

solvent diffusion evaporation method was reported by

Soppimath et al. (2001) using nifedipine, nicardipine HCl,

verapamil HCl and dipyridamole as model drugs. The drug

release was controlled for 8–10 h following different transport

mechanisms.

Low-density foam powder was used for the preparation

of floating matrix tablets by Streubel et al. (2002). The

study reports that the floatation and release of drug could

be modified by varying the matrix-forming polymer/foam

powder ratio. Porous calcium silicate based floating

microspheres of repaglinide were developed by emulsion

solvent diffusion method (Jain et al., 2005). The optimized

formulation demonstrated good buoyancy (84 ± 6.0%), high

encapsulation (75 ± 3.0%) and a sustained in vitro drug

release in pH 2.0, 6.8 and 7.4. The drug release was found

to decrease with increase in concentration of calcium

silicate. A similar method was used Muthusamy et al.

(2005) for the development of floating micropellets of

lansoprazole. In this study, it was observed that the drug

loaded micropellets floated on the simulated gastric fluid

for more than 12 h with sustained drug release over a

period of 12 h.

The solvent evaporation method was used for the prepar-

ation of citrimide microspheres by Srivastava et al. (2005).

They demonstrated that the prepared microspheres exhibited

prolonged drug release and remained buoyant for more than

10 h. Nepal et al. (2007) prepared hollow microspheres of

josamin by solvent diffusion and evaporation technique using

Eudragit E100. The loading efficiency of the drug in the

microspheres was 64.7%. In a period of 45 min, the drug was

released completely in the simulated gastric fluid of rainbow

trout (pH 2.7). Kale & Tyade (2007) developed floating

microspheres of piroxicam by an emulsification solvent

evaporation method using Eudragit S100. The microspheres

remained buoyant for a period of 10 h. DSC and X-ray

diffraction studies showed that drug incorporated in the outer

shell of the polymer was in amorphous form. SEM images

indicated that the developed microspheres were spherical with

a hollow internal cavity. The drug release at intestinal pH was

faster and continuous as compared to the gastric pH.

Varshosaz et al. (2007) reported diffusion solvent evaporation

technique for the development of floating microballons to

increase the solubility and bioavailability of cinnarizine.

During the development of formulations, the effect of process

variables such as eudragit type, stirring rate, time of stirring
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on the yield, particle size, loading, release and floating

behavior of microspheres was evaluated using factorial

design.

Soppimath et al. (2006) studied the effect of co-excipients

on drug release profile and floation behavior of the hollow

microspheres of nifedipine. The results of in vitro buoyancy

study showed that the microspheres floated for more than

12 h and their buoyancy followed the rank order of: blank

(no-coexcipient)4dibutylpathalate4polyethyleneglycol4poly

("-caprolactone) and the drug was released in a controlled

manner. Chauhan et al. (2004) have studied the release

characteristics of risedronate sodium and Gelucire� 39/01

floating matrices using melt solidification technique.

A change in the crystal structure of Gelucire� was observed

due to the ageing of the product, which was responsible for an

increase in drug release.

A 32 full factorial design was used by Dave et al. (2004) for

the optimization of ranitidine HCl floating tablets. The study

was conducted to demonstrate the effect of stearic acid and

citric acid on drug release. It was suggested that low amount

of citric acid and high amount of stearic acid favors sustained

drug release from the prepared formulations. Sato et al.

(2004) have examined pharmacokinetic data of riboflavin

containing microballoons by urinary excretion method on

healthy human subjects. It was noticed that the larger

microballoons (particle size 500–1000mm) showed better

buoyancy in comparison to smaller particles (particle size

5500 mm). Talukder & Fassihi (2004) reported floating

hollow beads developed either using calcium and methoxy-

lated pectin or calcium, methoxylated pectin and sodium

alginate. The results showed that calcium-pectinate-alginate

beads released their contents at faster rates than calcium-

pectinate beads.

The floating mucoadhesive microspheres of melatonin

were prepared using ionic interaction of chitosan and

sodium dioctyl sulfosuccinate by El-Gibaly et al. (2002).

The microcapsules exhibited zero-order release kinetics in

simulated gastric fluid. The formulations remained buoyant

for more than 12 h.

Solid dispersion of furosemide in polyvinylpyrrolidone

was used in floating multiple unit system by Iannuccelli et al.

(2000). The results of X-ray diffraction study showed a

decrease in crystallinity of furosemide solid dispersion, which

lead to the improved solubility and thus improved dissolution

of the drug. Durig & Fassihi (2000) developed swellable

hydrophilic floating matrix tablets of verapamil HCl using

a guar gum matrix. The study was aimed to compare the

dissolution profiles using USP dissolution apparatus type I

and type II. The study concluded that a double mesh device

may provide an alternative to current compendial dissolution

methods when the release kinetics of floating and sticking

delivery system is required. A comparative gamma scinti-

graphic study of floating and non-floating beads was done

by Whitehead et al. (1998) in healthy human volunteers. The

study demonstrated that the floating beads remained buoyant

for 5–6 h. The gastric residence time for non-floating beads

was only 1 h. Slight increase in gastric residence time for

flavine mononucleotide floating particles versus dense par-

ticles as control was observed based on pharmacokinetics

(Lippold & Gunther 1991).

A gastroretentive floating system of amoxicillin was

developed and optimized for the efficient treatment of

peptic ulcer induced by H. pylori infection. Floating

microballoons were developed using central composite

design (CCD), and optimization was done by employing

response surface methodology. The in vitro MIC results

showed a sustained drug effect from the microballoons. The

study results conclude that CCD is a valuable second-degree

design to develop and optimize GFS of amoxicillin which in

turn provides a basis to localize the drug release in the gastric

region for effective treatment of H. pylori-mediated infection

(Awasthi et al., 2012; Awasthi & Kulkarni, 2013).

Raft forming systems

Raft forming gastroretentive system is a boat-like structure

that floats over the gastric fluid and allow a constant drug

release. Here, gel forming solution (e.g. sodium alginate

solution containing carbonate or bicarbonate) swells and

forms a viscous cohesive gel containing entrapped CO2

bubbles on contact with gastric fluid. These formulations

generally contain antacids such as aluminum hydroxide or

calcium carbonate to reduce gastric acidity. Since the raft

forming systems produce a layer on the top of gastric fluid,

they are also used for treatment of gastroesophageal reflux

(Rajinikanth et al., 2007). Rajinikanth & Mishra (2008)

prepared floating in situ gelling system of clarithromycin to

eradicate H. pylori using gellan as gelling polymer and

calcium carbonate as floating agent. They studied H. pylori

clearance efficiency of prepared system and clarithromycin

suspension following oral administration to H. pylori infected

Mongolian gerbils by polymerase chain reaction technique

and by a microbial culture method. Floating in situ gelling

system showed a significant anti-H. pylori effect than that of

clarithromycin suspension.

Dual working systems

Systems based on the combination of bioadhesion and

floation principles have more potential to increase to improve

the in vivo performance of the drug. Furthermore, the

combination of mucoadhesion and flotation technology can

meliorate drawbacks associated with floating technology

like floating lag time and requirement of fluid in the stomach

for proper floatation.

Varshosaz et al. (2006) prepared floating-bioadhesive

tablets of ciprofloxacin using sodium carboxymethylcellu-

lose, polyacrylic acid, citric acid and sodium bicarbonate.

All the tablets floated for more than 24 h. It was observed that

an increase in sodium carboxymethylcellulose amount caused

higher mucoadhesion than polyacrylic acid. Chavanpatil et al.

(2006) reported swellable and bioadhesive system of ofloxa-

cin using psyllium husk, hydroxyl propylmethylcellulose

and crosspovidone. The results showed that the formulation

containing crosspovidone had a good swelling property

and swelling was increased with increasing concentration

of crosspovidone. The bioadhesive property of the developed

formulation was found to be significantly increased in

combination as compared to hydroxypropyl methylcellulose

and psyllium husk alone. Umamaheshwari et al. (2002,

2003) developed floating-bioadhesive particulate systems of
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acetohydroxamic acid and cholestyramine containing sodium

bicarbonate as gas forming agent. The cellulose acetate

butyrate coated microcapsules showed better buoyancy than

uncoated resin particles. In vitro growth inhibition studies

were performed in an isolated H. pylori culture. The

microspheres showed a better inhibition rate than plain

acetohydroxamic acid. Floating-bioadhesive bilayer tablets

of rosiglitazone maleate have been developed by Sonara et al.

(2007). The formulations showed a unique combination of

floatation and bioadhesion to prolong the gastric residence.

Gamma scintigraphy images showed that the tablets were

buoyant for 8 h in the human stomach. The drug release

followed first-order kinetics.

In the past few years, many studies related to the animal

experimentation on floating mucoadhesive microparticulate

gastroretentive drug delivery systems have been reported.

Pharmacokinetic study of clarithromycin loaded floating-

bioadhesive microparticles was carried out by Zheng et al.

(2006) in male Sprague–Dawley rats. The microparticles were

developed by emulsification/evaporation and internal/ion

gelation methods. The results showed that the after 4 h

about 61% of the microparticles remained in the stomach and

the concentration of clarithromycinin in gastric mucosa was

greater than that of the solution, and the difference at 2 h was

statistically significant (p50.05). The effect of food intake on

the performance of various types of gastroretentive drug

delivery systems based on in vivo studies is given in Table 7.

Advancements in designing of floating drug delivery

Intragastric floating gastrointestinal drug delivery
systems

Intragastric floating drug delivery system composed of a drug

reservoir encapsulated in a microporous compartment with

apertures along its top and bottom surfaces. The peripheral

walls of the drug reservoir compartment are properly sealed

to prevent any direct physical contact of the undissolved drug

with the stomach mucosal surface. The intragastric floating

can be achieved using low-density additives (e.g. fatty acids

and fatty alcohols) and gas-generating agent. These systems

can be prepared by simple ionotropic gelation method

(Harrigan, 1977).

Inflatable gastrointestinal drug delivery devices

These devices composed of an inflatable chamber containing

a volatile liquid such as ether which gasified at body

temperature to cause the chamber to inflate in the stomach.

The inflatable chamber also contained a biodegradable

polymer filament. These systems contain a copolymer of

polyvinyl alcohol and polyethylene that gradually dissolved

in the gastric fluid. Dissolution of this copolymer is

responsible for the release of gas from the system after an

extended period of time to permit the spontaneous ejection of

the system from the stomach (Michaels, 1974).

Intragastric osmotically controlled floating drug
delivery devices

These devices comprised of a hollow deformable polymeric

capsule shell. The capsule is divided into two compartments

separated by a semipermeable membrane. The inner com-

partment is a drug reservoir, which is covered by an outer

osmotically active compartment. The osmoticlally active

compartment contains a volatile liquid such as cyclopentane

or ether that vaporizes at the body temperature. Vaporization

of liquid increases the size of unit to inflate. The device

contained a bioerodible plug that allows the vapors to escape

from the device and return it to the original collapsed position

after an extended period of time for easy removal from the

body (Michaels et al., 1975).

Evaluation of floating drug delivery systems

In vitro evaluation

In vitro parameters that need to be evaluated in gastro-

retentive drug delivery systems includes differential scanning

calorimetry to examine the thermal behavior of drug in

formulations, X-ray diffraction studies to examine the phys-

ical state (amorphous or crystalline) of drug in formulations,

infrared spectroscopy for investigation of possible interaction

between drug and excipients, specific gravity, flow properties,

particle size analysis, yield, size and shape, in vitro buoyancy

behavior (buoyancy lag time and buoyancy duration), content

uniformity and in vitro drug release profiles. The performance

of such systems is depending on the density of the system,

thus it is an important to evaluate density of such system. For

a system to float on the gastric fluid, the system should have a

density lower than that of the gastric fluid (�1.004 g/cm3).

The true density can be determined using the photographic

counting method or the liquid displacement method. The

percentage buoyancy of floating gastroretentive systems can

be determined by taking a predetermined amount of dosage

form in 100 ml of suitable medium such as 0.1 N hydrochloric

acid (pH 1.2). In case of particulate systems, the dosage

form that floated and those settled are collected after a

specified time period. The fractions of dosage units are

weighed and buoyancy can be determined by the following

formula:

Percentage buoyancy ¼ Wf=Wf þWsð Þ � 100

where Wf and Ws are the weights of floating and settled

dosage units, respectively.

The test for in vitro drug release is generally performed in

simulated gastric fluids at 37�C. Investigation of drug release

profiles at slight higher pH, such as phosphate buffer pH 5.8

or 6.8, is also recommended, due to the variation in gastric pH

based on fasting or fed conditions. Dissolution tests generally

performed using USP II dissolution apparatus. USP 28 states

‘‘the dosage unit is allowed to sink to the bottom of the vessel

before rotation of the blade is started’’. A small, loose piece

of non-reactive material with not more than a few turns of a

wire helix may be attached to the dosage units that would

otherwise float. It is reported that the drug release from

the delivery system is reduced by the use of helical wire.

To overcome this limitation, a method has been developed in

which the floating drug delivery system was fully submerged

under a ring or mesh assembly (Soppimath et al., 2001).

Recently, Eberle et al. (2014) developed a custom-built

stomach model to, simultaneously, analyze buoyancy behav-

ior and drug release profiles. In silico dissolution and
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floatation profiles of the floating tablet were simulated using

a three-dimensional cellular automata-based model. In this

study, the floating tablets showed instant floatation

in simulated gastric fluid.

In the case of particulate gastroretentive delivery systems,

the percentage encapsulation is determined by taking 10 mg

of the microparticles. Powdered microparticles are suspended

in 25 ml of suitable medium. After 24 h shaking, the filtrate

is analyzed for the drug content by UV-spectrophotometer

after suitable dilution. The percentage encapsulation can be

calculated as follows:

Percentage encapsulation ¼ Da=Dtð Þ � 100

where Da is the actual amount of drug present in the

microparticles and Dt is the theoretical amount of drug added

in the preparation of microparticles.

The surface and internal morphology are observed by

scanning electron microscopy. During sample coating for

scanning electron microscopy analysis, it is generally exposed

to high vacuum, to make the sample conductive.

In vivo evaluation

Pharmacokinetics

This technique uses collection and analysis of blood samples

at predetermined time intervals. Various pharmacokinetic

parameters, such as, maximum plasma concentration of drug

Table 7. The effect of food intake on the performance of various types of gastroretentive drug delivery systems in human volunteers.

Dosage form tested Control Measurement method Food (Kcal) Results References

Mucoadhesive pellets Non-mucoadhesive
pellets

g - scintigraphy 0 No evidence for gastric
retention was
observed in fasting
condition

Khosla & Davis
(1987)

Mucoadhesive
granules

– Pharmacokinetics 0 No evidence for gastric
retention was
observed in fasting
condition

Sakkinen et al.
(2003)

Bilayer tablet with gas
generation

Bilayer tablet
without gas
generation

Urinary excretion of
drug

– Indications of increased
gastric residence
versus control both
fed and fasted

Ingani et al. (1987)

Floating capsule Immediate release
capsule

Pharmacokinetics
+ gastric sampling

1120 Pharmacokinetic effects
not due to floating

Mazer et al. 1988)

Floating tablet Food g -scintigraphy 405 4.1 ± 0.7 h retention
versus 2.2 ± 0.2 for
food

Washington et al.
(1988)

Floating capsules Non floating
capsule

X-ray 0 8–9 h retention in single
subject

Babu Khar (1990)

Gas generating tablets Immediate release
capsules

Pharmacokinetics 0 Increase of 2 h in Tmax Hilton & Deasy
(1992)

Hydrodynamically
balanced tablet

Immediate release
tablet

g-scintigraphy – Retention44 h fed and
fasted versus 1–2 h
for control

Xu et al. (1991)

Floating bilayer tablet Non-floating bilayer
tablet

Pharmacokinetics – 25% increase in AUC
for floating versus
non-floating table

Phuapradit & Bolton
(1991)

Tetrahedron shaped
device in capsule

None g-scintigraphy – 3 h retention fasting;
6.5 h retention fed

Fix et al. (1993)

Unfolding sheets in
capsules

10-mm matrix tablet X-ray 325 (325 more
after 5 h)

Gastric retention for
greater than 8 h (fed)
versus53 h. for
control

Klausner et al.
(2003a,b)

Swelling tablet Immediate-release
tablet

Pharmacokinetics 550 Pharmacokinetics of test
consistent with con-
trolled release of
drug

Gusler & Berner
(2000), Gusler
et al., 2001))

Gas generating tablets Immediate release
formulation

Pharmacokinetics 0 Controlled release test
bioequivalent to
immediate release
control

Chavanpatil et al.
(2005)

Double-layered table – Pharmacokinetic and
gamma scintigraphic

AUC0–24 was 1.3 fold
higher following the
evening dosing com-
pared with breakfast
administration. The
transit profiles
demonstrated retain-
tion for more than
10 h in stomach

Sugihara et al.
(2014)
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(Cmax), time to reach maximum plasma concentration (Tmax)

and area under the curve (AUC) are determined for the in vivo

performance measurement of the dosage form.

�-Scintigraphy

This technique is used to evaluate in vivo buoyancy behavior

of different type of gastroretentive systems. This technique is

based on the incorporation of a radioisotope like 111In within

the system. The radioisotope labeled formulation is admin-

istered to the human volunteers. Ionization radiations, limited

topographic information, low resolution are the major draw-

backs of g-Scintigraphy technique. This technique is compli-

cated and expensive (Wilding et al., 2001; Goole et al., 2008).

Radiology

Radiology is a simple technique used for estimation of

gastroretention. However, this technique has not gained

popularity due to the exposure to X-rays. Radiographs are

taken at various periodic time intervals after administration

of the dosage form (Iannuccelli et al., 1998; Baumgartner

et al., 2000).

Gastroscopy

Gastroscopy involves visual observation of dosage form in

the stomach using optic-fibers and a video camera. Retained

blood or food in the stomach may lead to poor study results

(Klausner et al., 2003a,b).

Ultrasonography

Ultrasonic waves are used to produce images of body

structures. The waves travel through tissues and are reflected

back where density differs. The reflected echoes are received

by an electronic apparatus that measures their intensity

level and the position of the tissue reflecting them. The results

can be displayed as images or as a moving picture of the

inside of the body (Hendee, 1994).

Magnetic resonance imaging

This is a non-invasive technology which uses a magnetic

field, radio frequency pulses, and a computer to produce a

detailed image. The advantage of this technique over

g-scintigraphy is that it does not use ionizing radiation such

as X-rays. Harmless paramagnetic and supra-magnetic

imaging contrast agents are applied to obtain better study

results (Dorozynski et al., 2007).

Future recommendations

Based on various in vitro and in vivo data, the evidence

for successful gastroretentive dosage forms remains limited.

The expected gastric retention, especially with low calories or

fasted conditions is discombobulating. The benefits of gastric

retention for drug delivery can be attained with the current

technologies using particulate systems given in the fed state.

Current industrial applications of gastroretentive delivery

systems are based on their physical properties (size, buoy-

ancy, drug content and drug release behavior) as they are

specified during their preparation. To provide evidence that

a gastroretentive technology actually works, the development

and in vivo testing of the system should carry out by

considering following parameters:

(1) As the performance of the system is based on the

buoyancy, so the analysis of the position of dosage

form should be done using an imaging technique (such as

g-scintigraphy) rather than pharmacokinetics.

(2) The caloric content of the meal should be carefully

controlled. The break between two successive meals

should be for at least 6 h.

(3) The optimization of buoyancy behavior should be done

by either controlling water penetration inside the formu-

lation or by improving the swelling properties of the

dosage form.

(4) The size, shape and surface of dosage form should be

controlled. The control should not break into parts

during the testing period and should release the drug at

the same rate as the test to rule out any motility effects of

the drug.

Conclusion

Gastroretentive drug delivery is not a brand new concept.

Along with the years, various drugs have been investigated

to modify their properties more surely for better absorption.

In addition, new technologies such as intragastric floating

systems, inflatable devices, intragastric osmotically con-

trolled floating devices, have been setting standards for

years, but they could not hide their own technological

and practical limitations. Development of dosage forms

based on gastroretention technology for prolonged and

controlled drug release needs to conceptualization to proof

of concept, technology transfer for global regulatory filings

and commercialization of the products. Developing a

gastroretentive-controlled release drug delivery formulation

is very challenging, as continuous entry of the medium in

the dosage form leads to alter the density of the system.

A dual working buoyant and mucoadhesive system might be

a promising formulation. Floating devices administered in a

single unit form such as HBS are unreliable in prolonging

the gastric retention time owing their ‘‘all or none’’

emptying process. Thus, they may cause high variability in

bioavailability and local irritation due to large amount of

drug delivered at particular sites of the GIT. In contrast,

multiple unit particulate doses form such as microspheres

and beads have the advantages that they pass uniformly

through the GIT to avoid the vagaries of gastric emptying

and provide an adjustable release, thereby, reducing the

inter-subject variability in absorption and risk of local

irritation. The special consideration has been given to the

microparticulate systems such as microspheres or beads.

At present, floating microparticulate systems are considered

as one of the most promising buoyant systems as they

combine the advantages of multiple systems with good

floating properties with high drug loading and controlled

release profile.
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