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Abstract: Swelling Drug delivery system are designed to prolong the gastric residence time after oral administration, at particular
site and controlling the release of drug especially useful for achieving controlled plasma level as well as improving bioavailability. In
recent years scientific and technological advancements have been made in the research and development of controlled release oral
drug delivery systems by overcoming physiological adversities like short gastric residence times and unpredictable gastric emptying
times. Swelling drug delivery systems is the system which is retained in the stomach for a longer period of time and thereby improve
the bioavailability of drugs. Swelling dosage systems form important technological drug delivery systems with gastric retentive
behavior and offer several advantages in drug delivery. Treatment of gastrointestinal disorders such as gastro-esophageal reflux.
Improved drug absorption, because of increased GRT and more time spent by the dosage form at its absorption site. Ease of
administration and better patient compliance. Minimizing the mucosal irritation due to drugs, by drug releasing slowly at controlled

rate. © 2011 IGJPS. All rights reserved.
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INTRODUCTION

Oral drug delivery is the preferred route for drug administration because it is more natural and less invasive than other traditional
routes, such as intravenous and intramuscular injections. This, in turn, increases patient compliance and improves safety compared
with other methods.'

Conventional drug delivery system achieves as well as maintains the drug concentration within the therapeutically effective range
needed for treatment, only when taken several times a day. This results in a significant fluctuation in drug levels. Recently, several
technical advancements have led to the development of several novel drug delivery systems (NDDS) that could revolutionize method
of medication and provide a number of therapeutic benefits.>

Oral sustained drug delivery system is complicated by limited,

1. Gastric residence times (GRTSs).
2. Rapid GI transit can prevent complete drug release in the absorption zone and reduce the efficacy of the administered dose

since the majority of drugs are absorbed in stomach or the upper part of small intestine.’
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The current controlled release technology has made it possible to release drugs at a constant release rate for longer periods of time

ranging from days to years. However, this benefit has not satisfied a variety of important drugs that

Are locally active in the stomach
Gets absorbed from the stomach or in the upper small intestine

Are unstable in the intestinal or colonic environment

Ll

Exhibit low solubility’s at high pH values.*

These limits promoted the development of gastroretentive drug delivery systems (GRDDSs). Gastroretentive dosage forms are drug
delivery systems which remain in the stomach for an extended period of time and allow both spatial and time control of drug
liberation. Basically gastroretentive systems swells following ingestion and is retained in the stomach for a number of hours, while it
continuously releases the incorporated drug at a controlled rate to preferred absorption sites in the upper intestinal tract.’

Gastrointestinal retention depends on many factors such as density of the dosage form, size of the dosage form, fasting or fed
condition, nature of the meal taken, sleep, posture, etc. It also depends strongly on a complicated and unpredictable gastric emptying
with migrating myoelectric complex motility of the stomach.®

The gastric emptying occurs in both the cases in fasting as well as in fed states. Nevertheless the pattern of motility differs
markedly in two states. In case of fasted state an interdigestive series of electrical events occurs in cyclic manner both through
stomach and small intestine every 2-3 hours. This electrical activity is termed as interdigestive myoelectric cycle or migrating

myoelectric complex (MMC) which is further divided into four phases;

Phase | (Basic Phase):-It is a quiescent period with rare contractions lasting from 40-60 minutes.

Phase Il (Preburst Phase):-It lasts for 20-40 minutes and consists of intermittent action potentials and contractions that
gradually increase in intensity and frequency as the phase progresses.

Phase 111 (Burst Phase):- This phase is relatively short and represents intense, large regular contractions of 4-6 minutes in
duration. It is phase III which earns the cycle the term “housekeeper” waves, as it enables to sweep away all undigested
materials out of stomach and down to the small intestine. It has been observed that as phase III of one cycle reaches the end
of small intestine, phase III of the next cycle begins in duodenum.

Phase IV:-It lasts for 0-5 min. It takes place between phase I1I and phase I of two consecutive cycles.
Studies revealed that in the fed state, the gastric emptying rate slowed since the onset of MMC is delayed.” .
Requirements for gastric retention.’
One of the key issues is that the dosage form must be able to withstand the forces caused by peristaltic waves in the stomach and the

constant contractions and grinding and churning mechanisms. To function as a gastric retention device, it must resist premature gastric

emptying. Furthermore, once its purpose has been served, the device should be removed from the stomach with ease.
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Approaches to Gastric Retention®:-
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Figure 1: Approaches for GDDS

Advantages of Gastroretentive Drug Delivery System.*

N kW

Improves patient compliance by decreasing dosing frequency.

Bioavailability enhances despite first pass effect because fluctuations in plasma drug

desirable plasma drug concentration is maintained by continuous drug release.

Gastric retention time is increased because of buoyancy.

Enhanced absorption of drugs which solubilise only in stomach

Drug releases in controlled manner for prolonged period.

Site-specific drug delivery to stomach can be achieved.

concentration is avoided, a

Superior to single unit floating dosage forms as such microspheres releases drug uniformly and there is no risk of dose

dumping.

Avoidance of gastric irritation, because of sustained release effect.

Better therapeutic effect of short half-life drugs can be achieved.

Limitations of the Techniques of Gastroretention: '

More predictable and reproducible floating properties should be achieved in all the extreme gastric conditions.

1.

The floating systems in patients with achlorhydria can be questionable in case of swellable systems, faster swelling properties

are required and complete swelling of the system should be achieved well before the gastric emptying time.

Bioadhesion in the acidic environment and high turnover of mucus may raise questions about the effectiveness of this

technique. Similarly retention of high density systems in the antrum part under the migrating waves of the stomach is

questionable.
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Not suitable for drugs that may cause gastric lesions e.g. Non- steroidal anti inflammatory drugs. Drugs that are unstable in

the strong acidic environment, these systems do not offer significant advantages over the conventional dosage forms for

drugs that are absorbed throughout the gastrointestinal tract.
The mucus on the walls of the stomach is in a state of constant renewal, resulting in  Unpredictable adherence.

In all the above systems the physical integrity of the system is very important and primary requirement for the success of

these systems.

Factors affecting the gastroretentive system. °

10.
11.
12.

13.

Density — Gastric retention time (GRT) is a function of dosage form buoyancy that is dependent on the density.

Size — Dosage form units with a diameter of more than 7.5 mm are reported to have an increased GRT compared with those
with a diameter of 9.9 mm.

Shape of dosage form — Tetrahedron and ring shaped devices with a flexural modulus of 48 and 22.5 kilo pounds per square
inch (KSI) are reported to have better GRT 90% to 100% retention at 24 hours compared with other shapes.

Single or multiple unit formulation — Multiple unit formulations show a more predictable release profile and insignificant
impairing of performance due to failure of units, allow co-administration of units with different release profiles or containing
incompatible substances and permit a larger margin of safety against dosage form failure compared with single unit dosage
forms.

Fed or unfed state — Under fasting conditions, the GI motility is characterized by periods of strong motor activity or the
migrating myoelectric complex (MMC) that occurs every 1.5 to 2 hours. The MMC sweeps undigested material from the
stomach and, if the timing of administration of the formulation coincides with that of the MMC, the GRT of the unit can be
expected to be very short. However, in the fed state, MMC is delayed and GRT is considerably longer.

Nature of meal — Feeding of indigestible polymers or fatty acid salts can change the motility pattern of the stomach to a fed
state, thus decreasing the gastric emptying rate and prolonging drug release.

Caloric content — GRT can be increased by 4 to10 hours with a meal that is high in proteins and fats.

Frequency of feed — The GRT can increase by over 400 minutes when successive meals aregiven compared with a single
meal due to the low frequency of MMC.

Gender — Mean ambulatory GRT in males (3.4+0.6 hours) is less compared with their age and race matched female
counterparts (4.6+1.2 hours), regardless of the weight, height and body surface.

Age — Elderly people, especially those over 70, have a significantly longer GRT.

Posture — GRT can vary between supine and upright ambulatory states of the patient.

Concomitant drug administration — Anticholinergics like atropine and propantheline, opiates like codeine and prokinetic
agents like metoclopramide and cisapride can affect floating time.

Biological factors — Diabetes and Crohn’s disease, etc.

Selection of drug candidates for gastroretentive dosage forms.

The gastro-intestinal (GI) tract is composed of several regions differing in anatomy, biochemical environment, microbial flora,

expression of transporters, and absorption characteristics. There are several processes that may occur simultaneously following drug
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release from a dosage form in the GI tract, including: chemical/enzymatic/ bacterial degradation, absorption (passive and/or active),

precipitation, efflux by P-glycoprotein pump, and metabolism by Cyp450 enzymes. As a consequence the pharmacokinetic profile of a

drug may be influenced by its delivery site. '*

Drugs that would benefit from gastric retention include: CNS drugs (for Parkinson disease, epilepsy, Alzheimer and migraine) Anti-
viral products (for HIV, herpes and hepatitis) and certain antibiotics, Anti-hypertension drugs, Anti-diabetic agents for Type 2 diabetes

Drugs for local treatment of GI infections, and gastric enzyme replacement. '

Swelling systems.

After being swallowed, these dosage forms swell to a size that prevents their passage through the pylorus. As a result, the dosage form
is retained in the stomach for a long period of time. These systems are sometimes referred to as plug type systems because they tend to
remain lodged at the pyloric sphincter. These polymeric matrices remain in the gastric cavity for several hours even in the fed state.
Sustained and controlled drug release may be achieved by selecting a polymer with the proper molecular weight and swelling
properties. Upon coming in contact with gastric fluid, the polymer imbibes water and swells. The extensive swelling of these polymers
is a result of the presence of physical-chemical crosslinks in the hydrophilic polymer network. These cross-links prevent the
dissolution of the polymer and thus maintain the physical integrity of the dosage form. A balance between the extent and duration of
swelling is maintained by the degree of crosslinking between the polymeric chains. A high degree of crosslinking retards the swelling
ability of the system and maintains its physical integrity for a prolonged period (see below figure). On the other hand, a low degree of
cross-linking results in extensive swelling followed by the rapid dissolution of the polymer. An optimum amount of cross-linking is

required to maintain a balance between swelling and dissolution.'*
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Figure 2: Relationship between the degree of cross-linking of the polymeric chains and the swelling behavior of swelling
systems.™
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POLYMERS & OTHER

INGREDIENTSJ[15]

Following types of ingredients can be incorporated into swelling dosage form in addition to the

drugs:

Hydrocolloids- Acacia, Pectin, Chitosan, Agar, Casein, Bentonite, Veegum, Hydroxy Propyl Methyl Cellulose (HPMC) (K4M,
K100M and K15M), Gellan gum, Sodium Carboxy Methyl Cellulose (CMC), Methyl Cellulose (MC), Hydroxy Propyl Cellulose

(HPC).
PHARAMCOKINETIC ASPECTS [1-6]
1. Absorption window-validation that the drug is within the category of narrows absorption window agents:

Currently various experimental techniques are available that permit us to verify the absorption properties of the tested molecule, to
determine the mechanism of intestinal absorption and to elucidate the permeability at different regions of the GI tract. In general,
appropriate candidates for CR-GRDF are molecules that have poor colonic absorption but are characterized by better absorption
properties at the upper parts of the GI tract. In the case of absorption by active transporters that are capacity limited, the efficacy of the
transport activity may increase following sustained presentation of the drug to the transporting enzymes in comparison to non CR

mode of administration.

2. Enhanced bioavailability:

Once it has been ascertained that the compound in question is defined as narrow absorption window, the possibility of improving
bioavailability by continuous administration of the compound to the specific site should be tested. For example, certain
bisphosphonates, including alendronate, are absorbed directly from the stomach. However, the magnitude of this pathway remains
modest even in the case where the prolonged gastric retention of the bisphosphonate in rats is produced by experimental/surgical
means. On the other hand, the bioavailability of riboflavin and levodopa CR-GRDF is significantly enhanced in comparison to
administration of non-GRDF CR polymeric formulations. It may be concluded that several different processes, related to absorption
and transit of the drug in the gastrointestinal tract, act concomitantly and influence the magnitude of drug absorption. Therefore, in

vivo studies are necessary to determine the release profile of the drug from the dosage form that will provide enhanced bioavailability.

3. Enhanced first pass biotransformation
In a similar fashion to increased efficacy of active transporters exhibiting capacity limited activity, the pre-systemic metabolism of the
tested compound may be considerably increased when the drug is presented to the metabolic enzymes (cytochrome P450, in particular

CYP3A4) in a sustained manner, rather than by a bolus input.

4. Improved bioavailability due to reduced P-glycoprotein (P-gp) activity in the duodenum
In apparent contrast to the higher density of CYP3A4 at the upper part of the intestine, P-gp mRNA levels increase longitudinally
along the intestine such that the highest levels are located in the colon. Therefore, for drugs that are P-gp substrate and do not undergo

oxidative metabolism, such as digoxin, CR-GRDF may elevate absorption compared to the immediate and CR dosage forms.
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5. Reduced frequency of dosing
For drugs with relatively short biological half-life, sustained and slow input from CR-GRDF may result in a flip-flop
pharmacokinetics and enable reduced dosing frequency. This feature is associated with improved patient compliance, and thereby

improves therapy.

6. Targeted therapy for local ailments in the upper GI tract
The prolonged and sustained administration of the drug from the GRDF to the stomach may be advantageous for local therapy in the
stomach and the small intestine. By this mode of administration, therapeutic drug concentrations may be attained locally while the

systemic concentrations, following drug absorption and distribution, are minimal.

PHARMACODYNAMIC

ASPECTS [16]

1. Reduced fluctuations of drug concentration:

Continuous input of the drug following CR-GRDF administration produces blood drug concentrations within a narrower range
compared to the immediate release dosage forms. Thus, fluctuations in drug effects are minimized and concentration dependent
adverse effects that are associated with peak concentrations can be prevented. This feature is of special importance for drugs with a

narrow therapeutic index.

2. Improved selectivity in receptor activation
Minimization of fluctuations in drug concentration also makes it possible to obtain certain selectivity in the elicited pharmacological

effect of drugs that activate different types of receptors at different concentrations.

3. Reduced counter-activity of the body
In many cases, the pharmacological response which intervenes with the natural physiologic processes provokes a rebound activity of
the body that minimizes drug activity. Slow input of the drug into the body was shown to minimize the counter activity leading to

higher drug efficiency.

4. Extended time over critical (effective) concentration

For certain drugs that have non-concentration dependent pharmacodynamics, such as beta-lactam antibiotics, the clinical response is
not associated with peak concentration, but rather, with the duration of time over a critical therapeutic concentration. The sustained
mode of administration enables extension of the time over a critical concentration and thus enhances the pharmacological effects and

improves the clinical outcomes.

5. Minimized adverse activity at the colon
Retention of the drug in the GRDF at the stomach minimizes the amount of drug that reaches the
colon. Thus,undesirable activities of the drug in colon may be prevented. This pharmacodynamic aspect provides the rationale for

GRDF formulation for beta-lactam antibiotics that are absorbed only from the small intestine, and whose presence in the colon leads
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to development of microorganism’s resistance. In most cases, due complexity of pharmacokinetic and pharmacodynamic parameters,

in vivo studies are required to establish the optimal dosage form for a specific drug. For a certain drug, interplay of its
pharmacokinetic and pharmacodynamic parameters will determine the effectiveness and benefits of the CR-GRDF compared to the

other dosage forms. In the next chapters we discuss the development and evaluation of CR-GRDF for several drugs that were

EVALUATION PARAMETERS

performed in our laboratory.

1. Water uptake study.®

The swelling of the polymers can be measured by their ability to absorb water and swell. The swelling property of the formulation can
be determined by various techniques. The water uptake study can be done by using USP dissolution apparatus II. Distilled water can
be used as medium, 900 ml rotated at 50 rpm. The temperature of medium should be maintained at 37+0.5 °C throughout the study.
After a selected time intervals, the tablets should be withdrawn, blotted to remove excess water and weighed. Swelling characteristics

can be expressed in terms of water uptake (WU) as

WU (%) =__weight of the swollen tablet — initial weight of the tablet

Initial weight of the tablet x 100

2. XRay/ gamma scintigraphy.’

X-Ray/Gamma Scintigraphy is a very popular evaluation parameter for swelling dosage form nowadays. It helps to locate dosage form
in the gastrointestinal tract (GIT), by which one can predict and correlate the gastric emptying time and the passage of dosage form in
the GIT. Here the inclusion of a radio-opaque material into a solid dosage form enables it to be visualized by X-rays. Similarly, the
inclusion of a y-emitting radionuclide in a formulation allows indirect external observation using a y-camera or scintiscanner. In case
of y-scintigraphy, the y-rays emitted by the radionuclide are focused on a camera, which helps to monitor the location of the dosage

form in the GIT.
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