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In recent years, advancements in drug delivery technology 
have led to improvements in drug therapy. With efforts 

focusing on improving bioavailability of drugs through means such 
as improved solubility, targeted delivery and controlled release. Its 
convenience has led to oral drug delivery being widely recognised 
as the preferable route of administration. There is no need for 
specialist equipment or training and therefore patient compliance 
is high. Absorption of nutrients being a main function of the 
gastrointestinal tract (GIT),  it is judicious to suggest it would be an 
ideal site for the absorption of therapeutic compounds, however, 
along its length the environment in the GIT is highly turbulent and is 
subject to many limitations. 

The GIT is made up of distinct regions each with particular 
physiological and biochemical properties to allow its functionality.  
The stomach serves to store and process food material before 
emptying into the small intestine. Gastric motility and subsequent 
emptying of the chyme is dependent on a wealth of factors, including 

volume and viscosity of stomach contents, type of food eaten (for 
�H�[�D�P�S�O�H���S�U�R�W�H�L�Q���H�P�S�W�L�H�V���I�D�V�W�H�U���W�K�D�Q���I�D�W���>���@�������D�Q�G���L�Q�G�L�Y�L�G�X�D�O���V�S�H�F�L�À�F��

variations in gastric emptying such as age and sex. Contraction 
of the GI smooth muscle gives rise to the peristaltic waves which 
�S�X�V�K���I�R�R�G���D�O�R�Q�J���W�K�H���*�,�7�����L�Q���W�K�H���V�W�R�P�D�F�K���W�K�H�U�H���L�V���D���V�S�H�F�L�À�F���S�D�W�W�H�U�Q��

of muscle contraction during fasting conditions. This is typically 4 
phases with the entire cycle lasting around 90-120 minutes. Phase 
3 is also known as the !House keeper wave" this acts to clear debris 
from the stomach and will play a part in emptying delivery systems 
from the stomach.

Following ingestion of a meal this 4 phase cycle is interrupted 
and replaced with continuous contractions which assist in the 
processing of the food. These contractions are largely unpredictable 
and therefore gastric emptying rates may vary, this will often 
result in seemingly arbitrary and short gastric residence times 
in for conventional, oral drug delivery systems. There are many 
instances where this short gastric residence time can lead to very 
�S�R�R�U�� �E�L�R�D�Y�D�L�O�D�E�L�O�L�W�\�� �R�I�� �W�K�H�U�D�S�H�X�W�L�F�V���� �O�H�D�G�L�Q�J�� �W�R�� �L�Q�H�I�À�F�L�H�Q�W�� �W�K�H�U�D�S�\����

These situations include drugs ...

for local action in the stomach�‡��

primarily absorbed in the stomach�‡��

demonstrating poor solubility"s at higher pH �‡��

with rapid absorption from the GI tract�‡��

with narrow absorption windows�‡��

which degrade in the colon�‡��

In an attempt to overcome the issues arising from short gastric 
residencies, gastroretention was proposed and refers to holding 
the system in the stomach for increased periods of time over 
the rate of gastric emptying. Many drugs demonstrate a narrow 
absorption window in the upper small intestine; this limits their 

Figure 1: Four main methods for gastro-retention
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Figure 2: Phase diagram for carbon dioxide

bioavailability when administered in conventional drug delivery 
devices which show a rapid gastric transit time. If coupled with 
extended release, increasing gastric residence time of a system 
for administration of these drugs would allow therapeutic levels 
of the drug to be sustained for prolonged periods of time reducing 
dosing frequency and decreasing the potential for side effects. In 
turn patient compliance would improve. This technology has the 
potential to see an evolution in oral drug therapy. Particularly in the 
�D�G�P�L�Q�L�V�W�U�D�W�L�R�Q���R�I���G�U�X�J�V���V�X�F�K���D�V���O�H�Y�R�G�R�S�D�����I�X�U�R�V�H�P�L�G�H�����U�L�E�R�Á�D�Y�L�Q����

ranitidine, acyclovir, and metformin, among others which show 
restricted bioavailability in conventional oral systems.

Gastroretention

Many routes to gastroretention have been explored with varying 
successes. Fig 1. is an outline of the 4 main methods for 
gastroretention.
 
Expanding systems work on the principle that in the stomach 
media the system will increase in size until it is too large to pass 
through the pylorus. These systems have been reviewed [2, 3], and 
limitations with such systems include the potential for premature 
expansion in the oesophagus which would cause discomfort for 
the patient, as well as inter-patient variability in pyloric diameter. 
As these systems are single-unit systems, if the expansion is not 
complete or substantial, allowing passing through the pylorus, the 
entire dose will be lost. With this in mind a multi-unit system would 
�E�H���F�R�Q�V�L�G�H�U�H�G���P�R�U�H���H�I�À�F�L�H�Q�W�����W�K�H���R�W�K�H�U�������P�H�W�K�R�G�V���R�I���J�D�V�W�U�R�U�H�W�H�Q�W�L�R�Q��

�F�D�Q���E�H���S�U�H�S�D�U�H�G���L�Q���P�X�O�W�L���X�Q�L�W���S�U�H�S�D�U�D�W�L�R�Q�V���L�P�S�U�R�Y�L�Q�J���H�I�À�F�D�F�\����

High density systems are those which have a density higher than 
that of the gastric contents (reported to be ~1.004 g/cm3) [4]. This 
can be achieved by coating the system with a heavy, inert metal 
allowing the system to settle in the curvature at the base of the 
stomach where epithelial folds help its retention. There has so far 
been little success with such devices and there is little work in 

this area. Bioadhesive systems exploit the generous mucus layer 
coating the stomach walls. A major constituent of this mucus is 
the glycoprotein mucin which has a negative charge allowing 
interactions with polycations such as chitosan. Although promise 
has been found in animal studies with bioadhesive systems this 
success has yet to be transferred to human models [5]. Potential 
limitations with these systems include the short turnover time 
of the mucus lining. This is typically around 2 hrs and therefore 
bioadhesive systems cannot achieve adequate gastroretention 
�J�U�H�D�W�H�U���W�K�D�Q���W�K�L�V���G�X�U�D�W�L�R�Q�����/�R�Z���G�H�Q�V�L�W�\�����R�U���Á�R�D�W�L�Q�J���V�\�V�W�H�P�V�����D�S�S�H�D�U��

�W�R���K�R�O�G���S�D�U�W�L�F�X�O�D�U���S�U�R�P�L�V�H���L�Q���W�K�H���À�H�O�G���R�I�� �J�D�V�W�U�R�U�H�W�H�Q�W�L�R�Q���� �)�O�R�D�W�L�Q�J��

systems demonstrate buoyancy in the gastric media with the main 
prerequisite being the presence of material in the stomach as a 
�P�H�G�L�D���I�R�U���Á�R�D�W�L�Q�J�����7�K�H�V�H���V�\�V�W�H�P�V���D�U�H���G�L�Y�L�G�H�G���L�Q�W�R���W�Z�R���J�U�R�X�S�V��

�������(�I�I�H�U�Y�H�V�F�H�Q�W���V�\�V�W�H�P�V���Z�K�L�F�K���D�U�H���F�D�S�D�E�O�H���R�I���Á�R�D�W�L�Q�J���D�V���D���U�H�V�X�O�W��

of the production of gas on contact with the gastric media. The gas 
can be produced through the use of a volatile liquid which turns to 
gas at the temperature in the stomach, or gas can be produced as 
a result of effervescent reactions which liberate CO2 [6]. These 
systems are not intrinsically low density and some time is needed 
�I�R�U���Á�R�D�W�L�Q�J���W�R���E�H���D�F�K�L�H�Y�H�G�����W�K�L�V���L�V���W�K�H���O�D�J���W�L�P�H��

�������1�R�Q���H�I�I�H�U�Y�H�V�F�H�Q�W���V�\�V�W�H�P�V���Z�K�L�F�K���D�U�H���F�D�S�D�E�O�H���R�I���Á�R�D�W�L�Q�J���W�K�U�R�X�J�K��

an inherent low density of the system. Low densities can be 
accomplished through the incorporation of low density materials 
such as oils, or by creating a hollow system (e.g. a microballoon), 
�R�U���À�Q�D�O�O�\���E�\���F�U�H�D�W�L�Q�J���D���K�L�J�K�O�\���S�R�U�R�X�V���S�U�R�G�X�F�W����

Non-effervescent systems which lack the lag time of those relying 
on gas generation may hold greater promise for gastroretention. 
The lag time could potentially compromise the entire dose if gastric 
�H�P�S�W�\�L�Q�J���R�F�F�X�U�V���E�H�I�R�U�H���Á�R�D�W�L�Q�J���L�V���D�F�K�L�H�Y�H�G�����7�K�H���S�U�H�S�D�U�D�W�L�R�Q���R�I���O�R�Z��

density multi-unit drug delivery systems with an intrinsic low density 
shows good promise in improving the bioavailability of many drugs. 
�-�D�L�Q���H�W���D�O���>���@���G�H�Y�H�O�R�S�H�G���D���Á�R�D�W�L�Q�J���J�U�D�Q�X�O�D�U���G�H�O�L�Y�H�U�\���V�\�V�W�H�P���X�V�L�Q�J���W�K�H��

highly porous carrier material calcium silicate, and hydroxypropyl 
�P�H�W�K�\�O�F�H�O�O�X�O�R�V�H�� ���+�3�0�&������ �6�D�W�L�V�I�D�F�W�R�U�\�� �Á�R�D�W�L�Q�J�� �D�E�L�O�L�W�\�� �I�R�U�� ���� �K�R�X�U�V��

was established with larger granules demonstrating increased 
�F�D�S�D�F�L�W�\���W�R���Á�R�D�W�����6�K�H�U���H�W���D�O���>���@���V�L�P�L�O�D�U�O�\���G�H�Y�H�O�R�S�H�G���D���S�R�U�R�X�V���P�X�O�W�L��

unit system, using calcium pectinate beads for pulsatile release 
of diclofenac sodium. These beads demonstrated gastroretention 
for up to 5 hr in rabbit models, with good sustained release of 
drug, suggesting potential for better therapy in humans. A different 
approach to achieving buoyant particles is the incorporation of 
low density materials, Streubel et al [9] developed a system for 
verapamil HCl using propylene foam powder which shows good 
�Á�R�D�W�L�Q�J���D�E�L�O�L�W�\���D�Q�G���V�X�V�W�D�L�Q�H�G���U�H�O�H�D�V�H���R�Y�H�U���D���I�H�Z���K�R�X�U�V����
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In vivo testing of gastroretentive systems using animal models is 
problematic due to the differences in physiology between species. 
�)�L�Q�G�L�Q�J�� �D�Q�� �D�S�S�U�R�S�U�L�D�W�H�� �P�R�G�H�O�� �L�V�� �G�L�I�À�F�X�O�W���� �7�K�H�U�H�I�R�U�H�� �P�X�F�K�� �R�I�� �W�K�H��

investigation of these systems involves human studies using 
�L�P�D�J�L�Q�J���V�X�F�K���D�V���J�D�P�P�D���V�F�L�Q�W�L�J�U�D�S�K�\�����;���U�D�\���D�Q�G���0�5�,�����7�K�H���H�I�À�F�D�F�\��

�R�I���Á�R�D�W�L�Q�J���G�H�O�L�Y�H�U�\���V�\�V�W�H�P�V���L�Q���K�X�P�D�Q�V���K�D�V���E�H�H�Q���G�H�P�R�Q�V�W�U�D�W�H�G���E�\��

various authors, Chavanpatil et al established good therapeutic 
�S�R�W�H�Q�W�L�D�O�� �R�I�� �D�� �Á�R�D�W�L�Q�J�� �V�\�V�W�H�P�� �I�R�U�� �R�Á�R�[�D�F�L�Q�� �L�Q�� �K�X�P�D�Q�� �Y�R�O�X�Q�W�H�H�U�V��

[10]�����7�K�H���V�X�F�F�H�V�V���R�I���Á�R�D�W�L�Q�J���G�H�O�L�Y�H�U�\���V�\�V�W�H�P�V���K�D�V���E�H�H�Q���K�L�J�K�O�L�J�K�W�H�G��

by current products available on the market. Various therapeutic 
agents have been incorporated into these systems. Madopar® 
�L�V�� �D�� �Á�R�D�W�L�Q�J�� �F�R�Q�W�U�R�O�O�H�G�� �U�H�O�H�D�V�H�� �F�D�S�V�X�O�H�� �R�I�� �O�H�Y�R�G�R�S�D���E�H�Q�V�H�U�D�]�L�G�H��

marketed by Roche Products and has demonstrated success in 
�U�H�G�X�F�L�Q�J�� �V�\�P�S�W�R�P�� �Á�X�F�W�X�D�W�L�R�Q�V�� �L�Q�� �F�R�P�S�D�U�L�V�R�Q�� �W�R�� �F�R�Q�Y�H�Q�W�L�R�Q�D�O��

�O�H�Y�R�G�R�S�D���Z�L�W�K���Á�R�D�W�L�Q�J���F�D�S�D�E�L�O�L�W�L�H�V���R�I�� �������� �K�U���>�����@���� �9�D�O�U�H�O�H�D�V�H® is a 
�Á�R�D�W�L�Q�J���F�D�S�V�X�O�H���V�\�V�W�H�P���I�R�U���W�K�H���D�G�P�L�Q�L�V�W�U�D�W�L�R�Q���R�I���G�L�D�]�H�S�D�P�����$���P�R�U�H��

�F�R�P�P�R�Q�� �S�U�R�G�X�F�W�� �Z�K�L�F�K�� �Z�R�U�N�V�� �R�Q�� �W�K�H�� �Á�R�D�W�L�Q�J�� �S�U�L�Q�F�L�S�O�H�� �L�V�� �/�L�T�X�L�G��

Gaviscon®�����W�K�L�V���L�V���D�Q���H�I�I�H�U�Y�H�V�F�H�Q�W���Á�R�D�W�L�Q�J���O�L�T�X�L�G���D�O�J�L�Q�D�W�H���S�U�H�S�D�U�D�W�L�R�Q��

marketed by GlaxoSmithkline and is similar to Topalkan® by Pierre 
Fabre Drug. These preparations are both antacids and therefore 
�W�K�H���U�H�W�H�Q�W�L�R�Q���L�Q���W�K�H���V�W�R�P�D�F�K���L�V���K�L�J�K�O�\���E�H�Q�H�À�F�L�D�O��

�(�[�W�H�Q�G�H�G���U�H�O�H�D�V�H���Á�R�D�W�L�Q�J���G�H�O�L�Y�H�U�\���V�\�V�W�H�P�V���K�D�Y�H���V�K�R�Z�Q���W�R���L�P�S�U�R�Y�H��

oral drug delivery of drugs destined for action in the stomach, or 
with a small absorption window in the upper small intestine. By 
increasing the gastric residence time the bioavailability of the 
drug is enhanced and patient compliance is greatly improved by 
decreased dose frequency. However there are concerns over 
the manufacture of pharmaceutical preparations using organic 
solvents and often the protocols involved are complex with low 
�H�Q�F�D�S�V�X�O�D�W�L�R�Q���H�I�À�F�L�H�Q�F�L�H�V���I�R�U���W�K�H�U�D�S�H�X�W�L�F�V��

Supercritical Fluid Technology

The preparation of porous delivery systems has been achieved 
in many different ways. Most methods involve the production of 
particles from emulsions [12], these methods involve the use of 
volatile organic solvents which can lead to concerns over the 
�V�D�I�H�W�\�� �R�I�� �W�K�H�� �À�Q�D�O�� �S�U�R�G�X�F�W�� �D�V�� �Z�H�O�O�� �D�V�� �K�D�Y�L�Q�J�� �G�D�P�D�J�L�Q�J�� �L�P�S�D�F�W�V��

on the environment. The production of hollow or porous particles 
suitable for gastroretention is particularly complex and typically 
involves a multi-step process [13].

�6�X�S�H�U�F�U�L�W�L�F�D�O�� �Á�X�L�G�� �W�H�F�K�Q�R�O�R�J�\�� �K�D�V�� �E�H�H�Q�� �V�K�R�Z�Q�� �L�Q�� �U�H�F�H�Q�W�� �\�H�D�U�V��

to have wide applications in the pharmaceutical industry, and 
particularly in the processing of polymers for delivery systems [12]. 
�$���V�X�S�H�U�F�U�L�W�L�F�D�O���Á�X�L�G���L�V���D���V�X�E�V�W�D�Q�F�H���D�W���D���W�H�P�S�H�U�D�W�X�U�H���D�Q�G���S�U�H�V�V�X�U�H��

above its critical point (Fig 2 demonstrates the phase changes 
for carbon dioxide). It is a unique phase where the substance 
demonstrates properties from both a gas and a liquid. Supercritical 
carbon dioxide (scCO2) has a critical temperature of 31°C and 
pressure of 74bar and in its supercritical state CO2 is capable of 
lowering the glass transition temperature (Tg) of many polymers.
Poly(lactic-co-glycolic) acid (PLGA) is a polymer which is 
processible by scCO2. The polymer is a regulatory approved 
polymer used widely in drug delivery devices. In supercritical CO2, 
the Tg of PLGA is lowered from its usual temperature of around 
48°C to more modest and workable temperatures. 

Near the critical point for a substance, even minute changes in 
pressure or temperature can have a large impact on its properties, 
�I�R�U�� �L�Q�V�W�D�Q�F�H�� �G�H�Q�V�L�W�\���� �G�L�I�I�X�V�L�Y�L�W�\���� �R�U�� �V�R�O�X�E�L�O�L�W�\���� �Z�K�L�F�K�� �D�O�O�R�Z�V�� �À�Q�H��

�W�X�Q�L�Q�J���R�I���W�K�H���À�Q�D�O���S�U�R�G�X�F�W���D�W�W�U�L�E�X�W�H�V�����3�D�U�W�L�F�X�O�D�U���D�S�S�O�L�F�D�W�L�R�Q�V���R�I���W�K�L�V��

technology lie in the production of polymeric microparticles for 
�P�X�O�W�L���X�Q�L�W���G�H�O�L�Y�H�U�\���V�\�V�W�H�P�V���>�������������@�����6�X�S�H�U�F�U�L�W�L�F�D�O���Á�X�L�G���W�H�F�K�Q�R�O�R�J�\��

offers a !greener" process to the production of a safer product. 

Figure 3: Diagram showing PGSS process used to generate the porous polymer microparticle 
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�6�X�S�H�U�F�U�L�W�L�F�D�O�� �Á�X�L�G�� �W�H�F�K�Q�R�O�R�J�\�� �K�D�V�� �E�H�H�Q�� �D�S�S�O�L�H�G�� �H�[�W�H�Q�V�L�Y�H�O�\�� �L�Q��

the production of microparticles for diverse applications as has 
been reviewed by Jung and Perrut, 2001 [16]. However, although 
supercritical technology has been applied in the production of 
porous scaffolds [17], the use of this technology in the production 
of porous particles is less thoroughly reported. 

There are various protocols which have employed the use 
of supercritical carbon dioxide in microparticle preparation. 
Biodegradable microparticles of various polymers have been 
successfully prepared using the Solution-Enhanced Dispersion 
by Supercritical Fluids (SEDS) method [18].  This method uses 
solutions of the polymers in organic solvents and sprays them with 
�V�X�S�H�U�F�U�L�W�L�F�D�O���Á�X�L�G���Z�L�W�K���W�K�H���H�[�W�U�D�F�W�L�R�Q���R�I���W�K�H���R�U�J�D�Q�L�F���V�R�O�Y�H�Q�W���U�H�V�X�O�W�L�Q�J��

�L�Q�� �D�� �V�R�O�L�G�L�À�H�G�� �S�R�O�\�P�H�U�L�F�� �S�U�R�G�X�F�W���� �� �7�K�L�V�� �P�H�W�K�R�G�� �V�W�L�O�O�� �U�H�T�X�L�U�H�V�� �W�K�H��

use of volitile organic solvents. Rapid Expansion of Supercritical 
Solutions (RESS) [19] where the polymer is dissolved in the 
�V�X�S�H�U�F�U�L�W�L�F�D�O�� �Á�X�L�G�� �D�Q�G�� �G�H�F�R�P�S�U�H�V�V�L�R�Q�� �O�H�D�G�V�� �W�R�� �S�D�U�W�L�F�O�H�� �I�R�U�P�D�W�L�R�Q��

doesn"t require the use of organic solvents and is a simple one 
step process, however, the main limitation with this method is the 
�O�R�Z�� �V�R�O�X�E�L�O�L�W�\�� �R�I�� �P�R�V�W�� �S�R�O�\�P�H�U�V�� �L�Q�� �V�X�S�H�U�F�U�L�W�L�F�D�O�� �Á�X�L�G�V���� �7�K�H�� �*�D�V��

AntiSolvent (GAS) method [20] circumvents solubility problems of 
�W�K�H�� �S�R�O�\�P�H�U�� �L�Q�� �V�X�S�H�U�F�U�L�W�L�F�D�O�� �Á�X�L�G�� �D�V�� �W�K�H�� �S�R�O�\�P�H�U�� �L�V�� �S�U�H�G�L�V�V�R�O�Y�H�G��

�L�Q�� �D�Q�� �R�U�J�D�Q�L�F�� �V�R�O�Y�H�Q�W�� �W�K�H�Q�� �W�K�H�� �V�X�S�H�U�F�U�L�W�L�F�D�O�� �Á�X�L�G�� �L�V�� �X�V�H�G�� �D�V�� �D�Q��

anti-solvent to precipitate the polymer out of the solution. Each 
�R�I�� �W�K�H�V�H�� �P�H�W�K�R�G�V�� �K�D�V�� �L�W�‹�V�� �R�Z�Q�� �D�S�S�O�L�F�D�W�L�R�Q�V�� �L�Q�� �V�X�S�H�U�F�U�L�W�L�F�D�O�� �Á�X�L�G��

processing, however  particles from the Gas Saturated Solutions 
(PGSS) method has demonstrated particular advantages as a 
result of its ability to process relatively thermolable materials such 
as proteins. 

�7�K�H���3�*�6�6���P�H�W�K�R�G���L�V���D�Q���D�S�S�O�L�F�D�W�L�R�Q���R�I���V�X�S�H�U�F�U�L�W�L�F�D�O���Á�X�L�G���W�H�F�K�Q�R�O�R�J�\��

which utilizes the high solubility of CO2�� �L�Q�� �O�L�T�X�L�À�H�G�� �S�R�O�\�P�H�U�V�� �D�Q�G��

doesn"t require any organic solvent. The supercritical CO2 can 
plasticise polymers at near ambient temperatures. The liquifeied 
polymer is stirred with the drug to create a homogenous mixture 
which is forced through a nozzle into a collection chamber. In the 
collection chamber the carbon dioxide returns to the gaseous state 
�D�Q�G�� �W�K�H�� �S�R�O�\�P�H�U�� �V�R�O�L�G�L�À�H�V���� �D�V�� �W�K�H�� �F�D�U�E�R�Q�� �G�L�R�[�L�G�H�� �G�L�I�I�X�V�H�V�� �R�X�W�� �R�I��

the polymer it leaves behind a porous network. This process is 
�D�G�D�S�W�H�G���I�U�R�P���>�����@���D�Q�G���L�V���L�O�O�X�V�W�U�D�W�H�G���L�Q���À�J��������

This process has been successfully employed by us in the 
production of various microparticles including poly(ethylene glycol)
[14] where it was found that by manipulating processing parameters 
it is possible to tune product morphology, and particles of poly 
(DL-lactic acid) where size was manipulated through alteration of 
processing parameters [15]. More recently the PGSS method was 

used to prepare sustained release microspheres for the delivery 
of human growth hormone, in vivo studies demonstrated good 
success in both rat and monkey models [21].
Recent Work

Following on from recent successes of the PGSS method for 
microparticle and sustained release formulations, the PGSS method 
was adapted for the production of buoyant microparticles. Particles 
are to be produced for potential applications in gastroretentive 
drug delivery. The dissolved CO2 in the molten polymer will leave 
�E�H�K�L�Q�G�� �S�R�U�H�V�� �D�V�� �W�K�H�� �S�R�O�\�P�H�U�� �V�R�O�L�G�L�À�H�V�� �R�Q�� �G�H�S�U�H�V�V�X�U�L�]�D�W�L�R�Q���� �7�K�H��

porous nature of such particles should lead to low densities which 
�V�K�R�X�O�G���D�O�O�R�Z���Á�R�D�W�L�Q�J���W�R���R�F�F�X�U���L�Q���W�K�H���J�D�V�W�U�L�F���P�H�G�L�D�����7�K�H�V�H���E�X�R�\�D�Q�W��

microparticles should also demonstrate high encapsulation 
�H�I�À�F�L�H�Q�F�L�H�V�� �R�I�� �G�L�I�I�H�U�H�Q�W�� �G�U�X�J�V�� �Z�L�W�K�� �U�H�O�H�D�V�H�� �S�U�R�À�O�H�V�� �H�[�S�H�F�W�L�Q�J�� �W�R��

demonstrate extended release over the time of gastroretention.

Summary

The use of the PGSS method shows great promise for gastroretentive 
�G�H�O�L�Y�H�U�\���V�\�V�W�H�P�V�����I�X�U�W�K�H�U���V�W�X�G�\���Z�L�O�O���F�R�Q�À�U�P���W�K�H���Á�R�D�W�L�Q�J���D�E�L�O�L�W�\���R�I���W�K�H��

particles and capacity to demonstrate extended release.

References

1. Dobson CL et al., Int J Pharm, 2002. 248(1-2): p. 61-70.
2. Streubel A, Siepmann J, Bodmeier R, Current Opinion in 
Pharmacol, 2006, 6:501-508
3. Klausner EA et al., J Cont Rel, 2003, 90:143-162
4. Singh BN, Kim KH, J Cont Rel, 2000, 63:235-259
5. Sakkinen M, et al., Int J Pharm, 2006, 307:285-291
6. Tadros MI, Eur J Pharm Biopharm, 2010, 74:332-339
7. Jain A et al., Med Chem Res, 2008, 17:305-317.
8. Sher P et al., AAPS Pharmscitech, 2009, 10:1368-1380
9. Streubel A, Siepmann J, Bodmeier R, Int J Pharm, 2002, 
241:279-292
10. Chavanpatil M et al., Int J Pharm, 2005, 304:178-184
11. Macmahon DG et al., J Neurol Neurosurg Psych, 1990, 53:220-
223
12. Davies OR et al., Adv Drug Delivery Rev, 2008, 60:373-387
13. Kamila MM et al., AAPS Pharmscitech, 2009, 10:887-899
14. Hao JY, et al., J Mater Chem 2005, 15:1148-1153
15. Hao JY, et al., J Pharm Sci, 2004, 93:1083-1090
16. Jung J, Perrut M, J Supercrit Fluids, 2001, 20:179-219
17. Duarte, ARC, Mano JF, Reis RL, J Bioactive  Compatib Polym, 
2009, 24:385-400
18. Kang YQ et al., J Colloid Interface Sci, 2008, 322:87-94
19. Tom JW, Debenedetti PG, Biotech Progress, 1991, 7:403-411
20. Garay IA, Pocheville A, Madariaga L, Powder Technol 197:211-
217
21. Jordan F et al., J Controlled Rel, 2010, 141:153-160

 35  UKICRS newsletter  July 2010


