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Methodology
System design
A stainless steel mesh was introduced as a modification to USP 
apparatus 2 (figure 1). When the dissolution vessel was filled with 900ml 
of dissolution media, the inserted mesh is in contact with the surface of 
the dissolution media. The mesh was located at a fixed position with the 
help of proper supporting racks with length about 4cm. Two openings in 
the mesh were produced to provide for  the insertion of paddle shaft and 
sampling pipette. Once floatable tablets or capsules were dropped in the 
vessel, they eventually would float and remain submerged under the 
mesh during dissolution study. 

Formulation systems under evaluation
To investigate the impact of mesh on the performance of floating system, 
both effervescent and non-effervescent systems were investigated. 
Monolithic non-effervescent matrices based on HPMC K15M, Kollidon 
SR and PEO N60-K, were used respectively. The effervescent multi-layer 
tablet based on PEO, similar to previous work (Liu et al., 2008) was used. 
Model drugs incorporated were theophylline and diltiazem HCl. Finally 
a commercialized non-effervescent three-layer tablet (Uroxatral, Sanofi-
aventis) containing 10mg of alfuzosin hydrochloride was also evaluated.

All monolithic matrices contained 300mg of release-rate retarding 
polymer and 10mg of active ingredient and excipients as shown in a 
typical Raman study (figure. 2). The monolithic matrices produced, had 
hardness about 6.5-7kp. The PEO based multilayer formulation weighed 
600 5mg and had hardness of 7 0.7kp. 

Dissolution study 
Dissolution studies were carried out under sink condition in pH 2.0 HCl 
buffer using unmodified and modified USP 27 apparatus 2.During 
dissolution, media (900ml pH 2.0 HCl buffer) was maintained at 
37 0.5 and paddle speed was 100rpm.Drug release was detected by 
UV absorbance. 

Introduction
USP 2 (paddle) apparatus is employed for the evaluation of floating 
dosage forms, one of its biggest drawback is incomplete exposure of 
floating dosage form to the dissolution medium. During dissolution one 
radial surface or portions of the floating system is exposed directly to the 
air above the surface of the media.  Thus the hydration of the exposed 
area and its periphery will be adversely impaired, and drug release is 
suppressed from these areas. Several modifications proposed in the 
literature have numerous limitations and often do not provide reliable 
and reproducible data.

Results and Discussion
The shape change of system was assessed by the symmetrical shape factor (SSF) as a function of time (fig. 5 & 7). 
SSF is defined as the ratio of the peripheral thickness to the central thickness during dissolution testing. The 
peripheral thickness was measured about 2mm from the matrix edge with the help of a texture analyzer equipped 
with a 2mm round end steel probe (fig. 3). 

For matrices based on HPMC K15M and PEO N60-K, the introduction of mesh significantly promoted the release 
of theophylline. The modification promoted system swelling and erosion in a synchronized manner see (fig. 4A&B, 
5A&B, table 1 and table 2).

For matrices based on Kollidon SR, mesh had no impact on their performance (fig. 4C& 5C). In addition Kollidon 
SR matrices tend to align in a �standing� position in the vessel (see insert in, fig. 5C). This may be an additional 
reason for minimal mesh effect on drug release. Multi-layered systems as expected were more robust under 
different dissolution conditions (figure 6 & 7, table 1 & 2). 

Conclusions
A more synchronized system swelling and erosion was brought about by the application of proposed mesh in the 
USP method. Dissolution data obtained under these conditions represent a more realistic in-vitro release and 
release data may mimic the in-vivo release with greater potential for establishment of a successful IVIVC.

Objectives
The purpose of this study is to develop a rationally and scientifically 
sound modification to the USP apparatus 2 in order to provide for 
complete media exposure of the floating dosage forms without 
compromising the required dissolution specifications and  calibration 
compliances.  
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Figure 3. Texture analyzer.

Figure 1. Proposed Modification
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Table 1. Release profile curve fitting of dissolution data 
from figure 4 and 6 based on Mt/M =ktn.

Tablet 2. Analysis of dissolution data from figure 4 and 
figure 6 based on paired comparison.

Figure 6. In vitro release profile of multi-layer 
matrix system under different dissolution 
condition the effervescent system (A) and 
Uroxatral (B): with mesh ( ) and without mesh 
( ).

Figure 7.  Symmetry shape factor change of the 
effervescent multi-layer composite as a 
function of time (the corresponding shape at 
specific time points is depicted as inserts): with 
mesh ( ) and without mesh ( ).
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Figure 4. In vitro release profile of diatilzem HCl or 
theopylline from non-effervescent monolithic matrices 
under different dissolution condition: HPMC K15M (A), 
PEO N60-K (B) and Kollidon SR(C): with mesh ( ) and 
without mesh ( ).
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Figure 5. Symmetric shape factor change of monolithic 
matrices based on HPMC K15M (A), PEO N60-K (B) and 
density changes of monolithic matrices based on Kollidon 
SR (C) during dissolution as a function of time (the 
corresponding physical appearance at specific time points 
is depicted as inserts): with mesh ( ) and without mesh ( ).

* The authors would like to thank Mr. M. Johnson of Texture 
Technologies for providing equipment support.
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Figure 2. Raman Spectra and Images � univariate Analysis
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