
Results and Discussion-formulation Optimization, Compatibility & Consolidation
Gel spreadability testing of neat KSR relative to other polymers showed very weak gel formation (figure 
3).Monolithic matrices based on HPMC K4M, K15M, PEO N60-K, 303 and KSR were made by direct 
compression (API= A2,total weight 310mg, hardness ~7.5kP). All matrices floated within few seconds 
upon introduction to the dissolution vessels. Drug release (A2)from KSR based matrix was not 
significantly influened by hydrodynamic conditions. Burst release was observed (figure 4). Therefore with 
more soluble drug  (Al) a second more coherent gel forming polymer  at low level is needed to suppress 
burst release effect. At weight ratio of 4:1, Kollidon VA64F and HPMC K4M could not effectively 
suppress burst release effect (figure 5). Addition of high molecular grade of PEO (PEO 303, MW: 
~7,000,000) generated comparable dissolution profile to Uroxatral  reference product with near zero-order 
release kinetics (5B, f2>70 and diffusion constant (n)>0.82). Following numerous formulation 
optimization KSR and PEO 303 with weight ratio of 7:3 were chosen as the final formulation for further 
studies (total weight 310mg with 10mg API= Al).
Both DSC and IR spectroscopy study showed that there was no incompatibility issue between Al and 
matrix components (figures 6 and 7). Therefore it is anticipated that formulation incompatibilities may not 
present serious problem in this experimental matrix system.

Using a compaction simulator (PressTM, MCC), it was found that at lower punch velocity (0.45m/sec) 
mechanical strength of tablets based on neat KSR (no lubrication) correlated well with compression force 
(figure 8A). However, at punch velocity≥ 0.96m/sec, lamination was observed, which indicates significant 
elastic recovery. Without lubrication, the addition of PEO 303 (30%) improved compressibility and 
compactibility of KSR (figure 8B). Strong compacts could be obtained at punch velocity as high as 
1.93m/sec. Lubrication (Mg stearate 0.5%) further improved compactibility and compressibility (data not 
shown). Due to low level of API in the final formulation (3%), no consolidation study for Alfuzosin (Al) 
and its mixture with other polymers was carried out.

Figure 10. Matrix surface mapping with Raman spectroscopy by univariate 
analysis (left panel) and multivariate analysis (right panel). *API, KSR and 
PEO spots in red, green and blue respectively.
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Methodology: Analysis of 
a. Release characteristics from monolithic matrices based on KSR; Uroxatral 10mg  (reference product)
b. Compatibility issues in the matrix formulation and optimization
c. Consolidation properties of the designed matrix system using compaction simulator
d. Content uniformity based on DSC,Raman spectroscopy, IR and API content in sectioned matrices
e. Formulation robustness  via compositional changes and its effect on release kinetics
f. Final formulation stability  and in process powder rheometery and manufacturability 

Introduction 
The aim of gastro-retentive delivery system is to continuously deliver drug from the stomach to the 
intestine via the prolonged gastric retention mechanism. This is suitable for drugs that act locally, absorb 
in the upper small intestine or drugs that are unstable in the distal GIT.  Delivery systems with zero-order 
release kinetics appear to provide for achievements of  the above stated goals. Using matrix system 
approach  we have determined that  zero-order  kinetics via selection of appropriate polymer (s) and 
synchronization of  swelling, erosional and diffusional fronts  is achievable irrespective of drug solubility 
(see Wu and Fassihi -2004; figures 1 and 2).

Objectives
Using alfuzosin HCl (Al) as a potent, freely soluble drug  or theophylline (A2) sparingly soluble and 
Kollidon SR (KSR) as the main release-rate modulator  a  novel gastro-retentive matrix system  is 
designed and evaluated  for release, floatation and scale up operation.  In addition systematic  API-
excipients compatibility, compaction study via compaction simulator,  in-vitro dissolution, content 
uniformity, formulation robustness and stability studies will be  performed.

Figure 1. Interrelationship between water concentration gradient, textual 
behavior, and polymer/drug concentration gradient in a swelling matrix.

Figure 2. Synchronization of swelling and erosion front in the monolithic hydrophilic 
matrix system to achieve zero order release for drugs of different solubilities.

Figure 3. Typical force-distance profiles for spreadability testing of gelled polymers (from left 
to right): Kollidon SR, HPMC K4M, HPMC K15M, PEO 303 and PEO N60-K.

Figure 4. Release of a sparingly soluble drug-thoephylline in pH 2.0 HCl 
buffer at 50 (A) and 100 rpm (B) from various monolithic matrices.*SD<10.
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Figure 6. Comparison of DSC thermograms of Al, polymer and their mixture 
(Al: polymer=1:5) for KSR (A) and PEO 303 (B). 

Figure 7. IR spectra comparison of Al, polymer and their mixture (Al: polymer=1:5)
for KSR (A) and PEO 303 (B).
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Figure 8. Compactibility profile of neat KSR (A) and lubricated  mixture of KSR 
and PEO 303 (7:3) at two different punch speeds (B): 0.45m/sec (◊) and 1.93m/sec 
(□). *inset: corresponding Heckel-plot profile.
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Figure 5. Release of alfuzosin HCl in pH 2.0 buffer from monolithic matrices 
based on combination of various polymers with KSR in different weight 
ratios. *SD<10.

Results and Discussion (continued)-Content Uniformity

As determined by powder rheometer, binary mixture of  unlubricated KSR 
and PEO 303 (7:3) is relatively cohesive with most of the interparticulate 
cohesion forces imparted by by PEO 303 (figure 9). Together with low 
dose API and difference in particle morphology, content uniformity of the 
lubricated system does not appear to present potential problem in scale up 
operation. 

A randomly selected areas on the matrix surface of the tablets(~0.16mm2) 
were studied by Raman spectroscopy (RS)and spectra collected were 
subjected to univariate and multivariate analysis. In univariate analysis 
spots scanned were assigned as API or excipients based on spectra 
comparison with reference spectra. It was found that the area ratio 
between API and PEO 303 was around 9:1 which correlates with the 
formulation composition (figure 10). Multivariate analysis verified API 
and KSR distribution pattern acquired by univariate analysis. Equally 
fractured portions of  the matrix subjected to dissolution showed 
comparable release profile (f2>75), which confirms the  result of  RS and 
its relevance to content uniformity of API in the matrix system (figure 11).

Figure 9. Force-distance (F-D) profile collected from unlubrcated and lubricated 
powder beds of binary mixture of KSR and PEO 303 (7:3) (A) and KSR (B). 
*inset: AUC from the F-D profile corresponding to the effective powder bed zone 
(30-60mm as indicated by the two dashed lines, MS=Mg stearate 0.5% w/w).
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Table 1. changes in levels of release modifying ingredients 
and effect on release  kinetics

Table 2. Storage conditions for stability testing and its effect 
on release profiles

Figure 11. In vitro release profiles from 
equally sectioned tablet using USP 27 
apparatus 2 at 100rpm in pH 2.0 HCl 
buffer. * Original weight of 0.3122g.

Results and Discussion (continued)-formulation Robustness and 
Stability Test

The final formulation changes(robustness; table 1) and its effect on release 
(figure 12), and stability under various storage conditions (table 2).

Figure 12.  In vitro release profiles  from 
matrices with compositional change for 
formulation robustness study: final 
formulation (□); M1 (○); M2 (♦) and 
M3 (◊). * SD<10.

Conclusion

Based on the systematic API-excipients compatibility, compaction 
simulation, hydrogel spreadability, powder rheometry, Raman 
spectroscopy and dissolution studies, a viable and novel gastro-retentive 
matrix system with good content uniformity and scalability has been 
successfully designed. The system releases alfuzosion HCl in a near zero-
order  manner. System is robust with respect to  compositional changes 
(±10%w/w) and manufacturability and remains stable under various 
storage conditions.


