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Introduction 
Many mathematical models have been developed to 
describe drug release from hypromellose-based tab-
lets, from simple empirical and semi-empirical mod-
els to more complex mechanistic models that 
consider diffusion, swelling, and dissolution proc-
esses.1 

The Siepmann-Peppas “sequential layer” model is 
a more fundamental mathematical model for the 
prediction of controlled drug release.2 Several previ-
ous papers have investigated the application of the 
sequential layer model to drug release from hypro-
mellose-based tablets.3,4,5 This paper discusses the 
application of the model to the release of several 
compounds, including several drugs (theophylline 
and pentoxifylline), a polymer (hypromellose), and 
an excipient (lactose). 

 
Model Overview 
There are several simultaneous processes considered 
in the Siepmann-Peppas “sequential layer” model 
(Figure 1): 

• Diffusion of water into the tablet. 
• Swelling of the tablet as water enters. 
• Formation of gel. 
• Diffusion of drug out of the tablet. 
• Dissolution of the polymer matrix. 

 
However, several key features of the model should 
be noted: 

• Polymer erosion is accounted for (earlier mod-
els do not). 

• It is a binary diffusion model that considers 
only water and drug. 

• Model is inconsistent with general diffusion 

models. (It violates 0
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• Swelling is computed by closing the overall ma-
terial balance between the drug and water bal-
ance. 

• Model does not explicitly consider gel forma-
tion. 

 
Figure 2 illustrates how polymer entanglement and 
concentration decrease from the dry glassy core to 
the bulk environment outside the dosage form.6 
 

Figure 1. Model requirements. 
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Figure 2. Polymer dissolution from a hydrophilic 

matrix. 

 

Modeling Methods 
Model parameters are described below: 
kdiss: a model input parameter. It is the key 

parameter describing polymer dissolu-
tion and is a function of polymer type. 

cs: drug solubility 
c1crit: critical polymer concentration for disen-

tanglement 
D1crit, β1: Fujita eqn. diffusion parameters for 

water 
D2crit, β2: Fujita eqn. diffusion parameters for drug 
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Experimental data were fitted using Dow implemen-
tation of particle swarm optimization.7 Only drug 
diffusion parameters (β2, D2) were fitted.  

Parameters which should not vary with different 
drugs, kdiss, c1crit, D1crit, and β1, were as reported in 
literature,8,9 or determined from previous fittings.10 

Input parameters were set and model output was 
provided through a common graphic interface (Figure 
3). The user interface was developed using Delphi 
language (Borland Delphi V7 environment). With the 
user interface, the user can either input model pa-
rameters or choose them to be fitted using the parti-
cle swarm optimizer (e.g., diffusivities, erosion rate, 
etc.). The interface gives a graphical representation 
of experimental results and model predictions and 
provides the standard deviation to determine good-
ness of fit. Results can be exported to Excel. 

Figure 3. Graphic user interface. 

 

Polymer Dissolution 
Polymer dissolution is assumed to occur only at the 
surface and is given as: 

Areak
dt
dP

diss−=  

Area is calculated. It changes due to processes such 
as drug diffusing out, water diffusing in, and polymer 
erosion. These processes are described by other pa-
rameters in the model, shown below. The impact of 
the magnitude of these parameters on polymer dis-
solution rate constant is small. 

Experimental Procedures 
Hypromellose USP substitution type 2208 
(METHOCEL* K4M Premium and K15M Premium from 
Dow Chemical) was used without further treatment. 
Theophylline was obtained from BASF Corporation, 
and pentoxifylline was obtained from Sigma-Aldrich. 
Lactose was obtained from Foremost Farms.  

                                               
* Trademark of The Dow Chemical Company 

Compacts were compressed on a Carver press 
at 13.34 kN (3000 lb) compression force for 6 s 
using 9.5 mm (3/8 inch) diameter round flat-faced 
tooling. Target weight was 400 mg.  

Dissolution testing was done with a USP Type 
II tester with paddle rotation speed of 50 rpm. 
Tablets were placed in a basket suspended in the 
dissolution medium (water). Samples were re-
moved at specified intervals by an autosampler, 
filtered, and analyzed for drug or excipient and 
polymer content using high performance liquid 
chromatography. 

Discussion 
Figures 4-6 show theophylline and METHOCEL 
K15M Premium release for 50/50, 30/70, and 
10/90 w/w drug polymer compacts. Note the 
shapes of the drug and hypromellose curves and 
the decreased percentage of polymer released at 
a given time as the polymer content was raised. 
The percent polymer released data for the three 
formulations are summarized in Figure 7. Figures 
8-10 show release data when components more 
soluble than theophylline were incorporated (pen-
toxifylline solubility is 190 mg/mL, lactose solubil-
ity is about 1000 mg/mL). Curve shapes and 
trends with increasing hypromellose concentration 
are similar to those obtained with theophylline. 
Note, however, that the percent polymer released 
at a given time is greater with the more soluble 
components. 

Figure 11 is a summary of METHOCEL K4M 
Premium release for a large number of binary and 
ternary formulations all having 50% polymer. For 
the majority of time in this case polymer release 
is relatively independent of the composition of the 
remainder of the tablet. 

There have been relatively few published stud-
ies in which hypromellose release is reported. 
Figure 12 compares data from this study with data 
reported by Skoug, et al.11 The reasons for the 
differences in the shape of the polymer release vs. 
time are not known at this time. 

Conclusions 
The Siepmann-Peppas “sequential layer” model, 
derived for drug release also predicts polymer 
release reasonably accurately (error<5%). The 
rate of polymer release is relatively insensitive to 
changes in model parameters related to the drug 
(D2crit, β2) and to the drug-independent parame-
ters (D1crit, β1, c1crit). For METHOCEL K15M Pre-
mium at a given binary composition, polymer 
release is sensitive to drug or excipient solubility. 
Less sensitivity was observed with METHOCEL 
K4M Premium. However, the kinetics of polymer 
release is sensitive to polymer loading in the tab-
let. 
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Figure 4. Predicted and experimental drug and 
polymer release for theophylline/ 
METHOCEL K15M Premium (50% drug 
loading). 
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Figure 5. Predicted and experimental drug and 
polymer release for theophylline/ 
METHOCEL K15M Premium (30% drug 
loading). 
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Figure 6. Predicted and experimental drug and 
polymer release for theophylline/ 
METHOCEL K15M Premium (10% drug 
loading). 
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Figure 7. Comparison of polymer release from 
theophylline-METHOCEL K15M Premium 
binary mixtures containing different 
drug loadings. 
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Figure 8. Predicted and experimental drug and 
polymer release for pentoxifylline/ 
METHOCEL K15M Premium (50% drug 
loading). 
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Figure 9. Predicted and experimental drug and 
polymer release for lactose/METHOCEL 
K15M Premium (50% excipient 
loading). 
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Figure 10. Predicted and experimental drug and 
polymer release for lactose/METHOCEL 
K15M Premium (30% excipient loading). 
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Figure 11. Polymer release from formulations 
containing 50% w/w METHOCEL K4M 
Premium. 
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Figure 12. Comparison with hypromellose dissolution 
profiles from the literature.11 
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