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Introduction 
Polymeric matrices are commonly used in oral 
controlled drug delivery systems. The most widely 
used hydrophilic polymers are hypromellose 
(HPMC) structural variants. Many mathematical 
models have been developed to describe drug 
release from HPMC-based tablets, from simple 
empirical and semi-empirical models to more 
complex mechanistic models that consider diffu-
sion, swelling, and dissolution processes.1 

The Siepmann-Peppas “sequential layer” model 
is a more fundamental mathematical model for 
the prediction of sustained drug release.2 Mathe-
matical models could provide a tool to enable 
formulators to rapidly develop sustained release 
formulations using computer software, thereby 
reducing development time and costs. 

To develop a powerful predictive model, one 
needs to understand the relationship between the 
system components (principally the active com-
pound) and the molecular parameters required by 
the model. Thus, it is important to determine cer-
tain parameters for a wide range of drugs and 
build qualitative structure-property relationships 
(QSRP). 

Several previous papers have investigated the 
application of the sequential layer model to drug 
release from hypromellose-based tablets.3,4,5 This 
paper describes the construction of preliminary 
QSPRs for both highly soluble and slightly soluble 
drugs using literature data and selected molecular 
descriptors of those drug compounds. 

Model Overview 
Figure 1 shows the model requirements. We fitted 
available literature data for 50% drug-50% 
METHOCEL* K4M dissolution profiles in water for 
33 drugs, using particle swarm optimizer.6 We 
used available drug solubilities in water at 37°C; 
the solubility of several drugs was estimated. 
Values for parameters which should not vary with 
drug structure, kdiss, c1crit, D1crit, and β1, were 
those reported in literature7,8 or determined from 
previous fittings.9 Only drug-dependent parame-
ters D2crit and β2 were fitted (Figure 2). 
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Figure 1. Model requirements. 
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Figure 2. Parameters used by the model. 

 

Development of QSPR 
Figure 3 is a flow chart of the development of 
QSPR. Molecular properties (i.e. descriptors) were 
calculated from drug molecular structure using the 
QSPR+ module in Cerius2 software (Accelrys, 
Inc.). For charged species, Spartan software 
(Wavefunction, Inc.) was used. 

Functional families of descriptors calculated in-
clude electronic, topological, spatial, structural, 
and thermodynamic properties. 

The regression analysis tool in Microsoft Excel 
was employed to perform linear regression analy-
sis using the least squares method to fit a line 
through the fitted drug-dependent parameters 
D2crit and β2. 
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Figure 3. Flow chart for building qualitative 
structure-property relationships. 
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Experimental Procedures 
Hypromellose USP substitution type 2208 
(METHOCEL* K4M Premium and K15M Premium 
from Dow Chemical) was used without further 
treatment. Theophylline (solubility = 8 mg/mL) 
was obtained from BASF Corporation, and pen-
toxifylline (solubility = 190mg/mL) was obtained 
from Sigma-Aldrich. Lactose (solubility = ca. 1000 
mg/mL) was obtained from Foremost Farms. 
HCTZ (solubility = 1 mg/mL) was obtained from 
Abbott. 

Compacts of 50/50 w/w 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. 

Results and Discussion 
Initial efforts were focused on correlating the 
drug-dependent model parameters D2crit and β2 to 
different molecular properties of the drug such as 
molecular weight (MW), surface area, number of 
hydrogen bond acceptors (Hace), hydrophobicity 
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(log P), HOMO and LUMO energies, solubility (cs), 
etc. However, we did not find a satisfactory corre-
lation for the entire dataset, which had a range of 
aqueous solubility from 0.0001 to 1.7 g/cm3. 
Since high solubility drugs may be released via a 
different mechanism (i.e., diffusion) from the tab-
let, the governing molecular parameters may be 
different across the solubility range. 

When the dataset was divided based on drug 
solubility (>0.2 g/cm3 and <0.2 g/cm3), good 
correlations predicting diffusion parameters were 
obtained. The dataset with high solubility (>0.2 
g/cm3) showed correlation with MW and the elec-
tronic nature of the drug (HOMO energy). The 
dataset with low solubility (<0.2 g/cm3) showed 
correlation with drug solubility, number of hydro-
gen bond acceptors, log P (octanol/water partition 
coefficient), and MW. 
 
D2crit QSPR for Highly-Soluble Drugs 
We used data for 12 drugs with solubility >0.2 
g/cm3. Most of the drugs were amine salts (cati-
onic). In addition, there were two sodium salts, 
and two were neutral. For tertiary amine salts, 
molecular descriptors were calculated for their 
corresponding neutral amines. 

Figure 4. D2crit QSPR for highly soluble drugs. 
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Table 1. Regression statistics for D2 QSPR for 
highly soluble drugs. 

Multiple R 0.967093225 
R square 0.93529306 
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Table 2. Coefficients and standard error for D2 
QSPR for highly soluble drugs. 

 Coefficients Standard Error 
Intercept -4.475773783 0.347233898 
MW -0.004471631 0.000498028 
HOMO -0.048375805 0.023422957 

Figure 5. β2 QSPR for highly soluble drugs. 
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Table 3. Regression statistics for β2 QSPR for 
highly soluble drugs. 

Multiple R 0.98716792 
R square 0.9745005 
Adjusted R square 0.9694006 
Standard error 0.57478018 
Observations 13 

Table 4. Coefficients and standard error for β2 
QSPR for highly soluble drugs. 

 Coefficients Standard Error 
Intercept 61.3579157 2.311897823 
HOMO 1.23837633 0.18253047 
LUMO 0.71216823 0.081127573 
 
These QSPRs were used to predict the respective 
Fujita equation parameters for two highly soluble 
compounds: lactose (usually used as a filler) and 
promethazine. The parameters were then used as 
inputs to the mathematical model to generate 
predicted release profiles.  When compared to 
experimental release profiles, good predictions 
were found (see Figures 6 and 7). 

For other highly soluble drugs, we observed a 
larger error in β2 parameter fitting, and hence we 
fixed β2 at 40, which gave reasonable fits for all 
soluble drugs. For drugs that are amine salts, 
molecular descriptors were calculated for their 
cationic species. We used Spartan software for 
more accurate HOMO, LUMO, and electrostatic 
potential (ESP) calculations. 
 

Figure 6. Model predictions for 50/50 w/w 
lactose/METHOCEL K4MP. 
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Figure 7. Model predictions for 5050 w/w 
promethazine/METHOCEL K4MP. 
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QSPR for Slightly Soluble Drugs 
QSPR data were built for 21 drugs with solubility 
<0.2 g/cm3. Optimization typically resulted in β2 
~ 0. Therefore, QSPR was built for D2crit only, and 
β2 was fixed at 0. 

Figure 8. D2 QSPR for slightly soluble drugs. 
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Table 5. Regression statistics for D2 QSPR for 
slightly soluble drugs. 

Multiple R 0.927 
R square 0.859 
Adjusted R square 0.824 
Standard error 0.251 
Observations 21 

Table 6. Coefficients and standard error for D2 
QSPR for slightly soluble drugs. 

 Coefficients Standard Error 
Intercept -6.61 0.238 
log cs -0.539 0.074 
Hace -0.249 0.070 
MW 0.004 0.002 
log P -0.217 0.095 
 
This QSPR was used to predict parameters for four 
slightly soluble drugs: theophylline, tetracycline, 
HCTZ, and pentoxifylline. Good predictions were 
found. 
 

Figure 9. Model predictions for 50/50 w/w 
theophylline/METHOCEL K4MP. 
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Figure 10. Model predictions for 50/50 w/w 
tetracycline/METHOCEL K15MP. 
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Figure 11. Model predictions for 50/50 w/w 
HCTZ/METHOCEL K4MP. 
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Figure 12. Model predictions for 50/50 w/w 
pentoxifylline/METHOCEL K4MP. 
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Conclusions 
Using the Dow implementation of the “sequential 
layer” model, experimental data of drug release 
from hypromellose matrix tablets (50% w/w) for 
33 drugs can be fitted to determine the drug-
dependent diffusion parameters D2crit and β2. 
However, we did not find a satisfactory correlation 
for the entire dataset, which had a wide range of 
aqueous solubility. 

When the dataset was divided based on the 
basis of drug solubility, good correlations predict-
ing diffusion parameters were obtained. These 
correlations were used to build preliminary QSPRs. 
These QSPRs need to be further refined and vali-
dated as additional data become available. 

Further work is needed to expand the scope to 
other drug loadings, polymer grades, and dissolu-
tion media. This general approach may lead to the 
acceleration of early stage formulation develop-
ment of hydrophilic matrix tablets. 
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