
Hydrophilic gel-forming matrix tablets are extensively
used for oral extended release dosage forms due to their 
simplicity, cost effectiveness, and reduction of the risk of
systemic toxicity due to dose dumping.1,2) Furthermore, pH-
independent drug release is preferable for oral extended 
release formulations, so drug release in the GI tracts is not
affected by intra- and inter-subject variations in both gastric
pH and GI transit time. Hydroxypropylmethylcellulose
(HPMC) is a pH-independent material and the drug release
rates from HPMC matrix formulations are generally indepen-
dent of processing variables such as compaction pressure,
drug particle size, and the incorporation of a lubricant.3)

Therefore, HPMC is widely used to prepare the extended re-
lease dosage forms of water-insoluble drugs such as promet-
hazine and water-soluble drugs such as acetaminophen.3—5)

Propranolol, a non-selective beta-adrenergic blocking
agent, has been widely used in the treatment of hypertension,
angina pectoris, and many other cardiovascular disorders. It
is highly lipophilic and is almost completely absorbed after
oral administration. However, much of the drug is metabo-
lized by the liver during its first passage through the portal
circulation; on average, only about 30% reaches the systemic
circulation. Its elimination half-life is also relatively short
(about 2—6 h).6—8) Therefore, it was chosen as a model drug
for preparation of the once-daily extended-release dosage
form.

In the development of an extended release dosage form, an
important issue was to design an optimized pharmaceutical
formulation with an appropriate dissolution rate in a short
time period and minimum trials. For this purpose, a com-
puter optimization technique, based on a response surface
methodology (RSM) utilizing a polynomial equation and ar-
tificial neural networks (ANN) has been widely used.9—12)

The optimization procedure involved systematic formulation
designs to minimize the number of trials and analyze the re-
sponse surfaces in order to realize the effect of causal factors
and to obtain the appropriate formulations with target goals
and the acceptable component region as process control con-

ditions in practical preparation. Therefore, the primary pur-
pose of this study was to develop and optimize the propra-
nolol extended release formulations with target release pro-
files using RSM and multiple response optimization utilizing
a quadratic polynomial equation. The second aim of the
study was to evaluate and demonstrate the usefulness of
RSM with multiple response optimization technology in the
development of extended-release dosage forms containing
water-soluble drug.

MATERIALS AND METHODS

Materials Propranolol hydrochloride and p-hydroxyben-
zoate-butyl ester were purchased from TCI Co. (Japan). 
Hydroxypropylmethylcellulose (HPMC, viscosity 4000
grade) was obtained from Shin Etsu (Japan). Microcrystall-
ine cellulose (Avicel) was purchased from Asahi Co. (Japan).
All other chemicals and solvents were of analytical reagent
grade.

Preparation of Propranolol HPMC Matrix Tablets
The drug and additives were weighed and mixed well. Water
was added to make a wet mass. The wet component was then
granulated through a 40 mesh sieve. The granules were dried
in an oven for 3 h at 40 °C, and then blended with 1% magne-
sium stearate. Tablets containing 100 mg of propranolol were
compressed using 5 mm diameter flat-faced punches. The
upper punch compaction pressure used was 135 kg/cm2.

Determination of Propranolol Release from HPMC
Matrix Tablets The United States Pharmacopoeia (USP)13)

basket method was used for all of the in vitro dissolution
studies. Simulated gastric fluid (pH 1.2) and intestinal fluid
(pH 6.8) without enzymes were used as dissolution mediums.
The rate of stirring was 100 rpm. The propranolol tablets
were placed in 900 ml of gastric fluid and maintained at
37 °C. Five milliliters of samples were taken at appropriate
intervals. After 1.5 h the dissolution medium pH was
changed from 1.2 to 6.8 by adding 80 ml of concentrated
phosphate buffer to simulate intestinal fluid and was then run
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for the time specified. The samples were analyzed using an
ultraviolet/visible spectrophotometer at 290 nm.

Data Analysis Response surface methodology (RSM)
utilizing polynomial regression analysis and the evaluation of
the quality of fit of the model were performed with an Alcora
program written by Takayama and co-workers (Japan).
Briefly, the release data were fitted to the quadratic polyno-
mial equation to obtain an individual optimum regression
equation for each response. The multi-objective simultaneous
optimization was performed according to the generalized dis-
tance function method14) to obtain the simultaneous optimum
value.

The similarity factor f2 is defined by the following equa-
tion and was used to measure the similarity between two
curves.15)

where n is the number of dissolution sample times, and Rt
and Tt are the individual percentages dissolved at each time
point, t, for the reference and test dissolution profiles, respec-
tively. The f2 values greater than 50 (50—100) represent
sameness or equivalence of the two curves.

In order to propose a possible release mechanism, drug re-
lease from HPMC matrix tablets was fitted to the following
simple exponential model.16)

Mt/M��ktn

where Mt/M� is the fractional drug release percentage at time
t, k is a constant related to the properties of the drug delivery
system, and n is the diffusional exponent, which character-
izes the drug transport mechanism. When n�0.5, the drug
diffuses through and is released from the polymeric matrix
with a quasi-Fickian diffusion mechanism. For n�0.5, an
anomalous, non-Fickian drug diffusion occurs. When n�1, a
non-Fickian, case II or zero-order release kinetics can be ob-
served.

RESULTS AND DISCUSSION

In order to rapidly design and obtain optimal propranolol
extended-release formulations with specific release patterns,
the RSM utilizing polynomial equations and systemic formu-
lations design such as factorial design must be applied.9—12)

In the build-up to the approach, significant factors and the
range of each process variable must be predetermined. Ac-
cording to previous studies,3—5) the polymer type,
polymer/drug ratio, and incorporated water-soluble excipi-
ents are the most potent factors that influence drug release
from sustained-release dosage forms. Therefore, the effects
of HPMC type including HPMC 4000, HPMC 15000, and
HPMC 30000, and the HPMC/drug ratio on the dissolution
rate were evaluated (Fig. 1)17) to be established the causal
factor variables. As shown in Fig. 1,17) the HPMC 400
showed the least burst effect on the dissolution patterns com-
pared to HPMC 15000 and HPMC 30000 at a polymer/drug
ratio of 1/5, so the low viscosity polymer (HPMC 4000) was
selected as the retardant thereinafter. Varying the polymer/
drug ratio decreased, as expected, the drug release rate with

an increase in the tablet content of HPMC. These results
could be attributed to an increase in thickness of the gel layer
resulting in a reduction of drug release. However, the drug
release from tablets containing a high amount of HPMC was
incomplete, the percent release at 24 h was only about 85%.
Some studies18—20) have reported insufficient drug absorption
from controlled release products in vivo because of the sup-
pression of drug release due to the environment of the colon
(small volume of GI fluid and viscous colonic content) in the
later stage. Incorporated water-soluble excipients into the
gel-forming matrices can improve the phenomenon in vitro
and/or in vivo because these excipients can stimulate water
penetration into the inner parts of the matrices, resulting in
drug release from the matrix.21—24) Avicel is widely used in
pharmaceuticals. It can improve the manufacturing process
and adjust the drug release. Therefore, various amounts of
avicel were incorporated into the HPMC tablets to modify
the drug release in this study.

According to the results above and preliminary experi-
ments,17) a two-factor, three-level full factorial design and
RSM utilizing a polynomial equation were used in this study
to obtain an optimal formulation with an adequate release
rate and quantify the influence of factors including individual
and interaction effects on the dissolution rate. As shown in
Table 2, 11 types of model formulation including 32 factorial
runs and two center runs were prepared and subjected to the
release test. The center runs were added to augment the sta-
tistical design and provide extra degrees of freedom needed
to test for pure error. According to the USP2313) monograph
for propranolol extended release dosage form, the drug re-
lease percentages at 1.5, 4, 8, 14 and 24 h were selected as
responses. These time points were selected to detect the burst
effect at an earlier stage and ensure that most of the drug is
released in a period of time comparative to the gastrointesti-
nal residence time. The drug release percentages from these
model formulations at different time points are listed in Table
1. The drug release percentage at 24 h was 87—109%, indi-
cating that avicel could increase drug release at the later
stage. The causal factor and response variable were related
using a quadratic polynomial equation with statistical analy-
sis. As shown in Table 2, the approximations of the response
values (Y1, Y2, Y3, Y4, Y5) based on the polynomial regression
equation were substantial (p�0.01). The three-dimensional
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Fig. 1. The Effect of Polymer Type and Polymer/Drug Ratio on the Drug
Dissolution Profiles



response surfaces obtained illustrating the simultaneous ef-
fect of the causal factors on each response variable are pre-
sented in Fig. 2. The equations of all responses (Table 2) rep-
resent the quantitative effect of process variables (X1, X2)
upon the responses (Y1; Y2; Y3; Y4; Y5). The values of the co-
efficients X1 and X2 are related to the effect of these variables
on the response. Coefficients with more than one factor rep-
resent the interaction between factors while coefficients with
second order terms indicate the quadratic nature of the phe-
nomena. A positive sign indicates a synergistic effect while a
negative term indicates an antagonistic effect upon the re-
sponses. The results showed that the X1 (HPMC/drug ratio)
and the interaction of X1X2 were the major factors influencing
the earlier release phase (Y1, Y2, Y3) and the later release
phase (Y4, Y5), respectively. However, the effect of the
HPMC/drug ratio on the drug release was greater than avicel
in the experimental time period. The effect of avicel was
more important in the later stage.

In order to obtain an optimal formulation with an adequate
release percent at different time points, multiple response 
optimization was performed to search for the level which 
fitted the following constraints: Y1�25%; 35%�Y2�50%;
55%�Y3�70%; 75%�Y4�90%; 95%�Y5�110%. Under
these conditions, the model predicted Y1, Y2, Y3, Y4, and Y5

values of 24.99%, 47.21%, 67.57%, 86.79% and 102.17% at
X1 and X2 values of �0.312 and �0.999, respectively. This
optimum formulation was a predicted point, thus, in order to
validate the predictive ability of the hypothesized model for
each response around the optimized conditions, the agree-

ment between predicted and measured responses was veri-
fied. Therefore, the propranolol extended release formulation
was prepared according to the optimized conditions and sub-
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Fig. 2. Response Surface Plots Obtained by Plotting HPMC/Drug Ratio
against Avicel Level

(a) 1.5 h drug release percent, (b) 4 h drug release percent, (c) 8 h drug release per-
cent, (d) 14 h drug release percent, (e) 24 h drug release percent.

Table 1. The Causal Factor and Responses of Model Formulations of Propranolol Extended Release Tablets Utilizing 32 Factorial Design

Trial X1 X2 Y1 Y2 Y3 Y4 Y5

1 1 1 26	1 40	3 59	3 77	3 92	5
2 0 0 26	1 48	2 71	2 90	3 103	3
3 1 �1 21	1 43	2 66	3 89	5 104	4
4 0 0 25	2 45	5 66	7 85	7 101	5
5 �1 0 27	2 48	2 71	3 89	2 98	2
6 0 0 25	2 46	3 67	3 86	3 100	5
7 0 �1 20	1 44	2 66	3 87	4 101	2
8 �1 1 31	1 54	1 79	1 95	1 102	1
9 �1 �1 30	3 52	1 71	3 86	5 100	5

10 0 1 22	4 42	2 62	2 82	2 96	2
11 1 0 19	1 35	2 55	3 74	4 91	3

The amount of propranolol was fixed at 100 mg. X1: causal factor, polymer/drug ratio, the level from 1 to 2. X2: causal factor, the tablet content of avicel, the level from 8% to
20%. Y: responses, the release percent at 1.5 h (Y1), 4 h (Y2), 8 h (Y3), 14 h (Y4) and 24 h (Y5).

Table 2. Optimal Regression Equation for Each Response Variable Deter-
mined by Multiple Regression Analysis

Regression coefficient Y1 Y2 Y3 Y4 Y5

b0 (constant) 23.463 44.306 66.583 85.413 100.363
b1(X1) �4.458 �6.116 �6.833 �5.094 �2.075
b2(X2) —a) —a) —a) �1.458 �2.491
b11(X1X1) 1.506 —a) —a) —a) �2.488
b22(X2X2) —a) 1.435 —a) —a) —a)

b12(X1X2) —a) �1.395 �3.666 �5.354 �3.504
rb) 0.7893 0.8073 0.7930 0.7392 0.6545
Sc) 2.688 3.506 4.332 4.768 4.116
Fod) 52.060e) 38.700e) 53.377e) 24.901e) 11.428e)

a) Not included in the optimum regression equation (p�0.05). b) Multiple corre-
lation coefficient. c) Standard deviation of residual. d) Observed F value.
e) p�0.01.



jected to the release test. The dissolution profiles of the opti-
mum formulation and the predicted profile are shown in Fig.
3. Both profiles were compared using the FDA15) recom-
mended similarity factor (f2). The values for f2 were 94, 80,
83, 86, and 82 at 1.5, 4, 8, 14, and 24 h, respectively, which
indicated equivalence to the release profile of the optimum
formulation and the predicted profile. The release mecha-
nisms for propranolol from the predicted HMPC matrix
tablets were also evaluated on the basis of a simple exponen-
tial model.16) The correlation coefficient, release rate constant
(k), and exponent constant (n) were 0.9933 (p�0.01),
21.3	1.8, and 0.52	0.02, respectively. The value of the ex-
ponent constant (n) was close to 0.5, indicting that the mech-
anism of drug release from HMPC matrix tablets was a
quasi-Fickian diffusion.

It was concluded that the response surface methodology
(RSM) and multiple response optimization utilizing a poly-
nomial equation can be successfully used to design an ex-
tended release formulation containing water-soluble drug for
a predetermined release profile. A sustained release propra-
nolol formulation with satisfactory release characteristics
was successfully prepared with HPMC and avicel.
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Fig. 3. Comparison of Observed Dissolution Profile and Predicted Disso-
lution Profile of the Optimal Formulation Obtained from the Response Sur-
face Methodology


