
The control of drug release is a topic of much interest. The
matrix system has often been used as a method to control
drug release. Granules, tablets,2—5) film coatings,6—8) etc. are
available,9—12) and the matrix system is often prepared with
the use of a polymer.13,14) It is important to understand the
entire release process to control drug release.15,16) The release
properties of the matrix system were mathematically simu-
lated by Higuchi.17) According to the square-root time law
equation, drug release continues infinitely even though the
content of drug in the matrix granules decreases gradually.
Therefore it has been thought that the mathematical analysis
of the release process is insufficient, and the entire release
process is not easily understood.

In a previous paper, ethylcellulose (EC) was used as a
polymer matrix substance and the release of phenyl-
propanolamine hydrochloride (PPA) as a water-soluble
model drug from matrix granules prepared by an extruding
granulation method was investigated.1) The release process
could be divided into two parts, and the entire release process
was treated by a combination of the square-root time law and
cube-root law equations. The validity of the mathematical
treatment was examined by comparing the simulated value
with the measured value. Then effects of EC content ratio
and its molecular weight18) on the release process were exam-
ined.1) The connection point of these equations played an im-
portant role in the analysis of the release process. It was con-
firmed that EC 10 cps might be useful for the preparation of
controlled-release dosage forms.

In this paper, the EC matrix granules were prepared using
a binder solution of a different composition. The release
process was analyzed using a combination of square-root
time law and cube-root law equations.1) After evaluating the
validity of these equations by comparing the entire simulated
release process with the measured one, the effects of the for-
mulation of the binder solution on the release process were
examined.

Experimental
Materials PPA (powder, Alps Pharmaceutical Industries Co., Ltd., Gifu,

Japan), EC 10 cps (ETHOCEL STD 10 cps, Dow Chemical, Tokyo, Japan),
and ethanol (EtOH) (Wako Pure Chemical Industries, Ltd., Osaka, Japan)
were used.

Equipment A high-shear granulator (High Speed Mixer, LFS-GS-5,
volume 5.0 l, Fukae Ind. Co., Ltd., Hyogo, Japan) and extrusion granulator
(granulator machine type of LAB, KAR-130, Tsutsui Physics and Chemistry
Apparatus Co., Ltd., Tokyo, Japan) were used for granulation. The granules
were ground with speed mill (D-30-4560, Showa Engineering Co., Ltd.,
Tokyo, Japan).

Preparation of Matrix Granules Formulations are shown in Table 1.
While maintaining the content of EC constant, a binder solution of 20% or
30% EC was prepared with 80% to 100% EtOH.

Following the formulation, 500 g of PPA and 300 g of EC were physically
mixed using a high-shear granulator for 1 min. The mixture was continually
mixed and agitated (agitator 600 rpm, chopper 1500 rpm) by adding drops of
the binder solution for 5 min. Then the kneaded mass was placed in the ex-
trusion granulator and granulated with a screen diameter of 1.0 mm and a ro-
tation speed of 20 rpm. Then the granules were dried overnight at 40—50 °C
in a box-type drying machine. After drying, they were ground with a speed
mill (screen diameter of 2.0 mm) and sieved. The sieved sample used was
12-mesh pass/18-mesh on granules. The granules obtained are abbreviated
as EC matrix granules.

Release Studies A dissolution apparatus (type NTR-VS6P, Toyama
Sangyo Co., Ltd., Osaka, Japan) coupled to a flow cell set (type CPS-240B
& CPS Controller, Toyama Sangyo Co., Ltd., Osaka, Japan) in a double-
beam spectrophotometer (type UV-160A, Shimadzu Co., Ltd., Tokyo, Japan)
attached with an auto sampler (Auto Sampler-W, Toyama Sangyo Co., Ltd.)
was used.

Granules of 500 mg were put into the apparatus, and the release measure-
ment was carried out with 500 ml of buffer solution (first solution, pH 1.2) at
a paddle rotation speed of 100 rpm at 37 °C. The amount released was deter-
mined based on absorbance measurements at 257 nm.

Results and Discussion
Release Profile The effects of EtOH and EC content in

the binder solution were examined. Release profiles are
shown using the release ratio (mr) in Fig. 1. The release ratio
(mr) is given by Eq. 1.

mr5m/M0 (1)
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where M0 is the initial amount and m is the released amount
at time t.

It was observed that the drug release rate increased with
the decrease in EtOH and/or EC content in the binder solu-
tion.

Applicability of Square-Root Time Law Equation The
square-root time law equation17,19) was expressed as Eq. 2
using the drug release ratio.

mr5KHø }
t (2)

where KH is the apparent release rate constant and t is the re-
lease time. Following Eq. 2, the influence of EtOH or EC
content in the binder solution is shown in Figs. 2a and b, re-
spectively.

The apparent release rate constant KH was evaluated as the
slope of the initial straight line. The KH value decreased with
increasing EtOH content in the binder solution. However, the
KH value was constant irrespective of EC content in 90%
EtOH binder solution. Release (mr) and simulation curves
(mr,H) are obtained using KH and Eq. 2 (mr,H) and are shown
in Fig. 3 as an example.20)

The fit of the simulation curve at the first stage was con-
firmed, but the entire release process could not be analyzed.1)

As described previously, it is important to understand the en-
tire release process to control drug release. Therefore the re-
lease process was divided into two parts and then analyzed.

Applicability of the Cube-Root Law Equation In the
same cases, release from the matrix device was analyzed by
the use of a semilogarithmic law equation.13,14) The applica-
bility of the equation to the second-stage release process was
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Table 1. Formulations and Binder Solution

Formulation

B-1 B-2 B-3 B-4 B-5

Composition Amount (g)
PPA 500
EC 300
EC (in the binder solution) 100

Binder solution
EC concentration (%) 20 20 20 20 30
EtOH (%) 100 90 85 80 90
Volume (ml) 500 500 500 500 333.3

Fig. 1. Release and Simulation Curves of PPA from EC Matrix Granules

s, B-1; n, B-2; h, B-3; e, B-4; d, B-5. —, Simulation using square-root time law
and cube-root law equations.

Fig. 2. Square-Root Time Law Equation Plot

(a) s, B-1; n, B-2; h, B-3; e, B-4. (b) EtOH concentration: 90%. n, B-2; d, B-5.

Fig. 3. Release and Simulation Curves for B-1

s, B-1; H, simulation using square-root time law equation; C, simulation using
cube-root law equation.



also examined. However, it was found that a semilogarithmic
law equation could not be applied to the treatment of the pre-
sent study because of the lack of correlation with measured
values. Therefore the second release process was treated
using a cube-root law equation in the same way as previ-
ously.1)

The cube-root law equation for a single component is ex-
pressed by Eq. 3.16,21)

(M/M0)
1/3512(1/3)kSSPCSt512KCt (3)

Were M (5M02m) is the undissolved amount remaining in
the solution, k is the release rate constant, SSP is the specific
surface area, CS is the solubility, and KC is the summarized
release rate constant. As M/M0 can be rewritten as 12mr, the
cube-root law equation for a system with more than two
components is expressed as:

(12mr)
1/3512Kappt (4)

where Kapp is the apparent release rate constant. Following
Eq. 4, the influence of EtOH or EC content in the binder so-
lution is shown in Figs. 4a and b, respectively.

A straight line, expressed as follows, was obtained with
the B-1 formulation as an example.

(12mr)
1/350.921820.00324t (5)

Hence, the release ratio at the second stage could be simu-
lated by using the equation:

mr,C512(0.921820.00324t)3 (6)

where mr,C is the release ratio simulated by the cube-root law
equation, shown in Fig. 4. In the second release stage, these
simulated values fit well with measured values. In the analy-
sis of the release from the other formulation shown in Figs. 5
and 6, the same form of equation expressed by Eq. 5 was ob-
tained and gave satisfactory simulation values for each for-
mulation. Therefore the second release stage could be well
expressed by the generalized equation:1)

(12mr)
1/35a2Kappt (7)

where a is the y-axis intersection in the cube-root law plot.
The release process might also be expressed as:

mr,C512(a2Kappt)
3 (8)

Thus the release process could be divided into two stages,
and the first and second stages could be explained by the
square-root time law and cube-root law equations, respec-
tively. Therefore the result of these simulations is shown by
solid lines in Fig. 1.

Relationship between KH and Water Content KH is an
apparent release rate constant at the first release stage ob-
tained by applying the square-root time law equation. The va-
lidity of the KH values was confirmed by the simulation. The
effects of the EtOH and EC content in the binder solution
were examined. The relationship between the water or EtOH
content in the binder solution and KH is shown in Fig. 5a.

The KH value decreased with increasing EtOH content in
the binder solution. The KH values remained irrespective of
EC contents in the binder solution measured. As EC is an
EtOH-soluble substance, the amount of EC dissolved in the
binder solution depends on the EtOH content, and conse-
quently increases with increasing EtOH content. When a

fixed amount of EC was used, the ratio of the concentration
against solubility was low and homogeneous, and the volume
of the solution increased with increasing EtOH content.
When the EtOH content was fixed, homogeneity may hold at
first and decrease gradually with increasing EC content.
Therefore the binding process in the granulation of prepared
matrix granules should be affected by the EtOH content.
Thus water and/or EtOH content in the binder solution is an
important factor for the formation of a uniform matrix.

As previously described, the KH value decreased with the
increase in the mixed weight fraction of EC.1) Here it was
shown that the KH value could be controlled by adjusting the
EtOH content in the binder solution when the mixed weight
fraction of EC was constant.

Relationship between Kapp and Water Content Kapp is
an apparent dissolution rate constant in the second release
stage obtained by applying the cube-root law equation. The
relationship between the water or EtOH content in the binder
solution and Kapp is shown in Fig. 5b.

The Kapp value increases with increasing water content in
the binder solution. The Kapp value decreased with increasing
EC content when the binder solution prepared with 90%
EtOH concentration was used.

In this examination, the release of PPA from EC matrix
could be controlled by increasing the EtOH and/or EC con-
tent. It was thought that the matrix structure became
smoother with increasing EtOH and/or EC content in the
binder solution.

The solubility of EC increased with increasing EtOH con-
tent in the binder solution. The fluidity of the solution pre-
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Fig. 4. Cube-Root Law Equation Plot

(a) s, B-1; n, B-2; h, B-3; e, B-4. (b) n, B-2; d, B-5.



pared with a fixed amount of EC increased with increasing
EtOH content in the binder solution. Conversely, the fluidity
of the solution decreased with increasing EC content in the
binder solution. Therefore the matrix structure could be af-
fected by the EtOH and EC content in the binder solution.

Connection Point of the First and Second Release Stage
The release process can be simulated using the square-root
time law and cube-root law equations. The connection point
between these equations plays an important role in the analy-
sis of the entire release process. The release time and release
ratio at the connection point of these simulation curves were
expressed as ø }

tC and mC, respectively. Changes in ø }
tC and

mC with the water or EtOH content in the binder solution
were examined and shown in Figs. 6a and b.

The mC value was nearly constant (0.364) when the water
content was less than around 15% in the binder solution. In
other words, the mC value remained almost constant when the
EtOH concentration was larger than 85%. Hence it was con-
sidered that the prediction and comprehension of the control
of the amount released was easy in this range. It was also
considered that an EtOH concentration of more than 85%
had to be used for a satisfactory binder solution.

The ø }
tC value decreased with increasing water content in

the binder solution. However, despite changes in EC content

in the 90% EtOH binder solution, ø }
tC had a nearly constant

value. Overall, mC showed an almost constant value in this
region, and it was assumed that the binder solution prepared
in this region results in predictable analysis conditions.

Conclusion
The release properties of PPA from matrix granules pre-

pared by the extrusion granulation method were examined.
EC was used in the preparation of granules for the purpose of
controlled release. The release process could be divided into
two stages. The first and second stages were treated using
square-root time law and cube-root law equations, respec-
tively. Using the release rate constants in the first stage (KH)
and the second stage (Kapp), the applicability and validity of
the mathematical treatment were examined by simulation of
the release process. It was suggested that the release of PPA
from matrix granules was affected by the EtOH content in
the binder solution, as well as the mixed weight fraction, as
reported previously.1)

The KH and Kapp values decreased with increasing EtOH
content in the binder solution. The KH value showed almost
the same value and the Kapp value decreased with increasing
EC content in 90% EtOH binder solution. The solubility of
EC increased with increasing EtOH content in the binder so-
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Fig. 5. Relationship between (a) KH and Water Content and (b) Kapp and
Water Content in the Binder Solution

EC content and volume of the binder solution: s, EC 20%, 500 ml; d, EC 30%,
333.3 ml.

Fig. 6. Relationship between (a) mC and Water Content and (b) ø}
tC and

Water Content in the Binder Solution

EC content and volume of the binder solution: s, EC 20%, 500 ml; d, EC 30%,
333.3 ml.



lution. The fluidity of the solution prepared with a fixed
amount of EC increased with increasing EtOH content in the
binder solution. Conversely, the fluidity of the solution de-
creased with increasing EC content in the binder solution.
Therefore the matrix structure was affected by the EtOH and
EC content in the binder solution.

The release ratio and time at the connection point of the
two stages were expressed as mC and ø }

tC, respectively. The
ø }

tC value increased with increasing EtOH content in the
binder solution, whereas the ø }

tC value remained almost the
same with increasing EC content in the 90% EtOH binder
solution. The mC value was almost constant when the EtOH
content in the binder solution was greater than 85%.

It was believed that the connection point was fixed in this
region and that the entire release process could be analyzed
by square-root time law and cube-root law equations. There-
fore the prediction and comprehension of the control of
amounts released were simple in this region.
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