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Abstract

Drug release from a coated pure drug bead in a finite volume of stirred liquid may be expediently established by inspecting the rate at a particular
time. The effects of various parameters on this rate and the ranges of parameters in applications have been discussed.
© 2008 Taiwan Institute of Chemical Engineers. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Mathematical models for coated sphere(s) were developed
for describing release rate of drug with diffusion resistances
(Chen and Lee, 2002; Li et al., 2006; Liao and Lee, 1997; Lu
and Chen, 1993, 1995; Lu and Lee, 1992; Lu, 1994; Lu et al.,
2007). The role of diffusional resistances was studied (Chen
and Shih, 2006; Huang et al., 2006; Kao and Li, 2006; Su et al.,
2006).

A coated pure drug bead contains the maximum amount of
drug that can be enclosed inside a particle of the same radii.
With a non-swelling coating, the release rate of drug in a well-
stirred liquid at a given temperature is dependent on: core and
particle radii, b and a; effective diffusivity of drug, D; volume
of external liquid, V;; partition constants at b and a, Kj,, K,;; the
ratio of drug density to drug solubility in the liquid, p,/C. Fig. 1
shows six drug release systems, each in a liquid of volume
100 cm?, inside an imaginary spherical container of radius r,
systems (la)—(1c) show particles of 1 mm coating but with
different radii; and (2a)—(2c), 3 mm coating. Systems (1a) and
(2a) show cases of small liquid to particle volume ratios; and
(1c)—(2c), large ratios. The parameters of these systems are
listed in Table 1.

Ignoring the very initial release stage, the release life of a
particle is divided into two stages, t < f;and ¢ > t,. ¢ is time and
t; is time at which solid drug in the core is exhausted. The
release rates for different release systems are summarized in
Fig. 2 in dimensionless form. The dimensionless quantities are
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defined by Eqs. (2a)—(2e) in next section. In a perfect sink,
parameter s is infinity, and the release rate is zero order in the
first stage but non-linear in the second. In a non-perfect sink, s is
less than infinity. Release rate is affected by the magnitude of s.
For a wide range of s, i.e., ~15 < s < 00, this effect is less than
~10% for systems with p,/Cs =2.19, and less than ~50% with
po/Cs = 8. Release experiments are often conducted in an
abundant of liquid that is often low in viscosity. While in
applications, situations that liquid is limited in volume arise. In
either case, Fig. 2 shows that release rate at #/£; = 1 may be taken
as a landmark in a rate curve, and this, if known, will be useful
in the design of a coated pure drug bead.

In this paper, a quantity that may be used to represent such a
landmark is sought. As the release behavior of a system is a
collective manifestation of all parameters that define the
system, the effects of various parameters on this landmark and
ranges of parameters in applications are investigated.

2. Analysis
For a coated pure drug bead releasing the drug in a well-

stirred liquid of volume V., the dimensionless release rate at £, is
(Lu, 1994):

dYy B P
<ﬁ>XXS B exp( s Xls) M

where

Y= il
~ 4mab(a — b)CK, /K’

(2a)
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Nomenclature
a core radius (m)
b particle radius (m)
Cs drug solubility (kg/m?)
D effective diffusivity of drug (m?/s)
K, partition coefficient at r=a
K, partition coefficient at r=b
M, cumulative release quantity (kg)
p dimensionless group defined in Eq. (2¢)
r radial direction (m)
s dimensionless group defined in Eq. (2d)
t time (s)
ts time when drug core is exhausted (s)
\A volume of external liquid (m%)
V. volume ratio
X dimensionless group defined in Eq. (2b)
Xls Xatt= 1y
Y dimensionless group defined in Eq. (2a)
Greek symbol
Ou drug density (kg/m?)
X = Lﬁ (2b)
K,(a—Db)
K,a/fa
P= Kbb<b 1)’ (2¢)

(1a)
core

coating
liquid

(1b)

(10)

Fig. 1. A coated pure drug bead in an imaginary spherical container of radius re.
Other parameters are shown in Table 1.

Table 1
Parameters of the system shown in Fig. 1

Fig.1 a—b(mm) bla b(cm) a(cm) r.(cm) V, (cm?) Vel Vy
la 1 1.05 20 2.1 3.21 38.8 2.6
1b 1 1.10 1.0 1.1 2.93 5.6 17.9
lc 1 1.20 0.5 0.6 2.89 0.9 111
2a 3 1.20 1.5 1.8 3.10 24.4 4.1
2b 3 1.60 0.5 0.8 2.90 2.1 46.6
2c 3 250 02 0.5 2.88 0.5 191
V. =100 cm”.
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Fig. 2. Dimensionless release rate vs. dimensionless time for different release
systems. Data quoted from Lu (1994). V, = 100 cm® and K, /K, = 1.
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Y is the dimensionless representative of cumulative
release M, and X, of time. X;; is X at t,. p and s are
dimensionless parameters. V; is volume ratio of the external
liquid to the coated particle, V./V,,. Substitute Eq. (2a)—(2e¢)
into Eq. (1) and rearrange the resulting equating equation as
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Fig.3. yvs.alb atvarious V,, fora — b = 1 mm, and K,/K,, and p,/C; as indicated.

follows:

B dM,/dt .
Y= \anDCy /K, )"

_(a/b)a=b) [ 4m Kyl a-b\'(p )
"~ (a/b—1)? 3V. Ko \a/b—1) \ C,
y define as above, differs from d¥/dX in that it does not contain
the radii. Y is a quantity that may be used to represent the

landmark in a rate curve. Eq. (3) thus shows how y is affected by
the radii, V., K,/K, and p,/Cs;.

3. Results and discussion

Plots of y versus a/b according to Eq. (3) for particles with
1 mm coating are shown in Fig. 3. For a quick grasping of a real
situation, b and V,, are also included in the figure.

Fig. 3 shows that for a given V., there is a a/b at whichy =0,
or (dM./dt), =0, i.e., drug release ends at the exhaustion of
solid drug. For (a/b) < (a/b),~o, drug release ends with solid
drug still present in the core and thus is without ¢,. However, for
the problem to be realistic, there is a limit to the magnitudes of
a/b. This limit is dependent on the conditions of the systems.
For (a/b) > (a/b),-o, t, exists. y increases quickly to a maximum
and then decreases gradually. Most release experiments are
located on the right side of the maximum. At increased a/b, all
curve converge to the curve for a perfect sink (s = 0o0). Large a/b
implies small b and a, and thus, even with small V,, V, is still
large relative to a, and thus, V., and therefore s, are sufficiently
large for the approximation of a perfect sink.

Fig. 3(a) and (b) show the effect of K;/K, on y, and (b) and
(c) show the effect of p,/Cs on y. The effect of increase in
coating thickness, not shown here, is to shift the curves
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Fig. 4. Particle radii, b and a, parameters p and s, and pore volume fraction at
various a/b. For V. = 100 cm® and the indicated a — b and K,/K,.
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rightward with attenuated maxima. From Fig. 3, for a/b = 1.16,
find 5=0.63 cm,a=0.73 cm, V,=1.6 cm3, and that release in
a liquid with V, > 50 cm® are nearly equal to that in a perfect
sink while with V. =10 cm?, deviation is greater especially
under the conditions of (a) and (c). Cases of small V, are
encountered in release from multiple particles.

For Fig. 2(b) where p,/Cs=2.19 and K,/K, = 1, it has been
shown in Lu (1994) that dY/dX = ~1 is attained if p < ~1.17
and s > ~15. These limitations also apply when K,/K, > 1.
The ranges of real variables of release systems that are within
these limitations may be found from Fig. 4 where a, b, p, s, and
e(V, — VoIV, are plotted, respectively, against a/b for the
conditions indicated. For simplicity, take p=1.1 for
p < ~1.17and consider a system with a particle 1 mm in
coating, V., = 100 em?, po/Cs = 2.19 and K,/K,, = 5. From Fig. 4,
find: (1) by p curve, a/b=1943, and by a, b curves,
a=0206cm and »=0.106cm and (2) by s curve, with
s=15, a/b=1.146, and by a, b curves, a=0.783 cm and
b =0.683 cm for particles with a/b in 1.146-1.943, or a in
0.783-0.206 cm, or b in 0.683-0.106 cm (similarly, for
particles 3 mm in coating, find a/b in 1.439-1.943, or a in
0.983-0.618 cm, or b in 0.683-0.318 cm), dY/dX ~1 can be
attained and y is almost equal to that for a perfect sink. For
particles with a/b < 1.146, or b > 0.683 cm, or a > 0.783 cm,
the effect of the sink (imperfect) on release rate increases with
decreasing a/b. dY/dX falls below 1 and y eventually becomes
zero. For particles with a/b > 1.943, or b < 0.106 cm, or
a < 0.206 cm, drug release may be assumed to be in a perfect
sink. However, as p > 1.1, thus, dY/dX < 1. This may be
explained physically by the following example. For a particle
with 3 mm coating and a/b = 2.5, Fig. 4 shows that b = 0.2 cm,
a=0.5cm, p=2.25 if K,/K,=5, and s =597 (not shown) if
V. =100 cm?>. s is so large that a perfect sink may be assumed.
By e(V, — V)/V. curve where V. is core volume and e is
porosity, assuming e = 0.4, fine e(V, — V)/V. =5.85. Liquid
volume holdup is 5.85 times the core volume. For p,/C = 2.19,
then drug holdup in the coating layer at the exhaustion of
solid drug is less than that under a pseudo steady state. Thus,
dY/dX = 1 cannot be attained. An analysis more rigorous than
that used in Lu (1994) is needed to describe this situation.
However, for high p,/C;, drug holdup in the coating layer will
be low and the analysis may be used. The system shown by

Fig. 1(2c) is an example that may behave as has been described
depending on the drug and the liquid used.

4. Conclusions

Overall drug release behavior from a coated pure drug bead
in a well-stirred liquid may be predicted expediently by using
the rate at the exhaustion of solid drug. The effects of various
parameters on this rate and the ranges of real variables in
applications have been made clear.
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