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Influence of Solute Properties on Release of
p-Aminobenzoic Acid Esters from Silicone
Rubber: Theoretical Considerations

Keyphrases O Silicone matrix—chain-length effect on in vitro re-
lease of p-aminobenzoates, theory, equations O p-Aminobenzoic
acid esters—in vitro release from silicone matrix, effect of solute
properties, chain length, theory, equations @ Chain-length effect—
in vitro release of p-aminobenzoates from silicone matrix, theory,
equations

To the Editor:

The use of silicone rubber as a carrier for therapeu-
tic agents is well documented (1-5). The release of
drug from such an inert matrix is dependent upon
certain solute properties, i.e., solubility and diffusivi-
ty, along with other parameters independent of the
particular drug in question. Examples of the latter
are the geometry of the matrix, the diffusion layer
thickness, the amount of drug per unit volume in the
matrix, the particle size, and the filler content.

A mathematical model describing drug release
from homogeneous and heterogeneous systems was
originally presented by Higuchi (6). Within the as-
sumptions of the model, equations were derived that

predict a linear dependence of the amount released,
€, upon the square root of time, $1/2. Subsequently,
the model was extended and equations were derived
that consider the solvent boundary diffusion layer as
an additional diffusional pathway (7). According to
this extended model, plots of @ versus t/2 may not be
linear during the early stages of the release process.
This has been experimentally verified (8) with a se-
ries of progestins. Nonlinear behavior was also ob-
served for chlormadinone acetate (9) and for ethyno-
diol diacetate (10). However, a systematic evaluation
of the influence of the properties of a homologous se-
ries on the release rate has not been reported.

This communication utilizes these derived mathe-
matical relationships to describe the effect of chain
length of esters of p-aminobenzoic acid on the in
vitro release of drug from a silicone matrix. The as-
sumptions and conditions of the model are: (q)
pseudo-steady state exists; (b) diffusion is rate con-
trolling rather than dissolution of drug particles; (c)
total concentration of drug within the matrix, A, is
substantially greater than its solubility, C,, in the
matrix phase, i.e., A > C; (d) transport of the drug
species occurs through the matrix phase; and (e)
ideal sink conditions exist in the dissolution media.
The amount released per unit area, , from a planar
surface as a function of time, ¢, is given by the fol-
lowing expression (7):

_ —D:h.K Ae + [(thaKAe)Z + 2ADSC_,.et:I”2
Q= D.r D,7 T

(Eq. 1)

where:
A = total concentration of drug in matrix (milli-
grams per square centimeter)
D, = diffusion coefficient in aqueous phase (square
centimeter per minute)
Dy = diffusion coefficient in matrix phase (square
centimeter per minute)
K = partition coefficient (C5/Cg)

C, = solubility (milligrams per milliliter) in dissolu-
tion media

C; = solubility in matrix phase (milligrams per milli-
liter)

h, = boundary diffusion layer (centimeters)

e = volume fraction
7 = tortuosity

Differentiating ¢ with respect to time yields the
rate equation:

@ _ _ aC, )
dr ~ At = SBI 1 aCt) (Eq. 2a)
where:
2AD.e
a = 7 (Eq. 26)
D.h,Ac
8= Dr (Eq. )

For a homologous series of moderate chain length, D,
and D, can be considered to be relatively constant
(11); thus, « and 3 are constant for a given set of ex-
perimental conditions. For this situation, the release
rate (Eq. 2a) is dependent only upon C, and C, (or,
alternatively, C, and K). As the carbon chain length
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Table I—Solubility (Milligrams per Milliliter) Data for
Esters of p-Aminobenzoic Acid (12)

Partition
Silicone Coefficient
Ester Water (C,) Oil (Cy)
Methyl 3.82 0.79 0.208
Ethyl 1.68 1.38 0.817
Propyl 8.42 X 10! 2.31 2.75
Butyl 3.32 X 10! 3.44 1.03 X 10!
Pentyl 9.32 X 10— 3.69 3.95 x 10!
Hexyl 2.37 X 10 2.48 1.05 X 10?2
Heptyl 5.88 X 10-3 2.35 4.00 X 102
Octyl 9.96 X 10—+ 1.48 1.48 X 103

is increased regularly in the homologous series, the
ratio of C,/C, (which is approximately equivalent to
the partition coefficient K) changes in an incremen-
tal fashion; i.e., K, = Ky 107, where K,, is the parti-
tion coefficient for the p-aminobenzoic acid ester of
chain length n, K, is the partition coefficient of a hy-
pothetical reference member with no methylene
groups, and 7 is the logarithmic change of the parti-
tion coefficient per methylene unit (11). Since = is
dependent only upon the matrix and solvent proper-
ties, it is constant for all homologous series. For sili-
cone oil-water, 7 = 0.54 (12). If the log of C, also
changes in a regular fashion with chain length, then
Cs = f[C(sq), n], where C(sg) is the solubility of the
hypothetical homolog with no methylene groups and
f is the appropriate simple function (11). For the pur-
poses of this communication, it suffices to deal with
C, and K directly as expressed by Eq. 2a.

Table I shows reported (12) solubility data for the
p-aminobenzoic acid esters. Theoretical release rate
data were generated for each homolog in the series
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Figure 1—In vitro theoretical release rates of esters of p-
aminobenzoic acid from silicone rubber disks at two different
concentrations of drug within the matrix (n = number of carbons
in alkyl chain).
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Figure 2—In vitro theoretical release rates of esters of p-
aminobenzoic acid as a function of chain length at three differ-
ent times: A, 10 min; B, 3 hr; and C, 12.5 days. Key: ---, dif-
fusion layer control rate (Eq. 7); ==, matrix control rate
(Eq. 6); and - - -, expected rate (Eq. 2a).

with the assumption that Cs can be approximated by
the solubility of the ester in silicone oil, and by set-
ting:

D, . - €m .

}Ta = 068 X 10 min (Eq. 3¢
D, =16x107 o (Eq. 47
A = 55 or 165 mg/ml (Eq. 53

with ¢ and 7 assumed to be unity.

Figure 1 shows the theoretical release rate profile
as a function of time for the esters (methyl through
octyl) at two different concentrations of drug within
the matrix. The shape of the curves and the magni-
tude of the release rates are clearly dependent upon
chain length. From methyl to butyl, rates decrease
significantly with time due to drug transport through
an increasing thickness of the depleted drug layer (7).
At long times, butyl is released faster because it has a
higher matrix solubility than the shorter chain conge-
ners. In other words, at long times, Eq. 2a reduces to:

(AD&\()”Q
rate =

o7 (Eqg. 6)
This is the matrix-controlled case as proposed by Hi-
guchi (6). At higher chain lengths (pentyl through
octyl), release rates are essentially constant, approxi-
mating a zero-order process. This is described as dif-

1 A reasonable average value for D, in dilute aqueous media for the homo-
logous series calculated from the Sutherland-Einstein (13) equation is 4.8 X
10)*4 cm?2/min, while in a well-stirred system h, may be around 70 X 10-4 c¢m

7

2 Value taken from Ref. 11.

3 Equivalent to 5 or 15% (w/w) with the density of the matrix equal to 1.1.

4 The values of ¢ and 7 depend upon the heterogeneity of the matrix, e.g.,
the filler content. For simplicity, they are assumed to be unity. Data have
been presented that show that this is a reasonable assumption for certain
matrixes (8, 14).



fusion layer control since diffusion away from the
matrix is rate controlling. This behavior results when
K is large, i.e., 32K? »> aCit, and Eq. 2a simplifies to:

o = DiCo
ra = —_ha

(Eq. 7)
The dashed lines in Fig. 1 indicate that peried for
which the diffusion layer contribution to the overall
release is substantial (i.e., until the time when aC,t =
B2K?2), while the continuous lines represent that peri-
od when the release is primarily under matrix con-
trol. The crossover of the curves results because the
transition of diffusion layer to matrix control occurs
at different times. Comparison of the 5 and 15% load-
ing doses indicates that release rates are independent
of drug concentration at longer chain lengths. How-
ever, the shorter chain lengths do exhibit a depen-
dence on concentration which follows Eq. 6 at long
times. Also, at the higher concentration, diffusion
layer control is operative for a longer time (Fig. 1).

Figure 2 shows the applicability of Eq. 2a from a
different viewpoint. Here, rate is plotted as a func-
tion of the number of carbons (n) in the alkyl chain.
The dashed line is the rate calculated from Eq. 7 and
is directly proportional to C,. The continuous line is
the rate calculated from Eq. 6 and is proportional to
(Cs)1/2 at a given time. The expected rate given by
Eq. 2a is represented by the dotted line, and the
shaded area is the transition region.

Based upon the model discussed here, factors such
as particle size or polymorphic forms of the drug
which may influence C; and/or C, would be expected
to alter the release profile. A forthcoming publica-
tion> will experimentally test the applicability of
these equations.
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Bioavailability of Digoxin in
Presence of Antacids

Keyphrases O Digoxin—bioavailability in presence of antacids
O Antacids—effect on bioavailability of digoxin O Bioavailabil-
ity—digoxin, effect of concurrent antacid administration

To the Editor:

Considerable attention has recently been focused
on the problem of bioavailability of digoxin (1-5),
and several factors have been reported as responsible
for the observed therapeutic effect (6-8). This com-
munication reports the effect of some antacids on the
dissolution of digoxin tablets! in an attempt to pre-
dict the bioavailability of the drug.

Recently, a number of reports (4, 5, 8) confirmed
the existence of a close correlation between in vitro
dissolution and the plasma digoxin level. Shaw et al.
(4), using seven brands of digoxin tablets, found a
good correlation between the percentage of dissolu-
tion at 30 min and the plasma digoxin level. Fraser et
al. (5) reported that both the amount of digoxin dis-
solved in 1 hr and the reciprocal of the time for 50%
dissolution (1/t504) agreed well with the bioavailabili-
ty data as computed from the mean area under the
serum concentration—time curve. Therefore, dissolu-
tion experiments were carried out in the present
work to reflect bioavailability.

The dissolution apparatus and procedure adopted
were as reported previously (4). The liquid antacid
preparation was incorporated in the dissolution me-
dium (water), and an aliquot of 5 ml per digoxin tablet
was used. Dissolution tests were performed at 37 +
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Figure 1—Effect of some liquid antacid preparations on the
dissolution rate of digoxin tablets at 37 =+ 0.2° (average of
four replicates). Key: ———, dissolution in the absence of ant-
acids; and ==, dissolution in the presence of antacids. For
key to antacid preparations, see Table I.

! Lanoxin tablets (0.25 mg), Batch 2042 X, Burroughs Wellcome & Co.,
Kent, England.
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