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Studies were conducted to determine the mechanism of drug release from pellets coated with an
ethylcellulose-based pseudolatex widely accepted for use as a sustained release coating for phar-
maceuticals. Possible mechanisms for release include solution/diffusion through the continuous
polymer phase and/or plasticizer channels, diffusion through aqueous pores and osmotically dri-
ven release through aqueous pores. To distinguish between these mechanisms, the release rate
was studied as a function of coating thickness, plasticizer content, and osmotic pressure in the
dissolution medium. As the coating thickness was increased from 9 to 50 um, the rate of release
fell from 9.93-1072 to 1.71-10~% g phenylpropanolamine (PPA)- HCI/100 ml h in an inversely
proportional manner. Release as a function of plasticizer content was studied over the range 12
to 24% dibutyl sebacate (DBS). At 18 or 24% DBS, the rates of release of PPA - HCl were virtually
identical, about 50% of PPA-HC! in six hours. At 12% DBS through, over 80% was released in
the first hour. Surface area measurements and scanning electron microscopy (SEM) showed that
the larger surface area of the 12% DBS batch was attributable to the presence of cracks in the
coating. These results indicated that while the plasticizer is important in terms of forming a
continuous film, diffusion through plasticizer channels is unlikely to make a significant contri-
bution to the overall release rate. Release was also studied as a function of the osmotic pressure
in the medium. A plot of release rate vs. osmotic pressure revealed an inverse linear relationship
with a nonzero intercept. The steep dependency of release rate on osmotic pressure of the medium
suggested that osmotically driven release is a major mechanism for release, while the nonzero
intercept indicated some contribution from diffusion mechanisms. For all batches, SEM indicated
that the film exhibited pores approximately 2 um in diameter, consistent with these mechanisms.
In summary, then, the release from PPA- HCI pellets coated with an ethylcellulose-based film
appears to be a combination of osmotically driven release and diffusion through the polymer and/
or aqueous pores. A mathematical expression for this type of release is presented.
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INTRODUCTION

Multiparticulate dosage forms are becoming
an increasingly popular method for providing
controlled release of drugs in the gastrointes-
tinal (GI) tract, partly because they have rela-
tively reproducible upper GI transit profiles and
partly because they minimize the risk of dose
dumping. These multiparticulates usually con-
sist of a drug entrapped in a sustaining matrix,
or of a drug core overcoated with a low perme-
ability polymer film. Water insoluble film-
forming agents used to create a barrier to drug
release include various cellulose derivatives and
polymethacrylates. Film formation can be
achieved by applying the polymer from an or-
ganic solution [1-3], from a coating emulsion
or from an aqueous dispersion. Traditionally the
film was formed from an organic polymer so-
lution by evaporating the solvent. Later, a coat-
ing emulsion process was developed by Bauer
and Osterwald [4], in which up to 75% of the
organic solvent could be saved without chang-
ing the final polymer structure. Most recently,
the use of aqueous dispersions has enabled films
of water insoluble polymers to be cast entirely
without the use of organic solvents. This is de-
sirable because of the hazards associated with
organic solvents, which include toxicity,
flammability and environmental pollution. For
aqueous dispersions, the film-forming polymer
latex consists of a colloidal dispersion of dis-
crete polymer spheres. To form a continuous
film, the aqueous phase is evaporated, resulting
in coalescence of the spheres [5].

Aquacoat® is a pseudolatex aqueous disper-
sion of ethylcellulose. Dispersions are prepared
by dissolving the polymer in a suitable solvent,
then forming an emulsion in water. In addition
to ethylcellulose, small amounts of cetyl alco-
hol, sodium lauryl sulfate and Anti-foam A (di-
methyl polysiloxane and silica gel) are added.
The first two ingredients serve as stabilizers and
surfactants, respectively, during the latter
stages of production. After homogenization, the
solvent is removed by vacuum distillation.

This ethylcellulose-based formulation is
widely accepted for use as a sustained release

coating for pharmaceuticals. A knowledge of the
mechanism of release from pellets coated with
ethylcellulose-based pseudolatexes would help
to create a model relating formulation and pro-
cessing conditions to release profiles. Such a
model could subsequently be used as a guide to
the formulation of new sustained release dos-
age forms. In this paper we report studies on the
mechanism of release of PPA-HCI from pellets
coated with this ethylcellulose-based film.

THEORETICAL

There are several possible mechanisms by
which release from multiparticulate dosage
forms coated with water insoluble polymers may
occur (a) solution/diffusion through the con-
tinuous plasticized polymer phase, (b) solu-
tion/diffusion through plasticizer channels, (¢)
diffusion through aqueous pores and (d) os-
motically driven release.

(a) Solution/diffusion through continuous
plasticized polymer phase

This mechanism assumes the polymer to be
a continuous phase in which the plasticizer and
other additives are dispersed homogeneously
(Fig. 1). The polymer film has molecular sized
openings between the cross-linked polymer
chains [6]. Most likely, the drug molecules dif-
fuse through these openings in a process known
as hindered molecular diffusion. The openings
must be wetted for drug molecules to diffuse; a
process which is effected by the plasticizer and
other additives. The additives also influence in-
terchain dimensions by changing the cross-
linking properties of the polymer chains. An-
other, less likely, mechanism for release is the
movement of the drug molecules on the poly-
mer chains, known as configurational diffusion.

The solution/diffusion mechanism has been
demonstrated for many polymer films prepared
from organic solvents [7-10]. Therefore, it is a
likely mechanism for ethylcellulose films pre-
pared from organic solvents, and may also be
applicable for dosage forms coated with a pseu-



dolatex formulation when the plasticizer con-
tent is low and the film is complete.

The release rate for such a model can be de-
scribed by:
J=tme,-c,) (1)
where JJ is the flux (release rate per unit surface
area of film), C, and C,, are the concentration
of drug at the drug-film interface and the bulk,
respectively, and & is the thickness of the film.
The permeability coefficient P, can be written
as
P = ij (2)

2]

where D is the molecular diffusivity of the drug,
K is the distribution coefficient of the drug be-
tween the polymer membrane and water, € is
the volume fraction of the openings, fis a chain
immobilization factor reflecting the degree of
cross-linking of crystallites in the polymer, and
7 is the tortuosity factor [6].

Reasonable values for permeability coeffi-
cients in complete polymer films have been re-
ported on the order of 10~5-10~° cm?/s [7-10].

{b) Solution/diffusion through plasticizer
channels

When the plasticizer is not uniformly dis-
tributed in the film, and when the plasticizer
content is high, the plasticizer could conceiva-
bly take the form of a continuous phase in the
form of patched channels. If the solubility of
the drug in the plasticizer is higher than that in
water, it is possible that the drug would be pref-
erentially transported through such plasticizer
channels (Fig. 2).

The release rate for this model can be de-
scribed by an equation analogous to eqn. (2),
but with the permeability coefficient, P, rep-
resented as,

D

€
P, = ;‘ PR (3)

pl

205

In this case, K, is the distribution coefficient
of drug between plasticizer and water, 7, is the
tortuosity of the plasticizer channels and ¢, is
the volume fraction of plasticizer channels.
There has not been any study in the litera-
ture surveyed which observed this mechanism
for films cast from either organic solvents or
aqueous dispersions, most likely because a lo-
calization of the plasticizer phase to form con-
tinuous channels represents an extreme con-

PPA.HCI

Fig. 1. Mechanism (a): Solution/diffusion through contin-
uous plasticized polymer phase.

bl

PPA.HCI —® -

Plasticizer

/ channel

Fig. 2. Mechanism (b): Solution/diffusion through plas-
ticizer channels.

/\/\/

Plasticized coating

PPA.HCI

Fig. 3. Mechanism (¢): Diffusion through aqueous pores.
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Fig. 4. Mechanism (d): Osmotically driven release.

dition. Normally, as is the case for other
additives, the plasticizer is expected to be more
or less uniformly distributed in the film.

(c) Diffusion through aqueous pores

In this model, the coating is not homogene-
ous and continuous, but punctuated with pores.
These pores fill with solution when the dosage
form comes in contact with an aqueous me-
dium, and thereby facilitate the diffusion of the
drug (Fig. 3). The transport mechanism in these
pores can range from pure molecular diffusion
to convection, depending on the pore size. Po-
res, and sometimes even cracks, can occur as a
result of processing conditions under which co-
alescence of the pseudolatex particles is incom-
plete or defects are produced.

In this case, the permeability coefficient, P,
is given by,

P, = % (4)
TP
Kisunity, as there is no partitioning between
the channels and the aqueous environment in
the bulk, ¢, is the volume fraction of the aqueous
channels and 7, is the tortuosity of the aqueous
channels.

Relevant studies in the literature indicate
that this mechanism is often accompanied by
other mechanisms [7,10-12]. The most usual
combination is diffusion through the continu-
ous polymer phase in parallel with diffusion
through aqueous channels. Assuming that two

mechanisms operate independently, the result-
ant permeability is given by

De
P‘,1,=Pm+Pp=T—ﬂK+epr/T,p (5)
where P,, and P, are the permeabilities in the
polymer and the aqueous phases respectively.

(d) Osmotically driven release

A different mechanism occurs when release
is driven by osmotic pressure (Fig. 4). Thisis a
well known process for porous membranes
[13,14], when there is sufficient osmotic pres-
sure generated by the core material. Sucrose is
widely used as a core material (in the form of
Nu-Pareils) in ethylcellulose coated sustained
release formulations. Furthermore, if the drug
applied to the core material is of low molecular
weight and is water soluble, the release may be
driven by the combined osmotic pressures of the
drug and the sucrose core material.

Osmotically driven release for coatings sim-
ilar to the ethylcellulose-based films considered
here, but in which pores were deliberately cre-
ated by adding water-soluble excipients to the
film formulation, has been demonstrated pre-
viously [14-16]. Each study used urea to in-
crease the osmolarity of the dissolution me-
dium. When the urea concentration in the
dissolution medium was increased, the release
rate decreased, consistent with an osmotically
driven release mechanism which predicts a
lower release rate when a lower osmotic pres-
sure difference is present across the coating.

The release rate for osmotically driven re-
lease may be described by:

J=aAll(C;—C,) =kaAIl(C; —C,) (6)

where « equals ko is the osmotic driving force
parameter (x is the filtration coefficient, o is
the reflection coefficient), AIT is osmotic pres-
sure difference across the coating, and C; and
C, are the core and bulk drug concentrations,
respectively [15].



Calculations

Diffusivity

The Wilke-Chang eqn. (6) was used to esti-
mate the diffusivities in the aqueous channels
and the plasticizer according to

DAB =7.4'10_8[(¢MB)1/2 ] (7)

YN
where D,y is the diffusivity of species A in me-
dium B (in cm?/s), ¢ is the association con-
stant (¢=1 for organic solvents, ¢=2.6 for
water), Mg is the molecular weight of the me-
dium (18 and 316.6 g/mol for water and dibutyl
sebacate (DBS), respectively), T is tempera-
ture (310 K for the experiments described ), ug
is the viscosity of the diffusion medium (1
mPa-s for water and 7.9 mPa-s for DBS), and
v, is the molal volume of diffusing species (190
cm?®/mol for PPA-HCI). Using the equation
above, diffusivities for PPA-HCI were calcu-
lated at 6.74-10~% cm?/s in water and 2.22:10~°
cm?/s in DBS.

Permeability coefficients

The permeability coefficients can be calcu-
lated from the above diffusivities using the ap-
propriate permeability equation for each mech-
anism if the distribution coefficient K, volume
fraction e, the tortuosity 7, and the parameter g
are known. The distribution coefficient K in the
plasticizer channels was estimated by dividing
the solubility of PPA-HCI in DBS (1.89 g/100
ml) into the solubility of PPA+HCl in water (40
g/100 ml). Using these values, the DK product
of PPA-HCI was calculated to be 5.39-10~¢
cm?/s for aqueous channels and 2.09-10~% cm?/
s for plasticizer channels.

In the USP #1 dissolution apparatus the fol-
lowing expression can be used to represent the
release rate:

dC,

P
V—dt—=n47zr0r1;_TI(Ci—Cb) (8)

where V is the bulk liquid volume 900 ml, C, is
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TABLE 1

PPA -HCl solubility in various plasticizers and in water at 25°C

Solubility Medium

DBS Triacetin Myvacet TEC Water
PPA-HCl 1.89 1.694 3.954 297 40
(g/100 ml)

the concentration in the bulk (assumed 0), t is
time, n is the number of microcapsules used (for
16% coating loading, 1125 beads/g; for 10% drug
loading, 1476 beads/g; and for 5% coating load-
ing, 1153 beads/g), ry and r; are the outer and
inner radius of the capsule, respectively, P is
the permeability coefficient, and C; is the drug
solubility given in Table 1.

Experimental permeability coefficients were
calculated for all batches on which the disso-
lution tests were run using this analysis. These
permeability coefficients were compared with
the estimated parameters for each mechanism
and their reasonableness considered.

Osmotic pressure
Osmotic pressures were calculated using the
equation [15]:

H = 1_Iidealgb (9 )

where I1,...=CRT and ¢ is the factor related to
the deviation from ideality. The values of ¢ can
be calculated using:

0.042783m  0.0004198m?
(140.15m) (14+0.15m)?

¢p=1 (10)
where m is the molality of urea solution.
Osmotic pressure calculations for PPA-HCI
and Nu-Pareils were carried out using the model
equations given by Zentner et al. [15]. For
PPA-HCI at saturation, the concentration, C is
2.12 mol/], leading to an osmotic pressure of
54.4 bar, while for Nu-Pareils the sucrose con-
centration at saturation is 5.85 mol/l, leading
to an osmotic pressure of 150.1 bar. Total os-
motic pressure is calculated from these contri-
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butions of Nu-Pareils and PPA-HCI1 as 204.5
bar. So, for PPA-HCI loaded onto Nu-Pareils
seeds, both materials will contribute signifi-
cantly to the osmotic pressure generated.

EXPERIMENTAL
Solubility of PPA-HCI in various plasticizers

The solubilities of PPA-HCI in different
plasticizers and in water were measured after
24 hours at 25°C. Concentrations were deter-
mined by UV spectrophotometry (Perkin El-
mer, Model A7) at 257 nm, using standard
curves prepared in each solvent.

Dissolution test

Dissolution tests were performed in standard
USP basket type dissolution apparatus. In these
tests, baskets were immersed into vessels con-
taining 900 ml medium, A waterbath was used
to keep the temperature constant at 37°C. The
spindle rotation rate was adjusted to 100 rpm.
Samples were taken every hour, and their con-
centrations were measured by UV spectroscopy
at 257 nm. All dissolution tests were run in
triplicate.

The effect of coating loading on the release of
PPA-HCI. Pellets consisting of Nu-Pareil cores
loaded with 40% PPA-HCl (IP 58064) and
coated with Aquacoat (Lot #J 8281) were ob-
tained from FMC Corporation (Princeton, NJ)
at three different coating loadings: 5% (Batch
#5851-138),10% (Batch #5851-135),and 16%
(Batch #5851-137). Dibutyl sebacate (Union
Camp Corporation, Jacksonville, FL) was used
as a plasticizer at 24% level. Dissolution exper-
iments were performed for at least 6 h at 37°C
in standard USP basket dissolution apparatus
using water as the dissolution medium. Ten
milliliter samples were taken every hour and re-
placed by 10 ml distilled water. These samples
were filtered through filters (Millipore, Bed-

ford, MA, pore size 0.2 um) prior to analysis.

Effect of urea (osmotic pressure experiments).
To test the hypothesis that release occurs via
an osmotically driven mechanism, we per-
formed dissolution tests into urea solutions at
various concentrations. Water, 4M and 8 M urea
were used as the dissolution media. Batches
tested are listed in (i) above.

The effect of plasticizer content. To test the
effect of the plasticizer level, three batches with
12% (Batch #E6264-61), 18% (Batch #E6264-
60), 24% (Batch #E6264-59) DBS which had
been oven (60°C for 2 h) or column dried after
coating with a 10% loading of Aquacoat (Lot
#J 7221) were prepared. Dissolution was tested
at 37°C for 6 hours as described previously.

Microscopy measurements

Scanning electron microscopic measure-
ments. Samples taken at 1 and 3 hours, and at
the end of the test on the 5%, 10% and 16%
coating loading batches were dried at 60°C for
10 min. These and predissolution samples were
then sputter coated at 20 mA for 90 s with Au/
Pt under Ar plasma (E 5100 Sputter coater Po-
laron, Hatfield, PA) from both above and the
side to prepare them for SEM (Model DS-130,
International Scientific Instruments, Milpitas,
CA).

Diameter measurements with light micro-
scope. Predissolution, 1 h, 3 h and 5 h dissolu-
tion test samples were prepared for batches with
coating loadings of 5%, 10% and 16%. Photo-
graphs of each sample were taken using a Leitz
Orthoplan 35 mm Vario-Orthomat camera
(Wild Leitz USA, Inc., Rockleigh, NJ). A mag-
nification ratio of 6.3 was used to calculate the
diameter from positive enlargements. Diame-
ters of 10 beads were measured for each sample,
and the average diameter was calculated for
both the predissolution and the dissolution test
samples.



Surface area measurement

To determine the relationship between drug
release and surface area, surface area measure-
ments on batches which had different permea-
bilities and lag times were made. To relate
permeability to surface area, the surface areas
of two batches were measured; a column-dried
batch containing 18% DBS with a 10% coating
loading (Aquacoat Lot #J 7221, 40% PPA-HCl,
Batch #6264-60), and a column dried batch
containing 12% DBS with a 10% coating load-
ing (Aquacoat Lot #J 7221, 40% PPA-HCI,
Batch #6264-61). Neither of these batches ex-
hibited a lag time, but the release rate of the
12% DBS batch was much faster than that of
the 18% DBS batch. To relate lag time to sur-
face area, the surface areas of two further
batches were measured: a batch which had been
heat treated at 60°C (Aquacoat Lot #J 7302,
10% coating loading, 24% DBS, 76% PPA-HCI,
Batch #E 5851-111) which had no lag time, and
a corresponding batch which had not been heat
treated (Aquacoat Lot #J 7302, 10% coating
loading, 24% DBS, 76% PPA-HCI, Batch #E
5851-111), and which had a lag time of 4.5
hours. These measurements were carried out
using Digisorb 2600 equipment for surface area
measurement with Krypton as the adsorbing
gas, at Micromeritics (Norcross, GA).

RESULTS AND DISCUSSION
Solubility of PPA-HCI

Solubilities of PPA-HCI in various plasticiz-
ers and water are given in Table 1. Notice that
the solubility of PPA-HCI is much greater in
water than in the plasticizers studied. Using the
solubility ratio as a first approximation to the
distribution coefficient, it appears that parti-
tioning into and transport via the plasticizer
channels would be inefficient relative to release
mechanisms utilizing aqueous channels, for
PPA-HCL
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At 24% DBS, the pore volume fraction would
be 0.24, the K value is 0.0474 (from the solubil-
ity ratio) and the diffusivity in DBS is esti-
mated as 2.22:10~¢ cm?/s. For a permeability
coefficient of 3-10~? cm?/s, this would require
the tortuosity to be a maximum of 8.4, which is
not an unreasonable value.

Plasticizer effect on mechanism of drug
release

Dissolution test results with drug which had
different plasticizer contents showed that low-
ering the amount of plasticizer increased the re-
lease rate dramatically (Fig. 5). For both of the
samples containing 12% DBS in the film, drug
release was almost complete by the end of the
first hour. This result is in general agreement
with measurements reported by Steuernagel
[5], who reported that the cumulative percent-
age release of theophylline was almost linear
over the 6 h dissolution test at DBS levels of 20
and 24%, but exhibited exponential profiles
with much faster release at 16% and 18% DBS
level [5]. Goodhart et al. [17] and Sutter [18]
observed similar trends in release characteris-
tics as a function of plasticizer level. Goodhart
et al. found that PPA-HCI release rates are in-
versely proportional to plasticizer concentra-
tion [17]. Sutter observed that the film tends
to stick if the plasticizer exceeds a level of 35%
DBS, whereas films containing 9% DBS will be

100 1
80
60 1

40 1

% PPA.HCI released

201

ok T T T 1
0 2 4 6 8
Time, h

Fig. 5. Effect of plasticizer level on drug release (column
dried sample, 10% coating loading, 40% PPA-HCI. Legend:
O 12% DBS, @ 18% DBS, and [] 24% DBS.
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fragmented [18]. In our experiments, nonline-
arity in the release profile was observed at 12%
DBS level but release was linear at 18% or 24%
DBS. The fast release observed at low plasti-
cizer content (associated with a high surface
area, shown by SEM to result from major flaws
in the film) indicates the need to have a mini-
mum level of plasticizer to form a complete film.
The decrease in release rate between 12 and 18%
DBS and the lack of difference in release profile
between 18 and 24% DBS suggest that despite
the reasonable value calculated for tortuosity,
diffusion through plasticizer channels is an im-
probable mechanism of release through ethyl-
cellulose-based films.

Release as a function of coating loading

The release profiles of PPA-HCI for the three
batches are given in Fig. 6. It is seen that a lin-

TABLE 2

Release rates of PPA-HCI from pellets coated with an
ethylcellulose-based film at three different coating loadings

Permeability
coefficient
(107'°, cm?/s)

Coating Film Release
loading thickness rate
(%w/w)  (um) (g/100 ml-h)

5 9.2 0.0099 36.8
10 22.5 0.0038 34.5
16 49.2 0.0017 33.9

% PPA.HCI Released

Time, h

Fig. 6. Effect of coating loading on PPA-HCI release pro-
files pellets coated with an ethylcellulose-based film. Leg-
end: @ 5% coating, O 10% coating, and (] 16% coating.

307

20

2

Release Rate, %PPA.HCl/h

0 T T T T 1
0.02 0.04 0.06 0.08 0.10 0.12

1/thickness (1/um)
Fig. 7. Effect of coating thickness on PPA-HCl release rate.
Legend: @ water, and O 4 M urea.

ear release profile is obtained during the first
50% of drug release. Film thicknesses (mea-
sured by SEM), release rates obtained and cal-
culated permeabilities are presented in Table 2.
From data in Table 2 it is clear that the release
rate is decreased by increasing the coating load-
ing, indicating that the film is controlling the
release process. Also, the same mechanism ap-
pears to be operating for all three coatings load-
ings, since the relationship between film thick-
ness and release rate is linear (Fig. 7).

For a measured permeability coefficient of
310~ cm?/s and predicted diffusivity of 7-10—°
cm?/s, the ratio of Ke/18 needs to be greater
than 4.3-10~* for the solution/diffusion mech-
anism be operative. Since 7 must be greater
than unity, and assuming an ¢ value on the or-
der of 0.01 this mechanism would require K, the
partition coefficient between the polymer and
aqueous phases, to be at least 0.043.

Scanning electron microscopy to evaluate
porosity

Scanning electron micrographs of PPA-HCI
pellets coated with 10% ethylcellulose, sampled
before and after dissolution testing are shown
in Fig. 8. Pores on the order of 2 um in diameter
were observed on the surface of the control pel-
lets at all three coating loadings and appeared
to be more numerous after dissolution, when the
surface of the pellets also acquired a dimpled
appearance. This would be consistent with
mechanisms (¢) and (d), diffusion through



aqueous pores and osmotically driven release.
The porosity was also evident in the cross-sec-
tions used to measure the coating thickness in
the controls (not shown). Based on these and
the surface area results, the volume fraction for
aqueous pores, €, was estimated to be 0.02. With
this value of ¢, a permeability value of 3:10~°
cm?/s, and diffusivity of 7-10~% cm?/s, we cal-
culate a pore tortuosity t,, of 2. This number is
reasonable, though rather low, so diffusion
through aqueous pores is a potential mecha-
nism for release.

Fig. 8. SEM of coated pellets (Batch #5851-135). (A) Sur-
face at a 10% coating loading before dissolution test. (B)
Surface at a 10% coating loading after 3 h of dissolution
testing.
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Effect of urea on release rate

To test the hypothesis that release occurs via
an osmotically driven mechanism, we per-
formed dissolution experiments in urea solu-
tions with different osmolarities (Table 3). The
release data is summarized in Figs. 9 and 10 and
in Table 4. Since increasing the osmotic pres-
sure in the dissolution medium caused a de-
crease in the rate of release by about a factor of

TABLE 3

Osmotic pressures of different urea solutions

Urea Urea @ e I7 Al
M (molal) (bar) (bar) (bar)
0 0 - 0 0 20.5
4 4.86 0.876 10 90 11.1
8 12.40 0.806 205.4 166.7 374
TABLE 4

Permeability coefficients for PPA-HCl release in different
urea solutions, expressed in 10~'° cm?/s

Urea Coating loading
M
5% 10% 16%

0 36.8 34.5 33.9
4 13.64 16.4 12.56
8 - 7.44 -

80
o 707
L
g
2
o
=
<
B
~
8

0 2 4 6 8

Time, h

Fig. 9. Effect of osmotic pressure on PPA-HClI release pro-
files (at a 10% coating loading). Legend: @ 0 M urea, O 4
M urea, and [] 8 M urea.
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10 1

Release rate, % PPA/h

\'\

0 T T T T ~—

0 4 8 12 16 20
Coating loading, %

Fig. 10. Osmotic pressure experiments: PPA-HCI release
rate at different coating loadings. Legend: O water, and @
4 M urea.

12 5

47 o]

Release Rate, % PPA.HCl/h
-

1

0 50 100 150 200 250
Osmotic Pressure Difference, atm

Fig. 11. Effect of osmotic pressure difference on PPA-HCl
release rate at a 10% coating loading (1 atm=1.01325bar).

2.5 at each coating loading, it appears that os-
motically driven release is an important mech-
anism at all coating loadings studied. When the
release rates are plotted against the osmotic
pressure difference in Fig. 11, a linear depen-
dence was found. Note that there is a non-zero
intercept indicating a minor contribution of so-
lution/diffusion through the polymer contin-
uum and/or diffusion through aqueous pores.

Surface area measurement

It was determined that the sample which had
a lag time had a slightly smaller surface area
(0.0060 m?/g, with an average pore diameter of
1.27 um) than the surface area of sample that
had no lag time (0.0077 m?/g with an average
pore diameter of 1.25 um). The surface area of

samples with different permeability coeffi-
cients were 0.2184 (average pore diameter of
0.627 um) for the higher release rate and 0.0065
m?®/g (average pore diameter of 0.79 um) for
the lower release rate. Calculations of the av-
erage pore diameters are in good agreement with
SEM observations. These results are consis-
tent with a mechanism associated with aqueous
pores, either (¢) or (d), since greater porosities
should be associated with faster release rates if
these mechanisms are operative.

Swelling of pellets during dissolution

Phase contrast light microscopy was used to
determine whether any swelling of pellets oc-
curred during the release process. Average pel-
let diameter was found 0.653 * 0.029 mm before
and 0.696 +0.034 (s.d.) mm after the dissolu-
tion test, respectively (n=10 per sample ). The
unpaired ¢-test indicated that the pellets swelled
significantly (P <0.05) during the release pro-
cess to an extent of about 7%. Since SEM in-
dicated that coating thickness remained un-
changed, the swelling most likely corresponded
to an imbibement of water into the core. Again,
this is consistent with a mechanism involving
aqueous pores.

CONCLUSIONS

Release of PPA-HCI from pellets coated with
the ethylcellulose-based pseudolatex formula-
tion is mainly driven by osmotic pressure, with
a minor contribution by diffusion through
aqueous pores and perhaps solution/diffusion
through the polymer membrane. Osmotic pres-
sure measurements showed that the osmotic
pressure generated by both PPA-HCI and the
Nu-Pareils would contribute significantly to
establishing the driving force for release. Solu-
tion/diffusion through the plasticizer is consid-
ered to be of negligible contribution for these
systems. Assuming that these mechanisms op-
erate independently and in parallel, the release



from PPA-HCI pellets coated with the ethyl-
cellulose-based film can be mathematically de-
scribed by an equation which combines mech-
anisms (a), (¢) and (d) as follows:

J— (a4 Pet P +P

21(C—Cy) (11)
where « is the osmotic driving force, All is os-
motic pressure difference across the coating, P,
and P, are the permeability coefficient for
aqueous pores and membrane, respectively, d is
the film thickness, and C; and C, are the core
surface and bulk drug concentrations,
respectively.

The same mechanism is operative over a
coating range of 5-16%, so the film thickness
may be used as a means of modifying the release
rate, without changing the release mechanism
(within the range 10-50 um). Important fac-
tors in determining the release rate from these
systems include the volume fraction and size of
pores generated during processing, the perme-
ability of the film to water, rate of core disso-
lution and the ability of the core constituents
and drug to generate osmotic pressure.
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