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Abstract : Cellulose acetate (CA) is one of the most popular membrane materials for osmotic pump
coat. The infliences of nature and amount of plasticizers on properties of CA membrane including drug
release profiles, thermal properties, microporosity and mechanical properties have been studied. It has
been found that hydrophilic plasticizer poly{ethylene glycol) {PEG) increases drug release of monoiithic
osmotic tablet system, whereas hydrophobic plasticizer triacetin decreases drug release of the system.: All
dry CA membranes showed a dense morphaology. Originally PEG plasticized CA membrane developed
wholly porous structure after 24 hrs leaching. In contrast, originally triacetin plasticized CA membrane
retained dense structure, though only it showed porosity on the surface. The glass transition temperature
(T} and melting point {T-) of unplasticized CA were found to be at 189.6 and 213.0°C , respectively. At
low plasticizer level of 0 to 5 (wiw CA) %, it was found that both ultimate tensile strength ) and elastic
modulus (E) of dry CA menibrane increased as the plasticizer level increased, and that no significant dif-
ference tesulted from plasticizer nature. At high plasticizer level of 5 to 40 (w/w CA)%, however, it was
observed that both @, and E of dry CA membrane decreased as plasticizer level increased and that those
of triacetin plasticized were higher than those of PEG plasticized at the same plasticizer level. Also, it has
been observed that both ¢, and E of CA membrane reduced significantly after 24 hrs contacting with
water. Osmotic tablet shell such as CA membrane could be considered as a small container with thin
walled cylinder sustaining inner hydrostatic pressure. It has been estimated that the inner pressure of the
monolithic osmotic tablet systern could sustain was in range of 0.123--2.81 MPa (1.25~28.6 atm)} in our
monolithic csmotic delivery system.

Introduction

Osmotic pressure was reported in 1880s by
Vant Hoff,' a Netherlandish physical chemist who
won the first Nobel Prize in chemistry in 1901.
The first device employing osmotic pressure as
energy source to deliver active ingredients was re-
ported in 1950s* Because pharmaceutical agent
can be delivered at approximate zero-order rate
over a long period by osmotic pressure, there has
been increasing interest in the development of
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osmaotic device in the past two decades.

The elementary osmotic pump (EOP) was firstly
introduced by Theeuwes in 1970s. The EOP is a
small osmotic device, which consists of an
osmotic core incorporating with drug surrcunded -
by a semipermeable membrane drilled with a de-
livery orifice. In operation, the osmotic core acts
to imbibe water from the surrounding medium via
the semipermeable membrane. Drug solution is
generated within the device and delivered out of
the device via the orifice. EOP is very simple to be
prepared and drugs are released from the EOP at
an approximate zero-order rate’* Disadvantage
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of the generic EQOP is that it is only suitable for
water-soluble drugs.

The two-layer push-pull osmotic tablet, which is
able to deliver water-insoluble drugs, was
appeared in 1980s. Adalat’ nifedipine tablet is a
commercialized push-pull osmotic tablet product
made by Pfizer Co. The push-pull asmotic tablet
consists of two compartments, one containing
drug and the other an osmotic and expandable
agents. A semipermeable membrane that regu-
lates water infiux into both compartments sur-
rounds the system. An orifice was drilled on the
surface of the drug compartment to allow drug
out.*® The push-pull osmotic tablet has two disad-
vantages: (1) it is prepared by compressing two
kinds of compartments together, a complex tech-
nology compared with that of monolithic tablet,
and {2} after coating, a complicated laser drilling
technology should be employed to drill the orifice
adjacent to the drug compartment”

Though various polymeric materials such as
Eudragit,” ethyl cellulose,”” poly(vinyl acetate)
and ethylene vinyl acetate copolymer” have been
used for semipermeable membrane, cellulose
acetate (CA) is one of the most popular coating
material for osmotic controlled delivery systems.
To make CA processing easy and to modify its
properties, plasticizers are often employed. Though
dimethyl phthalate and triphenyl phosphate are
used as plasticizers for general application of
CA,"” PEG and triacetin are frequently employed
for osmotic controlled delivery application of CA.
In our previous studies,** the monolithic osmotic
tablet system for nifedipine delivery had been sys-
tematically studied. The osmotic-suspending co-
controlled delivery mechanisms had also been
proposed, and an appropriate release pattern,
which was substantially comparable with that of
commercialized push-pull osmotic tablet, had
been achieved.

The permeability of CA membrane and drug
release rate of osmotic tablet might be stemmed
from membrane microporosity, which was
resulted from the leaching of plasticizers in water.
To assure the integrity of osmotic tablet system,
the membrane mechanical strength is a very
important aspect to be considered. Therefore, the
aims of this work were: (1) to investigate the influ-

290

ence of PEG and triacetin on drug release profiles
of a monolithic osmotic tablet system, a represen-
tative of osmotic system, {2} to study the influ-
ences of PEG and triacetin on microporosity of
CA membrane before and after leaching by using
thermogravimetric analyzer (TGA), differential
scanning calorimeter (DSC) and scanning elec-
tron microscope {SEM), and {3) to study the influ-
ence of amount of either PEG or friacetin and
soaking water on ultimate tensile strength (c.) and
elastic modulus (E} of CA membrane.

Experimental

Materials. Nifedipine powder (Sigma Chem.
Co., 5t. Louis, USA) which was used as the model
drug was micronized by freezer mill (SPEX 6700
freezer/mill, Metuchen, USA} before use. Nife-
dipine is practically insoluble in water with solubil-
ity less than 10 pg/mL,"*™ a well known and most
widely used coronary vasodilator from the group
of dehydropyrine derivatives’® As nifedipine was
light sensitive,”* all samples that consist of nife-
dipine were kept in amber colored container,
wrapped by aluminium feil or covered by black
blanket during whole experimental period.

Potassium chloride (KCl, Junsei Chemical Co.,
Ltd. Japan) as an osmotic agent, poly(ethylene
oxide} (PEO, My; 300,000 g/mole, Aldrich Chem.
Co., Inc., Milwaukee, USA) as a thickening agent,
microcrystalline cellulose (MC, Aldrich Chem.
Co., Inc.) as a solid binder, magnesium stearate
(Kokusan Chem. Co., Japan) as a lubricant agent,
and rice starch (Sigma Chemical Co.) as both dis-
integrant and extender were used. Cellulose ace-
tate (CA) with 39.8 wt% acetyl content (M,
30,000 g/mole, Aldrich Chem. Co., Inc.) was used
as a semipermeable membrane. PEG {molecular
weight: 200 g/mole, Hayashi Pure Chem. Ind.
Ltd., Osaka, Japan) and triacetin {Yakuri Pure
Chemicals Co., Ltd, Osaka, Japan) were em-
ployed as plasticizers for controlling membrane
porosity.

Tabletting. The optimal monoclithic osmotic
tablet formulation obtained in our previous study
was as follows:" Nifedipine 20 mg, KCl 303 mg,
PEO 300 tng, rice starch 70 mg and MC 7 mg as
well as a trace of magnesium stearate. The opti-
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mal tablet formulation was used in this study. All
weighed chemicals were mixed manually. The
resultant powder mixture was compressed by
using a laboratory press under the pressure of 5
10° Pa, using two concave punches of 8.0 mm
diameter as shown in Figure 1.

Coating. Tablets were coated by using a pan
coater. 2.5 (w/v) % of cellulose acetate in acetone
containing either PEG or triacetin with different
amount ranging from 0 to 40 {(w/w CA) % as plas-
ticizer was used as coating solution. The mem-
brane thickness was 170 = Sum. The coating
conditions were outlined as follows:

Pan specification  Stainless steel, spherical, 230-mm

diameter
Pan rotating rate 40 rpm
Spray rate 3 mL/min
Drying By a heat gun

The surface morphology of coated tablet had a
smooth and uniform appearance. After coating,
the tablets were dried overnight at 60°C to re-
move residual solvent. Two orifices with diameter
of 0.5 mm for drug release were drilled on both
side surfaces. Figure 2 showed the schematic dia-
gram of the monolithic osmotic tablet system.
Some samples were used for in vitro release test,
The other samples were peeled, subsequently,
their membranes were tested with various instru-
ments including TGA (model 2950, TA instru-
ments, USA), DSC (model 2910, TA instruments,
USA) and SEM (model S-2250N, Hitachi Co.
Ltd., Japan) as well as Instron tester (model 1120,

Figure 1. The photograph of tabletting mold composed
of two concave punches with 8.0 mm diameter and fabri-
cated tablet.

Korea Polym. J., Vol. 7, No. 5, 1999

USA).

In vitro Release Test. An octanol/water two-
phase (250 mL of octanol upper phase and 750
mL of lower water phase) dissolution test method
was employed to study the in vitro release pro-
file.® During the release studies, 1 mL sample of
octanol phase with replacement was pipetted out
and kept in amber autosample vial at 1, 4, 8, 12,
16 and 24 hrs, respectively, following the initia-
tion of the release test. All samples were analyzed
by high performance liquid chromatograph
(HPLC) within one day.

HPLC Analysis. The HPLC system was con-
sisted of a Rainin solvent delivery pump
(Dynamax”, model SD-200), a UV detector
(Dynamax®, model UV-1}, an automatic sample
injector (Dynamax®, model AI-3) and a Power
Macintosh 7200/120 computer. The UV detector
wavelength was set at 235 nm. Separation was
achieved by using a Microsorb-MVTM column
(C18, 5um 100A, Rainin Instrument Company
Inc., USA). The mobile phase consisted of metha-
nol, acetonitrile, and deionized water (DIW) by
ratio of 1:1:1 in volume. A flow rate of the mobile
phase of 1.0 mL/min was used. The HPLC ana-
lytical method of nifedipine refers to that dis-
cussed in USP 23.%

Thermal Analysis. The membrane samples
for thermal analysis were equilibrated with DIW
for 24 hrs at 37°C, subsequently, dried with tissue
paper to remove external water from membrane
surface, then, quickly weighed, and finally ana-
lyzed with TGA and DSC.

Semipermeable CA
membrane with plasticizer _Drug
| & release

~Onifice

=
J Water
! ) hibing
i imbibing \}\_ 1
\ Crifice ) Q&
Qsmotic-suspending /"
drug core Drug

release

A. Before operation B. During operation

Figure 2. Schematic diagram of the monclithic osmotic
tablet system composed of a monolithic tablet sur-
rounded by CA membrane drilled with two orifices.
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TGA analysis was performed to determine
water content of wet membrane. It was obtained
by recording the weight loss of ca. 10 mg of CA
membrane sample on heating the sample in tem-
perature range of 25 - 150°C at a heating rate of
20 °C /min using a thermogravimetric analyzer”

DSC was used to determine the glass transition
temperature (T,;) and melting point (T.) of cellu-
lose acetate membrane. 10 mg of CA membrane
was placed in the DSC cell. The 1st scanning was
in range of 25 to 230°C at a heating rate of 20°C
/min to remove water and erase thermal history.
After quenching to room temperature, the Znd
scanning, from 25 to 280°C at a heating rate of
20 °C /min was to measure T, and T, of CA.

Observation with SEM. The leached mem-
brane was obtained by equilibrating membrane in
DIW for 24 hrs at 37 °C, and subsequently freeze-
dried overnight. The sample for inward observa-
tion was prepared by scratching leached mem-
brane surface by use of a surgical blade. The
before leaching, after leaching and inward after-
leaching membrane samples were mounted on
metal stub with double-side tape, and coated with
platinum using plasma sputter (Emscope, Model
SC 500K, UK) for 90 seconds under an argon
atmosphere. Then, the membrane was observed
with SEM.

Mechanical Property Test. The before and
after leaching membranes (37°C, 24 hrs) were
cut intc microtest pieces. Subsequently, the sam-
ples were tested with an Instron tester. The cross-
head speed was 5.0 mm/min. The mechanical test
was performed at 25 °C and 50% relative humid-
ity. Four samples were tested for each batch. The
o, and E were obtained by an on-line computer.

Results and Discussion

Influence of Different Plasticizers on Drug
Release Profile. The membrane is a key factor
to regulate drug release profile of osmotic pump.
The release profiles of the monolithic osmotic tab-
let coated by CA membrane without plasticizer,
with 40 {w/w CA) % of PEG and 40 {w/w CA) %
of triacetin were compared in Figure 3 to study
the influence of plasticizer nature on drug release
profile. It was observed that PEG increased
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release rate, whereas triacetin decreased release
rate when they were incorporated to CA mem-
brane. To understand the reason of these results,
the membranes were investigated by using TGA,
DSC and SEM in the following studies.

TGA investigation. TGA thermograms of the
24-hrs-leached CA membrane of originally un-
plasticized, 40 wt% of PEG plasticized and 40
wi% of triacetin plasticized were shown in Figure
4. The water contents of the three samples were
8.65, 35.8 and 8.69 wit%, respectively. It seems
that a great portion of PEG has been leached and
replaced by water, while few of triacetin leached
after contacting with water for 24 hrs.

DSC Investigation. DSC thermograms of the
2nd scanning of 24-hrs-leached CA membrane of
originally unplasticized, 40 wt% of PEG plasti-
cized and 40 wit% of friacetin plasticized were
shown in Figure 5. T, was marked by arrow in the
fig. It was observed that the T, and T, were

Plasticizer

80 —N— PEG, 40 wi%
—o— Wilhaut

- Triacelin, 40 wt%

Released percent of Nifedipine (wi%)

Time (hrs)

Figure 3. Influence of different plasticizers on drug
release profiles of monolithic osmotic tablet system,

120

100 4

80 —

80

20 Plasticizer (wi. Ioas)

Without { 8.7 wi%)

s PEG 40wl % (35.8 wt%)
-~ Triacetin 40 wt% { B.7 wt%)

Weight residue (wt %)

204

T T
© 50 100 150 200

Temperature {"C}

Figure 4. TGA thermograms of wet CA membrane.
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Figure 5. DSC thermograms of the 2nd scanning of CA
membrane.

almost same in both originally unplasticized CA
membrane (T, = 189.6°C and T, = 213.0°C) and
originally PEG plasticized CA membrane after 24

hrs leaching (T, = 188.3°C and T, = 214.9°C).
These were close to the reported data of cellulose
acetate with molecular weight of 62,000 g/mole
and acetyl content of 39 wt% (T, = 185°C and
T, = 215°C in the 2nd scanning)® It may be
explained that PEG was leached completely, the
remainder of membrane was CA merely, like that
of unplasticized CA. However, the T, of originally
triacetin plasticized CA (167.9°C) was low and
no melting transition could be observed. It might
be due to the plasticization of residual triacetin,
which depressed T, and eliminates crystalline
structure of CA.

SEM Investigation. SEM photographs of
membrane surface were shown in Figure 6. Figs.
(a), (d) and (g) showed the outer surfaces of mem-
brane originally without plasticizer, with 40 wt%
of PEG and 40 wt% of triacetin, respectively,

Figure 6. SEM photographs of CA membrane (original magnification: X 300, scale bar: 100 um): (a), {b) and (c)
were unplasticized CA membrane, outer surface before leaching, outer surface after leaching and inward surface after
leaching, respectively. (d), (e} and (f} were CA membrane originally plasticized by 40 wit% of PEG, outer surface before
leaching, outer surface after leaching and inward surface after leaching, respectively. (g), {h) and (i} were CA membrane
originally plasticized by 40 wt% of triacetin, outer surface before leaching, outer surface after leaching and inward sur-

face after leaching, respectively.
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before leaching. No significant differences may be
attributed to the absence, presence and the
nature of plasticizers. All three samples showed a
dense structure. Figs. (b}, (e} and (h) were the
SEM photographs of outer surfaces of the mem-
branes originally without plasticizer, with 40 wit%
of PEG and 40 wt% of friacetin, respectively, after
leaching. No significant porosity could be found
in the case of unplasticized sample. Either PEG or
triacetin plasticized samples developed porosity
structure. It may be owing to the leaching of plas-
ticizer on the surface that was directly contacted
with water. Figs. (c}, {f) and (i} showed inward
photographs of membrane originally without
plasticizer, with 40 wt% of PEG and 40 wt% of
triacetin, respectively, after leaching. Also, no sig-
nificant porosity or void structure could be found
in the case of unplasticized membrane. Porous
structure was found in the case of originally PEG
plasticized membrane, while no significant poros-
ity could be found in the case of originally triace-
tin plasticized membrane. It may be explained by
the hydrophilicity/hydrophobicity of the plastici-
zers. As PEG was a hydrophilic plasticizer, it could
be leached easily and left behind wholly porous
structure, which would increase membrane per-
meability and drug release rate of osmotic tablet.
In contrast, triacetin was a hydrophobic plasti-
cizer, with a low solubility of 1 part in 14 parts of
water” Although the triacetin on membrane sur-
face could be leached, the triacetin inside mem-
brane was difficult to be leached. Because of its
hydrophobic character, the residual triacetin in
membrane would resist water diffusion, as a con-
sequence, the permeability of the membrane and
the drug release of osmotic tablet might be
depressed. These may be the reason that PEG
increased drug release, whereas friacetin
decreased drug release when they were incorpo-
rated in CA membrane.

Mechanical Property Investigation. The o,
and E of dry CA membranes plasticized by either
PEG or triacetin with different levels were shown
in Figure 7. The range of o, was found to be from
13.4 to 66.2 MPa, which was substantially consis-
tent with the reported data of 24 - 76 MPa for
plasticized CA,” and 55.9 - 70.7 MPa for unplas-
ticized CA”" It was clear that o, increased as the
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Figure 7. Mechanical properties of dry CA membrane
plasticized by either PEG or triacetin before leaching.

plasticizer level increased at low plasticizer level {0
- 5 wit%). However, o, decreased gradually as the
further increase of plasticizer level in range of 5 -
40 wt%. As drug release could be improved by
increasing PEG level, the improvement of drug
release by PEG and the improvement of mechan-
ical strength were contradictory. In range of 5 - 40
wt% of plasticizer, the @, of triacetin plasticized
membrane was higher than that of PEG plasti-
cized one at the same plasticizer level. Fortu-
nately, although the o, of the membrane was
reduced significantly in higher plasticizer level of
40 wt%, the membrane was still strong enough to
sustain the hydrostatic pressure inside osmotic
tablet system. No membrane damage was found
in all release tests during whole experimental pro-
cess.

Above results might be explained as follows. At
low levels (0 - 5 wt%) of plasticizers, the mobility

20 T T T T T 400
Alter plasticizer leaching
Strangth Modulus
—_ —a—PEG
D‘? 15 —M— Triacetin - 309 g
= n
= =
£ o
=) 3
[=4 [=]
@ 104 4200
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=
25 4 100 E
0 T T T T T o

Qriginal plasticizer level (w/w CA %)

Figure 8. Mechanical properties of wet CA membrane
originally plasticized by either PEG or triacetin after 24 hrs
leaching.
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of CA molecular chain increased as the plasticizer
level increased. The polymer chain might orien-
tate along stress direction, as a result, micro-crack
inside membrane was inactivated. As a result, the
mechanical strength increased as plasticizer level
increased.” At high levels (5 - 40 wt%) of plasti-
cizer, however, the interaction between CA mole-
cules was decreased gradually as the plasticizer
level increased, therefore, o, of CA membrane
decreased.

Figure 8 showed o, and E of wet membranes
that have soaked water for 24 hrs. Substantially
similar varying trend of g, as that of the dry mem-
brane was observed. Compared with Figure 7, it
could be found that o, of all samples decreased
significantly after 24 hrs leaching. It might be due
to the internal stress and porous structure which
were resulted from CA swelling and plasticizer
leaching. It was noticed that the @, was lower in
the case of PEG as plasticizer compared with that
of triacetin as plasticizer. It might be owing to the
wholly porosity structure which was resulted from
completely leaching of PEG. The influence of
nature and level of plasticizer and 24 hrs leaching
of plasticizer on E was found to be similar to the
influence of these variables on o, as just dis-
cussed.

Osmotic tablet shell could be considered as a
small container with thin walled cylinder sustain-
ing inner hydrostatic pressure. The inner pressure
cou}g sustain can be estimated by follow equa-
tion™":

P = chir 0))

Where P is the inner pressure could be sustain,
d is the circumferential stress which equals to the
ultimate strength of the shell, h is the thickness of
the shell and r is the radius of the cylinder.

The diameter of 8 mm and thickness of 170 um
were adopted in this study. The lowest and the
highest o, were 2.9 and 66.2 MPa which were
attributed to the membrane plasticized with 40
wt% of PEG after 24 hrs leaching and drv mem-
brane plasticized with 5 wt% of PEG or triacetin
before leaching, respectively. Using these data,
the inner pressure range that osmotic tablet sys-
tem could sustain was estimated to be (0.123 -
2 81 MPa (1.25 - 28.6 atm).

Korea Polym. J., Vol. 7, No. 5, 1999

In conclusion, the properties of CA membrane
and plasticizers play an important role for drug
release pattern and integrity of monolithic os-
motic tablet.
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