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ABSTRACT

The aim of this study was to clarify the performance of a membrane control-
led reservoir system (MCRS) for scopolamine hydrobromide (SH) under in
vitro condition by determination of the role of membrane on SH rate control.
In this method SH was incorporated into two polymers (polyisobutylene and
polybutyl acrylate) and SH rate across ethylene-vinyl acetate copolymer
(EVA) and ethyl cellulose (EC) membranes were measured. The results
obtained showed that in the EVA membrane, the permeability of SH across
membrane increased with the increase of vinyl acetate percentage in
copolymer. Microscopic studies of EVA membrane surface showed that the
size of surface porosity increases with the increase of vinyl acetate percent-
age in the copolymer and according to the results obtained, it showed an
increase in drug's release rate . In the case of EC membrane, the results
showed that the rate of release increases with the increase of porosity size of
EC surface despite of having high molecular weight.
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INTRODUCTION

The systemic treatment of disease via transdermal
route is not a recent innovation . But, in the past two
decades, transdermal drug delivery has gained incre-
asing interest, [1,2] . Transdermal application avoids
the first pass effect, thereby reducing the required
dose, providing more physiological drug plasma
levels, and no inducing side effects such as an over-
production of unwanted hepatic proteins [3-6].

Transdermal drug delivery systems are typical-
ly composed of a polymeric layer containing a solub-
ilized drug compound plus an adhesive . When the

polymer layer is placed in contact with the skin, the
drug compound migrates through the polymer,
partitions across the polymer/skin interface, and then
migrates into the skin. Another type of delivery
system is composed of a dispersed mixture of both
soluble and crystalline drug substance mixed in the
polymeric phase [7] . The rate of dr~tg delivery is pre-
programmed to achieve drug concentration that
maximizes therapeutic effect and minimizes the side
effects [8] . Controlled release of base drug through
skin can be achieved with various systems such as:
reservoirs, rate controlling membranes and adhesive
matrix devices [9-15].
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Currently, two different types of transdermal
patches are used for scopolamine replacement
therapy . First, patches based on a matrix technology,
where the drug is uniformly dispersed in an adhesive
polymeric matrix. Second, membrane controlled
reservoir systems (MCRS), where a reservoir con-
tains scopolamine and a non-porous membrane
support controlling the input rate of scopolamine.

In this paper membrane controlled reservoir
systems were employed and effect of the different
membranes on rate of release of scopolamine was
investigated.

EXPERIMENTAL

Materials
Three kinds of ethyl cellulose (EC) NF-14, NF-22
and NF-50 were obtained from Hercules Co . The
molecular weight of all three grades was determined
using gel permeation chromatography (GPC)
apparatus (Waters 150-C Model), and were found to
be 55,000, 99,000 and 148,000, respectively . Two
grades of ethylene-vinyl acetate copolymer (EVA),
18% and 28% vinyl acetate groups were obtained
from Exxon Company.

Polyisobutylene (Vistanex Lm-ms) with M w =

87,000 was from Merck . Polybutylacrylate with
average molecular weight of M w = 65,000 was
synthesized in Iran Polymer and Petrochemical
Institute . The drug scopolamine was obtained from
Chemidaro Co ., Iran.

Membrane Preparation
- EVA copolymer membrane was prepared by two
methods:

I- Solvent evaporation method in which 1 .8 g of
copolymer from either grade 18% or 28% was
added to 20mL of toluene at 50°C and mixed
for 15 min . The above solution was poured into
a watch glass and left for 14 h for evaporation
of solvent in order to obtain a thin film.

2- Compression method in which 1 .8 g of EVA
was compressed at 110 kglm2 and temperature
of 130°C for 5 min .

- Ethyl cellulose membranes were prepared by
adding 1 .3 g of either grade NF-14, NF-22 or NF-50
to 20 mL of methylene chloride and mixed for 20
min using paddle mixer, then a clear homogeneous
solution is obtained and equivalent of 7 .5% by
weight of dioctylphthalate solution is added and
mixed properly . The above solution was cast in a
watch glass and then it was placed in moisture free
oven for half an hour.

Reservoir Preparation
Polyisobutylene and polybutylacrylate reservoir were
prepared by mixing of 18% by weight of drug with
selected polymer using a paddle mixer until a clear
solution was achieved (about half a hour) . One g of
the above solutions was used as drug containing
reservoir.

Release Rate
Rate of release was studied using a Dynamic
Distribution Cell (DDC), which is shown in Figure 1.

The patch sample is located on top of DDC
with a pump circulating the cell solvent.

The reservoir containing a mixture of drug and
the membrane is located in the upper section of the
cell (Figure 1) and the solvent medium is being dis-
tilled water (pH=7) into which the drug is released.

b

(a) Cell reservoir ; (b) Inlet; (c) Reservoir (drug & membrane). (6) Exit;

(e) Thermal jacket.

Figure 1 . Schematics of Dynamic Distribution Cell prepar-
ed for release experiments.
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Water circulation is used to keep the current
temperature of the system constant with overall
system being set at 37°C . The rate of current for the
solvent is 0 .3±0 .05 mL/min, and in all the tests this
rate was kept constant .

Figure 4 . Drug release from polyisobutylene reservior with
different membranes (EVA,18% ; EVA, 28% ; NF-50; NF-22,
NF-14).

RESULTS AND DISCUSSION
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Figure 2 . Drug release from polybutylacrylate reservior

with different membranes (EVA,18% ; EVA, 28% NF-22).

Determination of Drug Dosage
HPLC Method (Waters model) was used to deter-
mine the amount of drug released. Initially, calibra-
tion curve was plotted using known (specific) drug
concentration of high absorption and then using this
curve the amount of unknown drugs was determined.

006	

Results obtained from release tests for both
reservoirs (polyisobutylene and polybutylacrylate)
together with different membranes are shown in
Figures 2-5.

The amount of drug for all specimens was
equal . The highest rates of release were observed for
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Figure 3. The rate of drug release from polybutylacrylate
reservoir with different membranes (EVA,18% ; EVA,28%,
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Figure 5 . The rate of drug release from polyisobutylene

reservior with different membranes (EVA,18% ; EVA,28%;

NF-50, NF-22 , NF-14) .
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(h)
Figure 6 . Scanning electron microscopy from surface of

(a) ethyl cellulose (NF-14) and (b) ethyl cellulose (NF-22)

membranes.

ethylene-vinyl acetate with 28% of vinyl acetate
(EVA-28%) and ethyl cellulose membrane with high
molecular weight (NF-50) . The rate of drug release is
obtained from derivation of the amount of drug
release per unit time, thus the burst effect, shown by
the peaks on Figures 3 and 5, is obtained from curves
of the rate of drug release. Scanning electron
microscopy was used to investigate the morphology
of membrane surface . The results are shown in the
Figures 6 and 7.

As it is evident from Figures 3 & 5, the rate of

(b)

Figure 7 . Scanning electron microscopy from surface of
(a) EVA content 18% and (b) EVA content 28%

membranes.

release is initially increased and then it is decreased.
which is due to differential drug concentration bet-
ween drug reservoir and membrane's outer surface.

In EVA membrane . with increase in vinyl
acetate percentage, the rate of release is increased.
This is attributed to the presence of the Larger
porosity size on the surface of membrane (Figure 7).
In I(C membrane, with increase in molecular weight
of polymer the rate of release also increases . the
reason being the presence of entanglement . which
results in reducing the mobility of polymer chains.
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Hence, the spacing between chains increases and
therefore the size of porosity also increases.
Whereas, in polymer with low molecular weight, due
to high mobility of chains, they can become closer to
each other and this results in a decrease in pore size.

In the membrane-controlled devices, the rate
of drug release is controlled by diffusion . In this
particular delivery system, the active agent is
contained in a core that is surrounded by a thin
polymer membrane, and release to the surrounding
environment occurs by diffusion through the rate-
limiting membrane [16-18].

When the membrane is non-porous, diffusion
is described by Fick's first law:

J =
-D dCm

	

(1)
dx

Where, J is the flux in g/cm 2 .s, Cm is the concentra-
tion of the agent in the membrance in g/mL, dCmldx
is the concentration gradient, and D is the diffusion
coefficient of the agent in the membrane in cm 2/s.

As the concentration of the agent in the
membrane cannot be readily determined, eqn (1) can
be rewritten using partition coefficients which
describes the equilibrium ratio of the saturation
concentration of the agent in the membrane to that in
the surrounding medium.

J= DKLC (2)

Where, AC is the difference in concentration
between the solutions on either side of the
membrane, K is the partition coefficient, and 1 is the
thickness of the membrane.

Reservoir devices can also be constructed with
membranes that have well-defined pores connecting
the two sides of the membrane . Diffusion in such
macroporous membranes occurs principally by
diffusion through the liquid-filled pores . In this
system, the flux is described by eqn (3):

EDKQC
J	 	

(3)

rl
Where, E is the porosity (number of pores per unit
area) of the membrane and 'r is the tortuosity
(average length of channel traversing the membrane).
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From the eqn (3) the flux of drug release is
increased with increasing porosity.

On the other hand, microscopic evidence
(Figures 6 and 7) shows that with increasing
molecular weight, the number and size of pores are
increased . Although increasing molecular weight
results in greater entanglements and also it decreases
diffusion, however, because of higher degree of
porosity, rate of release is still increased.

CONCLUSION

For ethyl cellulose membrane, with increase in
molecular weight of polymer, the number and size of
pores on the surface of membrane are increased, and
this in turn results in increased drug release from the
patch .

For ethylene-vinyl acetate membrane, increas-
ing the vinyl acetate groups in copolymer is followed
by increase in the rate of drug release.
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