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In our previous work, we have studied the effect of lactose and sodium alginate (SA) on the
rate of release of 5-fluorouracil (5-FU) from ethylene-vinyl acetate (EVA) matrix. These
hydrophilic additives promoted the rate of 5-FU release and the increase in rate was larger
when SA was used. Both additives showed better ability to increase the rate than 5-FU itself.
In this paper, we extended our study to another hydrophilic additive, Carbopol 940 (CP).
Compared to SA or lactose, CP increased the rate of 5-FU release markedly. Release rate
increased as the loading amount and the pH of the release medium increased. After release
experiment, matrix volume increased up to 15 times of that before release experiment,
depending on the amount of CP dispersed in the matrix and the pH of the release medium.
On the other hand, the volume of the matrix containing lactose or SA decreased. The weight
changes of the dry matrix before and after release experiment imply that CP is not released
out of the matrix, to the contrary of lactose and SA. Scanning electron microscope study
clearly showed that large cavities and pores are generated on the surface and the inside of the
matrix. These results indicate that the mechanism by which CP increases the release rate is

quite different from that of monomeric additives such as lactose or SA.
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In a hydrophobic matrix type drug delivery
device, the drug particles are dispersed homo-
geneously throughout the polymer matrix. The
release mechanism of drug from this matrix is
as follows. When the drug loading is low and
drug particles are dispersed separately in the
matrix, the release of drug is mainly controlled
by the diffusion of drug molecules in the po-
lymer matrix, after the water diffuses into the
matrix and dissolves the drug.” Diffusion
through the cracks formed around the drug par-
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ticles by the local osmotic stresses may also
plays an important role.” If the amount of drug
loading is high and the drug particles are al-
most touching each other, drug release is det-
ermined by both matrix diffusion and the dif-
fusion through the interconnected network of
aqueous channels, which are formed by water-
filled cracks or cavities left behind after the
drug is released.” In this case, the role of ma-
trix diffusion is minimal and drug release is
mainly determined by the diffusion through the
aqueous channels.

Drug release from these hydrophobic matrices
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is usually very slow unless the loading of hy-
drophilic drug is high that the drug particles
can have a close contact to each other. It has
been shown that the rate of drug release from
this matrix is affected by various factors, such
as the solubility of drug in water, the amount of
drug loaded, the size of the dispersed drug par-
ticles and the physical properties of the polymer,
i.e., hydrophobicity and elasticity.”*® In order
to increase the rate of release, osmotically active
additives, such as salts and hydrophilic po-
lymers, have been incorporated into the ma-
trices.*™™ ™ In our previous paper,” we have
studied the effect of lactose and SA on the
release of 5FU from ethylene-vinyl acetate
(EVA) matrix. These hydrophilic additives pro-
moted the rate of 5-FU release and the increase
in rate was larger when SA was used. Both ad-
ditives showed better ability to increase the rate
than 5-FU itself.

EVA is a nondissolving, biocompatible co-
polymer and its usefulness as a rate controlling
hydrophobic matrix material is well de-
monstrated in various medical fields.*® Both
small molecular weight compounds and large
macromolecules such as proteins have been in-
corporated into the EVA matrices and the
release profiles and/or mechanisms have been
Studied.1.4,13‘15.23-26)

In the present study, we extended our work
to another hydrophilic additive, Carbopol 940
(CP), and tested for its potential as the enhanc-
er for drug release, with the prospect of de-
veloping an oral matrix type delivery system.
CP is a slightly—crosslinked polyacrylic acid and
it forms a gel in neutral aqueous medium. It is
expected that the release mechanism of 5-FU
from matrices containing CP is quite different
from that from matrices containing monomeric
additives (SA and lactose). Drug release and
matrix swelling kinetics were studied in two
solutions of different. pHs (1.2 and 6.8). The
swelling of matrices containing lactose and SA
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were also studied and the data were compared
with those obtained from matrices containing
CP. Morphological study of the surface and the
dissected area were carried out using SEM be-
fore and afcer» release experiment. -

Experimental

Materials

Ethylene-vinyl acetate (vinyl acetate content
40%) copolymer (waxed beads, lot no. 01405TY)
and 5FU were purchased from Aldrich Chem-
ical Co., Milwaukee, WI, U.S.A.. blactose and
SA (low viscosity) were obtained from Sigma
chemical Co., St. Louis, MO, US.A.. CP was
purchased from BF Goodrich Co., NJ, USA.. 5
FU, blactose, SA and CP particles were sieved
to certain size ranges, using standard sieve,
Chung gye sang gong, Seoul, Korea. Methylene
chloride and acetic acid were obtained from J.T.
Baker Inc., Phillipsburg, NJ, U.S.A.. Sodium t-
heptanesulphonate was obtained from MTM
Research Chemicals, Morecambe, England. So-
dium phosphate, monobasic, sodium chloride
and hydrochloric acid were purchased from Jun-
sei Chemical co., Tokyo, Japan. Sodium phos-
phate, dibasic, was purchased from Shinyo
Pure Chemicals Co., Osaka, Japan. All the
chemicals were of analytical grade and used
without further purification. Water was doubly
distilled and nanofiltered before use.

Matrix Preparation

EVA copolymer (1g) was dissolved in methy—
lene chloride (5ml) to give a 20 % w/v solution.
5FU (200 mg) and additives (particle size 63-125
mm) were suspended homogeneously in the po-
lymer solution, using Super Mixer (Lab Line In-
struments, Inc., Melrose Park, IL, US.A). This
solution was poured onto a wellHeveled glass
plate. Using Gardner knife (Gardner Laboratory,
Silver Spring, MD, U.SA), the solution was
spread evenly to a predetermined thickness. Aft-
er drying overnight at 4°C, the polymer matrix
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was removed from the glass plate. The thickness
of the matrix was determined using a digital mi-
crometer, model CD-20 (Mitutoyo Corporation,
Tokyo, Japan). The thickness of the matrices
uséd in the experiment is 0.32£0.02 mm.

Determination of Drug Content in the Matrix

Drug content in the matrix was determined by
both calculation and experiment. Determination
by calculation was done simply from the weight
proportion of 5-FU in the matrix. Experimental
determination was made by extraction of 5-FU
into aqueous layer after dissolving a weighed
amount of the matrix in methylene chloride, us-
ing the assay method mentioned below.

In Vitro Release study

Release of 5-FU from the matrix was carried
out by paddle stirring method, using a dis-
solution tester, model DST-600A (Fine Scientific
Instruments, Seoul, Korea). A square shaped
matrix (1emX1lem) in a cylindrical cage was
placed in a vessel containing 250m! of 0.05M
phosphate buffer (pH 6.8) or 0.05M hydrochloric
acid solution (pH 1.2) at 37°C. The vessel was
covered for the duration of the release test. The
speed of the paddle was 100 rpm. Sampling was
carried out at a predetermined time interval
and the concentration of 5-FU was determined
at 254 nm using a HPLC system (Japan Spec-
troscopic Co., Hachioji city, Japan) with a p-
bondapak Cis column (Waters-Millipore, Milford,
MA, US.A.). The mobile phase was aqueous
solution of sodium 1-heptanesulphonate (5mM)
and acetic acid (5 mM).

Matrix Swelling and Weight Change Study

In a separate experiment, we also studied the
change in matrix weight with time. Ex-
perimental setup is the same as described in
the in vitro release study. At a predetermined
time interval, sample was taken out of the ves-
sel, dried by blotting using Kimwipes and weigh-
ed. The volume of the matrix was also det-
ermined before and after experiment, by
measuring the x-y—z dimension of the matrix us—

ing a digital micrometer (model CD-20, Mi-
tutoyo Corporation, Tokyo, Japan). The. weight
of the dry matrix after release experiment was
also measured after freeze-drying (Dura-Dry,
FTS Systems Inc., Stone Ridge, N.Y. US.A).

Scanning Electron Microscope Study

The surface morphology of the matrix was stu-
died using a JEOL scanning electron microscope
(SEM), model JSM-840A (JEOL Ltd., Tokyo,
Japan) before and after the release experiment.
The surface was sputter coated with gold using
an Hitachi ion coater, model E-101 (Hitachi, Co.,
Tokyo, Japan). Matrices after release ex-
periment were freeze-dried before SEM study.

Results and Discussion

Determination of Drug Content in the Matrix

The loading amounts calculated agreed well
with those determined by experiments. There
were less than 3% difference in all cases tested
indicating that the drug particles are homo-
geneously dispersed throughout the matrix.

In Vitro Release and Swelling Study

Understanding the factors which affect the
release rate is very important in the design of a
controlled dosage form. It has been reported that
such factors as particle size, loading amount and
the thickness of the matrix affect the rate of
drug release. Because the rate of drug release
from hydrophobic matrices is usually very slow,
various water soluble additives have been used
to increase the rate of release*™ These ad-
ditives enhanced the rate of drug release to vari-
ous degree and this promoting effect can be ex-
plained by the stronger osmotic effect of these ad-
ditives, as compared to that of drug itself. These
additives seem to be developing aqueous cracks
and cavities in the matrix” In our previous
study,” as hydrophilic additives, we used lac-
tose and SA to increase the rate of release of 5-
FU from EVA matrix. These hydrophilic ad-
ditives promoted the rate of release and the in-
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Figure 1— Release of 5-FU from EVA matrices con-
taining different amount of CP. The release medi-
um was 0.05 M phosphate buffer solution (pH 6.8).
The loading of 5-FU was 20 % in all cases.

key: :10%, :20%, : 50 %.

crease in rate was larger when SA was used.
Both additives showed better ability to increase
the rate than 5FU itself. However the increase
in release rate using these additives was not
enough to release the drug completely in a short
several hrs). To
achieve this goal, we incorporated CP as a rate

time period (for example:

controlling additive, which forms a hydrogel in
aqueous medium at neutral pH.

Figure 1 shows the effect of CP on the release
of 5-FU in pH 6.8 phosphate buffer solution. As
the loading (%) of CP increases, release rate in-
creased. In this paper, the loading (%) means
the weight ratio between additive (or 5FU)
and EVA (Wadditive/WEVA). When the load-
ing was 10%, only about 40% was released in 4
hrs and then the release was very slow. At 20%
loading of CP, more than 60% was released in
an hr and complete release was achieved in 24
hrs. Marked increase in release rate was ob-
served when 50% was loaded in the matrix. In 2
hrs, 100% release of 5FU was observed.
Release of 5FU in pH 1.2 solution is shown in
Figure 2. Compared to the release in pH 6.8
solution, the rate was much slower. When the
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Figure 2— Release of 5-FU from EVA matrices con-
taining different amount of CP. The release medi-
um was 0.05 M hydrochloric acid solution (pH 1.2).
The loading of 5-FU was 20 % in all cases.

key: : 10 %, : 20 %, - 50 %.
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Figure 3— Comparison on the capability of in-
creasing the release rate of 5-FU from EVA ma-
trices. The release medium was 0.05 M phosphate
buffer solution (pH 6.8). The loading of 5-FU was
20 % in all matrices containing additives. Data on
5-FU, lactose and SA are borrowed from our pre-
vious paper.'

key: . 5-FU 40 %, : lactose 20 %, . SA 20 %, : CP
20 %.

loading of CP was 20%, less than 40% was
released after 24 hrs in pH 1.2 solution, whereas
more than 90% was released in pH 6.8 solution.
In Figure 3 and 4, the release of 5FU from ma-
trices containing 20% and 50% additives are
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Figure 4 —Comparison on the capability of in-
creasing the release rate of 5-FU from EVA ma-
trices. The release medium was 0.05 M phosphate
buffer solution (pH 6.8). The loading of 5-FU
was 20 % in all matrices containing additives.
Data on 5-FU, lactose and SA are borrowed from
our previous paper.

key: : 5-FU 70 %, : lactose 50 %. : SA 50 %, : CP
50 %.

compared. The loading of 5FU is 20% in all
cases. The release from matrix containing 40%
or 70% of 5-FU is also plotted. Compared to SA,
lactose or 5FU itself, the ability of CP to in-
crease the release rate was much larger.

The swelling of matrices in pH 6.8 solution is
shown in Figure 5. The changes in volume and
weight are summarized in Table I. The degree
of swelling is expressed as the increase in ma-
trix weight (in~percentage of the weight of dry
matrix before release experiment). When the
loading of CP was 10%, 18 and 69% increase in
weight and volume, respectively, were observed
after 24 hrs in the release medium. This 18% in-
crease in weight was reached in about 10 hrs.
When the loading of CP was 20%, 86 and 225%
Increase in weight and volume were observed
after 24hrs. Marked increase in weight and
volume was observed when the loading of CP
was 50%. In about 3 hrs, nearly 10 to 11 fold in-
crease in volume and weight was observed. The
change in weight after freeze~drying of the swol-
len matrix is also shown in Table I. When the
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Figure 5—The increase in matrix weight with
time in 0.05 M phosphate buffer solution (pH 6.8).
Matrices containing 10, 20 and 50 % CP were stu-
died. The loading of 5-FU was 20 % in all cases.
key: : 10%, : 20 %. . 50 %.

Table I— Volume and Weight Change after Release Ex-
periment for 24 Hours in 0.05 M Phosphate Buffer
Solution (pH 6.8) at 37°C. Data is Expressed as the
Percentage of the Weight and Volume of Matrix be-
fore Release Experiment Matrices with 10, 20 and
50% of CP Loading are Studied. The Loading of 5-FU
is 20% in All Samples.

Changes in volume and
weight after release
experiment (%)

CP 10% CP 20% CP 50%

Volume +69 +225  +1150
(before freeze drying)
Weight +18 +86 +995

(before freeze drying)

Weight -7 -12 +1
(after freeze drying)

*Weight fraction of +15 +14 +12
5FU in matrix
before release experiment

loading of CP was 10%, 7% loss in weight was
observed. The weight fraction of 5FU in the
matrix before release experiment was 15%. Be-
cause 45% of 5FU is released after 24hrs,
weight decrease should be about 7%. This
result suggests that CP is not released to the
medium. When the loading was 20%, 12% de-
crease in weight was observed. Because 100% of
5FU was released in 24hrs, the weight de-

J. Kor. Pharm. Sci., Vol. 26. No. 4.(1996)
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Figure 6 —The increase in matrix weight with
time in 0.05 M hydrochloric acid solution (pH 1.2).
Matrices containing 10, 20 and 50 % CP were stu-
died. The loading of 5-FU was 20 % in all cases.
key: 1 10 %, . 20%. - 50 %.

crease is expected to be 14%. which is the
weight fraction of 5-FU in the matrix before
release experiment. The actual weight loss was
12%. This discrepancy is probably originated
from the incomplete freeze-drying, due to the
strong hydrophilicity of the ionized carboxyl
groups and ions around them. Similar trend
was observed when the CP loading was 50%.
The discrepancy in weight loss between cal-
culated value and measured value is larger in
this case (13%) than the previous case (2%),
probably due to the increased amount of CP in
the matrix.

The swelling of matrices in pH 1.2 solution is
shown in Figure 6. Swelling was much slower
in all matrices, when compared to that in pH 6.8
solution. When the loading of CP was 10%, 8
and 46% increase in weight and volume, respec—
tively, were observed after 24 hrs in the release
medium. The increase in weight and volume
was 25% and 91%, when the loading of CP was
20%. When the loading of CP was 50%, 128 and
144% increase in weight and volume were ob-
served after 24 hrs. This increase is only about
13% of that observed in pH6.8 solution. The
pH dependence of swelling and drug release is

J. Kor. Pharm. Sci., Vol. 26. No. 4.(1996)

Table I— Volume and Weight Change after Release
Experiment for 24 Hours in 0.05 M Phosphate Buffer
Solution (pH 6.8) at 37°C. Data is Expressed as the
Percentage of the Weight and Volume of Matrix be-
fore Release Experiment. Matrices Loaded with 180%
of Lactose. 120% of SA and 50% of CP are Studied.
The Loading of 5-FU is 20% in All Samples.

Changes in volume and
weight after release
experiment (%)

Volume -33 =30 +1150

Lactose SA CP
180% 120% 50%

(before freeze drying)

Weight -35 +16 +995
(before freeze drying)

Weight -65 -58 41
(after freeze drying)
*Weight fraction of 67 58 +41

(additive+5-FU)
before release experiment

due to the carboxyl group in the CP. The ion-
ization of carboxyl group at neutral pH induces
the swelling of the matrix, and thus increases
the rate of drug release.”

In order to test whether additives other than
CP can be released from the matrix to the
release medium, we further studied the changes
in weight and volume after release experiment
using matrix containing lactose (180%) or SA
(120%). The results are shown in Figure 7 and
Table II, together with the result from the ma-
trix containing 50% of CP. When lactose was
the additive, the volume and weight of the ma-
trix decreased 33 and 35%, respectively, after
release experiment for 24 hrs. After freeze-dry-
ing of the matrix, the weight decreased 30%
further (total 65% decrease). This value (65%)
is very close to the weight fraction of lactose
and 5FU before release experiment (67%).
When SA was the additive, the volume de-
creased 30 %. However the weight increased 16
%, due to the inbibition of water into the matrix.
The decrease in weight after freeze-drying was
58% and this value is also very similar to the
weight fraction of SA and 5FU before release
experiment. When CP was incorporated into
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the matrix, the weight increased slightly (1%),
after freeze-drying. If CP is released out of the
matrix, there should be a 41% decrease in
weight, which is the weight fraction of CP and 5-
FU in the matrix. These results strongly in-
dicate that lactose and SA are released from the
matrix, whereas CP is not. This conclusion can
be further supported by the rehydration ex-
periment of the freeze-dried matrix with 50%
CP loading. When the matrix is rehydrated, it
returns back to the same weight as that before
freeze-drying.

These results and indications suggest that CP
is different from other monomeric additives
(lactose and SA) in its mechanism of increasing
the rate of release. 5-FU molecules are released
from the matrix by the diffusion through the
aqueous channels and cracks. When lactose
and SA particles are released out of the matrix,
they leave large pores behind. These pores can
form aqueous channels through which the drug
can diffuse out. Hence they work as the pore
forming agents. As these additives leave the ma-
trix. the volume and weight of the matrix de-
crease, as shown in Table I and Figure 7. CP,
on the other hand, increases the volume of the

1000 - . —3
~ 800 -
X
Nt
[} 4
o 600
=
[
-
O 400 A
-
=)
‘G 200
E
0 g —a—a—=u .
-200 T T 1
0 10 20 30
Time (hr)

Figure 7—The change in matrix weight with time
in 0.05 M phosphate buffer solution (pH 6.8). Ma-
trices containing lactose, SA and CP were studied.
The loading of 5-FU was 20 % in all cases.

key: : lactose 180 %, : SA 120 %, . CP 50 %.

matrix markedly. It works as a strong osmotic
agent. CP particles are not released from the
matrix, because they are very large in size
(cross-linked polyacrylic acid) and, furthermore,
they swell up in the matrix. This volume in-
crease by swelling causes large stresses to the
chains around them, and thus induces marked
increase in porosity and decrease in tortuosity.”

Scanning Electron Microscope Study

Figure 8 shows the SEM pictures from the
matrix containing 50% CP. Figure 8a shows the
morphology of the surface before release ex-
periment. The surface seems smooth without
notable structures. This is the typical surface
shape of all matrices prepared in this work. Fig-
ure 8b shows the surface shape of the matrix
containing 50% CP after release experiment in
pH 1.2 solution. Numerous pores with various
sizes (several um to 40 mm) are created on the
surface. The large pores (~ 30-40 pm) seem to
be created by those particles located right un-

derneath the surface. The small pores are prob-
ably created by the osmotic effect of the disp-
ersed particles, which produces high swelling

%205 180Ky KO3

Figure 8 — Morphology of the surface and dissected
area of the matrix containing 50 % CP and 20 % 5-
FU: (a) surface morphology before release ex-
periment, (b) surface morphology after release ex-
periment in 0.05 M hydrochloric acid solution (pH
1.2). (¢) surface morphology after release ex-
periment in 0.05 M phosphate buffer solution (pH
6.8). (d) morphology of the dissected area after
release experiment in 0.05 M phosphate buffer
solution (pH 6.8).
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stresses. One thing interesting is the debris lo-
cating around some pores. It seems that these
debris are the pieces of EVA which were push-
ed out, but remaining around the pores, by the
swelling stress from inside the matrix. Figure
8c shows the morphology of the surface after
release experiment in pH 6.8 solution. It looks
quite different from that of Figure 8b.
Numerous pores with larger sizes (~ 10 um—40
mm) can be seen throughout the surface. Furth-
ermore these pores seem to be interconnected to
each other inside the matrix to form channels.
The morphology of the dissected area de-
monstrates this point more clearly (Figure 8d).
The right-hand side of Figure 8d (bright side) is
the dissected area and the left-hand side (dark
side) is the surface. The structure of the matrix
looks similar to that of sponge. Large pores and
cavities, which are connected to each other,
could be seen clearly.

Conclusions

We have studied the effect of CP on the rate
of 5-FU release from EVA matrix. Compared
to SA or lactose, CP increased the rate of 5-
FU release markedly. After release experiment
in pH 6.8, the volume of the matrix increased
to 1-15 times of that before release experiment.
depending on the amount of CP dispersed in
the matrix. The weight change of the matrix
before and after release experiment indicates
that CP is not released out of the matrix, to
the contrary of lactose and SA. The mechan-
ism by which CP increases the release rate is
the Increase in porosity and the decrease in
tortuosity, due to the marked swelling of the
matrix. Release rate and the swelling of the
matrix in the pH 1.2 solution were much small-
er. Scanning electron microscope study clearly
showed that large cavities and pores are gen-
erated on the surface and the inside of the ma-
trix.

J. Kor. Pharm. Sci., Vol. 26. No. 4.(1996)
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