International Journal of Pharmaceutics, 11 (1982) 1-9 1
Elsevier Biomedical Press

[
=
]
=
Q]
=]
€
FD
*
=
'-<
Q.
H
"!3

F o\ FYmn
l\ D IR

Department of Pharmaceutics, University of Benin, Benin City {Nigeria)

{Received April 13th, 1981)
(Modified version received November 20th, 1981)
(Accepted December 15th, 1081)

BRAAR Pl AACLTRNRGE 2252

Summary

Effect of plasticizer concentration on certain film properties: swelling, porosity
and permeability, has been studied in films of two acrylate-methacrylate copo-
lymers, A and B, differing only in hydrophilic quaternary ammonium content. It was

found that the pldbllbll.cr (glefOl lﬂdbe!ale or glycer ol U'IDUI)’I' dle) conient in both
films cannot be varied beyond 16 = 5% w/w of film weight if films suitable for

handhna nnr] acting ara tn ha nradiicad AMiving ~f tha alaanis mlactinisars
aangung ang -.vauuﬁ &I 10 O ProdéuceaG. MixXing Ol ne (wo qualus!..,u‘) l" asSucCiZers

offered a means of varying the content of individual plasticizer in the ''=s
keeping the total amount and the general chemistry of it const. 1t. Increase in the

fracuon of the more hydrophilic glycerol triacetate in the mixed plasticizer coupled
with a decrease in the less hydrophilic glycerol tributyrate increated the urea
permeability of the less hydrophilic films of polymer B; this was related to the
leaching of glycerol triacetate which also resulted in enhancement of film porosity.
In the more hydrophilic film of polymer A, urea permeability increased as the more
hydrophilic glycerol triacetate fraction decreased and the less hydrophilic glycerol
tributyrate fraction increased, a finding which was attributed to the potential of
glycerol tributyrate for promoting film swelling and porosity. Permeability is there-
fore dependent on the hydrophilicity of both the plasticizer and poiymer considered
together.

Introduction

Polymer films find use as barriers in the design of controlled release devices.
Whilst plasticizers are included in polymer films to prevent embrittlement they may
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cause modification of solute permeability, the extent of which is influenced by
plasticizer concentration and its leaching from the f{iim during perme:ition (Donbrow
and Friedman, 1975). Thus plasticizer may be used to increase control of drug
reicase from polymer films; Samuelov et al. (1979) have shown that drug release
from ethyl cellulose films could be quantitatively related to the content of a
water-leachable plasticizer, polyethylene glycol, in the film. Obviously, however,
plasticizer concentration can only be varied within certain limits if serious impair-
ment of necessary mechanical properties of the film, such as flexibility are to be
avoided. Preliminary studies showed that cast films of certain cationic acrylate-
methacrylate copolymers having suitable flexibility for handling may only be pro-
duced when the plasticizer (e.g. glycerol triacetate) concentration is 16 = 5% w/w of
the film. The problem of studying plasticizer effects at a wider conczntration range
in such a system was approached by using a mixture of two analogous plasticizers,
glycerol triacetate (gta) and the less hydrophilic glycerol tributyrate (gtb) at varying
proportions whilst keeping total plasticizer concentration constant at 16% w/w of
the film. Gta is slightly soluble in water and is rapidly leached whilst gtb is
water-insoluble and poo:ly leached from the films during permeation; varying the
proportions of gta and gtb in the mixed plasticizer therefore offers a means of
varying the hydrophilic character of the mixed plasticizer and its leachability from
the films during permeation. Whereas a primary objective of this work was to
procure enhancement of film permeability by the inclusion of the water leachable
gta, a preliminary study has shown that the inclusion of the poorly leached gtb in
film composition could also enhance permeability but of hydrophilic films only
(Okor and Anderson, 1979); the permeability-enhancing effect of plasticizer leaching
thus becomes important only in less hydrophilic polymer films. In this work the
basis for these plasticizer effects were explored.

Materizais and methods

Materials

Glycerol triacetate and glycerol tributyrate (both reagent grade, BDH) were used
as plasticizers. Two acrylate-methacrylate copolymers, designated A and B, were
received under the trade names Eudragit RL 100 and RS 100, respectively, from
Rhom Pharma, Darmstadt; the polymers differ only in their content of quaternary
ammonium (cation) groups in a ratio of 2: 1, A having 66 moles cation per mole of
polymer chain wha:lst B has 33 moles per mole of polymer chain. The presence of the
polar cationic groups confer hydrophilic properties on the polymers including water
uptake and swelling in aqueous medium. Urea (Analar grade and 10% w /v solution

in water) was used as solute permeant, and acetone (Analar) was used as solvent in
film casting,

Film preparation and evaluation

Films (thickness 19.8 = 0.3 and 39.4 £0.7 um (=S.E.)) were prepared by casting
on a PTFE mold from an acetone solution containing the polymer, 2.5% w /w and
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plasticizer, 0.5% w/w using the method of Abdel-Aziz et al. (1975). Film thickness
was determined at 10 random points on the film and the mean thickness calculated.

Urea permeation rate through the films, (exposed film area, 23 cm? and thickness,
19.8 um) was measured using the method of Abdel-Aziz et al. (1975). Films of
polymers A and B containing pure gta, gtb and mixtures of gta and gtb in verying
proportions were used for the study. With 10% urea solution (aq) in the donor
compartment and water in the acceptor compartment, permeation experiment was
conducted at 30 = 0.05°C (films of polymer A) and at 37 = 0.05°C (films of polymer
B); no measurable permeation rate was obtained in films of polymer B at 30°C and
films of polymer A swelled too rapidly and leaked at 37°C, hence the selection of the
temperatures (30°C and 37°C) for the different studies. Film lower surface (in
contact with substrate during film formation) was upstream in all experiments. The
amount of urea transferred into the acceptor compartment was determined at time
intervals for a maximum of 5 h using the spectrophotometric technique of Watt and
Chrisp (1954). Each experiment was carried out in 4 replicates and the results were
used to calculate the mean permeation rate; results were reproducible to = 6.5% of
the mean.

The amount of water in the wet film (after contact with water, 30°C, 3 h) was
obtained from the difference between the wet film weight and the film weight after
drying at 70°C for 3 days to constant weight. The volume fraction of water, V. in the
wet film was calculated using the formula:

1.0044(m — md)

V(also the index of film porosity) = T0044(m — md) ¥ 0.8855md

where m is the wet film weight, and md is the dried film weight, 1.0044 and 0.8855
are the specific volumes in cm®- g ! of water and polymer, respectiveiy, at 30°C
determined by fluid displacement method in this laboratory.

Film swelling was expressed as the percentage increase in film volume after a film
strip of dimensions: length 4.6 cm, width 1.3 cm and thickness 39.4 X 10 % cm, had
been in contact with water (30°C, 3 h) (time for maximal swelling). The percent
increase in film volume was calculated from the observed increases in the film
dimensions which were measured, the thickness with a digital micrometer, and the
length and width with a pair of dividers.

The amount of plasticizer (gta or gtb) leached from the films under conditions of
permeation experiments was determined by a method of gas-liquid chromatography
(GLC). 1l of a solution or the plasticizer and internal standard, 0.02% glycerol
diacetate (for gta determination). of 0.02% dibutyl phthalate (for gtb determination)
was injected into a glass column (15.25 cm long and 0.625 cm o.d.) containing 1%
silicone QF-1 (stationary phase) on chromosorb G, AW, DCMS, 80--100 mesh
(supporting phase).

Gta determination was carried out at an oven temperature (200°C), detector
(300°C), injection (290°(>); gas flow rates, (cm’- s ') were nitrogen (0.243), hydro-
gen (0.294), and air (2.660). Gtb was determined using the same conditions as for gta
except that the detection temperature was increased to 350°C whilst the nitrogen
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flow rate was reduced to 0.141 cm’.s~'. The amounts of plasticizer in sample
solutions were calculated from a calibration curve previously constructed using
standard solutions of the plasticizer.

Results and discussion

The cumulative mass of urea transferred from donor to acceptor compartment
fluid was plotted as a function of time for films containing various proportions of

gta and gtb. Urea permeation rates, mg h™' were calculated from the slopes of the
linear (1-5 h) portions of the plots.

In the films of the more hydrophilic polymer A, urea permeation rate increased
linearly as the fraction of the less hydrophilic gtb in the mixed plasticizer was
increased, 0.2 to 1.0, and that of the more hydrophilic gta was decreased, 0.8 to 0
(Fig. 1). Assuming meanwhile, that the contribution of gta to the observed permea-
tion rates was negligeable compared with the influence of gtb, permeability could be
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Fig. 1. Dependence of urea permeation rate (ordinate, mg-n~') on plasticizer composition (abscissa:

glycerol trincotate, gta and glycerol tributyrate, gtb fractions in mixed plasticizers consisting of gta and
gtb) in films of polymer A.



correlated with gtb content in the film by the expression:

Ju = 480 + 500(f,,, — 0.2) (1)

where Ju is the urea permeation rate, mg-h™', and f,,, is the fraction of gtb in the
mixed plasticizer. The constants 480 mg- h~ ', and 500 mg - h™' were obtained from
the y-intercept and slope, respectively, of the plot in Fig. 1.

The change in film permeability as plasticizer composition was varied depended
on the hydrophilic character of the film-forming polymer; thus in the films of the
less hydrophilic polymer B, urea permeation rate decreased exponentially as the
fraction of gtb was increased and that of gta was decreased (Fig. 2). Film permeabil-
ity now seems to depend mainly on gta content in the film, according to the
relationship in Eqn.4 as follows. From Fig.2 the semi-logarithmic relationship
between permeation rate and gta fraction is:

log Ju=10g0.159 + 2.0 (f,,, - 0.17) (2)

in the limits of f;,, (0.17-1.0); f,, is the gta fraction in the mixed plasticizer. 0.159
and 2.0 were calculated from the y-intercept and the slope, respectively, of the graph
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Fig. 2. Dependence of urea permeation rate, & (left ordinate, mg-h ™ ') and the logarithm of the rate. ®
(right ordinate, log mg-h~') on plasticizer composition (abscissa) in films of polymer B.
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(Fig. 2). Eqn. 2 may be re-written as:
0.43 In Ju=0.43 i 0.159 + 2.0 (f,,, — 0.17) (3)

a plot of In Ju vs f,,, which therefore gives a slope of 2.0/0.43=4.7 nearly, and
hence the exponential dependence of permeation rate on gta fraction is given by:

Ju=0.159-¢*7 (f,,, — 0.17) (4)

Thus the change in permeation rate in films of polymer B, as plasticizer composition
was varied, occurred in a direction opposite to the corresponding change in films of
polymer A. These effects of plasticizer on film permeability could be associated with
plasticizer depletion or its retention and film-swelling during permeation, both
leading to an increase in film porosity.

Plasticizer leaching and permeability

Rapid leaching of gta from the films occurs during permeation; for instance,
about 97% of its initial amount, 0.016 g in the film was recovered in compartment
fluids within the first 30 min of a 5 h permeation experiment (Table 1). Gita leaching
might be cxpected to increase film porosity and fluid uptake during permeation and
affect film permeability, since permeation through these films occurs mainly through
fluid-filled channels or pores in the film structure (Abdel-Aziz et al., 1975). How-
ever, increase in porosity resulting from gta leaching was only seen in films of the
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Fig. 3. Dependence of film porosity. i.e. volume fraction of water in the films after contact with water,
30°C, 3 h, (ordinate) on plasticizer composition (abscissa) in films of polymers A, @; and I3, A,



TABLE 1

LEACHING OF GLYCEROL TRIACETATE (gta) AND GLYCEROL TRIBUTYRATE (gib} FROM
FILMS OF POLYMER A (39.4 pm THICK)

Sampling time Fraction of plasticizer leached
(min)
gta gtb

10 0.81 0

30 097 0

60 097 0.31
120 - 031
180 - 0.36

The initial amount of plasticizer, gta or gtb, in this film (mean weight, 0.10 g) was 0016 g

less hydrophilic polymer B. In Fig.3 it can be seen that the porosity of films of
polymer B increased linearly as the gta fraction in the mixed plasticizer increased
and gtb fraction decreased; thus the change in film porosity depended on gla
fraction mainly.

The plot of porosity, V against gta fraction, f,,, (Fig. 3) gives the relationship

V=020+0.12f,, (s)

Inspection of Eqns. 4 and S show that the change in porosity and permeability with
gta content were not parallel. The rapid increase in permeability with increasing gta
200+
150

100+

50+

1 i L} ¥
otb fraction O 0.2 Q4 Q6 [o1.} ]

gta v 08 06 04 02 0

Fig. 4. Dependence of film swelling, i.c. percentage increase in film volume afier contact with water,
30°C, 3 h (ordinate) on plasticizer composition (abscissa) in films of polymers A, ©: and B, &.
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after a certain gta content, 0.6 has been reached (Fig. 2) suggests that enhancement
of permeability following plasticizer depletion occurs only after a critial porosity of
0.25 (corresponding to 0.6 gta fraction) has been attained.

Film swelling and permeability

In filins of polymer A the change in porosity as plasticizer composition varied
was mors closely associated with the gtb fraction, f,,, (Fig. 3). The plot of V against
f, Yields the relationship:

V=039+0.30f,, (6)

Now gtb is water-insoluble and therefore poorly leached from the film during
permeation (Table 1); only 36% of its initial content in the film could be recovered in
compartment fluids after 3 h. Thus the increase in porosity cannot be associated with
gtb leaching. Now water has a plasticizing effect on polymer structures resulting in
polymer film flexibility and swelling as water is imbided. The extent of film swelling
will therefore depend on the polymer capacity for water uptake and the retention of
plasticizer, e.g. gtb which contributes to the plasticizing effect of water.

Polymer B has only half the content of the hydrophilic cationic groups in polymer
A, resulting in a lower water uptake potential in polymer B in comparison with
polymer A. Experimients in this laboratory showed that polymer A potential for
water uptake was 4 times greater than that of polymer B. Fewer cationic centres in
polymer B also lead to greater polymer cohesiveness in the resulting films since the
mutual repulsiveness of the cationic centres will tend to discourage polymer cohesion
during film formation. Consequently the films of polymer A were generally more
swellable than those of polymer B (Fig. 4). Gta undergoes rapid leaching and it will
not contribute to film swelling which depended mainly on gtb content in the rilms;
thus from Fig. 4 (films of polymer A):

S% =25+ 210 (f,, — 0.2) (7)
and for films of polymer B:

S% =5+ 13 (f,, — 0.2) (8)

where S% is the film swelling percent and fy, is the fraction of gtb in the mixed
plasticizer. Eqns. 7 and 8 clearly indicate :hat the dependence of film swelling on gtb
content (in the limits of f,,,, 0.2—1.0) was about 16 times greater in films of polymer
A than in the films of polymer B; hence the film swelling contributed significantly to
the porosity and permeability of films of polymer A only. Thus each 0.1 in gtb
fraction in the range 0.2-1.0 caused an increase in film swelling of 21%, film
porosity of 0.03, and urea permeation rate of 50 mg - h~'. Further work is, however,
required before a general correlation between film swelling, porosity and permeabil-
ity can be established.

Previous studies (Donbrow and Friedmann, 1975) have demonstrated the linear
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dependence of permeability on the film content of a water-leachable plasticizer: in
this study, however, an exponential relationship (Eqn. 4) was obtaned for a similsr
polymer-plasticizer system suggesting that any relationship MWM vy
and content of a leachable plasticizer in a film will de CoOnCEntrt

plasticizer selected for study and the mechanism of pmfmmm Ww&x ate ﬁ% baic
differences in the previous and present siudies. The results permit a conclusion that
whilst the inclusion of a hydrophilic water-leachable plasticizer in a hydro
polymer film may be used to enhance permeability, similar enhas auay be
achieved by the inclusion of a hydrophobic, poorly leached plasticizer in 3 hydro-
philic porous polymer film, thus providing further means of obtaining control of
drug release through polymer films.

Acknowledgements

The author is grateful to Professor W. Anderson, University of Strathclvde,
Glasgow, for supervising this work.

References

Abdel-Aziz, S.A.M., Anderson, W. and Armstrong, P.. Surfaces permeability difference m cast fibens of
acrylate-methacrylate copolymers. J. Appl. Polym. Sci.. 19 (1975 11811192

Donbrow, M. and Friedmann, M., Enhancement of permeability of ethyloeliuloce films for drug
penetration. J. Pharm. Pharmacol., 27 (1975) 633-646.

Okor, R.S. and Anderson, W, Variation of polymer film composition and solute permeabidity, ] Pharm
Pharmacol., 31 (1979) 78P.

Samuelov, Y., Donbrow, M. and Friedmann. M., Sustained relcase of drugs from ethvivelhuose-
polycthylene glycol films and kinctic of drug release. J. Pharm. Sci, 68 (1979} 325329,

Watt, G.W. and Chrisp, J.D., Spectrophotometric analysis of urea. Analyt. Chem., 26 : 1934 852-455



