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Summary 

Three acrylic/methacrylic esters copolymers with drfferent percentages of hydro- 
philic groups were used to prepare porous matrices containing aspirin as a drug 
model. The surface and transport properties of these matrices were studied by 
measuring the liquid/polymer contact angle and the liquid penetrability, whereas 
the porous structure was measured by mercury porosimetry. In the case of a 
non-wetting liquid, such as water, the penetration was found to be controlled by the 

intraparticle polymer diffusion, whereas for a wetting liquid the penetration was 
capillary driven. 

Consequently the drug release was dependent on the pore structure, i.e. the 

compaction pressure, in the case of a wetting liquid, whereas no pore structure 

influence was found in the case of water. Furthermore. whatever the copolymer used 

or the dissolution medium employed, the drug release was found h-dependent 
suggesting a drug diffusion only through the interpartlcie pores. 

Introduction 

The compaction of a mixture of a drug and a polymer, first proposed by Higuchi 
(1963) and Desai et al. (1965. 1966a and b), is still one of the most practical 

* Partially presented at the 3rd Int. Conf. on Pharm. Techn.. Park 1983. 
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Erba, via Imhonati 24, 20159 Milarlo, Italy. 
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techniques to obtain oral controlled retease tablets. The resulting polymer matrices 
can be defined as a drug-containing heterogeneous porous systems, either inert 
(Salomon and Doelker, 1980) or hydrophilic (Buri and Doelker, 1980), in which the 
voids between the polymer and drug particles form a continuous interconnected 
network of pores. 

The study of such heterogeneous systems has concentrated on analyzing the drug 
release pattern, with many different mathematical models proposed to interpret the 
data {Higuchi. 1963; Gurny, et al., 1982; Bamba et al,, 1979; Fessi, 1978: Cobhy, 
1974). 

On the other hand, few authors have worked to find the relevance of the physical 
characteristics (wettability, pore structure) of such porous heterogeneous matrices in 
the overall process of drug release (Rowe, 1973; Carli and Simioni. 1978 and 1981). 

More work has been done to characterize the phystcal and chemicophysical 
parameters of the homogen~us matrices, i.e. systems in which the drug is homoge- 
neously dispersed in the polymeric network itself (Flynn, 1974). in such systems the 
crystallinity of the polymer (Korsmeyer and Peppas, 1981). the cross-linking inter- 
nodal molecular weight (IReinhart et al., 1981), the porous structure (Miller et al., 
1983) and the thermodynamic polymer/solvent interaction (Korsmeyer and Peppas. 
1983) have been found to influence the drug release mechanism. Furthermore it was 
recently pointed out how to exploit such characteristics to obtain a zero-order drug 
release (Peppas and Franson, 1983) from these homogeneous matrices. 

The role of the liquid capillary penetration into the heterogeneous inert matrices 
(Car-h and Simioni, 1978) and of the liquid diffusion through the polymer network in 
the homogeneous matrices has been investigated (Korsmeyer and Peppas, 1981: 
Franson and Peppas, 1983). whereas no attempt was carried out to measure the 
capillary and diffusion phenomena /nto heterogeneous, hydrophilic and porous 
matrices. 

It is the object of this paper to characterize the basic physical paraIlleters (porous 
microstructure, surface wettabihty, and liquid penetrability) of matrix tablets pre- 
pared by simple direct compression of mixture of acrylic/methacrylic ester copnly- 
mers and a model drug (acetylsalicylic acid) and to relate these parameters to the 
drug release mechanism. It was decided to use a direct compression technique, with 
no additives, although the technological properties of such systems were not particu- 
larly good. in order to get information which were intrinsic to the polymeric material 
itself. 

Among the different types of acrylic,/methacrylic esters copolymers, we decided 
to study three acrylic msins with a different percentage of hydrophilic quaternary 
itmrnonmm groups, in order to better point out the relationship between the 
c!iemical structure of the polymer on one side and the physical characteristics of the 
matrix .and the drug release mechanism on the othur side. 

Materials and M&hods 

n/lolerrcol.s 
‘The three copolymers of acrylic,/methacrylic esters used vverc: Eudragit RL, with 



10% of hydrophilic quaternary ammonium group< (particle size distribution by 
Alpine Air Jet Sieve: 33.2% > 125 pm: 42% > 63 pm: 60% > 32 pm); Eudragit RS. 
with 5% of quaternary ammonium groups (19 > 125 pm: 28.6%, > 63 pm: 50% > 32 
pm); a special form of Eudragit (Praeparat 281 rD: 50% > 125 pm; 71.8% > 63 pm: 
74% > 32 pm). with no quaternary ammonium group. similar to the commercialized 
type E30D. but with a different content of ethyl groups. 

All the three polymeric powders were with no additives and were used as received 
from Rohm Pharma (Darmstadt. F.R.G.). 

Acetylsalicylic acid was chosen as the drug mod4 (F.U.. Farmitalia Car!o Erba. 
Italy). 

Methods 
Matrices were made by directly compressing a uniform aspirin-polymer powders 

mixture (about 500 mg) containing 10% w/w of the drug. using a compaction 
machine (Nassovia, F.R.G.) instrumented \ -ith pizoekctric loadwashers (Kistier. 
Switzer:rland), with a single 13 mm flat-face punch and die. 

Liquid/solid contact angles were measured by a Wettability Tester (Lorentzen- 
Wettre. Sweden) and the method of Mack (1936). 

Penetration measurements were carried out using a simple apparatus. elsewhere 
described (Couvreur et al.. 1976): demineralized water saturated with aspirin and a 
pH 1.2 buffer solution containing 0.1% w/v of sodium laurylsulphate were used as 
penetration liquids. at room temperature. 

Total pore volume and pore size distribution were determined using mercury 
porosimetry (Mod. 225, Carlo Erba Strumentazione, Italy). with intrusion pressure 
ranging from 0 to 2000 atm. 

Aspirin release rates in 500 ml of distilled water and the surfactant pH 1.2 buffer 
solution thermostated at 37OC were determined using the beaker method with mild 
agitation (40 rpm). as suggested by Sjiigren (1971) and exposing a single surfaLe to 
the dissolution medium. Aspirin was assayed spectrophotometrically (Pye Unicam 
SP-g-100). following the method of Javaid and Cadwallader (1972). 

Results and Discussion 

The surface wettability of the three copolymers H’as determined by measuring 
directly the contact angle of water drops placed on the surface of compacts of the 
polymers. In the direct method it is necessary to correct the data of the apparent 
contact angles by taking into account the porosity of the surface on which the liquid 
drop has been placed. This can be conveniently done by using the following: 
cquatinn tJohnson and Dcttre. 1969; Carli -nd C’c&~mbo. 19X3): 

cos?,=(l -E)COS+-_( (0 

where 8, is the true contact angle, 0, is the apparent contact angle and c is the 
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compact porosity, assurned to be equal to the surface porosity. 
In Table 1 the values of the apparent and true contact angles of compacts of the 

three copolymers prepared at different compaction pressure are reported. It is 
interesting to observe that all three copolymers were shown to have a non-wettable 
surface, i.e. a water/solid contact angle higher than 90 O, Furthermore the quaternary 
ammonium groups content (at least in the range studied) seems not to exert ;I strung 
influence on the surface wettability of the acryli~/n~etha~rylic ester c~p~lynlers: 
there is only a small increase of the wettability due to the introduction of 5% of 
hydrophilic groups (lO::O of water contact angic for Eudragit Special Form eom- 
pared to 98O for Eudragit RS), but no significant difference was found between the 
two copolymers with hydrophilic groups. 

The water contact angles of the matrices containing 10% w/w of aspirin were also 
measured: no significant difference was found with the contact angles measured on 
compacts of the pure copolymers. 

Furthermore we measured the contact angle of the pure Eudragit RS compacts 
prepared at 501.3 MN ” m-’ with a pIi 1.2 buffer sohttion containing 0.1% w/v 
sodium laurylsulphate: a value of 58’30’ was Found, indicating that this sttrfactant 
solution was able to we1 the polymer. 

in Table 2 are reported the pore stru~tl~re ~~~ara~teristi~s. derived by Iiier~ury 
porosimetry, of matrices of the three copolymers prepared at different compaction 
pressures. The effect of the compaction pressure is similar for the three copolymers. 
at least in the range 50-200 MN. m-‘, with Eudragit RS ;mJ RL producing less 
porous matrices and smaller pores and Eudmgit Special, on the other hand. 
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producing more porous compacts with larger pores. These slight differences may be 
attributed. at least partially, to the different particle sizes of the three polymeric 
powders. For all three copolymers the increase of the compaction pressure brings 
about a large reduction of the pore volume and a shift of the pore size distributions 
towards the smaller sizes. 3s shown by Fig. 1A. B and C. From such figures it is also 
possible to observe that all the pore size distribution curves are unimodal. suggesting 
that the increase of the compaction pressure does not cause any fragmentation of the 
polymeric particles (Carli et al.. 1981). 

The porous structure of mat&es containing 10% w/w of aspirin was also 
characterized by mercury porosimetry: the addition of the drug caused only minor 
modifications of the microstructure of the polymeric matrices. 

Fig. 2 shows the double logarithmic plot of the water penetration data of pure 
Eudragit RS :tnd RL matrices; no water penetration at all was registered for the 
Eudragit Spbal Form matrices. This type of plotting Pias been found (Carli and 
Simioni. 1979) to be the most suitable to show the variability of the exponent m in 
the general equation defining the capillary penetration process: 

v = Kt”’ 

where V is the liquid penetration volume, K a constant. t the time of penetration and 
m a numerical factor. On the basis of the water contact angle. no capillary 
penetration can take place in any of the ,three matrices, the surface of all the three 
copolymers being highly non-wettable. Thus it seems reasonable to attribute the 
water penetration found for the Eudragit RS and RL matrices to a liquid transport 

TABLE 2 

POROUS STRUCTURE CHARAC‘TERISTICS OF MATRICES OF THE 

A<‘R’r’t.I(‘ ~lETHACRYLIC ESTERS COPOLYMERS 

Mean pore .I 

radius 

(b1N.m ‘1 ( ml,,‘g I (Pm) 
-- -- 

Exhgrt b2.7 1).1’)5 10.5 



:,,c,. vy; i ,,- 

I-lg. 1. Effect of compaction preaure on the pore size distribution of matrices of Eudragit Special fwm 
(A); l . 62.7 MN-m- ‘; l . 87.7 MN,m ‘; *, 157.X k4N.m ‘: Eudragit RS (B): l , 56.0 MN.mC*: l . 

104.9 MN.m ‘; *_ 492.0 MFu”nl ‘; Eudragit RL (c’): q . 54.3 MN.m ‘: l . 99.2 MN.m-‘: *. 516.1 

iL1N.m ? 

I-ip I! Effrcr of crmpaction prawn: on \v;ltcr pcnctratic)n inw Eudragit RS (A. 56.0 b1N.m ‘; A. 501.3 

%I% 11, 'I and Eudragit RL matriccl* (0. 54.3 MN.rn ‘: l . 516.3 b1N.m ‘). 
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process taking place through the polymer particles. This interpretation is supported 
by the fact that films of the acrylic/methacryl~ic copolymers with quaternary 
ammonium groups have been found (Okor, 1982) to have a strong permeability, 
related to the content of hydrophilic groups. Furthermore, an analysis of variance of 
the mean values of the slopes of the double logarithmic plots of the penetration data 
in the Eudragit RS and RL prepared at the highest and lowest pressure (see Table 3) 
showed that they do 11ot statistically differ (t = 0.713, at P c 0.001 and df = 41). for 
Eudragit RL matrices; t = 0.878, at P -z 0.001 and df = 35, for Eudragit RS matrices). 
This suggests that the penetration in these matrices) is not capillary driven. In fact 
the authors have shown (Carli et al., 1981) that, for :.r capillary process, the slopes of 
double logarithmic plots of penetration data in tablets progressively diminish as the 
pore size distribution shifts towards the smaller she range. On the contrary, as 
shown in Table 3. for the Eudragit RS and RL matrices prepared at different 
compaction pressure ail the parameters of the penetration curves remain unehar~~ed. 
although the porous structure (see Table 2 and Fig. I) is very different. 

It is also interesting to observe that both the penetration rate constant K and the 
slope m of the double logarithmic plots increase as the hydrop~lic quater~ary 
ammonium groups content increases. For the Eudragit Special form matrices, 
neither a capillary penetration process through thz pores nor a transport Ilow 
through the particles is registered, due to the non-wettability of the surface and the 
absence of hydrophilic groups. 

TABLE 3 

LIQUID PENET~TIDN ~~~A~CT~RISTICS OF ACRYLIt’/METHACRYLIC CDPDLYMERS 
MATRICES 

Parameters are relative to the general equation V = Kt”’ (Carli and Simioni. 1979; Franson and Peppas. 
1983) 

Liquid 
-. 

Copolymer N + Compaction mn Ih k r’ F” - 

( % 1 pressure (ml’ ‘m,fg’,‘m~) 

(MN.rnp2) 

Water Eudragit RS 5 56.0 0.504+0.028 1,92:~to-” rt 1.653 0.975 333.53(177 
492.0 0.461 _to.o15 1.4411x 1o-b kO.757 0.991 889.34(1$) u 

Eudragit RL 10 54.3 0.940~0.039 1.325 x low4 kO.611 0.983 S75.gO(22iE 
516.1 0.982*0.039 I.4829 x 10-j kO.639 0.984 612.67{23; e 

Sodium Eudragit RS 5 56.0 0.520_+0.033’ 2.78x 1O-‘4 +1.57 0.982 249.49(4) ” 

laurel sul- 492.0 0.056_~0.005 ’ 1.25:< IO-‘” k6.15 0.980 148.01(6)’ 

phate 
(0.1 M W/V 
pH 1.2) 
solution 

-- - 

a.h Derived from the slope and the intercept, respectively, of linear regron of double logarithmic plots. 
I’ Correlation coefficient at linear region of double logarithmic plot:. 
’ Analysis of significance of the linear model. 
’ Degrees of freedom. 
’ Relative to first linear region (capillarity; see Fig. 3). 
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Finally it remains to be stressed that also in the cast3 of transport flow through the 

polymer itself, interesting information can be drawn from the values of the slopes of 

double logarithmic plots (Franson and Peppas. 1983): in the case of m values equal 

to 0.51 the liquid transport through the polymer is considered to be Fickian, i.e. due 
to a simple diffusion proces>~ of the liquid molcculcs through the polymer network 

(Barrie, 1968); if the values of m are equal to 1. the liquid transport is considered to 

be controlled by a so calletl Case II mechanism, i.e. a non-Fickian penetration 

process, in which. the polymer network swells ;md relaxes as the liquid front 

advances (Alfrey et al., 1966). In fact the Eudragit RS matrices, presenting a slope of 

0.5. did not apparently swell in the 8 h of observation, whereas the Eudragit RL 

matrices, with a slope of 1, swelled during the penetration process. 

In order to confirm the interpretation of the water penetration data reported 

above. we decided to measure also the penetration rate of a pH 1.2 buffer solution 

containing 0.1% w/v of sodium laurylsulphate into the Eudragit RS matrices. As we 

have seen, the polymer presents a contact angle with this surfactant solution smaller 

than 90°, indicating that a capillary penetration can take place along the intetpnr- 
title pores. This is indeed the case. as shown in Fig. 3: the penetration pattern of the 
matrices prepared at the higher compaction pressure dramatically differs from the 

penetration into the matrices compacted at lower pressure: this is due to the fact that 
the different porous structure exerts a strong influence on the capillary process. in 

fact both the m and K values cjf the penetration rate are considerably reduced by the 

increase of the compaction prrzssurc (SW Table 3). In fact the m values were sho\vn 

to be statistically different with a high level of significimcc (t = 6.701. P -z 0.001. 

df = 12). Furthermore, it is interesting to observe that after the interparticle capilIar\ 

penetration has completed after 100 300 S. the intraparticIe permeation takes place. 
its suggested bv the non-signir’icant differcncc bctwccn the m values c>f the second 

SEilgl’ penetration process in tllc two difl’crcntlv compacted ni;klrices. 
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men.sured: for both the Eudragit RS and RL the s;me intraparticle permeation 

conlrollcd process was founu, with no influence of the compaction pressure. 

As suggested by Korsmeyer et al. (1983) we plotted tht: drug release data on it 

double logarithmic plot. As reported in Fig. 4. and on t ?e basis of the considerations 

pointed out by Korsmcyer et al. (1983). the slope m of such a plot for the Eudragit 

RL matrices seems to suggest an anomalous Fickian drug diflusion mechanism. 

whereas for the Eudragit RS and Special the drug diffusion seems to be almosr 

perfectly Fickian. 

In clrder IO further investigate the type of drug release mechanism taking place ilk 

the iIcryli~,~methacrylic esters cop~~lyrner5 matrices, ue plotted the percentage oi 

aspirin undissolved (M) vs time (t) according to four d fferent models. 

(I 1 100 _.~ M - K ,Jt . the well known Higuchi’s mociet. relative to a drug release 

procesh controlled by the diffusion of drug through the qores of the matrix {Higuchi. 

1963: Desni et al.. 1965, 19863 and bj. 

(2) In N = - K:t. an exponential model found by Barnha et al. (1979) to fit the 

r&;tse data from get ft~~in~ matrices. in which the drug diffuses through a gel 

barrier. 

(3) ‘t/tOtI - ‘4M = Kyt. which is relative to a drug release process controlled by 

the dissolution of the drug particles (Bamba et al., 197?). 

(4) 100 - h4 = Kyt. a zero-order model, which has been found applicable to 

hydrophobic porous polyncric matrices (Gurny et al.. 1982) and to swellable 

continuous polymeric matrices in which the swelling procesess is the controlling factor. 

being much slower than the drug dissolution ~~~~pfenberg et al., 1981). 

.~s shown in Table 4, for al1 three copolymers the model with the best linear 

fitting parameters was the Higuchi’s equation. suggesting th%t the drug release is 

~ontrc~lled bv the drug diflusion through the matrix pores and not through the 
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swollen polymer. The higher significance of the square-root of time model over the 
other three equations was also tested by a F-test, as carried out by Samba et al. 
(1979). It is also interesting to observe (see Table 4) that the Higuchi’s drug r&t* 
constant of Eudragit RL matrices is very much higher than those of Eudtagit IRS and 
Special Form, which were practically equal: this can be reasonably attributed to the 
swelling of the polymer particles, leading to breaking and wosion ol the matrix 
structure with consequent enhanced drug release rate and unomulous Fickiun 
behavior. 

The diffusion of drug through the polymer itself cim he ruled out else by 
considering that no release rate difference was found between matrices of permc~~blc 
Eudragit RS and non-permeable Eudragit Special: or by considering that the 
polymers are completely insoluble, so that also in the case of the most permeable 
Eudragit RL. the smaller polymer particles remain individually separated. nut 
forming a continuous gel barrier. 

TABLE 4 

LEAST-SQUARES PARAMETERS OF DIFFERENT M.4’lIiF.MATl<‘t\l. MOOELS Of: 13RC%; 
RELEASE FROM ACRYLlC/METtiAC’RYLIC ESTERS ~‘(‘)tWI_YblI:RS hlh’fR1CES (hl = 7 OF 
UNRELEASED DRUG: t = TIME. HOURS) 

-._I 
Mathematical model Eudragit Special 

r2 F” slope 
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FinelIly it was found that t*k c~paction pressure. i.e the pore structure. does not 
influence the water drug r&e mte. (see Fig. S and Table Sr, as in the case of the 
fM?mlleallum talc w’i the contrary, in the ca.se of the surfactmt solution. the drug 
release rate is influenced b) the compaction pressre (*see Table 5): this can be 
fct93_sonably attributed to the different capillary volume available for the drug 
diffusim. 

ible to conclude that the copolymers 
t r&ase rates. whereas the IWO 

SC rata due to their low swelling { Eudragit 

trolled) permeation 
with physical mixture 
is confirms that drug 
at the deviation from 

breaking of the pore 

( 11) A polymer with poor surface? wettability can have on the contrary good liquid 
trstnsprt ability. Thus both properties must be characterized in order to properly 
USC” the poly da study in the de&gn of a controlled release system. 

(21 Daub rithmic platting of penetration data into matrices compacted at 
different pressures allows not only to distinguish between a capillary driven process 
and a pmncrttion prcmss (see Scheme 1). but also. in the latter case. to further 
identrfy the type of diffusion through the polymer network. 
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