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Abstract 

Hydrophilic matrices are an interesting option when developing an oral drug release device. In this work we have 
produced hydrophilic matrices tablets by direct compression. Previously graft copolymers were synthesized as an 
important component of the tablets: hydroxypropyl starch-methyl methacrylate (HS-MMA), carboxymethyl starch- 
MMA (CS-MMA) and hydroxypropyl cellulose-MMA (HC-MMA). The polymeric component was mixed with 
Emcompress ®, stearic acid and theophylline. All the products fulfilled the requirements for good flow according to 
literature. L-formulations show lower values of plasticity than O-formulations. However, L-formulations exhibit 
higher compactibility values than O-formulations. In general, all the formulations with O-polymers show faster 
release of the drug at three pHs used. On the other hand, these tablets have the capacity to hydrate quickly forming 
a gelatinous layer, so it is necessary to achieve controlled drug release from hydrophilic matrices. In relation with the 
dissolution efficiency over 8 h, formulations with HS-MMAL and NaCMC show very similar results, although the 
release of theophylline from NaCMC tablets at different pHs was always slightly slower than HS-MMAL tablets. 
© 1997 Elsevier Science B.V. 
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1. Introduction 

The compaction of a mixture constituted by a 
drug and a polymer, first proposed by Higuchi 

* Corresponding author. 

(1963), is still one of  the most efficient techniques 
to obtain oral controlled release tablets. In spite 
of  the matrix systems offer a major advantage in 
the ease of fabrication and manufacture on large 
scale (Ventouras and Buri, 1976), release kinetics 
are directly influenced by formulation and 
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physico-chemical factors (Flynn, 1974; Salomon 
et al., 1979; Chilamkurti et al., 1983; Avan and 
Brossard, 1985; V~zquez et al., 1992). A number 
of approaches to achieve zero-order release from 
matrix systems have been proposed. The most 
notable among them are the swelling controlled 
delivery systems, pioneered by Hopfemberg and 
Hsu (Shah et al., 1991). 

The formulation of drugs in tablets, using hy- 
drophilic polymers with high swelling capacities 
as base excipients, is of great interest in the field 
of controlled release. Alderman (1984) found that 
the release of a drug by a matrix system was 
produced by two simultaneous mechanisms: ero- 
sion or attrition of the outermost, least consistent 
gel layer and dissolution of the active principle in 
the liquid medium and diffusion through the gel 
barrier when formed. The diffusion of the drug 
will not only be via water-filled pores, also via the 
free volume between polymer chains. The inci- 
dence of the latter depends on the polymer's 
physical structure, its crosslinking degree, its de- 
gree of crystallinity and also on the possible so- 
lute-polymer interactions. 

Accordingly, the polymer is the element in the 
formulation that is most responsible, by hydrata- 
tion, of the diffusion of the drug and the forma- 
tion of erosion-resistant gel layer. The use of 
polymeric mixtures represents a potential way of 
achieving the required release profiles. However, 
obtaining technologically acceptable formulations 
requires, in addition to the drug and the gelling 
agent, the presence of the other excipients, in 
particular fillers and lubricants, that can markedly 
affect release (Alderman, 1984; Vfizquez et al., 
1992). 

The present paper describes a controlled release 
tablet using new different graft copolymer pow- 
ders, obtained by graft copolymerization of 
methyl methacrylate (MMA) on different carbo- 
hydrates. In previous papers (Castellano et al., 
1996a,b) we studied the reaction parameters and 
some powder characteristics of the synthesized 
copolymers. The aim of this work is focussed on 
knowing the efficiency of control of release and 
swelling, besides rheological properties and com- 
pression behavior, from a new family of graft 
copolymers of methyl metacrylate in formulations 

for direct compression matrices with theophylline 
as model drug. 

This drug was chosen because its solubility is 
relatively little affected by pH in the normal phys- 
iological range (Shangraw, 1988). 

2. Materials and methods 

2.1. Materials 

In this study, we have used some of the graft 
copolymers synthesized in a previous work 
(Castellano et al., 1996a), obtained by two differ- 
ent ways: products dried in an oven, called O 
products, and products dried by lyophilisation, 
called L products. Graft copolymers used are: 
carboxymethyl starch-methyl methacrylate (CS- 
MMA) O and L, hydroxypropyl starch-MMA 
(HS-MMA) O and L, and hydroxypropyl cellu- 
lose-MMA (HC-MMA) O and L. Also we have 
used anhydrous theophylline (batch 1201094), an- 
hydrous dicalcium phosphate dihydrate (Emcom- 
press ®, batch 1004X) as filler, and stearic acid 
(Estearina L2SM ®, batch 106) as lubricant. 

2.2. Methods 

Theophylline (24%) was mixed first with 25% of 
each polymer under study and 50% of Emcom- 
press ® for 15 min in a plastic vessel in an asymet- 
ric double-cone mixer (Retsch, Haan, Germany) 
at 50 rev./min ~. After the addition of stearic 
acid (1%), the mixing procedure was continued 
for 5 min. 

The mixtures were stored under controlled tem- 
perature (20°C). All mixtures were passed 
throughout a 500-/~m size mesh to remove exces- 
sive coarse granules. 

2.2.1. Flow properties 
Flow rate (F) of mixtures was measured by our 

data acquisition flowmeter system (Mufioz and 
Jim6nez-Castellanos, 1993). The vessel used was a 
glass funnel. A balance with an interface con- 
nected to a personnel computer (IBM PC compat- 
ible) constitute the whole system. A software 
program for data acquisition, graphics and calcu- 
lations was used. 
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Table 1 
Flow rate (F) and average of maximum upper force (MUF), ejection force (EF), residual lower punch force (RLPF), lubrication 
coefficient (R), plasticity (P1), and compactibility (C) of tablets (25% polymer, 24% theophylline, 50% Emcompress ~, and I% stearic 
acid) compressed at 4 Kp crushing strength 

Formulations with F (g/s) MUF (N) EF (N) RLPF (N) R PI (%) C 

HS-MMAO 4.73 14 195.02 391.90 290.42 0.854 97.18 5.17 
(0.26) (361.35) (13.89) (6.32) (0.002) (0.85) (0.16) 

HS-MMAL 8.31 13 007.09 364.04 240.06 0.831 90.55 6.03 
(0.35) (83.07) (20.51) (10.32) (0.006) (11.06) (0.86) 

CS-MMAO 8.94 16 980.68 378.90 250.85 0.839 91.75 5.50 
(0.42) (405.96) (75.72) (60.37) (0.003) (1.22) (0.21) 

CS-MMAL 9.78 16 671.28 410.21 301.86 0.832 86.77 5.16 
(0.60) (444.58) (18.20) (6.98) (0.011) (1.04) (0.18) 

HC-M MAO 20.82 19 792.38 241.46 157.46 0.843 81.86 4.33 
(5.01) (1095.00) (27.79) (15.39) (0.002) (2.48) (0.19) 

HC-MMAL 17.69 7023.67 298.55 215.25 0.846 76.20 4.46 
(7.27) (409.56) (29.04) (14.15) (0.010) (1.43) (0.22) 

NaCMC 6.25 9295.28 320.97 258.85 0.850 89.62 8.60 
(0.03) (147.80) (6.61) (13.43) (0.009) (0.43) (0.16) 

HS-MMAL (alone) 28.66 9942.39 162.50 406.19 0.713 86.07 3.99 
(4.53) (169.19) (9.07) (12.95) (0.006) (0.62) (0.10) 

NaCMC (alone) 1.82 4252.62 49.22 6.91 0.991 92.30 10.15 
(0.11) (12.76) (4.73) (2.69) (0.000) (1.56) (0.03) 

2.2.2. Compression character&tics 
The compression characteristics of  powders 

were investigated on an instrumented single punch 
machine (Bonals A M T  300, Barcelona, Spain) 
with H B M  YL6 strain gauges connected to dy- 
namic amplifiers (NEC Sanei, Tokyo,  Japan) and 
inductive displacement transducers (HBM, Darm- 
stadt, Germany).  A quantity of  powder (500 mg) 
was manually filled into the die (12 mm) and flat 
compacts were prepared at fixed crushing strength 
(4 Kp). To evaluate the compression properties of  
the mixtures, the averages of  maximum upper 
force (MUF),  ejection force (EF), residual lower 
punch force (RLPF),  lubrication coefficient (R), 
plasticity (%P1) and compactibility (C) were stud- 
ied. 

2.2.3. Standard physical  tests o f  tablets 
To study the variations in the tablet properties, 

the mixtures were tabletted in a single punch 
tablet machine (Bonals, Model A M T  300, Spain) 
running at 30 cycles/min and equipped with a 
forced feeding system. 

Weight of  20 tablets was determined by dusting 
each tablet off  with a camel's hair brush and 

placing it on an electronic balance (Mettler AE 
50, Mettler Instrumentate,  Greifensee, Switzer- 
land). 

The individual crown-to-crown for the thick- 
ness of  20 individual tablets was determined after 
dusting off  the tablet surface, and then placing it 
in and parallel to the face of  a micrometer (Mitu- 
toyo, sensitivity 0 -25  mm). The measurements 
were recorded and the sample mean and standard 
deviation were calculated. 

Friability (F) was determined by weighting 15 
tablets after dusting, placing them in an Erweka 
TA (Erweka, Heusenstam, Germany)  friability 
tester and rotating the basket vertically at 25 
revs./min i for 4 min. After dusting, the total 
remaining weight of  the tablets was recorded, and 
the percent friability was calculated. 

Disintegration time (DT) was performed at 
37°C in 0.1 N HC1 medium using the European 
Pharmacopoeia  apparatus (Erweka ZT3, Erweka, 
Heusenstam, Germany).  

Dissolution rate: dissolution profiles were ob- 
tained for six tablets of  each formulation with a 
U.S.P. apparatus  (Turugrau automatized dissolu- 
tion test) and using the basket method at 50 
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Table 2 
Standard physical parameters of tablets: uniformity of weight (mg), uniformity of thickness (mm), friability (F) and disintegration 
time (DT) (min) 

Formulations with Weight Thickness F (%) DT 

HS-MMAO 495.8 (11.0) CV: 2.23% 3.24 (0.01) 2.93 
HS-MMAL 507.5 (13.3) CV: 2.64% 3.28 (0.01) 1.98 
CS-MMAO 486.1 (6.0) CV: 1.23% 3.07 (0.01) 2.74 
CS-MMAL 494.4 (10.3) CV: 2.08% 3.05 (0.00) 2.09 
HC-MMAO 509.4 (6.7) CV: 1.33% 3.22 (0.01) 2.94 
HC-MMAL 496.6 (14.9) CV: 3.00% 3.23 (0.01) 1.94 
NaCMC 507.9 (5.4) CV:I.07% 4.67 (0.01) 2.66 
HS-MMAL alone 500.0 (20.0) CV:3.99% 3.13 (1.69) 3.80 
NaCMC alone 489.9 (6.1) CV:1.25% 3.13 (0.00) 3.42 

0.29 (0.07) 
>30 
15.13 (5.20) 
>30 
2.44 (0.61) 
2.49 (0.46) 
>30 
>30 
>30 

revs./min - ]. The dissolution media were different 
buffer solutions prepared with HC1 for acid 
medium (1.5) and phosphate heptahydrate, citric 
acid and potassium chloride (Aldrich) for the 5 
and 8 pHs (Elving et al., 1956), but at same ionic 
strength (0.5 M). The amount of theophylline in 
solution was monitored continuously by spec- 
trophometry (Diode array spectrophotometer 
Hewlett Packard) at 270 nm. 

Swelling capacity: to study swelling capacity 
(%SC) of polymers we prepared tablets consti- 
tuted only by our polymers at fixed crushing 
strength (4 Kp). Tablets were weighted in the dry 
form. After, the tablets were swollen in the previ- 
ously mentioned dissolution buffers (1.5, 5 and 8 
pHs) adjusted to a 0.5 M ionic strength. The 
amount of water absorbed was determined by the 
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Fig. 1. The dissolution tests (mean and S.D.) for each formula- 
tions at pH 1.5 

relation between water content in hydrated tablets 
with respect to the weight of dry tablets. 

3. Results and discussion 

In spite of the polymers showing good flow 
(Castellano et al., 1996b), the high presence of 
theophylline with bad flow, could explain these 
results (Table 1). According to this parameter, the 
best flowability corresponds to HC-MMAO and 
the worst to HS-MMAO mixtures. Except for 
both products of HC-MMA O and L mixtures, 
the mixtures with O-products show lower 
flowrates than the mixtures with L-products. 

The compressional properties of the polymers 
at 4 Kp are presented in Table 1. The results show 
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Fig. 2. The dissolution tests (mean and S.D.) for each formula- 
tions at pH 5 
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that, although all formulations have values for the 
ejection force higher than 200 Newtons, all of 
them fulfilled the requirements for direct compres- 
sion formulations (Bolhuis and Lerk, 1973). 
Again, HC-MMA formulations show the lowest 
values. Different behavior is observed between O 
and L polymers in HS-MMA formulations and 
the others, because in the latter L mixtures have 
higher values of EF and residual lower punch 
force. 

As we suggested in the polymer tablet study 
(Castellano et al., 1996b), the addition of a lubri- 
cant (stearic acid) improve the lubrication coeffi- 
cient (Doelker, 1978), with values close to the 
requirements proposed by Bolhuis and Lerk 
(1973) (0.9). 

The plasticity values were calculated from the 
following relation (Doelker, 1978): 

% P I -  WNA X 100 
WNA + Wexp 

where Wexp is the expansion work and WNA is the 
apparent net work. L formulations show lower 
values of plasticity than O formulations. As in 
rheological properties, again HC-MMA mixtures 
have a different behavior, with the lowest values 
for this parameter. 

L-formulations exhibit again similar compacti- 
bility values to O-products. In general, all the 
formulations improve this characteristic in rela- 
tion to polymer tablets (Castellano et al., 1996b) 
due to the addition of Emcompress* and 
theophylline. 

Tablets from all mixtures passed the test for 
weight uniformity (Table 2). Unlike polymers 
alone (Castellano et al., 1996b), no relation can be 
found between flow properties and the coefficient 
of weight variation (Cole et al., 1974). 

Even though the tablet formulations do not 
show acceptable friability (less than 1%) (Mollan 
and Celik, 1993), the addition of a 50% of a filler 
for direct compression (Emcompress ®) diminished 
the values for this parameter enormously in rela- 
tion with polymer tablets (Castellano et al., 
1996b). In relation with disintegration time, only 
HS-MMAL and CS-MMAL show values higher 
than 30 min. The high concentration of anhy- 
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Fig. 3. The dissolution tests (mean and S.D.) for each formula- 
tions at pH 8 

drous Emcompress ® and the fixed crushing 
strength (4 Kp) support the results of rapid disin- 
tegration in comparison with polymer tablets 
(Castellano et al., 1996b), due to the effect of the 
hydrogen bonds formed within the polymeric 
granules, when they are compressed without the 
filler. 

The dissolution tests (mean and S.D.) for each 
formulation at different pHs, are shown in Figs. 
1-3. The curves were characterized using a 
model-independent parameter, the dissolution 
efficiency over 8 h (Khan and Rhodes, 1972) 
(Table 3). If we take into account that Emcom- 
press* is an insoluble direct compression excipient 
that does not swell (Lemos et al., 1982) and that 
the solubility of theophylline is relatively littl af- 
fected by pH in the normal physiological range 
(Shangraw, 1988; Uko-Nne et al., 1989), the dif- 
ferent release rates at different pHs of formula- 
tions could be attributed only to the molecular 
structure and nature of different polymers (Bra- 
non-Peppas and Peppas, 1989). Therefore, in a 
particular formulation, pH could be a critical 
factor in the release rates to affect also the filler 
(Lin and Kao, 1990). 

In general, all the formulations with O-poly- 
mers show faster release of the drug at the three 
pHs used, although we only find remarkable dif- 
ferences between the HS-MMA products. Also, in 
general, starch derivatives release the drug slower 
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Table 3 
Values of dissolution efficiency over 8 h and swelling capacity at 8 h of matrix tablets at different pHs but at same ionic strength 
(0.5 M) 

Formulation with DE8h (pH) 1.5 DEsh (pH 5) DE8h (pH 8) SC (pH 1.5) SC (pH 5) SC (pH 8) 

HS-MMAO 0.824 0.915 0.708 0.442 0.470 0.610 
HS-MMAL 0.577 0.264 0.352 0.281 0.282 0.386 
CS-MMAO 0.798 0.442 0.580 0.479 0.737 0.701 
CS-MMAL 0.740 0.292 0.445 0.663 0.934 0.898 
HC-MMAO 0.953 0.806 0.865 0.628 0.69 0.788 
HC-MMAL 0.899 0.685 0.781 0.825 1.204 1.104 
NaCMC 0.392 0.148 0.247 -- -- -- 

than cellulosic derivatives ( H S - M M A O < H C -  
MMAO, HS-MMAL < HC-MMAL). This can be 
explained due to the higher capacity of the starch 
to absorbed water (Castellano et al., 1996a) and 
to give gel layers, in relation with cellulosic 
derivatives (Castellano et al., 1996b). 

The swelling capacity of polymer tablets formu- 
lated with different polymers are depicted in Figs. 
4-6. HC-MMA products have the highest 
swelling capacity being the lowest HS-MMA 
products. In relation with this parameter, tablets 
formulated with HS-MMA polymers have a dif- 
ferent behavior than the other two types of 
tablets. So, for this polymer, the product with 
higher swelling capacity (O) releases the drug 
faster than the polymer with lower swelling capac- 
ity (L) (Table 3). An inadequate compression 

pressure to prevent the disintegration of HS- 
MMAO matrix tablets could explain this different 
behavior (Ventouras and Buri, 1976; Huber and 
Christenson, 1968; Bams and Walker, 1971), if we 
observe the different disintegration times for both 
formulations (0.29 min and > 30 min for HS- 
MMA O and L, respectively). 

In relation to CS-MMA and HC-MMA, L 
polymers, that absorb higher amounts of water 
(Castellano et al., 1996a), give lower drug release 
rate than their corresponding oven dry polymers 
(CS-MMAO and HC-MMAO). This agrees with 
the swelling capacity of CS-MMA and HC-MMA 
products that arise the equilibrium swelling value 
before 5 min. On the other hand, HS-MMAL 
tablets have a lower swelling degree than expected 
from its hydrophilicity, that could be due to the 
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strong intramolecular hydrogen ability (Lenaerts 
et al., 1991). 

All the tablets, irrespective of the polymer 
backbone structure, give higher swelling and, in 
consequence, lower release rate at high pHs. 

Another consideration is the viscosity of the 
formed gel. It seems that comparing O and L 
products, the ones that have lower particle size (O 
polymers) (Castellano et al., 1996b) give lower 
viscosity and also, together with the lower 
swelling capacity and disintegration time, release 
the drug faster than its corresponding L polymer 
tablets. 

Although, in general, our new polymers are 
showing as good candidates to controlled release 
of drugs, specially HS-MMAL continued by CS- 
MMAL with lower dissolution efficiency at all 
pHs, it is necessary to make matrix tablets at 
higher pressure to obtain better disintegration 
properties, specially with HS-MMAO and HC- 
MMA polymers. 

To demonstrate the quality of our polymer 
(HS-MMAL), we compared its rheological, com- 
pressional and specially drug release properties of 
tablets first compressed alone and afterwards in 
the formulation containing theophylline in rela- 
tion with NaCMC (7MF, Aqualon Company, 
US). While HS-MMAL powders show high 
flowability (Table 1), NaCMC powders did not 
fulfil the requirements proposed by different au- 
thors (Guyot, 1978; Guyot et al., 1980; Dela- 

courte-Thibaut et al., 1982; Avan and Brossard, 
1985). Also, the results show that, although lower 
friction and ejection properties were obtained 
with NaCMC tablets, HS-MMAL tablets fulfilled 
the requirements of ejection force proposed by 
Bolhuis and Lerk (1973). However, NaCMC 
tablets exhibit higher compactibility values than 
HS-MMAL. On another hand, similar results 
were obtained for HS-MMAL and NaCMC 
tablets in relation with friability and disintegra- 
tion time (Table 2). 

In spite of the addition of theophylline and 
excipients to HS-MMAL diminished the flow rate 
in comparison with polymer alone, the value was 
slightly higher than NaCMC formulation. Similar 
results were obtained for both formulations in 
relation with compressional properties and disin- 
tegration time; however, HS-MMAL tablets 
showed better friability than NaCMC. 

According to the dissolution efficiency over 8 h, 
both formulations show very similar results, al- 
though always the release of theophylline from 
NaCMC tablets at different pHs was slightly 
slower than HS-MMAL (Table 3). Finally, it 
must be pointed out that starch is one of the main 
available carbohydrates for humans, due to the 
presence of specific enzymes that allow its 
biodegradation. This implies an advantage in rela- 
tion with cellulose and its derivatives, that can not 
be digested by humans and other mammalians. 

References 

Alderman, D.A., A review of cellulose ethers in hydrophilic 
matrices for oral controlled-release dosage forms, lnt, J. 
Pharm. Prod. Manuf, 5 (1984) 1-9. 

Avan J.L. and Brossard, C., Mise au point et d6velopment 
technologiques de matrices hydrophiles par compression 
directe sur machine rotative. S.T.P. Pharma, 1 (1985) 
516 522. 

Barns, D.C. and Walker, G.C., The prolonged release of 
caramiphen hydrochloride and atropine sulfate from com- 
pressed tablets containing Carbopol 934. Pharm. Acta 
Heir.,46 (1971) 94 113. 

Bolhuis, G.K. and Lerk, C.F., Comparative evaluation of 
excipients for direct compression. Pharm. Weekbl., 108 
(1973) 469 481. 

Branon-Peppas, L. and Peppas, N.A., Solute and penetrant 
diffusion swellable polymers. IX. The mechanisms of drug 



240 M.C. Ferrero et a l . /  International Journal o f  Pharmaceutics 149 (1997) 233-240 

release from pH-sensitive swelling-controlled systems. J. 
Contr. Rel., 8 (1989) 267-274. 

Castellano, I., Gurruchaga, M. and Gofii, 1., New graft co- 
polymers on different carbohydrates for drug delivery sys- 
tems. Biomaterials, (1996a) in press. 

Castellano, I., Velasco, M.V., Mufioz, A., Jimrnez-Castel- 
lanos, M.R., Gurruchaga, M. and Gofii, 1., Contribution 
to the study of graft copolymers of methyl methacrylate 
for drug delivery systems. J. Biomed. Mater. Res. (1996b) 
in press. 

Chilamkurti, R.N., Rhodes Ch.T. and Scwartz, J.B., Compres- 
sion properties of formulations containing matrix and 
drug, Pharm. Acta Helv., 58 (1983) 146-153. 

Cole, E.T., Elworthy, P.H. and Sucker, H., Determination of 
the flow properties of powders by means of a flow balance, 
J. Pharm. Pharmacol., 26 (1974) 57 P. 

Delacourte-Thibaut, A., Guyot, J.C. and Traisnel, M., Formu- 
lation technologique des comprimrs. Etablissement de 
fiches techniques. Sci. Tech. Pharm., 11 (1982) 131-140. 

Doelker, E., Physique de la compression, lntrret et limite des 
machines instrumentres pour l'optimisation de la formula- 
tion. Pharm. Acta Helv., 53 (1978) 182-188. 

Elving, J.P., Markowitz, J.M. and Rosenthal, 1., Preparation 
of buffersystems of constant ionic strength, Anal. Chem., 
28 (1956) 1179-1180. 

Flynn, G.L., Influence of physico-chemical properties of drug 
and system on release of drug from inert matrices. In 
Tanquary, A.C. and Lacey, R.E. (Eds.), Controlled Release 
o f  Biologically Active Agents, Plenum Press, New York, 
1974, pp. 73-98. 

Guyot, J.C., Critrres technologiques de choix des excipients de 
compression directe. Sci. Tech. Pharm., 7 (1978) 551-559. 

Guyot, J.C., Delacourte-Thibaut, A. and Traisnel, M., Com- 
ment devrait-on aborder la mise au point des comprimes?. 
Sci. Tech. Pharm., 9 (1980) 459 468. 

Higuchi, T., Theoretical analysis rate of release of solid drugs 
dispersed in solid matrices. J. Pharm. Sci., 52 (1963) 1145 
1149. 

Huber, H.E. and Christenson, G.L., Utilization of hydrophilic 
gums for the control of drug release from tablet formula- 
tions. II. Influence of tablet hardness and density and 
dissolution behavior. J. Pharm. Sci., 57 (1968) 164-166. 

Khan, K.A. and Rhodes, Ch.T., Effect of compaction pressure 
on the dissolution efficiency of some direct compression 
systems. Pharm. Acta Helv., 47 (1972) 594-607. 

Lemos de G., Brossard, C. and Lefort, D., Matrices ~ action 
prolongre h base de polymrres de solubilitrs varires en 
fonction du pH. II. Optimisation de la formulation de 
matrices cellulosiques de trihydroxyrthylrutine par com- 
pression directe. Pharm. Aeta Helv., 57 (1982) 309 316. 

Lenaerts, V., Dumoulin, Y., Mateescu, M.A., Controlled re- 
lease of theophylline from crosslinked amylose tablets. J. 
Control. Release, 15 (1991) 39-46. 

Lin, S.Y. and Kao, Y-.H., Effect of eudragit resins and dibasic 
calcium phosphate on the compaction and dissolution 
behavior of directly compressible controlled-relese 
theophylline tablets. Drug Dev. Ind. Pharm., 16 (1990) 
855 874. 

Mollan, M.J. and Celik, M., Characterization of directly com- 
pressible maltodextrins manufactured by three different 
processes. Drug Dev. Ind. Pharm., 19 (1993) 2335-2358. 

Mufioz, A. and Jimrnez-Castellanos, M.R., Integrated system 
of data acquisition for measure of flow rate. Pharm. Tech. 
Int. Biopharm., 5 (1993) 2-8. 

Salomon, J.L., Doelker, E. and Buri, P., Importance de la 
technologic et de la formulation pour le mrcanisme de 
librration du chlorure de potassium contenu dans des 
matrices hydrophiles. I. Importance de la viscosit6 et du 
porcentage de grlifiant. Pharma Aeta Helv., 54 (1979) 
82-89. 

Shah, S.S., Kulkarni, M.G., Mashelar, R.A., Swellable hy- 
drogel matrices for the release of dependent chain-linked 
active ingredients over extended time periods. J. Appl. 
Polym. Sei. 43 (1991) 1879-1884. 

Shangraw, R.F., Design and formulation of sustained release 
theophylline dosage forms. Drug Dev. Ind. Pharm., 14 
(1988) 319-335. 

Uko-Nne, S., Mendes, R.W. and Jambhekar, S.S., Dried 
molasses as a direct compression matrix for oral controlled 
release drug delivery. II. Release mechanism and character- 
istics of theophylline from a molasses-HPMC matrix. Drug 
Dev. Ind. Pharm., 15 (1989) 719-741. 

VS.zquez, M.J., Prrez-Marcos, B., G6mez-Amoza, J.L., Mar- 
tinez- Pacheco, R., Souto, C. and Concheiro, A., Influence 
of technological variables on release of drugs from hy- 
drophilic matrices. Drug Dev. Ind. Pharm., 18 (1992) 1355- 
1375. 

Ventouras, K. and Buri, P., Librration in vitro du sulfate de 
lithium incorpor6 ~i des matrices hydrophiles, Pharm. Acta 
Helv., 51 (1976) 212-218. 


