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The aim of this work is to estimate the excipient percolation threshold for a new combined matrix native dextran (DT), series B110-1-2 (Mw 2 x 10 6 ): HPMC K4M CR: lobenzarit disodium (LBD) system and demonstrate the advantages of this ternary system with respect to previously reported binary dex tran:LBD and HPMC:LBD tablets. The formulations studied were prepared with different amounts of excipient(DT:HPMC, 4: 1 (wt/wt) for ail tablets and relative polymer/drug partide size of 4.17) in the range of 10-70% (wt/wt). Dissolution studies were carried out using the paddle method ( 100 rpm) and one face water uptake measurements were performed using a modified Enslin apparatus. The Higuchi's models as weil as the non-linear regression were employed as empiric methods to study the released data. Values of diffusion exponent 0.588 < n < 0.784 (Korsmeyer equation) for dissolution profile and water uptake mech anism 0.715 < n < 0.960 (Davidson and Peppas equation) suggests anomalous or complex mechanisms in ail cases. The critical points in ternary tablets were reduced from 44.75% (v/v) of excipient (correspond to purely native dextran) to 22.34% (v/v) (corresponding to mixture native dextran:HPMC. 4:1, wt/wt). The initial porosity (IP) ofhydrophilic matrices above the values of20% has an important influence on the percolation threshold as weil as on establishment of the gel barrier responsible for the controlled release from the DT:HPMC:LBD tablets.

Introduction

Percolation theory is a statistical theory that studies disor dered or chaotic systems where the components are randomly distributed in a lattice. It has wide application in many scien tific disciplines and was introduced in the pharmaceutical field by [START_REF] Leuenberger | Percolation theory-a novel approach to solid dosage form design[END_REF] to improve the characterization of solid dosage forms. In this first definition, through the compaction process to form a pharmaceutical tablet, a site-percolation and a bond-percolation may be observed.

The sites can be occupied by particles or pores and bonds can exist between neighbouring particles. This theory assumes that at a specific solid/pores composition in the tablet, i.e .. when particles or pores form a continuous network in the system. a sudden change in the tablet properties (release rate, mechanical properties. etc.) is observed. This particular ratio corresponds to the percolation threshold [START_REF] Holman | The significance of slopes of the semilogarithmic relationship between hardness and solid fraction of porous compacts[END_REF].

In a binary pharmaceutical tablet. two percolation thresholds are expected: the drug and the excipient percolation threshold. A cluster is defined as a group of neighbour-occupied sites in a lattice (Stauff er and Aharony, 1992). When this cluster extends from one side to the rest of the sides of the Iattice -percolates the whole lattice -it is considered as infinite or percolating clus ter. It has to be emphasized that the infinite cluster of excipient responsible for the drug release control must be present be f ore the matrix is placed in the dissolution medium, i.e .. before the swelling process starts (Miranda et al., 2006a,b;[START_REF] Fuertes | Estimation of percolation thresholds in acyclovir hydrophilic matrix tablets[END_REF].

The factors infl uencing the release of drugs from hydrophilic matrices include. viscosity of the polymer, ratio of the polymer to drug, mixtures of polymers. compression pressure. thickness of the ta blet. particle size. pH of the matrix. entrapped air in the ta blet. solubility of the drug, the presence of excipients or additives and the mode of the incorporation ofthese substances (Castellanos Gil et al., 2006a;[START_REF] Campos Aldrete | Influence of the viscosity grade and the particle size of HPMC on metronidazole release from matrix tablet[END_REF][START_REF] Tahara | Overall mechanism behind matrix sustained release (SR) tablets prepared with hydroxypropyl methylcellulose 2910[END_REF].

Dextrans can be defined as glucose homopolysaccharides that feature a substantial number of consecutive ␣-(1 → 6) linkages in their major chains, usually more than 50% of the total linkages. These ␣-d-glucans possess also side chains stemming from ␣-(1 → 2), ␣-(1 → 3), or ␣-(1 → 4) branch linkages. Coming from renewable sources, polysaccharides have frequently also economical advantages over synthetic polymers. Polysaccharides are usually non-toxic, biocompatible and show a number of peculiar physico-chemical properties that make them suitable for different applications in drug delivery systems [START_REF] Coviello | Polysaccharide hydrogels for modified release formulations[END_REF][START_REF] Robyt | Dextran[END_REF].

Hydroxypropyl methylcellulose has been employed extensively as hydrophilic matrix former in oral controlled release dosage forms for different drugs. Its popularity can be attributed to the polymer's non-toxic nature, small influence of processing variables on drug release, ease of compression, and its capability to accommodate high levels of drug loading [START_REF] Bettini | Swelling and drug release hydrogel matrices: polymer viscosity and matrix porosity effect[END_REF].

The percolation theory has been applied to describe controlled release inert matrix systems [START_REF] Caraballo | Percolation theory: application to the study of the release behaviour from inert matrix system[END_REF]. Recently we started to apply the percolation theory to the study of HPMC hydrophilic matrix systems. Miranda et al. demonstrated experimentally the influence of the particle size of the components on the percolation threshold in HPMC hydrophilic matrices (Miranda et al., 2006a(Miranda et al., ,b, 2007c;;[START_REF] Fuertes | Estimation of percolation thresholds in acyclovir hydrophilic matrix tablets[END_REF] and some evidence of the influence of the initial porosity in the formation of the gel layer (sample-spanning cluster of excipient) were achieved.

Lobenzarit disodium (LBD) is a drug conceived for the treatment of rheumatoid arthritis. This drug produces an improvement of immunologic abnormalities and has a regulatory effect upon the antibody producing system. It is administered orally in the form of tablets and its daily dosage is 240 mg (80 mg three doses per day) [START_REF] Ohsugi | An immunopharmacological profile of lobenzarit disodium (CCA) a new immunomodulatory anti-rheumatic drug[END_REF].

The objective of the present work was to estimate the excipient percolation threshold for a new combined matrix native dextran (DT), series B110-1-2 (Mw 2 × 10 6 ): HPMC K4M CR: LBD system, to characterize its release kinetics and to demonstrate the advantages of this ternary system with respect to previously reported binary dextran:LBD tablets (Castellanos Gil et al., 2008b). At the same time the influence of the initial porosity (IP) of hydrophilic matrices in the range 0-30% on the release and percolation behaviour was analyzed.

Materials and methods

Materials

Commercial native Dextran B512-F (Mw 5 000 000-40 000 000, according to manufacturer's data and Mw 22 000 000, according to viscometer analysis (Castellanos Gil et al., 2008c)) was obtained from Sigma (Saint Louis, USA) and used as reference polymer.

High molecular weight native dextran (B110-1-2, Mw 2 000 000 (Castellanos Gil et al., 2008c)) was obtained from the Center of Studies of Sugar Cane (Havana, Cuba). Lobenzarit disodium (LBD) was prepared in the Synthesis Laboratory at the Center of Pharmaceutical Chemistry (Cuba). Hydroxypropyl methylcellulose (HPMC) with a viscosity grade 4000 cps (Methocel K4M CR) was obtained from Colorcon (Kent, England). Other chemicals and reagents were of analytical grade.

Preparation of matrix tablets

The polymers were sieved (Retsch type Vibro, Germany), the granulometric fractions 150-200 m were employed and Carr's index (CI) was calculated. The drug was not sieved but its mean particle size was measured as 42 ± 0.61 m using a He-Ne laser diffraction system (Malvern Instr., type Matersize x, 1.2 b, UK). The apparent particle density of LBD (2.159 g/cm 3 ) and polymers (1.330 g/cm 3 for DT and 1.285 for HPMC K4M CR) has been calculated using an air pycnometer (Quantachrome type Stereopynometer spy-3, USA) and not very different values to those reported in the literature were achieved [START_REF] Novoa | Crystal data and X-ray powder diffraction data of lobenzarit acid and lobenzarit disodium[END_REF][START_REF] Fuertes | Estimation of percolation thresholds in acyclovir hydrophilic matrix tablets[END_REF].

Ternary mixtures DT:HPMC:LBD keeping ratio DT:HPMC always as 4:1 (wt/wt), were prepared with varying polymer's mixture contents (10%, 15%, 20%, 30%, 40%, 50%, 60% and 70%, wt/wt) (for volumetric fraction see Table 1) and with a constant amount of the drug (150 mg dosage) without any further excipient. Binary system DT:LBD was prepared with the same polymer amount (range 10-70%, wt/wt) with respect to LBD according to previously reported data (Castellanos Gil et al., 2008b). Table 1 also shows the composition of the studied batches as well as the tablet thicknesses (n = 12). Tablet components were mixed for 3 min (optimal mixing time) using a Turbula mixer (Basel, Switzerland).

Tapped density and bulk density of polymers and mixtures were determined according to European Pharmacopoeia (PhEur 4, 2002). Approximately 100 ml of powder is gently poured into a tare graduated cylinder and the initial volume and weight of the material is recorded. The graduated cylinder is placed on a tapped density tester and the final volume is recorded after 500 taps (SBS model. VOL-1 tap density tester) and Carr's index was obtained (Eq. ( 1)).

Percent compressibility index

= 100 × tapped densitybulk density tapped density (1)

The mixtures were compressed with a F. RASSANT (France) hydraulic press fitted with a 10 mm diameter flat punch. After some time (around 10 s) the formed tablets were ejected from the punch. Based on previous studies where the influence of compression force was studied as a function of the reduction in volume of dextran placebo tablets, compression force 14 kN was applied for all experiments in order to minimize initial porosity of tablets (Castellanos Gil et al., 2008b,c). Furthermore in order to analyze the influence of IP, different and adequate compression forces (range 2-30 kN) were applied to obtain IP of tablets in the range 0-30%, respectively. All the tablets were tested for friability (Erweka, mod. TAD, Germany).

In vitro drug release studies

Dissolution studies were carried out at 37 ± 0.5 • C in 900 ml of distilled water, in a USP apparatus (SotaxAT7 Smart, Teknokroma, Spain) using the paddle method. The rotation speed was kept constant at 100 rpm. Release of LBD was detected by UV spectrophotometric method at 360 nm during 8 h. Three replicates of filtered samples, taken at different times, were performed for each determination and the mean values were used to obtain the release profiles. The total amount of drug present in the tablets was calculated as the sum of the cumulative mass of drug released in the last sample and the mass of drug remaining (residue). The technique was previously validated. The validation method was carried out by analyzing solutions containing several concentrations of LBD in five replicates. Furthermore, these solutions were analyzed by triplicate on five different days (n = 15). The results showed a good linearity (r 2 = 0.9940), with appropriate precision (CV <2%) and accuracy values (≥98.98%). The absence of interference of dextran and HPMC was checked by comparing the data obtained from pure substance LBD and from samples spiked with polymer (Castellanos Gil et al., 2006aGil et al., , 2008b,c),c).

The mechanism of drug release was analyzed according to, Higuchi (Eq. ( 2)), Korsmeyer (Eq. ( 3)) and Peppas-Sahlin (Eq. ( 4)) equations:

Q t Q ∞ = k h • t 1/2 (2) Q t Q ∞ = K • t n (3)
where Q t /Q ∞ is the fraction of drug released; k h and K are kinetic constants; n is a diffusional exponent that depends on the release mechanism and on the shape of the swelling device tested. Values of n = 0.5 indicate Fickian release, values of 0.5 < n < 1.0 indicate an anomalous (non-Fickian or couple diffusion/relaxation) drug release, whereas values of n = 1.0 show a case II (purely erosion/relaxation controlled) drug release.

Q t Q ∞ = K d • t m + K r • t 2m (4)
where K d is the diffusional constant; K r is the relaxational constant and m is the diffusional exponent that depends on geometric shape of the releasing device through its aspect ratio [START_REF] Ritger | A simple Equation for description of solute release I. Fickian and Non-Fickian release from non-swellable devices in the form of slabs, spheres, cylinders or discs[END_REF].

Water uptake studies

The process of water penetration into the hydrophilic matrix tablets was studied using a modified Enslin apparatus. This apparatus contains a fritted and a system to regulate the water level. When the tablet is placed on the fritted, the water is absorbed from a reservoir which is placed on a precision balance (Scatlec SBC 31, Germany). The amount of water uptake at each time point was read from the balance as weight loss in the reservoir. The balance is linked to a chart recorder and a personal computer. The rate of water penetration was expressed as the weight gain of the swelled matrix, in percent (wt/wt) of penetrated fluid with respect to dry polymer. The kinetics of the water uptake into hydrophilic matrices was analyzed according to Davidsons and Peppas model using the following equation:

W = K s • t n (5)
Being W the weight gained of the swelled matrix (water/dry polymer); K s , the kinetic constant of water penetration; t, the penetration time; n, the exponent which depends on the water penetration mechanism [START_REF] Davidson | Relaxation-controlled transport in P(HEMAco-MMA) copolymers[END_REF].

Estimation of the percolation threshold

In order to estimate the percolation threshold, the behaviour of the kinetic parameters (k h , K and K r /K d , respectively) and normalized kinetic constants with respect to volumetric fraction and volumetric fraction plus IP were studied.

According to the fundamental equation of percolation theory (Eq. ( 6)), if these parameters behave as critical properties, we can expect that

X ∝ S • (p -p c ) n (6)
where X is the studied property; S is a constant; p is the volumetric fraction (or volumetric fraction plus IP) of the component; p c is the percolation threshold; (p -p c ) is the distance to the percolation threshold and n is a critical exponent.

The kinetic parameters studied show a non-linear behaviour as a function of the volumetric fraction of the excipients (plus or without initial porosity). Two (or three) linear regressions have been performed as an approximation for estimating the trend of the parameter, one regression line below and the other above the percolation threshold. The point of intersection between both regression lines has been taken as an estimation of the percolation threshold (Miranda et al., 2006a,b;[START_REF] Fuertes | Estimation of percolation thresholds in acyclovir hydrophilic matrix tablets[END_REF]Castellanos Gil et al., 2008b).

The initial porosity (IP) was calculated using the following equation:

ε(%) = 100 × Vt -(w • %LBD/ LBD) -(w • %DT/ DT) -(w • %HPMC/ HPMC) Vt (7)
where ε(%) is the initial porosity in percent; Vt is the tablets volume; w is the tablet weight; LBD, DT and HPMC are the drug, DT and HPMC density, respectively.

Results and discussion

Properties of binary and ternary matrix tablets at compression force 14 kN

Fig. 1 and Table 1 show IP, aspect ratio (ratio tablet diameter/tablet thickness), % (v/v) of excipients (DT + HPMC), tablet weight and tablet thickness obtained for the eight batches studies (DT:HPMC-10 up to DT:HPMC-70) applying 14 kN compression force (values for matrices DT:LBD were taken from previously reported data (Castellanos Gil et al., 2008b)). Carr's index is related to powder flowability, for which smaller values indicate better flowability. During the tabletting process, the enhancement of flowability could decrease the weight variation of tablets. On the other hand, the tensile strength of tablets is partly determined by the compressibility of the powder bed and the postcompression recovery of tablets. Greater compressibility or plastic deformation results in higher tensile strength of tablets. The extent of plastic deformation can be represented by yield pressure, for which a smaller value indicates a higher extent of plastic deformation. By contrast, the postcompression recovery of tablets leads to an increase in porosity accompanied by a decrease in tensile strength. Packing/flow ratio (values of Carr's index, data showed in Fig. 2) became more favorable (CI become lower values) with the increasing of dextran's amount in binary and ternary systems. Lost due to friability for binary tablets (range 0.79-0.15%) were lower but in the same range as ternary system (range 0.94-0.25%). CI and IP for binary tablets were lower than for ternary systems, when tablets with equal % (v/v) excipients were compared. This can be due to the differences in compressibility index of dextran (CI = 18.8) and HPMC (CI = 24.6). As a consequence, when automatic machine will be in use, the tablets containing this granulate (HPMC) have to be manufactured at lower compression speed, in order to guarantee an accurate filling of the machine die.

Release profiles and release kinetics at compression force 14 kN

Fig. 3 shows the dissolution profiles for tablets of LBD with DT-B110-1-2 (DT 10% to DT 70%, wt/wt, particle size 150-200 m) and with DT:HPMC (always in ratio 4:1, wt/wt). The value for relative standard deviation was lower than 5% for all points measured (n = 12). Values for kinetic constants indicated that LBD release is faster in binary system (k h binary system > k h ternary system, for the same polymers content). This results agree well with our previous observation when a synergy in the ability to control the release of propranolol hydrochloride was observed when we used ratio DT:HPMC 4:1 (wt/wt) (Castellanos Gil et al., 2006a). The Higuchi's model as well as the non-linear regression of Korsmeyer and Peppas-Sahlin was employed as empiric methods to study the released data. According to the aspect ratio obtained for all formulations, values of 0.432 < m < 0.465 were found appropriate to be used in Eq. ( 4) [START_REF] Ritger | A simple Equation for description of solute release I. Fickian and Non-Fickian release from non-swellable devices in the form of slabs, spheres, cylinders or discs[END_REF]. The results obtained are shown in Table 2.

Values of diffusion exponent 0.588 < n < 0.784 (Korsmeyer equation) for dissolution profile of sparingly soluble drug correspond to anomalous diffusion mechanism and this well agrees with the results of other authors [START_REF] Tahara | Overall mechanism behind matrix sustained release (SR) tablets prepared with hydroxypropyl methylcellulose 2910[END_REF]Miranda et al., 2006b). This can be also observed in Peppas-Sahlin equation. The model can identify the different contribution of the relaxation or erosion mechanism and of the diffusive mechanism. The values obtained for K r were lower than K d for all the dissolution profiles.

Water uptake assays and swelling kinetics

The degree of hydration of the polymer is one of the factors determining the degree and velocity of drug release from the swellable matrices [START_REF] Michailova | Water uptake and relaxation processes in mixed unlimited swelling hydrogels[END_REF]. The characterization of water-sorption capabilities is the first step towards understanding the mechanisms of drug release from DT and DT:HPMC matrices.

The results of the water uptake measurements are shown in Fig. 4. An increase in the rate of water uptake/dry polymer can be observed when the excipients concentration decreases. A change in water uptake kinetic was found between 20% and 30% (wt/wt) of excipients (for DT: HPMC: LBD tablets ). This range corresponds to the critical point which has been observed in the release kinetics studies. Comparing these results with those obtained for DT: LBD. a reduction of amount of water uptaken was observed when a mix ture of polymers was used. Nevertheless for short times (0-90 min) a faster water sorption was observed for ternary tablets with low polymer volumetric fractions. Different factors could be respon sible for this behaviour. initial porosity (IP for ternary> IP binary mixtures), differences in hydrophilicity of polymers (DT> HPMC) and erosion of the ta blets. Furthermore a reduction of around 10% (wt/wt) for the critical point has been obtained with respect to DT:LBD tablets (see Fig. 4).

The water uptake data were subjected to the Davidson and Pep pas model to calcula te the rate of water penetration. The results are shown in Table 3. The high value of swelling constant (Ks = 17.31 % min-0 -903 ) for DT: HPMC-10 suggests burst swelling. The exponent for all cases is in the range O. 735 < n < 1 which suggests an anoma lous or complex behaviour (the rate of diffusion of the liquid is relatively higher than that of relaxation of the polymer segment). This behaviour agrees well with the previously discussed kinetic results. For DT:HPMC-50 (corresponding to 42.81%, v/v DT plus 11.07%, v/v HPMC. respectively) an small change of the system was achieved, i.e .. a litter increment of Ks values (Ks = 4.24 ± 0.05) with a respective reduction in exponent (n = 0.772) values. In this case the percolation threshold corresponding to pure DT (around 44.75%, v/v (Castellanos Gil et al., 2008b)). could be the possible reason for these phenomena.

Estimation of the excipient percolation threshold

When percolation theory is applied to binary pharmaceuti cal systems, two percolation thresholds are expected; the drug percolation threshold and the excipient percolation threshold.

In hydrophilic matrices the drug threshold is less evident than the excipient threshold which is responsible for the release control (Miranda et al., 2006a,b;[START_REF] Fuertes | Estimation of percolation thresholds in acyclovir hydrophilic matrix tablets[END_REF]. According to Miranda's et al. results, the percolation threshold for LBD is around 56% (v/v) of active pharmaceutical ingredient (this value was obtained near to the batch DT:HPMC-15, where % (v/v) polymers = 15.91% and IP = 28.95% and batch DT-15, where % (v/v) polymer = 16.62% and IP = 25.33%, respectively).

In order to estimate the percolation threshold of the mixture of excipients DT:HPMC (ratio 4:1, wt/wt), the evolution of the release parameters has been studied as a function of the sum of the excipient volumetric percentage alone or added with the initial porosity (IP). Fig. 5 shows changes in the different kinetic parameters as well as in the normalized kinetic parameters as a function of % (v/v) of excipients and % (v/v) of excipients plus IP. Two linear regressions have been performed as an approximation. The percolation threshold has been estimated as the point of intersection between both regression lines (X1). The values of the excipient percolation thresholds estimated for all the batches studied, based on the behaviour of the kinetic parameters, are shown in Table 4.

The Higuchi's slope, as well as K and the ratio K r /K d underwent an important change between DT:HPMC:LBD-20 and DT:HPMC:LBD-30 Aexcipient percolation threshold. This means that between 22.34% (v/v) and 33.10% (v/v) of polymers mixture DT:HPMC (4:1, wt/wt), a percolating cluster of the excipients would be obtained which results in a control of the drug release. Opposite to the Higuchi's model parameters, the kinetic constants derived from non-linear methods show a second change around DT:HPMC:LBD-50 (see K and K r /K d values, Fig. 5 and Tables 2 and4).

According to percolation theory, the studied properties show a critical behaviour as a function of the volumetric fraction of the components. A critical point (for intersection of linear regression, see Table 4) has been found between 21.08% and 25.17% (v/v) of DT:HPMC (corresponding to the range 44.75-47.66%, v/v of DT:HPMC plus IP). This fact indicates that above this range an infinite cluster of the excipients has been formed, which controls the penetration of the liquid into the matrices and the release of drug form these systems. For non-linear methods a second but less pronounced critical point was observed (X2 in Table 4) between 53.18% and 55.22% (v/v) DT:HPMC (65.83-67.98%, v/v DT:HPMC plus IP), this point corresponds to 42.81% (v/v) of pure DT polymer, i.e., dextran percolation threshold (Castellanos Gil et al., 2008b). On the other hand percolation threshold for LBD observed as inflexion point around 16.72% (v/v) of DT and 15.91% (v/v) of DT:HPMC was found easier from the Higuchi's slope representation (K h ) and even determined in DT batches (see Fig. 5 case B) as a similar value reported by Miranda et al. The results obtained from the kinetics analysis are in agreement with the release profiles, indicating a clear change in the release rate and mechanism from matrices containing 70% (wt/wt) of drug (30%, wt/wt of DT:HPMC). The existence of a critical point can be attributed to the excipient percolation threshold.

Effect of tablets initial porosity

In practice, the percolation threshold of excipient is the most important for matrices system. Nevertheless, the percolation threshold of pores is also interesting to consider in the compaction process because the role of pores in swelling and erosion process [START_REF] Holman | The significance of slopes of the semilogarithmic relationship between hardness and solid fraction of porous compacts[END_REF]Miranda et al., 2006a).

Above some compression force, the pores do not form anymore a continuous network. This is the percolation threshold of pores.

Recent studies have found the existence of a sample-spanning cluster of excipient plus pores in the hydrophilic matrix before the matrix is placed in contact with the liquid. This cluster conditions the release kinetics of the drug (Miranda et al., 2006a,b;[START_REF] Fuertes | Estimation of percolation thresholds in acyclovir hydrophilic matrix tablets[END_REF]Castellanos Gil et al., 2008b).

Batches for DT:HPMC-10 up to DT:HPMC-70, with three initial porosity ranges: 0-10%, 10-20% and 20-30% were studied. The data obtained from the corresponding dissolution assays were also fitted to Higuchi's model. Fig. 6 shows changes in the obtained kinetic parameters as a function of % (v/v) of excipients. The DT:HPMC thresholds were estimated as described in Section 2: two linear regressions have been performed. The percolation threshold has been estimated as the point of intersection between both regression lines.

When different IP series are compared, the values of k h increased as increased IP. Nevertheless a not significant difference (p < 0.05) in percolation thresholds (intersection points A = 21.98%, v/v excipients and B = 21.99%, v/v excipients in Fig. 6) was achieved for series IP 0-10 and IP 10-20. Despite some statistical significance was found for the percolation threshold (C = 24.17%, v/v excipients) of the matrices with 20-30% IP. As Fig. 6 shows, little difference has been found for the percolation threshold of tablets contain- ing strong differences in initial porosity, and therefore in tablet hardness.

Batches DT:HPMC-50, have been supposed, according to the behaviour of the non-linear kinetic parameters (Korsmeyer and Peppas-Sahlin), to be very close to the percolation threshold of the pure dextran. In Fig. 6, these lots reflect a slight deviation from linearity (point D).

Minimizing the IP of the matrix system also decreased interstitial channels and, as a consequence decreases the diffusion rate. Therefore, a slower release of drug can be observed even from the initial time.

The excipient percolation threshold is the border between a fast release of the drug (below the threshold) and a drug release controlled by the formation of a coherent gel layer (above the excipient percolation threshold). Therefore the knowledge of this threshold will allow us to avoid the preparation of a number of unnecessary batches, during the development of a pharmaceutical formulation, resulting in a reduction of the time to market.

Conclusion

Ternary controlled release tablets of lobenzarit disodium have been developed with a mixture of two polymers: native dextran B110-1-2 (Mw 2 × 10 6 ): HPMC K4M CR with a relative excipients/LBD particle size of 4.17. These systems should be formulated with polymer content above 20% (wt/wt) (corresponding to around 22.34%, v/v) to obtain a control of the drug release. This value corresponds to the percolation threshold of the excipients. Anomalous mechanism for water uptake and dissolution profile of LBD from these systems can be expected.

The employ of a mixture dextran:HPMC (4:1, wt/wt) resulted in a reduction of the percolation threshold from 44.75% to 25.17% (v/v) excipients, with respect to binary DT:LBD matrices. The ternary matrices showed better compressibility properties with respect to HPMC:LBD tablets. Initial porosity has an influence in the percent of lobenzarit disodium dissolved at each moment, nevertheless showed little influence in the excipient percolation threshold of the studied hydrophilic matrix tablets.
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 1 Fig. 1. Initial porosity and aspect ratio for binary and ternary tablets.

Fig. 2 .

 2 Fig. 2. Carr's index values as a function of % (wt/wt) DT and DT:HPMC.

Fig. 3 .

 3 Fig. 3. Dissolution profiles for tablets prepared with different DT:HPMC and DT contents.

Fig. 4 .

 4 Fig. 4. Water uptake profiles for tablets prepared with different DT:HPMC and DT contents.

  kinetic constant of water penetration; t: penetration time; n: diffusional ex ponent which depends on the water penetration mechanism, r2: coefficient of correlation,• Sum of squares residual (applied compression force 14 kN).

Fig. 5 .

 5 Fig. 5. Evolution of different kinetic and normalized kinetic constants as a function of the excipients volumetric fraction plus and without IP.

Fig. 6 .

 6 Fig. 6. Changes in the kinetic parameters as a function of % (v/v) of excipients for three series of IP (0-10%, 10-20% and 20-30% IP).

Table 2 Dissolution data for ternary and binary matrices prepared with DT:HPMC:LBD and DT:LBD.
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	Batch	Higuchi						
		kh (ll:min-11 2)		r2		SQR		
	DT:HPMC-10	8.39			0.9980		5.74		
	DT:HPMC-15	6.45			0.9770		58.32		
	DT:HPMC-20	4.88			0.9710		50.35		
	DT:HPMC-30	3.57			0.9679		46.81		
	DT:HPMC-40	3.18			0.9739		64.10		
	DT:HPMC-50	2.76			0.9799		39.32		
	DT:HPMC-60	2.61			0.9778		39.36		
	DT:HPMC-70	2.36			0.9640		49.79		
		Korsmeyer				Peppas-Sahlin			
		K(%min-n)	n	, 2	SQR•	K,i (%min-m)	K, (%min-2 m)	r2	SQR•
	DT:HPMC-10	6.38	0.588	0.9999	1.08	7.04	0.86	0.9999	1.80
	DT:HPMC-15	2.82	0.784	0.9991	4.19	3.95	0.67	0.9991	5.43
	DT:HPMC-20	1.76	0.747	0.9990	3.42	2.40	0.57	0.9930	2.35
	DT:HPMC-30	1.27	0.740	0.9999	0.68	1.78	0.34	0.9999	0.31
	DT:HPMC-40	1.34	0.700	0.9992	3.18	2.08	0.25	0.9999	0.40
	DT:HPMC-50	1.41	0.651	0.9999	3.43	2.14	0.21	0.9980	7.95
	DT:HPMC-60	1.26	0.663	0.9991	1.28	1.93	0.23	0.9998	2.28
	DT:HPMC-70	0.79	0.730	0.9999	2.83	1.09	0.28	0.9999	1.00

• Sum of squares residual; k h , K, K d and K,: kinetic constants for each mode); n: diffusional exponent of Korsmeyer mode); m: exponent of Peppas-Sahlin mode); r 2 : coefficients of correlation for each mode) ( applied compression force for ail experiment 14 kN).
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Table 4

The values of the excipients percolation thresholds, according to the kinetic and normalized kinetic parameters used. 

Kinetic parameters