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Abstract

The in¯uence of several physicochemical parameters on enzymatic hydrolysis and the in vitro release of sodium diclofenac (SDic) from

cross-linked high amylose starch (Contramid) (CLA) tablets was evaluated. These parameters included pH, ionic strength of the medium,

enzyme concentration, compression force and incorporation of gel-forming polymers such as hydroxypropyl methylcellulose (HPMC),

poly(ethylene oxide) (PEO) and poly(vinyl alcohol) into the tablet. Pure CLA tablets were incubated in phosphate buffer (pH 6.8) containing

a-amylase and the extent of enzymatic erosion was determined by gravimetry. Release of SDic from CLA tablets, in the presence of a-

amylase, was measured using a USP type III dissolution apparatus. For low a-amylase concentrations �,2250 IU/l), the drug release was

mainly diffusion-controlled. At higher a-amylase concentrations �.4500 IU/l) both diffusion and erosion contributed to the release of SDic.

The hydrolysis kinetics of CLA tablets by a-amylase was biphasic. During the ®rst phase (2±4 h), the hydrolysis rate was hyperbolically

related to the a-amylase concentration but was practically a-amylase concentration-independent during the second phase. Enzymatic erosion

and drug release kinetics appear to be relatively independent of ionic strength, pre-incubation time in simulated gastric ¯uid, and compres-

sion force of the tablets (6±34 kN). Incorporation of HPMC or PEO into the tablet resulted in a signi®cant decrease of both tablet erosion and

drug release rates. q 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

Starch and its derivatives are widely used in pharmaceu-

tical formulation as ®ller, binder, disintegrant and thicken-

ing agent [1]. Recently, cross-linked high amylose starch

(CLA) has been introduced, under the trademark of Contra-

mid, as a new class of controlled release excipient for the

preparation of matrix tablets [2]. CLA is composed of two

major polysaccharides, namely amylose (70%) and amylo-

pectin (30%) cross-linked with phosphate. Both amylose

and amylopectin undergo hydrolytic bond cleavage by a-

amylase to form water-soluble oligosaccharides, resulting in

polymer erosion [3]. After exposure of CLA tablets to an

aqueous medium, an interfacial rubbery layer rapidly forms

[4]. Permeability of drugs through this gel layer and its

hydrolysis by a-amylase is expected to play an important

role in controlling drug release. It was demonstrated that,

depending on tablet composition and concentration of a-

amylase in the matrix, drug release from CLA tablets can

switch from a diffusion to an enzymatic erosion controlled

mechanism [5].

Hydrolysis of starch by a-amylase has been extensively

studied over the last two decades and its kinetic mechanism

is fairly well understood [6±8]. This kinetics is affected by

three major factors which are the type of a-amylase, proper-

ties and structure of the starch substrate, and mode of inter-

action between the enzyme and polymer. It has been

reported that the nature and the distribution of hydrolysis

products is solely dependent on the source of a-amylase [9].

Some of these hydrolysis by-products, such as maltose and

maltotriose, strongly inhibit the hydrolytic action of a-

amylase [10]. Crystallinity and surface area are considered

to be the most important parameters affecting the kinetics of

starch hydrolysis. Indeed, a-amylase can more easily

degrade the amorphous regions than the crystalline regions

[11±13]. Similarly, a high surface area tends to increase the

accessibility of the enzyme molecules to the substrate,

resulting in an increased rate of hydrolysis.

Another important factor which also affects the kinetics

of starch hydrolysis is the mode of interaction between the
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enzyme and the polymeric chains. Hydrolysis of insoluble

starch substrates differs distinctly from that of soluble

substrates. Indeed, the hydrolysis of starch composed of

mainly insoluble fractions involves four steps: (i) diffusion

of enzyme molecules from the bulk aqueous phase to the

solid surface, (ii) adsorption of the enzyme onto the solid

substrate, resulting in the formation of the enzyme-substrate

complex, (iii) hydrolysis of the a-(1! 4)-glucose bond and

®nally, (iv) diffusion of the soluble degradation products

from the solid substrate into the bulk aqueous phase

[7,14]. The global reaction rate of the enzymatic degrada-

tion is controlled by the slowest step. Some authors have

reported that the diffusion of a-amylase into a gel of

amylose and amylopectin constitutes the limiting step

during the ®rst period of hydrolysis [15]. Others reported

that adsorption of the enzyme onto the solid substrate is the

main limiting parameter since a-amylase (Bacillus species)

has less af®nity for a solid substrate than for a soluble one

[10]. Accordingly, by assuming that the degradation rate is

proportional to the amount of adsorbed enzyme and that the

enzyme adsorption occurs according to a Langmuir

isotherm, the rate of hydrolysis (r) can be calculated using

the following equation [16]

r � k
�A��E�

Keq 1 �E� �1�

Where [E] and [A] are the enzyme and substrate concentra-

tion, respectively, k and Keq are the speci®c rate constant and

equilibrium constant between free and absorbed enzyme,

respectively.

Finally, it has been reported in the literature that the

hydrolysis rate of starch was drastically reduced as the reac-

tion progresses. This was attributed in part to the transfor-

mation of starch into a less digestible form and/or inhibition

of the enzymatic degradation by reaction by-products [10±

17].

In this study, the enzymatic erosion of CLA tablets, and

its impact on the release of sodium diclofenac (SDic) was

investigated. The in¯uence of some physicochemical para-

meters such as compression force, pH, ionic strength and a-

amylase concentration in the medium, on the enzymatic

hydrolysis and SDic release were studied. Incorporation of

gel-forming polymers such as hydroxypropyl methylcellu-

lose (HPMC), poly(ethylene oxide) (PEO) and poly(vinyl

alcohol) (PVAL) into the tablets to protect CLA against a-

amylase hydrolysis was also investigated.

2. Materials and methods

2.1. Materials

CLA (Contramid) batch #R-336GR was supplied by

Rougier Inc. (Laval, Canada). a-Amylase (EC 3.2.1.1)

batch #114HO654 from Bacillus species with a catalytic

activity of 1260 IU/mg protein, was supplied by Sigma

(St. Louis, MO). One unit is de®ned as the amount of

enzyme liberating 1.0 mg of maltose from starch in 3 min

at pH 6.9 at 208C. SDic pharmaceutical grade (Labochim,

Milan, Italy) batch #170122 was used as a model drug.

HPMC (Methocel K100M premium CR, Dow Chemical,

Lake Jackson, TX) (Mr < 1:5 £ 106) batch #R80601001,

PEO (Polyox WSR 303-NF grade, Union Carbide Danbury,

CT) (Mr < 8 £ 106) batch #247497, and PVAL

(Mr < 150 000) (Aldrich, Milwaukee, WI) batch

#17611LQ were used as gel-forming polymers.

2.2. Tablet preparation

Tablets containing 200 mg of pure CLA or a mixture of

CLA:SDic (95:5 w/w) were directly compressed with a

single station Stokes F4 instrumented tablet press (model

252, Stokes, Bristol, PA) using 8.73-mm ¯at-faced punches.

The compression forces were measured by calibrated strain

gauge (Korsch America Inc., Somerset, NJ) and the signals

were ampli®ed, digitized and analyzed with Korsch Data

Acquisition Unit, CRS system (Korsch Pressen GmbH,

Berlin, Germany). Tablets containing different concentra-

tions of gel-forming polymers (HPMC, PEO and PVAL)

were also prepared in order to study the protective effect

of these polymers against enzymatic erosion. The CLA used

in all experiments was previously granulated with water in a

¯uid bed granulator (Glatt GPCG-1, Ramsey, NJ) and the

moisture content (H) of the granulated product was deter-

mined by thermogravimetry using a moisture analyzer

(Sartorius MA30, Edgewood, NY). The thickness and

diameter of the tablets were measured with an electronic

digital micrometer (Max-cal, Tokyo, Japan) and the tablet

crushing strength was recorded using a hardness tester

(Vector corporation, Marion, IA).

2.3. Stability of a -amylase in solution

In order to monitor the stability of a-amylase activity

over time, a stock solution containing 12 000 IU/l of a-

amylase in phosphate buffer (50 mM, pH 6.8), was prepared

and stored at 378C in tightly closed glass container. The

enzymatic activity was determined at different time inter-

vals according to the USP procedure `Assay for amylase

activity of pancreatin', and the activity loss was calculated

relatively to the initial activity at time zero. All experiments

were performed in triplicate.

2.4. Enzymatic degradation

Enzymatic degradation studies of CLA tablets were

conducted using a USP type III dissolution apparatus

(Bio-Diss, Vankel, Edison, NJ). CLA tablets were placed

in 250 ml phosphate buffer (50 mM, pH 6.8) containing

different a-amylase concentrations (1000±18 000 IU/l).

The stirring and temperature of the medium were set at 10

dips/min and 378C, respectively. At predetermined time

intervals, the tablets were removed from the a-amylase
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solution, immersed for 10 min in 0.1 N HCl for enzyme

deactivation, dried in an oven at 1058C for 12 h and

weighed.

In another series of experiments, CLA tablets were also

pre-incubated in 0.1 N HCl for different periods of time (15,

30, 60, 90 and 120 min). Then, they were removed and

soaked for 2 and 4 h, in 250 ml phosphate buffer (50 mM,

pH 6.8) containing 9000 IU/l of a-amylase. Each experi-

ment was performed in triplicate and the enzymatic erosion

was assessed using the following equation

Degradation �%� � 100
W1�1 2 H�2 W2

W1�1 2 H� �2�

where W1 is the weight of tablet before enzyme incubation,

W2 the weight of dry tablet after enzyme incubation, and H

the percentage of moisture content of the granulated CLA.

2.5. Hydrolysis products

Hydrolysis products were identi®ed by high performance

liquid chromatography (HPLC) on a C18 silica gel m-

Bondapak column (30 £ 0:4 cm, Waters Associates,

Milford, MA) eluted with acetonitrile/water 8:2 (v/v) at a

¯ow rate of 0.4 ml/min. Detection was done by differential

refractometry. The column was calibrated using three oligo-

saccharide standards (glucose, maltose and maltotriose)

purchased from Sigma (St Louis, MO).

2.6. Dissolution studies

In vitro dissolution studies were performed in a USP type

III apparatus connected to a spectrophotometer (HP 8453

Hewlett Packard, Watdbronn, Germany). CLA tablets

containing 5% (w/w) SDic and compressed at 20 kN were

placed in 250 ml phosphate buffer (50 mM, pH 6.8) contain-

ing a-amylase at different concentrations. Temperature and

stirring rate of the dissolution system were set at 378C and

10 dips/min, respectively. SDic absorbance was measured at

256 nm. The dissolution pro®les were compared to the refer-

ence using a similarity factor f2 as proposed by Moore and

Flanner [18] (Eq. (3))

f2 � 50log 1 1
1

n

Xn

i�1

�Rt 2 Tt�2
" #20:5

100

( )
�3�

where Rt ant Tt are the cumulative percent of drug released

for reference and test assay at time t, respectively, and n is

the number of time points. The dissolution of CLA tablets

without a-amylase was used as the reference. Note that f2 is

a measure of the similarity between two dissolution curves

and its value varies between 0 and 100. A high f2 value

indicates high similarity between two release pro®les.

FDA suggests that two dissolution pro®les are considered

to be similar if the similarity factor f2 falls between 50 and

100 [19].

In order to characterize the release mechanism of SDic

from CLA tablets in the dissolution medium, data were

®tted to the following equation proposed by Ritger and

Peppas [20]

Mt

M1
� ktn �4�

Where Mt is the amount of drug released at time t, M1 is the

overall drug released, k is the kinetic constant and n is the

dimensionless number characterizing the release mechan-

ism (for cylindrical shape, n � 0.45 for Fickian release,

0:45 , n , 1:0 for anomalous release and n � 1.0 for

zero order release).

3. Results

3.1. Stability of a-amylase in solution

The a-amylase activity in phosphate buffer pH 6.8 at

378C was stable for at least 4 h, then it lost 2.6, 7.9 and

21.1% of the initial activity after 8, 16 and 24 h, respec-

tively. Accordingly, it can be assumed that most of the

enzyme activity was preserved during the ®rst 16 h.

3.2. Hydrolysis products

Three soluble oligosaccharides, namely glucose, maltose

and malotriose, produced by the action of a-amylase on

CLA tablets were identi®ed by HPLC. The relative propor-

tion of these oligosaccharides was not determined.

3.3. Factors affecting the enzymatic erosion of CLA tablets

and SDic release

3.3.1. a -amylase concentration

Pure CLA tablets, compressed at 20 kN, were incubated

at 378C in phosphate buffer (pH 6.8) containing a-amylase

at different concentrations ranging from 1000 to 18 000 IU/

l. The kinetics of the enzymatic erosion over a period of 24 h

is shown in Fig. 1A. The enzymatic erosion pro®les

consisted of two distinct phases. During the ®rst phase (0±

2 h), the erosion increased sharply with incubation time and

a-amylase concentration in the medium. After 2 h, it ranged

from 8% (1000 IU/l) to 20% (18 000 IU/l). Data of the

initial erosion rate (% polymer eroded/h) obtained during

the ®rst phase of the erosion (0±2 h), were ®tted to Eq. (1)

with the non-linear least squares method (Fig. 1B), using the

SigmaPlot version 4.0 (SPSS Science Inc, Chicago, IL) soft-

ware. During the second phase (4±24 h), the erosion rate

was slower, the tablets eroded at a rate ranging from 1.5 to

3.1%/h, which was less dependent of a-amylase concentra-

tion (Fig. 1B). After 24 h incubation, the enzymatic erosion

had reached values ranging from 47% (1000 IU/l) to 94%

(18 000 IU/l).

Fig. 2 shows the release of SDic from CLA tablet in

phosphate buffer at different a-amylase concentrations.

These pro®les were compared to the release kinetics in the

absence of a-amylase. The results revealed no signi®cant

M. Rahmouni et al. / European Journal of Pharmaceutics and Biopharmaceutics 51 (2001) 191±198 193



difference between the release pro®les when a-amylase

concentrations were kept below 2250 IU/l as indicated by

a high f2 value (Table 1). Increasing the a-amylase concen-

tration in the dissolution ¯uid to 4500 IU/l and above led to

a signi®cant increase in the release rate (Fig. 2). As shown in

Table 1, the f2 factor decreased to reach a value of 42 at an

a-amylase concentration of 18 000 IU/l.

3.3.2. Compression force

Fig. 3 shows the in¯uence of compression force on the

enzymatic erosion of CLA tablets in phosphate buffer

containing 9000 IU/l of a-amylase. Pure CLA tablets

made at low compression forces are more porous and

have a large surface area available for enzyme adsorption,

leading to a high initial rate of hydrolysis. After 4 h incuba-

tion with a-amylase, tablets compressed at 3.3 kN lost about

57% of their initial weight. On the contrary, CLA tablets

containing 5% SDic were more resistant to enzymatic

degradation (data not shown). As shown in Fig. 4, drug

release from those tablets was hardly affected by compres-

sion force. Increasing compression force up to a minimum

value of approximately 6 kN did not signi®cantly affect

either crushing strength (Fig. 4, inset), enzymatic degrada-

tion (Fig. 3) or drug release (Fig. 4). The f2 values given in

Table 1 were in excess of 88 from 6 to 31 kN.
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Fig. 2. Effect of the a-amylase concentration in phosphate buffer (pH 6.8)

on the in vitro release of SDic: 0 (W), 1000 (X), 2250 (B), 4500 (O), 9000

(P) and 18 000 IU/l (V). Mean ^ SD (n � 3).

Table 1

f2 values of different dissolution tests as a fuction of a-amylase concentration (AC), compression force (F) and incorporation of 10% of a gel-forming polymer

(GFP) into CLA tabletsa

Reference Trial 1 Trial 2 Trial 3 Trial 4 Trial 5

AC (IU/l) 0 1000 2250 4500 9000 18000

f2 value 99.1 91.3 50.9 44.1 42.1

F (kN) 20 4 6 12 32 ±

f2 value 63.5 88.1 99.4 99.9 ±

10% of GFP No GFP HPMC PEO PVAL ± ±

f2 value 73.0 61.0 49.0 ± ±

a HPMC, hydroxypropyl methylcellulose; PEO, poly(ethylene oxide); PVAL, poly(vinyl alcohol).

Fig. 1. (A) Kinetics of the enzymatic erosion of CLA tablets incubated in

phosphate buffer (pH 6.8) containing a-amylase at different concentrations

0 IU/l (W), 1000 IU/l (X), 2250 IU/l (B), 4500 IU/l (O), 9000 IU/l (P) and

18 000 IU/l (V). Mean ^ SD (n � 3). (B) Relationship between the enzy-

matic erosion rate of the CLA tablet and the a-amylase concentration in the

incubation medium during the ®rst 2 h of incubation (X) and between 8 and

24 h of incubation (B).



3.3.3. Ionic strength

The enzymatic erosion of the tablets incubated in phos-

phate buffer containing 9000 IU/l of a-amylase was evalu-

ated at different ionic strengths (m � 0:10, 0.25 and 0.50).

The results indicated that the erosion rate was barely

affected by the ionic strength of the medium (data not

shown).

3.3.4. Pre-incubation time in simulated gastric ¯uid

In order to simulate the effect of the residence time of the

CLA tablets in the stomach before their transfer to the

intestinal tract where they come in contact with a-amylase,

tablets were pre-incubated in 0.1 N HCl for different periods

of time. Results in Fig. 5 clearly show that the enzymatic

erosion of the CLA tablet was not greatly affected by pre-

incubation in the acidic medium.

3.3.5. Incorporation of gel-forming polymer

In order to protect the CLA against a-amylase hydrolysis,

one possible approach consists in reducing the diffusion of

the enzyme to the CLA substrate. Three hydrophilic poly-

mers, namely HPMC, PEO and PVAL which are able to

form a gel immediately upon contact with water and

which cannot be degraded by a-amylase, were incorporated

in CLA tablets. Fig. 6 shows the enzymatic erosion of the

tablets containing 20% (w/w) of gel-forming polymer.

HPMC and PEO signi®cantly reduced the hydrolysis rate

of CLA. On the other hand, PVAL accelerated the enzy-

matic erosion of the tablets. The in¯uence of HPMC

concentration on the enzymatic erosion pro®le was also

investigated (Fig. 7). After 4 h incubation, the enzymatic

erosion of the tablets decreased from 30% to 10.5% with

increasing HPMC concentrations from 0 to 30% (w/w).

Fig. 8 shows the release of SDic from CLA tablets

containing 10% (w/w) of the three gel-forming polymers

in phosphate buffer containing 9000 IU/l of a-amylase. As

expected from the enzymatic erosion results, only HMPC

and PEO reduced signi®cantly (see f2 values, Table 1) the

SDic release in the presence of the enzyme. According to

the FDA guidelines, the release pro®les with HPMC and

PEO in the presence of a-amylase were similar to that of

the control formulation (dissolution of CLA tablets in phos-

phate buffer without a-amylase). The similarity factors f2

were 73 and 61 for CLA tablets containing HPMC and

PEO, respectively (Table 1).

4. Discussion

CLA (Contramid) was recently introduced as a new

controlled release excipient. Upon hydration and in the

absence of a-amylase, CLA tablets swell and form a

rubbery gel interface with minimal erosion. The tablets
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Fig. 4. In vitro release of SDic from CLA tablets compressed at 4 (X), 6

(B), 12 (O), 18 (P) and 34 kN (V). Dissolution was carried out in phos-

phate buffer pH 6.8 containing a-amylase at 9000 IU/l. Inset: crushing

strength vs. compression force. Mean ^ SD (n � 3).

Fig. 5. Effect of pre-incubation time of CLA tablets in simulated gastric

¯uid (0.1 N HCl) on enzymatic erosion of CLA tablets incubated for 2 (X)

and 4 h (B) in phosphate buffer (pH 6.8) containing a-amylase at 9000 IU/l.

The control formulation was incubated 4 h in phosphate buffer without a-

amylase (W). Mean ^ SD (n � 3).

Fig. 3. Effect of compression force on the enzymatic erosion of CLA tablets

incubated in phosphate buffer (pH 6.8) containing a-amylase at 9000 IU/l:

3.3 (X), 6 (B), 8 (O), 12 (P), 18 (V) and (1) 34 kN. Mean ^ SD (n � 3).



loose approximately 10% of their weight after 24 h, which

probably re¯ects the release of soluble uncross-linked

amylose. In the presence of a-amylase, CLA tablets are

enzymatically degraded into water soluble degradation

products resulting in tablet weight loss. Among these degra-

dation products, glucose, maltose and maltotriose were

identi®ed by HPLC. The kinetic pro®le of the enzymatic

erosion of the CLA tablets consisted of two distinct phases.

The duration of the ®rst phase varied between 2 and 4 h

depending on the concentration of a-amylase in the

medium. Data of the initial erosion rate (% polymer

eroded/h) obtained during the ®rst phase of hydrolysis ®tted

well with the model based on the Langmuir isotherm

adsorption (Eq. (1)). Unlike the Michaelis±Menten kinetics,

the initial hydrolysis rate of CLA tablets is not a linear

function of the enzyme concentration. A hyperbolic rela-

tionship was found suggesting that adsorption could be the

limiting step of CLA enzymatic degradation. These results

are in agreement with the study of Sattler et al [16] describ-

ing the enzymatic degradation of the cellulase±cellulose

system. The relationship between the rate of hydrolysis of

cellulose and cellulase concentration was found to obey to

the Langmuir equation. During the second phase which

begins after about 6 h of incubation, the erosion rate is

slower and is less in¯uenced by a-amylase concentration.

Several factors could be responsible for this change in enzy-

matic erosion rate. These factors include the increase in the

crystallinity of the substrate during hydrolysis [17] and the

inhibition of a-amylase activity by the hydrolysis by-

products [10±13].

SDic was released from CLA tablets in the phosphate

buffer medium without a-amylase following an anomalous

mechanism (n � 0.57) which is typical of a gel-type matrix.

In the presence of a-amylase both diffusion and erosion

mechanisms can operate simultaneously. The pro®les of

SDic release obtained at low a-amylase concentrations

�,2250 IU/l) were similar to that obtained without the

enzyme, as indicated by a high f2 value �.91� (Fig. 1 and

Table 1). These results suggest that the release of SDic from

the CLA matrices at low a-amylase concentrations was

mainly controlled by diffusion. However, at high a-amylase

concentrations �.4500 IU/l) erosion became signi®cant

with increased release rate and linearity (0:57 # n # 0:70).

Varying the compression forces between 1.4 and 6 kN

affected signi®cantly the crushing strength of the tablets

(Fig. 4, inset). Tablets prepared at a low compression

force (3.3 kN) lost more than 57% of their weight within

4 h in the presence of a-amylase (9000 IU/l) (Fig. 3). In

previous studies conducted on CLA tablets, it was found

that the major changes in crushing strength and tablet poros-
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Fig. 6. Effect of the addition of 20% of a gel-forming polymer on the

enzymatic erosion of CLA tablets incubated in phosphate buffer pH 6.8

containing a-amylase at 9000 IU/l: control (X), HPMC (B), PEO (O) and

PVAL (P). Mean ^ SD (n � 3).

Fig. 7. Effect of the concentration of HPMC on the enzymatic erosion of

CLA tablets incubated in phosphate buffer pH 6.8 containing a-amylase at

9000 IU/l: control (W), 5 (X), 10 (B), 20 (O) and 30% (P). Mean ^ SD

(n � 3).

Fig. 8. In vitro release of SDic from CLA tablets containing 10% of a gel-

forming polymer. Dissolution was carried out in phosphate buffer (pH 6.8)

containing a-amylase at 9000 IU/l except for the control where a-amylase

was absent in the dissolution medium. HPMC (X), PEO (B), PVAL (O) and

the control (W). Mean ^ SD (n � 3).



ity occurred for compression forces between 1 and 5 kN

[21,22]. The average pore diameters of dry CLA tablets

were found to be 89, 27 and 19 nm for compression forces

of 1, 3 and 5 kN, respectively. These pore sizes do not

necessarily correspond to the exact pore size of the swollen

material, since upon hydration, the swelling of CLA gran-

ules reduces the void volume, creating a heterogeneous gel

having low and high gel density regions [23]. One can

assume that a-amylase degrades more rapidly highly porous

gels and especially the fraction of the gel with a low density

of material. In contrast, tablets loaded with 5% SDic seem to

be less affected by enzymatic degradation. This was also

indirectly re¯ected in the SDic release rate which showed

little variation with increasing compression forces. As

mentioned previously, the total amount of SDic released

in a phosphate buffer containing 9000 IU/l of a-amylase

was governed by both diffusion and enzymatic erosion

mechanisms. Decrease of compression force leads to an

increase in the diffusion coef®cient of the drug in the tablets

and a slower increase of SDic release rate [4]. On the other

hand, the decrease in compression force increases tablet

thickness, creating a longer path length for drug diffusion,

and this might explain why the overall release rate of SDic

from CLA tablets is slightly affected by compression force.

At compression forces above 6 kN the physical charac-

teristics of the dry tablets remained constant. The physical

properties of the swollen tablets is also thought to remain

constant since Ravenell et al. [23] reported that the stiffness

of the swollen CLA tablets was not affected by compression

forces greater than 6.5 kN. The pore size of the dry CLA

tablets is known to be 17 nm [22] and upon hydration this

porosity is expected to fall far below the hydrodynamic

radius of a-amylase which is about 15 nm [12]. This implies

that a-amylase would not diffuse easily through the swollen

tablet prepared at compression forces above 6 kN, and its

hydrolytic action will be limited to the surface of the tablets.

This explains why the erosion rate and drug release kinetics

did not change as observed in Figs. 3 and 4.

Enzymatic erosion of CLA tablets was barely affected

by the ionic strength of the medium. This result was

expected since both a-amylase activity and physical prop-

erties of the swollen tablets (water uptake and stiffness of

the gel) are not affected by the presence of salts in the

incubation medium at concentrations ranging from 0.1 to

0.5 M [23]. Also, pre-incubation of CLA tablets in an

acidic medium had no effect on the hydrolysis of CLA

by a-amylase (Fig. 5). The acidic medium taken up during

tablet swelling is probably rapidly neutralized in phosphate

buffer. Accordingly, the catalytic activity of a-amylase

should not be altered by the transit of the tablets from

the stomach to the small intestine.

Incorporation of gel-forming polymers such as HPMC

and PEO into the tablets at a concentration of 20%

decreased signi®cantly the enzymatic erosion rate (Fig.

6). As reported by Chouinard and Lenaerts [24], these

polymers swell and form a gel rapidly when in contact

with water and thus, reduce the availability of the substrate.

Furthermore, the dissolution results (Fig. 8) showed that

10% of HMPC or PEO in CLA tablets signi®cantly

reduced (see f2 values, Table 1) the release rate of SDic

in the enzymatic medium, compared with the CLA tablets

without the gel-forming polymers. The dissolution pro®les

obtained in the presence of amylase were similar to the

reference (dissolution of CLA tablets in phosphate buffer

without a-amylase) as indicated by the high f2 value (Table

1), suggesting that 10% of HPMC or PEO into the tablets

was ef®cient in protecting CLA against a-amylase hydro-

lysis. PVAL, on the other hand, increased the enzymatic

erosion of the tablet. This polymer has a relatively low

molecular weight. Thus, it rapidly dissolves and is released

from the tablet, thereby increasing the tablet porosity. In

addition to creating passageways that can facilitate the

penetration of the enzyme into the matrix, it also increases

the effective adsorption surface area and thus increases the

hydrolysis rate of CLA.

CLA is a highly compressible material, and chemically

biocompatible with several active ingredients. Upon hydra-

tion with aqueous medium containing no a-amylase, CLA

tablets swell and form a rubbery gel interface with minimal

erosion. In the presence of a-amylase, CLA tablets are

enzymatically degraded. The initial erosion rate increases

with increasing a-amylase concentrations in the incubation

medium until a plateau is reached. Pre-incubation of CLA

tablets in acid medium, ionic strength of the incubation

medium, and compression force in excess of 6 kN had little

or no effect on the enzymatic erosion of the tablets and on

SDic release. Incorporation of HPMC or PEO into the tablet

reduced enzymatic erosion of CLA matrices and SDic

release.
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