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Summary 

The simultaneous dissolution and degradation of progabide multiparticulate powders was examined using the U.S.P. Apparatus 

II. A reduction in particle size increased the dissolution rate particularly when the initial wettability of the powders was enhanced. A 

reduction in pH increased the dissolution rate but also increased the degradation rate of Progabide in solution. Fitting the data to a 

modified dissolution model allowed the evaluation of the rate constants of the simultaneous processes occurring. 

Introduction 

Progabide is an anticonvulsant compound 
which has undergone clinical trials for the long- 
term treatment of epilepsy (Musch et al., 1987). 
The in vitro dissolution of progabide powders is 

important in predicting the bioavailability of its 
formulations in vivo. In this paper, the dissolution 

of progabide powder is examined under condi- 

tions of varied particle size, varied pH, and in the 
presence of surfactants. There is a growing body 
of evidence (Withey, 1971; Carstensen et al., 1977; 
Cabana and O’Neill, 1980) indicating that Ap- 
paratus I (basket) of the U.S.P. dissolution sys- 
tems suffers from severe deficiences, the most 
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important being that the basket is inherently inad- 
equate as a stirring device which may result in a 
high degree of non-homogeneity in the system. 
Such irregularities are overcome in Apparatus II 
(paddle) although both systems have disad- 
vantages and shortcomings that were pointed out 

by Koch (1982). Nevertheless, the simplicity of the 
paddle method was capitalized upon in this study 

to test the dissolution of progabide powders. 

Materials and Methods 

Materials and instrumentation 
Progabide micronised (lot 11129) and coarse 

(lot 11040) powders, supplied by L.E.R.S. (Paris, 
France), were used with an Alpine Augsburg 
AZOOLS air-jet sieve or with an Endecott 1MKII 
test sieve shaker to obtain the powder fractions. 
Where applicable, the particle-size distributions 
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were determined on a Coulter Counter model TA 
in a low-sensitivity balanced electrolyte solution 
(Isoton II; Coulter). The particles were dispersed 
with the aid of the non-ionic surfactant Nonidet 
P42 (Coulter). P.D.V.B. Latex particles (Coulter) 

of 14.6 pm number median particle diameter were 
used to calibrate the instrument. Filtration was 

performed on Nuclepore polycarbonate mem- 
brane filters of 0.4 pm pore size. Tween 80 

(Honeywill-Atlas) and sodium dodecyl sulphate 

(SDS) of special pure grade (B.D.H.) were used as 
supplied. The automated dissolution system con- 
sisted of a Copley (Erweka) DT-D6 six-unit dis- 

solution apparatus conforming to the specifica- 

tions of Apparatus II (U.S.P., 1984). For each of 
the 3 dissolution flasks used, the buffered medium 
was continually circulated, by a 4-channel LKB 
2115 Multiperpex peristaltic pump, through a 1 ml 
Kontron stream analysis cell in a 6-cell thermo- 
stated holder in the Kontron Uvikon 810 double- 
beam sp~trophotometer. Particulate matter was 
prevented from entering the sampling circuit by 

use of a cylindrical filter probe, commercially 

available (no. 178-3985-POl; Technicon), fitted at 
the solvent entry point in the dissolution flask. 

The sampling circuit was made of 0.74 mm i.d. 
PTFE tubing (Jencons Scientific) with 1.3 mm i.d. 
LKB silicone tubing inside the pump. A Grant 
FH15 thermocirculator was used to maintain the 

cell’s holder at 37 o C as in the dissolution appara- 
tus. The spectrophotometer allowed automatic 
change-over of the cell in the beam path so that 
alternate measurements could be made of all 3 

cells in the thermostated holder. A single measure- 
ment cycle only took 15 s which, coupled with a 
pump flow rate of 5 ml/min, allowed an almost 
continuous measurement of the dissolution in each 
flask. The spe~trophotometer was interfaced with 
a Commodore CBM8032 computer and a 4022P 
tractor printer. Following each cycle, the data was 
transferred to the computer memory and a printout 
was made immediately. 

Preparation of powder fractions. The 212-300 
pm fraction was prepared on the Endecott sieve 
shaker and the 40-63 pm fraction on the air-jet 
sieve, from the coarse progabide powder. The 

micronised powder supplied was used after pas- 
sage through a 32 pm sieve on the air-jet sieve. On 
average, 30 min sieving time was sufficient to 
ensure a good representative sample of the nomi- 
nal range. 

Particle size analysis. The volume size distri- 

bution of the powder fractions was measured on 

the Coulter counter. Since the size range over 
which the instrument may be used is generally 

quoted (Coulter Counter Manual, 1974) as from 
2% to 40% of the orifice diameter, only the smaller 

two fractions were analysed by this method with 
the available 200 pm orifice tube. The instrument 
was calibrated by the simple version of the half- 

count technique (Coulter Counter Manual, 1974). 
The progabide powder was prewetted by shaking 
it in a solution of Nonidet P42, well below its 
C.M.C. value, and a small quantity of the powder 
was then added to the sample beaker of the instru- 
ment for analysis. As a precaution against possible 
dissolution of the particles, the electrolyte solution 

was presaturated with progabide. 

Dissolution testing. The effect of pH on the 
dissolution of the powder fractions was investi- 

gated in pH 7 (phosphate) and in pH 1.5 (hydro- 
chloric acid/potassium chloride) buffers (Dawson 

et al., 1986) at 37°C. The effect of surfactants was 
only examined at pH 7. For SDS and Tween 80, 
concentrations of O.c’?S% and 5% w/v were used, 
respectively. In each of the dissolution flasks 900 

ml of the dissolution medium was allowed to 
equilibrate at 37” C with the paddle rotating at 
100 ‘pm. The sampling circuit was operated and 
allowed 30 min to equilibrate. The sampling probes 
were positioned in the recommended position for 
manual sampling (Cox et al., 1978). 150 mg of the 
powder in question was added to each of the three 
dissolution flasks and the change in absorbance of 
the dissolution medium at the determined X,,, 
was automatically recorded at 1 min intervals for 
120 min. Calibration curves were constructed by 
running known standard solutions of progabide 
through the stream analysis cells and were then 
used to obtain the dissolution curves of the powder 
fractions tested. 

Progabide solubility in dissolution media. The 
solubility of progabide in the buffers used was 
estimated from previous data (Farraj et al., 1988a). 
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For the surfactant systems used, the solubility of 

progabide was determined at 37 o C by the proce- 
dure developed earlier (Farraj et al., 1988a). 

Results and Discussion 

It was observed that the method of sampling 
and dispersion was as important to the particle 
size measurement as the parameters relating di- 
rectly to the measurement. The guidelines given by 

Matthews (1971) on the use of the Coulter Coun- 
ter were closely adhered to. The particle size dis- 

tributions of the two powder fractions tested are 

presented in Fig. 1 showing the log-normality of 

the distributions. This is a useful fact because for 
a log-normal distribution, only the geometric mean 
and the standard deviation are needed (Beaubien 
and Vanderwielen, 1980) to define the whole dis- 

tribution function. Using the equations given by 
Beaubien and Vanderwielen (1980), the geometric 
volume mean diameter (M,), the geometric stan- 
dard deviation (d) and the geometric count mean 

diameter (M, j of the powders can be determined; 
the rnicronised powder values were 11.5 pm + 1.53 
and 6.68 pm, respectively. The corresponding val- 
ues for the 40-63 pm fraction were 53.5 pm k 1.14 
and 50.8 pm. These values are close to the arith- 
metic mean of the upper and lower nominal par- 
ticle size of the sieve fraction collected. Thus, 
although it was not determined experimentally, 
the J4, of the 212-300 pm sieve fraction is ex- 

Cumulatwe percent less than, probablllty scale P/d 

Fig. 1. Plots of the particle size of progabide vs probability 
demonstrating log-normality. A: micronised fraction. B: 40-63 

pfn sieve fraction. 

petted to be close to 256 pm. The solubility of 
Progabide in 0.025% SDS was found to be 104.8 X 

1O-6 M whereas its solubility in 5% Tween 80 was 

6789 X lop6 M. Baggesen and Bechgaard (1980) 
reported that 0.025% SDS and 0.1% Tween 80 
caused a surface tension reduction from 69 mN/m 
to 34 mN/m and 40 mN/m, respectively. This 
means that both surfactants reduce the surface 
tension thereby increase wetting and promote de- 
flocculation but only Tween 80 increases pro- 
gabide solubility. Thus, by using these two 
surfactants with progabide, the dominant mecha- 

nism by which surfactants alter the dissolution 

curve can be elucidated. The dissolution of pro- 
gabide powder fractions in pH 7 buffer is shown 

in Fig. 2. Because of the low solubility limit of 
progabide (Farraj et al., 1988a), the dissolution 

proceeded under non-sink conditions. Even so, the 
particle size reduction produced an increased dis- 
solution rate. Because the dissolution was ex- 
amined under non-sink conditions, the data could 

not be easily fitted to any of the commonly ap- 
plied dissolution models (Gibaldi and Feldman, 
1967; Langenbucher, 1972; Carstensen, 1977). 
Further, a log-normal probability plot (Wagner, 
1969) did not yield straight lines for all of the 
dissolution curves (Fig. 3) although useful infor- 
mation such as the ri6% or the t,,% can be ex- 
tracted from such a plot. The plot also indicates 
that the micronised powder is initially slow to wet 
and deflocculate but once wetted its dissolution is 
faster than the other two fractions. 

The effect of adding SDS was to increase the 
initial dissolution rate and hence reduce the time 

required to approach the solubility limit, S, (Fig. 
4). In effect, the SDS appears to exhibit more 

clearly the differences in the dissolution rates of 

the three powder fractions by reducing the initial 
wetting and deflocculation time. 

Recently, Matsuura (1982a and b) described 
how the cube-root model (Carstensen, 1977) can 
be modified into a complex mathematical function 
to account for non-sink conditions. Although such 
a method can be applied to the dissolution of 
progabide, an easier alternative is to convert non- 
sink conditions to sink conditions. Two methods 
of achieving this are by either using a high con- 
centration of Tween 80 or by reducing the pH of 
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Fig. 2. Effect of particle size on the dissolution of progabide 

under non-sink conditions at pH 7. Each point represents the 

mean f SD. The solubility limit, S,, is indicated. Key: 0, 

micronised powder; 0, 40-63 pm sieve fraction; and A, 

212-300 pm sieve fraction. 

the dissolution medium to increase progabide 
solubility (Farraj et al., 1988a). Fig. 5 shows the 
effect of using 5% Tween 80 in the dissolution 
medium at pH 7. The high percentage of Tween 
80 caused the pH of the buffer to drop to 6.9 but 
this was left unadjusted. If the whole dose of the 
added powder was to dissolve, then the maximum 
concentration would have been equal to 497.5 X 

10e6 M, indicated by C, in Fig. 5. This value, 
which is about 7% of the solubility limit of pro- 
gabide, was approached rapidly by the micronised 
and the 40-63 pm fractions but not maintained 
because the effect of degradation on the high 
concentrations present in solution. Nevertheless, 
the increase in solubility produced a marked in- 

60- 

Fig. 3. Log-normal probability plots for progabide dissolution 
under non-sink conditions. Key: 0, micronised powder: 0, 

40-63 pm sieve fraction; and A, 212-300 pm sieve fraction. 

crease in the dissolution rate of all the powder 
fractions. 

The dissolution models developed for non-reac- 
tive conditions (Gibaldi and Feldman, 1967; Lan- 
genbucher, 1972; Carstensen, 1977) would not be 
expected to describe exactly the whole of the 
dissolution curve, for any of the powders tested. 
This is because of the simultaneous processes oc- 
curring in the system, namely, dissolution and 
degradation. Because the former is dependent on 
the amount of solid drug remaining in the system 
whereas the latter is dependent on the amount of 
drug present in solution, the initial part of the 
dissolution curve will approximate to that con- 
trolled by a single process; this explains the data 
fit to first-order kinetics (Gibaldi and Feldman, 
1967) as presented in Fig. 6 although it is clear 
from the plot that deviations do occur at later 
times. In other words, the shape of the dissolution 
curve is dependent on the relative magnitude of 
the simultaneous processes in the system. This 
explains the shape of the dissolution curves of Fig. 
7 obtained at pH 1.5. At such low pH values, the 
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Fig. 4. Effect of 0.025% w/v SDS on the dissolution of 
progabide under non-sink conditions at pH 7. Each point 
represents the mean k S.D. The solubility limit, S,, is indi- 
cated. Key: 0, micron&d powder; 0, 40-63 pm sieve frac- 

tion; and A, 212-300 pm sieve fraction. 

value of C, represents only 3.6% of the solubility 
limit and the contribution of the degradation pro- 
cess is much larger than in the Tween 80 system 
(Farraj et al., 1988a and b). In fact, the ratio of 
the first-order degradation rate constants is about 
70: 1. 

George Chen and colleagues (1980) modified 
the aforementioned dissolution models to account 
for reactive conditions. In particular, the modified 
first-order dissolution model can be described by: 

m=m,.k[exp(-k’.(t-t,)) 

-exp(-k.(t--t,))]/(k-k’) 

or 

C=C;k[ exp(-k’.(t-to)) 

-exp(-k.(t-t,))]/(k-k’) 

k I 1 
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Fig. 5. Effect of 5% w/v Tween 80 on the dissolution of 
progabide under sink conditions. Each point represents the 
mean f S.D. The theoretical concentration at infinity, C,, is 
indicated. Key: 0, micronised powder; 0, 40-63 pm sieve 

fraction; and A, 212-300 gm sieve fraction. 

where m = mass of drug dissolved at time t, m, = 
initial mass present in dosage form, k = first-order 
dissolution rate constant, k’ = first-order degrada- 
tion rate constant, to = lag time of dissolution, 
C = concentration of drug present at any time f, 
and C, = maximum theoretical concentration 
achieved at infinity under non-reactive conditions. 

This model was applied to the reactive dissolu- 
tion of Progabide. For the curve-fitting proce- 
dures, the non-linear least-squares program 
(MULTI) developed by Yamaoka and others 
(1981) for microcomputers was used. Very slight 
modifications to the program, originally written in 
BASIC language for the CBM computers, were 
required to execute it on the available Commod- 
ore CBM 8032 computer. The Gauss-Newton 
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Fig. 6. Data from Fig. 5 plotted in a first-order kinetic fashion. 

Key: 0, micronised powder; o, 40-63 pm sieve fraction; and 
A, 212-300 pm sieve fraction. 

method was used because it showed an excellent 
degree of convergence to the final values of k and 
k’ and because it was the least time-consuming of 
the algorithms offered. As a typical example, Fig. 
8 shows the type of fit achieved by the program 
using the above equation. The fitting-procedure 
was repeated for the other powder fractions used 
and also for the results obtained with Tween 80 in 
Fig. 5. The estimated values of k and k ’ are 
summarised in Table 1. In 5% Tween 80, the 
dissolution rate constant, k, increased with a de- 
crease in particle size; however, in pH 1.5 buffer, 
this type of relationship did not hold; the 40-63 
pm fraction had a much larger k value than the 
micronised fraction. This apparent anomaly can 
be explained in terms of surface tension. Tween 80 

1 
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Fig. 7. Simultaneous dissolution and degradation of progabide 
at pH 1.5 and 37OC. Each point represents the mean _+ SD. 

The theoretical concentration at infinity under non-reactive 

conditions, C,, is indicated. Key: 0. micronised powder; o, 

40-63 pm sieve fraction: and A, 212-300 pm sieve fraction. 

greatly reduces the surface tension of the dissolu- 
tion medium whereas the hydrochloric acid/po- 
tassium chloride buffer does not (Baggesen and 
Bechgaard, 1980). Hence, the micronised powder 
does not readily wet in the pH 1.5 buffer and, 
because of surface charges, remains agglomerated 
for a longer period than in the Tween 80 system. 
A similar trend was previously observed (Figs. 2, 
3). In Tween 80-containing system, progabide 
degraded very slowly with the result that the error 
in estimating the degradation rate constant was 
large. In fact, the negative value shown for the 
212-300 pm fraction is an artifact because, in 
reality, the k’ value cannot be estimated from the 
data collected as there are no post-peak data 
points. However, the estimated value of k’ for the 
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Fig. 8. Non-linear least-squares curve fitting of the simulta- 
neous dissolution and degradation of progabide micronised 

powder fraction. The data points (0) are indicated. 

pH 1.5 buffer was consistent and showed a low 
standard deviation. Further, it showed a remark- 
able agreement with the independent value ob- 
tained earlier (Farraj et al., 1988a). In terms of 
half-life, a value of 19.9 min obtained here com- 
pared favourably with the previous value of 18 
min. 

The analysis of progabide was done in accor- 
dance with the assay procedure developed (Farraj 

et al., 1988a). However, for continuous measure- 
ment of progabide in pH 1.5 buffer, X,, of 363 
nm was used which is in apparent contradiction 
with the principles of specific analysis of pro- 
gabide in the presence of SL79.182. Even so, by 

allowing the dissolution experiments to proceed 
for about 4 h, the value of the final absorbance of 

the solution at 363 nm (caused by SL79.182) was 
found to be 0.055. Although this can result in a 
significant error towards the end of the 120 min 

run, its effect on the calculated rate constants can 
be ignored. The advantages gained by using 363 
nm were judged to heavily outweigh the disad- 

vantages. In particular, the initial phase of the 
dissolution curve would have been difficult to 

follow if intermittent sampling was implemented. 

Overall, the results obtained have highlighted 

the importance of particle size and pH to the 
simultaneous processes of dissolution and degra- 

dation of progabide. On the basis of the present 
studies, it is anticipated that factors such as gastric 
pH, intestinal pH, and the particle size of the 
administered dosage form will play important roles 
in controlling the oral bioavailability. The applica- 
tion of protective measures such as enteric-coating 
to prevent gastric degradation may not be very 
useful because in the absence of gastric dissolu- 
tion, intestinal dissolution alone may prove insuf- 
ficient to achieve an acceptable bioavailability. 

TABLE 1 

Estimated parameters obtained using MULTI, from the experi- 

mental results of Figs. 5 and 7 
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