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Abstract 

The purpose of this work was to establish a comparison between the dissolution profiles obtained with the Coulter 
technique and the Paddle method, for a sparingly soluble drug. Four fractions of indomethacin were tested and the 
corresponding mean dissolution times were calculated and plotted against the fraction mean diameter (dsv). A unique 
correlation was found for both methods. The importance of this correlation is also discussed. 
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In a previous work (Sim6es et al., 1996), a 
particle counter (the Coulter Multisizer II) was 
used to evaluate the dissolution profiles of  spar- 
ingly soluble drugs. The main objective was to 
study the influence of the primary particle size 
on the dissolution rate. Several size fractions 
were tested and the conclusion was that a reduc- 
tion in particle size causes an increase in the 
dissolution rate. An at tempt was made to corre- 
late the mean dissolution time with the mean 
particle size of  each fraction, having in mind a 
future application on drug release control. 

The Coulter method is an attractive method 
for dissolution studies, since it is the only one 
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capable of  providing information about  the vari- 
ation of size and number  of  suspended particles 
during the dissolution process. Howeveri when 
the purpose is to simulate the physiological con- 
ditions, this method presents some limitations, 
namely those related to temperature and hydro -  
dynamics. In fact, although in the Coulter sam- 
piing stand the particles were suspended in a 
mechanically agitated round-bot tom beaker, it 
did not enable any temperature control. The re -  
fore, only experiments at ambient temperature 
could be performed. Moreover,  the agitation 
speed ( ~  900 rev./min) could not have :a wide 
range of variation since a uniform solids concen- 
tration was required in the beaker so that the 
sampled volume was representative of  the sus- 
pension. 
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Table 1 
Mean size (dsv) of indomethacin fractions and corresponding MDT values obtained with the Coulter and the Paddle methods 

Fraction ds~ (/~m) MDT8o (min) (Coulter method) MDT8o (min) (Paddle method) 

Micronized 4.81 0.53 0.66 
5-15 /~m 13.26 4.27 3.00 
15-25 /~m 19.20 8.50 7.00 
25 35 /~m 30.91 24.82 25.43 

It was then decided to perform some tests with 
the same fractions used with the Coulter but 
making use of  a reference method recommended 
for in vitro dissolution studies - -  the USP Paddle 
method - -  the purpose being the comparison of 
the dissolution profiles obtained by both methods. 

The Paddle method was, with one exception, 
used under standard conditions (37°C and 100 
rev./min) and the dissolved indomethacin was as- 
sayed by UV spectrometry at 265.8 nm (US Phar- 
macopeia XXII ,  1990). In the Coulter method the 
dissolved fraction was calculated by the difference 
between the initial solids concentration and the 
corresponding value at a given instant (Sim6es et 
al., 1996). The same suspending medium was used 
in both methods: a phosphate buffer pH 6.2 (with 
0.9% NaC1 and 0.01% Tween 80). Also the initial 
solids concentration, corresponding to sink condi- 
tions, was kept the same in both experiments. 

Three narrow sieved fractions and a micronized 
sample of  indomethacin were used. Table 1 shows 
the mean sizes of  these fractions in terms of  dsv 
(defined as Z n,d3vi/E n ,d2 i ,  dv being the equiva- 
lent volume diameter measured by the Coulter) 
(Allen, 1990). In this table, values of  the mean 
dissolution time obtained for each fraction, as 
described later, are also presented. In order to 
eliminate the effect of  temperature, one set of  
experiments was performed with the Paddle 
method at room temperature (23 _+ I°C) in an 
at tempt to confront these results with those of  the 
Coulter for the same fractions. The results are 
shown in Fig. 1. As expected, the curve corre- 
spondent to the Coulter method lies above that of  
the Paddle method, clearly demonstrating the im- 
portance of  agitation. 

The next step was to perform dissolution tests 
using the Paddle method at 37°C for all the 
fractions. Fig. 2 presents these results as well as 
those obtained with the Coulter for the same 
fractions. 

Qualitatively it can be concluded that the effect 
of  particle size on the dissolution profiles is simi- 
lar for both methods, despite the differences in the 
operating conditions (agitation and temperature) 
and dosage techniques. The parameter  used to 
compare both sets of  results was the mean disso- 
lution time (MDT) defined as (Brockmeier, 1986): 

M D T -  i 

i 

(1) 

where ~ is the midpoint of  the time interval 
corresponding to the released fraction A Mi. 
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Fig. 1. Comparison of the dissolution profiles obtained with 
the Coulter and the Paddle method (at 900 and 100 rev./min, 
respectively) at the same temperature (23 + I°C) for the 
25-35 pm indomethacin fraction. 
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Fig. 2. Dissolution profiles of  different fractions of in- 
domethacin obtained with the Coulter (a) and the Paddle 
method (b). The magni tude of  S.D. values on the points are 
less than 5%. 

These results, calculated for 80% of the total 
dissolution (MDTs0) for each size fraction, are 
displayed in Table l and plotted in Fig. 3 as a 
function of  d,, in a semi-log scale. The analysis of 
this graph shows that both methods not only gave 
a linear relationship but, surprisingly, that this 
correlation was unique. This result suggests that 
the operating conditions of  the Coulter simulate, 
somehow, those of  the reference method. 

Taking into account the results of Fig. 1, ob- 
tained for the same temperature, it follows that 
this coincidence can only be explained by a bal- 
ance between temperature and agitation effects. 
However, a large number of size fractions should 
be tested to establish a precise correlation. Other 
drugs should also be investigated to check if this 
kind of correlation is also found. In order to test 
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Fig. 3. Relationship between mean dissolution time (MDT) 
and fraction mean size ( d <  INF > sv < / I N F  > ) obtained by 
the Coulter and Paddle methods  ( + ,  corresponds to a mixture 
of  the coarsest and finest fraction of  indomethacin). 

this correlation it was decided to perform one 
experiment with a mixture (in equal proportions) 
of the finest and coarsest fraction. The resulting 
dissolution profile, evaluated using the Paddle 
method, is shown in Fig. 4 together with those 
corresponding to the primary fractions. As ex- 
pected, the profile representative of the mixture 
lies in between those of  the individual fractions. 
The MDTso was calculated for this profile and 
plotted against the d~,. of the mixture. As can be 
seen in Fig. 3, the resulting point also fits the 
correlation well. 

In conclusion, it can be said that these results 
look quite promising and encourage further inves- 
tigation. It is believed that this type of correlation 
(if generally applicable) will be of greatest use 
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Fig. 4. Dissolution profiles of  two indomethacin fractions and 
their mixture (in equal proportions) obtained by the Paddle 
method.  The magni tude of S.D. values on the points are less 
than 5%. 
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when used in a predictive way. In this manner, it 
will be possible to manipulate particle size so that a 
required dissolution profile is obtained. This may 
be regarded as an interesting alternative to solve 
bioavailability problems of sparingly soluble drugs. 

On the other hand, this study has shown that the 
Coulter technique, besides providing information 
about the way particles dissolve (Sim6es et al., 
1996), produces, for the present operating condi- 
tions, results comparable with those of the refer- 
ence method (Paddle method). 
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