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Abstract

To investigate variability in dissolution testing an international collaborative study was performed by 29 laboratories. Glibenclamide

(glyburide) tablets were used in the investigation in which multipoint dissolution profiles were established using USP paddle apparatus. In

contrast to a previous report, the variability of the glibenclamide dissolution data was significantly lower. Total variances (s2) were found to

range from 18.34–44.18, Between Laboratory and Between Analyst variances (synthetic value) ranged from 12.9–38.7 and the Within

Analyst variances ranged from 5.08–5.78. The dissolution profiles and corresponding variances obtained by laboratories with little or no

experience in glibenclamide dissolution testing were similar to those obtained by more experienced laboratories, indicating that the test,

especially when designed as multiple point dissolution testing, is sufficiently robust and capable of identifying differences in a manufacturing

process or drug formulation. The smallest statistically detectable mean difference between two dissolution runs was calculated (95% CI) to be

7% for one analyst, or 5% if two analysts were to perform the dissolution tests. q 2002 Elsevier Science B.V. All rights reserved.

Keywords: Variability in drug dissolution testing; Collaborative study with glibenclamide/glyburide tablets (marketed name is Daonil); Robustness and

capability of dissolution testing

1. Introduction

Drug dissolution testing is a fundamental part of drug

development and manufacture, being used primarily as a

method of quality control. The in vitro dissolution charac-

teristics of a given drug provides information on (a) how

that drug may behave in vivo; (b) the consistency of

batches; (c) the homogeneity of dosage forms within a

given batch; and (d) the impact of changes in composition,

process or site of manufacture.

A recent study [1] organised by the International Pharma-

cists Federation (FIP) reported high variability in dissolu-

tion testing, both with United States Pharmacopoeia (USP)

calibrator tablets and a marketed drug product (Daonil,

batch N765, was used as an example). The authors

concluded that dissolution itself gives rise to an intrinsic

variability and discussed that the method could not be

used reliably to indicate changes in the manufacturing

process or to determine whether dissolution test equipment

complies with USP specifications.

In the above-mentioned FIP publication, 28 official or

semi-official governmental laboratories in 23 countries

submitted data on dissolution tests using Daonil (glibencla-

mide) tablets. The high variability reported in the study led

Aventis Pharma AG to initiate an internal international colla-

borative study in order to investigate the sources of this varia-

bility and to determine the discriminatory power of the

dissolution testing method used for glibenclamide tablets.

Twenty-five manufacturing site quality control laboratories

and four research and development laboratories in 19 coun-

tries were included in a collaborative study identical to the

one outlined by the FIP. Of the 29 laboratories, 11 had no

previous experience with Daonil testing and 8 of the labora-

tories typically tested less than one batch per month.

Tests with basket apparatus were not included in the

study since all historical data and experience with dissolu-

tion testing was carried out with paddle equipment.

It was not in the interest of this study to re-evaluate the

quality of the glibenclamide tablet batch or to qualify or

disqualify the ‘worst’ or ‘best’ laboratories, nor was it

intended to set new limits of acceptability for this product.

Furthermore, it was not the objective to defend existing or to

suggest alternative pharmacopoeial methods of calibration
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or to propose a change in the quality control testing of

glibenclamide tablets.

2. Experimental

2.1. Study Protocol

A study protocol identical to the one used in the FIP study

was executed by the 29 study participants, including 25

quality control laboratories and 4 research and development

laboratories. The participants were requested to submit the

results of the dissolution testing and to include the results of

their most recent USP [3] Apparatus Suitability Tests for

paddle apparatus.

As batch N765 (which had been used in the previous

study [1]) was no longer available in sufficient quantities

at the time of the present study, another randomly selected

commercial batch of Daonil was chosen and the tablets sent

to each laboratory. In addition to the 20 glibenclamide

tablets (5 mg, batch U740, manufactured in February

1998) each laboratory also received glibenclamide refer-

ence standard (Aventis Pharma, lot U329) together with

the certificate of analysis. The participants were requested

to specify the dissolution apparatus used, including the type

of UV spectrophotometer and the level of the analyst’s

experience in Daonil dissolution testing.

The apparatus used was required to comply with the

mechanical specifications for wobble, centering, levelness,

verticality of shaft, rotation speed, temperature and vibra-

tion, as stated or implied in the USP [3] section ,711 . .

Analysts were asked to carry out the dissolution run with

six individual tablets each, using paddle apparatus at 75

rpm. Absorbance values were recorded using UV spectro-

photometers at a wavelength of 225 nm.

The dissolution medium used in the tests was prepared as

follows: anhydrous monobasic potassium phosphate,

KH2PO4 (68.05 g) and sodium hydroxide (5 M, 78.2 ml)

were dissolved in water (10 l) and the pH was adjusted to

7.40 ^ 0.05. It should be noted that this buffer solution is

not the same as that used in the registered control test for

Daonil tablets but it is the dissolution medium used in the

FIP study and was thus chosen in this case to maintain

consistency and comparability.

Laboratories were asked to use only reagents and solu-

tions of the required analytical grade and freshly prepared,

de-aerated dissolution media.

Tablet masses were recorded prior to commencing the

analyses and an inert filter was used to isolate the specimens

in order to avoid adsorption.

The percentage of glibenclamide dissolved in the phos-

phate buffer solution (900 ml) at pH 7.4 was measured at the

following sampling times: 10, 20, 30, 60, 90 and 120

minutes. The results from all analysts at these sampling

times were reported to one decimal place using the format

provided.

In order to assess the analyst as a source of variability,

laboratories were asked to have a second analyst repeat the

entire procedure on a different day using the same equipment,

freshly prepared reagents, reference standard solution and

dissolution media. Apart from this, all other test parameters

were identical to those outlined in the FIP study protocol.

2.2. Method of data analysis

Once all data had been collated an ANOVA variance

component analysis was carried out to estimate the follow-

ing sources of variation:

† Between Laboratory.

† Between Analyst (among the two analysts nested within a

laboratory).

† Within Analyst (nested within a laboratory i.e. within

runs).

All data from two of the laboratories were excluded from

the ANOVA analysis due to inconsistencies within their

dissolution profiles. These omissions were not merely statis-

tical outliers, but the data showed implausible deviations

(i.e. decreases in concentration over time) from the mono-

tonic increase in the percentage of drug released.

Since the FIP study called for only one analyst at each

laboratory to perform the testing, the statistical analysis

employed by the authors was an ANOVA variance compo-

nent analysis with the following sources of variation esti-

mated:

† Between Laboratory.

† Within Analyst (or Within laboratory, since analyst and

laboratory are confounded).

This study therefore has no ‘Between Analyst’ compo-

nent. In order to make a direct comparison between the two

studies it was necessary to generate a synthetic variance

from the Aventis Pharma data by adding the Between

Laboratory and Between Analyst variance components,

which corresponds to the Between Laboratory variance

component of the FIP study. The degrees of freedom asso-

ciated with the synthetic variance were estimated using the

Saitterwaite approximation (Table 1).

It was also of interest in the Aventis Pharma study to

determine the smallest statistically detectable difference

between two dissolution profiles. At each dissolution time-

point, the following procedure was adopted to calculate how

large the true, but unknown, difference between two profiles

means needed to be in order to have at least a 95% chance of

detecting that mean difference:

The synthetic variance was computed using the following

method:

† If one analyst at each of the two laboratories conducts

one dissolution run the synthetic variance is computed by

adding the Between Analyst variance component and the
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Within Analyst variance component and dividing by six.

† If two analysts at each of the two laboratories each

conduct one dissolution run the synthetic variance is

computed by adding the Between Analyst variance

component divided by 2 and the Within Analyst variance

component and then dividing by 12.

The synthetic variance was multiplied by two and the

square root taken. This was called the standard error of

the mean difference.

The standard error of the mean difference was multiplied

by 1.645 to yield the detectable difference.

3. Results

Twenty-nine Aventis Pharma laboratories (comprising 25

quality control laboratories and four research and develop-

ment laboratories) submitted their results. Following a check

for inconsistencies, all data submitted from two laboratories

were excluded from further evaluation as discussed

previously. The average percentage of drug dissolved at

each of the sampling times and the variability in the percen-

tage released were found to lie within the expected range.

From Table 1 it can be seen that the Total CV values in

the Aventis Pharma study lay between 5.78 and 18.96%,
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Table 1

Variance component estimation and comparisona

Aventis Daonil study FIP study Comparison

Source Mean percent

released

df Variance

component

Synthetic

variance

CV

(%)

df Mean percent

released

Variance

component

CV

(%)

df Ratio OSL

10-min

Between Labs 26 31.20 38.29 17.78 26 127.00 28.39 26 3.32 0.0016

Between Analysts (lab) 27 7.09

Within Analysts (lab) 269 5.23 6.57 14.20 9.49 135 2.72 0.0000

Total 322 43.52 18.96 141.20 29.93 3.24

34.8 39.7

20-min

Between Labs 26 15.66 20.52 10.15 26 97.80 19.70 26 4.77 0.0001

Between Analysts (lab) 27 4.86

Within Analysts (lab) 269 4.96 4.99 9.60 6.17 135 1.94 0.0000

Total 322 25.48 11.31 107.40 20.64 4.22

44.62 50.2

30-min

Between Labs 26 10.99 16.26 7.84 26 116.10 18.20 26 7.14 0.0000

Between Analysts (lab) 27 5.27

Within Analysts (lab) 270 5.60 4.60 20.20 7.59 135 3.61 0.0000

Total 323 21.86 9.09 136.30 19.72 6.24

51.43 59.2

60-min

Between Labs 26 7.06 11.94 5.41 26 137.50 16.15 26 11.52 0.0000

Between Analysts (lab) 27 4.88

Within Analysts (lab) 270 5.25 3.59 12.90 4.95 135 2.46 0.0000

Total 323 17.19 6.49 150.40 16.89 8.75

63.88 72.6

90-min

Between Labs 26 7.50 12.76 5.04 26 143.80 14.84 26 11.27 0.0000

Between Analysts (lab) 27 5.26

Within Analysts (lab) 270 4.95 3.14 15.90 4.94 135 3.21 0.0000

Total 323 17.71 5.94 159.70 15.64 9.02

70.82 80.8

120-min

Between Labs 26 8.56 13.78 4.87 26 129.40 13.26 26 9.39 0.0000

Between Analysts (lab) 27 5.22

Within Analysts (lab) 270 5.59 3.10 8.80 3.46 135 1.57 0.0016

Total 323 19.37 5.78 138.20 13.70 7.13

76.18 85.8

a OSL, observed significant level (aka, P-value). If the OSL is less than 0.05, then the Aventis Daonil Study variance is statistically smaller than the FIP

Study variance. Saitterwaite’s approximation used to estimate the df for the synthesized variance.



with the higher values being observed at the earlier

sampling points. These values are considerably lower than

those indicated by the FIP study, which ranged from 13.70

to 29.93%. However, the FIP study also showed higher

variation at the earlier sampling points.

To determine the possible sources of variability in dissolu-

tion testing, the Between Laboratory and Between Analyst

variances were investigated. In view of the modified Aventis

Pharma study design, a synthetic variance term was calcu-

lated (see Section 2.2) from the Between Laboratory and

Between Analyst data which could then be compared with

the Between Laboratory variance term of the FIP study. The

variance component estimation and the comparison of the

data for both studies are shown in Table 1. In addition, the

F-test for equality of variances and the associated observed

significance level (P-value) are included in the table.

The Between Analyst variance (Aventis study only) was

observed to lie between 4.86 and 7.09 and remained rela-

tively constant (ca. 5) from the 20-min time point onwards.

This indicates that the variation between analysts within the

same laboratory is not the major contributor to the Total

Variance found in dissolution testing.

The synthetic variance terms ( ¼ Between Laboratory

variance 1 Between Analyst variance) of the Aventis

study ranged from 38.29 at the earliest sampling time to

13.78 at the 120-min time point. The higher value found

at the 10-min interval dropped significantly upon reaching

the 20 and 30 min sampling times and then remained at

around 13 for the remainder of the testing. These values

are considerably smaller than those indicated in the FIP

study in which the Between Laboratory variance ranged

from 127 at the beginning to 129 at the end of the test. At

10 and 20 min, the Between Laboratory variance compo-

nents for the FIP study were ca. four times larger than the

corresponding variance components in the Aventis Pharma

study and at later time points this increased to values which

were 7–10 times larger than those of the current study. The

trend observed in the Aventis Pharma study of higher

variances at earlier sampling times was not reflected in the

FIP study. No correlation between variability and dissolu-

tion time point was discovered and, in contrast to the present

study, the FIP results showed that the greatest variations

between laboratories were at the 60 and 90 min intervals.

The variability at these sampling times in the Aventis study

was at its lowest and was reasonably constant. This compar-

ison clearly shows that the variation between laboratories in

the FIP study was very large indeed. Although the Aventis

study also shows significant variation between laboratories,

the values are not nearly as high as those found previously.

The Within Analyst variance components for both studies

are also listed in Table 1. These values were found to be

approximately constant in the Aventis Pharma study across

all sampling points, ranging from 4.95 to 5.60. Again, these

figures indicate that variability between the test runs carried

out by each analyst is not a major contributor to the overall

variability in dissolution testing. The corresponding Within

Analyst values of the FIP study were 1.5–3 times larger than

the present study values and, as with the Aventis study,

showed no correlation between variance and sampling time.

The Total Variability in dissolution testing can be

expressed as the sum of the incremental variances: Between

Laboratory, Between Analyst and Within Analyst. From the

above analysis it can be deduced that the major contribution

to the Total Variability comes from the Between Laboratory

variance component. Over the six dissolution time-points,

variances between 31.20 and 7.06 were observed, with the

higher values being at the earlier sampling times. This was in

agreement with the findings of the previous study, which also

found inter-laboratory variance to be the most significant.

However, the values found in the current study were consid-

erably lower.

The smallest detectable difference between the dissolu-

tion profiles for each single dissolution time point was

calculated from the Between Analyst and Within Analyst

variance components (Section 2.2). The resulting standard

error of mean difference and the detectable differences are

shown in Table 2. If one analyst in each laboratory was to

carry out the dissolution testing, then a difference of 7% in

the amount of drug released after 10 min would be deter-

minable and a difference of 6% in the amount of drug

released would be discernible at the remaining sampling

times (95% CI). However, if two analysts in each laboratory

perform the dissolution test, then a difference of 5% (at the

10 min interval) or 4% (at the remaining intervals) could be

detected (95% CI).

4. Discussion

The results of this study have led us to believe that disso-

lution testing is robust. In the Aventis Pharma study no

evidence could be found for the high variability observed

in previous findings (CV from 13.7% up to 29.9%) – the CV

values observed in the current study were considerably

lower, ranging from 5.8% to 19.0%.

The Between Laboratory variability factor appeared to

contribute the most to the Total Variability of the dissolu-

tion testing and the values of this component were higher at

the earlier dissolution time points. However, this variability

was found to be statistically much smaller in the Aventis

Pharma study than in the FIP report. Hence, although varia-

bility does exist between the Aventis Pharma laboratories

(and this fact does require some attention) there is consider-

ably less variation between these laboratories than those that

took part in the FIP study.

Thus, in order to evaluate any changes in manufacturing

process or site by the dissolution method it would be best to

have the products from the two sites tested in the same

laboratory. This would eliminate the more significant source

of variability and hence greatly reduce the overall Total

Variability. In order to further reduce this total value, only

one analyst should be allowed to perform the test. This
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would rule out the Between Analyst variability factor,

which was found to be the second greatest contributor to

the overall variability, albeit a much smaller one.

The smallest statistically detectable difference between

two profiles was found to be 6–7% depending on the time

point, with one analyst carrying out the dissolution testing. If

two analysts were to perform the tests, a dissolution mean

difference of at least 4–5% would be discernible (95% CI).

Although evaluation of the study results did show that varia-

bility was present in the dissolution method, the variances are

in such a range that would still allow the use of glibenclamide

tablets to detect changes in manufacturing site or processes.

Other possible sources of variability in dissolution test-

ing, which have not been investigated in this study, could be

the differences in the types of apparatus used and also in the

preparation and de-aeration of the dissolution media. It was

not surprising that the highest variability occurred with the

Between Laboratory component since although all appara-

tus were USP compliant, differences in makes and models of

equipment is bound to play some role in variability. Differ-

ences in climate etc. must also be taken into consideration.

The general trend in both studies was that the highest

variance figures were found to occur at the earliest sampling

time (10 min) and, after this, the individual components of

variability (Between Analyst and Within Analyst variance)

seemed to contribute equally to the Total Variability.

Perhaps this is an indication that the 10 min time point is

too early to take measurements.

In answering the question as to why the Aventis Pharma

study results were so different from those obtained by the

previous study of identical design, the following points

could be possible factors: Firstly, the analysts in the Aventis

laboratories are not trained in Daonil testing (i.e. tablet-

specific testing), but rather they receive specific training in

the method of dissolution testing. This would offer an expla-

nation of the lower observed variances (Between Labora-

tory, Between Analyst, Within Analyst) in the Aventis study

and the consistency of the results obtained by laboratories

that were experienced/inexperienced in Daonil testing. It

could thus be deduced that dissolution testing is reproduci-

ble providing the necessary training is given.

The second influence in the Aventis Pharma study design

may have been due to the fact that a reference standard was

supplied to the laboratories together with the samples of

drug product and this could also have contributed to the

consistency of the Aventis Pharma study values.

The different findings of this study in comparison to the

previous report [1] cannot be attributed to different batches

being used since the two batches are considered to be essen-

tially similar (i.e. differences in their dissolution profiles did

not exceed 10% at any given sampling time point).

5. Conclusion

In conclusion, the dissolution method is a suitable tech-

nique for detecting the possible impact of formulation or

manufacturing changes [2] for this particular immediate

M. Siewert et al. / European Journal of Pharmaceutics and Biopharmaceutics 53 (2002) 9–14 13

Table 2

Detectable difference estimation

Source One Analyst per lab Two Analysts per lab

Variance component Standard error of

mean difference

Detectable

difference

Standard error of

mean difference

Detectable

difference

10-min dissolution

Between Analysts (lab) 7.09

Within Analysts (lab) 5.23 3.98 7 2.82 5

20-min dissolution

Between Analysts (lab) 4.86

Within Analysts (lab) 4.96 3.39 6 2.40 4

30-min dissolution

Between Analysts (lab) 5.27

Within Analysts (lab) 5.60 3.54 6 2.50 4

60-min dissolution

Between Analysts (lab) 4.88

Within Analysts (lab) 5.25 3.41 6 2.41 4

90-min dissolution

Between Analysts (lab) 5.26

Within Analysts (lab) 4.95 3.52 6 2.49 4

120-min dissolution

Between Analysts (lab) 5.22

Within Analysts (lab) 5.59 3.49 6 2.47 4



release dosage form provided that the necessary precautions

are taken. It appears to be most successful when designed as

a multiple-point test using USP compliant paddle apparatus

and, above all, appropriate and consistent training in the

dissolution method must be given in order to obtain accurate

and reproducible results.
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