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ABSTRACT
Objective  Capsule compounding is common for 
paediatric patients. In Europe, pharmacists often use a 
volume-based method whereas, in the USA, the weight-
based method prevails. These two methods should be 
compared in order to help hospital pharmacists to make 
their choice.
Methods  We evaluated the difference between the 
volume-based method and the weight-based method 
with 10 mg spironolactone capsules. Six independent 
batches were made with each technique and their 
conformity was evaluated with a high-performance liquid 
chromatography assay.
Results  The weight-based method showed superiority 
over the volume-based method for the following 
parameters: spironolactone content homogeneity, total 
weight content homogeneity, batch reproducibility 
and batch conformity. No differences were seen in 
spironolactone content between the two methods, but 
an overall trend towards underweighing the excipient 
was found with the volume-based method.
Conclusions  Capsule compounding with the weight-
based method increases the quality of the resulting 
formulation. The weight-based method requires 
knowledge of the galenic parameters of the active 
pharmaceutical ingredient and excipients, but should be 
preferred to the volume-based method.

INTRODUCTION
Paediatric patients often require non-commercial 
drug dosages. Drug compounding by pharmacists 
remains the gold standard for these patients, but 
practices differ widely around the world. Differ-
ences in pharmaceutical compounding reference 
sources between countries1 and compounding 
practices in Europe2 have been described. The 
manual preparation of capsules in Europe is often 
performed with a volume-based method,3–6 which 
involves weighing of the active pharmaceutical 
ingredient (API) and excipient added to the volume 
required to fill the capsules. In the USA a weight-
based method prevails,7 8 and the volume required 
to fill the capsules must be converted to the mass of 
the excipient/API mixture. This calculation requires 
knowledge of the density of the mixture.

The weight-based method is supposed to 
increase batch reproducibility as the weight of 
each component of the preparation remains the 
same between batches. However, even though 
several published papers have assumed the supe-
riority of the weight-based method,5 9 to our 
knowledge, the differences between the two 
methods have never been studied. Therefore, in 

the present study qualified personnel made six 
batches of spironolactone 10 mg capsules with 
the weight-based method and six batches with the 
volume-based method, and the analytical differ-
ences between the two batches were studied.

MATERIALS AND METHODS
Spironolactone 10 mg capsules were compounded 
by six qualified staff members (pharmacy techni-
cians and pharmacy residents). Each staff member 
made two batches of 100 capsules, one with the 
volume-based method and the other with the 
weight-based method.

First, 1000 mg of micronised spironolactone 
(Inresa, Bartenheim, France) was weighed on a 
precision balance (Precisa XT 220 A, Precisa, Poissy, 
France). Then, for the volume-based method, 
spironolactone was gently mixed with 1000 mg 
microcrystalline cellulose (MCC; Cooper, Melun, 
France). The mixture was poured into a 25 mL 
measuring cylinder and MCC was added up to 
21 mL.

For the weight-based method, the bulk density 
(Bd) and tapped density (Td) of pure spironolac-
tone (Bd=0.17 g/mL; Td=0.28 g/mL) and MCC 
(Bd=0.34 g/mL; Td=0.48 g/mL) were first eval-
uated in our laboratory as reported in the litera-
ture.7 We then performed calculations without 
considering the possible granulometry differences 
between the two powders. To fill 100 size 4 capsules 
(V=21 mL), 1000 mg spironolactone was weighed 
and was supposed to fill 3.6 mL (weight/Td). To 
fill 17.4 mL, 8300 mg MCC was weighed (17.4 × 
Td). The powder was gently mixed and its bulk and 
tapped densities were evaluated. Bd was found to 
be equal to 0.34 g/mL and Td to 0.42 g/mL. To fill 
21 mL, the tapped density evaluation allowed us to 
calculate a total weight of the spironolactone/MCC 
mixture equal to 8.8 g (21 × Td). Thus, 1000 mg 
of micronised spironolactone and 7800 mg of MCC 
were weighed on a precision balance.

The protocol was then similar for the two 
methods: spironolactone and MCC were transferred 
to a small size mortar, a spatula tip of red carmine 
was added and the mixture was gently mixed with a 
pestle. Finally, batches of 100 capsules (size 4, blue/
white) were made with a semi-automatic capsule 
filling machine (Cooper).

Spironolactone quantification by high-
performance liquid chromatography (HPLC) was 
based on a previously described stability-indicating 
method.10 The mobile phase (ultrapure water:-
methanol 34:66) was used in isocratic mode at a 
flow rate of 1.6 mL/min for 15 min. The wavelength 
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was 254 nm and injection volumes were 20 µL. The spironolac-
tone retention time was 6.6 min (figure 1).

The following parameters were evaluated in the method vali-
dation: linearity, repeatability (within-day variation), interme-
diate precision (between-day variation) and accuracy.

Within-day and between-day measurements were performed 
at two concentrations (250 and 275 µg/mL). For within-day 
measurements, at least 15 samples for each concentration level 
were analysed on the same day. Between-day measurements were 
performed at the same concentrations on at least 18 samples on 
three consecutive days. Linearity was investigated with seven 
calibration curves between 6.25 µg/mL and 500 µg/mL and was 
demonstrated between 25 µg/mL and 500 µg/mL. The results are 
summarised in table 1.

Capsule samples were treated as follows: 10 mg spironolactone 
capsules were opened and 40 mL of dimethyl sulfoxide was added. 
The solution was vortexed (5 min) and centrifuged (2000 rpm, 
5 min). The supernatant was analysed without filtration.

For each analysis, two independent quality controls (QC1 and 
QC2) were performed using spironolactone European Pharma-
copoeia (EP) Primary Standard (Sigma-Aldrich, St Louis, USA). 
QC1 was analysed once and QC2 was analysed six times. QC1 
and QC2 were used to quantify the spironolactone capsule 
content and for System Suitability Test.

For each batch, 10 capsules were analysed by HPLC-UV to 
determine the uniformity of dosage units and mean amount of 
spironolactone, and 20 capsules were destructively weighed to 
determine mass uniformity. Uniformity of conformity of the 
dosage units was established according to EP specifications 
(2.9.40), with calculation of the acceptance value (AV) using the 
EP formula. As detailed in the EP, the maximum allowed AV is 
equal to 15.0. In the EP, if the AV is higher than 15.0, 20 more 
capsules should be analysed and the resulting AV determined. 
In the present work, we assume to have chosen stricter criteria 
(if the AV is higher than 15.0 after the first analysis, the batch 
is non-compliant and 20 additional capsules are not analysed) 

to compare the results obtained on only 10 capsules per batch. 
The mean amount of spironolactone conformity was established 
between 9.5 and 10.5 mg (±5% of the theoretical amount). 
Mass uniformity conformity was established according to EP 
specifications (2.9.5).

RESULTS
The analyses showed that 10 of the 12 compounded batches 
followed the EP specifications. One batch done with the 
volume-based method had an acceptance value higher than 15% 
(compounder 3) and another one, also done with the volume-
based method, failed the mass uniformity test (more than two 
capsules with an individual mass which differs by more than 
±10% from the mean mass value).

The mean content of spironolactone did not differ between 
the volume-based method and weight-based method, but the SD 
was found to be higher with the volume-based method, reflecting 
less uniformity. This superiority of the weight-based method 
was confirmed as the mean acceptance value was higher for the 
volume-based method (12.16±3.23 vs 8.09±2.14). Further-
more, regardless of the compounder, the acceptance values were 
higher for the volume-based method. Detailed results of spirono-
lactone content and content uniformity are shown in table 2.

The mass uniformity results show that, regardless of the 
compounder, the mean content weight was lower for the 
volume-based method, resulting in a lower mean value and 
higher standard deviation (77.72±7.31 vs 86.85±1.04). The 
detailed results are shown in table 3.

DISCUSSION
Our findings support the superiority of the weight-based method 
over the volume-based method for compounding 10 mg spirono-
lactone capsules. The API and excipient are weighed during the 
weight-based method, whereas during the volume-based method 
the quantity of excipient is added by volume measurement 
involving a tamping step. As this is the only difference between 
the two methods, the batch variability observed with the volume-
based method can be correlated to this volume measurement 
step. The weight-based method involves a more reproducible 
protocol which yields more reproducible batches. Nevertheless, 
for 10 mg spironolactone capsules it also shows better results on 
several parameters used to evaluate batch conformity.

With the volume-based method, the amount of excipient can 
vary from batch to batch. In the present study the mean content 
of spironolactone did not differ with the volume- or weight-
based method (9.69±0.30 mg and 9.69±0.13 mg). However, 

Figure 1  Representative spironolactone chromatogram.

Table 1  Repeatability, intermediate precision and accuracy

Samples

Repeatability
(% RSD within-
day) (n=15)

Intermediate precision
(% RSD between-day)
(n=18)

Accuracy
(bias in %)
(n=18)

Spironolactone 250 µg/
mL

0.851% 3.399% −0.923%

Spironolactone 275 µg/
mL

2.140% 1.472% −0.035%

RSD, relative standard deviation.

Table 2  Spironolactone content and comparison of content 
uniformity

Volume-based method Weight-based method

API content 
(mg)

Acceptance 
value

API content 
(mg)

Acceptance 
value

Compounder 1 9.74±0.34 9.28 9.84±0.20 4.94

Compounder 2 9.64±0.28 8.75 9.58±0.19 7.18

Compounder 3 9.20±0.47 17.73* 9.71±0.40 10.92

Compounder 4 10.09±0.54 12.95 9.64±0.30 9.41

Compounder 5 9.84±0.48 11.55 9.85±0.29 6.94

Compounder 6 9.63±0.44 12.73 9.53±0.25 9.13

Mean value 9.69±0.30 12.16±3.23 9.69±0.13 8.09±2.14

Theoretical value 10.00 <15.00 10.00 <15.00

*Non-compliant with EP 2.9.40.



batch uniformity was significantly lower with the volume-based 
method (mean AV 12.16±3.23) than with the weight-based 
method (mean AV 8.09±2.14). The worse results for the mean 
content weight and mean weight uniformity with the volume-
based method are consistent with these results.

With 10 mg spironolactone capsules, the volume-based method 
also results in higher SD for mean API content and mean content 
weight, which translates into greater batch-to-batch variability.

Our study has several limitations. First, this comparison was 
done with 10 mg spironolactone capsules, but further work is 
needed on other APIs and dosages to confirm the superiority of 
the weight-based method for capsule compounding. We decided 
to perform this work with two other APIs currently compounded 
as capsules in our hospital: pilocarpine 5 mg and nicardipine 
2 mg. The results shown in online supplemental file 1 show the 
same tendency of superiority of the weight-based method over 
the volume-based method (pilocarpine 5 mg capsules: mean AV 
values 10.15±4.43 for the weight-based method vs 13.52±1.62 
for the volume-based method; nicardipine 2 mg capsules: 
AV mean values 9.91±2.10 for the weight-based method vs 
14.31±1.03 for the volume-based method).

Second, the quality controls were performed only on the 
capsules and not on the API/MCC mixtures. Therefore, variability 
of the mixtures before compounding was not proved, and the 
differences observed between the two methods could come from 
random compounding errors. However, as a global tendency 
in better acceptance values with the weight-based method was 
identified in six experiments with different compounders, we 
can strongly assume that the weight-based method is better than 
the volume-based method for compounding 10 mg spironolac-
tone capsules, whatever the reason.

Finally, the weight-based method we studied was based on 
the experimental determination of the tapped density of the 
mixture spironolactone/MCC at the selected concentration to 

make 10 mg capsules. This tapped density cannot be extrap-
olated for other dosages as spironolactone and MCC have 
different granulometry (100% of the micronised spirono-
lactone particles were ≤30 µm while 50% of MCC particles 
were >32 µm according to the manufacturer's certificate). The 
tapped density should be determined for each dosage and each 
API/excipient combination, with subsequent raw material lost.

In France, the majority of ambulatory11 and hospital pharmacies 
make their capsules using the volume- based method. The French 
Pharmacopoeia recommends this method in its monographs.12 
Nevertheless, although the weight- based method requires pre- 
formulation studies to find the right weight of excipient to add, 
its superiority over the traditional method should encourage 
pharmacists to modify their protocols if possible. In addition, as 
‘hospital preparations’ (preparations made in batches for several 
patients) must be as reproducible as possible, the weight- based 
method should be preferred for their compounding. The API/
excipient ratio may influence the stability of the capsule13 and 
consequently the beyond- use date (BUD). Batch reproducibility 
thus improves BUD reproducibility.14 In our hospital we have 
already modified our protocols for these preparations. For 
‘extemporaneous (magistral) preparations’ or ‘officinal prepa-
rations’ (preparations made for a patient, for a treatment) the 
weight- based method could hardly be used, but could be done 
for the most frequent preparations.

The general quality of compounding is promoted throughout 
Europe. Small changes in protocols, such as implementation of 
the weight- based method for capsule compounding, may lead to 
an improvement in quality.
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Work extension to pilocarpine 5 mg capsules and nicardipine 2 mg capsules 

Pilocarpine 5 mg capsules: 

Pilocarpine bulk density (Bd) = 0.57 g/mL / tapped density (Td) = 0.61 g/mL 

MCC Bd = 0.34 g/mL / Td = 0.48 g/mL 

Pilocarpine/MCC Bd = 0.35 g/mL / Td = 0.46 g/mL 

To fill 100 size 4 capsules (21 mL), the tapped density evaluation allowed us to calculate a total 
weight of mixture pilocarpine/MCC equal to 9.7 g (21 X Td). Thus, 500 mg of pilocarpine hydrochloride 
and 9 200 mg of MCC were weighted on a precision balance. Capsules were compounded as described 
in the main manuscript 

Table S1. Pilocarpine hydrochloride content and content uniformity comparison 

Volume-based method Weight-based method 
API content (mg) Acceptance value API content (mg) Acceptance value 

Batch 1 4.84 +/- 0.21 11.70 4.66 +/- 0.22 14.40 
Batch 2 4.96 +/- 0.29 14.07 5.02 +/- 0.11 5.55 
Batch 3 4.92 +/- 0.31 14.80 4.93 +/- 0.22 10.50 
Mean value 4.91 +/- 0.06 13.52 +/- 1.62 4.87 +/- 0.19 10.15 +/- 4.43 
Theoretical value 5.00 15.00 < 5.00 15.00 < 

Nicardipine 2 mg capsules: 

Nicardipine bulk density (Bd) = 0.24 g/mL / tapped density (Td) = 0.35 g/mL 

MCC Bd = 0.34 g/mL / Td = 0.48 g/mL 

Nicardipine/MCC Bd = 0.35 g/mL / Td = 0.47 g/mL 

To fill 100 size 4 capsules (21 mL), the tapped density evaluation allowed us to calculate a total 
weight of mixture pilocarpine/MCC equal to 9.9 g (21 X Td). Thus, 200 mg of nicardipine and 9 700 mg 
of MCC were weighted on a precision balance. Capsules were compounded as described in the main 
manuscript 

Table S1. Nicardipine hydrochloride content and content uniformity comparison 

Volume-based method Weight-based method 
API content (mg) Acceptance 

value1 
API content (mg) Acceptance 

value1 
Batch 1 1.85 +/- 0.08 15.47 1.94 +/- 0.08 11.43 
Batch 2 1.81 +/- 0.05 13.98 1.89 +/- 0.06 10.79 
Batch 3 1.86 +/- 0.07 13.49 1.90 +/- 0.03 7.51 
Mean value 1.84 +/- 0.02 14.31 +/- 1.03 1.91 +/- 0.03 9.91 +/- 2.10 
Theoretical value 2.00 2.00 

 1Nicardipine 2 mg capsules have a theoretical API amount below 2% (w/w), making the 2.9.5. EP test 
more appropriate than the 2.9.40. EP for batches uniformity. However, Acceptance Value were 
calculated with 2.9.40. formula to compare results with other APIs.  
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