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Small‑scale dissolution test 
screening tool to select potentially 
substandard and falsified 
(SF) medicines requiring full 
pharmacopoeial analysis
Mohammad Sofiqur Rahman1,4*, Naoko Yoshida3,4, Hirohito Tsuboi2*, Yuichiro Ishii2, 
Yoshio Akimoto1 & Kazuko Kimura1

The purpose of this study was to design a convenient, small-scale dissolution test for extracting 
potential substandard and falsified (SF) medicines that require full pharmacopoeial analysis. The 
probability of metronidazole samples complying with the US Pharmacopoeia (USP) dissolution test for 
immediate-release tablet formulations was predicted from small-scale dissolution test results using 
the following criteria: (1) 95% confidence interval lower limit (95% CIlow) of the average dissolution 
rate of any n = 3 of n = 24 units of each sample, and (2) average and minimum dissolution rates for any 
n = 3 of n = 24 units. Criteria values were optimized via bootstrap sampling with Thinkeye data-mining 
software. Compliant metronidazole samples in the USP first-stage and second-stage dissolution test 
showed complying probabilities of 99.7% and 81.0%, respectively, if the average dissolution rate of 
n = 3 units is equal to or greater than the monograph-specified amount of dissolved drug (Q; 85% of 
labeled content for metronidazole). The complying probabilities were 100.0% and 79.0%, respectively, 
if the average dissolution rate of n = 3 units is 91% or higher and the minimum dissolution rate is 87% 
or higher. Suitable compliance criteria for the small-scale dissolution test are: average dissolution rate 
of n = 3 units is Q + 6% or more and minimum dissolution rate is Q + 2% or more.

The production and distribution of substandard and falsified medicines (SFs) are increasing throughout the 
world1–3. Lower and middle-income countries (LMICs) are most affected, but developed countries are not 
immune4–6. Global statistics published by the World Health Organization (WHO) indicate that one in ten phar-
maceutical products in lower and middle income countries is either substandard or falsified, but it is likely that 
many cases are unreported6. The WHO defines substandard medicines as ‘out of specification’ products, i.e., 
authorized medical products that fail to meet either their quality standards or specifications, or both7. On the 
other hand, falsified medicines are those that deliberately/fraudulently misrepresent their identity, composition 
or source7. Substandard medical products can be due to the lack of tools and technical capacity or sometimes 
intention to ensure quality standards in manufacturing, supply and distribution. Falsified medical products, in 
contrast, results from criminal activities, which are often enabled by inadequate regulation and governance8.

In this context, convenient methods to detect SF medicines are still urgently required9–13. Ensuring the quality 
of pharmaceuticals in the supply chain requires studies to establish the prevalence of SFs, as well as the develop-
ment of effective analytical systems to identify and characterize SFs, and effective implementation of regulatory 
systems14. However, current laboratory approaches, such as screening and pharmacopoeial chemical tests, are 
laborious, expensive and time-consuming15. Given that the medicine stock is limited in small retail markets in 
local areas of LMICs, it is often difficult to collect a sufficient number of samples to carry out full pharmacopoeial 
testing. Additionally, collection of large amounts of samples for full pharmacopoeial testing may hinder the access 

OPEN

1Medi‑Quality Security Institute, Graduate School of Medical Sciences, Kanazawa University, 
Kanazawa  920‑1192, Japan. 2Department of Clinical Pharmacy and Healthcare Sciences, Kanazawa University, 
Kanazawa  920‑1192, Japan. 3AI Hospital/Macro Signal Dynamics Research and Development Center, Institute 
of Medical, Pharmaceutical and Health Sciences, Kanazawa University, Kakuma‑machi, Kanazawa  920‑1192, 
Japan. 4These authors contributed equally: Mohammad Sofiqur Rahman and Naoko Yoshida. *email: 
rahmansofique@staff.kanazawa-u.ac.jp; tsuboih@p.kanazawa-u.ac.jp

http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-021-91443-5&domain=pdf


2

Vol:.(1234567890)

Scientific Reports |        (2021) 11:12145  | https://doi.org/10.1038/s41598-021-91443-5

www.nature.com/scientificreports/

of patients in need to those medicines. To overcome these limitations, several of our earlier studies in Cambodia 
and other countries incorporated product authentication and legitimacy verification of the manufacturer as a 
simple approach to seek out possible SFs16–20. However, the low response rates from manufacturers and medicine 
regulatory authorities (MRAs) make this approach problematic. Here, we describe a small-scale dissolution 
test based on limited sampling, designed to screen samples collected in the field in order to identify potential 
substandard and falsified (SF) medicines that should receive full pharmacopoeial analysis.

In our previous studies, quantity, content uniformity and dissolution tests were the major chemical analyses 
used to assess quality21,22. Among those tests, the dissolution test proved to be crucial test to define a sample’s 
performance, particularly in Cambodia. The purpose of this study is to develop a small-scale but statistically 
valid dissolution test that can be used both to provide an estimate of the prevalence of SF medicines based on 
predetermined acceptance criteria and to detect potential SFs that should receive full pharmacopoeial analysis.

Methods
Samples.  Metronidazole and cimetidine were selected as candidate medicines from the Essential Drug List 
of Cambodia based on their stability, therapeutic importance, and ease of analysis. Samples were collected from 
private drug outlets in Phnom Penh, Kampong Speu, Kandal, and Takeo Province of Cambodia according to a 
pre-planned protocol as a part of our pharmaceutical quality survey.

Dissolution test method.  The dissolution test of the metronidazole and cimetidine samples was carried 
out according to the modified USP protocol using 900 mL of dissolution medium for each of the units in an 
NTR-VS-6P dissolution apparatus (Toyama Sangyo Co. Ltd., Osaka, Japan)23. The medium was prepared by 
adding 20 mL of 5 N hydrochloric acid made up to 1000 mL by adding distilled water. Drug release studies were 
performed using the USP Type I rotating basket dissolution apparatus. The paddle was set to rotate at 100 rpm 
for 60 min (15 min for cimetidine) and the medium temperature was maintained at 37 ± 0.50 °C. The assay was 
conducted by high-performance liquid chromatography (HPLC) on a Shimadzu Prominence HPLC equipped 
with a Shimpack C18 column (150 × 4.6 mm, 5 μm) and an ultraviolet-photodiode array detector (UV-PDA, 
SPD-20A/20AV Series). The flow rate of the mobile phase was adjusted to 1.0 mL/min at 30 °C (column oven). 
The injection volume was 10 μL. The UV detection wavelengths were set to 278 and 220 nm for metronida-
zole and cimetidine, respectively. The flow rate, injection volume, and detection wavelength were kept constant 
throughout the entire analysis.

USP acceptance criteria.  Dissolution tests were carried out for n = 21 samples of metronidazole, each 
consisting of n = 24 units, in accordance with the USP23. The Q value, i.e., the amount of dissolved active ingre-
dient specified in the monograph, expressed as a percentage of the labeled content, is 85% for metronidazole. 
According to the USP indication, n = 6 dosage units were sampled and tested at stage 1. The acceptance criterion 
of the first stage is that the dissolution rate of each of the six units is not less than Q + 5%. If the sample fails the 
first stage, an additional six units are sampled and tested in the second stage. If the average dissolution rate of 
the n = 12 units is not less than Q, and no unit has a dissolution rate of less than Q − 15%, then the sample meets 
the USP requirements. If the sample fails stage 1 and stage 2, an additional n = 12 dosage units are sampled and 
tested. The sample meets the requirements if the average dissolution rate of the n = 24 units from all three stages 
is greater than or equal to Q, and no more than two units have a dissolution rate of less than Q − 15%, and no 
unit has a dissolution rate less than Q − 25%.

In addition, n = 17 samples of cimetidine were similarly tested to validate our developed method (see below).

Acceptance criteria settings for small‑scale dissolution test.  We examined two sets of criteria for 
the small-scale dissolution test using n = 21 samples of metronidazole and compared the outcomes with those 
obtained in the USP dissolution test. To validate the devised criteria, we then applied them to n = 17 samples of 
cimetidine preparation.

Sample distribution and 95% confidence interval lower limit (95% CIlow) obtained by bootstrap 
resampling.  We adopted a parametric bootstrap approach, in which multiple small data samples are ran-
domly and repeatedly extracted from the population, to obtain the distribution of the estimated values of the 
sample from the mean variance24,25. The bootstrap method considered the extracted data (sample) as a new 
population and randomly resampled the data from the new population. After obtaining multiple resamples, the 
procedure was to judge the distribution (mean/variance) of sample estimates from these data and finally to esti-
mate the population. In the USP dissolution test, up to n = 24 units may be tested, so all the samples examined in 
this procedure were resampled based on the dissolution rates of n = 24 units for each sample. Specifically, n = 3 
units were randomly extracted from the n = 24 units of each sample n = 1000 times, and the lower bound of the 
95% confidence interval (95% CIlow) of the average dissolution rate was calculated (Fig. 1).

Random extraction was carried out using Microsoft Excel 2003. The criterion for reference value X to define 
compliance was 95% CIlow ≥ X% (Q + 5% ≥ X ≥ Q − 15%), and the agreement rate of each sample (the number of 
resamples that matched per 1000) was calculated. Since the Q value of metronidazole tablets is 85, Q + 5 is 90 and 
Q − 15 is 70, so we have 95% CIlow ≥ X% (90 ≥ X ≥ 70). By comparing the resampling results and the USP results, 
the reference value X that provides the best match was determined, and this was used as the compliance criterion.

Combination of average dissolution rate and minimum dissolution rate.  One thousand com-
binations of n = 3 of the n = 24 units were extracted (there are n = 2024 combinations in total), and the average 
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(mean) and minimum dissolution rates were determined. These were used as independent variables and the 
USP result was used as a dependent variable to create a form of decision tree, known as a style tree (Figs. 2, 3). 
Extraction was carried out using Microsoft Excel and the process was repeated for each of the n = 21 samples.

The style tree was generated using Thinkeye software (SORA Universal Archives Inc.), which provided a 
dendrogram (Fig. 3) based on the Iterative Dichotomiser 3 (ID3) algorithm, using a parameter called informa-
tion entropy to construct a decision tree by finding the question that best separates two or more groups26,27. This 
approach was used to examine the relationship between the dissolution rate of sets of n = 3 units and the result 
of USP evaluation of dissolution. In other words, it is a method of deriving the criterion that can best separate 
compliant and non-compliant samples. In cases where the mean and minimum values are the same but the USP 
judgement is different, that event was designated as “no conclusion”.

Validation.  To validate the developed methodology and criteria, they were next applied to 17 samples of 
cimetidine. The dissolution test of cimetidine was carried out according to USP23. The Q value for cimetidine is 
80 and the evaluation of the dissolution test results for the samples was carried out accordingly. The lower limit 
of the 95% confidence interval (95% CIlow), the minimum dissolution rate, and the average dissolution rate were 
determined for three units out of n = 24 units in a similar way to that described for metronidazole. Then the pro-
posed acceptance criteria from metronidazole were applied to the cimetidine samples and compared to the USP 
evaluation results to evaluate the probability of the sample complying with USP dissolution test. Finally, both 
criteria were evaluated by comparing the respective matching rate to the USP evaluation results.

Statistical analysis.  Statistical analyses were performed using IBM SPSS statistics 19 (SPSS Inc., Chicago, 
IL). Confidence intervals were calculated using descriptive analysis. The criterion of significance was taken as 
p < 0.05. Means, standard deviations, randomizations, resamplings, etc. were calculated using SPSS 19.

Figure 1.   Schematic illustration of the bootstrap method based on the 95% confidence interval lower limit 
(95% CIlow) as the compliance criterion.

Figure 2.   Schematic illustration of the combination of average dissolution rate and minimum dissolution rate 
as the compliance criterion.
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Results
Dissolution test.  Among n = 21 metronidazole samples, n = 9 were compliant in the first stage, n = 5 in the 
second stage, and n = 1 in the third stage, while n = 6 were non-compliant. For cimetidine preparation, n = 7 
samples were compliant in first stage, n = 2 in the second stage, and n = 1 in the third stage, while n = 7 were 
non-compliant Details of the dissolution test for metronidazole and cimetidine samples are presented in the 
Supplemental Tables S1 and S2.

Criterion value setting for 95% CIlow of average dissolution rates of sets of n = 3 units.  The 
lower 95% confidence limits (95% CIlow) of the mean dissolution rate of n = 3 units were determined with the 
criteria of Q − 15% to Q + 5% (Q = 85%, 70–90%) to obtain the lower bound of agreement probability with USP. 
The resampling process was repeated to generate tables of agreement probabilities for each of the 24 units. The 
agreement% for multiple virtual population means and standard deviations are presented in Table 1 and the 
sampling distributions obtained from 1000 bootstrap samples are illustrated in Fig. 4A–C.

According to the resampling distribution chart, if the lower 95% confidence limit of the mean dissolution 
rate of n = 3 units is more than 85%, the results are consistent with the first-stage USP results with a probability 
of more than 95%. That means there is a 95% probability that the samples will pass the first stage. Similarly, the 
resampling results were consistent with the USP results in the second stage with 95% probability when the 95% 
CIlow of the mean of three units was 78%. If the judgement reference was set to a lower value, higher consistency 
was found with USP results with higher probability. However, an anomalous result was obtained in third stage 
compliant sample A-036, where a mean dissolution rate of 24 units of 86.2% (close to the Q value) was obtained 
with 8.3% coefficient of variation (CV). For the non-compliant samples, n = 5 of n = 6 showed similar consistency 
with USP results if the 95% CIlow of the mean dissolution rate of n = 3 units was set to 77%. As the reference value 
is increased, the probability of agreement with USP results increases. However, the rate of agreement with the 
USP result for the remaining one sample (B-066) was low. The mean dissolution rate of the n = 24 units of the 
sample was near the Q value (84.0%) with 17.6% CV.

Thus, if the lower 95% confidence level of the mean dissolution rate of n = 3 units is 85% (equivalent to the 
Q value) or more, the results of the first-stage USP dissolution test can be extracted with a probability of 95% or 
more. On the other hand, for the samples that were compliant in the second stage the agreement rate was 70%. 
For the sample that was compliant in the third-stage USP dissolution test, the possibility of compliance was even 
lower (Fig. 4D). Among the non-compliant samples, n = 5 showed 100% agreement with USP result and the other 
showed 90.9% agreement. This result indicates that if the mean dissolution rate falls below the Q value, or lies 
close to it (for example A-0363), there is a possibility that the sample will be non-compliant. Samples showing 
such characteristics would require more than three units to be evaluated.

Criterion value setting for average dissolution rate and minimum dissolution rate.  First-stage 
dissolution test compliant samples were in 100% agreement when the average and minimum values were set 
to ≥ 90.5% and ≥ 86.5%, respectively. With the same criteria, it was observed that second stage compliant sam-
ples could also be extracted to some extent in addition to first stage compliant samples. As for the second-stage 
compliant samples, if the judgment criteria are set to a mean dissolution rate of 79.5% or more and minimum 
dissolution rate of 86.5% or more, non-compliant samples may also be extracted. Furthermore, it was difficult to 
extract third-stage compliant samples based on average dissolution rate and minimum dissolution rate of n = 3 
units. Thus, it was concluded that by using the criteria that the n = 3 units average dissolution rate is 79.5% or 
more, the average dissolution rate is 90.5% or more, and the minimum dissolution rate is 86.5% or more, it is 

Figure 3.   Style tree dendrogram for using the combination of average dissolution rate and minimum 
dissolution rate as the compliance criterion.
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possible to extract first stage and second stage compliant samples without extracting non-compliant samples. For 
practical convenience, we decided to round the criterion values to the nearest integer using the rounding rule, as 
shown in Table 2. Table 3 shows the agreement rate with USP when these four criteria are applied to the n = 21 
metronidazole samples.

When comparing the above criteria, we focused on the following two points- to reliably match samples 
with extremely good dissolution properties such as first stage compliant samples, and to extract non-compliant 
samples as efficiently as possible after extracting compliant samples. Notably, 100% agreement with the USP 
evaluation in the first stage was obtained using any of the four criteria. For second-stage compliance, the best 
match with the USP evaluation was obtained using criterion A, which gave an agreement rate of 96.2%. On the 
other hand, criterion D gave the lowest agreement rate of 78.8%. For third-stage compliance, the best match 
with the USP evaluation was obtained using criterion A (7.36%), while criterion D had the lowest agreement 
rate (5.29%). For non-compliant samples, the best match with the USP evaluation was obtained using criterion 
D (90.1%), while criterion A showed the lowest agreement rate (84.4%). Since our priority in developing this 
simple screening method is to maximize the ability to detect non-compliant samples, we finally selected the fol-
lowing criteria for compliant samples- average dissolution rate of n = 3 units of Q + 6% or more and minimum 
dissolution rate in 3 units of Q + 2% or more.

Validation of judgment criteria.  To examine the general applicability of the selected criteria, we next 
applied them to a set of n = 17 cimetidine samples. The results are shown in Table 4.

As for the first stage compliant samples, when the first criterion is applied, that is if the lower 95% confidence 
level of the mean of n = 3 units’ average dissolution rate is the Q value or more, n = 1 sample out of n = 6 samples 
showed 91.4% probability of agreement with USP results and the rest were 100% consistent. When the second 
criterion is applied, that is the average dissolution rate of 3 units was Q value + 6% or more and all units’ dissolu-
tion rates were Q value + 2% or more, all the samples were in 100% agreement with USP results. Therefore, for 
the 1st stage compliant samples, the second criterion showed a higher agreement rate than the first criterion. 
For the second stage compliant samples, if 95% CIlow of the average dissolution rate of n = 3 units was equal to 
Q value or more, it was in agreement with USP with a probability of 41.6% on average. However, the second 
criterion showed an average 23% agreement with USP results. For the third stage compliant sample, both criteria 
showed low agreement rates—5.53 and 5.34%.

In the case of non-compliant samples, adopting criterion 1 (95% CIlow) showed 100% agreement with USP 
results for n = 6 samples, with the other one showing 99.8%. With criterion 2, one sample showed 98.3% agree-
ment and the other five showed 100% agreement with USP results. As shown in Table 4, the second criterion 
showed a higher agreement rate than the first criterion for the first-stage compliant samples, whereas the first 
criterion gave a higher agreement rate for the second-stage compliant samples. Both criteria gave poor results 
for third-stage compliant samples. Importantly, in the case of non-compliant samples, both criteria showed high 
compliance rates with the USP results (98.3–100%). Combining both the metronidazole samples and the cime-
tidine samples, it appears that criterion 2 is more suitable. These results indicate that the small-scale dissolution 
test for screening compliant samples is applicable to cimetidine as well as metronidazole.

Table 1.   Bootstrap sampling distribution for agreement rate with USP when n = 21 samples of metronidazole 
were judged in terms of the 95% confidence interval lower limit value (95%CIlow) of the average dissolution rate 
of n = 3 units.



6

Vol:.(1234567890)

Scientific Reports |        (2021) 11:12145  | https://doi.org/10.1038/s41598-021-91443-5

www.nature.com/scientificreports/

Discussion
Facilities for quality tests of pharmaceutical products are often limited in developing countries. Therefore, there 
is a need for simple, inexpensive tests to evaluate quality. In our previous studies to detect SFs, we have found 
that the test with the highest nonconformity rate was the dissolution test16–20. Therefore, we focused here on 
developing a small-scale dissolution test that would be able to predict the outcome of pharmacopoeial dissolution 
tests using a small number of samples (n = 3, as compared with n = 6 for the USP first-stage test). The method 
may also be adapted as part of voluntary pharmacovigilance for the pharmaceutical quality of the distributed 
medicines by the governments of developing countries. In addition, among n = 42 samples of metronidazole (of 
which n = 21 were used for the present study), n = 30 (71.4%) met the USP first-stage acceptance criteria (Sup-
plemental Table S1). Therefore, even if the small-scale test method could not predict the outcome for samples 
that progress to the second or third stage of the USP test, it could significantly reduce the cost and time required 
for the full test by extracting samples that would be compliant at the first stage.

Figure 4.   Sampling distributions for the three stages of the USP dissolution test. (A) First stage. (B) Second 
stage. (C) Third stage. (D) Judgement concordance rate at each stage.

Table 2.   Agreement rate with USP for n = 21 samples of metronidazole judged from average dissolution rate 
and minimum dissolution rate of n = 3 units.

1st stage compliant samples Agreement rate with USP results (%)

Extraction criteria

1st stage compliant 2nd stage compliant 3rd stage compliant Non-compliant n = 6 samples

n = 9 samples n = 5 samples n = 1 sample n = 5 samples n = 1 sample

Average dissolution rate ≧ 91 and 
minimum ≧ 87 100 ± 0 78.8 ± 23 5.29 100 ± 0 90.1

Mean ≧ 90 and minimum ≧ 87 100 ± 0 93.9 ± 5.6 5.78 100 ± 0 89.3

Mean ≧ 91 and minimum ≧ 86 100 ± 0 80.8 ± 24 6.32 100 ± 0 88.1

Mean ≧ 90 and minimum ≧ 86 100 ± 0 96.2 ± 4.7 7.36 100 ± 0 84.4
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To leverage the data obtained with three-unit sampling, we applied bootstrap resampling methodology. We 
carried out 1000 random resamplings of n = 3 of the n = 24 units (there are 2024 combinations in total), as we 
considered this would give sufficient coverage. However, in cases where there is a large variation in dissolution 
rate among the n = 24 units in a sample, the CV value of the dissolution rate can be quite large (e.g., 17.6% for 
sample B-066), and some of the n = 24 units will show a dissolution rate of more than the Q value. In such cases, 
some selections of three units from different samples may have the same average and minimum dissolution 
values even if one sample is compliant and the other is not. As regards the criteria examined here, the 95% CIlow 
is expected to pick up samples with a low average dissolution rate as well as those with a large variation in the 
dissolution rate (Table 1).

For the second criterion, we used a combination of average dissolution rate and minimum dissolution rate. 
The use of average dissolution rate alone would be insufficient to distinguish compliant samples from non-
compliant samples with a high average dissolution rate, such as B-066 (Supplemental Table S1). On the other 
hand, the minimum dissolution rate can pick up such samples. Finally, we found that the combination of an 
average dissolution rate of Q + 6% or more and a minimum dissolution rate of Q + 2% or more could identify 
samples that passed the USP first stage test with 100% probability. One sample (B-066) that failed the USP test 
had a 1.7% chance of meeting the above acceptance criteria (Table 1, Supplemental Table S1), because the dis-
solution rate of this sample varied greatly over the range of 37.8–97.2% (CV = 17.6%). This suggests that the non-
compliant sample may show a large variation in the dissolution rate between brands as well as a large variation 
in the formulation within the lot (same batch number). This, further implies that with unstable manufacturing 
process, the lot properties cannot be predicted as some selections of three units from different samples may 
have the same average and minimum dissolution values even if one sample is compliant and the other is not. In 
such case, if the variation in the dissolution rate of the drug product is unknown, evaluation using 95% CIlow, 
which can also account for the variation, is more suitable than the evaluation using the average value. Such a 
large variation limits the accuracy of judgments based on analysis of n = 3 units. Nevertheless, the small-scale 
screening method should be useful in quality surveys in the countries where only small numbers of samples can 
be collected from individual drug stores.

Limitation of the study.  In the present study, the small-scale dissolution method based on examination of 
n = 3 units of each sample was developed using n = 21 metronidazole samples and validated using n = 17 cimeti-
dine samples. Further studies with larger numbers of samples and with other medicines will be needed to further 
confirm the validity of this approach and to assess its general applicability.

Conclusion
We have developed a small-scale dissolution test using only n = 3 units per sample to predict whether samples 
would pass the USP dissolution test, which requires n = 6 units even for the first stage. We show that our meth-
odology can identify samples that would pass the USP first-stage test with 100% probability using the following 
compliance criteria: the average dissolution rate of n = 3 units is Q + 6% or more and the minimum dissolution 

Table 3.   Agreement rate with USP when n = 21 samples of metronidazole were judged according to the four 
different extraction criteria.

Criteria

Concordance rate with USP rating (%)

1st stage compliant 2nd stage compliant 3rd stage compliant Non-compliant n = 6 samples

n = 9 samples n = 5 samples n = 1 sample n = 5 samples n = 1 sample

(A) The average dissolution rate of 3 tablets is 90% or more minimum elu-
tion rate of 86% or more 100 ± 0 96.2 ± 4.7 7.36 100 ± 0 84.4

(B) The average dissolution rate of 3 tablets is 91% or more minimum elution 
rate of 86% or more 100 ± 0 80.8 ± 24 6.32 100 ± 0 88.1

(C) The average dissolution rate of 3 tablets is 90% or more
Minimum elution rate of 87% or more 100 ± 0 93.9 ± 5.6 5.78 100 ± 0 89.3

D) The average dissolution rate of 3 tablets is 91% or more minimum elution 
rate of 87% or more 100 ± 0 78.8 ± 23 5.29 100 ± 0 90.1

Table 4.   Agreement rate with USP for cimetidine using the two types of selected criteria in the small-scale 
dissolution test.

Criteria

Concordance rate with USP rating (%)

1st stage compliant n = 7 
samples 2nd stage compliant 3rd stage compliant Non-compliant n = 7 samples

n = 6 samples n = 1 sample n = 2 samples n = 1 sample n = 6 samples n = 1 sample

1. 95% CIlow of 3 tablets average dissolution rate is Q value or more 100 ± 0 91.4 41.6 ± 50 5.53 100 ± 0 99.8

2. Average dissolution rate of 3 tablets is Q value + 6% or more and 
all dissolution rates are Q value + 2% 100 ± 0 100 23.6 ± 23 5.34 100 ± 0 98.3
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rate is Q + 2% or more. Such samples can thus be eliminated from further consideration, making it easier to 
identify potential SF medicines that should receive full pharmacopoeial analysis. This methodology should 
reduce the cost and time required for testing, which would be especially advantageous in developing countries.

Received: 10 September 2020; Accepted: 26 May 2021

References
	 1.	 Kakio, T. et al. Survey to identify substandard and falsified tablets in several Asian countries with pharmacopeial quality control 

tests and principal component analysis of handheld raman spectroscopy. Am. J. Trop. Med. Hyg. 98(6), 1643–1652. https://​doi.​
org/​10.​4269/​ajtmh.​17-​0553 (2018).

	 2.	 Schäfermann, S., Wemakor, E., Hauk, C. & Heide, L. Quality of medicines in southern Togo: Investigation of antibiotics and of 
medicines for non-communicable diseases from pharmacies and informal vendors. PLoS ONE 13(11), e0207911. https://​doi.​org/​
10.​1371/​journ​al.​pone.​02079​11 (2018).

	 3.	 Sakuda, M. et al. Substandard and falsified medicines in Myanmar. Pharmacy (Basel). 8(1), 45. https://​doi.​org/​10.​3390/​pharm​
acy80​10045 (2020).

	 4.	 Securing Industry. Falsified Packs of Cancer Drug Votrient Found in Germany (2017). https://​www.​secur​ingin​dustry.​com/​pharm​
aceut​icals/​falsi​fied-​cancer-​drug-​votri​ent-​found-​in-​germa​ny/​s40/​a3263/#.​WLacw​2eL3MM (Accessed 2 September 2020).

	 5.	 Securing Industry. More Fake Harvoni Found in Japan (2017). https://​www.​secur​ingin​dustry.​com/​pharm​aceut​icals/​more-​fake-​
harvo​nifou​nd-​in-​japan/​s40/​a3134/#.​WLadM​WeL3MM (Accessed 2 September 2020).

	 6.	 World Health Organization. WHO Global Surveillance and Monitoring System for Substandard and Falsified Medical Products 
(World Health Organization, 2017).

	 7.	 World Health Organization. SF Medical Products Group, Essential Medicines and Health Products WHO. WHO member state 
mechanism on substandard/spurious/falsely-labelled/falsified/counterfeit (SSFFC) medical products. In Seventieth World Health 
Assembly (2017). http://​www.​who.​int/​medic​ines/​regul​ation/​ssffc/​A70_​23-​en1.​pdf?​ua=1 (Accessed 2 September 2020).

	 8.	 WHO. 1 in 10 Medical Products in Developing Countries is Substandard or Falsified (2017). https://​www.​who.​int/​news-​room/​detail/​
28-​11-​2017-1-​in-​10-​medic​al-​produ​cts-​in-​devel​oping-​count​ries-​is-​subst​andard-​or-​falsi​fied (Accessed 2 September 2020).

	 9.	 Ozawa, S. et al. Prevalence and estimated economic burden of substandard and falsified medicines in low- and middle-income 
countries: A systematic review and meta-analysis. JAMA Netw. Open 1(4), e181662. https://​doi.​org/​10.​1001/​jaman​etwor​kopen.​
2018.​1662 (2018).

	10.	 Ferrario, A., Orubu, E. S. F., Adeyeye, M. C., Zaman, M. H. & Wirtz, V. J. The need for comprehensive and multidisciplinary 
training in substandard and falsified medicines for pharmacists. BMJ Glob. Health 4(4), e001681. https://​doi.​org/​10.​1136/​bmjgh-​
2019-​001681 (2019).

	11.	 Mackey, T. K. Prevalence of substandard and falsified essential medicines: Still an incomplete picture. JAMA Netw. Open 1(4), 
e181685. https://​doi.​org/​10.​1001/​jaman​etwor​kopen.​2018.​1685 (2018).

	12.	 Vickers, S. et al. Field detection devices for screening the quality of medicines: A systematic review. BMJ Glob. Health 3(4), e000725. 
https://​doi.​org/​10.​1136/​bmjgh-​2018-​000725 (2018).

	13.	 Opuni, K. F. et al. Usefulness of combined screening methods for rapid detection of falsified and/or substandard medicines in the 
absence of a confirmatory method. Malar J. 18(1), 403. https://​doi.​org/​10.​1186/​s12936-​019-​3045-y (2019).

	14.	 Kaur, H. et al. Quality of artemisinin-based combination formulations for malaria treatment: Prevalence and risk factors for poor 
quality medicines in public facilities and private sector drug outlets in Enugu, Nigeria. PLoS ONE 10(5), e0125577. https://​doi.​
org/​10.​1371/​journ​al.​pone.​01255​77 (2015).

	15.	 Tabernero, P. et al. A random survey of the prevalence of falsified and substandard antibiotics in the Lao PDR. J. Antimicrob. 
Chemother. 74(8), 2417–2425. https://​doi.​org/​10.​1093/​jac/​dkz164 (2019).

	16.	 Khan, M. H. et al. Effects of packaging and storage conditions on the quality of amoxicillin-clavulanic acid—An analysis of Cam-
bodian samples. BMC Pharmacol. Toxicol. 14, 33. https://​doi.​org/​10.​1186/​2050-​6511-​14-​33 (2013).

	17.	 Yoshida, N. et al. A cross-sectional investigation of the quality of selected medicines in Cambodia in 2010. BMC Pharmacol. Toxicol. 
15, 13. https://​doi.​org/​10.​1186/​2050-​6511-​15-​13 (2014).

	18.	 Rahman, M. S. et al. Quality of omeprazole purchased via the Internet and personally imported into Japan: Comparison with 
products sampled in other Asian countries. Trop. Med. Int. Health 23(3), 263–269. https://​doi.​org/​10.​1111/​tmi.​13028 (2018).

	19.	 Islam, M. R. et al. An investigation into the quality of medicines in Yangon, Myanmar. Pharmacy (Basel). 6(3), 96. https://​doi.​org/​
10.​3390/​pharm​acy60​30096 (2018).

	20.	 Rahman, M. S. et al. Erroneous formulation of delayed-release omeprazole capsules: Alert for importing countries. BMC Pharmacol. 
Toxicol. 18(1), 31. https://​doi.​org/​10.​1186/​s40360-​017-​0138-5 (2017).

	21.	 Khan, M. H. et al. Counterfeit medicines in Cambodia—Possible causes. Pharm. Res. 28(3), 484–489. https://​doi.​org/​10.​1007/​
s11095-​010-​0289-1 (2011).

	22.	 Rahman, M. S. et al. A cross-sectional investigation of the quality of selected medicines for noncommunicable diseases in private 
community drug outlets in cambodia during 2011–2013. Am. J. Trop. Med. Hyg. 101(5), 1018–1026. https://​doi.​org/​10.​4269/​ajtmh.​
19-​0247 (2019).

	23.	 Metronidazole. In: The Pharmocopeia of the United States of America. Vol 2. 41th ed. Rockville, MD: the United States Pharmoco-
peial Convention, 2726 (2018).

	24.	 Chiang, C., Chen, C. F., Huang, M. Y. & Liu, J. P. An inferential procedure for the probability of passing the USP dissolution test. 
Pharm. Stat. 11(1), 32–38. https://​doi.​org/​10.​1002/​pst.​492 (2012).

	25.	 Alsmeyer, D. et al. Acceptance probability (Pa) analysis for process validation lifecycle stages. AAPS PharmSciTech 17(2), 516–522. 
https://​doi.​org/​10.​1208/​s12249-​015-​0338-5 (2016).

	26.	 Utgoff, P. E. & Brodly, C. E. An increment method for finding multivariate splits for decision trees. In Machine Learning Proceed-
ings 1990: Proceedings of the Seventh International Conference. Empirical Learning (ed. Morgan, M. B.) 2–66 (Morgan Kaufman 
Publishers Inc, 1990).

	27.	 Ito, Y. Expert system generation device and implementation method of expert system generation device. Japan Patent JP5572615B2. 
(2014).

Acknowledgements
We thank the Department of Drugs and Food (DDF) and National Health Product Quality Control Center 
(NHQC), Ministry of Health Cambodia, for their kind support and cooperation in this project.

https://doi.org/10.4269/ajtmh.17-0553
https://doi.org/10.4269/ajtmh.17-0553
https://doi.org/10.1371/journal.pone.0207911
https://doi.org/10.1371/journal.pone.0207911
https://doi.org/10.3390/pharmacy8010045
https://doi.org/10.3390/pharmacy8010045
https://www.securingindustry.com/pharmaceuticals/falsified-cancer-drug-votrient-found-in-germany/s40/a3263/#.WLacw2eL3MM
https://www.securingindustry.com/pharmaceuticals/falsified-cancer-drug-votrient-found-in-germany/s40/a3263/#.WLacw2eL3MM
https://www.securingindustry.com/pharmaceuticals/more-fake-harvonifound-in-japan/s40/a3134/#.WLadMWeL3MM
https://www.securingindustry.com/pharmaceuticals/more-fake-harvonifound-in-japan/s40/a3134/#.WLadMWeL3MM
http://www.who.int/medicines/regulation/ssffc/A70_23-en1.pdf?ua=1
https://www.who.int/news-room/detail/28-11-2017-1-in-10-medical-products-in-developing-countries-is-substandard-or-falsified
https://www.who.int/news-room/detail/28-11-2017-1-in-10-medical-products-in-developing-countries-is-substandard-or-falsified
https://doi.org/10.1001/jamanetworkopen.2018.1662
https://doi.org/10.1001/jamanetworkopen.2018.1662
https://doi.org/10.1136/bmjgh-2019-001681
https://doi.org/10.1136/bmjgh-2019-001681
https://doi.org/10.1001/jamanetworkopen.2018.1685
https://doi.org/10.1136/bmjgh-2018-000725
https://doi.org/10.1186/s12936-019-3045-y
https://doi.org/10.1371/journal.pone.0125577
https://doi.org/10.1371/journal.pone.0125577
https://doi.org/10.1093/jac/dkz164
https://doi.org/10.1186/2050-6511-14-33
https://doi.org/10.1186/2050-6511-15-13
https://doi.org/10.1111/tmi.13028
https://doi.org/10.3390/pharmacy6030096
https://doi.org/10.3390/pharmacy6030096
https://doi.org/10.1186/s40360-017-0138-5
https://doi.org/10.1007/s11095-010-0289-1
https://doi.org/10.1007/s11095-010-0289-1
https://doi.org/10.4269/ajtmh.19-0247
https://doi.org/10.4269/ajtmh.19-0247
https://doi.org/10.1002/pst.492
https://doi.org/10.1208/s12249-015-0338-5


9

Vol.:(0123456789)

Scientific Reports |        (2021) 11:12145  | https://doi.org/10.1038/s41598-021-91443-5

www.nature.com/scientificreports/

Author contributions
M.S.R., N.Y., Y.I. and H.T. Planned and designed the experiments; M.S.R. and Y.I. Carried out the experiments; 
N.Y., H.T., Y.A. and K.K. provided the technical support; N.Y., H.T., Y.A. and K.K. carried out the data Evalua-
tion and interpretation; M.S.R. drafted the manuscript and N.Y. critically revised it. H.T., Y.A. and K.K. revised 
the final draft of the manuscript; all authors reviewed the manuscript.

Funding
This study was partially supported by Japan Pharmaceutical Manufacturers’ Association (JPMA). The fund-
ing bodies had no role in study design, data collection, and analysis, decision to publish, or preparation of the 
manuscript.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://​doi.​org/​
10.​1038/​s41598-​021-​91443-5.

Correspondence and requests for materials should be addressed to M.S.R. or H.T.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2021

https://doi.org/10.1038/s41598-021-91443-5
https://doi.org/10.1038/s41598-021-91443-5
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Small-scale dissolution test screening tool to select potentially substandard and falsified (SF) medicines requiring full pharmacopoeial analysis
	Methods
	Samples. 
	Dissolution test method. 
	USP acceptance criteria. 
	Acceptance criteria settings for small-scale dissolution test. 
	Sample distribution and 95% confidence interval lower limit (95% CIlow) obtained by bootstrap resampling. 
	Combination of average dissolution rate and minimum dissolution rate. 
	Validation. 
	Statistical analysis. 

	Results
	Dissolution test. 
	Criterion value setting for 95% CIlow of average dissolution rates of sets of n = 3 units. 
	Criterion value setting for average dissolution rate and minimum dissolution rate. 
	Validation of judgment criteria. 

	Discussion
	Limitation of the study. 

	Conclusion
	References
	Acknowledgements


