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ABSTRACT
Background and Objective: The production of pharmaceutical chemical compounds of predictable and
reproducible quality is of paramount importance for manufacturing pharmaceutical dosage forms that
meet the demands needed to achieve the necessary therapeutic properties. The study aims to use
process-behavior charts and SPC software to control and inspect pharmaceutical compounds known as
1-(2-ethylsulfonyl)ethyl)-2-methyl-5-nitroimidazole. Materials and Methods: The study evaluates the
quality of Tinidazole, a pharmaceutical chemical compound, from an Asian manufacturer. The compound
is analyzed for loss-on-drying, melting point, assay and apparent density, according to the British
Pharmacopeia standards. The analysis uses Minitab software and control charts to examine the distribution
and trends of the data. Results: The datasets of the assay and apparent density followed a normal
dispersion pattern. While the results of melting point and Loss-On-Drying (LOD) data failed the normality
test. The approach for trending the data of the first two inspection characteristics is to use an Individual-
Moving Range (I-MR) plot and to adjust the second two data types for the Laney-corrected attribute chart.
Conclusion: Improvements are required to enhance the quality of inspection properties since there are
signs of out-of-control points in some batches in the time series order. This study highlights the
importance of the control charts in the examination of the quality of chemically manufactured materials.
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INTRODUCTION
Many businesses and organizations compete in the drug and medical product market in the highly
competitive worlds of healthcare and the pharmaceutical industry1-3. But the patient’s health comes first,
followed by quality, safety and efficacy4-6. Before analyzing the inspection properties of the final
medication dosage forms, the active or inactive medicinal substances should serve as the foundation for
the standard quality.

To  get  a  high  degree  of  consistent  and  acceptable  quality,  the  application  of  Statistical  Process
Control (SPC) approaches has become an essential  and  widely  performed  activity  in  all  pharmaceutical
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enterprises7-9. The process-behavior plot is one of the most important SPC tools10. It is widely used to
evaluate and regulate processes and inspection features in both industrial and non-industrial domains11-13.
The producers of pharmaceutical-grade raw materials have spread across the globe, making them easily
accessible to brokers and retail marketplaces everywhere14-16. However, maintaining consistent quality
assurance of the anticipated chemical and physical attributes is crucial to ensuring the pharmaceutical
products’ worth both now and in the future.

The number of facilities that manufacture chemicals is on the rise, especially in developing countries. Their
adherence to good practises in a variety of professions, such as medicine and healthcare, is dubious17,18.
The quality of the finished product may be predicted using Good Manufacturing Practise (GMP)19.
Therefore, items with acceptable, stable and predictable features and little chance of failure would be
produced by an organisation that has the proper quality idea in mind throughout the entire firm.

There is a high chance that during a crisis, the quality of the products that brokers, wholesalers and market
merchants provide may deteriorate to satisfy consumer demand for low costs at the expense of crucial
quality control features. Owing to the highlighted difficulties, the current study set out to assess the
goodness and fineness of a particular medicinal ingredient that is frequently used in pharmaceutical
preparations from chemical manufacturing firms. The main emphasis of the research will be a significant
test that is formally regarded as one of the essential features of active material examination.

MATERIALS AND METHODS
Study area and subject: The quality of various batches from the Asian manufacturer in a time series16,17

was assessed by purchasing a pharmaceutically active chemical compound from market retailers and
brokers in Egypt. The analysis was carried out and the results were gathered in a pharmaceutical research
facility that was involved for a period of two years (from January, 2021 to January, 2023). The subject study
is 1-[2-(ethylsulfonyl)ethyl-2-methyl-5-nitro-1H-imidazole with molecular formula C8H13N3O4S which is
known  as  Tinidazole20.  This  raw  material  was  analyzed  according  to  the  British  Pharmacopeia  for
loss-on-drying, melting point and assay20. Also, the apparent density was conducted according to the
standard method.

Each manufactured batch was subjected to the analysis using the standard official method of the British
Pharmacopoeia (BP). The assay limit is 98.0-101.0% based on dried substance, loss-on-drying with a
maximum limit of 0.5% and the melting point with a limit range of 125 to 128EC20. The last test is the
apparent density of the powdered material with a limit of not less than 196648.1 grain per cubic foot
(gr/ft³)21. To screen for the distribution fitting and to build a suitable SPC trending profile22-25, the
preliminary assay data was examined using Minitab version 17.1.0. The control charts were used to
ascertain the initial state of control from the output results.

RESULTS
Tinidazole is a nitroimidazole antibiotic class against a variety of anaerobic amoebic and bacterial
infectious diseases. It has specific properties indicated by the official monographs. The quality control
trending of the manufactured batches of the raw material was performed on certain inspection properties
of the Active Pharmaceutical Ingredient (API). Statistical Process Control (SPC) tools and techniques were
adopted to investigate the quality state and behavior over time:

C Descriptive statistics of the quality criteria of the API 1-[2-(ethylsulfonyl)ethyl-2-methyl-5-nitro-1H-
imidazole with molecular formula C8H13N3O4S

C Column statistical analysis of the melting point (EC), loss-on-drying (%), assay (%) (on dried basis) and
apparent density (g cmG3), respectively
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Dispersion study of the datasets, with 95% confidence interval (CI) to be considered:

C Minimum: 125.0, 0.00, 98.5 and 0.40
C 25% percentile: 125.3, 0.10, 99.3 and 0.47
C Median: 126.0, 0.20, 99.6 and 0.50
C 75% percentile: 126.0, 0.20, 99.9 and 0.54
C Maximum: 127.0, 0.50, 100.9 and 0.64
C 10% percentile: 125.0, 0.07, 98.9 and 0.45
C 90% percentile: 127.0, 0.30, 100.5 and 0.58
C Mean: 125.9, 0.18, 99.7 and 0.5045
C Coefficient of variation: 0.52, 57.66, 0.54 and 10.23%
C Standard deviation: 0.6513, 0.1046, 0.5365 and 0.0516
C Standard error of the mean: 0.08946, 0.01436, 0.07370 and 0.00709
C Lower 95% CI of mean: 125.7, 0.15, 99.5 and 0.49
C Upper 95% CI of mean: 126.1, 0.21, 99.8 and 0.52
C Lower 95% CI of median: 126.0, 0.10, 99.5 and 0.48
C Upper 95% CI of median: 126.0, 0.20, 99.8 and 0.52

Normality test (at alpha (α) = 0.05) for melting point (EC), loss-on-drying (%), assay (%) (on dried basis)
and apparent density (g/cm3), respectively:

C Statistical value (W): 0.8266, 0.9032, 0.9716 and 0.9740
C p-value (Summary): <0.0001 (****), 0.0004 (***), 0.2357 (ns) and 0.2993 (ns), where ns stands for not

significant
C Accepted normality test result: No, no, yes and yes

Correlation coefficient distance, complete linkage amalgamation steps:

C Cluster I: Similarity level is 28.9409, the distance level is 1.42118, the cluster joined is two, the new
cluster is one and the number of observations in a new cluster is four

C Cluster II: Similarity level is 51.8324, the distance level is 0.96335, the cluster joined is three, the new
cluster is two and the number of observations in the new cluster is three

C Cluster III: Similarity level is 65.6940, the distance level is 0.68612, the cluster joined is four, the new
cluster is three and the number of observations in the new cluster is two

Process-behavior charts and monitoring of the selected four inspection characteristics: A preliminary
examination  of  the  normal  probability  distribution  for  datasets  can  be  found  in  Fig.  1:  (a)  Assay,
(b) apparent density, melting point. It showed that two inspection characteristics were demonstrated
(namely, the assay and the apparent density in Fig. 1a for assay and Fig. 1b for apparent density of the
Gaussian dispersion pattern, Hence, the test records were adapted to the Individual-Moving Range (I-MR)
trending charts. On the other hand, the other  two  quality   criteria  failed  to   show  evidence  for  the
bell-shaped curve Fig. 1c melting point and Fig. 1d Loss-On-Drying. Figure 2a for essay and Fig. 1b for
apparent  density  show  the  mean  and  the  variation  as  two  plots  for  the  inspection  properties.
Thus, attribute process-behavior charts were used. The corresponding Shewhart charts are illustrated in
Fig. 2.

Melting Point (MP) and Loss-On-Drying (LOD) results could be assigned to control charts that trace the
number of attributes per unit. However, the nature of the data might not fit the underlying assumption
such as Poisson distribution. The U-chart diagnostic referred to the necessity of implementation of a Laney
U-chart instead of the conventional classical one. This is because the use of a U-chart would yield an
elevated false alarm rate. Thus, a Laney U-chart should be considered.
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Fig. 1(a-d): Normal  probability  curve  showing  Anderson-Darling  goodness-of-fit  statistic  (AD)  and
the p-value for the consecutive received manufactured batches of the Active Pharmaceutical
Ingradient (API), (a) Assay (expressed on dried basis), (b) Apparent density of the powdered
raw material, (c) Melting point (MP) and (d) Loss-On-Drying (LOD) (expressed as percent
weight by weight)
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Fig. 2(a-d): Process-behavior charts for the selected inspection properties of 1-[2-(ethylsulfonyl)ethyl-2-
methyl-5-nitro-1H-imidazole with molecular formula C8H13N3O4S, (a) Assay (expressed on
dried basis), (b) Apparent density of the powdered raw material, (c) Melting point (MP) and
(d) Loss-On-Drying (LOD) (expressed as percent weight by weight)
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Instead, the upper limit depends on the number of subgroups and the process mean that could be unified
if the variations between subgroups are below 25%. Nevertheless, Laney-correction could offer a solution
for the overdispersion and underdispersion of database records as could be visualized in Fig. 2c melting
point and (d) Loss-on-drying.

Out-of-control batches of the variable chart for assay (based on dried substance):

C Test results for I chart of assay (based on dried substance)
C Test five: Two out of three points more than two standard deviations from center line (on one side

of CL). Test failed at point 53
C Test results for MR chart of assay (based on dried substance)
C Test one: One point more than three standard deviations from center line. Test failed at point 18

Out-of-control batches of the variable chart for apparent density:

C Test results for I chart of apparent density
C Test one: One point more than three standard deviations from center line. Test failed at points 4, 5,

6, 7 and 25
C Test two: Nine points in a row on same side of center line. Test failed at points 12 and 13
C Test five: Two out of three points more than two standard deviations from center line (on one side

of CL). Test failed at points 5, 6, 7 and 26
C Test six: Four out of five points more than 1 standard deviation from center line (on one side of CL)
C Test failed at points 7, 8, 9, 11, 26 and 27
C Test results for MR chart of apparent density
C Test  one:  One  point  more  than  three  standard  deviations  from  center  line.  Test  failed  at

points  4 and 25

Out-of-control batches of the attribute chart for laney U-chart of MP:

C Test results for laney U-chart of MP
C Test two: Nine points in a row on same side of center line. Test failed at point 51

Out-of-control batches of the variable chart for laney U-chart of LOD% (As part per hundred (PPH)):

C Test Results for Laney U-chart of LOD% (PPH)
C Test one: One point more than three standard deviations from center line. Test failed at points 41,

43 and 44
C Test two: Nine points in a row on the same side of center line. Test failed at points 17, 18, 19, 20, 44,

45, 46 and 47

DISCUSSION
The  current  study  showed  a  multidimensional  analysis  of  the  quality  aspects  of  pharmaceutical
chemical  compounds  at  several  stages.  The  results  of  the  descriptive  statistics  showed  that  the
API 1-[2-(ethylsulfonyl)ethyl-2-methyl-5-nitro-1H-imidazole had a high  mean  and  median  for  assay
(99.7 and 99.6%, respectively), which indicated its high purity and quality. The coefficient of variation for
assay was also low (0.54%), which suggested a low variability among the batches. The apparent density
had a moderate mean and median (0.50 and 0.50 g cmG3, respectively), which reflected its acceptable
flowability  and  compressibility.  The  coefficient  of  variation  for  apparent  density  was  relatively  high
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(10.23%), which indicated a high variability among the batches. The melting point had a low mean and
median (125.9 and 126.0EC, respectively),  which  was  lower  than  the  reported  range  of  128-131EC.
The coefficient of variation for  melting  point  was  also  low  (0.52%),  which  suggested  a  low  variability
among the batches. The loss-on-drying had a low mean and median (0.18 and 0.20%, respectively), which
was lower than the specified limit of 0.5%. The coefficient of variation for loss-on-drying was very high
(57.66%), which indicated a very high variability among the batches.

The results of the normality test showed that the assay and apparent density followed a normal
distribution, as their p-values were higher than 0.05 (0.2357 and 0.2993, respectively). This meant that the
data were symmetric and bell-shaped and that the mean and median were close to each other. However,
the melting point and loss-on-drying did not follow a normal distribution, as their p-values were very
significant (<0.0001 and 0.0004, respectively). This meant that the data were skewed and non-bell-shaped
and that the mean and median were different from each other. Accordingly, this was reflected in the
process-behavior chart selection.

The results of the correlation coefficient distance and complete linkage amalgamation steps showed that
the quality criteria of the API could be clustered into three groups based on their similarity and distance.
The first cluster consisted of the assay and apparent density, which had the highest similarity level
(65.6940) and the lowest distance level (0.68612). This indicated that these two parameters were highly
correlated and had similar values. The second cluster consisted of the melting point and loss-on-drying,
which had a moderate similarity level (51.8324) and a moderate distance level (0.96335). This indicated
that these two parameters were moderately correlated and had somewhat different values. The third
cluster consisted of two joined subsets, which had the lowest similarity level (28.9409) and the highest
distance level (1.42118). This indicated that these two parameters were not correlated and had very
different values.

The results of the trending charts showed that the API 1-(2-(ethylsulfonyl)-ethyl)-2-methyl-5-
nitroimidazole had different quality states and behaviors for the four inspection characteristics: Assay,
apparent density, melting point and loss-on-drying. The assay and apparent density followed a Gaussian
dispersion pattern, as shown by the normal probability plots in Fig. 1(a-b). This indicated that these two
parameters were normally distributed and had relatively a stable mean and variation over time, except at
a few points. The Individual-Moving Range (I-MR) charts in Fig. 2(a-b) confirmed that the assay and
apparent density were almost in control, as most of the points were within the control limits and did not
show any patterns or trends. However, some out-of-control points were detected by the statistical tests,
which suggested that there were some special causes of variation that affected the quality of these
parameters.

The melting point and loss-on-drying did not follow a Gaussian dispersion pattern, as shown by the
normal probability plots in Fig. 1(c-d). This indicated that these two parameters were not normally
distributed and had a variable mean and variation over time. The  attribute  process-behavior  charts  in
Fig. 2(c-d) showed that the melting point and loss-on-drying were also almost in control, as exceptions
for a few points were outside the control limits for loss-on-drying test. The laney U-charts were used
instead of the conventional U-charts, as the data did not fit the underlying assumption of poisson
distribution. The laney U-charts adjusted the control limits based on the number of subgroups and the
process mean and offered a solution for the overdispersion and underdispersion of the data. The statistical
tests identified a few out-of-control points, which suggested that there were underlying special causes
of variation that affected the quality of these samples.
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Process-behavior charts, also known as Shewhart charts or control charts, are widely used tools for
monitoring and improving the quality of various processes and products22,26. Depending on the type of
data, variable or attribute charts can be applied to track the variation and detect any signals of special
causes22,23. In this paper, the results were presented by applying different types of Shewhart charts to the
inspection properties of a chemical compound, such as mean particle size (MP), apparent density (AD) and
number of defects (ND). This study also use Laney-adjusted charts to account for the overdispersion or
underdispersion of some data sets that do not follow the Poisson distribution25. Process-behavior charts
are the backbone of many processes that involve measuring, controlling and monitoring the inspection
properties under investigation22,26. The 2 types of Shewhart charts could be adopted namely variable and
attribute control charts and this was implemented elsewhere22. The types of alarms could be explained
as detailed in other previous works23. The average and the control window would be calculated through
the following principles:

Individual  (I)  chart  center  line  (CL):  Average  of  individual  data  points.  The  CL+2.66×Average 
moving range is the upper control limit (UCL) for the I chart. For the  I  chart,  the  Lower  Control  Limit 
(LCL)  is CL-2.66×Average Moving Range (MR), or zero if it is negative. Mean of MR is the MR chart’s
center line (CL)27,28. For the MR chart, the Upper Control Limit (UCL) is 3.27× the Average Moving Range.
For MR charts, the Lower Control Limit (LCL) is zero.

Concerning the U-charts, The main components of the trending charts might be computed for the Laney
corrections as could be seen from Eq. 1-7. This type of chart is used when the data fails to follow Poisson
distribution which leads to incorrect control limits with subsequent alarms due to overspreading or
underdispersion29. The optimum dispersion ratio should be within 0.75 and 1.30 in the U-chart diagnostic
to use the conventional chart30. Where: ui is the number of defects for subgroup, ni is the size of subgroup
i, zi is the z-score, u(prime) is the data  mean,  σz  is  calculated  as  MR(bar)/1.128  where  the  figure  is  an
unbiasing  constant  and  MR(bar)  is  a  moving  range  of  length  two  and  σui  is  the  standard  deviation.
The count rate for subgroup i is ui. The corrected standard deviation is sd (ui) to adjust for overdispersion
or under-spreading:

(1)ui iσ = u / n

(2)i
i

ui

u -uz = σ

ui = ū+σui.zi (3)

sd (ui) = σui.σzi (4)

CL = ū (5)

UCL = ū+3.σui.σzi (6)

LCL = ū-3.σui.σz or = zero (7)

Except for MP, all other inspection characteristics showed signs of out-of-control due to special causes
at some points, in addition, there are few excursions in some results. Drawing Shewhart plots based on
the above equations would yield trending charts as in Fig. 2.  Moreover,  variations  mitigation  would  be
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required to bring the control thresholds within the specifications window30. Thus, more investigation
should be executed to determine the cause(s) of the aberrant outcome during the processing and
synthesis of the aberrant products and improve the quality of the manufactured chemical compound by
taking the necessary preventive measures. For the creation of the apparent density of the powdered raw
material, the following formula is used to get  the  material’s  apparent  density31.  Where,  Da  is   W/Vc,
Da: Density of bulk (w/v), W is The entire container’s weight (w) and Vc is Volume of the container (v).

Laney-adjusted control charts have proven to be an effective approach-from previous experiences-in the
trending  examination  of  some  datasets  that  have  failed  to  follow  definite  types  of  distributions32.
Two inspection characteristics failed to demonstrate suitable fitting for commonly used distributions such
as gaussian and poisson spreading patterns32,33. Hence, modifying the data for Laney attribute charts was
conducted with useful interpretable outcomes to evaluate the characteristics under study.

Chemical manufacturing companies need to establish holistic implementation of the SPC methodologies
as an integral part of the Total Quality Management (TQM) throughout the whole organization.
Nevertheless, regulatory monitoring and surveillance in the industrial sector are crucial to enforcing safety
and quality concepts. In the meantime, the recipient customer should keep an eye on the goods received
by monitoring the delivered lots using appropriate statistical tools, till the foundations of the chemical
industry regulations can integrate the SPC techniques effectively. This is especially important in the
developing countries and economically struggling nations.

The use of Shewhart charts and Laney-adjusted charts for monitoring binary data has been explored by
several studies in the context of clinical performance and quality improvement34,35. These studies have
compared the advantages and disadvantages of different types of charts, such as p-charts, EWMA charts,
CUSUM charts and g-charts, for detecting changes in rates of events or outcomes35,36. They have also
discussed the criteria and methods for choosing the appropriate chart based on the characteristics and
distribution of the data34,35. Current study contributed to this literature by applying these charts to the
inspection properties of a chemical compound, such as mean particle size, apparent density and number
of defects. This study also demonstrated the usefulness of Laney-adjusted charts for dealing with
overdispersion or underdispersion of some data sets that do not follow the Poisson distribution36. Present
study compared current findings with the previous literature and discussed the implications for the quality
control and improvement of the chemical compound.

The application of Shewhart charts and Laney-adjusted charts for monitoring and improving the quality
of chemical products has been reported by several studies in the literature. For example37, used Shewhart
charts to analyze the variation of the apparent density of powdered raw material and to identify the
sources of variation38 employed Laney-adjusted charts to detect overdispersion and underdispersion in
the number of defects of a chemical compound and to propose corrective actions34 compared different
types of control charts for monitoring binary data, such as the number of adverse events and discussed
the advantages and disadvantages of each chart. Present study contributed to this literature by applying
Shewhart charts and Laney-adjusted charts to various inspection properties of a chemical compound, such
as mean particle size, apparent density and number of defects. In this study also discussed the importance
of implementing the SPC methodologies as part of the TQM in the chemical industry, especially in
developing countries and economically struggling nations.

CONCLUSION
The present work pinpoints an important and unique perspective in the monitoring and trending of the
API regarding physical and chemical criteria. Acceptable monitoring and control of the manufacturing
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field’s quality is crucial in the highly competitive world of pharmaceutical and medical products. This vision
begins with the basic elements, which are the raw materials. A crucial task that offers insight into the
behavior of the inspection characteristics with the manufactured batches delivered reflecting the state of
the quality delivered to the organization’s final customers is observing the trending pattern of the
inspection properties of the chemical entities. Control charts are essential when observing a process in
a serial or time sequence. They show the mean and limiting thresholds are set to identify changes in the
properties under inspection and determine whether these changes are most likely the result of common
or unique cause variations. To comprehend the trending pattern and the attributes (chemical and physical)
of the chemical molecule that is supplied as a raw material, statistical analysis and correlation studies
would be helpful. Guarantee the manufacture of medical materials with stable, predictable and acceptable
quality criteria, is a crucial analytical task.

SIGNIFICANCE STATEMENT
This research aims to monitor and control the quality of the manufacturing field of medicinal and
pharmaceutical products, starting from the raw materials. It uses control charts and statistical analysis to
observe the trending pattern and properties of the chemical entities and to detect the changes and
variations in the inspection characteristics. It provides insight into the behavior and quality of the chemical
compounds and the manufactured batches and how they affect the final customers. It is an important
analytical activity to ensure the production of medicinal materials with stable, predictable and acceptable
quality criteria and to improve the competitive industry of pharmaceutical products.
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