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Drug analysis 

Drug analysis is a part of analytical chemistry focused on pharma-
ceuticals [1]. It encompasses raw material (excipients and drug sub-
stances) and medicines (drug products). Development of drugs is a 
long-term process from drug discovery to approved drug patient 
administration through marketing authorization. Each step of the pro-
cess involved analytical chemistry from generic method for drugs 
screening to quality control of medicines. In the context of marketed 
pharmaceuticals, the finished product is already fully characterized with 
defined qualitative and quantitative composition. Consequently, the 
main objective of the analytical method devoted to drug analysis is then 
the specific accurate quantification of the active principal component 
and/or related impurities in a defined matrix. 

What constitutes a quality paper? 

The question addressed today is focused on paper quality in the field 
of drug analysis. Next to the form aspects (context of the study, figures 
quality, grammar, spelling, etc.), the scientific novelty and relevance are 
the main topic assessed by the reviewing process. In the present dis-
cussion, we would like to focus the debate on the method lifecycle and, 
in particular, on reliability of generated results using the published 
analytical methods. Indeed, we can suggest that a quality paper provides 
consistent results. It means that the method described in the publication 
is able to provide reliable results in the context of its intended purpose. 
Results consistency is a concept often used in literature but not fully 
described and sometimes not well understood. 

Analytical method must be considered through its own lifecycle as 
illustrated in Fig. 1. The cycle concept means that it is not an ended 
process with routine analysis at the final step. Indeed, medicines routine 
analysis is the final goal but some further steps could happen. If we 
consider a drug marketed for several years or several decades, we can 
easily imagine that the original developed method is no longer ‘up-to- 
date’. The recent progress of analytical technologies (i.e. column ge-
ometry and stationary phase, instrumentations, etc.) could led to the 

development of an optimized method regarding its fastness, easiness or 
efficiency. Consequently, the analytical method will continue through 
this cycle for development and validation of an optimized method. 
Another usual situation is method transfer, for example to another 
production site or an external quality control laboratory [2]. Depending 
of the transfer protocol, method revalidation could be required before 
going to routine analysis. To summarize, analytical method lifecycle is a 
continuous process with the objective of constant quality improvement. 

Besides the efforts to optimize the best analytical method (i.e., 
specificity, efficiency, sensitivity, etc.), the usual way to evaluate 
method reliability is to perform method validation. Indeed, method 
validation evaluates the quantitative performance of analytical method 
but performing method validation is not an absolute guarantee of results 
consistency. The following discussion aimed to propose a way to reach 
them. 

Analytical target profile (ATP) 

Before selecting and developing a suitable analytical method, it is 
important to pay attention to the analytical instrumentation. Indeed, 
equipment performance has a direct impact on the overall performance 
of the analytical method. The US Pharmacopeia recently introduced a 
chapter dedicated to analytical instrument qualification [3]. Actually, 
instrument qualification is the keystone of data quality [4], before 
method validation. Unfortunately, equipment qualification is too often 
neglected prior to method development in unregulated laboratories (e. 
g., academia). The use of fully maintained and qualified instruments is 
the only way to guarantee data quality of measurements and results. 

In addition to this basic aspect, the development of an analytical 
method should always start with an accurate and exhaustive description 
of the needs. This major step is now commonly linked to the definition of 
the analytical target profile (ATP). The ATP specifies the purpose of the 
method and must be as large as possible with a global vision throughout 
the analytical method lifecycle. Regarding objectives, all conceivable 
analytical techniques or instruments as well as various procedures 
should be investigated. Consequently, precise context, sample 
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characteristics, regulatory constraints [2], laboratory resources and 
desired performances are critical elements to determine. All these ele-
ments help the scientist to investigate method parameters that poten-
tially affect both qualitative and quantitative method performances. For 
instance, in the context of chromatographic applications, method pa-
rameters could have a huge impact on the separation of two critical 
components, such as impurities or matrix compounds, or even on total 
run time, a key aspect in high-throughput applications. Depending on 
the detection technique, method parameters could also have influence 
on analytical response but also on targeted dosing range. 

Prior scientific knowledge is a reliable base to gather such informa-
tion and must always be involved in the development process. Anyway, 
a broader vision of the intended purpose of the analytical method should 
be taken into account. Nowadays, such an approach is increasingly 
considered and tackled by a risk-based and integrate approach of the 
method development, namely the analytical quality by design strategy 
(AQbD) [5]. AQbD strategy is a multivariate approach supported by 
design of experiments (DoE) allowing the definition of a wisely defined 
working space. This method operability design region (MODR) gathers a 
set of experimental conditions where qualitative performances of the 
analytical method is guaranteed with a defined risk. 

However, method knowledge and flexibility in terms of efficient 
operable conditions offered by such a strategy should not cover up the 
need for accurate quantitative performance that essentially contributes 
to an adequate analytical method in drug analysis. 

Error sources 

Systematic and random error are mainly used and described in the 
literature. In drug analysis context, the first critical point to mention is 
that these errors have to be estimated on the method results (i.e., 
measured concentrations) and not on the responses (i.e., signal). More-
over, to be representative of the future routine use of the method, the 
validation should be performed using a suitable matrix to mimic the 
samples. Consequently, the first step of method validation is to define 
the best response function considering its ability to properly estimate the 
results. The response function depends on the analytical method used, 
the concentration range and the matrix. Mathematical models such as 

linear, quadratic, linear after logarithmic transformation, etc., should be 
considered. The use of a response function is a first error source as the 
results will be affected by a prediction error. This prediction error is 
minimized if a proper model is used. In addition, determination coeffi-
cient (R2) is largely used to evaluate the suitability of a linear regression 
model, and often wrongly associated with method linearity (see below). 
As illustrated in Fig. 2, the selection of an adequate response function 
decreases the prediction error, i.e., the error associated to the model. To 
summarize, the objective of this first step is to define the best calibration 
model considering all analytical aspects. The evaluation of method 
linearity is never related to its calibration model as discussed in the next 
section. 

Following the selection of response function, other validation criteria 
could be then estimated on the results (i.e., back-calculated concentra-
tions) [6-7]. Analytical method errors could be compared to archery as 
illustrated in Fig. 3. Considering the objective of this sport, which is to 
reach the center of the target, the archer plays with two different types of 
errors: (i) the mean of his assay results is not centered on the target, it is 
the systematic error (or bias); (ii) his assay results are randomly 
distributed around the mean, it is the random error. In archery and in 
analytical chemistry, the systematic error can be deeply assessed and 

Fig. 1. Analytical method lifecycle for drug analysis.  

Fig. 2. Response function – AU arbitraty unit.  
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controlled. In our sport example, the correction of arrow direction could 
cancel the bias. In drug analysis, bias could be explained by matrix effect 
and could be then canceled (e.g., by performing the calibration within 
matrix or by performing blank correction). On the contrary, random 
error could not be canceled but it is possible to minimize it. Again, in our 
sport example, intensive practice could help to reduce the shoot vari-
ability and then observe all of them in a narrower area of the target. In 
the same way, the multiplication of the assays will enhance statistics 
leading to better prediction and then reduced the overall variability 
when all significant sources of variability are properly identified and 
further well managed. 

Indeed, precision (random error) encompasses repeatability, inter-
mediate precision and reproducibility. Attention should be paid to the 
terminology used in the publications. Indeed, reproducibility is some-
times wrongly used to mention repeatability or intermediate precision. 
It evaluates method precision at the interlaboratory step [8], this cri-
terion is then not applicable when method validation is only performed 
at the laboratory scale. To summarize, repeatability represents the 
replicate effect while intermediate precision represents the series/day 
effect. To evaluate these criteria, it means that the same protocol 
including several replicates should be repeated during several series 
(often associated to days). These series effects could also involve 
different operators, standards or reagents batches, etc. to mimic the 
future use of the method during routine analysis. Suitable variance 
analysis should be performed to properly evaluate these two criteria [8]. 
Repeatability estimates the replicate effect while the intermediate pre-
cision criterion combines the replicate (intra-series) and series effects 
(inter-series). It is out of scope of the present paper but we would like to 
remind that calculating the overall RSD for the whole measurement of 
different series do not provide a consistent evaluation of method inter-
mediate precision. 

Both trueness (systematic error) and precision (random error) 
determine the accuracy criterion (total error) [9-11]. The question to 
answer at this stage is the following: is the error budget (i.e., total error) 
in accordance with previously defined method specifications (ATP)? If a 
positive answer is drawn, it means that accurate results will be obtained 
using this analytical method. It is important to keep in mind that the 
specifications, and consequently the error budget, could differ depend-
ing the method objectives (e.g., API, impurities, large molecules, 
matrices, etc.). Accurate results indicate that results consistency is 
demonstrated and highlight method reliability in accordance with the 
ATP definition. 

Robustness 

We also would like to briefly discuss about robustness. Method 
robustness is an important criterion to evaluate with different strategies 

proposed in the literature [5;12-13]. The robustness of an analytical 
procedure is a measure of its capacity to remain unaffected by small, but 
deliberate variations in method parameters [4]. To extrapolate, it means 
that a robust method provides unaffected results even with some pa-
rameters changes. Nevertheless, method robustness is not enough to 
demonstrate results consistency, and its quantitative performances 
should be evaluated by means of validation as described above. 
Thenceforth, method robustness is an important step on the analytical 
method lifecycle that should be evaluated prior or post validation step, 
depending in the method development strategy [5;12-13]. 

Conclusion 

Accurate results can be only be obtained with a “good” method but a 
“good” method does not necessarily provide accurate results. Consistent, 
accurate and reliable results are obtained if the total error estimated 
during method validation is acceptable considering the specifications 
defined within the ATP. It means that the method is able to provide 
reliable results in the context of its intended purpose. Regarding the last 
validation criterion, i.e., linearity, we can also mention that method 
linearity is guaranteed if accurate results are obtained. Indeed, method 
linearity evaluates the linearity between measured concentration (the 
results) and introduced concentration. Such relation is only demon-
strated during validation step. 

From a publication point of view, a good paper in the field of drug 
analysis must demonstrate the ability to obtain accurate results. It means 
that the reader must also generate accurate results when using the 
published method. Scientific paper combining hot topic research area 
and demonstration of results consistency should be largely considered 
by other researchers. In conclusion, advice is provided for the prepara-
tion of quality papers in the field of drug analysis. A particular attention 
should be paid to the ATP definition. Both method objective and re-
quirements will impact the whole analytical method lifecycle and then 
indirectly impact results consistency. The second important aspect is the 
evaluation of error budget by means of method validation. Thanks to 
this evaluation, we can answer to the question: is my method able to 
provide accurate results considering the specifications? 
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