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Abstract. Intoxications, as a rule, are related to the medical-legal area; some toxic agents
occupy prominent place as the main ones responsible for the occurrence of deaths. In legal
medicine, both human and animal, the major challenge faced is the elucidation of the cause
of death and the time of death when corpses are found, indicating possible exposure to toxic
agents, which are intentionally added most often, in order to cause irreversible damage to
the victim. In this context the methods of toxicological analysis involving poisoning are widely
studied and disseminated, there are numerous literature reviews on analytical validation
processes in the most diverse areas, but reviews of forensic literature are scarce and
outdated. Wrong or even unreliable analytical reports can lead to misleading conclusions,
culminating in irreparable financial, academic or judicial damages. Since the validation
processes are essential in laboratory routines and that forensic analytical methods applied in
the legal area are important for the elucidation of xenobiotic intoxication tables, the purpose
of this review is to discuss validation processes with a focus on analysis forensic, since the

results from this type of analysis must be irrefutable and unequivocal and an error of result
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can lead to irreparable damage to the victim. In this review it is clear that there is no
harmonized standardization of a concept of analytical validation, and both national and
international regulations often fail to come to terms with merit figures that are paramount in
an analytical validation process.

Keywords: Validation; Analytical methodology; Forensic analysis; Intoxications.

Resumo. As intoxicacdes, via de regra, estdo relacionadas com a area médico-legal; alguns
agentes toxicos ocupam lugar de destaque como os principais responsaveis pela ocorréncia
de ébitos. Em medicina legal, tanto humana quanto animal, o grande desafio enfrentado é a
elucidacéo da causa mortis e do tempo da ocorréncia da morte quando os cadaveres sédo
encontrados, indicando possivel exposi¢cdo aos agentes toxicos, os quais sdo adicionados
intencionalmente, na maior parte das vezes, com a finalidade de causar danos irreversiveis
a vitima. Nesse contexto os métodos de andlises toxicologicas envolvendo intoxicacdes sdo
amplamente estudados e divulgados, inUmeras sdo as revisdes de literatura sobre
processos de validacdo analitica nas mais diversas areas, porem revisfes de literatura a
respeito da area forense sdo escassas e desatualizadas. Os laudos analiticos errados ou
mesmo ndo confidveis podem levar a conclusdes equivocadas, culminando, assim, em
prejuizos financeiros, académicos ou judiciais irreparaveis. Uma vez que 0s processos de
validacdo sdo essenciais nas rotinas laboratoriais e que métodos analiticos com finalidade
forense aplicados na area legal sdo importantes para a elucidagcdo de quadros de
intoxicacdo por xenobidticos, o objetivo dessa revisdo € discutir os processos de validagédo
com o enfoque em andlises forenses, uma vez que o0s resultados provenientes desse tipo de
analise devem ser irrefutaveis e inequivocos e um erro de resultado pode levar a danos
irreparaveis a vitima. Nesta revisao fica claro que ndo existe uma padronizacdo harménica
de um conceito de validacdo analitica, e as regulamenta¢gBes tanto nacionais quanto
internacionais muitas vezes nao entram em um acordo das figuras de mérito que séo
primordiais em um processo de validagé@o analitica.

Palavras Chave: Validacdo; Metodologia analitica; Analise forense; Intoxicacdes.

1. Introduction

The increasing demand for laboratory tests and the need to guarantee high quality
and reliability indexes in the medical equipment obtained, as well as comparability
and traceability, are being increasingly recognized and demanded in the most
diverse spheres. The credibility of a chemical analysis is guaranteed by the care with
which the analyst surrounds himself, in order to generate a result that expresses the

closest possible measure of the real value®.
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Incorrect or even unreliable analytical results can lead to misleading
conclusions, culminating in irreparable financial, academic or judicial damages.
Therefore, for an analytical method to be reliable, and allow generating interpretable
information about the sample, it must be submitted to an evaluation called validation

or verification'4. Table 1 shows some concepts of what is validation.

Table 1. Concept of validation.

Reference Concept

"Validation of methods ensures their credibility during routine use, and is
USP, 2014° sometimes referred to as the process that provides documented evidence that the
method accomplishes what it is meant to do."
"The validation is the confirmation by test and provision of objective evidence that
the specific requirements for a particular intended use are met; may be subdivided
into partial validation which is the implementation of part of the validation tests as a
BRASIL, 2012% result of modification in the validated bioanalytical method, aiming to demonstrate
the maintenance of the performance and reliability of the method and the total
validation that is the accomplishment of all the validation tests of a bioanalytical
method.”
Eurachem "Validation is the process of defining an analytical experience and confirming that
Working Group, the method under investigation has a performance capability consistent with what
20127 the application requires"
"The validation of a determined analytical procedure is aimed at demonstrating that
it is adequate to the proposed objectives, that is, that the performance parameters

evaluated meet the recommended acceptance criteria. This is an experimental and

MAPA, 20118 o _ ) )
fully documented study. Validation aims to guarantee the metrological quality of
analytical results, giving them traceability, comparability and reliability for decision-
making. "

The systematic validation of an analytical procedure is to demonstrate that it is

WHO, 2016°

under the conditions in which it should be applied "
ISO/TEC 17025, "Confirmation by tests and presentation of objective evidence that certain
200510 requirements are fulfilled for a given intentional use"
The validation must guarantee, through experimental studies, that the method
BRASIL, 2003 meets the requirements of the analytical applications, ensuring the reliability of the

results “.

Brazilian regulators, as well as other countries, currently require laboratories
to perform validation of their analytical methods according to their official documents

that establish the merit figures required in the process?.
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Briefly, the validation of a method is one of the basic elements in quality
systems, integrating the programs of good laboratory practice. The planning of a
validation process begins with analytical development and can be transferred through
a co-validation process®?.

The validation objectives to ensure that the method used during the analysis
is adequate in the identification and quantification of the analytical goal, not being
static, depending on the analytical challenge to be solved?. It applies in several
areas such as chemical and biological analysis, questionnaires, observations, or in
any situation that can quantify a parameter.

In forensic toxicological analysis, the Society of Forensic Toxicologists has
established the necessary merit figures to perform the validation of quantitative
analytical methods. They are: specificity/selectivity, limit of detection (LD), precision
(intra-laboratories-repeatability and/or inter-laboratories-reproducibility), linearity,
application interval, accuracy, recovery, uncertainty of the measurement, stability and
some parameters such as limit of quantification and robustness can also be used in
gualitative and quantitative analysis. This recommendation is also used by other
national and foreign regulators*%:11.12,

Chromatographic separation techniques, such as gas chromatography, high
performance liquid chromatography and capillary electrophoresis, are widely used in
laboratory chemical analysis, especially those related to toxicology, as they have the
capacity to provide qualitative data (identifying the investigated agent), in several
types of matrices, whether they come from the environment, food, pharmaceuticals,
biological matrices, among others?.

A well-established and documented validation process ensures objective and
unambiguous evidence that methods and systems are appropriate for the intended
use, in particular for regulatory agencies and the judiciary, providing a reliable
enough result to make a decision.

Since the validation processes are essential in the laboratory routines and
the forensic analytical methods applied in the legal area are important for the
elucidation of xenobiotic intoxication, the purpose of this review is to discuss the
validation processes with the analytical approach since the results from this type of
analysis must be irrefutable and unequivocal and an error of result can lead to

irreparable damage to the victim.
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2. Method

For the accomplishment of this article a bibliographical survey was made in
guidelines, original journals and revision articles obtained in the databases Scielo,
PubMed, ScienceDirect and national and international regulations between the years
of 1994 and 2017. The terms sought are “forensic validation toxicology methods”,
these terms were searched in Portuguese and English. A total of 2256 papers were
found related to the topic, of which 17 guidelines and / or resolutions, 15 original
journals and 6 review articles were selected, which presented the terms selected as

the main objective of the study. Duplicate articles were excluded.

3. Presentation of the national and international scenario
There are several international and national guidelines, as well as laws and
regulations that suggest the safety parameters or merit figures that should be
adopted for chemical analysis. Table 2 briefly presents the merit figures that should
be evaluated in chemical analysis, according to the guidelines suggested by some
international and national regulatory agencies.

The following are the different safety parameters and merit figures used in

chemical analysis.

4. Linearity

Linearity is defined as the ability of a method to generate results directly proportional
to the concentration of the analyte, which must be studied at an appropriate interval.
This makes it possible to establish the relation between a "measure” dependent
variable as a function of an independent variable "concentration"*17:18,

In order to experimentally evaluate linearity, it is necessary to construct
graphs using the least squares method (linear regression), which in most cases are
called calibration curves. Thompson, et al. (2002)'° recommends the use of the term
linear graph, linear range or dynamic range. The Agency for Health Surveillance
(ANVISA), through the Board of Directors' Resolutions® which deal with validation of
analytical and bioanalitic methods in Brazil, calibration curve denomination, as well

as most of the other international agencies®*":18,
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Table 2. Merit figures that are evaluated in chemical analysis, according to the guidelines suggested by some international and national
regulatory agencies
Reference Linearity Precision Accuracy Selectivity ME Recovery LLQ HLQ DL QL HO  Stability Robustness MU

USP, 20145 X X X X - - X X - - : :
BRASIL,
20195 X X X X X X X X - - X X - -
Eurachem
Working X X X X X X - - - - X X X X
Group,
20127
MAPA,
90115 X X X X X X - - X X - - X X
WHO,
2016° X X X X - - XX - : ) )
UNODC,
2011%3 X X X - X X X X - - - X X ]
GTFCh,
2009 X X X X X X - - X X - X : X
SOFT,
20063 X X X X X X - ; X X X X X ;
ISONEC
17025, X X X X X X - : X ; X X X
200510
LANCAS,
200415 X X X X - X X X X X - X N i
BRASIL,
20031 X X X X - - - XX - : X )
DIERAUF,
199416 X X X - - - - - - - - - - X

Legend: ME — matrix effect, LLQ — lower limit of quantification, HLQ — high limit of quantification, DL — detection limit, QL — quantification limit, HO —

homogeneity, MU — measurement uncertainty
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The calibration curve is the method of quantification often used in the
determination of the concentration of a given analyte'?°. The construction of the
calibration curve, in most cases, is performed through the measurement of the signal
emitted by the equipment used, depending on the masses or concentrations of the
analyzed analyte in the matrix?..

The calibration curve obtained by the linear regression method is expressed
by the equation of a line (Eq.1):

e

<
Il
= R
In I
+
[N

(1)

where y is a dependent variable (method response), x is an independent variable
(measured), a is the angular coefficient (slope of the line, indicates the sensitivity of
the method), b is the linear coefficient (expressed as the intersection of the line with
the x and y axes), r is the correlation coefficient (indicates linearity), r? is the
determination coefficient (indicates linearity).

The mathematical expression of this straight line is presented by the angular,
linear, correlation and determination coefficients normally obtained by linear
regression and described in the form of the straight equation?'.

A line can be constructed from only one point in the space?, but in the
analytical validation processes, the number of points accepted in the graph to trace
this line varies between five!® and six points®, which should not include the zero
point in the curve, due to the possible associated errors. The construction of this line,
in practice, occurs by the serial analysis of calibrators, that is, solutions of different
concentrations that contemplate the range of concentration of interest in the work?,
therefore varies according to the purpose of the analysis.

According to Chasin et al.}'8 for analysis of biological material involving
poisonings, the recommended concentration range should range from the limit of
guantification (LQ) to 1,000 ug/mL; on the other hand, for residue analysis the
concentration range of interest can only cover an order of magnitude.

If the concentration range establishes linearity with a coefficient of
determination (r2) of up to 0.980 for biological matrix and of 0.999 for pharmaceutical

products, this can be called the dynamic range?®517, Thus, the verification of the
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statistical significance of the equation of the line is evaluated by the coefficient of
determination?-24,

Another measure that is important in the construction of a calibration curve is
the angular coefficient (a), a parameter that evaluates the sensitivity of the method,;
can be used, for example, for the comparison between two different analytical
methods. The one with the highest value of a, in modulo, has a greater inclination of
the line and, consequently, has a greater sensitivity. Figure 1 shows the influence of
the coefficient on the sensitivity of the analytical method. Thus, it is noticed that
method B is more sensitive than A, because a same range of concentration variation,
method B is able to present a greater response.

Another parameter related to the linearity and the application range, which is
the interval between the upper and lower concentration values of the substance
under examination, provided that it meets the accuracy and precision
requirements?>?6, There is no consensus on the use of a range of applications
among the various regulations, as can be seen in Figure 1.

In chromatographic methods, three different techniques can be used to
construct the calibration curve: external standardization, internal standardization and

matrix overlay with standard addition.
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Figure 1. Angular coefficient (a) of the analytical methods A and B, equation of the lines and

determination coefficients (r2).
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External standardization relates the response to be quantified in the matrix
(area of the substance) with the responses obtained from solutions prepared with the
analytical standard of known concentrations. Thus, the calibration curve is obtained
from multiple dilutions of a standard in a solvent. In order to obtain the concentration
of the test substance present in the matrix, it is obtained by comparing it with the
calibration curve®>2728_ Historical curves are the calibrations performed only once
during the determination or quantification process of a particular analyte. These
curves are not commonly used for this type of standardization because they are
sensitive to errors during sample preparation and dilution of the patterns?°:27:28,

The internal standardization uses a substance called the internal standard
with physical and chemical characteristics similar to the analyzed analytes. These
are added to the sample in known concentration or mass so as not to interfere in the
analysis. Therefore, the internal standard must necessarily be exempt from the
matrix studied, be available in high purity, the sample should be added in a
concentration similar to the concentrations of the substances to be analyzed and
have a good chromatographic resolution>26

The construction of the curve using internal standardization is done by
calculating the ratio between the responses obtained from the internal (constant)
standard by the analyte (variable) depending on the reasons between the constraints
established by the application range. The sample is analyzed in the same way, i.e.,
by adding the fixed amount of internal standard?>2??. This type of standardization is
recommended for methods that have small variations of their parameters, and is
widely used to correct injection in the gas chromatographic method?2.

The matrix superposition is the addition of the analyte standard to various
concentrations in an identical or similar matrix free from the substance. The
construction of the calibration graphic lists the areas obtained with the concentrations
of the standards. Therefore, both internal and external standardization can be applied
to matrix superposition, being used to evaluate the effect that possible interferences
present in the matrix would generate on the analytical method?’.

The parameters evaluated in the matrix overlap are: extraction recovery and
the selectivity or detection of the substance of interest, which provide a better
correspondence in relation to the composition of the sample, since it mimics an

actual situation of analysis of the same?’. Sometimes, there are drawbacks, such as
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the high cost of analysis, as well as the underestimation of the effects of co-
extracts®.

Although calibration evaluating the matrix effect is reliable, it evaluates only
the effect of a single matrix, but there are analytical situations in which the
composition difference between matrices should be considered?”.

When it is not possible to obtain an analyte free of the analyte of interest, it is
recommended to use the standard add-on technique?’, in which known
concentrations of the analyte of interest are added in known quantities in the matrix
before preparation. These are used to obtain the response of the method by
constructing a calibration curve relating the amounts of the substance added to the
sample with the respective areas obtained. The point where the axis of the ordinates
corresponds to the response of the analytical method of the substance being
determined without any addition of the standard. The concentration of the analyte is
defined by the extrapolation of the abscissa axis3C. This technique is complex and
involves many steps and can be used when it is difficult to find an adequate internal

standard for the analysis®'.

5. Accuracy
According to Resolution 27 of 2012 of ANVISAS, the determination of accuracy must
be evaluated in two ways: in the same race (precision in-run) and in at least three
different races (accuracy intercurrent). In order to evaluate the accuracy in each run,
it is necessary to perform at least five replicates of the analyzed points, with at least
five concentrations comprising lower limit of quantification, low quality control,
medium quality control, high quality control and quality control of dilution. The test for
accuracy assessment should cover races on different days.

The accuracy must be mathematically demonstrated by means of the
coefficient of variation (CV%), not exceeding 15% (fifteen percent), except for the
lower limit of quantification whose values are less than or equal to 20% (twenty

percent); the calculation of the CV and made by the following mathematical equation
(Eq. 2):

CV = Standard Deviation
Mean X 100

()
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The calculation of the CV of both the intracorreased and intercurrent
accuracy must take into account all the values obtained. If the variations are above
the regulation in the legislation, it is necessary to repeat the test.

6. Accuracy
In order to evaluate the accuracy, an experiment similar to the one of precision must
be carried out, being evaluated in two ways: in a metamorphism (intracurrent
accuracy) and in at least three different races (intercurrent accuracy), it is necessary
to perform at least five replicates of the analyzed points, such as at least five
concentrations comprising the lower limit of qualification, low quality control, medium
quality control, high quality control and dilution quality control. The performance of
the accuracy test performed should cover races on different days.

The accuracy and mathematically presented by means of the calculation of

the Relative Standard Error (RSE), being calculated by the following formula (Eqg. 3):

RSE = (Experimental mean concentration — Nominal value) X 100

®3)

Nominal value

The accuracy must be mathematically demonstrated by means of the RSE,
not exceeding 15% (fifteen percent), except for the lower limit of quantification whose
values are less than or equal to 20% (twenty percent);

The calculation of the RSE of the intracurrent and intercurrent accuracy must
take into account all the values obtained. If the variations are above the regulation in
the legislation it is necessary to repeat the test.

7. Selectivity
According to Resolution 27 of 2012 of ANVISAS, to evaluate the selectivity must
consider the existence of coelutions of substances that could be common in
biological matrices. For the selectivity acceptance, the criterion of chromosome
resolution of at least 2% in relation to the retention time between the analytes is
adopted.

In the selectivity assays and the analysis of biological matrix samples

obtained from at least six different sources, however, in the case of whole blood, five
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normal and one lipemic samples should be used. If other biological matrices are

used, their characteristics should be evaluated and tested.

8. Residual and matrix effect

The selectivity can be divided into residual effect tests and matrix effect tests. For
evaluation of the residual effect it is recommended to perform at least three injections
in the chromatograph of the same white matrix (matrix extracted without addition of
standard), one before and two soon after the injection of one or more processed high
limit of quantification matrices. These results should be compared with the results of
the lower limit quantification.

For accepting the residual effect, the retention time of the analyte should be less than
20% of the analyte response when compared to the matrices processed in the lower
limit of quantification. However, for the internal standard, interfering peaks are
allowed at retention time of less than 5% of its response. If the effect of the matrix is
unavoidable, analytical steps should be taken to correct this effect so that it does not
interfere with the accuracy and accuracy of the method.

To perform the matrix effect test, it is recommended the analysis of samples of
biological matrices processed and later added of analyte and internal standard, as
well as solutions in the same concentrations of the samples of low dose control point
and high dose control point.

When the biological matrix is whole blood, six samples from different sources must
be analyzed, four of which are normal and two are lipemic. In relation to other
biological matrices used, six samples from different sources should be analyzed.

To evaluate the acceptability for each sample, the matrix factor (MF) must be
calculated according to the formula (Eq. 4):

MF = Matrix analyte response/ IS response in matrix (4)

Solution analyte response/ IS response in solution

Legend: IS — Internal Standard

The coefficient of variation (CV) of the MFs for all samples should be less

than 15% for the acceptance.
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9. Recovery

The recovery is used to measure the efficiency of the extraction procedure within a
limit of variation. The recovery tests should be done by comparing the results of the
analytes of samples collected from three concentrations (low, medium and high)
contemplating the range of linearity of the method. The results obtained should be
compared with the results from analysis of standard solutions not extracted, which
represent 100% recovery. The calculation of the recovery must be done according to
the area ratio of the extracted and not extracted pattern, for both the analyte and the

internal standard, separately.

10. Lower limit of quantification
The lower limit of quantification is the smallest amount of analyte in the matrix that
can be determined quantitatively with acceptable accuracy. Usually is considered as

the lowest concentration of the calibration curve.

11. High limit of quantification
The high limit of quantification is defined as the largest amount of analyte in the
matrix that can be determined quantitatively with acceptable accuracy and accuracy.

Usually is considered the highest concentration of the calibration curve.

12. Homogeneity (Fidelity)
Heterogeneous matrices are a challenge for the analyst, since they guarantee a
reliable quantitative result and basic premise of the toxicological analysis. Therefore
it is necessary to carry out tests to verify if the sample to be analyzed is considered
homogeneous or heterogeneous in relation to the analyte that will be searched.
Thus, a sample of six distinct points is made in triplicate, performing the quantitative
analysis, in order to verify the concentration variations between the sampling points.
If the result is not accurate, this matrix is considered heterogeneous and
should be analyzed as a whole if possible, or a homogenization process must be
carried out, within its possibility, in order to guarantee a reliable result, reflecting the

real values of quantification in the whole.
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13. Stability

Stability of the analyte in the biological matrix should be demonstrated by freeze-
thaw cycles for short-term stability, long-term stability and post-processing stability,
only by varying the time or processing stage of the matrix®.

In order to carry out the stability studies proposed by RDC 27 of 2012 of
ANVISAS®, the conditions of storage, preparation and analysis of the samples under
study should be reproduced using a set of biological matrix samples added with
analyte solutions and the internal standard. For this purpose, a minimum of three
samples of Low Quality Control (LQC) and three samples of High Quality Control
(HQC) must be used, which must be analyzed immediately after its preparation and
after being submitted the applicable energy conditions.

The acceptance parameter and the use of only samples whose result of the
analysis immediately after its preparation is within + 15% of the nominal value of the

analyte and the internal standard.

14. Strength

It may be defined as strength of an analytical method the ability of the analytical
method to resist variations in results when small modifications are performed in the
experimental conditions initially described. Therefore, a method can be considered
robust if its results are not affected by small modifications in its analytical

passages*1%15,

15. Conclusion

A validated analytical method ensures that the procedure, from the equipment up to
the analytical sequence, and the documentation is accepted as correct and reliable,
regardless of the area.

The validation of analytical methods is of great importance in assuring the
guality of the analysis, in all areas of knowledge, as it ensures the reliability of its
results and the quality of the processes, leading to safety to consumers.

The validation an analytical method and transfer data of methods that play a
fundamental role in the area of forensic toxicology since the analysis in this context
must be irrefutable and the award unequivocal. The validation is important in the
maintenance of the chain of custody being paramount not only to ensure the

authenticity of the material evidence in the criminal prosecution, but also to protect
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the parties involved, guaranteeing the authenticity and solidity of their work. Another
important aspect in this context is the long-term stability data, must be produced in
acceptable scientific standards, but adequate to the reality of the forensic matrix. For
this reason and the need to satisfy the requirements of the regulatory authority, all
analytical methods must be duly validated and documented, even though there is no
consensus among these authorities. The objective of this article was to provide a
simple approach to the correct scientific knowledge to improve the quality of the
process of development and validation of the analytical method. This article provides
an idea about the criteria for preparation, procedure and sample acceptance for all
validation parameters analytical methods. The applications of the analytical method
and the transfer of the method are also taken into account in this article. These
several essential characteristics of development and validation for analytical
methodology have been discussed with a view to improving standards and

acceptance in this area of research.
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