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Summary: the approaches to choice of the method application range and to the procedure of experiment carrying out,
which allow to estimate the linearity of UV-spectrophotometric methods of analytes quantitative determination in biological

fluids used in forensic and toxicological analysis was offered.
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Introduction. This article is the continuation of
authors’ research [1, 2] in the field of development
of the approaches to validation of methods of
quantitative determination for purposes of forensic
and toxicological analysis and devoted to the
problem of range choosing and validation
parameter «linearity» determination.

The purpose of this paper is to analyse the present
approaches to determination of linearity and range
according to the requirements of the international
guidances [3 — 7], to form the approaches to the
procedure of analytical range choosing and
linearity determination, notably to the number of
concentration levels within the range, to the number
of replicate observations for each level, etc. when
carrying out the validation of uv-
spectrophotometric methods of quantitative
determination for forensic and toxicological analysis.

Investigation methods. Such methods of
scientific research as analysis, synthesis, systematic
analysis, mathematical statistics, comparison and
summarising were used.

Results and discussion. Linearity - is the ability
of an analytical procedure (within a given range)
to obtain test results, which are directly proportional
to the concentration (amount) of analyte in the
sample (ICH) [3]. This parameter is present in all
guidances, which give the directed

recommendations in regard to validation of
bioanalytical methods, — «Guidance for Industry:
Bioanalytical method validation» (U.S. FDA, 2001)
[4], «Standard Practices for Method Validation in
Forensic Toxicology» (SWGTOX, 2012) [5],
«Guidance for the Validation of Analytical
Methodology and Calibration of Equipment used
for Testing of lllicit Drugs in Seized Materials and
Biological Specimens» (UNODC, 2009) [6] and
«Guideline on validation of bioanalytical methods»
(EMA, 2011) [7], but the different terms are used
for its designation — see Table 1.

In three papers from four the word «linearity» is
avoided to use and the terms «calibration curve»,
«calibration model», etc. are preferred that is
connected, from our point of view, to the presence
of bioanalytical methods, for which it is necessary to
choose more complex calibration model, for
example, when the concentrations range exceeds
one order of magnitude or immunochemical
methods of analysis are used. As a rule, linear models
are more preferable, but, in case of need, using
the nonlinear models is not only acceptable, but
even recommended [5], therefore application of
term «linearity/calibration model» is optimal in
order to take into account all possible variants.

As regards analytical range of method
application, it is the interval between the upper and

Table 1. Requirements to the linearity determination according to the FDA, EMA, UNODC and SWGTOX papers

Paper Term The number The nu.mber
of concentration levels of replicates
FDA Calibration/standard curve 6-—8 —
EMA Calibration curve not less 6 not less 3
UNODC Linearity and working range 5 not less 6
SWGTOX Calibration model not less 6 not less 5
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lower concentration (amounts) of analyte in the
sample (including these concentrations), for which it
has been demonstrated that the analytical procedure
has a suitable level of precision, accuracy and linearity
— according to ICH [3] definition. In the ICH guidance
[3] this parameter is presented as individual, in the
FDA, EMA, UNODC and SWGTOX papers [4 — 7] it is
considered within the parameter «linearity», and the
term is mentioned in the parameter name only in the
UNODC paper [6]. From our point of view, for the
purpose of ensuring the relative unity in the questions
of terminology it is appropriate to mark out the
parameter «range» as individual.

For validation of analysis methods for medicines
the clear ranges of method application depending
on the decided tasks — 80 — 120%, 70 — 130%, 50
- 130%, etc. - are foreseen by regulatory
documents [8, 9], and nominal or rated
concentration has been accepted as 100%; the
number of concentration levels within the range of
application — g = 9, and the number of replicate
measurements for each concentration level are also
standardized by the validation standardized
procedures [9].

As regards validation of bioanalytical methods,
none of the considered guidances [4 — 7] does not
give distinct recommendations on the choice of
range of method application — «the working range
is predefined by the purpose of the method and
may reflect only a part of the full linear range»
(UNODC) [6], «before carrying out the validation
of the analytical method it should be known what
concentration range is expected» (EMA) [7],
«concentrations of standards should be chosen on
the basis of the concentration range expected in a
particular study» (FDA) [4], «the calibrator samples
shall span the range of concentrations expected»
(SWGTOX) [5].

The requirements to the number of concentration
levels g used for plotting the calibration curve are
very various — see Table 1; it is specified additionally
that «the number of standards used in constructing
a calibration curve will be a function of the
anticipated range of analytical values and the
nature of the analyte/response relationship» [4], but
the recommendations about increasing the number
of concentration levels when extending the range
of method application are absent in any of the
considered papers [4 — 7]. It is especially accented
that «the concentration levels shall be appropriately
spaced across the calibration range» [5], but it is
not pointed out in which way exactly. On the face
of it, the conclusion inevitably comes to mind that
concentrations should be spaced evenly (that is
required by application of the least squares method),
but the examples of validation reports given in
Appendix [5] show that it is not the case.
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The requirements to the number of replicates for
each concentration level are also considerably
differed (Table 1), and it is not clear, what is meant
under the term «replicate» — replicate experiment
or replicate measurement? The SWGTOX guidance
[5] accents that each replicate is performed within
the separate days/runs, but the set of questions
arises:

¢ if this is the replicate measurement next day, is
stability of the solution to be analysed under the
storage conditions confirmed preliminary?

o if this is the replicate experiment, is the same
matrix source used for its carrying out or another?

e if the same matrix source is used, under which
conditions is it stored, is stability of its composition
under the storage conditions confirmed, does not
the nature of analyte interaction with the matrix
after storage under the given conditions change,
etc.?

o if this is the replicate experiment, in which way
are the samples prepared - is the large volume of
matrix spiked with analyte, and then the samples
are taken for analysis, or firstly the necessary number
of blank-samples is taken, and then they are spiked
with analyte?

Besides, the SWGTOX guidance [5] allows to use
fewer number of calibration samples (fewer
number of concentration levels or fewer — up to 1
— number of replicates) for routine analysis, but with
the set of limitations:

e the lowest and highest calibration levels should
be used;

e no fewer than four concentration levels should
be used;

e accuracy and precision for the given calibration
samples should be confirmed.

Such approach contradicts the main validation
principle — the method validation should be carried
out under the same conditions as the method [10].

There are not clarity and unity in the texts of the
considered papers [4 — 7] also in regard to the data
that should be used for determination of calibration
model. Thus, the UNODC guidance [6] recommends
to plot the calibration curve using the mean values
of responses for each concentration level; and it is
necessary to exclude the outlying values of
measurements on the basis of the Grub test or the
Dixon Q-test. The FDA and EMA guidances [4, 7]
require to plot the calibration curve for each
analytical run, and they allow to exclude the values
of measurements and concentration levels, if they
do not satisfy to the requirements by the parameter
«accuracy». In the event that the lowest and highest
calibration levels are excluded, the whole run of
measurements is rejected [7]. The SWGTOX
guidance [5] says about the «combined» data. In
this case it is not clear what does it mean -6 1 5 =
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30 response values for 6 concentration values or 6
mean response values for 6 concentration values?
As it has been shown in [10], the first variant of data
processing by means of the least squares method is
meaningless as it masks the possible nonlinearity and
creates the semblance of increasing the number of
degrees of freedom.

Finally, all considered papers [4 — 7] suggest to
plot the calibration curve for linearity determination
using such biological matrix, for which the method
is developed, but do not specify, from which sources
the matrix is taken — from one or from different.
The SWGTOX paper [5] foresees the possibility of
replacement of biological matrix by more suitable
or accessible, but only in the case of carrying out
the corresponding experiments confirmed the
adequacy of such replacement.

Thus, accumulated differences and contradictions
when considering the international papers in the
field of bioanalytical methods validation [4 - 7]
require elaboration of the integrated approaches
to the choice of analytical range of application and
conditions of linearity verification, particularly, for
UV-spectrophotometric methods of analytes
quantitative determination in biological liquids for
forensic and toxicological analysis.

As it has been stated before [1, 2], for validation
of UV-spectrophotometric methods of quantitative
determination for forensic and toxicological analysis
we use the normalized coordinates (i. e. transition
from the equation of A, = b -C, + a, type to the
equation of Y, = b,-X + a, type), which advantages of
application are widely reported [9] — the validation
characteristics obtained in the normalized
coordinates do not depend on the specificity of
concrete analyte and can be regulated easier. In
our case the expressions for the normalized
coordinates have such appearance:

C

X =—-.100%, C,=C... _:

reference
st

reference

¥ = 100%, 4, -
| 100

I. e. for normalization of the obtained
experimental data the reference solution with the
concentration of analyte (C_,_ _ ) corresponded to
its concentration in the end solution to be
spectrophotometric measured under the condition
of zero losses for the point of 100% in the normalized
coordinates is used; the absorbance of such
reference solution (A . . ) is corrected by the value
of recovery R obtained at the preliminary stage of
validation [2] and is used for normalization of

absorbance values. Such approach is needed for
decline of influence of the systematic error
introduced by the components of blank-sample,
which significance has been shown at the
preliminary stage of validation [1].

When developing UV-spectrophotometric
methods of analytes quantitative determination in
biological liquids it is necessary to be guided
simultaneously both by the analyte concentration
in biological liquid that should be determined and
by its concentration in the end solution to be
spectrophotometric measured - it should provide
the necessary working values of absorbance.

To base the approaches to the application range
choosing for UV-spectrophotometric methods of
quantitative determination in forensic and
toxicological analysis it is necessary to present
schematically the structure of such methods - see
Figure 1.

Thus, the method in the general case consists of
two parts — sample preparation and directly
analytical operation; and the structure of sample
preparation is such that knowing the analyte
concentration in biological matrix it is possible to
obtain the necessary analyte concentration in the
end solution to be spectrophotometric measured in
the way of increasing or decreasing the volumes
V,, V, V,and V,. In the same way it is possible to
solve the problems with the linearity loss on the ends
of range of method application.

As 100% in the normalized coordinates we
suggest to accept the mean toxic or lethal analyte
concentration in biological liquid — depending on
the purposes and tasks, for which the developed
methods is intended. And it is necessary to have in
mind that the range of toxic and lethal analyte
concentrations in biological liquids can be wide
enough, moreover, the lower concentrations are
fixed more often, than respective mean [11]. On
the other hand, UV-spectrophotometric methods can
not provide the possibility of reliable analyte
quantitative determination in the range of
concentrations differed more, than in one order of
magnitude [12]. Therefore it is appropriate to choose
the range of application for UV-spectrophotometric
method in the way that the point of 100% is nearer
to its highest limit, and absorbance of the end
solution to be spectrophotometric measured, which
corresponds to this point, under ideal conditions
(zero losses and absence of background
absorbance) is equal to 0.7 - 0.9. Taking into
account the reasoning in relation to the value of
minimal absorbance stated before [13], the lower
limit of the range of method application corresponds
to the point of 25% in the normalized coordinates.

In turn the highest point of the method analytical
range can be accepted equal to 125% (in the case
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Fig. 1. The main stages of UV-spectrophotometric methods of analytes quantitative determination in
biological liquids in forensic and toxicological analysis

of work with the samples to be analysed with higher
concentrations it is possible to use diluting the
samples for obtaining the absorbance values, which
are within the range of method application). In the
case if it is intended to carry out the analysis by the
addition method, the range of method application
should be extended in its high part to 150% or 175%.

The offered ranges of method application allow
to dispose evenly within them the concentration
levels in increments of 25% — in this way we obtain
5 - 7 points that corresponds to international
recommendations [4 - 7]. Using the constant
increment of 25% regardless of the chosen range
of application allows dynamically to add or exclude
the concentration levels — according to the obtained
experimental data and stated purposes, i. e. in the
case of decision making about changing the range
it is not necessary to change the position of points
within it and carry out the experiment over again,
and that, in turn, substantially reduces the time and
labour costs.

On the other hand, it is interest to show in theory
sufficientness of the offered number of
concentration levels for providing the necessary
relative uncertainty of the method. For this purpose
we proceed from the UNODC [6] requirements,
according to which the correlation coefficient should
be not less, than 0.99. Determining the range of
method application we can calculate RSDrange [9]:

3 (X, - X)
RSD,,, =y "—«,
g-1

range

and using the formula [9]:

obtain the requirements to the value of RSD,. In
turn, applying the formula [10]:
A, =1(95%,g—2)-RSD,,
it is possible to calculate the calibration
uncertainty [ _, [10]. In order to predict the total
uncertainty of the method of analysis [, (for the
method of calibration curve) and estimate

acceptability of its value, it is possible to use the
approach offered in [10]:

= \/5 ’ Aca/
And in the case of the method of standard or
addition method A, = A, [9].
The results of such calculations for the offered
variants of the range of method application are
given in the Table 2.
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Table 2. The results of I, predicted for the offered variants of the range of method application

range increment g RSD, 00 RSD, 1(95%, g —2) A Ay
25 —-125% 25% 5 39.53 5.58 2.3534 13.1% 18.6%
25 —-150% 25% 6 46.77 6.60 2.1318 14.1% 19.9%
25 —-175% 25% 7 54.01 7.62 2.0150 15.4% 21.7%

Under the concept «replicate» we suggest to
understand the complete carrying out the replicate
experiment, and in relation to the number of such
replicate experiments for each concentration level
— in terms of [10] it is possible to offer the next
approach: to estimate acceptability of repeatability
of the values of A used for plotting the calibration
curve — the relative uncertainty of repeatability of
the values of absorbance obtained in replicate
experiments, D, - (against the nominal value of
absorbance [13]) should not exceed the maximum
allowed calibration uncertainty 1 , i. e. according
to [9]:

A, (sample)<maxA , =maxA, / V2.
As [10]
A, . (sample)=t(95%,n—1)-s

nom >

(sample) / Jn,

we obtain the requirement to s

nom.r

nom,r"

=0.707-

nom,r

(sample) < maxs

Snom,r

maxA , -/n /1(95%,n—-1).

|. e. after carrying out three replicate experiments
for each concentration level it is necessary to
calculate s, to estimate its acceptability and make
the decision about necessity or absence of necessity
in carrying out additional batch/run of experiments.

The next question that needs discussion is the
origin of the matrix used for linearity determination.
As it has been already discussed before [2], the
different degree of analyte extraction from the
matrix, which, in turn, mainly depends on two
reasons — the analyte amount in the matrix and the
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PO3POBKA NIAXO0AIB A0 BANIAALII Y&-CNEKTPOPOTOMETPUYHUX METOAMUK KIJIbKICHOIO
BU3HAYEHHS B CYA0BO-TOKCUKOJIOTNYHOMY AHAI3I: NNIHIAHICTb TA AIANA30H

3ACTOCYBAHHSA

J1. 10. Knumenko, I'. M. MNeTioOHIH

HavuioHanbHWi hapmaleBTUYHWE YHIBEpCUTET, XapKiB

XapkiBcbka MeanyHa akaaemisi nicasannioMHOI OCBITU

Peslome: 3anponoHoBaHi nigxoan Ao BuOOPY Aiana3oHy 3aCTOCYBaHHS METOOMKM Ta NPOLEenypu NpPOBELEHHS
€KCMNEPUMEHTY LO3BONIAOTb OLIHUTY NiHIHICTL YP-cnekTpodoTOMETPUYHMX METOAMK KiJIbKICHOrO BUSHAYEHHS aHaNITIB
y GionoriyHmx piguHax ons cyfoBO-TOKCUKOJNIOTNYHOIrO aHanisy.

Knio4oBi cnoBa: Banigauis, NiHiiHICTb, Aiana3oH 3acTocyBaHHsA, YP-cnekTpodoTomeTpis, 6ioaHani TM4HI METOOUKN.

PA3SPABOTKA NOAXOA0B K BAJIMAALUN YD-CNEKTPOPOTOMETPUYECKUX METOAUK
KOJIMMECTBEHHOIO ONPEAEJIEHUY B CYAEBHO-TOKCUKOJIOTMYECKOM AHAJIN3E:

JIMHENHOCTb U AUANA3O0H MPUMEHEHUS

J1. 0. KnumeHko, . M. MNeTiOHUH

HaumoHanbHbI papMaLeBTUHeCKui yHUBEPCUTET, XapbKoB
XapbKoBCkasi MeanLMHCKasi akaaemusl nocaeamnnioMHOro obpasoBaHus

Peslome: npepnnoxeHHble noaxonpl K BbIOOPY Anana3oHa NPpUMEHEHUs MeTOAMKM M npoueaype npoBeneHus
3KCMepuMeHTa NO3BONSIOT OUEHUTb JIMHEeNHOCTb YP-cnekTpodoTOMETPUYECKUX METOAMK KOJIMYECTBEHHOIO
onpeneneHns aHanuToB B OUOJSIOrMYECKMX XUIOKOCTSAX A4S cyaebHO-TOKCUKOIOrMYeckoro aHanunaa.

Kniouesble cnosa: Banuaauus, IMHERHOCTb, Anana3oH npumMeHeHus, YPO-cnektpodpoTomeTpus, buoaHanutuyeckme

MeTOOUnKN.
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