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APPROACHES TO DETERMINATION OF PRECISION
FOR UV-SPECTROPHOTOMETRIC METHODS

OF QUANTITATIVE DETERMINATION IN FORENSIC
AND TOXICOLOGICAL ANALYSIS

This article is the continuation of au-
thors’ research [1-5] in the field of de-
velopment of the approaches to val-
idation of quantitative determination
methods for purposes of forensic and
toxicological analysis and devoted to
the questions of the determination pro-
cedure development and formation of
the acceptability criteria for validation
parameter «precision».

ANNOTATION

The criteria and procedure of acceptability estimation of
precision for UV-spectrophotometric methods of analyt-
es quantitative determination in biological fluids used in
forensic and toxicological analysis have been formed.
It has been suggested to estimate the precision in two
stages — by model solutions (without matrix) and by mat-
rix samples — and at two levels — within-run and bet-
ween-run.

Keywords: precision, UV-spectrophotometric me-
thods, method of calibration curve, of forensic toxicolog-
ical analysis.

INTRODUCTION
The purpose of this paper is to analyse the present ap-
proaches to determination and acceptability estimation
of validation parameter «precision» according to the re-
quirements of the international guidances [6-10] and to
form the determination procedure and criteria for accep-
tability estimation of precision when carrying out the val-

idation of UV-spectrophotometric methods of quantita-
tive determination for forensic and toxicological analysis
in the variant of the method of calibration curve.

INVESTIGATION METHODS
Such methods of scientific research as analysis, synthe-
sis, systematic analysis, mathematical statistics, compar-
ison and summarising were used.

RESULTS AND DISCUSSION

The precision of an analytical procedure expresses the
closeness of agreement (degree of scatter) between a
series of measurements obtained from multiple sampling
of the same homogeneous sample under the prescribed
conditions (ICH) [6]. The precision of an analytical proce-
dure is usually expressed as the variance, standard de-
viation or relative standard deviation of a series of mea-
surements [6].

Precision may be considered at three levels: repeata-
bility, intermediate precision and reproducibility. Repeata-
bility describes the precision under the same operating
conditions over a short interval of time. Intermediate pre-
cision expresses within-laboratories variations: different
days, different analysts, different equipment, etc. Repro-
ducibility describes the precision between laboratories
(collaborative studies, usually applied to standardization
of methodology) [6].

This parameter is present in all guidances, which give
the directed recommendations in regard to validation of
bioanalytical methods, — «Guidance for Industry: Bioana-
lytical method validation» (U.S. FDA, 2001) [7], «Guide-
line on validation of bioanalytical methods» (EMA, 2011)
[8], «Guidance for the Validation of Analytical Methodol-
ogy and Calibration of Equipment used for Testing of illi-
cit Drugs in Seized Materials and Biological Specimens»
(UNODC, 2009) [9] and «Standard Practices for Me-
thod Validation in Forensic Toxicology» (SWGTOX, 2012)
[10], and in all guidances the formulation of ICH [6] with
more precise definitions is in the basis of its definition —



in the UNODC guidance [9], for example, the precision
is called «reflection of random error of the procedure».

It is necessary also to note that only this document
considers precision at the levels of repeatability and re-
producibility entering these terms in the text of guidance,
other papers talk about within-run and between-run pre-
cision — for one and several analytical run respectively.

As regards the procedure of precision determination
for bioanalytical methods, all guidances recommend with
this purpose to carry out the analysis of the special (not
calibration) samples containing the known amounts of
analyte, and it is accentuated that it is possible to use
the same samples as for precision verification with this
purpose. The information about number of concentra-
tion levels used for verification of precision and number
of replicates for each concentration level has been re-
sulted in Table 1.

Table 1 — Requirements to the precision determination
according to the FDA, EMA, UNODC and SWGTOX papers

The number of The number of The number
Paper 3 n
runs (days) concentration levels | of replicates
FDA - not less 3 not less 5
EMA not less 3 (not less 2) | not less 4 not less 5
UNODC | notless 3 not less 3 not less 3
SWGTOX | not less 5 not less 3 not less 3

The requirements to the number of concentration le-
vels g used for precision verification are similar on the
whole — not less than three, and only the EMA guidance
[9] says about a minimum of four values of concentra-
tion (see Table 1); as regards the position of these con-
centration levels within the range of method application,
in all papers it is a question of «low, medium and high»
concentrations. The EMA [8] and SWGTOX [10] gui-
dances concretize these recommendations — it is a ques-
tion of the lower limit of quantification (LLOQ), concen-
trations within three times the LLOQ (low sample) and at
least 75% [8] or 80% [10] of the upper point of calibration
curve (high sample); the medium sample is chosen as a
middle of the method application range [8] or as a mid-
dle point between low and high samples [10].

As well as when linearity determination the require-
ments to the number of replicates for each concentration
level (Table 1) are also considerably differed, and it is al-
so not clear, what is meant under the term «replicate» —
replicate experiment or replicate measurement? The
FDA guidance [7] says about replicate «determinations»,
EMA [8] insists on replicate «analysis of samples», in the
UNODC guidance [9] it is a question of «replicates», and
in the SWGTOX paper [10] it is recommended to carry
out «triplicate measurements».

As for the number of runs/days — the FDA guidance
[7] does not discuss this question generally, the EMA [8],
UNODC [9] and SWGTOX [10] papers even differ in the
number of such runs (see Table 1), but are a unit that
«replicates» are carried out within one run and the mean
values obtained for each concentration level are used in
calculations.

The EMA guidance [8] suggests to carry out five repli-
cates for each concentration level only within the first run
(verification of within-run precision), for other runs one
sample for each concentration level is analysed (verifi-
cation of between-run precision), but then the question
arises: how should the data be processed for verification
of between-run precision? In our opinion, it is incorrect
to use 5 values from the first run and only in one for two
another — the numbers of samples to be analysed within
each run should be the same.

As already discussed before [5] there are not cla-
rity and unity in the texts of the considered papers [7-
10] in regard to the data that should be used for deter-
mination of calibration model — it is offered to plot either
combined calibration curve using the mean values of re-
sponses for each concentration level, or combined calib-
ration curve using all values of responses for each con-
centration level, and also individual calibration curve for
each analytical run. Thereby the next question appears:
how should the concentrations of model samples be cal-
culated when verifying precision — using combined curve
or within each run?

Separately in the EMA guidance [8] it is accentuated
that the samples used for verification of precision should
be spiked by analyte independently from the calibration
samples using separately prepared solutions, and the
UNODC gui-dance [9], in addition, insists that the con-
centrations of these samples should differ from the sam-
ples used for plotting the calibration curve.

All considered papers [7-10] suggest to determine
precision using such biological matrix, for which the me-
thod is developed, but do not specify, from which sources
the matrix is taken — from one or from different.

In all guidances [7-10] it is recommended to present
the results of precision determination in the form of rela-
tive standard deviation in percent — in all cases its value
should be within 15% for all concentration levels, except
the LLOQ, for which the extreme value of 20% is set.

Thus, the stated approaches to carrying out the ex-
periment on precision confirmation when validating bio-
analytical methods have ample quantity of the differen-
ces and contradictions and, in addition, are too bulky,
especially taking into account the procedures of sample
preparation used in domestic forensic and toxicological
analysis. That leads to the necessity of elaboration of
the uniform approaches to the determination procedure
and acceptability estimation of the validation parameter
«precision» for the methods used in forensic and toxi-
cological analysis, particularly, for UV-spectrophotomet-
ric methods of analytes quantitative determination in bi-
ological liquids.

The domestic developments [11,12] in the field of vali-
dation of analysis methods for medicines foresee the very
clear and definite order of determination and acceptability
criteria for the parameter «precision» within the developed
validation standardized procedures. Therefore it has been
suggested to be guided by the mentioned domestic deve-

lopments and, particularly, by the approaches to methods »
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44 validation in the variant of the method of calibration curve

given in [12] for forming the procedure determination and
acceptability criteria for precision when carrying out the
validation of UV-spectrophotometric methods of quantita-
tive determination for forensic and toxicological analysis.
The choice of the method of calibration curve is dictated
by the primary orientation of all studied international gui-
dances [7-10] on the work exactly by this method.

As it has been stated before [2-5], for validation of
UV-spectrophotometric methods of quantitative determi-
nation 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 report-
ed [11,12] — the validation characteristics obtained in the
normalized coordinates do not depend on the specific-
ity of concrete analyte and can be regulated easier. In
our case the expressions for the normalized coordinates
have such appearance:

c=C

st reference’

Ci
X = —+100%,
c

st

reference

*R
A= .

Ai
Y, = —--100%, A,
A 100

st

I. e. for normalization of the obtained experimen-
tal data the reference solution with the concentration of
ana-lyte (C__ .. ) corresponded to its concentration in
the end solution to be spectrophotometric measured un-
der 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 val-
ue of recovery R obtained at the preliminary stage of val-
idation [4] 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 [3]. As 100% in the nor-
malized coordinates it has been suggested earlier [5] 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.

It has been suggested earlier [5] to understand the
complete carrying out the replicate experiment under the
concept «replicate».

We suggest to carry out precision confirmation of the
method at two levels — within-run (repeatability) and bet-
ween-run (intermediate precision), and, in our mind, it is
necessary to specify both terms for the purpose of ensu-
ring the relative unity in the questions of terminology. Ac-
cording to the recommendations given in [11] the validation
experiment should be as much as rational, and, as a re-
sult, its volume should be minimized, therefore we recom-
mend to combine carrying out the experiment on verifica-
tion of precision with carrying out the experiment on de-
termination of specificity, recovery, linearity and accuracy.

For forming the acceptability criteria for repeatabili-
ty the approach offered in [12] has been used — the total

uncertainty of analysis results A, for the method of ca-
libration curve is determined by several factors, among
them the main ones are:

« the uncertainty associated with calibration curve,
A
. the uncertainty directly associated with the sample
to be analyse, A it is caused by the uncertainty of
measuring its absorbance and sample preparation.

Therefore the total uncertainty of the method can be
written down in following way [11,12]:

B — (1)
A= \/ A2+ A2samp,e <max A, = 20% [9)].

The approach based on assumption of their equali-

ty has been offered in paper [12] for regulation of values

A, and Asample’ i.e.
max A, =maxA, .. (2)
Then:
max A, = max Asample < max Asample = \/2
=0.707 = max AF,_. (3)

Determination of within-run precision (repeatability).
We recommend to confirm within-run precision simul-
taneously with determination of within-run linearity and
within-run accuracy in the way of calculating the concen-
trations of calibration samples X , % for each run by in-
dividual values of absorbance using the linear depen-
dence obtained for this run.

The calculated values of concentrations of calibration
samples X, % are used for calculation of the para-me-
ter «found/spiked» RR, %:

>(i, cals
RR, % = —° < 100. (4)

i, fact

The values RR, %, for each run of measurements
are used for calculation of relative standard deviation of
the value RR — RSD., and, respectively, the uncertainty
of repeatability of single result of value RR A, = A .,
which should not exceed extreme uncertainty of analy-
sis of the sample to be analyse max A, .. Thus, in ac-
cordance with [12] it is possible to write down the follow-
ing ratio:

ARR’ = Asamp/e
<max A

sample

= {(95%, n - 1) » RSD,,
= 0.707 - max A, . )

that is the criterion of acceptability for verification of the
method precision.

Determination of between-run (intermediate) preci-
sion. We recommend to confirm between-run precision
in three stages:

* in accordance with recommendations [12] to cal-
culate the difference between the mean values in dif-
ferent days, which should be insignificant against ext-
reme uncertainty of analysis of the sample to be analyse
max A

sample”



| RR1 - RRzl ’ | RR1 - RR3| ’ | RRs_ RR2|
£0.32- A, =0.32+0.707 - 20% [9] = 4.52%;  (6)

« to calculate the mean concentrations of calibra-
tion samples X _ , % by the mean values of absorbance
using the linear dependence obtained by the mean va-
lues of parallel runs;

it is also necessary to calculate RR, %, and A, for
this stage, and then to check the criterion (5) fulfilment;

* to calculate X, %, for model samples (concentra-
tions correspond to the points of 25%, 50%, 100%, 150%
and 175% in the normalized coordinates), which are used
for determination of specificity and recovery at the prelimi-
nary stage of validation, by means of the linear depen-
dence obtained by the mean values of parallel runs;

At this stage the necessity of tight regulation of the
origin of matrix used for preparation of model samples
appears. As it has been already discussed before [4],
the different degree of analyte extraction from the mat-
rix, which, in turn, mainly depends on two reasons — the
analyte amount in the matrix and the state of matrix — is
the critical factor for making the decision about suitabi-
lity or unsuitability of the method for further application.

In order to estimate the influence of these two factors
on precision of the method to be validated we suggest
to carry out the investigations for three replicate runs,
each one consists of 3 (for D = 25-125%) or 4 (for D =
25-150% and 25-175%) samples of biological matrix ob-
tained from the same source, i. e. for analysis of each
run the individual source of biological matrix is used. We
recommend to carry out the analysis of runs in different
days (one day is one run) — such approach allows to avoid
the necessity to store the samples of biological matrix
and give the possibility to estimate the influence of ana-
lyte amount and changing the matrix on the method pre-
cision, and also on its specificity and recovery.

It is also necessary to calculate RR, %, and A% for
this stage, and then to check the following criterion ful-
filment:

intra = Aintra
AR’R Asample

=1(95%, n- 1)+ RSDgf2 <max A,.  (7)

The relative mildness of the criterion (7) as compared
with the criterion (5) is dictated by that Aita at the third
stage reflects the total error — and due to changing the
matrix, and due to the different amount of analyte in
the sample, and the error of determination of the linear
dependence parameters — unlike A . at the second
stage, where the influence of matrix changing is not ta-
ken into account.

It is necessary separately to discuss the following
question: development of methods of analytes quanti-
tative determination in biological liquids is carried out at
the first stage using model solutions (without matrix) — li-
near dependence is plotted, linearity parameters are cal-
culated, presence and significance of systematic error
are verified, etc. This process also should be regulated
somewise and the verification procedure and acceptabi-

lity criteria should be elaborated for precision of the me-
thod using model solutions.

To verify the method precision by model solutions we
offer to calculate the concentrations of these model solu-
tions XM, %, using the respective linear dependence.
The obtained values of X% 9, are used for calculation
of RR™/, A7 % and value ; it is possible to offer the
acceptability criterion for AT, proceeding from the
following reasoning.

It is possible to present the total uncertainty of analy-
sis results A, for methods of analyte quantitative deter-
mination in biological liquids by way of two components:

« the uncertainty of analyte quantitative determination
in model solutions A7

« the uncertainty of sample preparation procedure

Samt?;eé);:?gtrlg the total uncertainty of the method can be
written down in following way [11,12]:

A, =\ (Arssenz + 2 < max A,_= 20% [9]. (8)

sample preperation
In turn the uncertainty of analyte quantitative determi-
nation Amodel in model solutions is determined by:
« the uncertainty associated with deviations from li-

nearity of calibration curve plotted by model solutions,

model -
Acal )

« the uncertainty of analysis of a single model solution,

model
A sample s

therefore the uncertainty of analyte quantitative deter-
mination in model solutions can be written down in fol-
lowing way [11,12]:

e = (A2 + (Ao, )2 < max AT, ©)

It is possible to offer 2 approaches for regulation of
the value and, respectively, ATo% .

Approach 1: the uncertainty of sample preparation
procedure is equal to the uncertainty of analyte quantita-
tive determination in model solutions, i. e.:

max Aj‘;de' =max A (10)

sample preperetion *

Then:
max An;zdel = max Asermple preperetion < (1 1 )
max A, |N2= 0.707 « max A,..

and taking into account (2):

max AT% = max A7/ \2 = 0.707 » max AT = 0.707

sample
*max A, =0.707 + 0.707 « 20% [9] = 10%.
(12)

Approach 2: the uncertainty of analyte quantitative
determination in model solutions is insignificant against
the total uncertainty of analysis results A, , i. e.:

Agodel < max Amodel = 032 e max A ,
S \As As’

(13) »
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max AT%! = max A7 |2 = 0.707 « max AT = 0.707

sample

* 0.32+ max A, = 0.707 « 0.32 * 20% [9] = 4.52%.
(14)

CONCLUSIONS
Thus, the criteria and procedure of acceptability estima-
tion of precision for UV-spectrophotometric methods of
analytes quantitative determination in biological fluids
used in forensic and toxicological analysis have been of-
fered.

TYWIH
J.10. KITIMMEHKO?, C.H. TPYT? E.E. MUKUTEHKO",
hapmayesmukarnbik fbiribiMOapObiH kKaHOUdambl,
douyeHm, ¥nmmbiK chapMayesmukarbiK yHugepcumemi
aHanumukarsbiK XumMusi kKaghedpachkiHbiH QoueHmI";
YkpauHa [eHcayrnblK cakmay MuHUcCmpIiigiHiH
«YKpeaKuuHa» MemMrekemmik KocinopHbl 6ac
OupekmopbIHbIH OpbIH6acapbl?; thapmaueemuKkarbik
FblnibiMOap kaHOUOambl, doueHm, ¥iimmabiK
hapmauesmukarbslK yHUg8epcumemi aHanumukarnbik
Xxumusi kaghedpacbiHbIH OoueHmI', XapbKos K., YkpauHa

COTTbIK-TOKCUKOJIOINAJbIK
TANAAY KE3IHOE Yo-
CNEKTPO®OTOMETPUAIBIK
9AICTEPAlI CAHObIK AHbIKTAYAbIH
NMPELUUN3NOHAbLIbIFbIH
AHbIKTAY TOCIIAEPI

COTTbIK-TOKCMKONOIUANbIK Tangay kesiHge nanganaHbi-
naTblH BMONOrUSANbIK CYMbIKTBIKTaFbl aHaNUTTepAi CaHabIK
aHblKTay a4icTepi NPeUn3nonabInbIFbIHbIH, TMIMAINIriH 6a-
fanay ernwemaepi MeH Lapanapbl KanbinTacTblipbiiabl.
MpeumnsnonabinbikTel GaFanayabl exi kesenae: mogenbai
epiTiHginepae (MaTpuuacoI3) xxaHe MaTpuua ynrinepiHae,

Literature:

COHbIMEH KaTap eki — within-run menbetween-run gape-
XepenepiHae eTkidy YCbIHbINAbI.

TyniH ce3pep: npeumsnoHabbIK, YP-cnekTpodoTo-
MeTpusinbIKadicTep, Kanubpnik KUCbIK 8A4iC, COTTbIK-TOK-
CYIKOMOIUSAMbIK Tanaay.

PE3IOME
J.I0. KITIMMEHKO', C.H. TPYT? E.E. MUKUTEHKO',
KaHOudam chapmayesmu4ecKkux Hayk, OoyeHm,
doueHm Kaghedpbl aHanumMuU4ecKol Xumuu
HayuoHansHo20 chapmauesmuyeckozo
yHuUsepcumema'; 3amecmumerib 2eHepasibHO20
Oupekmopa 20cydapCcmeeHHO20 Mpeonpusmusi
«YKkpeakuuHa» MuHucmepcmea 30pagooxpaHeHust
YKkpauHbl?; kaHOudam chapmauesmu4yecKkux Hayk,
doueHm, doyeHm Kaghedpbl aHarumu4eckol
Xxumuu HauyuoHarnbHo20 ghapmauesmuyeckozo
yHusepcumema’, 2. Xapbkos, YKkpauHa

noaxondbl K OMNPEAENIEHUIO
NMPELUMN3INOHHOCTU ONA Yo-
CNEKTPO®OTOMETPUYECKUX
METOAUK KOJIMMECTBEHHOIO
OMNPEQENEHUA B CYOEBHO-
TOKCUKOJIOT'MYECKOM AHAIJIU3E

CdopmrpoBaHbl KPUTEPUM U NPOLEAYPa OLIEHKW MpUeEM-
NemMOoCTM NPeLM3NOHHOCTUN YP-CnekTpohOTOMETPUYECKMX
METOAMK KOMMYECTBEHHOTO ONpeAENeHns aHanmToB B O1o-
NOTMYECKUX XUAKOCTSIX, MPUMEHSIEMbIX B CyAeOHO-TOKCU-
konornyeckom aHanmae. OueHKy NpeLn3noHHOCTU Npea-
NOXEHO NPOBOAUTL B [iBa dTana: Ha MOAENbHbIX pacT-
Bopax (6e3 maTtpumubl) n obpasuax MaTpuupl, a Takke Ha
OBYX ypoBHsAX — within-run 1 between-run.

KnroueBble crnoBa: npeunsmoHHOCTb, Y®-cnekTpo-
doTomeTpuyeckme MeToauKM, METOA KanmbpoBOYHOM
KpUBOW, CyAeOHO-TOKCMKONOrMYeCKNn aHanms. |
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