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With the purpose of improvement of carrying out the quantitative determinations in forensic and
toxicological analysis the possibility of application of the method of standard for UV-spectrophotometric
determination of analytes in biological fluids has been studied. The procedure for determination and
acceptability estimation of linearity, accuracy and precision for validation of such methods in the variant
of the method of standard tested by the example of UV-spectrophotometric method of doxylamine
quantitative determination in blood has been offered. The given procedure provides application of the
normalized coordinates. For normalization of the experimental data obtained two approaches have
been used: 1) Approach 1: the use of the reference solution with the concentration of the analyte cor-
responding to its concentration in the final spectrophotometric solution measured under the condition
of zero losses for the point of 100% in the normalized coordinates. 2) Approach 2: the use of the
reference sample with the concentration of doxylamine corresponding to its concentration for the
point of 100% in the normalized coordinates. Estimation of linearity, accuracy and repeatability of the
method at the first stage has been performed using the model solutions within the approach based
on assumption of insignificance of the uncertainty of the analyte quantitative determination in model
solutions A"Z “ in comparison with the complete uncertainty of the analysis results A .. At the second
stage determination of linearity, accuracy, repeatability and intermediate precision of the method has
been carried out on the model samples prepared using the matrix for three parallel runs. It has
been shown that the method of standard can be applied for UV-spectrophotometric determination of
doxylamine in blood — Approach 1 is more acceptable.

Currently there is a number of international regula-
tions given directive recommendations on carrying out
the validation of bioanalytical methods — “Guidance for
Industry: Bioanalytical method validation” (U.S. FDA,
2001) [5], “Guideline on validation of bioanalytical me-
thods” (EMA, 2011) [7], “Guidance for the Validation
of Analytical Methodology and Calibration of Equip-
ment used for Testing of Illicit Drugs in Seized Materi-
als and Biological Specimens” (UNODC, 2009) [6] and
“Standard Practices for Method Validation in Forensic
Toxicology” (SWGTOX, 2012) [8].

The papers mentioned are oriented to development
of methods for quantitative determination of analytes
in biological fluids in the variant of the method of the
calibration curve. The method of the calibration curve,
undoubtedly, allows to take into account and partially
level the influence of the matrix background absorption
on the results of determination, but proves its value only
in the case of performing routine analyses. In forensic
and toxicological analysis we often meet with one-time
examinations, and various biological fluids, organs and
tissues are sent for the examinations, i.e. it is necessary
to determine the analyte quantitatively in several vari-
ous biological objects, but the necessity of carrying out
such determinations can arise rarely enough. In such
situation plotting the calibration curve for each matrix

demands rather nonrational time consumption, and to
the moment of obtaining the results of analysis they can
become irrelevant.

Thus, it is of interest to study the possibility of us-
ing the method of standard when carrying out UV-spec-
trophotometric determination of analytes in biological
fluids; in this connection the procedure for determina-
tion and acceptability estimation of linearity, accuracy
and precision for validation of such methods in the vari-
ant of the method of standard [3] developed according
to [1] has been offered. The results of testing of the ap-
proaches offered by the example of the UV-spectropho-
tometric method of doxylamine quantitative determina-
tion in blood are given in this paper [2].

Materials and Methods

The process solutions: place 1000.0 mg of doxylamine
succinate in a 250.0 ml volumetric flask, dissolve in distilled
water and dilute to the volume with the same solvent
(standard solution 1, the concentration is 4000 mcg/ml).
In seven 100.0 ml volumetric flasks place 32.50; 30.00;
25.00;20.00; 15.00; 10.00; 5.00 and 18.00 ml of doxyl-
amine succinate standard solution 1, respectively, using
a burette and dilute to the volume with distilled water
(process solutions 1, 2, 3, 4, 5, 6, 7 and 8§, respectively,
with the concentrations of 1300, 1200, 1000, 800, 600,
400, 200 and 720 mcg/ml, respectively).
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Table 1

Metrological characteristics of calibration straight lines Y = b-X + a obtained using model solutions
of doxylamine succinate

Analytical range Characteristic
of the method pmodel I:nodel qmodel P ;nodel RS D(;nodel R cmodel
D=25-125% (g=>5) 1.005 0.011 -0.407 1.022 0.974 0.9998
1) gmodel < 2,353 - s/ satisfied <272% | =0.9976
Acceptability criterion - - if it is not satisfied 1), then . - . .
2) < 2.73% satisfied satisfied | satisfied
D=25-150% (g =6) 1.011 0.008 -0.805 0.874 0.939 0.99987
1) gl < 2,132 - 1 satisfied <3.00% | >0.9979
Acceptability criterion - - if it is not satisfied 1), then ) - ) )
2) < 2.73% satisfied satisfled | satisfied
D=25-175%(g=7) 0.995 0.012 0.321 1.498 1.724 0.9996
1) @™ < 2.015 - s:”‘""'l satisfied <3.18% | =0.9983
Acceptability criterion - - if it is not satisfied 1), then . - . .
2) < 2.73% satisfied satisfled | satisfied

The model solutions: place 100.0 mg of doxylamine
succinate in a 500.0 ml volumetric flask, dissolve in
0.1 mole/l of hydrochloric acid solution and dilute to the
volume with the same solvent (standard solution 2, the
concentration is 200 mcg/ml). In seven 100.0 ml volu-
metric flasks place 26.00; 24.00; 20.00; 16.00; 12.00;
8.00 and 4.00 ml of the doxylamine succinate standard
solution 2, respectively, using a burette and dilute to the
volume with 0.1 mole/l of hydrochloric acid solution
(model solutions 1, 2, 3, 4, 5, 6 and 7, respectively, with
the concentrations of 52, 48, 40, 32, 24, 16 and 8 mcg/ml,
respectively).

The reference solution: place 400.0 mg of doxylami-
ne succinate in a 100.0 ml volumetric flask, dissolve in
the 0.1 mole/l of hydrochloric acid solution and dilute to
the volume with the same solvent (standard solution 3,
the concentration is 4000 mcg/ml). In a 100.0 ml volu-
metric flask place 18.00 ml of doxylamine succinate stan-
dard solution 3 using a burette and dilute to the volume
with 0.1 mole/l of hydrochloric acid solution (standard
solution 4, the concentration is 720 mcg/ml). In a 50.0 ml
volumetric flask place 2.00 ml of doxylamine succinate
standard solution 4 and dilute to the volume with 0.1 mole/l
of hydrochloric acid solution (the reference solution,
the concentration is 28.8 mcg/ml).

The model samples: 3 lines in 7 samples (20.00 ml)
of the model blood (matrix) obtained from three diffe-
rent sources spiked with 1.00 ml of the process solu-
tions 1-7, respectively.

The reference sample: a sample (20.00 ml) of the
model blood spiked with 1.00 ml of the process solu-
tions 8.

The solutions to be analysed: the solutions obtained
by the validated method [2] for the model and reference
samples.

The absorbance of the solutions to be analysed, model
solutions and the reference solution was measured 3 ti-
mes with taking out the cell at the wavelength of 262 nm
by a SF-46 spectrophotometer in the cell with the layer

thickness of 10 mm. As a compensation solution 0.1 mole/l
hydrochloric acid solution was used.

Results and Discussion

Determination of validation characteristics of the
UV-spectrophotometric method of doxylamine quanti-
tative determination in blood was carried out according
to the following procedure [3]:

1) the use of the normalized coordinates:

x, =S 100%, Y:%-lOO%, 7, =20 100%;

i

st st i
1
A=A, —A M

for normalization of the experimental data obtained two

approaches were used:

* Approach 1: the use of the reference solution with
the concentration of doxylamine (C,,,,,..) correspond-

ing to its concentration in the final spectrophotomet-

ric solution measured under the condition of zero

losses for the point of 100% in the normalized co-

ordinates:

Ci = C.vample ’ sample blank >

‘R

C C A Arqfem’m‘@ . 2
- 77100 @

st reference °

*  Approach 2: the use of the reference sample with
the concentration of doxylamine (C,,nce sampie) COT-
responding to its concentration for the point of 100%
in the normalized coordinates:

C,=C,

reference sample?

Ast = Arc{férence sample Ahlank; (3)

2) the application range is 25 — 125%, 25 — 150%,
25 — 175%; the mean lethal doxylamine concentration in
blood [4] — 25 mg/1 (that corresponds to 36 mg/1 of doxyl-
amine succinate) was accepted as 100%; the number of
concentration levels is g= 5, 6 or 7 (depending on the ap-
plication range chosen) in constant increments of 25%;

3) estimation of linearity, accuracy and repeatabili-
ty of the method at the first stage was performed using
the model solutions within the approach based on assump-
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Table 2
Results of accuracy and repeatability determination for the UV-spectrophotometric method
of doxylamine succinate quantitative determination by model solutions
Concentration of doxylamine succinate Found in % 7 model _
in the model solution Absorbance to standard ymodel
(€, =28.8 meg/ml) (4,=0.801) absorbance =—L—.100%
Cimodel’ mcg/ml XimadeI, % Yl_m"dd, % Xi
8.00 27.78 0.226 28.21 101.55
16.00 55.56 0.444 5543 99.77
24.00 83.33 0.657 82.02 98.43
32.00 111.11 0.890 111.11 100.00
40.00 138.89 1.121 139.95 100.76
48.00 166.67 1.348 168.29 100.97
52.00 180.56 1.421 177.40 98.25
D=25-175% D=25-150% D=25-125%
_ 9=7 g=6) (g=5)
Zml % 99.96 100.25 100.10
RSD?** % 1.26 1.10 1.17
2.45 2.22 249
A" Y% = AP = RSD;*™" - 1(95%, g —1) < 6.40%
0T 7 105%, g 1) ’ satisfied satisfied satisfied
amude[ _ ‘loo_zmodg[ <2.05% 0.04 0.25 0.10
satisfied satisfied satisfied
Table 3

Metrological characteristics of calibration straight lines Y = b-X + a for the UV-spectrophotometric method
of doxylamine quantitative determination in blood without preliminary TLC-purification

Approach 1 Approach 2
Characteristic 25-125% 25 -150% 25-175% 25-125% 25 -150% 25-175%
(g=5) (g=6) (g=7) (g=5) (g=6) (g=7)
15t day 0.975 1.009 0.993 1.007 1.042 1,026
b 2" day 0.991 1.023 1.007 1.024 1.056 1.041
39 day 0.987 1.021 1.005 1.019 1.055 1.038
mean 0.985 1.017 1.002 1.017 1.051 1.035
1t day 0.038 0.032 0.026 0.039 0.033 0.027
s 2" day 0.040 0.032 0.026 0.041 0.033 0.027
b 3¢ day 0.045 0.036 0.028 0.047 0.037 0.029
mean 0.041 0.033 0.026 0.042 0.034 0.027
1t day 4.956 2.729 3.825 5.127 2.822 3.954
a 2" day -0.243 -2.266 -1.193 -0.256 —-2.345 -1.234
39day 1.657 -0.560 0.534 1.709 -0.582 0.548
mean 2.080 -0.042 1.028 2.152 -0.039 1.064
- as<t(95%,g-2)-s,
Aczsf;zgwty if it is not satisfied 1), then 2) < 8.53%
satisfied satisfied satisfied satisfied satisfied satisfied
1t day 3.512 3.449 3.149 3.622 3.561 3.251
s 2" day 3.685 3.439 3.130 3.813 3.556 3.237
a 39 day 4.159 3.845 3.453 4.296 3.972 3.567
mean 3.766 3.544 3.210 3.895 3.664 3.316
15t day 3.349 3.705 3.624 3.453 3.826 3.742
RSD 2" day 3.514 3.694 3.602 3.636 3.819 3.725
0 3¢day 3.966 4,131 3.974 4,096 4.267 4,105
mean 3.591 3.807 3.694 3.714 3.935 3.817
Acceptability < 8,50% <9.38% <9.93% < 8.50% <9.38% <9.93%
criterion satisfied satisfied satisfied satisfied satisfied satisfied
15t day 0.9977 0.9980 0.9983 0.9977 0.9980 0.9983
R 2" day 0.9976 0.9981 0.9984 0.9976 0.9981 0.9984
¢ 3¢ day 0.9969 0.9976 0.9980 0.9969 0.9976 0.9980
mean 0.9974 0.9979 0.9983 0.9974 0.9979 0.9983
Acceptability > 0.9766 >0.9797 >0.9830 > 0.9766 >0.9797 >0.9830
criterion satisfied satisfied satisfied satisfied satisfied satisfied
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Table 5
Results of intermediate precision determination of the UV-spectrophotometric method of doxylamine
quantitative determination in blood without preliminary TLC-purification
Approach 1 Approach 2
Characteristic 25-125% | 25-150% | 25-175% | 25-125% | 25-150% | 25-175%
(g=5) (g=6) g=7) (g=5) (g=6) (g=7)
Zinra_ %, 101.14 101.54 101.23 104.48 104.90 104.58
RSDJ"™ % 4.51 4.25 4.03 4.67 4.39 417
. i 7.94 7.39 6.95 8.23 7.64 7.19
A % = 1(95%, 3g —1)- RSDI™ < 20%
satisfied satisfied satisfied satisfied satisfied satisfied

tion of insignificance of the uncertainty of the analyte
quantitative determination in model solutions A" in

comparlson with the complete uncertainty of the analy-
sis results A, , according to the acceptability crlterla cal-
culated for the residual standard deviation RSD]"" , ab-
solute term @ and correlation coefficient R:”"de’ for the
variants of the method application range offered, as
well as to the requlrements to accuracy and repeatabili-

ty (8™l <2.05% and A’"” “ <. 40%);

4) at the second stage determlnatlon of linearity, ac-
curacy, repeatability and intermediate precision of the
method was performed on the model samples prepared
using the matrix for three parallel runs; within each run
the values of the linearity parameters, values ¢ and A,
were determined and compared with the calculated criti-
cal values — maxRSD,, maxa, minR_, maxd and maxA;

for verification of intermediate precision the pooled
mean value Z"", the pooled relative standard deviation
RSD)"™ % and the relative confidence interval A2 %
were calculated for three runs obtained; the Value
A”" % should not exceed the extreme uncertainty of
analys1s maxA ,:

A7 =1(95%,3g —1)- RSD)"™ <maxA ,. (4

The results of linearity, accuracy and repeatability
determination of the UV-spectrophotometric method of

doxylamine quantitative determination using the model
solutions are given in Tab. 1 and 2.

The results of linearity, accuracy, repeatability and
intermediate precision determination of the UV-spectro-
photometric method of doxylamine quantitative deter-
mination using the model samples are given in Tab. 3,
4 and 5.

The data from Tab. 1-5 are the evidence that the
method of standard can be applied for UV-spectropho-
tometric determination of doxylamine in blood; thus,
the requirements offered to the validation parameters
are completely performed only in the case of using Ap-
proach 1.

CONCLUSIONS

The procedure of determination and acceptability
estimation of linearity, accuracy and precision offered
previously [3] for validation of UV-spectrophotomet-
ric methods of quantitative determination of analytes
in biological fluids used in forensic and toxicological
analysis in the variant of the method of standard has
been tested by the example of the UV-spectrophotomet-
ric method of doxylamine quantitative determination in
blood. It has been shown that Approach 1 based on the
use of the reference sample with the concentration of
doxylamine corresponding to its concentration for the
point of 100% in the normalized coordinates for nor-
malization of absorbance values is more acceptable.
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BU3HAYEHHSA BANIOALIMHUX XAPAKTEPUCTUK Y®-CNEKTPO®OTOMETPUYHOI
METOOUKU KINTbKICHOIO BUSHAYEHHA OOKCUNMAMIHY B KPOBI Y BAPIAHTI METOLlY
CTAHOAPTY

J1.I0.KnumeHko, C.M.Tpym, C.M.MosnysH

Knroyoei cnoea: sanidauisi; bioaHanimuy4Hi MemoOuku, Y®-criekmpoghomomempisi; QoKcuiamiH;
memo0d cmaHdapmy

3 memoro payioHanizauii npoeedeHHs KiflbKiCHUX 8U3Ha4YeHb 8 Cy0080-MOKCUKOIO2IYHOMY aHari3i
susYeHa MOXIugicmb 8UKOpUcmMaHHA Memody cmaHOapmy npu nposedeHHi Y®-crnekmpoghomo-
Mempu4yHO20 8U3Ha4YeHHs1 aHarimis y 6ionoeidHux piduHax. 3arnpornoHogaHoO fpoyedypy 8U3Ha4YEHHS
ma OuiHKU npuliHIMHocmi niHiiHocmi, npasunbHocmi ma rnpeyusitiHocmi 0ns eanidauil makux me-
modukK y eapiaHmi Memody cmaHOapmy, ujo anpobosaHo Ha rpukadi YP-crnekmpoghomomempuyHor
MemOoOUKU KillbKiCHO20 8U3Ha4YeHHs1 OOKcunamiHy 8 Kpoei. 3anpornoHogaHa rpouedypa rnepedbaqae
B8UKOPUCMAaHHST HopMasliso8aHUX KoopOuHam — O HopmMaridayii ompumMaHux ekcriepuMmeHmarbHUX
OaHux sukopucmaro 0s8a nioxodu. 1) 1idxid 1: sukopucmaHHs1 PO34YUHY MOPIBHSIHHS 3 KOHUeHmpauj-
€10 aHanimy, wo seidnosidae ioeo KOHUeHmMpauii 8 KiHUegoMy CriekmpoghomomMempo8aHoOMy PO3HUHI
3a ymMosu Hyrbosux empam 01 moyku 100% e HopmarnizoeaHux koopduHamax. 2) [1ioxi0 2: eukopuc-
maHHs1 3pasKa ropieHsIHHSI 3 KOHUEeHmpauieto aHanimy, wo eidrnoegidae tio2o KoHUeHmpauii 051t modYku
100% 6 HopmanizosaHux koopOuHamax. OUiHKY niHIGHOCMI, npasuibHOCMI i 36iXKHOCMi MemMoAUKU Ha
rnepwomy emari 8UKOHY8asu 3 BUKOPUCMaHHSIM MOOEIbHUX PO3YUHI8 y paMKax rmidxody, w0 rpyHmy-
€MbCS Ha NMPUNyWeHHIi He3Ha4yuw,ocmi Hegu3Ha4YeHOCMI KirlbKiCHO20 8U3Ha4YeHHs1 aHarimy 8 Mooeris-
HUX po34uHax A”jl‘i"el Yy MopigHsIHHI 3 MOBHOK He8U3HaYeHicmio pesynbmamie aHanisy A .. Ha dpyzomy
emani npoeodusiu 8U3HAYEHHS MIHIGHOCMI, NpasubHOCMI, 36XXHOCMI | 8HyMPIWHBLONIa6oPamopPHOI
npeyusitHocmi MemodOuKU Ha MOOErIbHUX 3pa3Kax, npuaomosaHux 3 BUKOPUCMaHHAM Mampuui, Ons
mpbox napanenbHUx rocrnidoeHocmel. lNokadaHo, wo 0n1s YO-criekmpoghomomMmempu4yHo20 8U3Ha-
YeHHs1 oKcunamiHy 8 Kposi MOXHa 3acmocogygamu mMemod cmaHOapmy — rpu ubomy binbw npu-
tUHssmHum € 1idxid 1.

ONPEAENEHUE BANTMOALMOHHBLIX XAPAKTEPUCTUK YO-CMEKTPOPOTOMETPUYECKOW
METOOUKWN KOJIMMECTBEHHOIO ONPEQENEHNA OOKCUINTAMUHA B KPOBU B BAPUAHTE
METOOA CTAHOAPTA

J1.I0.KnumeHko, C.H.Tpym, C.M.IMonysH

Knroyeesie cnoea: sanudauyusi; buoaHanumuyeckue Memooduku; YO-criekmpoghomomempusi;
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C uenbro payuoHanusayuu npoeedeHUs1 Kornu4yecmeeHHbIx onpederneHull 8 cy0ebHO-MOKCUKOIo2u-
YeCKOM aHasiu3e usy4eHa 803MOXHOCMb UCMOb308aHUs Memoda crmaHOapma rpu rnposedeHuu Y-
criekmpogomomempu4eckKo2o onpederneHuUss aHanumos 8 buornoaudeckux xudkocmsix. [NpednoxeHa
rpoyedypa ornpedernieHuUsi U OUEHKU rnpuemneMocmu JIUHelHoCMU, npasusibHoOCMuU U fnpeyu3uoHHO-
cmu 0ns sanudayuu makux MemoOuK 8 sapuaHme memoda cmaHdapma, Komopas anpobuposaHa
Ha npumepe YP-criekmpogomomempuyeckol MemoOUKU KOSIU4ecmeeHHo20 ornpedesieHuUsi OOKCU-
namuHa 8 kposu. lNpednoxeHHas npouedypa ripedrnonazaem UCMNO/1b308aHUE HOPMaU308aHHbIX
KoopOuHam — 05151 HopMarnu3ayuu rosy4YeHHbIX IKCrepuMeHmaribHbIX 0aHHbIX UCIMO/1b308aHbl 08a
nodxoda. 1) lNodxod 1: ucrnonb3o8aHue pacmeopa cpasHeHUs ¢ KOHUeHmpauuel aHanuma, coomeem-
cmeyrouwell e2o KOHUEeHmpauyuu 8 KOHEYHOM CrieKmpoghomomMempupyeMoM pacmeope fpu ycriosuu
Hyrneebix nomepb 0nsi moyku 100% 8 Hopmarnu3oeaHHbIX KoopOuHamax. 2) [1odxo0d 2: ucnonb3o8a-
Hue obpa3sua cpasHeHUs C KOHUeHmpauyuel aHanuma, coomeemcemayrouiel e2o KoHueHmpauuu 0rs
mouku 100% 6 HopmanusogaHHbIx kKoopOuHamax. OUueHKy TuHelHocmu, pagusibHOCMU U CXOOUMO-
cmu MemoOUKU Ha rep8oM amarie 8bIfOHS/IU C UCMOob308aHUEM MOOESIbHbLIX Pacmeopos 8 pamMmKax
rnodxoda, 0CHOBaHHO20 Ha MPeOdronoXeHUU He3Ha4YUMOCMU HeornpedeneHHOCMU KOIu4ecmeeHH0o20
onpederneHuUsi aHaauma 8 MoOesibHbIX pacmeopax A”Zd‘f’ 10 CPaBHEHUIo C rOJIHOU HeornpedesieHHO-
cmbio pe3ynbmamos aHanu3a A .. Ha emopom amarne npogodunu onpedeneHue nuHeuHocmu, rpa-
8USIbLHOCMU, CXO0UMOCMU U 8HympunabopamopHOU fpeyu3uoHHOCMU MeMOOUKU Ha MOOErbHbIX 0b-
pasyax, NpuaomoerieHHbIX C UCMOoMIb308aHUEM Mampuubl, O5isi mpex napasnnenbHbIX rnocraedosameris-
Hocmel. Noka3aHo, Ymo Onsi Y®-criekmpoghomomempuyeckoeao orpederieHusi O0OKcuamuHa 8 Kpo-
8U MOXHO npuMeHsmb Memo0d cmaHdapma — npu amom bonee npuemnembim sernsemcs [1odxod 1.



