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ABSTRACT

The set of procedures of doxylamine quantitative determination in blood by the method of high-performance liquid
chromatography using amphiphylic solvents (isopropanol, acetonitrile, methanol) under the conditions of aqueous
phase saturation by ammonium sulphate has been developed; acetonitrile application in the weak-acid medium (pH =
5) isoptimal. Validation of the devel oped procedures has been carried out in the variant of the method of standard and
the possibility of application of the method of standard for determination has been shown with the purpose of ration-
alization of quantitative determinations carrying out in forensic toxicology.

Keywords:. validation, bioanalytical methods, high-performariuid chromatography, doxylamine, method of
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INTRODUCTION

Development of strong medicines determination palaces in human biological fluids for application forensic
and clinical toxicology is one of the actual prohke of pharmaceutical science, but validation othsaoalytical
procedures becomes much more vital and widely dgsmliproblem of analytical toxicology in the pastatle [1 —
7.

The available international guidance’s on carryong validation of bioanalytical methods [6, 7] aeekoned on the
experiment performance in the variant of the metbbdalibration curve that implies carrying outa bf routine

analyses in practical work. In forensic toxicologg often meet with single examinations, and varibiagogical

fluids, organs and tissues are sent for the exdiirg i.e. it is necessary to determine analytantjtatively in

some various biological objects, and the necessdityarrying out such determination can arise raszigugh. In
such situation plotting the calibration curve fack matrix demands quite nonrational investmeminof, and to the
moment of obtaining the results of analysis thaylwacome irrelevant.

Taking into account the experience of standardizitiation procedures development in Ukraine [8&, @ffered
the approaches to determination and estimationalf snain validation parameters as specificity, vecy, linearity,
precision and accuracy for procedures of analysntjiative determination in biological fluids apgali in forensic
toxicology in the variant of the method of standggd- 11].

The developed approaches were successfully apfaglipdocedures using optical methods of analysi$, [d1d it is
interesting to approve these validation procedareshromatographic methods of analysis.

The purpose of the paper is developing the setafquiures of doxylamine quantitative determinatiohlood using
different procedures of sample preparation baseti®hC-method offered before [12], carrying out dation of
the offered methods for choosing the optimal procedf sample preparation provided effective domytee isola-
tion from blood and low content of co-extracted stahces in the obtained extracts at the minimuraevaf the

527



KlimenkoL. Yu. et al J. Chem. Pharm. Res,, 2015, 7(1):527-534

method uncertainty, and also estimating the pdigibif the method of standard application for dizaine HPLC-
determination in blood.

EXPERIMENTAL SECTION

Doxylamine of pharmacopoeial purity was used ineékperiment. The procedure of preparation of stethdaro-
cess and model solutions, and also model sampfeesented oficheme 1.

St;""_l‘" d] process solutions 1 — 7 model samples 1 — 7
” 101‘6’6"(;’0 o V1 =32.50; 30.00; 25.00; 20.00; 15.00; 10.00; 5.00 ml (3 set from 3 sources)
9500 mt Vs = 100.0 ml V,=1.00 ml
il H2O HZO Vma/rlx =20.00 ml
! !
4000 rlncg/ml 1300; 1200; 1000; 800; 600; 400; 200 mcg/ml cP'"e= 65605040302010mcg/m

standard
solution 3

model solutions 1 —7
V3=126.00; 24.00; 20.00; 16.00; 12.00; 8.00; 4.00 ml

St;ml_laﬂé reference solution
solution V> =16.00 ml

m;=100.0 mg _ m;=100.0 mg -
Vi S1500,0mi oV(')”"f_ l(1)0/'10Hmc11 Vi S1500,0mi 0%6?_ 1(:0}?ITCI?I
0.01 mole/l HCI : mole 0.01 mole/l HCI : m‘i €

200 Iﬁcg/ml C™ = 5248403224168mcg/ml

)
200 meg/ml Cle -=32mcg/m

Scheme 1. The order of solutionsand samples preparation for validation of doxylamine deter mination proceduresin blood by the meth-
od of HPLC

The design of experiment on development of procesiaf doxylamine determination in blood by the roetlof
HPLC is presented dfcheme 2.

The model (se&cheme 1) and also blank-samples and blank-solutions weatyaed for each developed procedure;
the blank-samples were prepared in the following:veasamples (20.00 ml) of the blood obtained fitin differ-
ent sources, 1.00 ml of distilled water were adidéalthem.

Each solution to be analysed was chromatographade3 or, as required, more following the our dcdfibrequire-
ments to repeatability of peaks ar&¥ar replicateinjections — the relative standardidéeon of the mearRSD, o,
calculated towards the nominal value of peak &gghould not exceed:

147%; n=3

RS:)nom :iELOC% < OlunaXAAS B‘/ﬁ - 188%; n=4 ;
Snom t(95%1 n _1) 2.220/0, n=5
252%; n=6

Snom = Smin = S25% '

where max,s — is the extreme relative uncertainty of the pduce of analysis, maws = 20% [6]; §25% — the

mean peak area obtained when analysing the regpettiutions with the analyte concentration coroesied to the
point of 25% in the normalized coordinates (sedanations in the text).
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( blood (20.00 ml) )

creation of the necessary pH value
(by the universal indicator paper)

6 mole/l HC1 50% NaOH
topH=35 topH=11

double maceration with amphiphylic solvent
(20.00 ml) for 1 hour

(CH3),CHOH CH;CN CH;0OH
v
filtering,
salting-out by the (NH,),SO, saturated solution
v

C organic extract (50.0 ml)

N

N

TLC-purification of the obtained extract (20.00 ml)
plates processing — 0.1 mole/l KOH in CH30H, 110°C, 30 min.
solvents systems:

1) CH5Cl and 2) CHCI; — CH;0H (90:10)
eluent — 0,01 mole/l HCI

UAPA

C the solution to be analysed (10.0 ml)

/ HPLC-analysis (the volume of the solution to be analysed —2 mcl}
device — «Munuxpom A-02
column — &2 x 75 mm, reversed phase ProntoSIL-120-5-C18 AQ
temperature — 40°C
eluent A — 0.2 mole/l LiClO4 — 0.005 mole/l HC10,
eluent B — CH;CN
flow — 100 mcl/min.
gradient — linear from 5% to 100% CH;CN for 40 min.,
then 100% CH;CN during 3 min.
Qetector — UV-spectrophotometer (8 wavelengths) /

Scheme 2. The main stages of the procedures of doxylamine determination in blood by the method of HPLC
RESULTSAND DISCUSSION

The HPLC-method for doxylamine determination usimg system of HPLC-analyzeévkunuxpomA-02» was devel-
oped by authors before [12]; the retention timedoxylamine was 11.85 min. This method was apgledstima-
tion of efficiency of doxylamine isolation from ld by maceration with 10% trichloroacetic acid $iolu and sub-
sequent extraction with chloroform in the alkalmedium pH = 11) — the recovery was equal to ~75% [13].

In this paper it has been suggested to carry oxgldmine isolation from using amphiphylic solvemtgh subse-

guent separation of organic layer under the camultiof aqueous phase saturation by electrolyts;abproach en-
joys wide popularity in modern forensic and toxamgical analysis [5, 14]. Such amphiphylic solveassisopropa-
nol, acetonitrile and methanol have been useddre#periment; ammonium sulphate has been applietkesolyte

for saturation of aqueous phase.

Isolation has been carried out in the alkaline ép#l1) and weak-acid mediumH = 5); carrying out isolation of
analytes from biological objects in the weak-acigdmm results in decreasing of co-extraction preeg®f biolog-
ical matrix components in a number of cases [5, [t4% necessary to note that application of ambpylicsolvents
and saturated solution of ammonium sulfate allawmaintain the isolation efficiency of substancébase charac-
ter in the weak-acid medium at the same level dkdralkaline medium — it is conditioned by shiftpdl real value
in alkaline side for mixtures of electrolytes sated solutions with amphiphylicsolvents [15].

529



KlimenkoL. Yu. et al J. Chem. Pharm. Res,, 2015, 7(1):527-534

Thus, the development of the set of HPLC-methodsoafylamine determination in blood has become #sailt of
this stage of investigations; the methods diffeth®yprocedures of sample preparation Gibeme 2).

For choosing the optimal method of doxylamine dateation in blood we have carried out validatioratifdevel-
oped procedures by such parameters as specifietgyery, linearity, accuracy, repeatability antbimediate pre-
cision according to the approaches offered by ukervariant of the method of standard [9 — 11].

The validation procedure foresees application efrtbrmalized coordinates. For normalization of db&ined ex-
perimental data the reference solution with theceotration of analyte corresponded to its concéatran the end
solution to be analysed under the condition of desses for the point of 100% in the normalizedrdowtes is
used. The peak area for reference solution is ctatletaking into account the value of recovBrywhich signifi-
cance and value has been showed at the prelimatagg of validation, and is used for normalizatibipeak areas
for the model samples.

The range of the methods applicatiobis 25 — 175%; the number of concentration levely#s7 in constant in-
crements of 25%; as 100% the mean toxic doxylamimeentration in blood [5] is accepted.

The methods validation has been carried out dfirtestage using model solutionSchieme 3) and proceeding from
two approaches [9]:

Approach 1:the uncertainty of sample preparation proceduegigal to the uncertainty of analyte quantitative de

. . . . model
termination in model solutiord 5. .

Approach 2:the uncertainty of analyte quantitative determorain model solutiongd) As IS insignificant against
the total uncertainty of analysis results

analysis of the model solutions 1 — 7 and reference solution
(1 run — 1 day)
!
C™® 0S™ O 255075100 12515Q175%
crd 0 st [0 100%

reference reference

normalization of the obtained data

mood _ G mote _ S
Xitac = cmoaa 100/, Y, = ooaa 1000
reference eference

linearity verification; g =7

Yrmdel —a+ bD(rmdd N amodd; S;mdel; brmdel, inodd’ Rg%mdel’ Rmdel

Approach 1 Approach 2
RSD™* < 7.026; R™* >0.9915 RSD™ < 318%; R™* >0.9983
a™®: 1) <t(9%%, g -2)F™; 2)< 60 a™® 1) <t(9%%,g—2)F™™; 2)< 27!

7YY YR

accuracy and repeatability verification
Ymodel

Zzmodd = ) ___[1004 AP =t(98)q g 1) R, 5™ :‘100_ Zmodel‘

i fact

Approach 1 Approach 2
AT < maxAe*® =14.14% AT < maxAi = 640%

3™ < maxd™ = 4520 3™ < maxd™® = 205%

NN/ AN

7

Scheme 3. The stages of validation of HPL C-method of doxylamine deter mination using model solutions

530



KlimenkoL. Yu. et al

J. Chem. Pharm. Res,, 2015, 7(1):527-534

The total results of validation are presentedable 1 and allow to point to the conclusion about acdelptéineari-
ty, accuracy and repeatability of the HPLC-procedafr doxylaminequantitative determination in theiamat of the
method of standard both fépproach 1 andApproach 2 that gives the possibility to recommend it to liert appli-
cation in forensic toxicology with the purpose efvdlopment of the methods of biological objectdyasis for dox-

ylaminequantification.

Table 1 Thetotal results of validation of doxylamine deter mination procedur e by the method of HPL C, which were obtained using model

solutions
Parameter
linearity b | sy a™ sy RSD ™ | RI™*
1.000 0.010 0.726 1.357 1561 0.9998
Approach 1 B B a™<6.03% a™* < 201505 <7.02% >0.9915
acceptability satisfied satisfied satisfied satisfied
criterion Approach 2 ~ _ a™ < 2.73% a™* <2015 <3.18% | >0.9983
satisfied satisfied satisfied satisfiegl
Parameter
accuracy = modd model model model
and repeatability zm RS:)Z 5 AZ
100.91 1.44 0.91 2.80
. Approach 1 - - = 4.' 5.2% = 14214%
acceptability satisfied satisfied
criterion Aporoach 2 _ _ < 2.05% <6.40%
PP satisfied satisfied
analysis of the model samples 1 — 7, g=7,k=3
(3 runs — 3 days)
C¥™e S0 255075100 125150 175%
) ﬂnalysis of the blank-samples; n=5 — S)Q ) / or oo dets rmma})tlon - \
absence of peaks with analyte 7 (for 25%, 50%, 100%,175% — n=4)
or R=S"" nooo R=2R
= — 0; g
2 | | ReD, (blank =—>- 1006 < 0.32mab, A _ 7o & o nik
2 om t (QQA),n _1) § Z( RSJ; )2
E’?T Siom = Sin = S5 S D B, =tOIOKIM-1)[S— —— <mak,, = 20006
§ 1ifunsatisﬁed—gnois increased Q 2)R=aR+bR[X - at; S:; bR: Sf;
By 25 = mee- (1006 < mad,,, =8.00% a® >t(9Fb;k M-2)7; bR <t(95;k h—-2) &R
) _ s , , 3) [100 - R| < max & = 6.40%°
if unsatisfied — it is necessary to modify the sample preparation N o . . .
v %ocedure or chromatographing conditions J u Qunsansﬁed — the value of R is considered when calculaty
) normalization of the obtained data calculation of linear dependence parameters
cmle modd 4 within -run
§ K007 g e = Crirs Yi= @ +b X' - & b ) R R
model
s v = 5™ 100 _ Sl RSD, < 993%
"Q i T s 0, Sreference = AN
derence 100 R >0.9830
\/ “dilution coefficient a: 1) < t( 95)/0; g- 2) &a; 2) < 853
C accuracy and precision )
within-run between-run
Y k
Zf = ———[100%

k

i, fact

A, =t(95%,9 -1)[(RSD X < max A, = 20.00%

o = \100—Zk\s maxd = 6.40%

A7 = 1(95%,k [ ~1) (RSD;" < maxA,,, = 20.00%
inra — ‘100— Z™* < maxd = 6.40%

_ z¥ _ I> (RDX)?
Z|ntra - Z i D.OOJA), RSDIZmra - Z( z )
kg k

Scheme 4. The stages of validation of HPL C-methods of doxylaminedeter mination in blood using model samples
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At the second stage the methods validation has t&eied out using model samples — the determinaifocedure
and acceptability criteria are presente@dcieme 4.

For specificity investigation for the developed qgedures as for the components of biological matéxhave de-
termined the sum of peaks areas on the chromatsgoébiank-samples within and 12" minutes -S,, ., -

The maximum peak area for doxylamineis observed the case of detection at the
wavelength of 210 nm, but at the same wavelengthstim of peaks areas is maximum on the chromategodm
blank-samples. At the same time the less intertiidylamine peak &t = 260 nm (this wavelength is the nearest to
characteristic doxylamine in UV-range of spectrisrgccompanied by the absence of peaks with tkatieh time,
which is coincident with (or near to) the doxylamiretention time, on the chromatograms of blankpdasfor all
variants of procedures of analyte isolation frormadol that points to the conclusion about acceptapézificity of
the developed methods as for the components adigal matrix when using 260 nm as a working wawetb.

The absence of peaks with the retention time, wisidoincident with (or near to) the doxylamineergton time, on
the chromatograms of blank-solutions for all wagedths used for detection in the described HPL®@=8gyss the
evidence of the correct choice of sample prepargirocedure for all considered cases, i. e. thepkapreparation
procedure does not influence on the results ofyaisl

It is necessary to note that in all cases carrgitgdoxylamine isolation from blood pH = 5 provides lower sum of
peaks areas on the chromatograms of blank-samdasin the case of alkalingd using; at the same time by the
results of recovery study small decreasing of daxyhe isolation efficiency from blood — within 35% — is noted
under these conditions. The methods with acet@napplication are characterized by the best etitnaefficiency.

The reproducibility of recovery valuesable 2) satisfies the acceptability criteria for all \aarts of methods.

Table 2 Theresults of recovery deter mination for HPL C-methods of doxylamine quantification in blood

Solvent Acceptabilit
Parameter | (CHy),CHOH CHCN CHOH Crit‘;rion y
pH=5| pH=11] pH=5 pH=11 pH=p pH=11
R 78.14 | 8318 | 9245 9410 8685 87.5p -
A 10.12 | 9.56 7.56 8.54 9.45 8.65 <20.00%
Ry
bR 0.03 0.02 0.03 0.03| -0.01 0.00 o
= b"™ <1.812[%
S 0.02 0.02 0.02 0.02 0.02 0.02
aR 75.30 | 8163 | 9039 0.9  87.0p 84T o
= a" >1.812[s;
S 1.75 2.31 1.54 1.85 2.21 2.01
- . . . . 15 . <6. (]
‘100 R‘ 21.86 | 16.82 7.55 5.90 1315  12.48 6.40%

Taking into account the data about specificityhe tdeveloped procedures the investigations of flityeaccuracy
and precision have been carried out only for theoégrocedures with application of the weak-aciddinm for
doxylamine isolation from blood — the total resuate presented ifiable 3.

For the method with acetonitrile applicationpét = 5 calculation of linearity, accuracy and preamisparameters has
been carried out both with correction by Rigalue and without it — absence of such correctmaschot lead to signif-
icant worsening of the method validation parameters

On the whole, all examined methods are charactebgethe acceptable parameters of linearity, acyusad preci-
sion, but high efficiency of doxylamine extractifsom blood and low value of the method uncertaaitgw to consid-
er the method with acetonitrile application in theak-acid medium as optimal for sample preparasfdmiood to fur-
ther HPLC-determination of doxylamine.
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Table3 Theresultsof linearity, accuracy and precision determination for HPL C-methods of doxylamine quantification in blood (pH =5)

Acceptability

Parameter (CHs;).CHOH CH:CN CH;OH criterion
linearity
k
-3.739| -2.422f -2507 -2.639 -0.810 -1.497 -2[131.5021 0.457
a a<2015s,
S; 1.388 2.039| 2.720 3.049 3.02p 2.696 2795 4129 4B a<8.53%
bk 1.067 1.049 1.047 1.036 1.028 1.023 1.0p7 0.997 880.p
S[I: 0.013 | 0.019| 0.025| 0.029 0.028  0.025 0.0p6  0.038 260.p -

RSD(I; 1.598 2.346| 3.130 3.509 3486  3.103 3.216 4152 693.2 <9.93%

Rk 0.9996 | 0.9992 0.998 0.992 0.9982 0.9985 0.998496@. 0.9983 >0.9830

accuracy
7 101.38| 101.58 99.98 99.93 101.83 101/05 96/82  97.269.11 -
5k 1.38 1.58 0.02 0.07 1.33 1.09 3.18 2.74 089 <6.40%
Zintra 100.98 100.77 97.73 -
gntra 0.98 0.77 2.27 < 6.40%
precison
RS:)E 4.07 4.12 7.36 3.73 3.32 5.97 6.45 4.61 3.03 -
Akz 7.91 8.01 | 1430| 7.25 6.45  11.6p 1253  8.96 5.89 < 20.00%
stizntra 5.41 4.50 4.90 -
Ai;”a 9.33 7.76 8.45 <20.00%
CONCLUSION

1.The set of HPLC-procedures of doxylamine quantéatietermination in blood using amphiphylic solgefigopro-
panol, acetonitrile, methanol) for analyte isolatflom matrix in the weak-acid and alkaline mediwith further sepa-
ration of organic layer under the conditions ofemus phase saturation by ammonium sulphate haglesefoped.
2.Validation of the developed procedures has beeredaput and it has been set that acetonitrileiegidn in the
weak-acid mediumpH = 5) is optimal for doxylamine determination irobtl — the extraction efficiency is maximal
and equal tdD7%, and parameters of linearity, accuracy andgiogcare optimal.

3.The possibility of application of the offered appcbes to validation of quantitative determinatisacpdures for
forensic and toxicological analysis in the variahthe method of standard has been shown for taidaf procedures
using the method of high-performance liquid chragedphy.
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