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Development and validation of HPLC/UV-procedures
of efavirenz determination in biological fluids

Efavirenz is a non-nucleoside reverse transcriptase inhibitor with a number of side effects manifested by
psychiatric symptoms. There are cases of acute poisoning due to administration of efavirenz, including cases of
suicide attempts; therefore, efavirenz may be approved as a toxic compound in forensic toxicology.

Aim. To apply the MiLiChrome® A-02 HPLC-analyzer system for efavirenz quantitative determination in
biological fluids and perform validation of the procedures developed.

Results and discussion. Three HPLC/UV-procedures of efavirenz determination in blood and urine have
been proposed. Validation of all procedures developed has been performed by such parameters as specificity, re-
covery, linearity, accuracy and precision in the variants of the methods of calibration curve and standard. The results
of analysis have shown the absence of peaks with the retention time, which is coincident with the efavirenz retention
time, on the chromatograms of blank-samples for all variants of procedures of the analyte isolation. All proce-
dures of sample preparation show the high efficiency of efavirenz isolation both for blood and urine (at the level
of 90 %). All procedures studied are characterized by the acceptable parameters of linearity, within-run and
between-run accuracy and precision.

Experimental part. Sample preparation of blood and urine was carried out in three ways — 1) liquid-liquid
extraction with the mixture of chloroform and 2-propanol (80 : 20); 2) 2-propanol extraction and salting-out with
ammonium sulfate; 3) acetonitrile extraction and salting-out with ammonium sulfate. The chromatographic condi-
tions were as follows: the column — @2 x 75 mm, ProntoSIL 120-5-C18 AQ, 5 pm; temperature — 40 °C; the flow
rate — 100 pl/min; Eluent A - 0.2 M LiCIO, — 0.005 M HCIO,; Eluent B — acetonitrile; the elution mode — linear
gradient; detection — UV, 247 nm; the volume of injection — 2 pl.

Conclusions. The set of HPLC-procedures of efavirenz quantitative determination in blood and urine has
been developed. Validation of the procedures developed has been performed.
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0. I. Cnab’sk, I. M. IBaHuyk, J1. 0. KnumeHko, 0. C. KonicHuk

Po3po6ka Ta Banigauis BEPX/Y®-meToauk BU3Ha4YeHHA edhaBipeHLy B 6ionoriyHux pignHax

EdaBipeHL — HEHYKNEO03naHUI iHriBITOp 3BOPOTHOI TpaHCKpMNTasun 3 psgom nobiyHux edekTis, Wo npo-
ABNAOTLCA NcMXiaTpUdHUMK cumnToMamn. OnncaHi BUNagKkn rocTpyx OTPYEHb NPU 3aCTOCYBaHHI edasipeHLly,
BKIOYaro4mn cnpobu camory6eTs, Tomy edaBipeHL, Moxe ByTu Cnonykoto, Lo Mae TOKCUKOMNOriYHe 3HaYeHHs Ans
CYAOBOI TOKCUKOIOTil.

Merta. 3actocyBatn cuctemy BEPX-aHanizatopa MiLiChrome® A-02 ons KinbkiCHOro BU3Ha4YeHHs edasi-
peHLy B 6ionoriyHMX pignHax i npoBecTu Banigaito po3pobrneHnx MeToauk.

Pe3ynbraTy Ta ix obroBopeHHs. 3anponoHoBaHo Tpu BEPX/Y®-meToamnku BU3Ha4eHHs! edpaipeHLy B KpOBi
i cevi. Banigauito BCix po3pobrneHnx MeToauK NpPoBeAeHO 3a TakMMKU napaMeTpamMu, K cneumdidHiCTb, CTyniHb
i30M0BaHHS, NiHINHICTb, NPaBUMLHICTbL | NPeLUsiiHICTb Yy BapiaHTax MeToiB kanibpysarnsHoro rpadika Ta cTaH-
napty. Pesynsrat aHani3y nokasanu BiACYTHICTb MiKiB 3 YaCOM YTPMMYBaHHS, KU criBnagae 3 Yacom yTpumy-
BaHHS edbaBipeHLy, Ha xpomaTtorpamax blank-3paskie ons Bcix BapiaHTiB cnocobis npoboniarotoBku. Bei npo-
uenypv npoboniaroToBkM Nokasanu BUCOKY e(pekTUBHICTL i30MoBaHHA edaBipeHLy sK Anst KPOBi, Tak i Ans cevi
(Ha piBHi 90 %). Bci po3rnsaHyTi METOANKM XapakTepuayTbCs NPUNHATHUMUW NapamMmeTpamMu NiHinHocTi, within-run
i between-run npaBubHOCTI Ta NPELU3iNHOCTI.

ExkcnepuMeHTanbHa YacTtuHa. MpoboniaroToBky KpoBi i cedi 3ailicHoBanu Tpboma cnocobamu: 1) piguH-
HO-PiAVHHA eKCTpaKList cymiwwwo xropodopmy Ta isonponanony (80 : 20); 2) ekcTpakuis i30nponaHonoMm i Bu-
CONIOBAHHA aMOHito CynbaTom; 3) eKCTpaKLis aLeTOHITPUITOM i BUCOMIOBAHHS aMOHit0 CynbdaTtom. YMOBM Xpo-
martorpadpyBaHHsi: KornoHka — @2 x 75 mm, ProntoSIL 120-5-C18 AQ, 5 mkm; Temnepatypa — 40 °C; wBnuakictb
notoky — 100 mkn/xs; entoeHT A — 0,2 M LiCIO, — 0,005 M HCIO,; entoeHT b — aueToHITpun; pexnm entooBaHHA
— NiHIHWIA rpagieHT; geTtekTyBaHHA — YP, 247 HM; 06’eM npobu — 2 MK,

BucHoBku. Po3pobneHo komnnekc BEPX-mMeToauk KinbkicHOro BU3Ha4YeHHs echaBipeHLy B KPOBI i ceui.
MpoBeneHo Banigauito po3pobrneHnx MeToauK.

Knroyoei cnoesa: edaBipeHu; BUCOKoedeKTUBHA piAMHHA xpomMaTorpadisi; KpoB; ceva; npoboniaroToBka;
Banigauis
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Pa3paboTtka n Banugauua BOXX/Y®P-meToauk onpegeneHnsa acpaBupeHua B bmonormye-
CKUX XXUOKOCTAX

OdaBupeHL, — HEHYKINEO3WAHbIN UHTMOUTOP 0BpaTHOW TpaHCKpUNTasbl C PSAOM NOGOYHBLIX 3chdeKTOB, NPo-
ABNALINXCA NCUXMaTpudecknmm cumntoMamu. OnmcaHbl cryyam ocTpbiX OTPaBneHWn Npu NpUMeEHeHnn aga-
BMpEHLA, BKIOYas MOMbITKM CaMOyOuACTB, NOSTOMY 3haBUPEHL, MOXET ObITb TOKCUKOIOrMYECKA 3HAYMMbIM
coevHeHveM ansi cyaebHom TOKCMKOMOoru.

Lenb. MpumeHnts cuctemy B3XKX-aHanmsartopa MiLiChrome® A-02 gns KonnYecTBEHHOTO onpeaeneHuns
ahaBupeHLa B OMONOrMYeCcKnX XnAKOCTAX U MPOBECTM BanvaaLmio paspaboTaHHbIX METOAMK.

Pe3ynbTaTthl U Ux obcyxaeHue. NpeanoxeHsl Tpyu BOXKX/YP-meToamkn onpepenexvs agaBupeHua B
KpoBM 1 movye. Bannaauusi Bcex pa3paboTaHHbIX METOAMK NPOBEAEHA N0 TakMM napameTpam, Kak cneumduy-
HOCTb, CTEMNEHb U3BMNEYEHUS, IMHENHOCTb, MPaBUIbHOCTb U NPELM3NOHHOCTb B BapuaHTax METOAOB Kanmbpo-
BOYHOrO rpadpmka u ctaHgapTa. PesynsraTthl aHanm3a nokasanu oTCyTCTBUE MUKOB C BPEMEHEM YOEPXKMBAHNS,
KOTOpOe CoBMafaeT Co BpEMEHEM YyAepXMBaHUs adaBupeHLa, Ha xpomatorpammax blank-obpasuoB anst Bcex
BapuaHToB crnocobos npobonogrotoBkn. Bece npoueaypbl npobonoaroToBkM nokasanu BbICOKYH 3ddekTnB-
HOCTb M3BMneYeHns achaBmMpeHLa Kak Ans KpoBu, Tak 1 Ans mo4dn (Ha yposHe 90 %). Bce paccMOTpeHHble Me-
TOOMKN XapaKTepuU3yrTCs NpUeMneMbIMn napaMmeTpamu IMHenHocTu, within-run n between-run npasuneHocTK
N NPELM3NOHHOCTH.

OkcnepuMeHTanbHasi YacTb. [1po6oNoAroTOBKY KPOBU M MOYM OCYLLECTBAANN TpeMs cnocobamu: 1) xua-
KO-KMOKOCTHas 3KCTpaKumMsa cMecbto xnopodopma n nsonponarona (80 : 20); 2) akcTpakuus n3onponaHoriomM
1 BbiCanMBaHWe amMMOHUs CynbdaTtoM; 3) 3KCTPaKums aLeTOHUTPUIIOM U BbiCanMBaHNE aMMOHUS CyIbaToM.
Ycnosusi xpomatorpadonpoBaHust: koroHka — @2 x 75 mm, ProntoSIL 120-5-C18 AQ, 5 mkMm; Temnepatypa — 40 °C;
ckopocTb notoka — 100 mkn/muH.; anteHT A — 0,2 M LiCIO, — 0,005 M HCIO,; antoeHT B — aueToHWUTpun; pexum
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SMIOUPOBaHNSA — MMHENHBIN rPpagneHT; AeTekTupoBaHne — YO, 247 Hm; 06bem npobbl — 2 MKI.
BbiBoabl. PaspaboTaH komnnekc BOYKX-meToank KonmyecTBeHHOro onpeaeneHns acdaBmnpeHLa B KpOBU U

Moue. NpoBedeHa Banvaaums pa3p360TaHHbIX MEeTOANK.

Knrouesnie cnoea: achaBrpeHL,; BbICOKOIMdEKTUBHASA XKUAKOCTHAs XxpomaTorpadus; KpoBb; Moya; nNpo-

BonoaroToska; Banvgauns

Efavirenz is a non-nucleoside reverse transcrip-
tase inhibitor [1-2]; it was approved by the Food and
Drug Administration on September 18, 1999 [3].
Efavirenz was developed by DuPont Pharmaceuticals
as DMP-266 and marketed under the brand name
Sustiva [1-3]. Efavirenz was the first antiretroviral
medicine used as a single daily dose [1-4]. Currently,
itis used for the treatment of HIV infection as a first-
choice antiretroviral agent [1-2].

The action mechanism of efavirenz is noncom-
petitive suppression of reverse transcriptase (the
enzyme of HIV-1 virus), at the same time efavirenz
does not inhibit a-, - and y-DNA-polymerases [1-2];
therefore, it is used for the treatment of HIV-1 infec-
tion in combination with other antiretroviral medi-
cines [1-4].

Efavirenz therapy accompanies with quite a num-
ber of side effects manifested by psychiatric symp-
toms, including insomnia, nightmares, memory loss,
depression, and anxiety. Efavirenz is characterized
by certain neuropsychological symptoms in 50 % of
cases; its neurotoxicity exceeds other antiretroviral
medicines [5-7]. The studies of efavirenz showed that
in 20-50 % of cases the toxic concentrations of the
medicine in blood were fixed [8-9]. There are cases of
acute poisoning due to administration of efavirenz,
including cases of suicide attempts [10-11]. There-
fore, in our opinion, efavirenz may be approved as a
potential toxic compound in forensic toxicology.

High-performance liquid chromatography (HPLC)
with different detection methods is the most popu-
lar method used in the analysis of efavirenz [12-16],

but the procedures described do not use unified me-
thods of sample preparation and unified screening
chromatographic conditions, the so-called HPLC-ana-
lyzer system. The MiLiChrome® A-02 HPLC-analy-
zer system [17] is widely used in the Ukrainian labo-
ratories of forensic toxicology. Previously [18] we de-
veloped the HPLC/UV-procedure for efavirenz quanti-
tative determination using this chromatographic sy-
stem, performed its validation by model solutions
and showed the possibility for application in analyti-
cal toxicology.

The aim of the present work is to apply the
HPLC/UV-procedure described for efavirenz quanti-
tative determination in biological fluids (whole blood
and urine) using different types of sample prepara-
tion procedures, perform its validation by matrix sam-
ples in the variants of the methods of calibration
curve (MCC) and standard (MS) and prove the ac-
ceptability of application for forensic toxicology.

Results and discussion

The HPLC/UV-method for efavirenz determina-
tion was proposed by the authors before [18] and its
specificity in relation to other antiretroviral medicines
(lamivudine, zidovudine, tenofovir, abacavir, stavudine
and didanosine) was shown.

Taking into account the results of the efavirenz ex-
traction study [21] we proposed to carry out the sam-
ple preparation of the blood and urine for efavirenz de-
termination in three ways according to Sheme 1:

1) liquid-liquid extraction with the mixture of chlo-

roform and 2-propanol (80 : 20);
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procedure 1

procedure 2 procedure 3

blood or urine (10.00 mL)

N

v

+ H,0 (20.00 mL) + 10 % CCl4COOH (10.00 mL) to pH < 2

vortex for 1h
centrifuge for 5 min at 5000 rpm
separate

triple extraction
with CHCI3 — (CH3),CHOH (80:20) (

2 )

separate
filter

\ 4

aqueouslayer

vortex for 1h vortex for 1h

<(CH3)ZC HOH (10.00 mL> < + CH3CN (10.00 mL)

N

vortex for 1h ortex for1h

<(CH3)20HOH 10.00 mL> <+ CH3CN (10.00 mL)

N

vortex for1h vortex for 1h

(10.00 mL)> < + (NH4)2S04 >

+ (NH4)2804

N

h 4

separate
filter

separate
filter

A 4

aqueous-a

solution to be analysed (50.0 mL)

v

mobile phase : 1) CHCI 5;

N

TLC-purification of extract (20.00 mL)
2) CHCIl3 — CH30H (90:10)
eluent — 0.01 M NaOH (10.00 mL)

u\,&

Scheme 1. The main stages of the procedures of sample preparation of blood and urine for efavirenz determination by the method of HPLC/UV

2) 2-propanol extraction and salting-out with am-
monium sulfate;

3) acetonitrile extraction and salting-out with am-
monium sulfate.

As aresult three HPLC/UV-procedures of efavirenz
determination in the blood and urine were developed.

Validation of all procedures developed was perfor-
med by such parameters as specificity, recovery, li-
nearity, accuracy and precision according to the ap-
proaches offered before in the variants of the me-
thods of calibration curve and standard [19].

The validation procedure foresees application of
the normalized coordinates. For normalization of the
experimental data obtained the reference solution
with the concentration of the analyte corresponded
to its concentration in the end solution to be ana-
lyzed under the condition of zero losses for the point
of 100 % in the normalized coordinates was used.
The peak area for reference solution was corrected
taking into account the value of recovery R, which
significance and value was shown at the preliminary
stage of validation, and used for normalization of
peak areas for the model samples.

The range of the methods application was D = 25-
175 %; the number of concentration levels was g = 7
in constant increments of 25 %; as 25 % the mean
therapeutic efavirenz concentration in the blood [8-
9] - 5 ug/mL - was accepted.

50

The validation of the methods was performed
using model samples. The determination procedure
and acceptability criteria [19] are presented in Sche-
me 2.

The total results of validation are presented in
Tab. 1-4.

The results of analysis have shown the absence of
peakswith the retention time, which is coincident with
(or near to) the efavirenz retention time (11.95 min),
on the chromatograms of blank-samples for all vari-
ants of procedures of the analyte isolation from bio-
logical fluids. The conclusion can be made about ac-
ceptable specificity of the methods developed as for
the components of the biological matrix.

All procedures of sample preparation show the
high efficiency of efavirenz isolation both for the blood
and urine (at the level of 90 % and higher).

All procedures examined are characterized by the
acceptable parameters of linearity. In all cases the va-
lues of a, RSD,, R, are satisfied the acceptability cri-
teria within both variants — by the method of cali-
bration curve and the method of standard.

For MS accuracy and precision have been determi-
ned as within-run and between-run parameters by
calibration samples, and for MCC - by calibration
samples, as well as by model samples.

The values of systematic and random errors are
within the acceptability criteria both in the variants
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Analysis of the calibration samples ; g=7,k=3
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(1 run - 1 day) CPrEer ~ gt~ 95,50, 75,100,125,150,175 %

ol el Analysis of the model samples; n=4,k =3
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Specificity
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absence of peaks with analyte tz (by model samples)
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Xiteo = roference ™~ reforence’ between-run:Y=a+b-X — @; s,; b; s,; RSD o; R,
cal:brator mode!

.100 0/0; _ Sreference’ McCC MS

Sreference -

reference 100 f?SD0 <7.02% a. 1) < t(95 %; g - 2) S, 2) <8.53 %
4dilution coefficient R, >0.9915 RSD,<9.93%; R, > 0.9830

Normalization of the data obtained Linearity/calibration model
coatbrator 100 %: C _ ool et within-run: Y= a"+ b*. X" > a*; s b*; sf; RSD{; R
. o; =
reference

NEEVAN

m ( Linearity

Accuracy and precision

Within-run

Mcc MS
(AR X A
:ca/c : K ; Rle =tek. 100 % Zlk =—
b ifact ifact

-100 %

95 0/0 1) RSDI‘;R < maXAsamp/e
6 =

< maxd = 6.40 % 3=

=1414 % A, = 495 %; g - 1)- RSDk < maxA,,, = 20.00 %
100-Z* < maxd =6.40 %

Between-run (by calibration samples)

mtra intra . .
Arr = 1(95%;k g —1)-RSDge’ < maxA ., = 14.14% A= (95 %; k-g —1)- RSD,"™< maxA ,, = 20.00 %
lntra ‘ 100 — RR Dintra

<max®d =6.40 % aintra _ ‘1 00 72intra

<maxd =6.40%

/ vr mMcc X MS
i —a. K k
;calc b RR’Z X.calc.100% Emtra:z Zi 100%
i fact kg
2
mtra 2 RRI : RSD”:’?: X RSDRRJ‘ RSDfntra_ > (RSD‘Z()2
k-g - z 7 k

Between-run (by model samples)
mcc

sample sample sample sample
sample _ C 100 %‘ Y[sample _ A1 . 100 %; Xeample _ Y/ —-a . RR;sample XI calc 100 %
b

1 fact icalc samp/e

reference reference ifact
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Eﬁsamp/ez z iRlsa pe; RSD;;mple: Z (RSZRRkp )
n
AP = 95 %; k-n—1)- RSDE™ < max A ,, = 20.00 %
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Scheme 2. The stages of validation of HPLC-procedures of efavirenz determination in biological fluids using calibration and model samples

51



ISSN 2308-8303 (Print)

Zurnal organiénoi ta farmacevtiénoi himii. — 2019. — Vol. 17, Iss. 1 (65)

ISSN 2518-1548 (Online)

The total results of recovery determination for HPLC/UV-procedures

of efavirenz determination in blood and urine

Table 1

Parameter ; Proczdure 3 Acgﬁfetzg:ity
R 8291 93.76 94.21 -
A, 467 5.84 5.73 <20.00 %
Blood b"/st -0.01/0.01 0.02/0.01 0.01/0.01 b*<1.812-5f
a'/st 83.53/1.07 92.24/1.45 93.12/1.48 a>1.812-s"
[100 - R 17.09 6.24 5.79 <6.40 %
R 82.85 89.82 90.09 -
A, 4.99 13.64 13.57 <20.00 %
Urine b/sf 0.02/0.01 0.07/0.03 0.07/0.03 b"<1.812-5]
a'/sk 81.33/1.03 83.92/2.68 84.32/2.75 a*>1.812-sf
[100 - R 17.15 10.18 9.91 <6.40 %
Table 2
The total results of linearity verification for HPLC/UV-procedures
of efavirenz determination in blood and urine
Biological fluid
Parameter blood e Acceptability criterion
run 1 run 2 run 3 mean run 1 run 2 run 3 mean MCC MS
b 1.086 | 1.090 | 1.090 | 1.089 | 1.096 | 1.105 | 1.110 | 1.104
- s, 0.029 | 0039 | 0019 | 0028 | 0028 | 0.029 | 0.032 | 0.028
§ a -3.558 | -3.948 | -3.263 | -3.590 | -4.240 | -3872 | -4.774 | 4295 | 5<2015-s,
g s, 3228 | 4339 | 2171 | 3.095 | 3.178 | 3.198 | 3.567 | 3.129 | a=853%
| RSD, | 3819 | 5.134 | 2569 | 3662 | 3.761 | 3.784 | 4220 | 3703 | <9.93% | <7.02%
R. | 0.9982 | 0.9968 | 0.9992 | 0.9984 | 0.9983 | 0.9983 | 0.9979 | 0.9984 | >0.9830 | =0.9915
b 1.014 | 1.021 | 1012 | 1.015 | 1.027 | 1.031 | 1.030 | 1.029
~ s, 0.024 | 0033 | 0.029 | 0.027 | 0029 | 0032 | 0.038 | 0.032
§ a -3.593 | -3488 | -2.961 | -3.347 | -4.680 | -4.046 | -4.400 | -4378 | 5<2015-,
g s, 2651 | 3650 | 3228 | 3.003 | 3295 | 3.577 | 4208 | 3.558 | A<853%
“ | RsD, | 3136 | 4319 | 3819 | 3554 | 3899 | 4233 | 4979 | 4210 | <993% | <7.02%
R. | 0.9986 | 0.9975 | 0.9980 | 0.9983 | 0.9979 | 0.9976 | 0.9967 | 0.9976 | >0.9830 | >0.9915
b 1.014 | 1.020 | 1011 | 1.015 | 1.028 | 1.032 | 1.030 | 1.030
- 5, 0.024 | 0033 | 0.029 | 0.027 | 0030 | 0032 | 0.037 | 0.032
§ a -3.384 | -3.680 | -3.131 | -3.398 | -4.501 | -3.904 | -4.110 | 4172 | 5<2015-5,
S s, 2656 | 3.655 | 3.192 | 2993 | 3323 | 3633 | 4.180 | 3.578 | A<853%
| RSD, | 3.142 | 4325 | 3776 | 3541 | 3932 | 4299 | 4946 | 4234 | <993% | <7.02%
R. | 0.9986 | 0.9974 | 0.9980 | 0.9983 | 0.9979 | 0.9975 | 0.9967 | 0.9976 | >0.9830 | =0.9915
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Table 3

The total results of precision and accuracy determination for HPLC/UV-procedures of efavirenz
determination in blood and urine in the variant of the method of calibration curve

Biological fluid
Parameter blood urine Acgﬁ{);raigirl]ity
run 1 run 2 run 3 run 1 run 2 run 3
RR¥ 100.87 | 101.03 | 10047 | 100.90 | 100.79 | 100.66 -
withinerun & 0.87 1.03 0.47 0.90 0.79 0.66 <6.40 %
RSDY, 3.94 5.19 2.37 423 3.55 3.69 -
AL, 7.66 10.09 461 8.22 6.90 7.17 <14.14%
- RRintra 100.79 100.78 -
§ &intra 0.79 0.78 <6.40 %
g RSDI™ 3.94 3.88 -
& etweenran Al 6.80 6.69 <14.14%
RRsample 101.93 101.71 -
§samele 1.93 1.71 <6.40 %
RSD;a™" 5.03 2.95 -
NP 9.03 5.30 <20.00 %
RRE 100.75 | 10098 | 100.67 | 100.94 | 101.11 | 100.87 -
within-run 8¢ 0.75 0.98 0.67 0.94 1.11 0.87 <6.40 %
RSDy, 3.71 4.82 3.21 438 4.90 4.20 -
AL 7.21 9.37 6.24 8.51 9.52 8.16 <14.14%
~ RRintra 100.80 100.98 -
§ &intra 0.80 0.98 <6.40 %
g RSDI"" 3.95 453 -
& T Al 6.82 7.82 <14.14%
RRsample 105.72 102.08 -
&sample 5.72 2.08 <6.40 %
RSD 2™ 427 1.90 -
NgPre 7.67 3.42 <20.00 %
RR¥ 100.75 | 10098 | 100.67 | 10095 | 101.12 | 100.86 -
within-run 8¢ 0.75 0.98 0.67 0.95 1.12 0.86 <6.40 %
RSDy, 3.72 481 3.19 442 494 417 -
AL 7.23 9.35 6.20 8.59 9.60 8.10 <14.14%
. RRintra 100.80 100.98 -
§ &intra 0.80 0.98 <6.40 %
g RSDI™ 3.94 4.54 -
& T Al 6.79 7.83 <14.14%
RRsample 106.32 101.95 -
§sample 6.32 1.95 <6.40 %
RSD ;o' 4.64 2.14 -
NP 8.34 3.84 < 20.00%
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Table 4

The total results of precision and accuracy determination for HPLC/UV-procedures of efavirenz
determination in blood and urine in the variant of the method of standard

Biological fluid
Parameter blood urine Accgptgbility
run 1 run 2 run 3 run 1 run 2 run 3 criterion
Z¢ 104.26 104.29 104.69 104.31 105.62 104.66 -
o ok 4.26 4.29 4.69 4.31 5.62 4.66 <6.40 %
_ within-run R5D§ 2.86 3.78 2.91 3.07 3.25 4.79 -
§ A"Z 5.56 7.35 5.65 5.97 6.32 9.31 <20.00 %
g Zn 104.41 104.86 -
= intra 441 4.86 <6.40 %
between-run RSD;'””" Y - .
AT 5.54 6.52 <20.00 %
Z 96.84 97.88 97.45 96.71 98.21 97.40 -
o ok 3.16 2.12 2.55 3.29 1.79 2.60 <6.40 %
~ ithin-rn RSD 2.88 3.20 2.70 3.60 3.07 4.12 -
§ A 5.60 6.22 5.25 7.00 5.97 8.01 <20.00 %
\Y] —
§ Zintra 97.39 97.44
= o 2.61 2.56
between-run .
RSD ™ 2.93 3.62
A 5.05 6.24
Z 97.14 97.57 97.12 97.07 98.54 97.75 -
o ok 2.86 243 2.88 293 1.46 2.25 <6.40 %
- within-run RSD% 2.77 3.24 2.80 3.46 3.05 3.91 -
§ A, 538 6.30 5.44 6.72 5.93 7.60 <20.00 %
\Y] —
S Zintra 97.28 97.78 -
= ointra 2.72 2.22 <6.40 %
between-run RSD;""“ o5 249 .
AT 5.09 6.02 <20.00 %

of the method of calibration curve and the method
of standard.

The values of systematic errors are lower when
application of MCC; precision is at the same level for
both type of the experiment design.

Experimental part

Efavirenz was of pharmacopoeial purity.
The procedure of preparation of the calibration

and model samples of blood and urine is presented
in Scheme 3.
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The stock solutions 1 and 2 (1000 pg/mL) were
prepared by dissolving 200.0 mg of efavirenz in
20.00 mL of 0.1 mole/L sodium hydroxide solution,
and the solutions were diluted to 200.0 mL with distilled
water. The stocksolutions 1 and 2 were diluted with
0.01 mole/L sodium hydroxide solution to prepare:

e the stock solutions 1.1-1.7 having concentrations
of 50; 100; 150; 200; 250; 300; 350 ug/mL, re-
spectively;

e the stock solutions 2.1-2.4 having concentrations

of 50; 100; 200 and 350 pg/mL, respectively.
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Stock solution 1

ms = 200.0 mg
Vms= 200.0 mL Vms=100.0 mL
0.01 M NaOH 0.01 M NaOH
1000 pg/mL 50; 100; 150; 200; 250; 300; 350 Mg/mL ;

Stock solutions 1.1-1.7
V4= 5.00; 10.00; 15.00; 20.00; 25.00; 30.00; 35.00 mL,

Calibration samples 1-7
(3 set from 3 sources)
Vp =1.00 mL
Vimatrix = 10.00 mL

calibrator

C. = 5;10; 15; 20; 25; 30; 35 yg/mL

Stock solution 2

ms = 200.0 mg V2= 5.00; 10.00; 20.00; 35.00 mL
Vmt=200.0 mL Vms=100.0 mL

0.01 M NaOH 0.01 M NaOH

1000 pg/mL 50; 100; 200; 350 Hg/mL

Stock solutions 2,.1-2.4

Model samples 1-4
(3 set from 3 sources)
Vp =1.00 mL
Vimatrix = 10.00 mL

sample _

C,. = 5;10; 20; 35 pg/mL

Scheme 3. The order of preparation of the samples for validation of efavirenz determination procedures in blood and urine

Three batches (in 11 samples each) of the cor-
responding matrix (blood or urine) obtained from
three different sources were used to prepare the
calibration samples 1-7 and model samples 1-4 by
spiking 10.00 mL of the matrix with 1 mL of the
stock solutions 1.1-1.7 and 2.1-2.4, respectively.

After spiking all samples were vortexed for 1 hour
and stored for 24 hours at ambient temperature be-
fore the sample processing.

Blank-samples were prepared by spiking 5 sam-
ples (10.00 mL) of the corresponding matrix (blood
or urine) obtained from different sources with 1.00
mL of 0.01 mole/L sodium hydroxide solution.

The stock solution 3 (100 pg/mL) was prepared
by dissolving 50.0 mg of efavirenz in 50.00 mL of
0.1 mole/L sodium hydroxide solution, and the so-
lution was diluted to 500.0 mL with distilled water.
The reference solution (8 pg/mL) was prepared by
diluting 4.00 mL of the stock solution 3 to 50.0 mL
with 0.01 mole/L sodium hydroxide solution. The stock
solution 3 was diluted with 0.01 mole/L sodium hy-
droxide solution to prepare the model solutions 1-4
having concentrations of 2; 4; 8 and 14 pg/mlL, re-
spectively.

The procedures of sample preparation of biologi-
cal fluids for efavirenz determination are presented
in Scheme 1.

Procedure 1: 10.00 mL of blood or urine was di-
luted with 20.00 mL of distilled water and then aci-
dified with 10.00 mL of 10 % trichloroacetic acid so-
lution (pH < 2). The mixture was vortexed for 1 hour,
then centrifuged for 5 min at 5000 rpm. The super-
natant (pH should be less than 2) was extracted with
10.00 mL of the mixture of chloroform and 2-propa-
nol (80 : 20) three times. The organic extracts ob-
tained were separated, filtered through the paper

filter with 1 g of anhydrous sodium sulfate into a
50.0 mL measuring flask, and diluted to the volume
with chloroform.

Procedure 2: 10.00 mL of blood or urine was di-
luted with 20.00 mL of distilled water and then acid-
ified with 10.00 mL of 10 % trichloroacetic acid so-
lution (pH < 2). The mixture was vortexed for 1 hour
and then processed twice with 10.00 mL of acetoni-
trile and vortexed for 1 hour each time. After adding
2 g of ammonium sulfate the mixture was filtered
through the paper filter (wetted with acetonitrile)
into the separating funnel and salted-out by adding
ammonium sulfate till its dissolution stops. The top
organic layer was separated, filtered through the pa-
per filter with 1 g of anhydrous sodium sulfate into a
50.0 mL measuring flask, and diluted to the volume
with acetonitrile.

Procedure 3: 10.00 mL of blood or urine was di-
luted with 20.00 mL of distilled water and then aci-
dified with 10.00 mL of 10 % trichloroacetic acid so-
lution (pH < 2). The mixture was vortexed for 1 hour
and then processed twice with 10.00 mL of 2-pro-
panol and vortexed for 1 hour each time. After add-
ing 2 g of ammonium sulfate the mixture was filtered
through the paper filter (wetted with 2-propanol)
into the separating funnel and salted-out by adding
ammonium sulfate till its dissolution stops. The top
organic layer was separated, filtered through the pa-
per filter with 1 g of anhydrous sodium sulfate into a
50.0 mL measuring flask, and diluted to the volume
with 2-propanol.

TLC-purification: 20.00 mL of the organic extract
obtained were evaporated at 80 °C to complete re-
moval of the organic layer; the dry residue was dis-
solved in = 0.5 mL of chloroform and applied quan-
titatively on the start line of the chromatographic

55



ISSN 2308-8303 (Print)

Zurnal organignoi ta farmacevtiénoi himii. — 2019. — Vol. 17, Iss. 1 (65)

ISSN 2518-1548 (Online)

plate in the form of stripe 2 cm wide. 10 uL of efa-
virenz standard ethanol solution (1 mg/mL) were
applied in the point (“testifier”) near the stripe. The
plate was eluted in chloroform twice and then using
the mixture of chloroform and methanol (90 : 10) as
a mobile phase then it was dried out, the “testifier”
stripe was developed in UV-light, and the spot of a vi-
olet color in the area of R, = 0.35-0.55 was observed.
The sorbent was carefully removed from the plate
part with the area of 3 cm x 1 cm at the level of “testifi-
er” into the glass bottle with 10.00 mL of 0.01 mole/L
sodium hydroxide solution, the bottle content was
vortexed for 5 min and filtered through the paper fil-
ter wetted with the corresponding solvent (the solu-
tion to be analyzed).

The chromatographic plates Sorbfil® PTLC-IIH-
UV (silica gel STC-1HP, PETP, luminophor; silica sol,
8 + 12 um fraction, 100 um layer thickness) were
purchased from IMID LLC (Russia).

The model and calibration samples, and also
blank-samples were analyzed for each procedure of
sample preparation.

The chromatographic conditions were as follows:
¢ device - MiLiChrome® A-02 high pressure liquid

chromatograph (EcoNova, Russia);

e software - Analitika-Chrom® (Analitika SPE,
Ukraine);

e column - @2 x 75 mm, ProntoSIL 120-5-C18 AQ,
5 pm (BISCHOFF Analysentechnik und -gerate
GmbH, Germany);

e temperature - 40 °C;

e flowrate - 100 pL/min;

¢ EluentA-0.2 M LiClO, - 0.005 M HCIO,;

o Eluent B - acetonitrile;

¢ elution mode - linear gradient (from 5 % to
100 % Eluent B for 40 min, then 100 % Eluent B
for 3 min);

e detection - UV, 247 nm;

¢ volume of injection - 2 pL.

Each solution to be analyzed was chromatogra-
phed 3 times or, as required, more following the re-
quirements to repeatability of peaks areas S for re-

References

plicate injections [19] - the relative standard devia-

tion of the mean RSD,,, calculated towards the nom-
inal value of peak area S,,,, should not exceed:
1.47 %; n =3
s 0.1 maxA, N |1.88%: n =4
RSD, ~=——-100 % < ——————*—— = . ;
s (95 %; n — 1) 2.22%;n=75
2.52 %;n =6
nom = Smin = S25%

where: maxA,, - is the extreme relative uncertainty
of the procedure of analysis, maxA,, = 20 % [20];
S50, — is the mean peak area obtained when analyzing
the corresponding solutions with the analyte con-
centration corresponded to the point of 25 % in the
normalized coordinates.

Conclusions

For HPLC/UV-determination of efavirenz in blood
and urine three types of the sample preparation have
been proposed - 1) liquid-liquid extraction with
the mixture of chloroform and 2-propanol (80 : 20);
2) 2-propanol extraction and salting-out with ammo-
nium sulfate; 3) acetonitrile extraction and salting-
out with ammonium sulfate. All procedures are ef-
fective by the recovery parameter, and may be used
in laboratories of forensic toxicology according to the
presence of the corresponding reagents and methods.

Additional purification has been carried out by
the TLC method. The quantitative determination of
efavirenz in the organic extracts obtained has been
performed by the method of HPLC/UV using the
MiLiChrome® A-02 HPLC-analyzer system.

Three HPLC/UV-procedures of efavirenz determi-
nation in blood and urine have been developed; va-
lidation of the procedures developed has been per-
formed in the variants of MCC and MS by such pa-
rameters as specificity, recovery, linearity, accuracy
and precision. According to the results of validation
all procedures may be recommended for application
in laboratories of forensic toxicology.
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