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AHHOTAIIUA

esnp uccimenoBanus — pas3paboTKa METOJMKU CKPUHHHTA 00Pas3I0OB KPOBH, IPEKE BCETO MPOOOIIOATOTOBKU,
JULS BBIAABJIEHUA HAPDKOTHYECKUX CPEJICTB, ICUXOTPOITHBIX U JIEKAPCTBEHHBIX BEI[ECTB B KPOBH METO/IOM Ira30BOM XPO-
matorpaduu ¢ Macc-ceseKTUBHBIM JieTekTupoBanueM (I'X-MC) s neseit peanusanuu Ipukaza M3 P® NO 933H oT
18.12.2015. Pa3zpaboTaHbl 1 BaJUAUPOBAHBI METOJUKHU MPOOOIOATOTOBKY 0OpPA3IOB KPOBU K CKPUHUHTOBBIM HCCJIE-
JIOBAaHUAM Ha HaJM4yue HApKOTUYECKUX CPEeJICTB, ICUXOTPOIHBIX U JIeKapCTBEeHHBIX BellecTB MeTozioM ['X-MC B cooT-
BeTCTBUU ¢ TpeboBanusiMu [Ipukaza M3 PO NC 933H. BeIABIIEHO, UTO COZIEpIKaHUE TAHOJIA 10 10 %o B KPOBU HE BJIHUSI-
€T Ha CTeNeHb SKCTPAKIINU TOKCUKAHTOB U BO3MOXKHOCTb UHTEPIIPeTAINU Pe3yabTaToB. O1neHeHa 3P PeKTUBHOCTD IKC-
TPaKIMHU MO/JIEJIbHBIX BEIECTB U3 00pa310B KPOBHU B 3aBUCHMOCTH OT METO/Ia N30JIMPOBaHUsl. YCTAHOBJIEHO, UTO METO-
JTIOM KUZIKOCTh-KUKOCTHOM SKCTPAKI[UU JIyUIlle U30JUPYIOTCSA COeNHEHHUsI ¢ BBICOKUM logP, a MeTozom TBepaodas-
HOH 3KCTPAKIIUHN — C HUSKUM.

Karoueavle caosa: Bamuganus aHATUTHIECKUX METOJUK, XUJKOCTb-)KUAKOCTHAA 3KCTPAKITUA, TBepz[0(1>a3Ha51 JKC-
TPpaKI U, HADKOTUYECKHE CPEACTBA, IICUXOTPOITHbIE U JIEKADCTBEHHBbIE BEIIECTBA, KPDOBb.

ABSTRACT

The aim of the study was to develop a method for screening blood samples, primarily sample preparation, for the de-
tection of narcotic drugs, psychotropic and medicinal substances in the blood by gas chromatography with mass selective
detection (GC-MS) for the implementation of the Ministry of Health of the Russian Federation (MH RF) Order No. 933n
dated December 18, 2015. The blood sample preparation procedures for screening testing for narcotic drugs, psychotropic
and medicinal substances by GC-MS method were developed and validated in accordance with the requirements of the
Order No. 933n of the RF Ministry of Health. It was revealed that an ethanol content of up to 10%o in the blood does not
affect the extraction degree of toxicants and the possibility to interpret the results. The efficacy of the model substances
extraction from blood samples was evaluated depending on the isolation method. It was found that the liquid-liquid extrac-
tion method is better for isolating compounds with high logP, and the solid-phase extraction method is better for isolating
compounds with low logP.

Keywords: validation of analytical methods, liquid-liquid extraction, solid-phase extraction, narcotic drugs, psychotro-
pic and medicinal substances, blood.
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B coorBerctBuu c¢ Ilpukazom M3 PP or
18.12.2015 N2 9331 «O mopsi/ike TIPOBEAEHUST Me-
JUIIVHCKOTO OCBHUZETEILCTBOBAHUS HA COCTOSHUE
ONbsAHEHUs (aJIKOTOJIBHOTO, HAPKOTUYECKOTO HJIN
HMHOTO TOKCUYECKOT0)» XUMUKO-TOKCHKOJIOTUUECKUE
HccJIeJIOBAaHUSA pas/iejieHbl Ha /IBa dTama, IpejiBa-
PUTENIBHBIA W TOATBepkAatomui. IlogTBep:kia-
oMy B [Ipukase N2 933H CUMTAIOTCS JBa Me-
TOZa aHaju3a: rasoBas xpomarorpadus c Macc-
creKTpoMeTpuel u BbICOKOA(PdEKTUBHAS KUTKOCT-
Hasa xpomarorpadus ¢ mMacc-crekrpomerpuen. Of-
HaKO HeIOCTaTOYHOe GUHAHCHPOBAHUE U, KaK CJIe]l-
CTBUE, CJIAObIi YPOBEHb OCHAIEHHOCTH XUMHKO-
TOKCHUKOJIOTHYECKUX J1abopaTOpuil B pEeruoHaX sB-
JISIeTCS CEPhE3HBIM IIPEIISITCTBUEM /IJIs PEATU3AIUN
TpeboBaHul nanHoro [Ipukasa.

B coorBercTBUHM ¢ nmaHHBIM IIpmkasom ama-
THOCTHUKY COCTOSIHUSI HApPKOTUYECKOTO OIbSHEHUS
IIpeJIII0JIaraeTcsl IPOBOAUTH B TOM YHCJIE U 1O 00-
pasnam KpoBH [1, 2]. OcoOOEHHOCTHIO KPOBH KaK 00b-
€KTa HCCJIEJIOBAHUM ABJISAIOTCA CUJIbHBIE «MaTPHY-
Hble 3hdeKThI», 00yCTOBJIEHHbIE BBICOKUM COJIEP-
>)KaHUeM OeJIKOB, JINIUOB M (DOPMEHHBIX DJIEMEH-
TOB, B3BEIIEHHBIX B 11a3Mme [3]. Kpome Toro, kKoH-
[IEHTPaIlii TOKCUYECKUX BEIIECTB B KPOBH, KakK
IIpaBUJIO, HUKE, YEM B MOYeE.

PazpaboTka METOIMKH CKPHUHUHTA 00pasIoB
KPOBH, ITPEXK/IE BCETO MPOOOTIOTOTOBKH, IJI51 BBISB-
JIEHUSI HapKOTHUYECKUX CPEJCTB, IMCUXOTPOIHBIX U
JIEKAPCTBEHHBIX BEIIECTB B KPOBHU METO/IOM ra30BOM
xpoMaTorpapuu ¢ Macc-CeJEKTUBHBIM JIETEKTUPO-
BanueM (I'X-MC) nuis neset peanusanuu [Iprkasa
M3 P® N° 933H ot 18.12.2015.

3a/1a4u uccielOBaHuA:

1. BeiOpaTh MOJieJIbHBIE BEIECTBA M IIPOBECTH
BaJIMIAIUI0 METOAUK KOJTUUECTBEHHOTO OIIpeiese-
HuA 111 HuX metogoM I'X-MC.

2. OueHuTh 3OGEKTUBHOCTDh MIMPOKO IPHUMe-
HSIEMBIX METOJIMK IPOOOIIOATOTOBKU >KUJIKOCTh-
JKUJIKOCTHOU M TBepZI0(a3HOU SKCTPAKIUEH HA MO-
JIeJIbHBIX BellleCTBaX.

3. YcoBepIlleHCTBOBAaTh METOJUKH KUTKOCTb-
JKUJIKOCTHOU ¥ TBEP/IO(Da3HOUN SKCTPAKIIUH C IIETBIO
CHIKEHH S «MaTPUUHOTO 3¢ deKTa» U MPOBECTH Ba-
JIUZAIHI0 Pa3paboTaHHBIX METOIUK.

4. AnpobupoBaTh paspaboTaHHBIE METO/H-
KM Ha DKCIEPTHOM Marepuajie JJIsi IOCIeAYI0-
IEr0 BHEJPEHHs B IMPAKTUKY pPabOThl XUMHUKO-
TOKCHKOJIOTHUECKHUX JTaO0paTOPUH.

In accordance with the Order of the Minis-
try of Health of the Russian Federation (MH RF)
dated December 18, 2015 No. 933n “On the proce-
dure for conducting a medical examination on the
state of intoxication (alcoholic, narcotic or other
toxic)”, the toxicological studies are divided into
two stages, preliminary and confirmatory. Two
methods of analysis are considered confirmatory in
the Order No. 933n: gas chromatography with mass
spectrometry and high performance liquid chro-
matography with mass spectrometry. However, in-
adequate funding and, as a result, the low level of
equipment of chemical and toxicological laborato-
ries in the regions is a serious obstacle to the imple-
mentation of this Order requirements.

In accordance with this Order, the diagnosis
of drug intoxication is supposed to be carried out
including blood samples [1, 2]. Blood as an object
of research is peculiar for its strong “matrix ef-
fects” due to the high content of proteins, lipids
and formed elements suspended in plasma [3]. In
addition, the concentrations of toxic substances in
blood are usually lower than in urine.

Development of a method for screening blood
samples, primarily sample preparation, for the de-
tection of narcotic drugs, psychotropic and medici-
nal substances in the blood by gas chromatography
with mass selective detection (GC-MS) for the im-
plementation of the MH RF Order No. 933n dated
December 18, 2015.

Research objectives:

1. To select model substances and validate
quantitative determination methods for them using
GC-MS.

2. To evaluate the efficacy of widely used me-
thods of sample preparation by liquid-liquid and
solid-phase extraction on model substances.

3. To improve the methods of liquid-liquid and
solid-phase extraction in order to reduce the “ma-
trix effect” and to validate the developed proce-
dures.

4. To test the developed methods on expert ma-
terial for subsequent reduction to practice of chem-
ical-toxicological laboratories.

The following equipment was used to solve the
tasks: the Agilent 7820A gas chromatograph with
an Agilent 5977 mass selective detector, the HP-
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MATEPHUAJIBI 1 METO/IbI

JIJ1s1 pellleHUs MOCTaBJIEHHBIX 33/1a4 OBLJIO HC-
[I0JTb30BAHO CJIeAyIoliee 0OOpY/IOBAaHUE: Ta30BBII
xpomarorpad Agilent 7820A ¢ macc-cesleKTUBHBIM
nmetekTopoM Agilent 5977, KOJIOHKa KamUJLIAP-
Hasgs HP-5ms (30 M x 0.25 MM X 0.25 MKM), yIIpaB-
JeHue ¢ momoIbio nporpammbl MassHunter GC
MS, 06paboTka MOJIyUYEeHHBIX JAHHBIX B IIPOTPaM-
me MassHunter Qualitative Analysis, AMDIS; 1eH-
tpudyra I[JIMH-P-10-01-9JIEKOH. MWccnenoa-
HUe BBITIOJIHSJIN, UCIOJIb3ys B KauecTBe MOZEsb-
HBIX JIeKapcTBeHHbIX BerecTB (MJIB) cybcTaHIuio
kodenHa-HaTpus OeHzoara (papmakorelHas cTa-
s (PC) 173, locymaperBennas ®apmakornest, U3/-e
10 (I'® X)); cyOcTaHIuIO IamaBepuHa THAPOXJIOPH-
na (@C 42-0267-07, I'® XIII); cybcTaHIMIO XUHU-
Ha cynbdara (OC 149, I'® X); cyGCTaHITUIO aHATBIH-
Ha (®C. 2.1.0003.15, I'® XIII). Takke ObLIN UCIIOJIb-
30BaHbI MATPOHBI JUJIA TBEPAOGDAZHON 3KCTPAKIIUH
(T®3) Macherey-Nagel Chromabond HR-X ¢ Henoz-
BIDKHOHM (a30ff Ha OCHOBE AWBUHUJIIIOJIHUCTUPOJIA
u narpossl s T®D Macherey-Nagel Chromabond
Drug II ¢ HenoziBukHOU (pa3oli, numerolel yeTBep-
THUYHbIE AMMOHUEBBIE [IEHTPHL.

ITapameTpsl xpomarorpagda: CKOpPOCTb IOTO-
Ka Ta3a-HocUTess 1.2 MJI/MUH (IIOCTOSHHBIA IIO-
TOK), TeMIIepaTypa KaHasa BBoja 270 °C, compsike-
Hus xpoMmaTtorpada u getekropa 310 °C. HauanpHas
TeMIleparypa TepMocTaTa xpomarorpada 70 °C, BbI-
Jlep?KKa 1 MUH, yBeJIMUeHUe TeMIlepaTypsl Ha 30 °C
B 1 MHUH B Te4eHHEe 3 MHH 710 150 °C, 6€3 BBIJIEPKKH
yBeJIMYeHHUe TeMIlepaTyphl Ha 10 °C/MUH, BpeMsI BbI-
JIEP’KKU 7 MUH.

ITapameTpsl AeTeKkTOpa: TeMIlepaTypa HCTOY-
HUKa Macc-crekTpoMeTrpa 230 °C, KBaApyIOJIbHO-
ro ¢unprpa Mace (KOM) 150 °C. Bpems 3agep:xku
pactBopuTtesns 3.80 MUH, HauaabHAasA Macca 40 m/z,
KOHeYHas Macca 650 m/z, Tun cbopa JaHHBIX Scan,
CKOPOCTh CKaHUPOBAaHUSA N = 2, pa3Mep Iara m/z
0.1. O6paboOTKy XpOMAaTOrPaMM C [EJIBI0 HEHTUDH-
Kalll KOMIIOHEHTOB ITPOO ITPOBOAMIIU C UCIIOJIB30-
Bauuem mporpamm ChemsStation G1701DA u AMDIS.

PE3YJIBTATBI U OBCY:KJAEHUE

Jnsa onpenenenusa 3¢G¢GeKTUBHOCTH HaubO-
Jlee pacIpoCTPaHEHHBIX METOMUK MPOOOMIOATOTOB-
KU U UX BaJIUIAIIUA HAaMH ObLJIN BHIOPAHBI CEIYI0-
e MOJIeJIbHBbIE JIEKADCTBEHHBIE BEIECTBA: KOde-
UH, aHAJIbTUH, XUHUH U NanaBepuH. /Jlanasie MJIB
OTBEUAIOT CIAEAYIIIUM TPeOOBAaHUSAM: pas3IUUHbIE
KHCJIOTHO-OCHOBHBIE CBOMCTBA, JIUIIO(PUIBHOCTH
(logP), cTerenu cBsA3bIBaHUSA ¢ OEJIKAMH U BO3MOK-
Hasi HEOOXOMMMOCTh WX HCCJIEIOBAHUS B paMKax
XUMHKO-TOKCUKOJIOTUYECKUX aHau30B. OCHOBa-

5ms capillary column (30 m x 0.25 mm x 0.25 pum),
control using the MassHunter GC MS program, and
processing the data obtained in the program Mass-
Hunter Qualitative Analysis, AMDIS; the centrifuge
CLMN-R-10-01-ELEKON. The study was carried
out using the substance of caffeine-sodium benzo-
ate (Pharmacopoeia article (PA) 173, State Pharma-
copoeia, ed. 10 (SP X)); the substance of papaverine
hydrochloride (PA 42-0267-07, SF XIII); the qui-
nine sulfate (PA 149, SP X); the substance of anal-
gin (PA 2.1.0003.15, SP XIII) as model medicinal
substances (MMS). Macherey-Nagel Chromabond
HR-X solid phase extraction (SPE) cartridges with
stationary phase based on divinyl polystyrene and
Macherey-Nagel Chromabond Drug II cartridges
for SPE with stationary phase having quaternary
amine centers were also used.

Chromatograph parameters: the carrier gas
flow rate 1.2 ml/min (constant flow), the inlet chan-
nel temperature 270°C, the chromatograph and
detector integration temperature 310°C. The ini-
tial temperature of the chromatograph thermostat
70°C, hold-up time 1 min, ramping the temperature
by 30°C in 1 min within 3 min to 150°C, without
holding up, ramping the temperature by 10°C / min,
hold-up time 7 min.

Detector parameters: the temperature of the
mass spectrometer source 230°C, quadrupole
mass filter (QMS) 150°C. Solvent retention time
3.80 min, the initial mass 40 m / z, the final mass
650 m/z, the type of data gathering is Scan, scan-
ning speed n = 2, step size of m/z 0.1. Chromato-
grams were processed to identify sample compo-
nents using the ChemStation G1701DA and AMDIS
programs.

RESULTS AND DISCUSSION

To determine the efficacy of the most common
methods of sample preparation and their valida-
tion, we selected the following model medicinal
substances (MMS): caffeine, analgin, quinine
and papaverine. These MMS meet the following
requirements: various acid-base properties, li-
pophilicity (logP), degrees of binding to proteins
and the possible need for their study in the frame-
work of chemical toxicological analyses. The alka-
loids bases were isolated from the corresponding
salts.

MMS used for the study were checked for com-
pliance with the requirements of the Pharmacopoe-
ia articles. Since further work was performed on
the GC-MS device, additional MMS were analyzed
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Puc. 1. Pe3ynpraThl KauectBeHHOT0 aHann3a MJIB metomom I'X-MC
Fig. 1. Results of qualitative analysis of MMS by GC-MS method

HHUS QJIKAJIOWJIOB BBLJIEJSJINCh U3 COOTBETCTBYIO-
IUX COJIEH.

Hcmonb30BaHHbBIE VIS TIPOBEIEHUST HCCIIEI0-
BaHHsA cyOcTaHiuu MJIB ObLIM MpOBEPEHBI HA CO-
oTBeTCcTBHE TpebOBaHUAM (papMaKOMEHHBIX CTa-
Tel. Tak Kak B JlajibHEHIIEM paboTa BBITIOTHSIIACH
Ha nipubope I'X-MC, nononunrtensao MJIB noxsep-
raJIuch aHAJIU3y JAaHHBIM MeTO/IOM (puc. 1, TabJI. 1).
[TosrydueHHBIE XPOMATOI'PAMMBI B MacC-CIIEKTPHI CO-
BHa/1aIu ¢ 6a30¥ JaHHBIX TprbOopa.

Onenka 5GQdEKTUBHOCTH METOJIUK IIPOBOJIU-
Jach IMyTeM MOJEeJUPOBaHUA KoMILiekca MJIB —
OeJIKM KPOBH METOIOM J106aBOK. MojiesIbHbIE KOM-
IUIEKCHI TIOJIYYAJIH CJIEYIOMIUM 00pa3oM: K 4 MJI
KPOBU IPUOABJISIIA 50 UJIH 250 MKJI pacTBopa MJIB
B dpochaTHOM Oydepe nim 3TaHO0IE, KPOBb IIEpeMe-
[IUBAJIN U TOJIyYasid KOMILJIEKC C COZIEPKAHUEM 20
WM 100 MKT BelllecTBa B mpobe. TepMocTaTupoBaiu
ipu 37 °C B TeueHre 30 MUH [4].

Hamu 6bLIH UCIIOJIH30BAHBI CJIEYIOIIHE METO-
JUKH:

1. ITocsie KUCIIOTHOTO THAPOIU3A (K 2 MJI KPO-
BU JT0OABJISAIN 0.5 MJI XJIOPUCTOBOMOPOIHOU KHC-
JIOTHI KOHIIEHTPUPOBAHHOW M HArpeBaJi Ha KHUIIS-
el BOJsTHON OaHe 45 MUH) ITPOBOJIHITH JKUJTKOCTh-

by this method (Fig. 1, Table 1). The resulting chro-
matograms and mass spectra matched the device’s
database.

The efficacy of the methods was evaluated by
modeling the MMS — blood protein complex using
the additive method. Model complexes were ob-
tained as follows: 50 or 250 ul of MMS solution in
a phosphate buffer or ethanol were added to 4 ml of
blood, the blood was mixed and a complex contain-
ing 20 or 100 pg of the substance in the sample was
obtained. Thermostatted at 37°C for 30 min [4].

We used the following methods:

1. After acid hydrolysis (2 ml blood added to
0.5 ml of concentrated hydrochloric acid and heat-
ed on boiling water bath for 45 min) was performed
liquid-liquid extraction (LLE) by a mixture of ethyl
acetate : diethyl ether (1 : 1) (3 ml, at pH = 10); after
centrifugation, the organic phase was evaporated,
the dry residue was dissolved in 100 pl of ethyl ac-
etate, then derivatized with 50 pl of methylsilyltri-
fluoroacetamide (MSTFA) for 20 min at 80°C and
examined by GC-MS.

2. After acid hydrolysis according to the me-
thod described above, the sample was centrifuged

TaGuuma 1. [TapamMeTpbl KAYeCTBEHHOTO aHAIM3a OCHOBAaHUM MOJIEJIbHBIX BelecTB Metogiom I'X-MC
Table 1. Parameters of qualitative analysis of MMS bases by GC-MS method

Bpewms ynep:kuBaHUA, MUH

BerecTBo / Substance Hold-up time, min

XapakTepucTuiyeckre HOHbI*
Characteristic ions*

Kodenn / Caffeine 11.833
Amnasnprus / Analgin 15.889
XuHnH-TMS** 18.858
TMS-quinine**

ITanaBepuH / Papaverine 20.956

194 (999), 109 (721), 55 (439), 67 (438), 82 (328)
123 (999), 215 (314), 56 (127), 42 (97), 122 (76)
136 (999), 73(202), 137 (105), 81 (55), 77 (41)

338 (999), 324 (906), 339 (761), 308 (246),154 (209)

*B ckoOKaX yKa3aHbl OTHOCUTE/IbHbIE HHTEHCUBHOCTH HOHOB.
In parentheses are the relative abundance of the ions.

**113 cynbdaTa XUHUHA BBIJIEISAIOCH OCHOBAHUE, KOTOPOE JIEPUBATHU3UPOBAJIOCH /10 TPUMETHJICUINIbHOTO 3dpupa (TMS).
A base was isolated from quinine sulfate which was derivatized to trimethylsilyl ether (TMS).
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JKUJIKOCTHYI0 dKcTpakmuo (PKXKD) cmechio aTuia-
IeTaT : AUITUIOBBIN 3dup (1 : 1) (3 mut, mpu pH = 10);
mocjie NEeHTPU(pyrupoBaHUs OpraHUYecKyo ¢asy
BBIITAPUBAJIU, CYXOH OCTATOK PACTBOPSJIN B 100 MKJI
STHJIANETATA, JIEPUBATU3UPOBAIN 50 MKJ METHII-
cununrpudroparneramuga (MSTFA) B TeueHue 20
muH mpu 80 °C u uccienosanu metogom I'X-MC.

2. [Tocyie KUCJIOTHOTO TUIPOJIN3A TI0O METO/IUKE,
OTMCAHHOH BBIIIIE, 0Opasel eHTPU(PYTUPOBaIA CO
CKOPOCTBIO 3000 00./MUH B TeUeHHE 5 MUH U IIPO-
BOJWJIN TBeP/IODA3HYI0 SKCTPAKIUIO HA JIByX Ia-
TPOHAaX IO CJIeJIYIONed MeTO/UKe: IePBbIF NaTPOH
Chromabond Drug II mpoMbIBajIu mocie0BaTETHHO
BOZIOM ouHnIIleHHOH (1 MJI) U rekca"oMm (1 MJI), TIOCIe
Yero MpoITyCcKaJIu CyIIepHATAHT Yepes3 MaTPOH U CHO-
Ba IIPOMBIBAJIN BOJIOW OUHINEHHOH (1 MJT). B mpobup-
Ke K IIPOIIIe el yepe3 IaTpoH mpobe IpubaBIsiin
4 MJ1 amMuagHoro 6ydepHoro pactsopa (pH = 10).
C natpona Chromabond Drug IT aHaTUTBI CMBIBATIH
IOCJIE/TOBATEILHO FeKCAHOM (2 MJI), CITUPTOM 3THJIO-
BBIM 95% (2 mu1). [Tostyuasu ssroar L.

3. Bropoii marpon Chromabond HR-X cha-
Yyajia MPOMBIBAJIM IIOCJEA0BATEIBHO BOJOW OYH-
ImeHHON (1 MJI) M CMechbl0 dTHJIANeTaT : JIMDTUJIO-
BBIY 2¢up (1 : 1), IPOILYCKAIN Yepe3 MATPOH IIPO-
Oy ¥ 1ocJjie MPOMBIBAJI BOION OUYHUIIEHHOH (1 MJI) U
7% pacTBOpoM crupTa 3Tuaooro (1 mur). C marpo-
Ha Chromabond HR-X aHa/JIUTBI CMBIBAJIA CMECHIO
STHUJIALIETAT : AUSTUIOBBIN adup (1 : 1) (4 mu). Ilo-
say4qanu saoat 11. TlosydyeHHBIE 2J110aTHI yIIapyBa-
JIM IocyXa B TOKe Bo3zyxa. Cyxou octaTok asaroara [
pacTBOpAJIA B 100 MKJI CMECH T'€KCaH : STHJIAIETAT
(7 : 1), asroaTta IT — B 100 MKJI 3TUJIAlIETATa, JePUBa-
TU3upoBasu 50 Mk MSTFA B TeueHne 20 MUH [IPU
80 °C, m1ocJie yero uccaes0BaIu.

Ha xpomaTorpamMmmax TMOJIYU€HHBIX W3BJI€UE-
HUU OTMeYa/Il WHUBUAya bHble TUKU MJIB (ko-
¢denn — 11.83 mMuH, aHaNBIUH — 15.88 MuH, Xu-
HUH — 18.85 MuH (T10cIe JepuBaTU3aIUH JI0 TPHMe-
THJICUJIUJIBHOTO 3¢GUpa), IaaBepuH — 20.95 MUH)
U Macc-CHeKTPhI, COOTBETCTBYMOIIKE OUOIHOTEKE
mpubopa.

KosmmuectBennoe onpegenenue MJIB mposo-
JIUJIK TI0 TPaJyHPOBOYHOMY TpaduKy, MOCTPOEH-
HOMY II0 pacTBOpaM pabouuX CTaHAAPTHHIX 00pas-
OB aHAJIU3UPYEMBIX BeIecTB. METOIMKU KOJIUYe-
CTBEHHOTO0 onpejesnenus metoaoMm ['X-MC Banuu-
poBausI [4].

HccereoBanre KpOBH Ha COJIEPKAHHE TOKCH-
YeCKHUX BeIeCTB 00J1a/1aeT KaK CBOUMH IIPEUMyIIe-
CTBaMM, TaK ¥ HegocTaTkaMu. Tak, K JOCTOMHCTBAM
MOKHO OTHECTH BO3MOXXHOCTH OITpesiesieHus (pak-
THYECKOT'0 X HAJIMYUS B OPraHU3MeE U KOHI[EHTPa-
MU B JTI0OOH MOMEHT BpEMEHH, a K HEJTOCTaTKAM —

at a speed of 3000 rpm for 5 min and solid-phase
extraction was performed on two cartridges ac-
cording to the following method: the first Chrom-
abond Drug II cartridge was washed sequentially
with purified water (1 ml) and hexane (1 ml), after
which the supernatant was passed through the
cartridge and again washed with purified water
(1ml). In atesttube, 4 ml of ammonia buffer solution
(pH =10)wasadded tothe sample passed through the
cartridge. From the chromabond Drug II cartridge,
analytes were washed off sequentially by hexane
(2 ml) and 95% ethyl alcohol (2 ml). Eluate I was
obtained.

3. The second Chromabond HR-X cartridge
was first washed sequentially by purified water
(1 ml) and a mixture of ethyl acetate: diethyl ether
(1 : 1), a sample was passed through the cartridge
and then was washed by purified water (1 ml) and a
7% solution of ethyl alcohol (1 ml). From the Chro-
mabond HR-X cartridge, analytes were washed off
by a mixture of ethyl acetate : diethyl ether (1 : 1)
(4 ml). Eluate IT was obtained. The resulting eluates
were evaporated dry in a air current. The dry resi-
due of eluate I was dissolved in 100 pl of a mixture
of hexane : ethyl acetate (7 : 1), eluate II — in 100 pl
of ethyl acetate, and with 50 pul of MSTFA was de-
rivatized for 20 min at 80°C, after which it was ex-
amined.

Individual peaks of MMS (caffeine — 11.83
min, analgin — 15.88 min, quinine — 18.85 min
(after derivatization to trimethylsilyl ether), papa-
verine — 20.95 min) and mass spectra correspond-
ing to the device data library were observed on the
chromatograms of the obtained extracts.

Quantitative determination of MMS was car-
ried out according to a calibration graph plotted
on solutions of working standard samples of the
analyzed substances. GC-MS quantification proce-
dures were validated [4].

Blood testing for toxic substances has both ad-
vantages and disadvantages. So, the advantages in-
clude the ability to determine their actual presence
in the body and concentration at any time, and the
disadvantages — the complexity of sample prepara-
tion, the strong influence of the matrix, the com-
plexity of the destruction of the protein — toxicant
complex and the isolation of lipophilic substances
from plasma.

Toxicological studies are traditionally divided
into 4 stages: isolation, purification, isolation of
substances from purified matrices, qualitative and
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CJIOJKHOCTHh ITPOOOIOJITOTOBKH, CHJIBHOE BJIUSTHHIE
MaTPUIIBI, CJIOXKHOCTD pa3pylleHus KoMILIeKkca Oe-
JIOK — TOKCUKAHT U BbIJIeJIEHU JINTIO(PUIIBHBIX Be-
IIECTB U3 [JIA3MBI.

TokcukosoruyecKue UCCaeOBaHUA TPaUIN-
OHHO TIO/IPA3/EAI0TCA Ha 4 dTana: U30JIMPOBAHUE,
OUYHCTKA, BbIZIEJIEHUE BEIIECTB U3 OYUIIEHHBIX Ma-
TPHII, Ka4eCTBEHHBIH U KOJIMUYECTBEHHBIH aHAIN3.
HauGosnee BakeH MMEHHO TEPBBIM 3TANl TOKCHKO-
JIOTUYECKOT'0 HCCJIeZIOBAHUA — HU30JIMPOBaHUE TOK-
CHUKaHTa. DTO CBA3AHO C TEM, YTO UMEHHO Ha 3TOM
3Tale BO3MOKHBI MaKCHUMaJIbHbIE IIOTEPU LIeJIEBBIX
aHAJIUTOB, YTO HEOOXOIUMO CBECTH K MUHUMYMY.

[ mosyueHUs MOJEIbHBIX 00pasloB Kpo-
BU HCIOJIB30BAJIUCH JIBE METOAUKU: METOJUKA IIO-
JIy4EeHUS MOJEIBbHOTO KOMILIEKCa OeJIOK — TOKCH-
KaHT, mpeajiokeHHass Yérepom [5], mpu dpusmoso-
ruyeckux 3HaueHusx pH cpezs! (7.35, pocdaTHbIi
Oydep), 1 MOJIesTb ¢ paCTBOPaMU BEIECTB B ATAHO-
sie. Pe3ysnpTaThl KOJIMYECTBEHHOTO OIpefiesleHUs
MJIB B u3BjeUYEHUAX U3 000MX MOJEJIBHBIX KOM-
IIJIEKCOB METO/IOM JKUJIKOCTh-3KUKOCTHOH U TBEP-
Jloda3HOM SKCTPAKIIUY IIPEJICTABJIEHBI B Ta0I. 2, 3.
KucnoTHBIH ruiposin3 GUOJIOTHYECKUX JKUTKOCTEH
IIPOBOJIUTCS C IEJIBI0 Pa3PYLIEHUs BOJOPACTBOPH-
MBIX MeTabOJIUTOB, KOHBIOTATOB C IJIIOKYPOHOBOH
KHCJIOTON U MOBBIIIEHUS CTEIIEHU SKCTPAKIIUU Iie-
JIEBOTO TOKCHKAHTA.

V3 naHHBIX, IPE/ICTABIEHHBIX B TabJ. 2 U 3,
BU/THO, UTO CTEIIeHb SKCTPAKIIUHU U3 CIUPTOBOI'O MO-
JIeJIBHOTO KOMILJIEKCA 1 KOMILJIEKCA, TIOJIyYeHHOTO Ha
docdarrom 6ydepHOM pacTBOpe, COOCTaBUMA, Pas-
JIMYUSI OTMEYAIOTCS B IIpeZiesiaxX OMHMOKH METOTUKH.

Ha xpomarorpammax, kpome nukos MJIB, npu-
CYTCTBYIOT IHUKHU BBICIIMX KUPHBIX KucioT (BXKK):
MHUPUCTHHOBOH, CTeapUHOBOH, JINHOJIEBOU U TaJIb-

quantitative analysis. The most important is the
first stage of toxicological research — isolation of
the toxicant. This is due to the fact that it is at this
stage that the maximum losses of target analytes
are possible, which must be minimized.

In order to obtain model blood samples, two
methods were used: the method for obtaining a
model protein — toxicant complex proposed by
Csogor [5] at physiological pH values of the medium
(7.35, phosphate buffer), and the model with solu-
tions of substances in ethanol. The results of quan-
titative determination of MMS in extracts from
both model complexes by liquid-liquid and solid-
phase extraction are presented in Table 2, 3. Acid
hydrolysis of biological fluids is performed in order
to destroy water-soluble metabolites, glucuronide
conjugates and increase the degree of the target
toxicant extraction.

From the data presented in Table 2 and 3, it can
be seen that the degree of extraction from the alco-
hol model complex and the complex obtained on a
phosphate buffer solution is comparable, the differ-
ences are noted within the error of the method.

On the chromatograms, in addition to the
peaks of MMS, there are peaks of higher fatty
acids (HFA): myristic, stearic, linoleic and palmit-
ic acids. HFA peaks can have a negative impact on
the interpretation of the study results: a signifi-
cant amount of HFA creates a high-intensity ion
background, which makes it difficult to identify
substances, and due to a significant difference in
the areas of peaks, substances can be mistakenly
attributed to the background, which leads to the
impossibility of qualitative and quantitative anal-
ysis of them. In our case, the effect of HFA was

Tao6auna 2. KosinuecTBEHHOE co/ieprKanre ocHoBaHu MJIB B aKcTpakTax mocje u3oanpoBanus metoqom KD us 06-

PasIoB KPOBH, MKT/MJI

Table 2. Quantitative content of MMS bases in extracts after isolation by LLE method from blood samples, pg/ml

Mopens B hocdhatHoM OydbepHOM pacTBope Moziesb B 3TaHOJIE

MJIB / MMS Model in phosphate buffer solution Model in ethanol

20 MKr/Ma | pg/ml 100 Mir/mut | ug/ml 20 mkr/mut | ug/ml 100 mMxr/mo | ug/ml
Kodeun / Caffeine 8.46 + 0.3 5.69 £ 0.2 8.12 + 0.27 5.12 + 0.18

(3.58; 8.95) (3-48; 7.32) (3.52; 8.80) (3.57; 8.79)
Awnasnprus / Analgin 7.27 + 0.23 5.76 £ 0.24 7.51 + 0.3 3.06 + 0.085

(3.23; 7.91) (4.14; 9.2) (4.05; 10.11) (2.77; 6.86)
XunuH / Quinine 62.90 + 1.19 46.24 + 1.45 50.60 + 0.84 26.75 + 0.81

(1.89; 4.64) (3.13; 8.28) (1.66; 4.07) (3.03; 7.44)
[ManaBepun / Papaverine  59.28 + 1.27 52.68 + 1.44 60.94 + 1.18 26.57 + 0.66

(2.14; 5.24) (2.74; 7.25) (1.94; 4.75) (2.50; 6.13)

II puMevyaHnue. B tab. 2, 3 IaHHbIE IIPEJICTABJIEHBI KaK CPE/IHEE + OTKJIOHEHUE OT CPEJHEr0; B CKOOKaX: OTKJIOHEHHE OT CpeaHero

3Ha4YeHUsd, %; K0dbPUIIUEeHT Bapuanuu, %.

Note. InTable 2, 3 data are presented as the average + deviation from the average; in parentheses: deviation from the average value,

%; coefficient of variation, %.
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Ta6smna 3. KonnuecTBeHHOE cozieprkaHue ocHOBaHUH MJIB B 3KCTpakTax Mmocjie u30aupoBaHus MetoioM TOI us 06-

PasIioB KPOBU, MKT/MJI

Table 3. Quantitative content of MMS bases in extracts after isolation by SPE method from blood samples, pug/ml

Mogenb B hochaTrHOM OydhepHOM pacTBOpe
Model in phosphate buffer solution

MJIB / MMS

Mogenb B 3TaHOJIE
Model in ethanol

20 MKT/MJ | pug/ml

100 MKT/MJI | pg/ml

Kodenn / Caffeine

Amnasprus / Analgin

8.46 + 0.3 (3.58; 8.95)
7.27 + 0.23 (3.23; 7.91)
XunuH / Quinine

IMamasepuH / Papaverine

62.90 + 1.19 (1.89; 4.64)
59.28 + 1.27 (2.14; 5.24)

28.47 + 1.26 (4.44; 8.89)
3.32 + 0.051 (1.54; 3.01)
2.25 + 0.35 (15.68; 31.11)
7.73 + 0.37 (4.82; 9.57)

muTuHOBOU KucoT. ITuku BJKK moryt okasats He-
raTUBHOE BJIMSHHE HAa WHTEPIIPETAIUIO PE3YJIb-
TaTOB WCCJIE/IOBAaHUS: 3HAYUTELHOE KOJUYECTBO
BKK co3zzmaer noHHBIN (OH BHICOKOM MHTEHCHBHO-
CTH, YTO 3aTPYyAHSET HUAECHTU(PUKAIIAIO BEIIECTB, a
TaK’Ke BCJIE/ICTBUE 3HAUUTEJLHON Pa3HUIIBI B ILJIO-
IIA/IAX THKOB BEIeCTBA MOTYT OBITH OITUOOYHO OT-
HeceHbI K (POHY, YTO MPHUBOJIHUT K HEBO3MOXKHOCTH
KaueCTBEHHOTO M KOJIMUECTBEHHOTO WX aHaJIu3a.
B namem ciydae BiusHue BXKK ObL10 MUHUMAIB-
HO, TaK KaK pa3HUIla B KOHLleHTpanuax Mexay BXAKK
W MOJIEJIbHBIMU BeIleCTBAMU HE TaK 3HAYUTEJhb-
Ha W B JIAHHBIX YCJOBHAX He 00pasylOTCA «IMHKHU-
Hae3HUKU» (pHc. 2).

Copepskanue 5TaHOJIA 10 10 %o IPAKTUYECKU HE
BJIUSIET HA CTENIEHD YKCTPAKIIUN TOKCUKAHTOB, a CO-
JleprKaHUe 3TaHOJIA CBBIIIE 10 %o 3HAYUTEIIHHO CHU-
’)kaeT 3(HEKTUBHOCTh U30JIMPOBAHUA. YCTaHOBJIE-
HUE JAaHHOTO (haKTa SBJIAETCS BAKHBIM IPU IIPO-
BEJIEHUH WCCJIEJOBAHUS B CJIyUasX aJIKOT'OJIHLHOTO
W MeJIUKAaMEHTO3HOI'0 OTpaBJieHusA. J[aHHbIE yCJI0-
BUsl ONTHUMAJbHBI JIJII W30JIMPOBAHUS OCHOBHBIX
BEIECTB JIMTTODUIIBHOU TTPUPOJBI. B cBsA3M ¢ 60Ih-
UM COZIep;KaHUEM JIMIIHO0B B mpobe mocsie YKIKD
B OCHOBHOM 5KCTPAKTE MPUCYTCTBYIOT B 3HAUUTEIb-
HOM KOJIMYECTBE JIUMIO(PUIIBHBIE BEIECTBA KUCIIOT-
HOT'O XapakTepa, YTO 3aTPyAHSET KOHTPOJb IIpa-
BHUJIBHOCTH TPOBEEHUSI MPOOOIOATOTOBKH U IIO-

minimal since the difference in concentrations
between HFA and model substances is not so sig-
nificant and “rider peaks” are not formed under
these conditions (Fig. 2).

The ethanol content of up to 10%o0 practically
does not affect the degree of toxicant extraction, and
the ethanol content of more than 10%. significantly
reduces the efficacy of isolation. The establishment
this fact is important when conducting research in
cases of alcohol and drug intoxication. This condi-
tions are optimal for isolating the main substances
of lipophilic nature. Due to the high content of li-
pids in the sample after LLE, a significant amount
of acidic lipophilic substances are present in the
main extract, which makes it difficult to control the
correctness of sample preparation and subsequent
identification of analytes, so it became necessary to
develop a technique that would reduce the content
of higher fatty acids in the sample as much as pos-
sible.

After performing SPE, the chromatograms to-
gether with the peaks of the MMS bases contain
peaks of myristic, stearic, and palmitic acids. Li-
noleic acid was not detected on all chromatograms,
so the sample can be completely purified from it.
During SPE, hydrophilic substances are extracted
to a greater extent, which is due to the purification
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Fig. 2. Chromatogram of a model substances mixture after sample preparation by LLE method
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crenyomend uIeHTUUKAUN aHATUTOB, IIOTOMY
MTOABUJIACH HEOOXO/IUMOCTH pa3paboTKU METO/IUKH,
KOTOpasi MO3BOJIMIIA OB MAKCUMAJIbHO CHU3UTD CO-
nep:xanue BXKK B mpobe.

ITocne npoBenenus T®D Ha XxpoMmaTorpaMMax
COBMECTHO € HNUKaMu ocHOBaHUU MJIB mpucyt-
CTBYIOT UKW MHUPUCTHUHOBOH, CTEAPUHOBOM, ITaJTh-
MHUTHHOBOH KucJoT. JInHOIeBass KUcaoTa 06HAPY-
JKUBaJIach He HA BCEX XpPOMATOTpaMMax, CJIe0Ba-
TEJIPHO, Tp006a MOKET OBITH OUHINEHA OT HEe I0JI-
HocThI0. B x071e TP usBiekatoTcs B OoJIbIIel cTe-
IIeHU TUApPO(]UIbHBIE BENIECTBA, YTO CBSI3aHO B
TOM YHCJIE C OYUCTKOU MPOOBI OT BHICIIUX KU PHBIX
KHCJIOT U YACTUYHBIM PACTBOPEHHEM B HUX JIUIIO-
(UIBHBIX BEIECTB, UTO OOYCJIOBJIMBAET UX IOTE-
pu (puc. 3).

PazpaboTaHHbIe METOAUKY OBLJIN BaJIU/IUPOBA-
HBI 110 CJIEYIOIINM XapaKTEPUCTHKAM:

1. CXOAWMOCTB: OTHOCUTEJIPHOE CTaH/ApT-
Hoe oTkJIoHeHHe (RSD) He mpeBsImIano 10 %, Kpo-
Me aHaJbIMHA NPU u3oaupoBaHuu metogoMm KK
(cmupToBasi T0O6ABKA) U XMHUHA ITPH U30JIMPOBAHUU
metoznoM T®I (ciupToBast 06aBKa).

2. BayrpuiabopaTopHasi BOCIIPOMU3BOIUMOCTD:
RSD wue nipessimao 17 %.

AnpobupoBaHue MeTOANK HA BKCIIEPTHOM Ma-
Tepuajie MPOUWCXOAUJIO B COOTBETCTBUM C I[Ipuka-
3oM M3 P® N2 933H ot 18.12.2015 u [Ipukazom
M3 u CP P® ot 27.01.2006 N2 40 «O6 opranusa-
[IMU IPOBEJIEHU T XUMUKO-TOKCUKOJIOTUYECKUX HC-
CJIEJIOBAHUY IIPU AaHAJTUTUUECKOH JIMAaTHOCTHKE Ha-
JINYUS B OPTaHU3Me YeJIOBeKa aJIKOToJisl, HAPKOTHU-
YeCKUX CPEJICTB, IMCUXOTPOIHBIX U JIPYTUX TOKCHU-
YECKHUX BEIECTB», KOTOPhIE PErIAMEHTHPYIOT IIPO-
LeZlyphl NPOBeZIEHUS TOKCHKOJIOTMYECKUX HCCIIe-
JIOBAaHUU KUBBIX Jull. VccenoBaHue SKCIIEPTHO-
ro MaTepmuasia, o0pas3oB KPOBU OCBUJIETEJIBCTBY-
€MBIX JIUI[ IPOBOJUJIN II0 ONMHCAHHOU BBIIIE Me-
tonuke KK u TDI (puc. 4, 5). O6HApyKeH LIu-
POKHUI CIIEKTP HAPKOTUYECKUX CPEJCTB, IICHUXO-

of the sample from HFA and partial dissolution of
lipophilic substances in them, which causes their
loss (Fig. 3).

The developed methods were validated for the
following characteristics:

1. Precision: the relative standard deviation
(RSD) did not exceed 10%, except for analgin when
isolated by LLE (alcohol additive) and quinine when
isolated by SPE method (alcohol additive).

2. Intralaboratory reproducibility: RSD did not
exceed 17%.

Testing of the methods on expert material was
carried out in accordance with the MH RF Order
No. 933n, dated December 18, 2015 and the Order
of 27.01.2006 No. 40 “On organization of chemical
and toxicological studies in the analytical diagnosis
of the presence of alcohol, narcotic drugs, psycho-
tropic and other toxic substances in human body”
which regulate the procedures for conducting toxi-
cological examination of living persons. The study
of expert material and blood samples of the exam-
ined persons was carried out using the LLE and
SPE methods described above (Fig. 4, 5). A wide
range of narcotic drugs, psychotropic and medici-
nal substances has been detected including OH-a-
pyrrolidinvalerophenone (1-phenyl-2-(pyrrolidin-
1-yl)pentan-1-ol) and a-pyrrolidinvalerophenone,
desomorphine, nevirapine, tramadol, cannabinol
and a number of others (Fig. 6) [6].

The conducted research allows us to draw the
following conclusions:

1. Procedures for sample preparation of blood
specimens for screening tests for the presence of
narcotic drugs, psychotropic and medicinal sub-
stances by GC-MS were developed and validated
in accordance with the requirements of the MH RF
Order No. 933n dated December 18, 2015.
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Fig. 3. Chromatogram of a model substances mixture after sample preparation by SPE method
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TPOIIHBIX U JIEKAPCTBEHHBIX BEIIECTB, BKJIIOYAIO-
mutt  OH-a-nmpponununaBaiepoderon (1-peHus-
2-(MUPPOTUANH-1-UJI)IIEHTAH-1-0J1) U O-TIUPPOJIH-
JUHBaIepOQEeHOH, Ae30MOpdUH, HeBUpAllUH, Tpa-
MaJ10J1, KaHHAOUHOJ U Pz Apyrux (puc. 6) [6].

KPOBb / BLOOD

LenTpudyrupoBanue 5 MUH Ipu 3000 00./MUH
Centrifugation for 5 min at 3000 rpm

[I1azma 2 M
Plasma 2 ml

Tupposnus 40 mus ipu 80 °C
Hydrolysis for 40 min at 80°C

T'upponusar
Hydrolysate

HentpudyrupoBanue 5 MUH pu 3000 06./MUH
Centrifugation for 5 min at 3000 rpm

Opranuyeckas ¢dasa

Organic phase

A4
YrapuBasHue BO34yXOM
Air evaporation

Cyxo# ocTaTok
Evaporated residue

Y

HepuBaruzanus 20 muH ripu 80 °C
MSTFA 500 Mk
Derivatization for 20 min at 80°C
MSTFA 50 ul

\
HccnenoBanue
Examination

2. It was found that the ethanol blood content
up to 10%o does not affect the degree of toxicant ex-
traction and the possibility to interpret the results.
The efficacy of model substances extraction from
blood samples was evaluated depending on the iso-

OTXO/bI
Waste

®opMeHHbIE DJIEMEHTHI
Formed element

NaCI 36% 2 mu1 / NaCI 36% 2 ml
Y HCI (k) 0.5 m / HCI (k) 0.5 ml

Actparent 3 mi / Extractant 3 ml
AMMoHUITHBIH 6ydep 4 M1 / Ammonium buffer 4 ml

Bognas dasa OTXO0/BI
Aqueous phase Waste

ATtuianerar 100 MKJI
Ethyl acetate 100 ul

Puc. 4. Cxema npo60omo/iroroBKu 006pasnoB KpoBu MmeTozoM KK
(MSTFA — meTmicumunTpudTopaeTaMus)
Fig. 4. Scheme of sample preparation of blood specimens by LLE method
(MSTFA — methylsilyltrifluoroacetamide)
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KPOBb / BLOOD

entpudyrupoBaHue 5 MUH IIpu 3000 00./MUH
Centrifugation for 5 min at 3000 rpm

OTxX0/bI
Waste

dopmMeHHBIE 3JIeMEeHThI
Formed element

IInazma 2 M
Plasma 2 ml

NaCI 36% 2 mu / NaCI 36% 2 ml

Y HCI (k) 0.5 ms1 / HCI (k) 0.5 ml
T'unponus 40 mud nipu 80 °C

Hydrolysis for 40 min at 80°C

v

T'upponuszat
Hydrolysate

LenTpudyruposanue 5 MUH IpU 3000 00./MUH BopHuas dasa OT1x0/1BI
Centrifugation for 5 min at 3000 rpm Aqueous phase Waste

T'ekcan 2 M1
Hexane 2 ml
ATaHOJ 95% 2 MJI
Ethanol 95% 2 ml

AMMOHUIHBIN Oydep 4 M
Ammonium buffer 4 ml

y
YnapuBanue OTx0/BI Bomuas dasa T®3 Chromabond HR-X
Evaporation Waste Aqueous phase SPE Chromabond HR-X

Y

IIpo6a cynepHaTaHT
Sample supernatant

T®3 Chromabond Drug II
SPE Chromabond Drug I1

CynepHaTaHT OCHOBHOH
Main supernatant

DIr0aT KUCJIBIA
Acidulous eluate

Y

Cyxoi#i ocTaTok

Evaporated residue DJII0aT OCHOBHOH

T'ekcaH 100 MKJI Main eluate

Hexane 100 pl

Y

JepuBaTuzanus 20 MuH pu 80 °C Y
MSTFA 500 MKk Ynapusanue
Derivatization for 20 min at 80°C Evaporation
MSTFA 50 pl dtumnaneraT 100 MK

Ethyl acetate 100 ul

Cyxo# ocTaTok
Evaporated residue

\
HccenenoBanue
Examination

Puc. 5. Cxema npo6omoAroToBky o6pasios kpoBu MmetroioM TOE
(MSTFA — metuncumuITpudTOpaneTaMmuy)
Fig. 5. Scheme of sample preparation of blood specimens by SPE method
(MSTFA — methylsilyltrifluoroacetamide)

39

Journal homepage: http://jsms.ngmu.ru



doi: 10.31549/2542-1174-2020-2-30-41

Mopos I1.B. u dp. / Journal of Siberian Medical Sciences 2 (2020) 30—41

54 [21 TIC: 100L4.D\data.ms.

Lo lmesm]

[ebundance]

Fe+7:

250407

2407

1.55:07

1407

5000000

= Ketamine

! 1

L A
[Time—> 400 500 600 .00 500 abo T 1o 1200 1300 14000

Y
15100 76500 1710 7800 a0 200 210 2200 230 24100 2500

i [1] Scan 1180 (12112 min): 100L4.D\data.ms

[s==]

PBundanc
1a0000
120000
100000

a0000.
so0n.

40000

1020 =
1150
20000: 421 750

E3)

152.0

2091

166.0
141

1540

1461

| s Tl o ‘ | ‘ “ o ”
37‘. S S sl s L s g o llpes, Ll alif. il

Jrnsz-o> al B En A 2 o m 1y (e T by 8

TIRE N G
W

2l

|3880 i, 2ies 2371 25758 2010
T4 2y

T =l P 2l T P 2 25y

teady.

Puc. 6. XpomarorpaMmma 1 Macc-CIeKTp KeTaMHHa I0CJIe U30JIUPOBaHUA U3 KpoBU MeToaoM 2KKD
Fig. 6. Chromatogram and mass spectrum of ketamine after isolation from blood by LLE method

IIpoBeneHHOE HCCIEOBaHUE IIO3BOJIAET CHe-
JIaTh CJIeiyIOIHe BBIBOJbI:

1. PazpaboTaHbl U BaJMAUPOBAHBI METOAUKHU
Ipo6ONOATOTOBKY 00pa3loB KPOBU K CKPUHUHTO-
BBIM HCCJIEJIOBAHUAM Ha HaIduMe HAapKOTUYeCKUX
CpeJICTB, ICUXOTPOITHBIX U JIEKAPCTBEHHBIX BEIIECTB
metoznoMm I'X-MC B cooTBeTcTBUH C TPeOOBAHUIMU
[Tpukaza M3 P® N2 933H oT 18.12.2015.

2. YCTaHOBJIEHO, YTO COZlepKaHUe 3TAHOJA /0
10 %o B KPOBU He BJIMf€T HA CTENEHb SKCTPAKLIUU
TOKCUKAHTOB ¥ Ha BO3MOXKHOCTb HMHTEpIIpeTalluu
pesyabraToB. OneHeHa 3(PPEKTUBHOCTh 3KCTPAK-
MU MOJIEJIPHBIX BEIECTB U3 00pa3IOB KPOBU B 3a-
BHCHMOCTH OT MeTOJla U30JIMPOBaHUsA. BhIABJIEHO,
uTo meTozoM KK sydlile ©30JIMpPYIOTCA COeINHE-
Hus ¢ BeICOKUM logP, a meTogom TDD — ¢ HUBKHUM.

3. Haubosee mosiHOe u3BJIeUeHUE TOKCHUKAH-
Ta IOCTUTAETCS IIPU pa3pyIIeHUH KOMILIeKca 6eJIoK
KPOBU — TOKCUKAHT, JJIl Yero MPUMEeHAIOTCA pas-

1. O mopsjKe MPOBeeHUS MEIUIINHCKOTO OCBH/IETEIb-
CTBOBAHUSA HA COCTOSIHHE OIbSHEHHs (AJIKOTOJIBHO-
r0, HAPKOTHYECKOTO UJIM UHOTO TOKCHYecKoro): ITpu-
ka3 Munszapasa Poccun ot 18.12.2015 N 933H. URL:
http://www.consultant.ru/document/cons_doc_
LAW_195274/. lata obpaieHus: 25.02.2020.

2. Karaes C.C., [IBopckas O.H., Kpoxun W.II. Ontumu-
3amus MPOLEAYPhl TBEPAODAZHOU SKCTPAKIIUU JIJIsI
CKPDUHUHTA JIEKAPDCTBEHHBIX U HAPKOTUYECKUX Be-
IIECTB B KPOBH METO/IOM Ta30BOHM xpomaTorpadpuu
C Macc-CIIEKTPOMETPUYUECKUM JIETEKTHUPOBAaHUEM //
Cyn.-megn. skcrieptusa. 2017. N2 1. C. 29—-35.

lation method. It was revealed that compounds with
a high logP were better isolated by LLE method and
compounds with a low logP — by SPE method.

3. The most complete extraction of the toxi-
cant is achieved when the blood protein — toxicant
complex is destroyed, for which different methods
are used, but the best results were obtained using
enzymatic hydrolysis techniques [7].
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HbIE METO/[bI, HO HAWJIYYIIIE PE3yJIbTaThl ObLJIH I10-
JIy4eHbl IIPU MCIIOJIb30BAHUM METOAMK (epMeHTa-
THUBHOT'O THApOIN3a [7].
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