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AHHOTAUMUSA

AKTyanbHOCTb. AMWOAapPOH LUMPOKO MCMONb3YeTcs B KayeCcTBe aHTUapuTMMYECKOro mpenaparta, ogHako ero addeKTUBHOCTb He
BCerga npegckasyema, a nobouvHble adhdekTbl He MOMHOCTLI0 KOHTponumpyembl. [na onpeaeneHns addeKTUBHON KOHLEHTpaLum
amuogapoHa B KpoBu Heobxoauma paspaboTka MeToaMKWM KONMMYECTBEHHOro aHanusa npenapata B NpUCYTCTBUM Buonornyeckon
maTpuLbl.

Llenb: paspaboTtaTb METOAMKY KONMMYECTBEHHOTO onpeaeneHus amvogapoHa (AMW) n gesstunammogapoHa (O3A) B nna3me Kposu
YyernoBeka METOAOM BbICOKOI(h(EKTMBHON XKMAKOCTHOM XpomaTtorpadcumm (BOXKX).

MaTtepuan u metoabl. Metoa paspaboTaH ¢ ncnonb3oBaHnem xpomoTorpada Agilent 1260 Infinity (Agilent, CLLA) ¢ npumeHeHnem
OMOOHO-MATPUYHOTO AeTekTopa Ha aKkcnepMMeHTanbHOM obpasue konoHkn Tsunami C18 Pharm (250 x 4,6 mm, 5 um) B ycnosusix
rPaAMEHTHOrO 3MNOMPOBaHNS. [N 3awmThl KONOHKN OT MEXaHUYECKUX BO3AENCTBUI NpuMeHsanack npegkonoHka Agilent Zorbax SB
C8 (9,4 x 15 mm, 7 um). Banvgauus nposegeHa B cootBetctBum ¢ OPC.1.1.0012.15 «Banupauns aHanutTM4eckux MetogoB» Ansi
crnegyoLlmx napameTpoB: CENeKTUBHOCTb, MaTPUYHbIN 3MEKT, NMMHEAHOCTb, TOYHOCTb, NPELM3NOHHOCTb, CTabUNbHOCTL M Npeden
KONMYeCTBEHHOTO onpeaerneHns n obHapyxeHus.

Pe3ynbTathbl. Mpobonogrotoeka no metogy QUEChERS 6bina moanduumpoBaHa anst AOCTMXKEHUS ONTUMASIbHbIX YCIOBWIA A4S U3-
BneveHnss AMU n JOA n3 bruonorunyeckorn matpuubl. B kayectse nogsmxHom gasbl A ncnonb3osancst bydepHein docdat (pH 3, 7,5
mM), nogewkHon dasbl B — 100% aueToHUTpun. Pexxunm anompoBaHusa — rpagneHTHeln. [o 7-1 MuH cogepxxaHue dasbl B coctas-
nsano 55%, 3atem ¢ 7-1 MuH o 7 MuH 15 ¢ Habntoganocb yBenuyeHve cogepxanus dasbl B go 85% c uenbto antonpoBaHusa 6onee
rmapodobHbIX koMnoHeHToB. C 7 MuH 15 ¢ oo 15- MUH cogepxxanne dasbl B He n3aMeHsAnock, a 3ateM BO3BpaLLanoch K MCXOOHbIM
50% Ha 15 muH 15 ¢. CymmapHoe BpeMs aHanuaa coctasuno 18 muH; Temnepartypa Tepmoctata — 30 °C; ckopocTb notoka — 1,2 mn/
MUH; 06beM nHxekumn — 80 MKN; ANUHA BOSHbLI A4eTeKTUpoBaHNs — 241 HM. 3HaveHne melatowero aktopa ans AMU coctaBuno
2,25, pna O3A — 1,44.

BbiBoabl. ABTOpamn paspaboTtaH 1 BanuaupoBaH HOBLIN cnocob konudecTtBeHHoro onpegeneHns AMU un [JEA B nnasme Kposu
Yyenoseka.

KnioueBble cnoBa: BbICOKOA(PEKTMBHAA KWOKOCTHAs XpomaTorpadus; amMuMoapoH; [Ae33TMNaMuMopdapoH;
nnasma venosek; pa3paboTka METOAUKN.

PrUHaHCUpOBaHMe: nccnegoBaHve 6bino BbinonHeHo npu nogaepxke HAW kapanonornm Tomckoro HAML, (Tomck,
Poccus).
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Abstract

Background. Amiodarone is widely used as an antiarrhythmic drug, but its effectiveness is not entirely predictable, and side effects
are not completely controllable. To determine the effective concentration of amiodarone in the blood, a method for quantitative analysis
of the drug in the presence of a biological matrix is needed.

Aim: To develop a procedure for quantitative determination of amiodarone (AMI) and desethylamiodarone (DEA) in blood plasma by
high-performance liquid chromatography (HPLC).

Materials and Methods. The procedure was developed using an Agilent 1260 Infinity chromatograph with diode-array detector
(Agilent, USA) on a Tsunami C18 Pharm column (250%4.6 mm, 5 pym) with proprietary stationary phase. Agilent Zorbax SB C8
precolumn (9.4x15 mm, 7 ym) was used to protect the column from mechanical contaminants. Validation was performed according to
OFS.1.1.0012.15 “Validation of Analytical Methods” for the following parameters: selectivity, matrix effect, linearity, accuracy, precision,
stability and limits of detection and quantification.

Results. The QUEChERS sample preparation was modified to achieve optimal conditions for the extraction of AMI and DEA from
the biological matrix. Mobile phase A was phosphate buffer (pH 3, 7.5 mM), mobile phase B - 100% acetonitrile. The separation was
performed in gradient mode. Up to 7.00 minutes — the B phase content was 55%, from 7.00 to 7.15 minutes — an increase in B phase
content to 85% in order to elute the more hydrophobic components, from 7.15 to 15.00 minutes — the B phase content did not change,
followed by a return to the original 50% at 15.15 min. The total analysis time was 18 minutes. Column thermostat temperature was
set to 30 °C, flow rate — 1.2 mL/min; injection volume — 80 pL; selective wavelength was 241 nm. The value of retention factor for AMI
was 2.25; for DEA - 1.44

Conclusion. The authors have developed and validated the new HPLC procedure for quantitative identification of AMI and DEA in
human blood plasma.

Keywords: high-performance liquid chromatography; amiodarone; desethylamiodarone; human plasma;
development of methodology.
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BBepgeHue Introduction
AmvogapoH (AMW) saBnseTcs  BbICOKO3((EKTUBHBIM Amiodarone (AMI) is a highly effective agent for the

CpencTBOM 1S TeYeHUss 1 NpoUNakTUKM apuTMUIN, OTHe-
ceHHbIM K Il knaccy aHTuapuTMudeckux npenapatos. [lo-
MUMO Briokazbl KanMeBOro ToKa, OH OKa3bIBaeT yrHeTarwLlee
OEeNcTBMe Ha HaTpueBbI TOK, MeAfEHHbIN BXOOALWMNA Karb-
LMeBbIN TOK, HEKOHKYPEHTHO Onokupyet anbda- 1 6Geta-
agpeHopeLenTopbl, UHIMBMPYET MHOFOYUCIIEHHBIE WOHHbIE
TOKW, XONIMHEpruyeckne peuenTtopbl. Ha cerogHsiluHWN OeHb

treatment and prevention of arrhythmias, classified as a class
IIl antiarrhythmic drug. In addition to blocking potassium
channels, it exerts inhibitory effects on sodium channels,
slow inward calcium current, non-competitively blocks alpha
and beta adrenoreceptors, inhibits multiple ion currents, and
cholinergic receptors. Currently, when it comes to prescribing
antiarrhythmic therapy, 24.1% of physicians in the United
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npy HeOBXOAMMOCTN Ha3HAYEHUs] aHTUAPUTMUYECKON Tepa-
nun ceon Bblibop B nonb3dy AMU penatot 24,1% Bpaden B
CLWA, 34,5% — B EBpone n 73,8% — B JlatnHckon Amepuke
[1]. B Poccuu, no pesdynstataMm nNpoBegeHHOro onpoca, npu
OpraHM4YeCcKkoM NopaKeHUn MUoKapAa B TaKTUKe yaepXaHus
CMHYCOBOro puTma npu dunbpunnaummn npegcepann AMA Ha-
3Havaetca B 41,2% cnyyaeB B kayecTBe npenapaTa nepsou
nvHum 1 B 51,9% cnyyaes — B Ka4ecTBe Tepanuv BTOPOn nu-
Hum [2, 3].

OddekTnBHocTb AMW gokasaHa B Tepanuu OOnbLUNH-
CTBa CepaeyHbIX apuTMWUIA, BKMNOYAs 3KCTPACUCTONMUKU Tto-
60ro NpoMCxoXaeHUs, BCe BUAbl CyNPaBeHTPUKYNSAPHbIX Ta-
XVKapAMN, Napokcm3amarnbHyto nbpunnauunio n TpenetaHne
npeacepaun, napokcuaMarnbHble Taxukapaum y 605bHbIX C
CMHOpOMamMn MpeaBo30yXAEeHNsT KenyAo4KoB, KOPOHapo-
FEeHHbIX 1 BONbLUMHCTBE HEKOPOHAPOreHHbIX >Xenyao4KOBbIX
Taxukapaun, peanu3ys Kak NepBUYHYIO, Tak M BTOPWUYHYIO
nNpodunakTuKy BHe3anHoW cepaedyHon cmeptu. CornacHo
pesynbTatam cuctematmyeckoro o63opa, 3PdeKTUBHOCTb
AMW B ygepxaHun cCUHycOBOro putma Bapbuposana ot 30
80 95,2% [4].

dapmakokuHetmka AMW yHukanbHa n HenpocTa, oby-
CrnoBMeHa ero BbICOKOW NUMNOMUIBHOCTBI0 U MPaKTU4ECKU
MOrHbIM CBHA3bIBaHMEM C Genkamu nnas3mbl, a Takke 60onb-
LWMM pacnpefeneHnemM ero B TKaHn (KMPOBOW TKaHW, neye-
HW, NEerkunx, Hagno4Ye4yHuKax, audkax, numdaTnyeckux ysnax,
koxe) [5, 6]. AMU meTabonuanpyercst B NEYEHN C y4acTuem
uutoxpoma P450 ¢ obpasoBaHneM OCHOBHOro metabonuta
aesatunamuogapoHa (A3A). MNocnegHuii, B CBOKO ovepeab,
ABnseTcs hapMakonormyeckn akTMBHbIM U CMOCOBeH ycu-
nvBaTb TepaneBTnyeckme apdekTbl OCHOBHOIO COEANHEHNS
[7]. B meTaananuse 13 paHOOMU3NPOBAHHBIX KOHTPONMpye-
MbIX UCCNefoBaHWA MpoaHanManpoBaHa YacToTa pa3BuTuS
noboyHbix addektoB AMU, cpean KOTOPbIX YCTaHOBMEHbI
ANCYHKUNA LMTOBUOHOM xenesbl (rmnotnpeo3d B 6%, rm-
neptupeo3 B 0,9%), nopaxeHue nerknx — 1%, neyexHn —
0,6%, nepudepuyeckune Herponatum — 0,3% [8], passuTue
NoNMMOpPdHON Xenyao4KkoBon Taxmkapaun — He 6onee 1,5%
[9, 10].

AHTnaputTMmyeckne npenapatbl 9BASIOTCA dapMakorno-
rMYECKOW Tpynmnovi C Yy3KUM TepaneBTUYECKMM OKHOM, YTO
COMPSXKEHO C OOBLEKTMBHbLIMKM npobnemMamu nx [03MpoBa-
HWS: faXe He3HauuTenbHble U3MEHEHMA UX apMakoKMHe-
TUKM, NPUBOAALLNE K MBMEHEHNSIM KOHLEHTPaLMN aKTUBHOIO
BellleCTBa B KPOBW, MOTYT MPUBOAUTL KaK K CHVDKEHUIO adb-
(HPEKTUBHOCTU, TaK M K NOBLILUEHNIO TOKCUYHOCTU. YunTbiBas
OonblLLOEe KONMMYECTBO DKEHepUYeCcKnx npenapartos, npen-
CTaBMneHHbIX Ha HapMakonorM4eckom pblHKE, 3TOT BOMPOC
ABNAETCS KpavHe BaxHbIM. [Mockonbky namepexnne AMU un
ero metabonuTtoB B CbIBOPOTKE He SABMNSETCA CTaHAapTHOMW
KINVHUYECKON MPaKTUKoW, adpeKTbl nepexoga Mexagy opwu-
rMHanNbHbBIM U JXXEeHepu4eckuM npenaparom u obpaTtHo mnu
mMexay OkeHepudeckumu npenapatamn AMW moryT npos-
BUTBCS Yepes HECKOMbKO Hederb, YTO B YCNOBUAX PYTUHHOTO
HabnoaeHVsa nauneHTa octaeTca 6e3 JOMKHOro BHYMaHus.

PaHee npegnpuHMManucb MOMbITKA MO MPUMEHEHMIO
pa3nNnyHbIX aHanUTUYEeCKUX MEeTOAOB ASIA KONUYeCTBEHHO-
ro onpegenexnus AMW B dapmaueBTUYeckMx npenaparax,
BKITIOYasi BbICOKOIMMEKTUBHYIO KMAKOCTHYKO Xpomarorpa-
duto (BOXKX), BbICOKOIDEKTUBHYIO TOHKOCIOMHYIO XpOMa-
Torpaduio, XMOKOCTHYK XpomaTtorpaduio, MHPPaKPaCHYH

States, 34.5% in Europe, and 73.8% in Latin America choose
AMI as their preferred option [1]. In Russia, according to the
results of a survey, AMI is prescribed in 41.2% of cases as a
first-line drug and in 51.9% of cases as a second-line therapy
for maintaining sinus rhythm in patients with atrial fibrillation
in the presence of structural myocardial disease [2, 3].

The effectiveness of AMI has been proven in the treatment
of most cardiac arrhythmias, including premature beats of any
origin, paroxysmal supraventricular tachycardias, paroxysmal
atrial fibrillation and flutter, paroxysmal tachycardias in
patients with ventricular pre-excitation syndromes, both
coronary and non-coronary ventricular tachycardias, acting
as both primary and secondary prevention of sudden cardiac
death. Based on the results of a systematic review, the
effectiveness of AMI in maintaining sinus rhythm ranges from
30% to 95.2% [4].

The pharmacokinetics of AMI are unique and complex,
attributed to its high lipophilicity and nearly complete
binding to plasma proteins, as well as extensive distribution
in tissues (adipose tissue, liver, lungs, adrenal glands,
testes, lymph nodes, skin) [5, 6]. AMI is metabolized in the
liver with the involvement of cytochrome P450, forming its
major metabolite, desethylamiodarone (DEA). The latter is
pharmacologically active and can enhance the therapeutic
effects of the initial compound [7]. According to a meta-
analysis of 13 randomized controlled trials, the frequency of
amiodarone's adverse effects was analyzed, including thyroid
dysfunction (hypothyroidism in 6%, hyperthyroidism in 0.9%),
pulmonary toxicity — 1%, hepatic toxicity — 0.6%, peripheral
neuropathies — 0.3% [8], and polymorphic ventricular
tachycardia not exceeding 1.5% [9, 10].

One of the significant challenges in the field of
arrhythmology is that antiarrhythmic drugs have a narrow
therapeutic window, which poses objective difficulties in
their dosing. Even minor changes in their pharmacokinetics,
resulting in concentration alterations of active substance in
the blood, can lead to both reduced efficacy and increased
toxicity. Considering the large number of generic drugs
available on the pharmacological market, this issue is crucial.
Since measuring amiodarone and its metabolites in serum
is not a standard clinical practice, the effects of switching
between the original and generic drug, or between different
generic versions of AMI, can manifest over several weeks,
which may go unnoticed in routine patient care.

Previously, various analytical methods have been
used for the quantitative determination of AMI in
pharmaceutical preparations, including high-performance
liquid chromatography (HPLC), high-performance thin-
layer chromatography, liquid chromatography, infrared
spectroscopy, Raman spectroscopy, fluorescence
spectroscopy, immunoassay, and electrochemical methods,
and methods for determining AMI in biological fluids using
HPLC-MS, HPLC with chemiluminescence and ultraviolet
detection were developed [11, 12]'. The HPLC method is
more selective than previously described methods and has
high sensitivity. That's why it was chosen for development by
the authors of this article.

The  substantial  variabilty observed in  the
pharmacokinetics of AMI complicates its optimal dosing for
individual patients. Attempts to personalize AMI therapy and
correlate its concentration with the efficacy and safety of

"OFS.1.2.1.2.0001 Chromatography. State Pharmacopoeia of the Russian Federation. 15th ed.; Moscow; 2023. URL: https://pharmacopoeia.

regmed.ru/pharmacopoeializdanie-15/1/1-2/1-2-1/1-2-1-2-khromatograficheskie-metody-analiza/khromatografiya/ (06.10.2025)
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CMEKTPOCKOMMIO, KOPPEMSALMOHHYI CrnekTpockonuio, dnyo-
PECLIEHTHYIO CMEeKTPOCKONMI0, MMMYHOEPMEHTHBIN aHanua
N 3MNeKTpoXMMuYeckne meTtoabl. beinu paspaboTaHbl meTo-
avkn onpegeneHna AMU B Buonornyeckmx obpasuax MeTo-
Aamun BOXX ¢ macc-cnektpometpuei, BOXX ¢ xemuniomm-
HECLIEHTHbIM U1 ynbTpadunoneToBbIM AeTekTupoBaHuem [11,
12]2. MeTog BOXX siBnsietcs 6onee cenekTUBHbLIM B CpaBHe-
HUWN C paHee OMUCaHHbIMW MeTodaMu U obnagaeT BbICOKOM
YyBCTBUTENBHOCTLIO. IMEHHO NO3TOMY OH Obin BbIGpaH Ans
pa3paboTkn aBTOpamMm CTaTbu.

Bornblas cTeneHb W3MeHYMBOCTM, Habniogaemas B
dapmakoknHetuke AMW, 3aTpygHseT onTumarnbHOe ero
A031poBaHve Ans OTAenbHoro nauueHTa. lNMonbiTkn nepco-
HanuaunposaTb Tepanuio AMW 1 BbISBUTE KOPPENsaumnio ero
KOHUEeHTpauun n KoHueHTpauumn A3A ¢ adhdeKTUBHOCTLIO 1
6e3onacHOCTbIO Tepanuu npeanpuHUManicb HeogHOKpaT-
Ho. [lo303aBrcrMble adEKTbI BbINM ONUCaHbI HE TOMbLKO B
MeaVKaMeHTO3HON KapanoBEPCUN 1 KOHTPOIIe YacToTbl cep-
AeYHbIX cokpalleHun [13—-16], HO 1 B pa3BUTMM NOBOYHbLIX
achdekToB. Bmecte ¢ Tem oTaenbHble OaHHbIE CBUOETENb-
CTBYIOT O TOM, 4YTO AOCTUXEHUE LIeNneBon TepaneBTUYeCcKon
KOHLUeHTpaumm AMUW 3ayacTyto He COnpoBOXOAETCA pa3Bu-
TUEM OXMAAeMOro KnuHudeckoro addpekrta [17]. Hu ogHa
13 UCMONb3yeMbIX B UCCrEAOBaHNSAX METOAUK onpeaeneHns
KOHLUEHTpaLun Tak 1 He BOLUMa B PYyTUHHOE MCNOMb3oBaHWe
B KIMUHMYECKOW NpakTuKe, OCTaBnsis BCE BO3MOXHble nep-
CMEeKTUBbI NOHUMaHUA 3akoHoMepHocTen acpdekto AMA n
nepcoHnduKaLmMm ero UCNonb3oBaHUS y NauMeHToB Hepea-
N30BaHHbIMMU.

Llenb nccnepoBaHus: paspaboTtaTe MeToAMKy Komude-
CTBEHHOro onpegeneHns AMW B nnasme KpoBW YeroBeka
meTogom BIXKX.

MaTepMan n metoabl

AuszaiH

B npouecce pa3paboTku metoaukmn Obin pelueH psg 3a-
Aady. Bo-nepsbix, 6bina moandurumnpoBaHa npobonoaroTos-
ka no metogy QUEChERS (Quick, Easy, Cheap, Effective,
Rugged and Safe — BbicTpbin, MNpocTon, OeweBbin, -
eKTMBHBIN, TOYHBbIN U HagexHbl) Ans OOCTUXKEHUS ONTU-
ManbHbIX ycroBui nasnedeHns AMU n O3A n3 6uonornye-
CKOW MaTpuubl. Bo-BTOpbIX, ANst OCTMXKEHNA HEOOXOAMMOM
crneundnyHoCcTN BbiNn padpaboTaHbl yCnoBus xpomarorpa-
duyeckoro aHanusa. PrHanbHbIM LWArom ctana oueHka npu-
rogHocTn paspaboTaHHOW METOAMKW AN KONMMYEeCTBEHHOTO
onpegerneHvsa npenapata B Mra3Me KpoBU MO KpUTEpPUSM
cneundUYHOCTH, MPaBUNBHOCTU, IMHENHOCTW, MOBTOPSEMO-
CTU 1 NPOMEXYTOYHOW NPELU3NOHHOCTMU.

O6opydoeaHue

Mpouenypa 6bina paspaboTaHa ¢ NCMOMb30BaHNEM XPO-
matorpada Agilent 1260 Infinity ¢ agnogHo-maTpuyHbIM Oe-
TektopoMm (Agilent, CLLUA) Ha konoHke Tsunami C18 Pharm
column (250 x 4,6 MM, 5 MKM) B yCrnoBusiX rpagueHTHOro
antoupoBaHus. NpegkonoHka Agilent Zorbax SB C8 (9,4 x 15
MM, 7 MKM) Oblna ncrnonb3oBaHa AN 3aLMThl KONIOHKM OT Me-
XaHu4yeckoro 3arpsisHeHus. LleHTpudpyra CLn-16 (Xiangzhi
Centrifuge Instrument Co., Ltd, Kutait), aHanutnyeckne Bechl
GR-200 (AND, AnohHus), ueHtpudyra ELMI CM-50 (ELMI,

treatment have been made repeatedly. Dose-dependence
has been noted not only in pharmacological cardioversion
and heart rate control [13—16], but also in the development
of adverse effects. Nevertheless, individual data indicate
that achieving the target therapeutic concentration of AMI
often does not correspond to the expected clinical effect [17].
None of the methods used in the studies for determining the
concentration have been incorporated into routine clinical
practice, leaving all potential prospects for understanding the
effects of AMI and its personalized use in patients unrealized.
Aim of the study is to develop a procedure for quantitative
determination of AMI in blood plasma by HPLC.

Materials and Methods

Study design

In the process of the procedure developing, a number
of tasks were performed. First of all, the QUEChERS
(Quick, Easy, Cheap, Effective, Rugged, and Safe) sample
preparation was modified to achieve optimal conditions for the
extraction of AMI and DEA from the biological matrix. Further,
chromatographic analysis conditions were developed to
achieve the required specificity. The final step was to evaluate
the suitability of the developed procedure for the quantitative
determination of the drug in blood plasma according to the
criteria of specificity, accuracy, linearity, precision and limits
of detection and quantification.

Equipment

The procedure was developed using an Agilent 1260
Infinity chromatograph with diode array detector (Agilent,
USA) on a Tsunami C18 Pharm column (250%4.6 mm, 5
pm) with proprietary stationary phase. Agilent Zorbax SB C8
precolumn (9.4x15 mm, 7 um) was used to protect the column
from mechanical contaminants. CLn-16 Centrifuge (Xiangzhi
Centrifuge Instrument Co., Ltd, China), Analytical Balances
GR-200 (AND, Japan), ELMI CM-50 centrifuge (ELMI, USA),
Ultrasonic bath Elmasonic P (Elma Germany), 200-1000 L
and 50-200 pyL mechanical pipettes (Eppendorf, US), IKA
Vortex Genius 3 (IKA-Werke GmbH & Co. KG, Germany),
1.5 ml Eppendorf tubes (Minimed, Russia), and transparent
glass vials for chromatography (Interlab, Russia) were used
during the sample preparation.

Reagents

Sodium chloride (lab grade, Minimed, Russia) and
acetonitrile (HPLC-grade, PanReac, Spain) were used for
proteins precipitation and extraction of the analytes.

Sample preparation

Standard samples

Samples of the dosage form “Amiodarone, concentrate
for preparation of solution for intravenous administration 50
mg/mL”, active substances of caffeine (Organica, Russia),
ibuprofen (Organica, Russia), nicotine (Sigma Aldrich) and
drotaverine hydrochloride (Organica, Russia); placebo

2Od>C.1 .2.1.2.0001 XpomaTorpacbm;l Focy,u,apCTBeHHaﬂ cpapmakoneﬂ Poccuickon ®egepaumnn. XV naa. M ;2023: SJ'IeKTpOHHbII/I pecypc. URL:
h fiya/
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CLlA), ynetpassykoBas BaHHa Elmasonic P (Elma, lepma-
HKS), MexaHudeckme posatopbl 200—1000 mkn and 50-200
mkn (Eppendorf, CLLUA), Boptekc IKA Vortex Genius 3 (IKA-
Werke GmbH & Co. KG, lepmaHus), npobupkun dnnenHgopd
Ha 1,5 mn (Minimed, Poccus), n npo3payHble CTEKMsAHHbIE
BMansl anga xpomarorpadum (Interlab, Poccus) 6einm npume-
HeHbl BO Bpems NpobonoaroToBKu.

Peakmuesbi

Xnopwug HaTpus (lab grade, Minimed, Poccusi) n auetoHu-
Tpun (HPLC-grade, PanReac, /icnanus) ncnonb3oBaHbl Ans
ocaxaeHus 6enkoB 1 U3BMNEYEHNs aHanUTOB.

lMpo6onodzomoeka

lNpuzomosneHue cmaHdapmHo20 pacmeopa

CraHpgapTtHble obpasubl AMW  (KoHueHTpaT ans npu-
roToBMNeHns pacrtBopa And B/B BBegeHua 50 mr/mn), ak-
TMBHble cybcTaHummn kodpenHa (Organica, Poccus), wby-
npodpeHa (Organica, Poccus), HukotuHa (Sigma Aldrich) un
apotaBepuHa rugpoxnopuaa (Organica, Poccus); nnaue6o
(obpasubl kpoBM 300poBOro Aob6poBonbLa), CTaHO4apTHbIE
o6pasubl AMU (Clearsynth, Mymb6aw, MHgus, 50 mr) n O3A
(Clearsynth, Mym6an, Nugusa, 10 mr) 6binm npumMeHeHb! Ans
pa3paboTkv 1 Banugauum METOANKM.

lMpuzomosneHue ModerbHbIX pacmeopos

B kavecTBe pacTBopuTens MCNonb3oBaHa CMeChb aLeTo-
HUTpuna u pocdartHoro bycepa B 06bEMHOM COOTHOLLEHUM
(50 : 50).

MpenBaputensHO rotoBunuck paboune pacteopsl AMU
n OOA ansa BHeceHus nobaBku B 0b6pasLibl KpOBM 300POBO-
ro gobposornbua. B mepHyto konby BmectumocTtbio 100,0 mn
BHOcunock 5 mr AMU n [IBA, pactBop 40BOAMICS A0 METKU
pacTBopuTenemM u nepemMeLumsarncs.

Mpo6onoaroToBka MOAENbHBLIX PACTBOPOB OCYLLECTBIS-
nacb no metogy QUEChERS. Kposb 13 nepudepuyeckoin
BeHbl NaumeHTa 3abupanacb B CTepunbHble NPOOMpKN C
SATA 6-9 mn, ueHTpudyruposanachk B TedeHne 10 MUH co
ckopocTbto 3000 06/mMuH ¢ nocnegytoLmm otbopom 450 Mkn
nnasmMbl KPOBM 1 NepeHocoM B anneHgopd Ha 1,5 mn. danee
NpOn3BOANNOCE nocnefoBaTtenbHoe fobaeneHne K nnasme
50 mkn rpagyvpoBoYHbIX pacteBopoB AMU n JOA (KOHUEH-
Tpauusa pasHa 0,5; 0,8; 1,25; 1,6; 2,5 mkr/mn), 0,33 = 0,04
r xnopuga Hatpusa n 500 Mkn aKcTpareHTa aueToHUTpuna c
nocnegylowmnm BopTekcnposaHvem B TedeHve 10 ¢ Ha mak-
CMManbHOW YacToTe 1 LeHTpUdyrMpoBaHMeM anneHgopda B
TeyeHne 5 MVH Ha MakcmmarnbHbIX obopoTax (15 TbiC. B MUH)
1 0TOOPOM cynepHaTaHTa (Haxo4uTCs Haf CroeM OCeBLLEro
Ha rpaHuLe paccnoeHus XuakocTten 6enka) ¢ nocneayoLwmm
nepeHoOCOM COAEPXMMOro B BUarny co BcTaBkon n BOXX-a-
HanM3oM.

lNpuzomosrneHue pearnbHbIx 06pa3yoe

KpoBb 13 nepudepuyeckon BeHbl nauueHTa, nonyyato-
wero Tepanuio AMW, 3abupanace B cTepunbHble NPOGMpKM
¢ OATA 6-9 mn, ueHTpudyrmposanack B TedeHne 10 MuH co
ckopocTbto 3000 06/mMuH ¢ nocnegytoLmm otbopom 500 mkn
nnasmMbl KPOBM 1 NepeHocoM B anneHgopd Ha 1,5 mn. danee
NpOn3BOANNOCE nocnefoBaTtenbHoe fobaeneHne K nnasme
0,33 £ 0,04 r xnopuga Hatpusa n 500 Mkn aKcTpareHTa ae-
TOHWUTPWIAa C NocneayLwmnM BOPTEKCUPOBAHNEM B TEYEHNE
10 ¢ Ha MakcMmanbHOM YacToTe M LUeHTpudyrmpoBaHnem
anneHgopda B Te4eHre 5 MUMH Ha MakcumarnbHbIX obopoTax
(15 TbIC. B MUH) 1 0TBOPOM Hagocafo4Hom xuakoctn. O6-

(blood plasma samples from an intact patient), and primary
standartized samples of AMI (Clearsynth, Mumbai, India, 50
mg) and DEA (Clearsynth, Mumbai, India, 10 mg) were used
for procedure development and validation.

Model Sample Preparation

A mixture of acetonitrile and phosphate buffer in a 50:50
volume ratio was used as the solvent. Working solutions
of AMI and DEA were prepared in advance for adding the
additive to the blood samples of a healthy volunteer. 5 mg
of AMI and DEA were added to a 100.0 ml volumetric flask,
the solution was made up to the mark with solvent, and
mixed. Sample preparation was performed according to the
simplified QUEChERS method. Blood of intact patient was
collected into sterile 69 mL tubes with EDTA buffer, followed
by centrifugation for 10 min at a speed of 3000 rpm with
subsequent selection of 450 pL of blood plasma and transfer
to a 1.5 ml Eppendorf tube. Then 50 pL of amiodarone
solution (concentration was equal to 0.5; 0.8; 1.25; 1.6;
2.5 pg/L), 0.33 + 0.04 g of NaCl and 500 pL of acetonitrile
extractant were added to the plasma sequentially followed by
vortexing for 10 seconds at maximum speed, centrifugation
for 5 minutes at 15,000 rpm and collection of supernatants
that was placed above the layer of protein deposited at the
liquid-liquid interface and followed by transfer of the contents
into a vial with an insert and HPLC analysis.

Real Sample Preparation

Blood of the patient treated with AMI was collected
into sterile 6-9 mL tubes with EDTA buffer, followed by
centrifugation for 10 min at a speed of 3000 rpm with
subsequent selection of 500 pL of blood plasma and
transferred to a 1.5 ml Eppendorf tube. Then 0.33 £+ 0.04
g of NaCl and 500 pL of acetonitrile extractant were added
to the plasma sequentially followed by vortexing for 10
seconds at maximum speed, centrifugation of for 5 minutes
at 15,000 rpm and collection of supernatants. Blank samples
were collected from intact patients, using the same sample
preparation algorithm.

HPLC-DAD Conditions

The analysis was performed by HPLC with diode array
detector. The column used for the study was Tsunami C18
Pharm, created in the Laboratory of Physicochemical
Methods of Analysis of Tomsk State University. Mobile phase
A was phosphate buffer (pH 3, 7.5 mM), mobile phase B was
100% acetonitrile. The separation was performed in gradient
mode. Up to 7.00 minutes, the B phase content was 55%,
then from 7.00 to 7.15 minutes there was an increase in B
phase content to 85% in order to elute the more hydrophobic
components. From 7.15 to 15.00 minutes the B phase content
did not change, followed by a return to the original 50% at
15.15 min. The total analysis time was 18 minutes. Column
thermostat temperature was set to 30 °C, flow rate — 1.2 mL/
min; injection volume — 80 pL; selective wavelength was 241
nm. Typical chromatogram of plasma sample is presented on
Figure 1. The value of retention factor for AMI was 5.2; for
DEA-34

Method validation

Validation was performed according to OFS.1.1.0012.15
“Validation of Analytical Methods” for the following parameters:
selectivity, matrix effect (by plotting a calibration curve
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Puc. 1. TunuyHasi xpomaTtorpamMma o6pasLia nnasmbl, cofepKallero ammoaapoH 1 Ae3aTnnamMmmonapoH
Fig. 1. Typical chromatogram of a plasma sample containing amiodarone and desethylamiodarone

pasupl nrasmbl 6e3 AMU 6binmn cobpaHbl y 300poBbIX Nauu-
€HTOB C MCMONb30BaHNEM TOrO e anropuTmMa MoAroTOBKW.

Ycnoeus aHanuza BAOXX

AHanua nposoannca metogom BOXXX ¢ ncnonb3osaHmem
ONOo4HO-MaTpUYHOro AeTektopa. [Ons uccrnegoBaHUs npu-
MeHsinacb korioHka Tsunami C18 Pharm, paspaboTtaHHas B
nabopatopun OU3NKO-XUMUYECKUX METOOOB aHanm3a Tom-
CKOTO rocy4apCTBEHHOro yH1BepcuTeTa. MNoasuxkHas dasa A
— dpocchatHbIn 6ydep (pH 3, 7,5 MM), nogBuxHast asa B —
100% aueToHUTpUn. Pexxum antoupoBaHusi — rpagueHTHbIN.
Mporpamma rpaguenTa: go 7,00 MuH cogepxaHune dasbl B
coctaensano 55%, 3arem ¢ 7,00 go 7,15 MuH cogepxaHue
asbl B yBenuunsanock o 85% c uenbio antomposaHusi 6o-
nee rmapodobHbIx koMnoHeHToB. C 7,15 no 15,00 MuH co-
aepxxaHue casbl B He n3MeHsinock, a 3aTeM Bo3BpaLlanochb
K ncxogHoiM 50% Ha 15,15 MuH. CymmapHoe BpeMsi aHanu-
3a coctasBuno 18 muH. Temnepatypa Tepmoctata — 30 °C,
CKOPOCTb MoToka — 1,2 MN/MUH; 06beM MHXKekUMn — 80 MKIT;
OITMHA BOMHbI AETEKTUPOBaHUSA — 241 HM. TunuyHaa xpoma-
Torpamma obpasua nnasmbl NpeacTaBneHa Ha pucyHke 1.
OTHocuTenbHoe Bpems yaepxueaHus ans AMW coctasuno
5,2 muH, ans A3A — 3,4 MuH.

Banudauyus

Banupaums nposogunacb Ha ocHoBe O®C.1.1.0012.15
«Banupaunst aHanMTU4eckux MeToauK» Mo CrieayrLmm na-
pameTpam: CenekTUBHOCTb, MATPUYHbIN 3dhdekT (nmocpen-
CTBOM MOCTPOEHUS KannMbpOBOYHOM KPUBOW OTHOCUTENBHO
cogepxannss AMW B nnasme nocrne npoGonoaroToBkM Ans
pasHbiX YPOBHEW KOHLUEHTpauuu), NMHEeNHOCTb, TOYHOCTb,
NPeLM3NOHHOCTb, CTabUNBHOCTb U Npeaer KONMYeCTBEHHOTO
onpenenexHnst n obHapyxeHus. B Tabnuue 1 npeacraBneHsbl
KpuTepun Banugaumm B cootsetctum ¢ OPC.1.1.0012.15.

Cneyugu4Hocmb

OueHuvBanu cneundUYHOCTb METOAMKN MO OTHOLUEHWIO
K nekapcTBeHHbIM BellecTBam, Hambonee pacnpocTpaHeH-
HbIM B MEOMLMHCKOWN NpakTuke. B aTy rpynny BXoAAT HecTe-
pouaHble NpoTMBOBOCNaNUTENbHbIE CpeacTaa (MbynpodeH),
CTUMYnNSATOp HepBHOW cucTembl (KodenH), a Takke cnas-

relative to AMI content in plasma after sample preparation for
different concentration levels), linearity, accuracy, precision,
stability and limits of detection (LOD) and quantification
(LOQ). Table 1 contains the list of evaluation criteria that was
formed according to OFS.1.1.0012.15.

Specificity

The specificity of the procedure was evaluated in relation
to the drugs most commonly used in medical practice.
This group includes non-steroid anti-inflammatory drugs
(Ibuprofen), neuromimetics (Caffeine), spasmolytic drugs
(Drotaverine). Specificity was also assessed in relation to the
main metabolite of AMI.

Linearity

The linearity range of the procedure was evaluated
by linear regression calibration curves for model plasma
samples of amiodarone. Model samples were prepared
according to the procedure, described previously, using
modified QUEChERS method.

Working solutions of AMI were prepared in advance
for adding the additive to the blood samples of a healthy
volunteer. 5 mg of AMI was added to a 100.0 ml volumetric
flask, the solution was made up to the mark with solvent,
and mixed. Calibration solutions A—Il were prepared from the
working solution in a concentration range of 0.005-0.025 mg/
ml.

Solution A. 5.0 mL of the solution was added to a 10.0
mL flask, made up to the mark with solvent, and mixed. The
solution contained an amine at a concentration of 0.025 mg/
mL.

Solution B. 3.2 mL of the solution was added to a 10.0
mL flask, made up to the mark with solvent, and mixed. The
solution contained an amine at a concentration of 0.016 mg/
mL.

Solution C. 2.5 mL of the solution was added to a 10.0
mL flask, made up to the mark with solvent, and mixed. The
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Tabnuua 1. KpyTepun NpMrogHOCTM METOAMKN aHanmnsa
Table 1. Procedure suitability criterion

Mokasatenb / Parameter

PaspelueHne mexay ABYMsi NMKaMu onpeaensieMblX BELLECTB M KOMNOHEHTOB Na3Mbl KPOBU, HECTEPOUAHOTO
NPOTMBOBOCNANMTENbLHOrO Npenapara, kodenHa n HUKoTuHa He meHee 1,5 / Resolution between peaks of
analytes and components of blood plasma, non-steroidal anti-inflammatory drugs, caffeine and nicotine not

CenektuBHoCTb / Selectivity

less than 1.5

Kputepwuin npurogHocTy metoaumkm / Procedure suitability criteria

JInHenHocTb / Linearity

KoadbcpuumeHT koppensiumm nMHenHon 3aBncumocTtu B AnanasoHe ot 50 go 200% TepaneBTUyYeckomn
KOHLeHTpauun amnonapoHa He meree 0,99 / Correlation coefficient of linear regression in the range from
50% to 200% of average therapeutic concentration not less than 0.99

MoeTopsiemocTb / Repeatability

RSD He 6onee 5% / % RSD not more than 5%

MpomexyTo4Hasi NPeLM3NoHHOCTb /
Intermediate precision

RSD He 6onee 10% / % RSD not more than 10%

MpasunbHoCTL / Accuracy

% BoccTaHoBreHus ot 85 Ao 115% (ot 70 oo 130% Ans ypoBHSA nNpefena KonmyecTBeHHOro obHapyxeHust) /
% recovery from 85% to 115% (from 70% to 130% for LOQ)

mMonutuyeckoe cpeacteo ([dpotaBepuH). CneumdpuyHoCcTb
onpeaensany Takke no OTHOLLEHMIO K OCHOBHOMY MeTabonu-
Ty AMWU.

JluHeliHOCcMb

JIMHEeHOCTb MEeToaMKU OLEHMBANM MyTeM MOCTPOEHUSI
rpagyvpoBOYHOW 3aBUCMMOCTY ANsi CTaHA4APTHbIX PaCTBOPOB
AMW. CtaHgapTHble 06pa3ubl 6bInv NPUroToBMEHbI N0 METO-
AVKe, ONMcaHHOWM paHee, C UCMOoNb30oBaHNEM MOANULMPO-
BaHHOW npobonoaroToBku no metogy QUEChERS.

MpenBapuTenbHO roToBUNUCL paboune pacteopbl AMU
ONns BHeceHus nobaeky B 06pasLbl KpOBM 300P0OBOro 4obpo-
BonbLa. B mepHyto konby BmectumocTtbio 100,0 mn BHOCK-
nock 5 mr AMW, pacteBop 40BOAMNCA 40 METKM pacTBOpuUTe-
nem n nepemMelumBancs. /13 paboyero pactsopa rotoBunmch
rpagyvpoBoYHble pacTBopbl A — [1 B AuanasoHe KOHLEeHTpa-
umin 0,005-0,025 mr/mn:

PactBop A. B konby BmectumocTbio 10,0 M BHOCKUMOCH
5,0 mn pactBopa, cogepXXnMmoe AOBOAMMOCHL A0 METKM pac-
TBOpUTENEM 1 NepemeLumBanock. Pacteop cogepxan AMU B
KoHUeHTpaummu 0,025 mr/mn.

PactBop B. B kon6y BmectumocTtbio 10,0 Mn BHOCUMOCH
3,2 Mn pacTBopa, CoaepXXnMmMoe AOBOAMMOCHL A0 METKM pac-
TBOpUTENEM M NepemeLumBanock. Pacteop cogepxxan AMU B
KoHuUeHTpaummu 0,016 mr/mn.

PactBop B. B kon6y BmectumocTbto 10,0 M BHOCUMOCH
2,5 mn pactBopa, cogepXnumoe AOBOAMMOCHL A0 METKM pac-
TBOpUTENEM M NepemeLumBanock. Pacteop cogepxan AMU B
KoHuUeHTpaummu 0,013 mr/mn.

PactBop . B konby Bmectumoctbio 10,0 mn BHOCUNOCH
1,6 Mn pacTBopa, CoOAepXMMOe AOBOAMMOCHL A0 METKM pac-
TBOpUTENEM M NepemeLumBanock. Pacteop cogepxan AMU B
KoHUeHTpaumm 0,008 mr/mn.

Pacteop [. B kon6y BmectumocTbio 10,0 M BHOCUMOCH
1,0 mn pacTBopa, CoOAepXMMOe AOBOAMMOCHL A0 METKM pac-
TBOpUTENEM M NepemeLumBanock. Pacteop cogepxan AMU B
KoHUeHTpaummu 0,005 mr/mn.

MpobonoaroToBka pacTBOPOB A1 MPOBEPKU NTIMHENHOCTH
ocywiectenanace no merogy QUEChERS. KpoBb 13 nepude-
puvYeckol BeHbl MauneHTa 3abupanacb B CTEpUsbHbIE MPo-
6upku ¢ OOTA 6-9 mn, ueHTpudyrmposanacb B TedeHune 10
MUH co ckopocTbto 3000 06/MMH ¢ nocnegyroLwmMm oT6opom
450 MKN nnasmbl KPOBU U NepeHocoM B anneHgopd Ha 1,5
mn. [lanee npousBoaumnock nocrnegosaTensHoe fobasneHve
K nna3me 50 Mkn rpagynpoBoYHbIX pacTBopoB AMU (KoHLIEH-
Tpauus pasHa 5,0; 8,0; 12,5; 16,0; 25,0 mkr/mn), 0,33 £ 0,04 r
xnopuga Hatpust n 500 MKN 3KcTpareHTa aueToHuTpuna c

solution contained an amine at a concentration of 0.013 mg/
mL.

Solution D. 1.6 mL of the solution was added to a 10.0
mL flask, made up to the mark with solvent, and mixed. The
solution contained an amine at a concentration of 0.008 mg/
mL.

Solution I. 1.0 ml of the solution was added to a 10.0
ml flask, made up to the mark with solvent, and mixed. The
solution contained 0.005 mg/ml of AMI.

Sample preparation for linearity testing was performed
using the QUEChERS method. Blood patient's samples was
collected into sterile 69 mL tubes with EDTA buffer, followed
by centrifugation for 10 min at a speed of 3000 rpm with
subsequent selection of 450 pL of blood plasma and transfer
toa 1.5 ml Eppendorftube. Then 50 pL of amiodarone solution
(concentration was equal to 0.5; 0.8; 1.25; 1.6; 2.5 ug/L), 0.33
+ 0.04 g of NaCl and 500 pL of acetonitrile extractant were
added to the plasma sequentially followed by vortexing for 10
seconds at maximum speed, centrifugation for 5 minutes at
15,000 rpm and collection of supernatants that was placed
above the layer of protein deposited at the liquid-liquid
interface and followed by transfer of the contents into a vial
with an insert and HPLC analysis. The constructed calibration
dependence is shown in Figure 2. A linear dependence was
also obtained for DEA. Based on these lines, the response
factor (F) for DEA relative to AMI was calculated, equal to
1.450.

Precision (repeatability and intermediate precision)

Repeatability was evaluated by measuring the analytical
signal for three samples, three parallel measurements for
each sample. The measurements were performed within a
short time interval, using the same equipment and reagents,
by a single analyst. Intermediate (in-laboratory) precision was
evaluated for three samples, three parallel measurements
for each, over a period of three days. Measurements were
performed with the same equipment and reagents, by the
same analyst, but with wide temporal variation. Cochran's
C test was used in testing the homogeneity of variance
(standard deviation). Experimental values of peak areas (S,
pVxs) and retention times (RT, min) with calculated values
of standard deviation (SD) and relative standard deviation
(RSD) are presented in Table 2 and Table 3, respectively.

Accuracy

The accuracy of the procedure was evaluated by
comparing the measured and actual concentrations of
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Puc. 2. I'pagynpoBoYHbIN rpadvk ANs CTaHAAPTHLIX PACTBOPOB amMMOAapoHa € pasnuyHbIM KOHLUeHTpauuamm npenapata (0,5; 0,8; 1,0; 1,25; 2,5; 3,0 mkr/mn)
Fig. 2. Calibration curve obtained with the average peak areas of amiodarone in model samples with different concentrations of the drug (0.5; 0.8; 1.0; 1.25;

2.5; 3.0 pg/L)

nocnegylLwum BopTekcnpoBaHem B TeveHre 10 ¢ Ha mak-
CMManbHOW YacToTe M UeHTpudyrmpoBaHuemM anneHgopda
B TeyeHve 5 MWH Ha MakcumanbHbiXx obopoTtax (15 Teic. B
MWH) 1 0T6OpPOM cynepHaTaHTa (HaxXo4MTCs Hag, Crioem OCeB-
LIero Ha rpaHuue paccrioeHus xuakocten 6enka) ¢ nocne-
OyOLWUM MEepPEHOCOM COAEPXKMMOro B Buany CO BCTaBKOM U
B3OXXX-aHanu3om. lNocTpoeHHasi rpagyvpoBOYHas 3aBUCU-
MOCTb NpeAcTaBreHa Ha pucyHke 2. JInHelriHasi 3aBUCMMOCTb
Takke bbina nonyyeHa ana J3A. Ha ocHoBaHWW JaHHbIX Nn-
HWUA paccuntaH daktop oTknumka (F) ans A3A oTHOCUTENbLHO
AMW, paBHbIn 1,450.

Bocnpou3zeodumocms (moemopsieMocmb U NMPOMeXy-
MmoYHasi NPeyu3uoOHHOCMb)

[MoBTOpPSIEeMOCTb OLieHMBanach NyTemM 3MepeHnus aHanu-
TUYECKOro curHana ans Tpex obpasuos, Tpex napannenbHbIX
nusMepeHui ons kaxgoro obpasua. VsmepeHusi nposogu-
NUCb B TEYEHUE KOPOTKOrO NPOMEXYTKa BPEMEHMW C MUCMOSb-
30BaHVEM OZHOTIO M TOro e 060pyAoBaHNs U peareHToB, oa-
HUM aHanuTukom. lMpomexyToyHasi (BHyTpunabopaTopHas)
TOYHOCTb OLEeHMBanacb Ansi Tpex obpasuos, Tpex naparn-
nenbHbIX U3MEPEHUIA NS KaX[oro B Te4eHne Tpex AHen. Ms-
MepeHUsi NPOBOAMINCH C NCNONb30BaHWEM O4HOTO 1 TOTO Xe
obopynoBaHuUs 1 peareHToB, OQHVUM U TEM Xe aHanuTUKOM,
HO C LUMPOKMM BpeMeHHbIM pasbpocoM. G-kputepuin Koxpe-
Ha ncnonb3oBancst 4ns NPOBEPKV OAHOPOAHOCTM AMUCNEePCUm
(cTaHOapTHOe OTKINOHEHMe). QKCNepUMeHTarnbHble 3HaYeHNs
nnowiagen nukos (S, MkB x c) n Bpemenn yaepxusaHus (RT,
MWH) C Pac4eTHbIMW 3HAaYEHUSIMN CTaHO4APTHOIO OTKIIOHEHUS
(SD) n oTHOCKTEMNBHOIO CTaHAApPTHOro oTkNoHeHus (RSD).

lMpasunbHOCMBb

To4yHOCTb Mpoueaypbl OLeHWBanacb NyTeM CpaBHEHUS
N3MEPEHHbIX N hakTnyecknx KoHueHTpauun AMW B cTtan-
[apTHbIX obpasuax u pacdera CKOPOCTW BOCCTaHOBMEHWS.
BoccTaHoBneHve paccuuTbiBanochb Ans YeTblpex YpPOBHEN
KOHLeHTpaumun B gmanasoHe ot 40 go 200% ot cpeaHen Te-
paneBTU4ecKon KoHueHTpauum AMU B nnasme yenoseka.

Po6acmHocmb
MapameTpamu, UCMOMb30BaHHLIMK AN WUCCReaoBaHus

amiodarone in model samples and calculating recovery rate.
Recovery was calculated for four levels of concentration
in the range from 40% to 200% of the average therapeutic
concentration of amiodarone in human plasma.

Robustness

The parameters used for robustness study were change
of NaCl mass (+0.05 g) and change of pH of mobile phase A
(£5). Three different model plasma samples were prepared
to test the first listed parameter. To study the effect of mobile
phase molarity, retention times of AMI was registered in
same HPLC conditions, using two buffers (10 uM and 5 pM)
as mobile phase A. Related chromatograms are presented in
Figure 3 and Figure 4, respectively.

Results

Specificity

During the specificity study, the ability to qualify AMI
and DEA without mass-spectrometry detector had been
proved. The use of the Tsunami C18 Pharm column made
it possible to achieve elution of peptides in dead time by an
exclusion mechanism, while the analytes were retained by
a reverse-phase mechanism. Thus, optimal chromatographic
conditions were developed to eliminate the influence of
protein components of the biological matrix.

The procedure proved to be specific and shows absence
of drug interference, as well as absence of interfering
coelution of analytes with components of blood plasma matrix.
Calculated resolution values for each critical pairs were more
than 1.5 and listed in Table 2. The obtained values were within
the acceptable range; thus, the developed procedure can be
considered suitable according to the specificity parameter.

Related chromatogram of the drugs standard solutions in
developed HPLC conditions is presented in Figure 5.
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Puc. 3. Xpomatorpamma craHgapTHoro obpasua (5 MM 6ydep)
Fig. 3. Chromatogram of model plasma sample (5 uM buffer)

Puc. 4. XpomaTtorpamma ctaHgapTtHoro obpasua (10 mM Bydep)
Fig. 4. Chromatogram of model plasma sample (10 uM buffer)

HazexHocTn, 6binv nameHeHne maccel NaCl (20,05 r) n us-
MeHeHne pH noaBwxHow dasbl A (£5). [ns npoBepku nep-
BOrO M3 MEpPeYUCriEHHbIX MapamMeTpoB ObinNy NOArOTOBMEHbI
TPU pasnuyHbIX CTaHO4apTHbIX 06pa3ua. Onsa nlyyeHus Bnu-
aHusA pH noasmxkHOW hasbl Bpemsa yaepxumsaHua AMU peru-
cTpupoBanu B Tex e ycnosusix BOXX ¢ ncnonb3oBaHnem
AByx 6ydepos (10 n 5 MM) B kadecTBe noaswkHONM asbl A.
Xpomartorpammbl NPeACcTaBeHbl HA pUCYHKax 3 1 4 COOTBET-
CTBEHHO.

Pe3ynbraTthbl

Cneyugu4Hocmb

B xone nccnepoBaHus cneumduyHOCTY Obina gokasaHa
BO3MOXHOCTb onpegenexHms AMA n JOA 6e3 macc-cnekTpo-

Linearity

According to the obtained data, the procedure can be
considered linear in the concentration range from 0.5 to 3.0
ug/L (40 to 240% of the average therapeutic concentration).
The value of the correlation coefficient (R2) was 0.9975.
Thus, since the R2 values satisfy the condition R2 > 0.99,
the procedure can be considered suitable according to
the linearity criterion. Based on the proven linearity of the
procedure, the limit of quantification and limit of detection
were calculated; LOD value was 0.30 ug/pL (S/N = 3) and
LOQ is equal 0.82 pg/pL.

The quantification of DEA in the sample is calculated
according to Formula 1, using the calibration curve for the
model mixture of AMI and the response factor for DEA.
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Tabnuua 2. 3HaveHne paspeLueHns
Table 2. Resolution values

Mapa / Pair Paspeluenune (RS) / Resolution (RS)
. AMMO,qapOH—}:lesamna Mmo,u,apOH/Amlodarone Deset hyI am |odarone .................................................. 652 ...........................
AmuopapoH — NbynpodeH / Amiodarone-Ibuprofen 50,1
[esatunamuogapoH — Kodenn/OpoTtaBepuH / Desethylamiodarone-Caffeine/Drotaverine 16,5

MeTpuyeckoro aetektopa. Vicnonb3oBaHue konoHku Tsunami
C18 Pharm no3Bonuno AobuTtbca anomMpoBaHus NenTuaos no
MEXaHU3My UCKIMIOYEHNS, B TO BPEMS KaK aHanuTbl yaepxu-
Banu1cb No MexaHnamy obpatleHHon dasbl. Takum obpasom,
ObinM pagpaboTaHbl ONTUManbHblE XpoMaTorpaduyeckne
yCrnoBus AN yCTPaHeHNs BNUSHWUSA 6enKoBbIX KOMMNOHEHTOB
Bronornyeckon maTpuubl.

B pesynbrate 6blna AoKyMeHTUpoBaHa crneunduyHoOCTb
METOAMKN, MPOAEMOHCTPUPOBAHO OTCYTCTBME NEeKapCTBEH-
HOW MHTepdEPEHLMN, a TaKKe MELLaLLEro KO3MoMpoBaHNs
aHanuMToB C KOMMOHEHTamy MaTtpuubl nnasmbl Kposu. Pac-
YeTHble 3HaYeHVs paspelleHus AN KakOow KpUTUYeckomn
napsl coctasunu 6onee 1,5 (tabn. 2).

MMony4yeHHble 3Ha4YeHNs Haxogunucb B AOMYCTUMOM Au-
anasoHe, Taknum obpasom, pa3paboTaHHylo Npoueaypy MOX-
HO cyMTaTb NPUrogHomn no napametpy cneuundudHoctn. Co-
OTBETCTBYIOLLAsA XpomaTtorpaMma CTaHOapTHbIX PacTBOPOB
NeKapCTBEHHBbIX MpenapatoB B pa3paboTaHHbIX YCNOBUSX
B3OXXX npencraBneHa Ha pucyHke 5.

JluHeliHocmb

CornacHo nonyyYeHHbIM AaHHbIM, METOAMKY MOXHO CYM-
TaTb NIMHENHOW B Amanas3oHe KoHueHTpauui ot 0,5 go 3
Mkr/mn (o1 40 go 240% oT cpefHen TepaneBTUYECKON KOH-
ueHTpauun). BenuumHa koadbdpuumeHTa koppensuumn (R2)
coctaBuna 0,9975. Takum 06Gpa3oM, MOCKOMbKY BENMYMHbI
R2 ynosnetsopstoT ycriosuto R2 > 0,99, meToamky MOXHO
cunTaTb MPUrOLHOWM MO KPUTEPUIO NMHEHoCcTU. Ha ocHoBa-
HUWN JOKA3aHHOW NMHENHOCTU METOAMKM ObINN paccynUTaHbl
npeaen KonMyecTBEHHOro onpefeneHvs 1 npegen obHapy-
XeHus cornacHo O®C.1.2.1.2.0001 Xpomatorpadums. lMpe-
aen obHapyxxeHus coctaun 0,30 mkr/mn (S/N = 3), npeaen
KOnmM4ecTBeHHOro onpeaeneHuns — 0,82 mkr/mn.

Copepxanne O3A B npobe BbIUYMCAT MO CriedytoLlen
dopmyrnie 1, ucnonb3ysa rpagyvMpoBOYHbIA rpacduk ans Mo-
aenbHoli cmecn AMU 1 dpaktop oTknnka gns OOA:

roe:

CD — koHueHTpauusa O3A, mkr/mn; SA — nnowaab nvka
AMW, mB x ¢; a, b — k0ahULMEHTbI B ypaBHEHUN NIMHENHO-
ctu; F — dhakTop otknuka ana O3A.

OnuncaHHas MeToauKa Nno3BOoNdeT onpenenAatb KOHUEeH-
Tpaumio 13A 6e3 nocTpoeHns KanMbpoBOYHOW KPWBOW ANIS
meTtabonura.

Bocnpouszeodumocmb (moemopsieMocms U rPOMexy-
moyHasi npeyu3uUOHHOCMb)

OkcnepumeHTanbHoe 3HadyeHne G-kputepusi KoxpeHa
ansa spemeru ygepxusaHus AMW coctasuno 0,387 MuH,
ana nnowaan nuka — 0,561 MyH. TeopeTnyeckoe 3HayYeHmne

where:
CD — DEA concentration, ug/L;
SA — AMI peak area, pyVxs;
a, b — linearity equation coefficients;
F — response factor for DEA.

The described technique allows to calculate the plasma
concentration of DEA without constructing a calibration curve
for the metabolite.

Precision (repeatability and intermediate precision)

The experimental value of Cochran's C — criterion for
retention time of amiodarone was 0.387; for peak area —
0.561. Theoretical value of Cochran's C — criterion, for the
confidence level equal to 0.95, was 0.871 according to
the Russian Federation System for Ensuring Uniformity
of Measurements (Recommendations on Interstate
Standardization 61 — 2010).

GEXP (RT) = 0.387;
GEXP (S) = 0.561;
GTHEOR = 0.871

The experimental values of Cochran's C — criteria are less
than the theoretical one. Therefore, the dispersions can be
considered homogeneous and averaged to calculate the SD
of repeatability of the method.

As can be seen from the calculation results (Table 3),
% RSD values of repeatability and intermediate precision
meet the established requirements (less than 5% and 10%,
respectively). Consequently, the developed procedure can
be considered suitable within the analytical area.

Accuracy

The obtained values of deviations of measured
concentrations from the actual value in the range from 40%
to 200% of the average therapeutic concentration are within
the range of acceptable (Table 4). Thus, the developed
procedure can be considered accurate in the considered
range of concentrations.

Robustness

The calculated data did not indicate a significant change
in the degree of extraction of amiodarone with a change in
the mass of NaCl. The recovery level for all samples, used
for this study, was above 99% (Table 5).
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Puc. 5. XpomaTtorpammel cTaHAapTHbIX PACTBOPOB IEKAPCTBEHHbIX CPEACTB
Fig. 5. Overlay chromatogram of drugs used for specificity study

G-kputepusa KoxpeHa Ans ypoBHS AOCTOBEPHOCTM, PaBHOMO
0,95, cocrasuno 0,871, cormacHo Cucteme obecneyeHus
eouHcTBa namepeHun Poccunckon denepaummn (PekomeHaa-
Lun No MexrocyaapcTBeHHoW ctaHgapTusauumn 61 — 2010).

GEXP (RT) = 0,387;

GEXP (S) = 0,561;

GTHEOR = 0,871.

SkcnepumeHTanbHble 3HadeHus G-kpuTtepus KoxpeHa

MeHblle TabnuyHOoro, criefoBaTenbHO, AWCMEPCUM MOXHO
cynTaTh OOQHOPOAHBIMU U ycpeaHuTb anga pacyeta CKO no-
BTOPSAEMOCTW MeToauku. Kak BMaHO 13 pe3ynsraToB pacyera
(Tabn. 3), 3Ha4YeHMs1 OTHOCUTENBHOIO CTAHAAPTHOrO OTKIO-
HeHus (RSD) noBTOpsSemMOCTU M MPOMEXYTOYHON MpeLman-
OHHOCTW COrnacyltTCca C YCTaHOBIEHHbIMM TpeboBaHMAMU
(meHbwe 5 n 10% cooTtBeTcTBEHHO). CnegoBaTenbHO, pas-
paboTaHHYy METOAMKY MOXHO cyMTaTb NPUrogHON B npeae-
nax aHanuTnyeckon obnacTu.

lMpasunbHocmb

MonyyeHHble BENUYMHbBI OTKITOHEHWI PACYETHbIX KOHLEH-
Tpauuin OT HOMUHANbLHOrO 3Ha4YeHus B gnanasoHe ot 40 o
200% oT TepaneBTMYECKONM KOHLEHTpauun BXoasaT B guana-
30H Npuemnembix (Tabn. 4).

Takvm obpasoM, pa3paboTaHHy0 METOAUKY MOXHO CHU-
TaTb NPaBUNIbLHON B paccMaTpMBaeMOM AManas3oHe KOHLUEH-
Tpauun.

Po6acmHocmb

BnusHue macco! Hasecku NaCl

PacyeTHble OaHHble CBMAOETENbCTBYHOT 06 U3MEHeHUn
CTeNeHn N3BneYeHns aHannampyemoro BeLlecTsa npu nsme-
HeHUn Macchbl ncnonb3dyemoin conun Ha 0,05 r, npuyem n3sne-
YeHne yBenuunBaeTcs C yBenuyeHmem maccbl (tabn. 5).

OueHky pobacTHOCTM MPOBOAMNN TaKke MNpu U3MeHe-
HuM pH nogswkHOM asbl. AHann3 obpasuos nnasmMbl MNpo-
BOOMNM NpuW 3HaveHnsx pH, pasHbix 2,5 n 3,5. PesynbraTthl
aHanu3a nokasanu HanoxeHue nuka AMW Ha nuk kommno-
HeHTa Buonornyeckon matpuubl Ans pH 2,5, a Takke name-
HeHne BpemeHun yaepxuBaHus (RT = 6,22); npu 3HavyeHun
pH 3,5 nuk aHanuaupyemoro BellecTBa 3aknioyarncs B yBe-
nuyeHun Bpemenun yaepxmsanua (RT = 8,16) n yumpeHun

Robustness was also assessed by varying the pH of the
mobile phase. Plasma samples were analyzed at pH values
of 2.5 and 3.5. The results showed an overlap of the AMI
peak with the peak of the biological matrix component at pH
2.5, as well as a change in retention time (RT = 6.22). At
pH 3.5, the analyte peak was characterized by an increase
in retention time (RT = 8.16) and broadening (Fig. 4). Thus,
the method exhibits low robustness values for a number of
chromatographic parameters and requires precise adherence
to the sample preparation procedure and mobile phase
preparation.

Discussion

Attempts to personalize amiodarone therapy and identify
the correlation between its concentration and the efficacy and
safety of treatment have been made repeatedly. The method
of inverse voltamperemetry is quite sensitive and allows
for the determination of amiodarone levels at 0.01 mg/ml.
However, a significant drawback is that the conditions were
developed for substance solutions and do not account for the
presence of blood components in the sample; therefore, this
methodology cannot be used to determine amiodarone in
blood plasma.

An alternative method is based on spectrophotometric
analysis of chloroform extracts of the ion associate of
amiodarone and methyl orange from an acetate buffer
solution at pH 3, at a wavelength of 430 nm. Its drawback is its
unsuitability for the assessment of biological samples, as the
methodology does not consider the matrix effects of plasma
components and the potential formation of ion associates
with other small molecules that possess positively charged
functional groups. Moreover, the limit of quantification of
amiodarone for the described analytical method is 0.34 mg/
ml, which is more than 100 times higher than the therapeutic
concentration of amiodarone in blood plasma (1.0-2.5 pg/
ml). The method for determining amiodarone in serum by
liquid tandem chromato-mass-spectrometry is more selective
and sensitive compared to photometric and amperometric
methods. However, this method is relatively expensive due
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Ta6nuua 3. /13yyeHne TOYHOCTY NNOLLAAMN NMKKA Y BPEMEHU YAEPXKUBAHUS — NOBTOPSIEMOCTb U MPOMEXYTO4YHast TOYHOCTb (MPO6bI UHXKXEKTUPOBAHBI TPYKAbI)

Table 3. Precision study on peak area and retention time — repeatability and intermediate precision

Mpoa/ Sample T oak aro (Ve P Retontion tme, i
I'Ipoﬁa1/SampIe1 11533 ............................................. 756 ........................
Mpo6a 2 / Sample 2 115,27 7,76
[Mpo6a 3 / Sample 3 115,29 7,85
[Mpo6a 4 / Sample 4 114,91 7,52
Mpoba 5/ Sample 5 115,34 7,66
Mpoba 6 / Sample 6 114,81 7,71
Mpoba 7 / Sample 7 117,86 7,55
[Mpo6Ga 8 / Sample 8 115,49 7,68
[Mpo6a 9 / Sample 9 121,71 7,76
Mpo6a 10 / Sample 10 105,76 7,70
Mpo6a 11 / Sample 11 113,84 7,89
Mpo6a 12 / Sample 12 115,00 7,93
CpegHee / Mean 115,05 7,71
CKO nostopsiemoct, % / Repeatability SD 3,97 0,12
RSD nostopsiemoct, % / Repeatability %RSD 3,47 1,565
CKO npomexyTo4HOM NpeunsnoHHocTH, %
. . 2,99 0,09
Intermediate precision SD
RSD npomexyTo4Hon NpeunsnoHHocTu, %
Intermediate precision %RSD 261 118
Mpumeyanue: CKO — cpenHekBaapaTMyeckoe OTKIIOHEHME.
Ta6nuua 4. MpaBUnbLHOCTb B YCMNOBUSIX MOBTOPAEMOCTU
Table 4. Recovery rate
% oT cpeneil TepaniBeTVM;eCKOM KOHLEHTpaLn RSD, % BoccraHoBnenue, % / Mean % Recovery
........................ 40% 349 8402
100% 2,07 91,92
130% 3,54 90,97
200% 0,70 85,06
Ta6nuua 5. Bnuaxue maccel NaCl Ha n3BneveHme amvogapoHa
Table 5. Effect of NaCl mass on amiodarone recovery
m (NaCl), r/ NaCl mass, g Meaﬁ?::"k’ :riax, EVXS % oT ucxopHow S / % Recovery
........................ 033 11533 1000
0,28 115,21 99,9
0,38 115,10 99,8

(cm. puc. 4). Takum obpa3om, MeToaMKa XapakTepusyercs
HU3KMMUW 3HAYeHMAMY poBacTHOCTM No psAy XxpomaTorpadu-
Yeckux napameTpoB, TpebyeT To4HOro cobnoaeHns metoau-
Ky Npo6onoAroTOBKM M MPUTOTOBMEHWS MOABUXHBIX das.

O6cyxaeHue

MonbITkM nepcoHanuanposatb Tepanuio AMW u Bbis-
BUTb KOPPENSLUUIO ero KOHUEHTpauum ¢ 3heKTUBHOCTLIO
1 6e30MacHOCTbIO Tepanuu NpeanpuHMManicb HeogHoKpaT-
Ho. MeTof VHBEPCMOHHOW BOMLTAMNEPOMETPUM SIBMNSIETCS
OOCTaTOMHO YYBCTBUTENbHLIM W MO3BOMSET ONpedensitb
cogepxaHne AMU Ha yposHe 0,01 mr/mn. MNpu aToM cyule-
CTBEHHBLIM €€ HeJOCTaTKOM SIBMSIETCS TOT (haKT, YTO YCroBusi
paspaboTaHbl Ans pacTBOPOB CyOCTaHUMM U HE yYUTbIBAKOT
NpUCYTCTBME KOMIMOHEHTOB KPOBK B 006pas3ue, criegoBarenb-
HO, MeEToAMKa He MOXET ObITb MCNOMb30BaHa ANs onpeaene-
Hus AMWU B nnasme KpoBu.

AnbTEpHATVBHBIM  SIBMSIETCS  METOA, OCHOBAHHbIA Ha
CMNEeKTPOOTOMETPMYECKOM aHanu3e XIopogOpPMHbIX 3KC-

to the high costs of reagents, standards, and equipment.
Another downside is the sample preparation time: the
preparation time for a single sample exceeds 20 minutes.
The method described in the article by T. Pérez-
Ruiz et al. [11] is based on determining amiodarone
using high-performance liquid chromatography with a
chemiluminescent detector. This method allows for the
determination of amiodarone in biological samples but
requires a chemiluminescent detector not included in the
basic equipment of the chromatograph, as well as the use of
expensive reagents, which poses a significant limitation for its
routine use. An alternative method is described in the article
by Marcio Rodrigues et al. [12]. For quantitative analysis, the
method employs high-performance liquid chromatography
using a UV detector. The sample preparation procedure
involves adding an internal standard and phosphate buffer
at pH 5, followed by triple extraction of AMI with n-hexane,
complete drying of the combined extract under a nitrogen
stream at 60°C, and re-dissolving the dry residue in methanol.
Chromatographic separation is performed on a Purospher
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TpakToOB MoHHOro accoumata AMA n MeTMnoBoro opaHxeBo-
ro u3 auerarHoro 6ydepHoro pacteopa ¢ pH 3 npu anuHe
BOmHbl 430 HM. HepocTtaTkoM SIBNSIETCS €r0 HEMPUrO4HOCTb
ans uccnenosaHusa Guonormyeckux obpasLoB, Tak Kak MeTo-
OVKa He yYuTbIBAeT MaTpUYHOE BNUSIHUE KOMMOHEHTOB Nnas-
Mbl KPOBU 1 BO3MOXHOCTb 06pa3oBaHUsA MOHHbIX acCoLMaToB
C WHbIMW MarnbIMU MOMeKynamu, obnagarwummn nonoXu-
TENbHO 3apsXKeHHbIMU PYHKUMOHaNbHbIMK rpynnamu. MNomu-
MO 3TOro, Npefen KonmyecTBeHHoro onpeaenenns AMU ans
OonucaHHOM MeToankn aHanm3a paseH 0,34 mr/mn, uyto bonee
yem B 100 pa3 Bblile TepaneBTUYECKOM KOHUEeHTpauum AMU
B nnasme kposu (1,0-2,5 mkr/mn). Cnoco6 onpegenenHus
AMMW B CbIBOPOTKE KPOBY METOAOM XXMAKOCTHOW TaHAEMHON
XpOMaTo-Macc-CNeKTPOMETpUM saBNAeTca Gonee cenekTus-
HbIM 1 YyBCTBUTENMbHBIM B CPABHEHUN C POTOMETPUHECKNM U
amMmnepomeTpuyeckum. Npn 3ToM MeTod AOCTAaTOHMHO JOPOromn
n3-3a BbICOKOW/ CTOMMOCTW PEakTUBOB, CTaHOAPTOB U Mpwu-
6opa. Hepocratkom fABnsieTca M Bpems NpobonoaroToBKu:
BpeMSA MPUroTOBMEHWS OAHOro obpasua cocTtaenseT bonee
20 MUH.

Cnocob, onucaHHbin B ctatbe T. Pérez-Ruiz n coasr. [11],
OocHOBaH Ha onpegenexHun AMU metogom BOXKX ¢ ncnonb3o-
BaHMEM XEMUMIOMUHECLEHTHOrO AeTekTopa. [aHHbIN cnocob
nossonset onpeaensate AMU B Guonornyecknx obpasuax, Ho
npegnonaraeT UCMNonb30BaHWE XeMUITIOMUHECLIEHTHOIO Ae-
TEeKTOpa, He BXOoAsiLero B 6a3oByk0 KOMMEKTALMIO XpOMaTo-
rpada, a Takke UCnonb3oBaHWe 4OPOroCTOALLMNX PeaKTUBOB,
YTO SIBNSIETCHA CYLUECTBEHHbIM OrpaHvyeHveM Ans ero py-
TMHHOrO ucnone3oBaHus. Cnocob onpepenexHsa AMW, anb-
TepHaTMBHbIA pa3paboTaHHOMY aBTOpamMu, ONUCaH B CTaTbe
M. Rodrigues n coast. [12]. [Ins konuyecTBEHHOro aHanunsa
ncnonb3oBaH metog BOXXX ¢ ncnonb3oBaHnem ynsrpaduo-
netoBoro gerekrtopa. Metogumka npobonoaroToBkM BKOYaeT
nobaBneHne BHYTPEHHero ctaHgapTa u pocdaTtHoro bydepa
pH 5 c nocneaytoLen, NONHbIM OCyLLeHneM 0O0beaNHEHHOTO
3KCTpakTa B Toke asorta npu 60 °C n nepepacTBOpeHMEM Cy-
XOro octatka B MeTaHorne. Xpomarorpadguyeckoe pasgene-
HWe npoBoanTCs Ha konoHke Purospher Star C18 reomeTpun
55 x 4 MM; 4 MKM B u3okpatmdeckom pexume cmecbio 0,1%
pacTBOp MypaBbWHOW KMUCMOTbI/MeTaHon/aueToHnTpun (45 :
5:50, v/v/v) npu notoke 1,2 Mn/mMvH. [iiMHa BOMHbI AETEKTU-
poBaHus — 254 HM, o6beM nHxekunn — 20 mkn. Mpegen Ko-
NNYECTBEHHOro onpeaeneHns KOMNoHeHToB — 0,82 mMkr/mn.

OaHHbIn cnocob Hambonee 6nmM3ok K paspaboTaHHOMY
aBToOpaMy Mo TEXHUYECKOW CYLLIHOCTU U AOCTUraemMomy pe-
3ynbraty. Hepoctatkom cnocoba sBnsieTcsa AnutenbHas
nNpobonoaroToBKa U UCMONb30BaHWE OOMONMHUTENBHOMO 060-
pPyOOBaHWS: KOHLEHTpaTopa a3oTa M XUAKOCTHOrO XpomMaro-
rpada, Hacoc KOTOPOro paccyuTaH Ha paboTy npu AaBrneHun
B AnanasoHe 700-1000 Gap.

HoBbiM B npegnaraeMoM crnocobe aBnaTCa:

1)  ocobeHHOCTM npo6OMOArOTOBKM, OCHOBAHHOM Ha
metoge QUEChERS, obecneyvBatoLLen ycTpaHeHe 3Haun-
TenbHOro BNUsiHNsS 6enkoB MrasMbl Ha XpoMaTorpadunyeckuin
aHanus;

2) cneumudumka xpomartorpauyeckmx ycrnoBumn rpagu-
€HTHOro 3MMPOBaHUA C UCMONb30BaHMEM MPOMNpPUETapPHON
koroHku Tsunami C18 Pharm npu ckopocTtu notoka 1,2 mn/
MUH, 06beme uHxekuun 80 MK, ANMHE BOMHbI AETEKTUPOBA-
HMS 241 HM npuw obLwem BpeMeHu aHanusa 18 MuH.

MpuMmeHeHne HOBBLIX ycnosui obecneymBaeT ycTpaHe-
HMe MeLlarLero BrnmsaHMA 6enkoB nnasmMbl KPOBU, YTO Moa-
TBEPXXOAEeT BO3MOXHOCTb KOJNIMYECTBEHHOrO oOnpeneneHus
AMWU metogom BIXKX-ynbTpadunesrpaumm, 6e3 Mcnonb3o-

Star C18 column with 55mmx4mmx4um geometry in isocratic
mode with solution of 0.1% formic acid/methanol/acetonitrile
(45:5:50, v/viv) at a flow rate of 1.2 ml/min. The detection
wavelength is 254 nm, and the injection volume is 20 pl. The
limit of quantification for the components is 0.1 pg/ml.

This method is the most similar in technical essence
and achievable results to the one developed by the authors.
However, its disadvantages include a long sample preparation
process and the need for additional equipment: a nitrogen
concentrator and a liquid chromatograph, the pump of which
should operate at pressures ranging from 700 to 1000 bar.

The novelty of the proposed method:

1) The sample preparation features based on the
QUuEChERS method, which ensures the significant reduction
of plasma protein interference in chromatographic analysis;

2) The specific chromatographic conditions of gradient
elution using a proprietary Tsunami C18 Pharm column at a
flow rate of 1.2 ml/min, with an injection volume of 80 pl, a
detection wavelength of 241 nm in a total analysis time of 18
minutes.

The application of these new conditions eliminates the
interfering effects of blood plasma proteins, confirming the
feasibility of quantitative determining of AMI using high-
performance liquid chromatography-ultrafiltration, without
utilizing a mass spectrometric detector. The absence of
analogous method in routine clinical practice, coupled
with the relatively high speed of analysis implementation,
would allow us to consider clinical research to evaluate
AMI concentrations in the treatment of arrhythmias, with
subsequent integration into healthcare practice. This would
create opportunities for studying the patterns of AMI effects in
patients with arrhythmias, as well as for forming a controlled
and personalized approach to the treatment of patients with
arrhythmic profiles.

Conclusions

The new HPLC procedure, based on ultraviolet-detection
of analytes, has been developed for quantitative identification
of AMI and DEAin human blood plasma. The procedure shows
suitability by the parameters of specificity, linearity, accuracy
and precision, and was validated as per OFS.1.1.0012.15
“Validation of Analytical Methods”. Although, the developed
procedure is characterized by high sensitivity to changes in
the molarity of mobile phase, it can be employed in routine
pharmacological control of AMI and DEA in blood plasma of
treated patients.
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BaHWs Macc-CnekTpomeTpuyeckoro getektopa. OTcyTcTBrEe
aHanora npegnaraemoro crnocoba B pyTUHHOW KITMHUYECKOW
npakTuKe Npy CpaBHUTENbHO BbICOKOW CKOPOCTY peanvaaumm
aHanu3a nos3BonMT paccMaTpuBaTb BOMPOC O MPOBEAEHUU
KITMHMYECKOro MCCrnefoBaHUs OLeHKN KoHUeHTpauun AMU B
Tepanuu HapyLlleHuin putMa cepgua C nocrnegyrowmm BHe-
OPEHVeM ero B AeATeNbHOCTb YYPEXOEeHUN 34paBoOXpaHe-
HUHA. ATO CO34ACT NEPCNEKTUBbI N3YYEHMS 3aKOHOMEPHOCTEN
passutns addektos AMU y naumeHTOB C HapyLUEHUSMU
puTMa cepgua, a Takke OpPMUPOBaAHNS KOHTPONMPYEMOro
N NepcoHanM3npoBaHHOrO MOAXO4a K Tepanuu nauveHToB
apuTMOonorm4eckoro npoduns.
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