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Abstract

Introduction. Apixaban is an anticoagulant used in a number of thromboembolic diseases with an improved benefit-to-risk ratio, according to
multiple clinical studies. Due to the prescription of apixaban as antithrombotic therapy in patients with COVID-19, an increase in its use has been
observed. Thus, due to the widespread use of apixaban and the need to conduct pharmacokinetic and bioequivalence studies of the drug, it is
important to develop and validate a simple and sensitive method for the quantitative determination of apixaban in human blood plasma.

Aim. The aim of the study is to develop and validate a method for the determination of apixaban in human blood plasma using high-performance
liquid chromatography with tandem mass selective detection (HPLC-MS/MS) for the subsequent bioanalytical study.

Materials and methods. The determination of apixaban in human plasma was carried out by HPLC-MS/MS with rivaroxaban as an internal
standard. The method of protein precipitation with acetonitrile was used as sample preparation. Mobile phase: 0.1 % solution of formic acid
in water (eluent A); 0.1 % solution of formic acid in acetonitrile (eluent B). The total run time was 3.00 min. Column: Shim-pack Velox Biphenyl;
2.7 um; 50 x 2.1 mm. lonization source: electrospray with positive ionization mode. MRM transitions: 460.15 — 443.10 m/z (apixaban); 436.05 —
144.95 m/z (rivaroxaban).

Results and discussion. The developed method was validated in accordance with the EAEU requirements for the following parameters:
selectivity, calibration curve, accuracy and precision, lower limit of quantitation, suitability of standard samples, matrix effect, recovery, stability,
carry-over, dilution effects. The parameters met the acceptance criteria.

Conclusion. The confirmed analytical range of the developed and validated method was 1.00-300.00 ng/mL in blood plasma. The method
for determining apixaban in blood plasma is simple and sensitive. This method was tested during the analytical part of the bioanalytical study
and can be used to conduct other pharmacokinetic studies of apixaban drugs.
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Pesiome

BBepieHme. AnvkcabaH — aHTMKOArynsHT, MPUMEHALWNIACA Npu pAfe Tpombosambonunyecknx 3abonesaHuii 1 obnapaoWmin ynyyleHHbIM
COOTHOLLEHMEM MONb3bl OT NPUemMa npenaparta 1 PUCKOB Pa3BUTUA KPOBOTEYEHMNA COMNMAacHO MHOTOUYUCIEHHBIM KIIMHUYECKUM NCCIeOBaHUAM.
B cBA3M ¢ Ha3HauyeHMeM anukcabaHa B KauecTBe aHTUTpPoMOOTUYECKO Tepanumn nayneHtTam ¢ COVID-19 HabnogaeTca pocT ero NPUMEHEHHUS.
Takum obpasom, 13-3a 6OMbLWIOro PacnpoCTpPaHeHUs anukcabaHa U HeOOXOAUMOCTM NpoBefeHUA GapMaKOKMHETUYECKNX UCCIefoBaHUiA 1
nccnefoBaHnii GUO3KBMBANIEHTHOCTU MpenapaToB anvkcabaHa BaXKHO pa3paboTaTb M BanuAMpPOBATb MPOCTYIO N YYBCTBUTENIbHYIO METOAUKY
KONNYeCTBEHHOro onpeaenieHns anukcabaHa B nnasme KpoBu.

Llenb. Llenbto nccneposaHusa agnAetca paspabotka U Banupaumna METOANKM onpeaeneHnsa anukcabaHa B nnasme KpPoBY YenoBeka C MOMOLLbIO
MeToAa BblCOKOIGPEKTNBHON XUAKOCTHON XpomaTorpadum C TaHAEMHbIM Macc-CefleKTUBHbIM feTekTupoBaHmem (BIXKX-MC/MC) pna
nocnepytoLlero npoBeaeHna GpapmMakoKMHETUYECKOTO NCCeA0BaHMA.

Martepuanbl u meTtopabl. OnpefeneHne anukcabaHa B MnasmMe KPOBU uenoBeka npooavan ¢ nomouybio BIXKX-MC/MC, ucnonbsys
puBapoKcabaH Kak BHYTPeHHWin cTaHAapT. MpobonoarotoBka nposoAamnacb NyTeM OCaXAeHusA 6eflkoB Mna3mbl KPOBM aLETOHUTPUIIOM.
MopsukHaa dasa: 0,1%-1 pacTBOP MypaBbUHON KNCNOTbI B Boge (antoeHT A); 0,1%-11 pacTBOP MypaBbMHOW KUCIOTbI B aLleTOHUTpune (dnioeHT B).
Bpems aHanum3za: 3,00 muH. KonoHka: Shim-pack Velox Biphenyl; 2,7 mkm; 50 X 2,1 MM. ICTOUHUK MOHM3aLMK: SNEKTPOCNPEN C NONOXNUTENbHbIM
pexmmom nonHmsaumm. MRM-nepexogbi: 460,15 — 443,10 m/z (annkcabaH); 436,05 — 144,95 m/z (pnBapokcabaH).

PesynbTtatbl n ob6cyxpaeHue. Bannpgauma nposofmnach CornacHo Aencreyowmnm TpeboaHuam EASC no crnepyowum Banu[auMoOHHbIM
napameTpam: CEeNeKTMBHOCTb, KalMbpOBOYHasA KpWBasA, TOUHOCTb U MPELN3NOHHOCTb, HVXKHWUIA Mpeaen KONMYeCTBEHHOTO onpefeneHuns,
NPUrogHOCTb CTaHAAPTHbIX 06pa3uoB, 3ddeKT mMaTpuubl, CTeneHb M3BAEYEeHUs, CTabUNbHOCTb, NEePeHOC MpPo6bl, OTCYTCTBME BIUAHWA
pa3baBneHna o6pasLoB. Pe3ynbTaThl OLEHKM BCEX MapaMeTPOB COOTBETCTBOBANN YCTaHOBNEHHBIM KPUTEPUAM NPUEMAEMOCTH.

3aknioueHue. oaTBepXKAEHHbI aHaNUTUYEeCKUiA Arnana3oH pa3paboTaHHON U BanMAWPOBAHHON MeToAuKku coctaBun 1,00-300,00 Hr/mn B
nnasme Kposu. MeTofnKa onpefeneHns anukcabaHa B Mna3me KpPOBU ABAAETCA MPOCTOM WM 4YyBCTBUTENbHOW. [JaHHas meToauka 6bina
anpobupoBaHa BO BpemsA aHaNUTUYECKON YacTu UCCIeOBaHUA BUOIKBMBANEHTHOCTI U MOXKET MPUMEHATLCA ANA APYTNX GapMaKOKUHETUYECKNX
UccneAoBaHNi NpenapaToB anvkcabaHa.

KnioueBble cnoBa: aHTuKoarynanTbl, HOAK, anukcabaH, BXKX-MC/MC, Banugaums, COVID-19, papmakoknHeTrKa

KoHGANKT nHTepecoB. ABTOPbI AEKNAPVPYIOT OTCYTCTBME ABHbIX 1 MOTEHUMANbHBIX KOHGAVKTOB MHTEPECOB, CBA3AHHbIX C NyGIMKaumer HacTosAwwen
cTatby.

Bknap aBTopoB. T. H. Komapos, O. A. ApuakoBa, M. K. KapHakoBa, Y. [l. ®unoHoBa y4yacTBoBanu B pa3paboTke 1 Banmaaumm 6roaHanntTmyeckom
METOAMKM, @ Takxe B NPOBEAEHUN aHanUTMYecKon YacTu uccneposaHua. K. K. KapHakoBa npoBoguna ctatucTnyeckyto o6paboTky AaHHbIX.
M. O. MNonoBa, A.A. lNonoBa oTBeYanu 3a KayecTBO [aHHbIX U OpraHM3aumioo CMCcTeMbl MeHefXMeHTa KadvecTBa. W.E. loxmnH oTBeyvan 3a
OpraHn3aLUmoHHYI0 YacTb UcciefoBaHUA. Bce BbileyKasaHHble aBTOPbI y4acTBOBaIM B 06CYKAEHUN NONYYEHHbIX Pe3ynbTaToB B popmMe HayuHoMn
ANCKYCCUn.

Ana uutuposanua: Qunoxosa Y. [l., KapHakosa M. K., KapHakosa K. K., NMonosa M. O., Monoga A. A., Apuakosa O. A., Komapos T. H., lloxuH W. E.
PaspaboTka M Banupauus MeTOAMKU KONMYECTBEHHOro onpeaeneHua anmkcabaHa B Mnasme KpoBM C nomolbio mMetoga BIMKX-MC/MC.
Paspabomka u pecucmpayus nekapcmeeHHbix cpedcms. 2024;13(1):224-240. https://doi.org/10.33380/2305-2066-2024-13-1-1684

INTRODUCTION ly safe, and also allow patients to receive fixed doses
Currently, anticoagulants are widely used in clini- without routine therapeutic monitoring [2, 4, 5].

cal practice — drugs that block plasma hemostasis re- Despite the fact that warfarin, registered in the

actions. Warfarin and other vitamin K antagonists are  Russian Federation in 2001, is still the most common-
highly effective oral anticoagulants, but their admi- ly used anticoagulant and is quite widely represented

nistration is limited by a narrow therapeutic window, in the pharmaceutical market [6], recently NOACs have

interaction with other drugs and foods, as well as the ;155 pecome widespread in the Russian Federation

need for constant laboratory control and monitoring and there has been an increase in their prescriptions

of the calculated value of the international normalized . .
. o to patients. At the end of 2018, rivaroxaban took the
ratio [1, 2]. To overcome these limitations, the deve-

lopment of new oral anticoagulants (NOACs) began leading position among the NOACs in the domestic
in 2004: apixaban, rivaroxaban, dabigatran etexilate,
and edoxaban [3]. These drugs are not inferior in effi- of growth in apixaban sales, it is expected that in the

cacy to warfarin, reduce overall mortality, are high- near future this drug may rise to first place [7]

pharmaceutical market, however, given the dynamics
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According to a pharmacoeconomic analysis con-
ducted in 2022, the use of apixaban for the prevention
of ischemic stroke or systemic embolism in patients
with nonvalvular atrial fibrillation is more cost-effec-
tive and requires less cost from the healthcare system
compared to other NOACs [8]. The use of apixaban is
also of great relevance due to its prescription to pa-
tients diagnosed with the coronavirus infection [Coro-
navirus Disease 2019 (COVID-19)] caused by the SARS-
CoV-2 virus (Severe acute respiratory syndrome-related
coronavirus 2) [9]. Although the SARS-CoV-2 virus pri-
marily affects the respiratory system, in many patients
the virus causes cardiovascular damage and hypercoa-
gulability, manifested in most cases by venous throm-
boembolism, including pulmonary embolism (PE) and
deep vein thrombosis (DVT) [10]. NOACs are included
in the WHO guideline "Clinical management of CO-
VID-19: Living guideline™, as well as in the guidelines
of the Ministry of Health of the Russian Federation for
the prevention, diagnosis and treatment of a new co-
ronavirus infection? as antithrombotic therapy. Accor-
ding to the available data, anticoagulant therapy in
patients with COVID-19 improves clinical outcomes
and has a beneficial effect on the disease course [11-13].

Apixaban  (1-(4-methoxyphenyl)-7-oxo-6-(4-(2-oxo-
piperidine-1-yl)phenyl)-4,5,6,7-tetrahydro-1H-pyra-
zolo[3,4-c]pyridine-3-carboxamide) is a structurally no-
vel neutral bicyclic pyrazole. It is a direct factor Xa inhi-
bitor, which inhibits both free and bound factor Xa
and does not require the presence of antithrombin IlI
to manifest antithrombotic activity. By inhibiting fac-
tor Xa, apixaban reduces thrombin formation and blood
clots, not affecting directly platelet aggregation, but
inhibiting indirectly thrombin-induced platelet aggre-
gation [14, 15].

Apixaban is approved in many countries for clinical
use in a number of thromboembolic diseases, is used
to reduce the risk of stroke in nonvalvular atrial fibril-

'Clinical management of COVID-19: living guideline,
18 August 2023. Geneva: World Health Organization; 2023
(WHO/2019-nCoV/clinical/2023.2). Licence: CC BY-NC-SA 3.0 IGO.
Available at: https://www.who.int/publications/i/item/WHO-
2019-nCoV-clinical-2023.2. Accessed: 20.12.2023.

2Timely methodological recommendations of the Mi-
nistry of Health of the Russian Federation. Prevention, diag-
nosis and treatment of new coronavirus infection (COVID-19).
Version 18 (10/26/2023). Available at: https://static-0.
minzdrav.gov.ru/system/attachments/attaches/000/064/610/
original/%D0%92%D0%9C%D0%A0_COVID-19_V18.pdf.
Accessed: 20.12.2023.

lation, thromboprophylaxis after hip or knee replace-
ment, and the treatment of DVT or PE [16]. The results
of key clinical trials have demonstrated that apixaban
is an important alternative to existing anticoagulant
drugs, such as vitamin K antagonists, such as warfarin,
and low-molecular-weight heparins, with an improved
benefit-to-bleeding risk ratio [16-18].

Thus, apixaban is a modern drug with high efficacy
and proven safety [19-23]. In this regard, in order to
conduct the analytical part of pharmacokinetic studies
and bioequivalence studies of apixaban preparations, it
is important to develop and validate a method for the
quantitative determination of apixaban in blood plasma
that would meet all our requirements.

This article presents the development and validation
of a new sensitive and rapid method for the quantita-
tive determination of apixaban in human blood plasma
with the HPLC-MS/MS method using the gradient elution
mode. This method is characterized not only by its short
analysis duration and high sensitivity, but also has the
simplest sample preparation method, which ensures
optimal extraction of the active ingredient, and is easily
accessible internal standard.

MATERIALS AND METHODS

Reagents

During the study, the following reagents were used:
methanol (HPLC gradient grade, LLC TH "CHIMMED",
Russia), acetonitrile (HPLC-S Gradient Grade, Biosolve
Chimie, France; class chemically pure, LLC "Component-
Reaktiv", Russia), formic acid (99-100% grade, VWR
Chemicals, France), demineralized water of class | (water
purification system (demineralizer), Hydrolab R5, Poland).

Stock and working solutions

Reference stock solution (RSS) of apixaban was
prepared by dissolving the substance of apixaban re-
ference sample (RS) (SynZeal Research Private Limi-
ted, India, assay of 100.00%) in methanol until a
concentration of 100 000.00 ng/ml was obtained in the
solution. Working reference solutions of rivaroxa-
ban internal standard (IS) was prepared by dissolving
the weight of rivaroxaban reference stock solu-
tion (KINSY, S.L., Spain, assay of 100.00 %) in acetonitri-
le until the concentration in the solution reached
100 000.00 ng/ml. Reference stock solutions and wor-
king reference solutions of apixaban and rivaroxaban,
as well as blank blood plasma samples, were stored in
a freezer at a temperature of -42.5 + 7.5 °C.



Table 1. Concentrations of apixaban at calibration levels
and quality control samples
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1 1.00 7500.00
2 10.00 7500.00
3 50.00 7500.00
4 100.00 7500.00
5 150.00 7500.00
6 200.00 7500.00
7 250.00 7500.00
8 300.00 7500.00
Quality control samples
Lower limit of quantification
LLOQ (LLOQ) 1.00 7500.00
L Low 3.00 7500.00
M1 | Middle 1 75.00 7500.00
M2 | Middle 2 180.00 7500.00
H High 240.00 7500.00
Sample preparation

The sample preparation scheme is shown in Figu-
re 1. 2-ml Eppendorf microcentrifuge tubes, chromato-
graphic vials were used, which were placed in the chro-

matograph autosampler after sample preparation.

& &

—p || —

+15 plof IS +400 pl of ACN
working solution

200 pl of sample
(calibration sample,
quality control sample,
blood plasma sample)

Figure 1. Sample preparation
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Chromatographic separation and detection

For chromatographic separation, a high-performance
liquid chromatograph Nexera XR (Shimadzu Corporation,
Japan) was used. For mass spectrometry detection, a
tandem mass-selective detector with a triple quadrupole
LCMS-8040 (Shimadzu Corporation, Japan) was used.
The chromatograph was equipped with a grading
pump, a column and sample thermostat, a degasser,
an autosampler, an automatic samples feeder into the
autosampler, a high-pressure switching valve. Source
data were processed using the LabSolutions software ver.
5.91 (Shimadzu Corporation, Japan).

For chromatographic separation, a Shim-pack Velox
Biphenyl column, 2.7 um, 50 x 2.1 mm and a Velox EXP
Guard Biphenyl precolumn, 2.7 pum, 2.1 X 5.0 mm, were
used. The following eluents were used as the mobile
phase:

* Eluent A: 0.1 % solution of formic acid in water (v/v).
e Eluent B: 0.1 % solution of formic acid in acetonit-

rile (v/v).

The mobile phase composition gradient and its flow

rate are shown in Table 2.

Table 2. Mobile phase composition and flow rate

Time, min Eluent A, % EluentB,% | Flow rate, mL/min
0.00 80.00 20.00
0.45 20.00 80.00
1.10 13.00 87.00
1.20 0.00 100.00 1.00
1.60 0.00 100.00
1.61 80.00 20.00
3.00 80.00 20.00

24 2

—_— —_—
Centrifugation Transfer of
for 15 min at 15000 g supernatant

el

Vortex
for 10 sec
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The injection volume was 10 pl. Total run time:
0.00-3.00 min. Apixaban retention time was about
0.9 min, rivaroxaban retention time was about 0.9 min.

For mass spectrometry detection, an electrospray
jonization (ESI) source was chosen. lonization was car-
ried out in a positive mode. Detection was carried out
by monitoring MRM transitions (Multiple-Reaction Mo-
nitoring). The following MRM transitions were selected:
460.15 — 443.10 m/z (apixaban), 436.05 — 144.95 m/z
(rivaroxaban). Parameters of the ionization source:
drying gas 20 |/min, atomizing gas 3 |/min, desolva-
tion line 250 °C, heating unit 400 °C, ESI needle volta-
ge +4.9 kV.

Validation of the analytical method

To validate the bioanalytical method, the rules for
conducting bioequivalence drug studies within the
Eurasian Economic Union', as well as the EMA? and FDA?
guidelines, which included the validation parameters
considered below, were taken as a basis.

Selectivity

Six samples of blank blood plasma (BBP), hyper-
lipidemic blank blood plasma (HLBBP), and hemolyzed
blank blood plasma (HBBP) were analyzed. Samples
at the LLOQ level for BBP, HLBBP and HBBP were also
analyzed. The analyte and IS signal should not exceed
20 % of the analyte signal at the LLOQ level and 5 %
of the IS signal.

Calibration curve

The calibration curve included levels N2 1-8 in the
analytical concentration range of 1.00-300.00 ng/mL
(see Table 1). Relative error values (E, %) for assessing

! Council of the Eurasian Economic Commission decision
No. 85 dated November 3, 2016 "On approval of the Rules for
conducting bioequivalence studies of medicinal products
within the framework of the Eurasian Economic Union". Avai-
lable at: https://docs.cntd.ru/document/456026107/ Accessed:
20.12.2023.

2European Medicines Agency. Available at: https://www.
ema.europa.eu/en/bioanalytical-method-validation/ Accessed:
20.12.2023.

3Food and Drug Administration. Available at: https:/
www.fda.gov/regulatory-information/search-fda-guidance-
documents/bioanalytical-method-validation-guidance-
industry/ Accessed: 20.12.2023.

accuracy should be in the range from -20 to 20 % for
concentration at the LLOQ level and from -15 to 15 %
for other points. At least 75 % of calibration samples in
at least six different concentrations should meet this
acceptance criterion.

Accuracy and precision

Blood plasma samples corresponding to LLOQ,
L, M1, M2, H levels were analyzed (see Table 1). The
analysis was performed in five consecutive cycles
of five sample injections for each level of analyte
concentrations. The study was conducted during the
first to fifth sequences, both within and between cycles.

The calculated values of relative error (E, %) for the
assessment of accuracy should be in range from -20
to 20 % for concentration at the LLOQ level and from -15
to 15% for other points. To assess precision, the RSD
should not exceed 20% for the concentration at the
LLOQ level, 15 % for the concentrations of other points.

Lower limit of quantification

Based on the calibration curve, accuracy and pre-
cision, the lower limit of the quantification of the me-
thod was estimated as the minimum concentration of
the analyte in blood plasma, which can be quantified
in the analytical range with RSD and E values not excee-
ding 20 %.

Suitability of Reference Sample

The analysis on BBP samples was carried out with
the addition of IS solution without analyte, for which
the analyte signal should not exceed 20 % of the LLOQ
signal, and the BBP sample with the addition of analyte
Ne 8 working solution without IS, for which the IS
signal should not exceed 5% of the IS signal. Samples
were also analyzed at the LLOQ level.

Matrix effect

Six samples were analyzed with the addition of
working reference solutions of the analyte and the IS
reference solution without the influence of the biologi-
cal matrix and six samples prepared on BBP, HLBBP and
HBBP, without taking into account the effect of recove-
ry of the analytes and IS.



Recovery

Three samples were analyzed each for levels L, M1,
M2 and H prepared from BBP, HLBBP and HBBP without
the effect of the recovery rate, and three corresponding
samples each with the effect of the recovery rate. The RSD
of the recovery rate of the analyte from biological mat-
rices should not exceed 15 %.

Stability

Five samples were analyzed to assess each type
of stability at the L and H levels. The obtained values
of relative error should fit into the range of values from
-15to 15 %.

Sample transfer

Calibration sample N28 with the maximum con-
centration and blank blood plasma samples were con-
sequently analyzed. The analyte signal in blank blood
plasma samples should not exceed 20 % of the signal
at the LLOQ level, the IS signal of the sample should
not exceed 5 % of the IS signal.

Absence of effect of sample dilution

Blood plasma samples were analyzed with two-fold
dilution with blank blood plasma to obtain concentra-
tions corresponding to the levels L and H. For the con-
centrations obtained, the RSD and E values should not
exceed 15 %.

RESULTS AND DISCUSSION

Development of the method

A review of the literature data shows that there are
several methods for the determination of apixabab using
preferably high performance liquid chromatography -
tandem mass spectrometry (HPLC-MS/MS)), as well as
using high-performance liquid chromatography with
diode-array detection (HPLC-DAD), high performance
liquid chromatography with UV-detection (HPLC-UV)]
and ultra-high performance liquid chromatography -
tandem mass spectrometry (UHPLC-MS/MS)] (Table 3).

Labor intensive methods, such as solid-phase ext-
raction (SPE) [26, 29] and liquid-liquid extraction (LLE)
[27], were often used as sample preparation to improve
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the extraction of the analyte from biological matrices,
and these methods had a rather low sensitivity. Some
methods used a faster and simpler method of sample
preparation by precipitating plasma proteins with va-
rious organic solvents, methanol or acetonitrile (see Tab-
le 3) [9, 24, 25, 28].

Based on the results of the analysis of the methods
for apixaban quantification presented in the literature,
we did not find any methods simultaneously with a
simple method of sample preparation using the preci-
pitation of blood plasma proteins with acetonitrile and
high sensitivity, as well as a short analysis time and
an available internal standard. Based on this, it was
concluded that it was necessary to develop indepen-
dently and validate a method that meets these require-
ments.

HPLC-MS/MS was selected as the preferred analysis
method as one of the most sensitive and selective
methods for the quantification of apixaban in human
plasma. Rivaroxaban was selected as the internal standard
for apixaban. This substance has a chemical structure
similar to apixaban (Figure 2) and similar physical and
chemical characteristics (Table 4).

When developing the method, such conditions
of mass spectrometry detection were selected, which
make it possible to obtain the peaks of apixaban and
rivaroxaban with the highest intensity. An analysis of
daughter ions obtained at different impact energies
was carried out. For each of the substances, several
MRM transitions were obtained, then the most intense
MRM transitions were selected: 460.15 — 443.10 m/z
(apixaban); 436.05 — 144.95 m/z (rivaroxaban). The
highest intensity was obtained at an ESI needle vol-
tage of +4.9 kV. Auto-optimization and voltage mat-
ching on the desolvation line and pre-quadrupole
of the Q-array helped to increase the intensity of the
signals by several times.

Chromatographic separation conditions were used
to obtain apixaban and rivaroxaban peaks with opti-
mal chromatographic parameters. For chromatogra-
phic separation, a Shim-pack Velox Biphenyl column
(2.7 pm; 50x2.1 mm) was selected. 0.1 % solution
of formic acid in water (eluent A, v/v) and a 0.1 % solu-
tion of formic acid in acetonitrile (eluent B, v/v) were
selected as eluents of the mobile phase. Owing to the
selected mobile phase gradient and flow velocity,
it was possible to achieve a peak shape close to the
shape of the Gaussian curve.

229



I study

I and clinica

inica

Precl

HoknuHuyeckue u KNTUHUYecKue uccnedoeaHus

[62] oL qw/6uU 00'005-00"L fade-uegexidy uolpelIxs aseyd pijos ewse|d uewny + !Aeadsouda|y SI/SW-D1dH
‘02-00" L _ p1oe d1Ulio) 9% | Yyim fexd i
[8] € 7/10wu 00°008-00°'S PD¢-uegexidy ajLuo33e yum uoneydpaid uisiolg ewse|d uewny +-AeIdsoi139|3 SW/SW-D1dHN
[£2] 9L w/Bu 00°005-0001L ueqexoieAry uoneIXd pinbil-pinbr ewse|d uewny - AN-DTdH
[97] 9 w/6Bu 00°087S-00°ZL |od1usydwesolyd uonpelixs aseyd pijos ewse|d uewny - ava-didH
[s2 Sy Jw/6u 00°0001L-00"L auizeylawold Jjoueyiaw yym uonenddaid uisiold winJas uewny + ‘Aeadsouda|g SI/SW-D1dH
¥l € qw/bu 00'005-00"L gp-ueqexidy |joueyiaw yum uoneyddaid uisyold ewse|d uewny + !Aeiadsouda|g SI/SW-D1dH
[6] S'g Jw/bu 00°0001L-00"€ auidazeweaque) | sjuHuUOIdE yUM uoiendidaid uiajoid ewse|d uewnH + ‘Aeadsouda|g SIW/SW-D1dH
ulw a|qedijdde ji (-/+) uonyeziuol poyiaw
ERTEIEYEN] isishjeue o awiy abueu jeonkjeuy piepuejs jeusaju] uonesedaid sjdweg a|dwes paskjeuy t9>1n0s uoezIUO| [e>nkjeuy

ueqexide jo uoneuiwalap aaneyuenb jo spoyaw jexnkjeueolg ‘¢ ajqeL

230



O/

Apixaban

Figure 2. Molecular formulas of apixaban and rivaroxaban

Table 4. Chemical and physical characteristics of apixaban
and rivaroxaban

pKa logP Molecular weight
Apixaban' 13.07 2.22 459.497
Rivaroxaban? 13.60 1.74 435.881

Note. ' Apixaban. Drugbank. Available at: https://go.drugbank.
com/drugs/DB06605. Accessed: 20.12.2023.

2 Rivaroxaban. Drugbank. Available at: https://go.drugbank.com/
drugs/DB06228. Accessed: 20.12.2023.

For the extraction of apixaban from blood
plasma, the simplest method of sample preparation
was selected: precipitation of plasma proteins with
acetonitrile in a ratio of 1:2. The selection of acetonitrile
as a precipitant is justified by the fact that when using it,
it is possible to achieve the most complete precipitation
of blood plasma proteins and obtain the optimal shape
of chromatographic peaks. As well, acetonitrile as a
precipitant is superior to methanol, since its use does
not require special conditions for storing samples in the
chromatograph autosampler, which makes it possible to
increase the period of "post-preparative” stability.

Validation of the method
Selectivity

Apixaban and rivaroxaban signals on blood plasma
samples did not exceed 20 % of the LLOQ signal and
5 % of the IS signal, which meets the acceptance criteria.
Figure 3 shows a chromatogram of a sample of blank
human blood plasma.

Preclinical and clinical study
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Rivaroxaban

Calibration curve

Based on the data obtained, graphs of calibration
curves were plotted in the coordinates "ratio of api-
xaban peak area to rivaroxaban peak area" and "ratio
of apixaban concentration to rivaroxaban concentra-
tion in blood plasma". All calibration graphs were li-
near. A calibration graph of one of the cycles is shown
in Figure 4. Equations of Gauge curves and the corre-
lation coefficients (r) for calibration plots in valida-
tion cycles N2 1-5 are shown in Table 5. The obtained
correlation coefficients met the eligibility criteria and
exceeded 0.99. The chromatogram of the calibration
sample at level 8 (see Table 1) is shown in Figure 5.

Table 5. Calibration equation and correlation coefficients

Cycle Calibration equation Correlation coefficient (r)
1 y=54.0977 - x + 0.00293715 0.9983996
2 y=54.0349 - x + 0.00257416 0.9990636
3 y=>53.3817-x+0.00257242 0.9985084
4 y=44.1182-x+0.000185783 0.9978233
5 y=39.1754 - x + 0.00152476 0.9966636
Accuracy and precision

The calculated values of relative standard deviation
and relative error for the evaluation of precision and
accuracy meet the acceptance criteria. Data on accuracy
and precision between validation cycles N° 1-5 are pre-
sented in Table 6.
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Figure 3. Chromatogram of blank human plasma sample
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Figure 4. Calibration curve

Table 6. Intra-day accuracy and precision in cycles N° 1-5 (n = 25) Lower limit ofquantification

Sample | Injected (ng/mL) | Average | RSD,% E, % Figure 6 shows a chromatogram of blood plasma

containing apixaban at the level of the lower limit of

LLOQ 1.00 0.97 12.39 -344 quantitative determination, which was 1.00 ng/ml.
L 3.00 2.96 7.02 -1.31 o
Suitability of RS
M1 75.00 75.78 5.33 1.05

On the analyzed sample, prepared without the
M2 180.00 16502 661 279 addition of an analyte solution, the apixaban signal
did not exceed 20 % of the LLOQ signal. On the sample
prepared without the IS, the rivaroxaban signal did not

H 240.00 240.20 6.99 0.08
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Figure 5. Chromatogram of plasma sample at level 8

Intensity
E TICH@1 (53)
5100.000 0,884 / apixaban / 3014 / 0,98 / ng/mL
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1005
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Figure 6. Chromatogram of LLOQ plasma sample
exceed 5 % of the IS signal. The absence of the influence  Recovery

of the internal standard and its impurities on the analyte
was confirmed.

Matrix effect

The effect of the matrix was assessed at levels L
and H. The results of this assessment are shown in
Table 7. For rivaroxaban IS, the effect of the matrix
was determined at the level of 7500.00 ng/ml. For the
calculated values of the matrix factor normalized by
IS, RSD was determined, the value of which did not
exceed 15 %.

The relative standard deviation of the estimated
api-xaban recovery rate was 8.14 %, which does not
exceed 15 % and meets the eligibility criteria. The data

are presented in Table 8.

Stability

The stability of apixaban was assessed under dif-
ferent conditions, the results of which are presented
in Table 9. The obtained values of relative error meet

the acceptance criteria.
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Table 7. Calculation of IS-normalized matrix factors

Level L H
Hemolyzed - . Hemolyzed Hyperlipidemic
Biological matrix Blank blood blank blood Hyperlipidemic | Blankblood |\ W\ 04 blank blood
plasma blank blood plasma plasma
plasma plasma plasma
0.90 0.86 0.91 0.87 0.79 0.83
0.76 0.82 0.80 0.88 0.82 0.79
0.85 1.01 0.94 0.84 0.84 0.83
Normalized Mf
0.75 0.77 0.75 0.76 0.82 0.81
0.74 0.71 0.80 0.82 0.82 0.81
0.82 0.83 0.78 0.78 0.90 0.87
Average 0.82 0.83
RSD, % 9.53 4.44
Table 8. Calculation of apixaban recovery Sample transfer

Biological matrix

%)
-] - T -]
Sample s $8w 38w
s £ 25 £ a3 £
3 | 223 | 2%
Sa $5= g 52
@ T3 s
I
108.38 99.19 90.80
L 108.92 86.24 100.89
102.84 82.13 89.64
73.05 91.58 92.09
M1 79.31 82.85 93.30
. 83.68 80.99 96.79
Recovery of apixa-
ban, %
90.54 86.92 96.79
M2 88.99 95.55 91.43
91.68 94.44 94.38
87.53 90.01 91.08
H 87.54 89,04 95.25
87.20 89.42 95.45
Average 91.28
RSD, % 8.14
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On blank blood plasma samples, the apixaban sig-
nal did not exceed 20 % of the LLOQ signal, the IS sig-
nal did not exceed 5% of the IS signal. The results of

the sample transfer assessment are presented in Table 10.

Absence of effect of sample dilution

The obtained RSD values for the precision assess-
ment and E for the accuracy assessment met the accep-
tance criteria. If apixaban concentrations exceeding
the values of the highest limit of quantitative deter-
mination are obtained within the analytical stage, it is
possible to dilute the samples by 2 times. The data are

shown in Table 11.

Use of the developed method

The developed and validated procedure can be
used for pharmacokinetic studies of apixaban prepa-
rations. Based on this method, the analytical stage of
the bioequivalence study of the new national drug
apixaban was successfully carried out. A represent-
ative chromatogram of a blood plasma sample from
a volunteer participating in this study is shown in

Figure 7.
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Intensity
100 000) TIC(+H)@1 (86)
1,00+121 378 1,026 / apixaban / 326718 / 83,25 / ng/mL
0,00
6.004x10 000) TIC(H@2 (36)
362 340 0,989 / rivaroxaban / 175176 / 7500,00 / ng/mL
4,00
2,00
0.00
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0.0 0.5 1.0 L5 2.0 25 min
Figure 7. Chromatogram of volunteer plasma sample
Table 10. Assessment of carry-over effect
Area value Arearatio, %
Ne Sample
Apixaban Rivaroxaban Apixaban Rivaroxaban
LLOQ 2733 285441 . .
1
Blank blood plasma 0 270 0.00 0.09
LLOQ 2356 252589 - -
2
Blank blood plasma 0 0 0.00 0.00
LLOQ 2431 276251 - -
3
Blank blood plasma 0 0 0.00 0.00
Table 11. Inter-day accuracy and precision of sample dilution
Sample Injected (ng/mL) Dilution Average SD, % RSD, % E, %
L 3.00 1:1 2.85 0.33 0.11 -5.19
H 240.00 1:1 21293 2.59 0.01 -12.72

After taking the study drug and the comparison
drug, individual profiles of changes in the values of
apixaban concentrations in human plasma over time
were recorded. These profiles were characterized by

maximum drug concentration (C__), area under "the

max

concentration - time" curve from the moment of drug
administration to the last detectable concentration
at the time point t (AUC,

tion - time" curve from the moment of drug admi-

), area under "the concentra-

nistration to infinity (AUC ).



Table 12. Values of pharmacokinetic parameters of apixaban
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Testdrug Reference drug
Pharmacokinetic
parameters
Mean Geom Mean SD CV, % Mean Geom Mean sD CV, %
AUC ,, ng-h/mL 2190.19 2097.50 592.65 27.06 2065.97 1976.97 563.69 27.28
AUC_, ng-h/mL 2220.23 2129.65 589.84 26.57 2107.05 2021.57 561.91 26.67
C,.0 NG/ML 265.35 254.48 71.82 27.07 235.82 226.40 63.40 26.89
Reference drug Test drug Reference drug Test drug
«= Ref -& Test <= Ref & Test

200~

100~

50=

Apixaban plasma concentration, ng/mL

Time, h

100~

Apixaban plasma concentration, ng/mL (as log10 Scale)

Time, h

Figure 8. Average pharmacokinetic profiles of apixaban (in linear and log-linear scale)

The values of pharmacokinetic parameters, inclu-
ding the arithmetic mean (Mean) and geometric mean
(Geom Mean), as well as the values of standard devia-
tions (SD) and coefficients of variation (CV, %) are given
in Table 12.

The time-averaged pharmacokinetic profiles of
the test drug (Test) and the reference drug (Ref.) are
shown in Figures 8 and 9. These profiles are presen-
ted in linear and loglinear transformation: in Figure 8
without standard deviations, in Figure 9 with standard

deviations.

CONCLUSION

A sensitive method for the quantification of apixa-
ban in human blood plasma was developed and valida-
ted using the method of HPLC-MS/MS with a confir-
med analytical range of 1.00-300.00 ng/ml. This me-
thod is characterized by a quick and simple way of
sample preparation, a short analysis time, which signifi-
cantly accelerates the study, as well as the use of an easi-

ly available substance as an internal standard. This me-
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Reference drug Testdrug

“» Ref & Test

200=

Apixaban plasma concentration, ng/imL
8

Time, h

Apixaban plasma concentration, ng/mL (as log10 Scale)

Reference drug Test drug

<= Ref A Test

100~

Time, h

Figure 9. Average pharmacokinetic profiles of apixaban (in linear and log-linear scale with standard deviations)

thod has been successfully tested during the analytical
part of the bioequivalence study of apixaban and can
be used for other pharmacokinetic studies of apixaban

preparations.
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