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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 µm; 50 × 2.1 mm. Ionization 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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Резюме
Введение. Апиксабан – антикоагулянт, применяющийся при ряде тромбоэмболических заболеваний и обладающий улучшенным 
соотношением пользы от приема препарата и рисков развития кровотечения согласно многочисленным клиническим исследованиям. 
В связи с назначением апиксабана в качестве антитромботической терапии пациентам с COVID-19 наблюдается рост его применения. 
Таким образом, из-за большого распространения апиксабана и необходимости проведения фармакокинетических исследований и  
исследований биоэквивалентности препаратов апиксабана важно разработать и валидировать простую и чувствительную методику 
количественного определения апиксабана в плазме крови. 
Цель. Целью исследования является разработка и валидация методики определения апиксабана в плазме крови человека с помощью 
метода высокоэффективной жидкостной хроматографии с тандемным масс-селективным детектированием (ВЭЖХ-МС/МС) для 
последующего проведения фармакокинетического исследования.
Материалы и методы. Определение апиксабана в плазме крови человека проводили с помощью ВЭЖХ-МС/МС, используя  
ривароксабан как внутренний стандарт. Пробоподготовка проводилась путем осаждения белков плазмы крови ацетонитрилом. 
Подвижная фаза: 0,1%-й раствор муравьиной кислоты в воде (элюент А); 0,1%-й раствор муравьиной кислоты в ацетонитриле (элюент В). 
Время анализа: 3,00 мин. Колонка: Shim-pack Velox Biphenyl; 2,7 мкм; 50 × 2,1 мм. Источник ионизации: электроспрей с положительным 
режимом ионизации. MRM-переходы: 460,15 → 443,10 m/z (апиксабан); 436,05 → 144,95 m/z (ривароксабан).
Результаты и обсуждение. Валидация проводилась согласно действующим требованиям ЕАЭС по следующим валидационным 
параметрам: селективность, калибровочная кривая, точность и прецизионность, нижний предел количественного определения, 
пригодность стандартных образцов, эффект матрицы, степень извлечения, стабильность, перенос пробы, отсутствие влияния  
разбавления образцов. Результаты оценки всех параметров соответствовали установленным критериям приемлемости.
Заключение. Подтвержденный аналитический диапазон разработанной и валидированной методики составил 1,00–300,00 нг/мл в  
плазме крови. Методика определения апиксабана в плазме крови является простой и чувствительной. Данная методика была 
апробирована во время аналитической части исследования биоэквивалентности и может применяться для других фармакокинетических 
исследований препаратов апиксабана.

Ключевые слова: антикоагулянты, НОАК, апиксабан, ВЭЖХ-МС/МС, валидация, COVID-19, фармакокинетика
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INTRODUCTION

Currently, anticoagulants are widely used in clini-
cal practice – drugs that block plasma hemostasis re-
actions. Warfarin and other vitamin K antagonists are  
highly effective oral anticoagulants, but their admi- 
nistration is limited by a narrow therapeutic window, 
interaction with other drugs and foods, as well as the 
need for constant laboratory control and monitoring 
of the calculated value of the international normalized 
ratio  [1, 2]. To overcome these limitations, the deve- 
lopment of new oral anticoagulants (NOACs) began 
in 2004: apixaban, rivaroxaban, dabigatran etexilate,  
and edoxaban [3]. These drugs are not inferior in effi- 
cacy to warfarin, reduce overall mortality, are high-

ly safe, and also allow patients to receive fixed doses  

without routine therapeutic monitoring [2, 4, 5].

Despite the fact that warfarin, registered in the  

Russian Federation in 2001, is still the most common-

ly used anticoagulant and is quite widely represented 

in the pharmaceutical market [6], recently NOACs have  

also become widespread in the Russian Federation,  

and there has been an increase in their prescriptions  

to patients. At the end of 2018, rivaroxaban took the 

leading position among the NOACs in the domestic 

pharmaceutical market, however, given the dynamics  

of growth in apixaban sales, it is expected that in the 

near future this drug may rise to first place [7]
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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"1, 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 infection2 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 III  
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-

1 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.

2 Timely 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 I (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. 
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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

LLOQ
Lower limit of quantification 
(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.

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 μm, 50 × 2.1 mm and a Velox EXP 

Guard Biphenyl precolumn, 2.7 μm, 2.1 × 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).

•• 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, % Eluent B, % Flow rate, mL/min

0.00 80.00 20.00

1.00

0.45 20.00 80.00

1.10 13.00 87.00

1.20 0.00 100.00

1.60 0.00 100.00

1.61 80.00 20.00

3.00 80.00 20.00

Figure 1. Sample preparation

Preclinical and clinical study
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The injection volume was 10 μl. 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 
ionization (ESI) source was chosen. Ionization 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 l/min, atomizing gas 3 l/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 Union1, as well as the ЕМА2 and FDA3 
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 № 1–8 in the 
analytical concentration range of 1.00–300.00  ng/mL 
(see Table 1). Relative error values (E, %) for assessing 

1 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.

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

3 Food 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 

№  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. 
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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  
–15 to 15 %.

Sample transfer

Calibration sample № 8 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 

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  μm; 50 × 2.1 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.
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Table 4. Сhemical and physical characteristics of apixaban  
and rivaroxaban

pKa logP Molecular weight

Apixaban1 13.07 2.22 459.497

Rivaroxaban2 13.60 1.74 435.881

Note. 1 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.

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 №  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 № 1–5 are pre- 
sented in Table 6.

Figure 2. Molecular formulas of apixaban and rivaroxaban
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Table 6. Intra-day accuracy and precision in cycles № 1–5 (n = 25)

Sample Injected (ng/mL) Average RSD, % Е, %

LLOQ 1.00 0.97 12.39 –3.44

L 3.00 2.96 7.02 –1.31

M1 75.00 75.78 5.33 1.05

M2 180.00 185.02 8.61 2.79

H 240.00 240.20 6.99 0.08

Lower limit of quantification

Figure 6 shows a chromatogram of blood plasma 
containing apixaban at the level of the lower limit of 
quantitative determination, which was 1.00 ng/ml.

Suitability of RS

On the analyzed sample, prepared without the 
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 

Figure 4. Calibration curve

Figure 3. Chromatogram of blank human plasma sample
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exceed 5 % of the IS signal. The absence of the influence 
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 %.

Recovery

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.

Figure 6. Chromatogram of LLOQ plasma sample 

Figure 5. Chromatogram of plasma sample at level 8 
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Table 8. Calculation of apixaban recovery

Sample

Biological matrix
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Recovery of apixa- 
ban, %

L

108.38 99.19 90.80

108.92 86.24 100.89

102.84 82.13 89.64

M1

73.05 91.58 92.09

79.31 82.85 93.30

83.68 80.99 96.79

M2

90.54 86.92 96.79

88.99 95.55 91.43

91.68 94.44 94.38

H

87.53 90.01 91.08

87.54 89,04 95.25

87.20 89.42 95.45

Average 91.28

RSD, % 8.14

Sample transfer

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.

Table 7. Calculation of IS-normalized matrix factors 

Level L H

Biological matrix
Blank blood 

plasma

Hemolyzed 
blank blood 

plasma

Hyperlipidemic 
blank blood plasma

Blank blood 
plasma

Hemolyzed 
blank blood 

plasma

Hyperlipidemic 
blank blood 

plasma

Normalized Mf

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

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
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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 (Сmax), area under "the 

concentration  – time" curve from the moment of drug 

administration to the last detectable concentration  

at the time point t (AUC(0–t)), area under "the concentra- 

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

nistration to infinity (AUC(0–∞)). 

Table 10. Аssessment of carry-over effect

№ Sample
Area value Area ratio, %

Apixaban Rivaroxaban Apixaban Rivaroxaban

1

LLOQ 2733 285441 – –

Blank blood plasma 0 270 0.00 0.09

2

LLOQ 2356 252589 – –

Blank blood plasma 0 0 0.00 0.00

3

LLOQ 2431 276251 – –

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 : 1 212.93 2.59 0.01 –12.72

Figure 7. Chromatogram of volunteer plasma sample
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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- 

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

Table 12. Values of pharmacokinetic parameters of apixaban 

Pharmacokinetic 
parameters

Test drug Reference drug

Mean Geom Mean SD CV, % Mean Geom Mean SD CV, %

AUC(0–t), ng ∙ h/mL 2190.19 2097.50 592.65 27.06 2065.97 1976.97 563.69 27.28

AUC(0–∞), ng ∙ h/mL 2220.23 2129.65 589.84 26.57 2107.05 2021.57 561.91 26.67

Cmax, ng/mL 265.35 254.48 71.82 27.07 235.82 226.40 63.40 26.89
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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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