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Optimization of the Extraction Procedure of Apixaban from
Dried Rat Plasma Spots

ABSTRACT (ARIAL, BOLD, 11 FONT, LEFT ALIGNED, CAPS)

Aims: Apixaban is an anticoagulant used to treat and prevent blood clots, as well as to prevent stroke in
people with atrial fibrillation. The dried spot analyses, including dried blood spots and dried plasma spots,
are used to simplify techniques for determining drug concentrations in blood and plasma. In this case,
equipment with highly sensitive detector is required, for example, mass spectrometer, as well as a high
level of drug extraction from the dried spot. In this work, apixaban extraction from dried plasma spots
(DPS) was studied in order to determine the optimal parameters of the extraction method.

Study design: Short Research Articles.

Place and Duration of Study: Core Facility of Mass Spectrometric Analysis, Institute of Chemical
Biology and Fundamental Medicine SB RAS, between September 2019 and February 2020
Methodology: The organic extraction method was chosen for evaluation as the most suitable for LC-MS
assay. Several parameters: percentage of organic solvent, presence or absence of 0.1% formic acid (FA),
time, volume and temperature of extraction were investigated to find the best combination for recovery of
apixaban from DPS for further LC-MS analysis.

Results: The results showed that the main influence on the extraction is the composition and volume of
the solvent, temperature and time. Pure acetonitrile is the worst solvent for extracting apixaban from DPS.
Solvents: MeOH:H,O (100:0, v: v), MeOH: 0.1% FA in H,O (80:20, v:v), ACN: 0.1% FA in H,O (90:10,
v:v) or ACN:MeOH (90:10, v:v) provide better recovery of apixaban. The most optimal solvent is 90%
acetonitrile with an extraction temperature of 40 °C, an extraction time of 15 minutes, and a solvent
volume of 100 pl.

Conclusion: Several solvents acceptable for LC-MS analysis with optimized recovery parameter from
DPS can be used for routine extraction of apixaban.
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1. INTRODUCTION

Atrial fibrillation is the most frequent disorder of heart rhythm associated with risk increasing of stroke and systemic
thromboembolism by 5 times, and death by half [1]. For decades, vitamin K antagonists such as warfarin and
phenprocoumon have served as oral anticoagulants to treat and prevent thromboembolic disorders [2]. Though
anticoagulants are certainly effective in prevention thromboembolic complications in atrial fibrillation, the frequency of their
application remains unacceptably low. The situation began to change radically starting in 2010, when the so-called new
oral anticoagulants appeared on the market [3-5]. Their advantages are wide therapeutic index, fixed dose regimen,
favorable efficacy/safety ratio, and minor drug—drug and drug—food interactions [6]. For example, apixaban is a selective
inhibitor of blood clotting human factor-Xa [7, 8]. It is also used to treat deep veins and pulmonary embolism and to
prevent their recurrence [9]. The chemical structure of apixaban is presented at Fig.1.
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Figure 1. Chemical structure of apixaban.

Currently, dried blood spots (DBS) technic is widely used in screening analysis, as well as for routine clinical research [6,
10, 11]. This method has various advantages, such as minimal invasiveness, minimal risk of infection with infectious
pathogens, and ease of storage and transportation. Therefore, this method together with mass spectrometry is convenient
to use for preclinical or clinical pharmacokinetic studies [12-14]. However, the difference in the hematocrit values in
human blood can negatively affect the measured concentration of drugs. Dried plasma spots (DPS) can be used to solve
this problem. There is one work [6], where authors used the postcolumn infused internal standard with LC-MS/MS method
to estimate the concentration of apixaban in DBS, but there are no studies of quantitative determination of apixaban in
DPS. One of the first steps in determining the concentration of apixaban is its extraction from DPS. So the aim of this
study was to find the optimized parameters of apixaban extraction from DPS.

2. MATERIAL AND METHODS
2.1. Reagents.

Apixaban, Whatman 903 Protein Saver Card and formic acid (FA) were purchased from Sigma-Aldrich (St. Louis, MO,
USA). Acetonitrile and methanol of LC-MS grade were purchased from Panreac AppliChem (Barcelona, Spain). Water
was purified by means of a Milli-Q system from Millipore Corp. (Bedford, USA). Nitrogen gas (ultrapure, >99.9%) was
produced by an Agilent 5183-2003 nitrogen generator (Agilent Technologies, USA).

2.2. Equipment and HPLC-MS/MS Conditions.

Mass spectrometry analysis was carried out in the Core Facility of Mass Spectrometric Analysis (ICBFM SB RAS).
Chromatographic separation of the samples was achieved using an Agilent 1200 HPLC (Agilent Technologies, USA).
Sample injection volume was 10 pl. The flow rate was 0.4 mL/min and the gradient was composed of water containing
0.1% (v:v) formic acid (eluent A) and methanol containing 0.1% (v:v) formic acid (eluent B). Analysis was carried out in
isocratic elution mode with 50% B. The run time was 2 min. The autosampler temperature was held at 4 C.

MS/MS detection was performed on an Agilent 6410 QQQ mass spectrometer (Agilent Technologies, USA). Analytes
were detected in positive ionization mode using multiple reaction monitoring. The capillary voltage was set to 4000 V, and
the gas temperature was set to 300 °C. The nebulizer gas pressure and flow were 30 psi and 8 L/min, respectively. Dwell
time was set to 200 ms. The ion transitions for apixaban were m/z 267.2—145.1 (collision energy 25 V, fragmentor
voltage 135 V) as a quantifier; m/z 267.2—190.1 (collision energy 15 V, fragmentor voltage 135 V) and m/z 267.2—225
(collision energy 7 V, fragmentor voltage 135 V) as qualifiers. Signal output was captured and processed with the
MassHunter software v.3.0. All LC-MS measurements were performed in duplicate.

2.3. Preparation of Samples.

Stock solution and working samples were prepared in same way as described in work [14]. Briefly, apixaban was
dissolved in 70% acetonitrile to prepare a 10 mg/mL stock solution. The apixaban stock solution was diluted with 70%
acetonitrile to prepare intermediate stock solution that was added to blank rat plasma to create working solution with
apixaban concentration of 400 ng/mL. All stock and working solutions were freshly made on the day of the analysis and



were stored at 4 °C before use. The working samples with final plasma concentration of apixaban of 400 ng/mL (each
consisting of 25 uL of rat plasma) was spotted on a Whatman 903 Protein Saver Card (GE Healthcare, USA) to fill the
circles on the card and was air dried completely overnight. After that, 3.2 mm disks of DPS were cut out by means of a
DBS Puncher, and each disk was placed in a 1.5 mL Eppendorf tube.

2.4. Solvents preparation.

Since there is no data on apixaban extraction, the five different types of solvents were chosen and prepared according to
work [11]. The first one: MeOH:H,O mixture from 50% to 100% of MeOH (v:v) with 10% step. The second one: MeOH:
0,1% of FA in H,O mixture from 50% to 100% of MeOH (v:v) with 10% step. The third one: ACN:H,O mixture from 50% to
100% of ACN (v:v) with 10% step. The fourth one: MeOH:0,1% of FA in H,O mixture from 50% to 100% of ACN (viv) with
10% step. The last one: MeOH:ACN mixture from 0% to 100% of MeOH (v:v) with 10% step.

2.5. Extraction procedure.
There was used the organic extraction method to optimize the extraction parameters. In general, organic solvent directly
adds to DPS samples and then extraction is carried out under certain conditions. All experiments were conducted with at

least three replicates.

2.5.1. Solvent selection

The 300 uL of solvent was added to 3.2 mm disks of DPS placed in 1.5 mL Eppendorf tube. Samples were incubated on a
shaker (TS-100C; BioSan, Latvia) at 800 rpm for 30 min at 30 °C. After centrifugation for 10 s at 1000 g, 250 uL of the
solution was transferred to a 300 uL vial for further LC-MS analysis.

2.5.2. Extraction time selection

The extraction was carried out as for solvent selection but with different extraction time: 15 min, 30 min, 45 min, 60 min,
75 min and 90 min.

2.5.3. Extraction temperature selection

The extraction was carried out as for solvent selection but with different extraction temperature: 30 °C, 40 °C, 50 °C, 60
[e]
C.

2.5.4. Solvent volume selection

The different solvent volume: 100 uL, 200 uL, 300 uL, 400 uL, 600 uL and 800 uL was added to 3.2 mm disks of DPS
placed in 1.5 mL Eppendorf tube. Samples were incubated on a shaker (TS-100C; BioSan, Latvia) at 800 rpm for 30 min
at 30 °C. After centrifugation for 10 s at 1000 g, solutions were transferred to a new Eppendorf tubes. The solvent was
evaporated to dryness using Labconco SpeedVac systems (Labconco, USA). Samples were reconstituted in 100 uL of
MeOH and transferred to a 300 nL vial for further LC-MS analysis.

3. RESULTS AND DISCUSSION

The most suitable method for extraction from DPS is organic extraction [15]. It is a one-step process that simply adds an
organic solvent directly to the samples in the DPS. With this approach, red blood cells and proteins stay inside the spot,
and the target substance is retrieved into a solvent. For further use of LC-MS analysis, methanol and acetonitrile are best
suited as solvents.

The first step in this work was to select the solvent that provides the greatest recovery, since there is no data on apixaban
extraction from DPS, but for extraction from DBS, authors used 100% and 70% methanol, 100% and 70% acetonitrile and
0.1% formic acid in 70% acetonitrile in the work [6]. Various types of solvents were prepared, consisting of a mixture of
methanol or acetonitrile with water in the presence or absence of 0.1% FA, and various mixtures of MeOH:ACN (table 1).
Table 1. Solvent Composition
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Figure 2. Apixaban recovery from DPS at the concentration 400 ng/ml by different solvents: ACN:H,O mixture (a),
MeOH:H,O mixture (b), ACN: 0,1% of FA in H,O mixture (c), MeOH: 0,1% of FA in H,O mixture (d), MeOH:ACN
mixture (e and f).

All experiments were performed under the same conditions in three repeats in order to compare the efficiency of apixaban
extraction from DPS with solvents. Each sample was analyzed three times by the LC-MS method. The results are shown
in Fig. 2.

For mixtures of MeOH:H,O and ACN:H,O, the increase in apixaban extraction was observed with growth in the
percentage of methanol and acetonitrile, respectively, with the exception of 100% acetonitrile (Fig. 2a, 2b). The addition of
0.1% formic acid resulted in about 30% reduced extraction (Fig. 2d, 2c).

In the MeOH:ACN mixture, the highest efficiency was achieved at 100% methanol, and the lowest at 80% (Fig. 2f); the
highest efficiency was demonstrated at 50% ACN followed by a decrease in apixaban extraction with a further increase %
of acetonitrile (Fig. 2e).

To optimize other extraction parameters, 4 solvents were selected that showed the highest efficiency: 100% MeOH,
MeOH: 0,1% FA B H,0O (80:20, v:v), ACN:H,0 (90:10 v:v) and ACN: 0,1% FA B H,O (90:10, v:v).

The next step was to determine the optimal extraction temperature. Extraction was performed at different temperatures
from 30 °C to 60 °C degrees in 10 °C increments for each selected solvent mixture (Fig. 3). Further temperature increases
don’t make sense, as it lead to evaporation of solvents and loss of solvent volume, resulting in a higher measurement
error. The best efficiency is achieved at 40 °C for all solvents. As the temperature increases, the signal level decreases a
little.
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Figure 3. Normalized apixaban recovery from DPS at different temperature: MeOH:H,O mixture (a), MeOH:0,1% of
FA in H,O mixture (b), ACN:H,O mixture (c), ACN:0,1% of FA in H,O mixture (d).

For methanol, there was an increase in extraction efficiency with increasing incubation time of about 5%, and for
acetonitrile, a decrease efficiency of about 10% (Fig 4). The 15 minutes will be enough for apixaban extraction in mixtures
of acetonitrile and 90 minutes in mixtures of methanol from a 3 mm disk of DPS.
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Figure 4. Normalized atenolol recovery from DPS at different temperature: MeOH:0,1% of FA in H,O mixture (a),
ACN:0,1% of FA in H,O mixture (b), MeOH:H,O mixture (c), MeOH:ACN mixture (d).
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Figure 5. Normalized apixaban recovery from DPS with different solvent volume: MeOH:H,O mixture (a),
MeOH:0,1% of FA in H,O mixture (b), ACN:H,O mixture (c), ACN:0,1% of FA in H,O mixture (d).

Since there was used a single-stage extraction method to compare different volumes of solvent in the work, the samples
were evaporated to dry and then were resolved in 100 uL of pure methanol. Otherwise the increase in the volume of the
solvent will lead to a decrease in the signal level. With increasing volume, the efficiency of apixaban extraction decreases
rapidly. This may be due to the fact that when samples are redissolved in a small amount of solvent, a certain amount of
apixaban remains on the walls of the tubes. As seen in Figure 5, the optimal volume is 100 uL for all solvents.

4. CONCLUSION

In this study, the extraction method was optimized for determining apixaban in DPS samples. The method was tested in
terms of the dependence of extraction on time, temperature, as well as the volume and type of solvent. It is shown that the
optimal extraction parameters are: incubation time - 15 minutes for mixtures of ACN and 90 minutes for mixtures of
MeOH, temperature 40 °C, 100 ulL of solvent. Subject to further analysis of LC-MS, it is better to use 90% acetonitrile as
solvents, since it has shown the most optimal conditions. Pure acetonitrile is not a suitable solvent for extracting apixaban.
Adding 0.1% FA to solvent mixtures reduces apixaban extraction from DPS of about 30%, but without reliable



confirmation. For better optimization, additional experiments must be performed with detailed parameterization in the
range set in this work.

References

1.

2.

10.

11.

12.

13.

14.

15.

Wolf PA, Abbott RD, Kannel WB. Atrial fibrillation as an independent risk factor for stroke: the Framingham Study.
Stroke. 1991;22:983-8. doi:10.1161/01.str.22.8.983.

Wiesen MHJ, Blaich C, Streichert T, Michels G, Miller C. Paramagnetic micro-particles as a tool for rapid
quantification of apixaban, dabigatran, edoxaban and rivaroxaban in human plasma by UHPLC-MS/MS. Clin Chem
Lab Med. 2017;55:1349-59. doi:10.1515/cclm-2016-0888.

Caterina R de, Husted S, Wallentin L, Andreotti F, Arnesen H, Bachmann F, et al. Vitamin K antagonists in heart
disease: current status and perspectives (Section Ill). Position paper of the ESC Working Group on Thrombosis--
Task Force on Anticoagulants in Heart Disease. Thromb Haemost. 2013;110:1087-107. doi:10.1160/TH13-06-0443.
Jensen KOF, Hansen SH, Goetze JP, Jesting A, Stensballe J, Hansen H. Preliminary report: Measurement of
apixaban and rivaroxaban in plasma from bleeding patients. Eur J Haematol. 2017;99:431-6. doi:10.1111/ejh.12942.
Mani H, Kasper A, Lindhoff-Last E. Measuring the anticoagulant effects of target specific oral anticoagulants-reasons,
methods and current limitations. J Thromb Thrombolysis. 2013;36:187—-94. doi:10.1007/s11239-013-0907-y.

Jhang R-S, Lin S-Y, Peng Y-F, Chao H-C, Tsai I-L, Lin Y-T, et al. Using the PCI-IS Method to Simultaneously
Estimate Blood Volume and Quantify Nonvitamin K Antagonist Oral Anticoagulant Concentrations in Dried Blood
Spots. Anal Chem. 2020;92:2511-8. doi:10.1021/acs.analchem.9b04063.

Freyburger G, Macouillard G, Khennoufa K, Labrouche S, Molimard M, Sztark F. Rivaroxaban and apixaban in
orthopaedics: is there a difference in their plasma concentrations and anticoagulant effects? Blood Coagul
Fibrinolysis. 2015;26:925-33. do0i:10.1097/MBC.0000000000000371.

Slavik L, Jacova J, Friedecky D, Ulehlova J, Tauber Z, Prochazkova J, et al. Evaluation of the DOAC-Stop Procedure
by LC-MS/MS Assays for Determining the Residual Activity of Dabigatran, Rivaroxaban, and Apixaban. Clin Appl
Thromb Hemost. 2019;25:1076029619872556. doi:10.1177/1076029619872556.

Wieland E, Shipkova M. Pharmacokinetic and Pharmacodynamic Drug Monitoring of Direct-Acting Oral
Anticoagulants: Where Do We Stand? Ther Drug Monit. 2019;41:180-91. doi:10.1097/FTD.0000000000000594.
Chernonosov A, Koval V. Extraction Procedure Optimization of Atenolol from Dried Plasma Spots. JPRI. 2019:1-8.
doi:10.9734/jpri/2019/v31i630330.

Wong P, Pham R, Bruenner BA, James CA. Increasing efficiency for dried blood spot analysis: prospects for
automation and simplified sample analysis. Bioanalysis. 2010;2:1787-9. doi:10.4155/bio.10.157.

Chernonosov A. Quantification of Warfarin in Dried Rat Plasma Spots by High-Performance Liquid Chromatography
with Tandem Mass Spectrometry. J Pharm (Cairo). 2016;2016:6053295. doi:10.1155/2016/6053295.

Kim HM, Park J-H, Long NP, Kim D-D, Kwon SW. Simultaneous determination of cardiovascular drugs in dried blood
spot by liquid chromatography-tandem mass spectrometry. J Food Drug Anal. 2019;27:906—14.
doi:10.1016/j.jfda.2019.06.001.

Li W, Tse FLS. Dried blood spot sampling in combination with LC-MS/MS for quantitative analysis of small molecules.
Biomed Chromatogr. 2010;24:49-65. doi:10.1002/bmc.1367.

Spooner N, Lad R, Barfield M. Dried blood spots as a sample collection technique for the determination of
pharmacokinetics in clinical studies: considerations for the validation of a quantitative bioanalytical method. Anal
Chem. 2009;81:1557—-63. d0i:10.1021/ac8022839.



