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Abstract

A high-throughput liquid chromatography method with detection by tandem mass spectrometry (LC-MS/MS)
was developed and validated for the quantification of apixaban in human plasma. The separation was performed
on a Gemini-NX column under isocratic conditions using a 33:67 (v/v) mixture of acetonitrile and 1 mM ammoni-
um formate in water at 40 °C with a flow rate of 0.5 mL/min. The detection of apixaban was performed in multiple
reaction monitoring mode (m/z 417.2 from m/z 460.2) with electrospray positive ionization. A single-step protein
precipitation with methanol was used for plasma sample preparation. The method was validated with respect to
selectivity, linearity (r > 0.994), intra-day and inter-day precision (CV < 14.4 %) and accuracy (bias < 9.5 %) over
the range of 9.70 - 970.00 ng/mL plasma. The lower limit of quantification (LLOQ) was 9.70 ng/mL and the recov-
ery was between 97.4 - 104.5 %. The method is fast, efficient, requires the processing of a small volume of plasma
(50 uL), a short run-time (1 min) for chromatographic analysis, and a simple and rapid preparation of samples. It
is very well suited for clinical therapeutic drug monitoring and pharmacokinetic studies.
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Rezumat
S-a elaborat si s-a validat o metoda de cromatografie de lichide de inalta performanta cuplata cu spectrometrie
de masa in tandem (LC-MS/MS) pentru cuantificarea apixabanului in plasma umand. Separarea s-a realizat pe

*Corresponding author: Daniela Saveta Popa, “Iuliu Hatieganu” University of Medicine and Pharmacy
Cluj Napoca, Cluj, Romania, e-mail: dpopa@umfcluj.ro



116 Revista Romdna de Medicina de Laborator Vol. 23, Nr. 1, Martie, 2015

o coloana Gemini-NX in conditii izocratice folosind un amestec de acetonitril si formiat de amoniu 1 mM in apa
(33:67, v/v) la 40 °C, cu un debit de 0,5 mL/min. Detectia apixabanului s-a realizat prin monitorizarea reactiilor
multiple (m/z 417,2 din m/z 460,2) cu ionizare pozitiva prin electrospray. Pentru pregatirea probelor de plasma s-a
folosit o singura etapa de precipitare a proteinelor cu metanol. Metoda s-a validat cu respectarea selectivitatii,
linearitatii (r > 0,994), preciziei intrazilnice si interzilnice (CV < 14,4 %) si a acuratetei (bias < 9.5 %) pe
domeniul de concentratii 9,70 — 970,00 ng/mL plasma. Cea mai mica limita de cuantificare (LLOQ) a fost de
9,70 ng/mL, iar randamentul de recuparare din plasma a avut valori cuprinse intre 97,4 — 104,5 %. Metoda este
rapida, eficientd, necesita prelucrarea unui volum mic de plasma (50 ulL), un timp de lucru scurt (1 min) pentru
analiza cromatografica si o pregatire simpla si rapida a probelor. Se preteaza foarte bine pentru monitorizarea

concentratiilor apixabanului in timpul tratamentului clinic si pentru studii de farmacocinetica.
Cuvinte cheie: apixaban, LC-MS/MS, monitorizarea terapeutica a medicamentelor
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Introduction

Treatment and long-term prevention of ve-
nous and arterial thromboembolism is still a
therapeutic domain in need for safe, effective,
easy-to-use and monitor drugs, as it remains a
common cause of mortality and morbidity [1].

Apixaban (Fig.1) is a pyrazole derivative
small-molecule, designed as a potent, oral, re-
versible agent which selective blocks the active
site of Xa (apparent dissociation constant [Kd]
0.08 nmol/L) [2]. It represents a new oral anti-
coagulant molecule, and it received the authori-
zation for European use in 2011, being approved
in prevention of stroke and systemic embolism
in adults with non-valvular atrial fibrillation, for
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Figure 1. Chemical structure of apixaban

treatment of deep venous thrombosis, pulmo-
nary embolism and for the prevention of recur-
rence of DVT and PE after elective hip or knee
replacement surgery [3]. The available evidence
provided by the pre- approval studies (AVER-
ROES, ADVANCE, ARISTOTLE, AMPLIFY)
and various analysis of emerging clinical expe-
rience suggest that apixaban is non-inferior to
existing standard anti-thrombotic therapies and
that it has improved safety, expressed as reduced
hemorrhagic risk [4-6].

At therapeutic doses, the absolute bioavail-
ability of apixaban is approximately 50%, with
low to moderate within subject and inter-subject
exposure variability and with linear pharmacoki-
netics. Cmax is reached approximately 3 h post-
dose in healthy volunteers [2]. Apixaban’s plas-
ma protein binding is approximately 87% and it
has a half-life of approximately 12 hours. It has
multiple routes of elimination, with 27% of the
total clearance being attributed to the renal ex-
cretion. The main metabolic pathway is through
CYP3A4/5, P-glycoprotein and breast cancer
resistance protein (BCRP) being involved in its
transport [3]. Because Apixaban is metabolized
by the liver (partially by CYP 3A4) there are
few recommendations to prescribe it to patients
with hepatic impairment. No dosage adjustment
of Apixaban is necessary in patient with mild
hepatic impairment, but it should be used with
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cautions in patients with moderate liver disease
(Child class Pugh A or B) and a discontinuation
period up to 5 days can be considered before
elective surgery in such patients [7]. The present
clinical experience allows its administration in
renal impairment with a creatinine clearance >
15 ml/min. This is best done by calculating cre-
atinine clearance using Cockcroft-Gault formu-
la (some calculators are also available online),
but with some adjustments regarding body-mass
index [7]. Strong inhibitors or inducers of both
CYP3A4 and P-glycoprotein can markedly in-
fluence the plasmatic concentrations of apixaban
if co-administered [3]. There are no interactions
between food and pharmacokinetics and phar-
macodynamics of apixaban [8].

Apixaban has high oral bioavailability and
it is absorbed throughout the gastrointestinal
tract. Despite this feature, currently there are no
warnings or recommendations regarding its use
in special populations at high risk for developing
venous thromboembolism (after gastric bypass
surgery, lap-band weight loss surgery or extend-
ed resection of the small bowel) [7].

Thrombin has a major role in hemostasis.
When thrombin is activated from prothrombin,
it converts soluble fibrinogen in an insoluble
compound (fibrin); on the other hand thrombin
activates coagulation factors V, VIII and XI and
activates platelets. Factor Xa is another import-
ant factor for anticoagulant drugs (generates
the Xa complex, that converts prothrombin in
thrombin).

Apixaban inhibits free and clot-bound fac-
tor-Xa, and prothrombinase activity; it has no
direct effects on platelet aggregation, but indi-
rectly inhibits platelet aggregation induced by
thrombin. By inhibiting Factor-Xa, apixaban
prevents thrombin generation and thrombus de-
velopment. [8].

The main therapeutic advantage for apixaban
is the lack of the regular coagulation monitoring
requirements specific to the coumarin deriva-

tives, while having predictable pharmacokinet-
ics and pharmacodynamic effects. Moreover, it
involves the administration of standard, indica-
tion- dependent, twice daily doses; it has a rapid
onset of action (in 3 to 4 hours after oral intake
maximum concentration Cmax is achieved) and
decline of the anticoagulant effect (after intrave-
nous administration a half-life of approximate-
ly 12 hours), with considerable fewer clinically
significant drug interactions [3,5,11].

Therefore, routine monitoring seems unnec-
essary in most clinical circumstances, although
some exceptions could be easily anticipated.
Firstly, the hemorrhagic risk associated with an
eventual overdose could become a serious con-
cern, as its influence on clotting tests is small and
highly variable, making irrelevant the clinical
monitoring through usual laboratory assessment
tests [12].

In this context, the plasma Anti-Factor Xa
chromogenic assays started to be used to eval-
uate the anti-Xa activity of apixaban, but results
proved to be variable using different commercial
kits [13]. On the other hand, apixaban overdose
does not have an antidote and various algorithms
for managing hemorrhage have been suggested
to this end, using nonspecific reversal agents
[14]. Assays to measure drug levels would also
be necessary in various clinical situations as
those involving unavoidable co-prescription
with interacting drugs or those which need dif-
ferentiation between therapy inefficacy and
poor adherence [2,5,11]. Moreover, unplanned
surgery or postoperative periods would benefit
from precise evaluations of hemorrhagic risk,
as apixaban plasma concentrations proved to be
linearly correlated to its anti-Xa activity, over a
wide dose range of apixaban (0.5 — 50 mg), for
both patients and healthy subjects [3]. Further-
more, for dabigatran and rivaroxaban, two other
novel oral anticoagulants, several algorithms are
available for the management of the bleeding
risk associated with emergency surgery and in-
vasive procedures, considering the drugs plasma
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concentrations, obtained through the use of sen-
sitive analytical methods [15,16].

Liquid chromatography coupled with tandem
mass spectrometry (LC-MS/MS) is the reference
method used in therapeutic monitoring of novel
direct oral anticoagulants due its precision, ac-
curacy, sensitivity and robustness [14-17]. There
are several pharmacokinetics studies of apixaban
[7, 18-23] and assessments of different laborato-
ry tests [17,24] that used LC-MS/MS for quanti-
fication of apixaban in human plasma.

The main objective of our study was to devel-
op and validate a specific and quantitative high
throughput LC-MS/MS method for the analysis
of apixaban in human plasma with applicability
in clinical therapeutic drug monitoring, pharma-
cokinetics, as well as in bioequivalence studies.
The protocol study was reviewed and validated
by the Ethics Committee of the University of
Medicine and Pharmacy of Tirgu Mures and has
been performed in the accordance with standards
of the Declaration of Helsinki and local regula-
tions. All subjects provided written informed
consent.

Material and methods

Reagents

Acetonitrile of isocratic grade for liquid
chromatography, methanol, ammonium formate
of analytical-reagent grade were from Merck
(Darmstadt, Germany). Water was deionised
using a Milli-Q Water purification system (Mil-
lipore, Milford, MA, USA). The human blank
plasma was supplied by the Regional Blood
Transfusion Centre of Cluj-Napoca (Romania)
from healthy volunteers, men and women.

Apparatus

HPLC separations were carried out on a
system from Agilent Technologies (Darmstadt,
Germany), an 1100 series model consisting of a

G1312A binary pump, an in-line G1379A degas-
ser, an G1329A autosampler, a G1316A column
oven and an Agilent Ion Trap Detector 1100 VL.
Other apparatus used in the experiment were:

a centrifuge 204 Sigma (Osterode am Harz,
Germany); Analytical Plus and Precision Stan-
dard balances (Mettler-Toledo, Switzerland); a
Vortex Genie 2 mixer (Scientific Industries, New
York, USA); an ultrasonic bath Elma Transsonic
700/H (Singen, Germany).

LC-MS/MS conditions

Apixaban separation was achieved at 40°C
on a Gemini-NX (5 mm x 2 mm i.d., 3 um) chro-
matographic column (Agilent Technologies) with
a mobile phase consisting of acetonitrile and 1
mM ammonium formate in water (33:67, v/v) in
isocratic conditions, with a flow of 0.5 mL/min.
The detection of apixaban was in the multiple
reaction monitoring (MRM) mode (monitored
transition: m/z 417.2 from m/z 460.2) using an
electrospray ion source (polarity: positive, nebu-
lizer 60 psi (nitrogen), dry gas nitrogen at 12 L/
min, dry gas temperature 350°C). The run-time
was | minute.

Standard solutions

A stock solution of apixaban in methanol
(0.485 mg/mL) was diluted in the same solvent
(48.5 pg/mL) or in drug-free human plasma
(0.970 pug/mL) to obtained the working solu-
tions. These solutions were subsequently used
both for preparing plasma calibration standards
with the concentrations of 9.70, 19.40, 38.80,
77.60, 194.00, 388.00, 582.00 and 970.00 ng/
mL, and for quality control (QC) plasma sam-
ples of 38.80 ng/mL (lower), 194.00 ng/mL (me-
dium) and 582.00 ng/mL (higher). All prepared
solutions were stored at -20°C until analysis.

Pretreatment of samples

Standards and plasma samples (50 ulL) were
deproteinized with methanol (150 pL), mixed
(10 s) and centrifuged (6 min at 6000 rpm). Vol-
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umes of 1 pL from supernatants were analyzed
in HPLC system.

Method validation

The selectivity and the specificity of the
method were evaluated. The chromatograms
of plasma samples marked with apixaban were
compared with those obtained from different
plasma blank samples (n=6). Six aliquots of
spiked plasma with the analyte at the lowest lev-
el of the calibration curve were analyzed to de-
termine the sensitivity.

The levels of apixaban were automatical-
ly calculated by external standard method. The
linearity was studied by the least squares analy-
sis: y = b + ax, weighted (1/y) linear regression,
where y - peak area and x - analyte concentration
(ng/mL).

Five different aliquots (n = 5) from lower,
medium and, respectively, higher QC plasma
samples were analyzed on the same day to de-
termine intra-day precision (expressed as coef-
ficient of variation, CV %) and accuracy (ex-
pressed as relative difference between obtained
and theoretical concentration, bias %). One
sample from each QC plasma samples (at lower,
medium and higher levels) was analyzed on five
different days (n = 5) to determine inter-day pre-
cision and accuracy.

The lowest calibration standard with an ac-
curacy and precision below 20% was considered
to be the lower limit of quantification (LLOQ).

The absolute recoveries (at LLOQ, lower,
medium and higher levels) were calculated by
comparing the response of apixaban in labeled
plasma samples with his response in standard
solutions with the same concentration, prepared
in mobile phase and processed in the same man-
ner with plasma sample (n =5).

Results
Electrospray (ESI) positive mode yielded a
better spectrometer response for apixaban than

the negative mode. Apixaban forms the molec-
ular ion [M+H]+ (m/z 460.2) by accepting a
proton in the acidic mobile phase. The use of
tandem MS detection allows to obtain a better
selectivity and sensitivity by the fragmentation
of the molecular ion. This was fragmented at the
optimum collision energy of 0.9 V, and the ion
transition m/z 460.3 — 417.3 was monitored and
analysed (Fig.2).

To achieve symmetrical chromatographic
peaks, good resolution and a short retention time
for apixaban, an absolutely necessary feature of
a high-throughput analysis, the developed LC-
MS/MS method was optimized. The best results
were obtained with a Gemini-NX column and
a mixture of acetonitrile and 1 mM ammonium
formate in water (33:67, v/v) under isocratic
conditions at 40 °C and a flow rate of 0.5 mL/
min. The method is rapid, with a total run time
of instrumental analysis of 1 min and a retention
time of apixaban of 0.82 min. Sextuple analysis
of blank samples showed no interfering endoge-
nous peaks at the retention time of apixaban in
human plasma. (Fig.3).

The linearity of the method was maintained
throughout the range of concentration studied
(9.70 - 970.00 ng/mL), with a correlation coeffi-
cient higher than 0.994 (r2 > 0.9885). The values
obtained for intra-day and inter-day precision
and accuracy during the validation for plasma
are shown in Table 1 and Table 2, respectively.
The lower limit of quantification (LLOQ) was
established at 9.70 ng/mL with an acceptable ac-
curacy and precision (Table I and Table II).

Discussion

There are few method described for the
quantification of apixaban in human plasma,
alone or simultaneously with other novel oral
anticoagulants. Gous et al. measured plasma lev-
els of apixaban, dabigatran, edoxaban, and rivar-
oxaban in human plasma by turbulent flow lig-
uid chromatography with high resolution mass
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Figure 2. Mass spectra of apixaban obtained by electrospray ionisation in positive ion mode: (up) full-
scan spectrum with pseudo-molecular ion [M+H]+ (m/z 460.3); (down) MS/MS reactive (fragmentation)
spectra, obtained with a collision energy of 0.7 V
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Figure 3. Representative chromatograms of (up) drug-free plasma, (middle) plasma spiked with apixaban
at LLOQ (9.70 ng/mL) and (down) plasma sample obtained from a patient 2 h after the administration of
5 mg apixaban (concentration found: 587 ng/mL).
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Table I. The intra-day precision (CV %) and accuracy (bias %) and recovery data for the measurement of
apixaban in human plasma (n = 5)

Nominal Found concentration
. . Recovery
concentration mean CV (%) Bias (%)
(ng/mL) ng/mL +SD (%) +SD
9.70 10.49 0.95 9.0 8.2 104.5 5.4
38.80 42.50 5.32 12.5 9.5 101.9 1.1
194.00 210.69 9.49 4.5 8.6 97.4 0.8
582.00 603.20 29.06 4.8 3.6 98.6 0.8

Table II. The inter-day precision (CV %) and accuracy (bias %) and recovery data for the measurement of
apixaban in human plasma (n =5)

Nominal Found concentration

. . Recovery
concentration mean CV (%)  Bias (%)

(ng/mL) ng/mL +SD (%) +SD
9.70 9.91 1.11 11.2 2.2 103.2 2.1
38.80 39.08 5.63 14.4 0.7 99.7 1.5

194.00 205.57 12.45 6.1 6.0 97.6 1.0
582.00 594.43 27.06 4.6 2.1 98.5 3.1

spectrometry. Turbo flow column allows online
extraction (protein precipitation step), but this
procedure is not routinely available in most lab-
oratories. The range of calibration was 1-500 ng/
mL, but our clinical practice demonstrated high-
er plasma levels of apixaban in patients after re-
peated administration than this range of concen-
trations (Fig.4). Processed volume plasma was
100 pL and total time of analysis was 6 min [18].
Schmitz et al. quantified dabigatran, rivar-
oxaban and apixaban in plasma by ultra perfor-
mance liquid chromatography (UPLC) coupled
with tandem MS/MS as reference method to
evaluate the analytical performance of several
coagulation assays. The calibration range was
23-750 ng/mL, and LLOQ < 1 ng/mL [20].
Delavenne et al. developed and validate a
LC-MS/MS method to quantified apixaban in
human plasma after protein precipitation with
methanol. Chromatographic separation was
performed on a Luna MercuryMS C18 column
with gradient of the mobil phase consisting of

0.1% formic acid and acetonitrile. The run time
of instrumental analysis was 1.3 min, and the
retention time of apixaban was 0.92 min. Their
processed 0.1 mL plasma and studied the cali-
bration on the concentration range of 0-500 ng/
mL. Therefore, concentrate sample dilution is
required. LLOQ was estimated of 5 ng/mL [24].

Raghavan et al. developed a LC-MS/MS
method to evaluate metabolism and pharmaco-
kinetics of apixaban after oral administration to
humans. They processed 0.2 mL of plasma sam-
ples and used 13CD3-labeled apixaban as the
internal standard. The separation was performed
isocratically on Phenomenex Luna C18 column
with a mixture of 0.1% formic acid in acetoni-
trile and water (60:40, v/v). The detection used
a positive electrospray ionization source and
monitored the mass transition of m/z 460 to 443.
LLOQ was 1 ng/mL [21].

A few studies of metabolism and/or pharma-
cokinetics briefly presents the LC-MS/MS meth-
ods applied to determine apixaban plasma lev-
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els. Thereby, Upreti et al. [25], and Wang et al.
[26] determined pharmacokinetics of apixaban
in healthy subjects using a LC-MS/MS method
validated by Intertek Pharmaceutical Services
with a LLOQ of 1 ng/mL. Frost et al. studied
pharmacokinetics of apixaban after single dose in
healthy subjects by a LC-MS/MS method with
LLOQ of 1 ng/mL and quantification range of 1
- 1000 ng/mL [7]. In another study, Frost et al.
applied a LC-MS/MS method after solid phase
extraction to determine pharmacokinetics of
multiple oral doses of apixaban in healthy sub-
jects, LLOQ being also of 1 ng/mL [22]. Cui et
al. determined pharmacokinetics profile of apix-
aban after single- and multiple-dose in healthy
Chinese subjects using a validated LC-MS/MS
method with atmospheric pressure ionization and
protein precipitation of samples before the chro-
matographic analysis (LLOQ of 1 ng/mL) [23].

Our developed and validate method is very
simple and rapid, requires a smaller plasma vol-
ume (50 pL) and a shorter time of analysis than
other methods reported in the scientific litera-
ture [18,20,21,24]. The instrumental analysis is
performed in 1 minute and a set of 24 samples
requires a preparation time of about 15 min-
utes. The large studied calibration range (9.70 —
970.00 ng/mL) allows direct analysis of plasma
samples after protein precipitation and centrifu-
gation without additional dilution.

Because the method has not been the subject
of the audit of National Agency for Medicines
and Medical Devices, this was partially validat-
ed, in accordance with international regulations
[28-32]. But the validation performed covers the
most important parameters of the developed an-
alytical method.

The obtained results proved a good linearity,
sensitivity (LLOQ of 9.70 ng/mL), accuracy and
precision over the studied concentration range.
All values for accuracy and precision were with-
in recommended limits (Table 1 and Table 2).
The recovery values were between 97.4 - 104.5

%, which means no analyte loss during sample
preparation due to adsorption on precipitated
proteins.

Despite the safety and efficacy of apixaban,
there is limited information on possible strate-
gies for reversal of its antithrombotic effects, in
patients presenting with medical and surgical
emergencies [9].

Before discontinuing anticoagulation with
apixaban for reasons other than bleeding, the
risks of thrombotic events must be carefully as-
sessed. Once stopped, treatment should be re-
started according to the hemorrhagic events risk
factors (including antiplatelet therapy, treatment
with other anticoagulants, fibrinolytic therapy,
chronic NSAIDs).

The safety of neuraxial anesthesia for pa-
tients treated with oral anticoagulants should be
considered regarding the potential benefit versus
the risk before neuraxial intervention [8]. When
this manoeuvre is performed, patients are at risk
for developing an epidural or spinal hematoma
that may result in long-term or permanent neu-
rological sequels.

Another medical practice problem arises
from the lack of antidotes for oral anticoagu-
lants. In patients presenting major bleedings,
is vital to assess the cause of bleeding: is there
a local source (e.g. gastrointestinal anatomic
site, coagulopathy resulting from liver disease,
disseminate intravascular coagulation) or an
over dose of the oral anticoagulant? Appropri-
ate standard treatment should be immediately
initiated; if bleeding persists the use of specific
procoagulants (activated prothrombin complex
concentrate, prothrombin complex concentrate
and recombinant factor VIIa) can be considered,
but currently only very limited experience is de-
scribed with the use of these products.

Apixaban is highly protein bound and there-
fore cannot be removed by hemodialysis like
dabigatran does (hemodialysis is effective in re-
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Figure 4. Plasma profile of apixaban to six hospitalized patients after administration of repeated doses (5
mg) of apixaban (mean concentration + SD).

moving 60% of the dabigatran in the blood in
2-3 hours in case of drug toxicity) [7].

Despite the fact that activated charcoal is fre-
quently used to manage overdose or accidental
ingestion of different chemicals, just few data
suggest that it may be useful in a perioperative
setting in particular overdoses of apixaban.

There are only few reasons why practical
medicine needs a simple, accurate and fast meth-
od to quantify the oral anticoagulant concentra-
tion in blood.

This high-throughput method was suc-
cessfully used for therapeutic drug monitoring
and pharmacokinetic parameter estimation in
hospitalized patients being under treatment of
apixaban for anti-thrombotic therapy. A typical
plasma profile of apixaban obtained from six pa-
tients after repeated administration of apixaban
in doses of 5 mg is showed in Fig.4.

In conclusion, the developed and validated
LC-MS/MS method stands out through sim-
plicity, accuracy and accessibility. In contrast to
other LC-MS/MS methods reported in the scien-
tific literature for quantification of apixaban in

plasma it is faster (both for sample preparation
and as instrumental analysis) and inexpensive,
essential features for high-throughput methods
used in routine analysis. It has wide applicability
in clinical level monitoring of apixaban as well as
in pharmacokinetics or bioequivalence studies.
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