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An HPLC-MS/MS method for determining dabigatran in human blood serum was developed. Samples were
prepared by precipitation of proteins using MeOH followed by centrifugation and dilution with deionized
H,O. The developed method had a simple sample-preparation procedure, short analysis time, and wide analyt-
ical range (from 1 to 1,000 ng/mL). This method was suitable for routine bioanalytical studies, in particular,

therapeutic drug monitoring.

Keywords: novel oral anticoagulants (NOACs), dabigatran, dabigatran etexilate, HPLC-MS/MS, therapeutic

drug monitoring.

According to the World Health Organization (WHO),
cardiovascular diseases (CVDs) are the leading global cause
of death (31%) [1]. The total global incidence of atrial fibril-
lation (AF) associated with CVD is 1 — 2% [2 — 5]. Warfarin
has been successfully used to treat a broad spectrum of
CVDs. However, the risk of intracranial hemorrhaging and
hemorrhages in patients taking warfarin is 1.3%, among
which 0.3% is attributed to the former, because of the defi-
ciencies of warfarin, e.g., narrow therapeutic window [sub-
strate for various isoforms of cytochrome P450 (CYP) and
variable protein binding] and drug and food interactions [4].

Novel oral anticoagulants (NOACs) are the most promis-
ing drug class for treating CVD associated with AF [2, 6].
The direct thrombin (factor Ila, FIla) inhibitor dabigatran
was registered in 2010 by the US FDA [7].

Dabigatran is claimed to have predictable pharmacoki-
netic parameters. However, its use poses the risk of develop-
ing adverse drug reactions (ADRs) due to age, gender, physi-
ological features, or co-administration with P-glycoprotein
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(P-gp) inhibitors [7, 8]. Therapeutic drug monitoring (TDM)
of dabigatran is advised in cases of bleeding, during the
perioperative period, and with co-administration of P-gp in-
hibitors, a high body mass index, kidney dysfunctions, etc.
[7,9—11].

The prodrug dabigatran etexilate is hydrolyzed by liver
and blood esterases (including liver carboxylesterase 1) and
converted to the active compound, i.e., dabigatran (Fig. 1)
[7, 8, 12]. Dabigatran is not metabolized by the CYP system.
However, the prodrug (dabigatran etexilate) is a substrate for
the protein-transporter P-gp, which is coded by the gene
MDRI. Various genotypes of MDRI are associated with the
various activities of P-gp. This also affects the pharmacoki-
netic parameters. Correspondingly, P-gp inhibitors increase
the maximum dabigatran blood-serum concentration [7, 8,
12]. Conjugation of dabigatran with glucuronic acid pro-
duces four pharmacologically active acylglucuronide iso-
mers 1-0, 2-0, 3-0, and 4-O that make up <10% of the total
blood-plasma content of dabigatran [7 — 16].

Dangerous ADRs can result from genetic polymorphism
of MDRI and drug interactions with carboxylesterase sub-
strates and P-gp inhibitors, which increase the maximum
blood-serum concentration of dabigatran [7 — 18]. Therefore,
TDM is the optimum method for choosing individual
dabigatran doses.

Liquid chromatography with mass-spectrometric detec-
tion has been used to determine dabigatran in human blood

0091-150X/17/5112-1129 © 2017 Springer Science+Business Media, LLC



1130

T. A. Rodina et al.

Dabigatran etexilate

2 )
(}WN \_<\ N O_ _CH,

HaC
N

N \/
o} o}
Carboxylesterase 1
H;C
HoN H30\ ~
HN \—<\
N NWoH
. O O
Dabigatran
Fig. 1. Diagram of dabigatran etexilate metabolism by liver carboxylesterase 1.
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Fig. 2. Total ion current in electrospray-ionization (ESI) mass spectrum of dabigatran.

plasma [19 —21]. Its common drawbacks are a narrow ana-
Iytical range, excessive dilution of the analytes by a precipi-
tant, lack of description of the used linear gradient [20, 21],
or, e.g., sample preparation and chromatographic separation
under conditions where the analyte is eluted as two separate
bands [19]. Furthermore, HCI solution was used as a precipi-
tant although it is highly corrosive for both chromatographic
and mass-spectrometric equipment [20].

TDM is based on coagulation methods and is a rather ef-
fective method for selecting doses. However, this method is
inferior in accuracy, sensitivity, and universality to HPLC-

MS/MS, which measures directly the human blood-serum
concentration of dabigatran [22 — 24].

Therefore, the goal of the present work was to design a
rapid and sensitive method with simple sample preparation
for determination of dabigatran in human blood serum using
HPLC-MS/MS.

EXPERIMENTAL PART

The investigation used Shimadzu (Japan) equipment and
a Nexera LCMS-8040 system (QQQ).
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Fig. 3. Daughter ion scan (product-ion scan+) in mass spectrum of dabigatran.
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Fig. 4. Chromatogram of intact serum.

The reagents MeCN (PanReac AppliChem, UHPLC Su-
pergradient, ACS); MeOH (PanReac AppliChem, Gradient-
grad for HPLC, ACS); formic acid (Fluka, for mass spectrom-
etry); and deionized H,O (electrical resistance 18.2 MQ - cm)
were used the work. Calibration solutions were prepared us-
ing dabigatran (Sigma-Aldrich) and promethazine hydro-
chloride (Sigma-Aldrich) that met USP requirements. The
separation was performed over an XBridge C18 column
(50 x 4.6 mm, 3.5 pm, 80 A, Waters, USA) with a universal

=TT T

4.0 min

C18 precolumn (4 x 3.0 mm, Phenomenex, USA) with the
temperature thermostatted at 40°C. The mobile phase con-
sisted of eluent A (0.1 vol%, formic-acid/deionized-H,0)
and eluent B (0.1 vol%, formic-acid/MeCN). The separation
was performed with gradient elution. Table 1 lists the mo-
bile-phase gradient compositions. The injected sample vol-
ume was 20 pL. Promethazine was used as an internal stan-
dard.

Electrospray ionization (ESI) in positive-ion mode was
used. The mass-spectrometric detection conditions for select-
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Fig. 5. Chromatogram of intact human blood serum with added dabigatran and promethazine standard solutions.
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Fig. 6. Calibration curve for peak-area ratio of dabigatran and promethazine
promethazine.

as a function of concentration ratio of dabigatran and
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Fig. 7. Chromatogram of human blood serum containing dabigatran at the ILOD level.

ing the protonated molecular ions (472.15 m/z for dabigatran
and 285.10 m/z for promethazine) as the precursor ions were
determined by total ion current scanning (scan') (Fig. 2).
Then, daughter ions were scanned (product scan”) to select
fragment ions from the precursors that could be used further
for multiple reaction monitoring (MRM) (Fig. 3). Table 2
lists the detection parameters in MRM" mode that were se-
lected experimentally.

TABLE 1. Mobile-Phase Gradient Compositions at Flow Rate
1 mL/min

Analysis time, min Eluent B vol. fract., %

0.0 > 0.80 5
0.80 — 2.50 5—100
2.50 - 3.50 100
3.50 —» 4.50 100 > 5

TABLE 2. Detection Parameters for Dabigatran and Promethazine
in MRM" Mode

Compound  Precursor ion m/z Fragment ion, m/z Impact energy, V

Dabigatran 472.15 289.10 —28.0
Dabigatran 285.10 86.10 -20.0

Table 2 presents the detection parameters in MRM"
mode and the impact energies that were selected experimen-
tally.

Sample preparation consisted of precipitating blood-se-

rum proteins using MeOH. For this, a serum sample [200 uL,
or 180 pL of intact human blood serum with added dabiga-
tran working standard solution (20 uL)] was treated with in-

TABLE 3. Accuracy and Precision of Method for Dabigatran

e
1 1.00 0.15 14.63 0.41
5 4.99 0.05 1.05 -0.24
500 505.91 7.11 1.41 1.18
1000 1004.49 9.34 0.93 0.45

TABLE 4. Accuracy and Precision of Method for Dabigatran
(inter-day)

Found, ng/mL,

S.D. RSD, % E, %
Added, ng/ml (anv irig;; (n=15) (n=15) (n=15)
1 1.00 0.13 13.09 0.41
5 5.07 0.11 2.19 1.45
500 504.04 6.00 1.19 0.81
1000 1016.36 8.72 0.86 1.64
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Fig. 8. Chromatogram of Patient 4 blood serum containing dabigatran (12.12 ng/mL) and promethazine (3.75 ng/mL).
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Fig. 9. Chromatogram of Patient 5 blood serum containing dabigatran (53.57 ng/mL) and promethazine (3.75 ng/mL).

ternal standard solution (5 mL, promethazine solution,
150 ng/mL) and MeOH (400 pL); shaken for 15 sec on a lab-
oratory vortex stirrer; and centrifuged for 15 min at 14,000
rpm. The supernatant (500 pL) was transferred into chro-
matographic vials, treated with deionized H,O (200 pL), and
shaken for 15 sec on a laboratory vortex stirrer. The vials
were placed into the chromatograph autosampler.

The step for diluting the sample with a weak solvent had
to be introduced during sample preparation so that dabigat-
ran would elute as a single chromatographic band. An addi-

tional centrifuge step was not needed after adding the weak
solvent. Shaking the sample on the vortex stirrer was suffi-

cient.
Method validation was conducted according to guide-

line requirements [25].

Selectivity was assessed by analyzing six samples of in-
tact human blood serum from various sources, samples of in-
tact human blood serum with added dabigatran working stan-
dard solutions to produce concentrations in the range
1 — 1,000 ng/mL, and a promethazine internal standard solu-
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Fig. 10. Chromatogram of Patient 6 blood serum containing dabigatran (10.41 ng/mL) and promethazine (3.75 ng/mL).

tion up to a working concentration of 3.75 ng/mL in blood
serum.

Chromatograms of intact human blood serum lacked
peaks at retention times corresponding to dabigatran and pro-
methazine (Figs. 4 and 5).

A calibration curve was constructed by analyzing 11
samples of intact human blood serum with added dabigatran
working standard solutions to produce concentrations of 1, 5,
10, 25, 50, 75, 100, 250, 350, 500, and 1,000 ng/mL. Figure
6 shows the obtained calibration curve and correlation coeffi-
cient.

Accuracy and precision were estimated by analyzing
samples of intact human blood serum with added dabigatran
standard solutions to produce concentrations of 1, 5, 500, and
1,000 ng/mL. Three rounds including up to five samples for
each concentration were analyzed. The intra-day and inter-

TABLE 5. Matrix  Factor  Calculation  for  Dabigatran
(1,000 ng/mL) Normalized to the Matrix Factor for Promethazine
(3.75 ng/mL)

M; for dabigatran M; for promethazine Normalized M

0.95 0.97 0.98

0.95 0.94 1.01

0.99 0.99 1.00

0.88 0.96 0.92

0.92 0.94 0.98

0.94 0.99 0.95
Average 0.97

CV, % 3.55

day accuracy and precision were determined. Tables 3 and 4
present the relative standard deviations (RSDs, %) and rela-
tive errors (Es, %).

The resulting RSDs (precision) and Es (accuracy) met the
norms [<20% for the lower limit of quantitation (ILOQ) and
<15% for other concentrations].

The matrix factor (M) was calculated to evaluate the in-
fluence of the biological matrix on the mass-spectrometric
detector signal intensity. The M, was the ratio of the peak ar-

TABLE 6. Dabigatran Degree of Extraction

Dabigatran concentration

Parameter
1 ng/mL 1000 ng/mL

Sample type A B A B

Average peak area 420 552 356826 517138
(n=5)

Degree of extrac- 0.76 0.69
tion (B/A4)

TABLE 7. Promethazine Degree of Extraction

Parameter Concentration 3.75 ng/mL
Sample type A B
Average peak area 24351 30062
(n=5)
Degree of extraction 0.81
(B/4)
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TABLE 8. Determination of Dabigatran in Blood Serum During
TDM

Patient Age, Dabigatran Blgg;i ;dec- Result,
sex dose and time" ng/mL

1 80 yr, female | 110 mg twice 09.01.2017
per day 19:00" 24.63
23:00° 22.16

10.01.2017
7:00° 21.43
11:00* 25.41

2 69 yr, female | 150 mg twice 26.02.2017
per day 7:00° 37.70
11:00* 21.11

3 62 yr, female | 150 mg twice 27.02.2017
per day 7:00° 32.80
11:00* 99.02
19:00° 23.25
23:00" 25.79

4 71 yr, male | 150 mg twice 14.08.2017
per day 7:00° 12.12
11:00* 18.45

5 78 yr, female | 150 mg twice 28.08.2017
per day 7:00° 34.45
11:00* 53.57

28.08.2017
19:00° 27.20
23:00" 38.49

6 34 yr, male | 110 mg twice 05.09.2017
per day 7000 | 1041

" b, before scheduled drug administration; ?, 4 h after scheduled
drug administration.

eas of dabigatran and promethazine in the chromatogram of
blood serum with added standard solutions after protein pre-
cipitation (4) to the peak areas of dabigatran and prometha-
zine in the chromatogram of a sample with intact blood se-
rum replaced by an equal volume of H,O and with added
dabigatran and promethazine standard solutions (B). The ma-
trix effect was determined for dabigatran at 1 and
1,000 ng/mL and promethazine, 3.75 ng/mL. The M, normal-
ized to the internal standard was calculated as the ratio of
dabigatran M, values to those of promethazine (internal stan-
dard). The coefficient of variation (CV, %) of M, normalized
to the internal standard should be <15%. Table 5 presents the
results.

The degrees of extraction of dabigatran and prometha-
zine from blood serum during sample preparation were cal-
culated as the ratio of the peak area of the studied compound

T. A. Rodina et al.

in the chromatogram of blood serum with added standard so-
lutions before protein precipitation (C) to the peak area of the
studied compound in the chromatogram of blood serum with
added standard solutions after protein precipitation (4). The
degree of extraction was determined at dabigatran concentra-
tions 1 and 1,000 ng/mL and promethazine, 3.75 ng/mL. Ta-
bles 6 and 7 present the results.

The ILOQ of the method was taken as the minimum
dabigatran concentration in human blood serum at which
dabigatran could be determined with RSD and E values
<20% in the linear range. The 1ILOQ of the method was
I ng/mL for dabigatran (Fig. 7). The signal-to-noise ratio
was <10.4.

The starting and working standard solutions of dabigat-
ran were confirmed to be stable during storage for 6 months
at —30°C. Prepared samples were demonstrated to be stable
for 24 h during storage in the chromatograph autosampler at
4°C.

Application of the developed method. The proposed
method is currently being used at 1. V. Davydovsky Munici-
pal Clinical Hospital for pharmacokinetic studies aimed at
optimizing pharmacotherapy using dabigatran for CVD, i.e.,
prevention of venous thrombosis, infarct, and systemic
thromboembolism and reduction of cardiovascular death in
patients with AF; treatment and prevention of deep-vein
thrombosis and/or pulmonary artery thromboembolism; pre-
vention of lethal outcomes, etc. Table 8 and Figs. 8 — 10
show examples of the use of the method for TDM.

Thus, a method for determining dabigatran in human
blood serum using HPLC-MS/MS was developed. Dilution
of the sample with deionized H,O after centrifugation
avoided elution of dabigatran as two chromatographic bands
and increased the accuracy and precision of the results. This
method was convenient for routine bioanalytical investiga-
tions, in particular, for TDM.
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