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Two different literature methods were used to compare the experimental efficacy and accuracy of dabigatran
assays in blood of 30 patients with knee replacements. Blood plasma was collected from patients who under-
went anticoagulant therapy and were administered the medicine at a dose of 220 mg. Residual and peak
dabigatran concentrations were determined by HPLC-MS and HPLC-MS/MS.
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Peroral anticoagulants are a new class of medicines that
appeared recently and are used in pharmacology to prevent
thromboembolism [1 — 6].

Three methods are used to estimate the anticoagulant
concentration in patient blood for drug monitoring to prevent
bleeding and other serious complications. They are:

rapid analysis [7 — 9];

chromatography [10 — 13];

chromogenic analysis [14, 15].

Rapid analysis of human blood for anticoagulant content
in clinics, hospitals, and polyclinics often uses coagulo-
meters to monitor the drug concentration in blood of patients
on anticoagulants. However, the measurement is made indi-
rectly using activated partial thromboplastin and prothrom-
bin time, ecarin clotting time, etc. [7 — 9].

Chromatographic methods are most common and conve-
nient for drug monitoring and solving pharmacokinetic prob-
lems [10 — 13]. The present work used two developed and
validated methods for quantitative determination of dabiga-
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tran in human blood plasma [14, 16] that corresponded to
existing documentation for selectivity, accuracy, linearity,
precision, stability, matrix effect, carryover, and recovery
[17—19]. Data from patients with knee arthroplasty who
took the drug for prevention were analyzed. Samples (60)
were taken from patients (30) and compared to determine the
anticoagulants in blood. The most efficient method for esti-
mating the pharmacokinetic parameters and drug monitoring
was determined.

The goal of the present study was to compare the effi-
ciency of methods used for quantitative determination of
dabigatran in patient blood plasma and to choose the optimal
method for therapeutic drug monitoring and solving pharma-
cokinetic problems.

EXPERIMENTAL PART

The study included 30 patients with knee replacements.
In the post-operative period, they took dabigatran at a dose of
220 mg. Two samples were taken twice from each patient
and were divided into two groups, i.e., group 1 before admin-
istration and group 2, 3 h after administration of the drug.

Quantitative analysis used two different HPLC methods
with mass-spectrometric detection.

Data from the two methods were statistically processed
using Kolmogorov—Smirnov and Wilcoxon tests and SPSS
Statistics software.
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TABLE 1. Equipment, Reagents, and Reference Standards
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Equipment

Method 1 (HPLC-MS/MS)

Method 2 (HPLC-MS)

Chromatograph

HPLC Dionex UltiMate 3000 (Germany)

Agilent 1200 HPLC (USA)

Detector

Bruker micrOTOF-QII mass detector (Germany)

Agilent 6410 mass detector (triple quadrupole) (USA)

Shaker for stirring liquids

Genius 3 (Germany) and Vortex (USA)

Heidolph Reax top vortex shaker (Germany)

Shaker - IKA VXR basic Vibrax® with IKA-Werke Type VX
2E for 64 (Germany)

Centrifuge Eppendorf (Germany) Eppendorf Minispin® with rotor for 12 tubes (Ger-
many)

N, generator

- Parker Balston NitroFlowLab

Water purification system

Merck Millipore Simplicity” UV (with UV lamp)
(Germany)

Millipore Direct-Q 5 UV (France)

TABLE 2. Dabigatran Sample Preparation for Chromatographic Analysis

Sample-preparation conditions

Method 1 (HPLC-MS/MS)

Method 2 (HPLC-MS)

Centrifugation

Centrifugation of blood plasma in Eppendorf
Minispin®

Preparation of sample with standard

Addition of plasma (200 pL) and internal stan-
dard (20 pL)

Transferring supernatant liquid (100 pL) into
plastic Eppendorf tubes and treatment with inter-
nal standard working solution (250 pL)

Homogenization

Shaking on a laboratory shaker for 15 — 30 sec

Shaking resulting solution on Vortex mixer and
leaving for 10 min

Protein oxidation

Addition of MeCN (600 pL), shaking again for
15 — 30 sec, centrifugation at 14,000 rpm for
5 min to precipitate proteins

Centrifugation at 10,000 rpm for 10 min

Preparation of solution after protein precipitation

Placement of an aliquot (700 pL) of resulting
mixture into Eppendorf tube and treatment with
CH,CI, (1,000 puL)

Additional purification

Shaking emulsion again in laboratory shaker for
2 min and destruction by centrifugation at
14,000 rpm for 5 min

Sample volume for chromatography

Sampling (100 pL) upper aqueous layer

Sampled (100 pL) of supernatant layer

TABLE 3. Dabigatran Chromatography Conditions

Chromatographic separation conditions

Method 1 (HPLC-MS/MS)

Method 2 (HPLC-MS)

Mobile phase

0.1% aqueous formic acid—MeCN (80:20)

Solution A (50 mL 0.1 M ammonium acetate
and 5 mL formic acid diluted in deionized wa-
ter to total volume 1 L) and solution B (50 mL
0.1 M ammonium acetate and 5 mL formic
acid diluted in MeOH to total volume 1 L) with
A:B ratio 70:30

[Elution mode

Isocratic

Isocratic

Mobile-phase flow rate, mL/min

0.4

0.6

Stationary phase

5 um, 35°C)

Agilent Zorbax SB-CN column (150 x 4.6 mm,

Agilent Zorbax SB-CN column (150 x 4.6 mm,
S pum) at 40°C

Injected sample volume, pul

10

Dabigatran retention time, min

4.7
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TABLE 4. Chromatography Conditions for Dabigatran Detection
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Chromatography detection conditions

Method 1 (HPLC-MS/MS)

Method 2 (HPLC-MS)

Electrospray ionization mode

Positive ions

Positive ions

Fragmentation of gas Argon N,
Impact energy, eV 22.2 25
Ion-source potential, V 4500 135
Spray-gas pressure, bar 2.0 241
Drying-gas volume flow rate, L/min 7.0 11
Temperature, °C 250 350

Detection in MS mode
m/z=476.2

Dabigatran m/z = 472.2, internal standard

m/z =476

Dabigatran m/z = 472, internal standard

Detection in MS/MS mode

Dabigatran transition m/z 472.2 — 289.1, inter- -
nal standard transition m/z 476.2 — 293.1

TABLE 5. Pharmacokinetic Data for Dabigatran Content in Human Blood Plasma in Two Experiments

Method Preparatior.l adminis- max min Mean SD Confidence interval
tration
HPLC-MS before 112.71 9.61 32.54 22.10 7.91
HPLC-MS/MS before 95.03 6.16 28.49 22.24 7.87
HPLC-MS after 792.43 35.94 227.63 169.89 60.79
HPLC-MS/MS after 800.40 24.47 210.54 167.30 59.29

TABLE 6. Normal Distribution (Kolmogorov—Smirnov One-Sample Test)

Dabigatran concentration

Parameter

before capsule administration

3 h after capsule administration

N 60 60
Criterion statistics 0.177 0.163
IAsymptotic significance p (95%) 0.000 0.000

Table 1 lists the equipment used to determine the drug in

blood plasma by the two methods.

Calibrators and quality-control (QC) samples in method

1 were prepared using (Table 1):

matrix solution of dabigatran (1 mg/mL) in DMSO;
internal standard (IS) of deuterated dabigatran [M + 4]

(1 mg/mL);

human blood plasma from patients.
Chemical reagents used for sample preparation and prep-

aration of standards and QC samples included:

N, (99%);

Ar (99.95%);
MeCN for HPLC (99.9%; LabScan, Poland);
ultrapure H,O from a Simplicity® UV system (with a UV

lamp; Merck Millipore, Germany);

formic acid for HPLC (50%; Fluka, Switzerland);

CH,Cl, (dichloromethane; chemical pure; Khimmed,
RF).

Method 2 used the following to prepare calibrators and
QC samples (Table 1):

TABLE 7. Statistical Values of Wilcoxon Criteria

Dabigatran concentration

Parameter before capsule

administration

after capsule
administration

—1.306
0.192

—0.401
0.688

'Wilcoxon signed-rank test

IAsymptotic significance p (95%)
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matrix solution of dabigatran (1 mg/mL) in MeOH —
DMSO (9:1);

IS of deuterated dabigatran [M + 4] (1 mg/mL);

human blood plasma from patients.

Chemical reagents used for sample preparation and prep-
aration of calibrators and QC samples included:

N, (98%);

N, (99.99%);

DMSO (99.9%; Panreac);

HCI (37%, Panreac);

MeOH (99.8%; Fisher Scientific);

Ammonium acetate (Merck);

formic acid (85%; Acros Organics);

ultrapure H,O from a Millipore Direct-Q 5 UV system.

Reference standards

Standard solutions for method 1 were prepared by suc-
cessive dilution of matrix solutions in H,0. QC standard so-
lution was prepared by diluting stock solution in H,O to con-
centration 0.5 ng/mL.

Standard solutions of analytes and IS were stored in a re-
frigerator at 4°C for 1 week.

Standard solutions of dabigatran and its deuterated ana-
log for method 2 were prepared using starting matrix solu-
tions of the compounds in MeOH — DMSO (9:1). The con-
centration of dabigatran and its deuterated standard in the
matrix solutions was 10 pg/mL. An IS working solution at
concentration 50 ng/mL was prepared by successive dilution
of matrix solution in MeOH and 0.1% HCI (9:1).

Sample preparation

Table 2 presents data for extraction of dabigatran from
blood plasma by the two methods.

Chromatographic analysis conditions

Table 3 presents the dabigatran chromatographic separa-
tion conditions for the two methods.

Detection conditions

Table 4 presents the dabigatran detection conditions for
the two methods.

RESULTS AND DISCUSSION

The dabigatran concentration before its administration
for method 1 was Max = 112.71 ng/mL; Min =9.61 ng/mL;
average deviation = 22.10 ng/mL; mean = 32.54 ng/mL. Af-
ter its administration, the values were Max = 792.43 ng/mL;
Min =35.94 ng/mL; average deviation=169.89 ng/mL;
mean = 227.63 ng/mL. Table 5 presents the pharmacokinetic
characteristics for the two methods.

A check for normal distributions of dabigatran concen-
trations before and after administration of capsules used the
Kolmogorov—Smirnov one-sample test. Table 6 presents the
results.

A. V. Kozlov et al.

The asymptotic significance p < 0.05 indicated that the
concentrations had a normal distribution. Statistically signifi-
cant differences between concentrations obtained using the
different analytical methods were found using the Wilcoxon
criterion (Table 7).

The asymptotic significance p < 0.05 suggested that dif-
ferences between medians of dabigatran concentration using
the different analytical methods were not statistically signifi-
cant.

Thus, the results obtained using the two methods were
statistically indistinguishable from each other so that either
of the developed methods could be used.
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