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A reversed-phase HPLC method to determine total plasma warfarin was developed and validated.
Warfarin was extracted from human plasma using a two-step liquid-liquid extraction method. The
residue was reconstituted with a phenylbutazone standard solution, which was used as the internal
standard. The analytical column was a Purospher STAR RP-18e (4 x 4mm I.D., 5m particle size).
The mobile phase consisted of acetonitrile: potassium dihydrogen orthophosphate buffer solution
at pH 6.5 [30:70 (v/v)] with a flow rate of 1mL/min. Both warfarin and phenylbutazone were
detected using a photodiode array detector. The lower limit of quantification was 100ng/mL, while
the limit of detection was 20ng/mL. The linearity of the assay was good (r 2=0.992) in the
concentration range from 0.1 - 6.0µg/mL. The extraction recovery of warfarin was 93.53 ± 12.40%.
Both the intraday and interday quality control assay for warfarin demonstrated good precision and
accuracy, with all of the percentage coefficients of variation being less than 15%. Warfarin was
stable in human plasma for up to three months of storage. The validated method was successfully
applied to four human samples for a pharmacokinetics study.
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I.

knowledge

INTRODUCTION

of

the

drug’s

pharmacokinetics

and

pharmacodynamics (Winkler, 2019). Patients who are
Owing to its cheaper cost, warfarin is by far the most

already on warfarin treatment must be regularly monitored

popular oral anticoagulant for treatment of various types of

to avoid adverse effects or suboptimal dosing. The

thromboembolism disorders even when compared to other

variability in warfarin dosing is often correlated with

novel oral anticoagulants that has been demonstrated to be

polymorphisms in the cytochrome P450 2C9 gene

noninferior and have less adverse effects than warfarin

(CYP2C9) and in the vitamin K epoxide reductase complex

(Lippi et al., 2017, Lippi and Favaloro, 2015, Looi et al.,

subunit 1 gene (VKORC1) (Carlquist et al., 2006, Chua et

2017). However, due to its narrow therapeutic window and

al., 2014), which are reported to be responsible for the

significant intra-and inter-individual dosing variabilities,

synthesis of enzymes that metabolize warfarin or involved

the

administration

of

warfarin

requires

extensive
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in the cycling of vitamin K during the coagulation process,

(Selangor, Malaysia), pravastatin tablets were from Apotec

respectively.

Inc. (Toronto, Canada), and propranolol tablets were

To correlate warfarin dosing with factors that affect its

purchased from UPHA Pharmaceutical (Selangor, Malaysia).

variability in plasma concentrations, the determination of

Acetonitrile (ACN) and sulfuric acid (H2SO4) were

plasma warfarin levels is important. Some studies utilising

purchased from Merck (Darmstadt, Germany). Diethyl ether

gas chromatography (GC) to quantify warfarin levels in

was purchased from Fisher Scientific (Leicestershire, UK).

biological samples and pharmaceutical products (Pommier

Potassium dihydrogen orthophosphate (KH2PO4) was

et al., 1994, Abe et al., 2004, Rahman et al., 2018).

purchased from Ajax Chemicals (Auburn, NSW, Australia).

However, most GC methods require sample derivatisation

Both ACN and diethyl ether were of HPLC grade, while the

processes that can be tedious and may not be suitable for
large-scale analysis. For this reason, most plasma warfarin

other chemicals used were of analytical grade. Deionized

measurements utilizing HPLC coupled with UV detectors

water was produced following purification by a Millipore

(Locatelli et al., 2005; Sun et al., 2006; Regalado et al.,

Milli-Q® Integral 3/5/10/15 System (Molsheim, France).

2014). However, the analytical time can be long, and the
extraction process tedious. Other researchers use mass

B. Preparation of Standard Solutions

spectrometry (MS) (Jin et al., 2006, Li et al., 2018) and
fluorescent detectors (Malakova et al., 2009, Lomonaco et

Warfarin working standard solutions at 1, 8, 15, 35, 45 and

al., 2013) to achieve better sensitivity. Nevertheless, these

60µg/mL were prepared fresh daily by further dilution of

methods again require sophisticated instruments that are

their stock solutions (1000g/mL) with ACN. A working

not readily available in most laboratories. Chiral HPLC

standard solution of the internal standard phenylbutazone

methods have also been employed to determine the levels

was prepared fresh daily at 10g/mL by further diluting its

of specific S- and R-warfarin enantiomers (Osman et al.,
2005, Zuo et al., 2010, Ilisz et al., 2013), even though the

stock solution (100g/mL) with ACN. The amlodipine,

drug is usually given in a racemic mixture.

aspirin, atenolol, atorvastatin, digoxin, enalapril, frusemide,

In this study, we developed a new HPLC method to

pravastatin and propranolol working standard solutions that

measure plasma warfarin levels using a simple UV detector

were used in the specificity test were prepared separately at

and a simple liquid-liquid extraction (LLE) method. LLE

100µg/mL.

was used because it has been reported to be more
reproducible than non-automated solid phase extraction

C. Sample Preparation and Extraction

(Shintani, 2013), and in our study, it utilised only small
amounts of organic solvents following a post-extraction

Plasma standards were prepared in duplicate by spiking

spiked internal standard method. The method was

working solutions of the warfarin standards into 1mL of

successfully validated and used in the determination of the

plasma

pharmacokinetics parameters of healthy volunteers.

II.

to

produce

plasma

standards

with

final

concentrations of 0.1, 0.8, 1.5, 3.5, 4.5 and 6.0g/mL. For
quality control (QC) assays, plasma samples were prepared

METHODOLOGY

in duplicate to final concentrations of 0.3, 3.0 and 5.0g/mL.
For the stability test, plasma samples were prepared in

A. Apparatus and chemicals

triplicate

at

low

(0.5µg/mL)

and

high

(4µg/mL)

Warfarin standard was purchased from US Pharmacopeia

concentrations. Freeze-and-thaw, short-term, long-term,

(Rockville, MD, USA). Atenolol, digoxin, frusemide and

post-preparative and standard stock solution stability tests

phenylbutazone standards were from Sigma Chemical

were performed according to the guidelines established by

Company (St Louis, MO, USA), while aspirin tablets were

the FDA (CDER, 2001).

from Y.S.P. Industries (Selangor, Malaysia). Atorvastatin

75 microliters of sulfuric acid [H2SO4] (1 N) was added to

and amlodipine tablets were purchased from Pfizer

1mL of the plasma standards. The plasma was then vortexed

(Selangor, Malaysia), enalapril tablets were from Biolab

for 5 sec before the addition of 2.5mL of diethyl ether. The
2
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mixture was centrifuged at 3500g for 15 min, and the

E. Pharmacokinetics Parameters

organic layer was transferred into V-bottom tubes. The
Four randomly selected healthy human volunteers (mean

raffinate was added with 2.5mL of organic solvent and

body weight 52.5kg) were administered a single oral dose of

centrifuged again, as described in the previous step. The

warfarin (p.o.) (6mg). Blood samples were collected at 0, 1, 2,

organic layer was collected into the same V-bottom tube

24 and 53 h to determine the warfarin levels and

and dried under a nitrogen gas stream at 40C. The dried

pharmacokinetics parameters. The collected samples were

residual was reconstituted with 100µL of internal standard

centrifuged (3500g for 15 min) and subjected to extraction

working solution to 10µg/mL, where 10µL of the solution

within the same day. The samples were then reconstituted

was finally injected into the HPLC system.

with the internal standard before injection into the HPLC
system. The pharmacokinetics data were calculated after

D. Chromatographic Procedure

plotting the warfarin concentration-time profile in a log-

The Waters 2695 HPLC system (Milford, MA, USA) was

linear relationship. The maximum concentration (Cmax) and

integrated with a column, an oven, an autosampler and a

half-life (t1/2) were determined from the graph, while the

vacuum degasser. Empower Pro software version 5.0

other

(Waters, Milford, MA, USA) was used to control the

concentration

equipment and data acquisition. The analytical column was

elimination rate constant (Kel), total clearance (CL) and area

a Merck Purospher® STAR (250 x 4.6mm I.D., 5m particle

under the curve to infinity (AUC0-∞)] were derived from the

size) end-capped RP-18 column (Darmstadt, Germany)

formulae. The study was approved by the Human Research

coupled with a Merck Purospher® STAR (4 x 4mm I.D.,

Ethics

Germany).

The

mobile

phase

was

(tmax),

Committee

data

absorption

of

[time
rate

Universiti

to

maximum

constant

Sains

(Ka),

Malaysia

(USMKK/PPP/JEPeM [197.3(6)]). All volunteers have

5m particle size) end-capped RP-18 guard cartridge
(Darmstadt,

pharmacokinetics

signed written informed consent before the warfarin

an

administration and blood sampling.

ACN:KH2PO4 buffer solution at pH 6.5 [30:70 (v/v)] with a
flow rate of 1mL/min. The detector was a Waters 2996 PDA

III. RESULT

detector (Milford, MA, USA) with specific monitoring at
300nm.

A. Chromatographic Separation

Figure 1. Chromatogram of warfarin (tr=6.665 min) at 0.8µg/mL and phenylbutazone (tr=10.397 min) at 10µg/mL. The
thick line chromatogram is the blank plasma injection

3
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Both warfarin and the internal standard were fully resolved

Table 2. Percentage recovery of warfarin by slope ratio

(Resolution above 3.0, which complies with the FDA

Combined

Combined

guideline (CDER, 2001)) and were free of interferences

standard

extraction curve

curve (n=6)

(n=6)

0.9920

0.9830

-0.8835

-1.1128

8.4556

7.6931

from the plasma peaks (Figure 1).
Correlation
coefficient

B. Extraction Recoveries

(r2)
The percentage recoveries of warfarin by peak area ratio

y-

and slope ratio were above 80% when investigated over the

interception

range of 0.1 - 6.0µg/mL (Tables 1 and 2), which complies

Slope

with the FDA guideline (CDER, 2001).

7.6931
× 100
8.4556

Recovery
(%)

Table 1. Percentage recovery of warfarin by peak area ratio
Concentration

Recovery

(µg/mL)

(%)

0.1

118.52

0.8

88.17

1.5

86.71

3.5

87.08

4.5

88.47

6.0

92.25

Mean

93.53 ± 12.40

= 90.98

C. Method Performance
The calibration curve of warfarin with six points of
concentrations over the range of 0.1 - 6.0µg/mL was linear,
with a mean correlation coefficient (r2) of 0.992. The lower
limit of quantification, defined as five times the baseline
noise of a blank injection, was 100ng/mL, while the limit of
detection, defined as the lowest concentration that can be
identified and differentiated from the baseline noise, was
20ng/mL (CDER, 2001). The QC assays were conducted on
three consecutive days. The assays gave good precision and
accuracy for both the intraday and interday determinations
(Tables 3 and 4), all of which complied with the FDA
requirements.

Table 3. Intraday precision and accuracy of the method for determination of warfarin in human plasma
Actual
concentration
(µg/mL)

Mean assayed
concentration
(µg/mL)

SD

Precision
(% CV)

Accuracy (%)

(n=2)

0.3

0.35

0.04

11.97

106.23

3.0

2.88

0.03

0.95

96.73

5.0

5.71

0.01

0.14

114.34

4

ASM Science Journal, Volume 12, 2019
Table 4. Interday precisions and accuracies of the method for plasma warfarin determination
Actual
concentration

Mean assayed
concentration

SD

(µg/mL)

(µg/mL)

(% CV)

Accuracy (%)

(n=6)

0.3

0.32

0.04

12.45

108.32

3.0

2.99

0.19

6.44

99.83

5.0

5.14

0.49

9.53

102.87

D. Specificity Tests
Using

Precision

the

developed

LLE

E. Stability

method,

warfarin

was

The stability tests indicated that warfarin remained stable in

preferentially partitioned from other interfering compounds

plasma even after three months of storage (Figure 2). No

potentially present in the patients’ plasma. Among all of the

significant analyte degradation occurred, as indicated by the

tested concomitant drugs, only the aspirin, frusemide,

short-term and one-week long-term stability tests, in which

pravastatin and propranolol peaks were eluted within 14

the samples that had been stored for 24 h or 1 week,

min, while the atenolol, atorvastatin, amlodipine, enalapril

respectively, were thawed at room temperature for 4 hrs and

and digoxin peaks were not eluted (Table 5). However, all of

then analysed. Slight analyte degradation occurred during

the eluted peaks were fully resolved from the warfarin and

the one and three-month long-term stability tests as well as

phenylbutazone peaks and did not interfere with warfarin

during the freeze-and-thaw stability tests following three

quantification.

cycles of overnight freezing. The only significant analyte
degradation was in freeze-and-thaw samples at low warfarin

Table 5. Retention times (tR) of warfarin, phenylbutazone

concentration. Nevertheless, the values were above 80%,

and other concomitant drugs that may be taken by patients

which is still within the acceptable percentage recovery

tR (min)

recommended by the FDA. The stability tests indicated that

Warfarin

6.874

warfarin is stable in plasma for up to three months and even

Phenylbutazone

10.706

after repeated thawing in several different concentrations.

Drugs

Amlodipine

NA

Aspirin

3.103

Atenolol

NA

Atorvastatin

NA

Digoxin

NA

Enalapril

NA

Frusemide

5.146

Pravastatin

4.639

Propranolol

2.034

*NA: not available
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*
*
*

Figure 2. Percentages of warfarin compared to their respective nominal value (low and high concentrations) during shortterm, long-term and freeze-and-thaw stability tests. * p < 0.05 (ANOVA)

the determination of pharmacokinetics data in four healthy

F. Application of the Method

Malaysian subjects (Table 6).
The validated HPLC method was successfully applied for

Table 6. Pharmacokinetics parameters of warfarin
Healthy subjects

Uno et al.a(2008)

Pradhan et al.b (2013)

(dose: 6mg)

(dose: 10mg)

(dose: 5mg)

Cmax (ng/mL)

112.80

624.00

384.52

tmax (h)

1.73

1.00

1.23

t1/2 (h)

40.47

24.30

49.93

Ka (h-1)

0.74

-

-

Kel (h-1)

0.017

0.029

0.020

CL (L/h)

0.12

0.31

-

AUC0-∞ (ng*h/mL)

6043.18

17208.00

12486.00

a. Data obtained from seven healthy Japanese subjects with 'extensive metabolizers' homozygous wild-type CYP2C19 genotypes, 0-120 h post administration of single o.d. Swarfarin (10mg).
b. Data obtained from ten healthy Indian subjects, 0-120 h post administration of single o.d. S-warfarin (5mg).

longer retention times, longer columns tend to produce

IV. DISCUSSION

better peaks resolution. High-resolution chromatography is
In this study, warfarin was analyze using a 250mm column

especially important in human sample HPLC analysis

instead of the shorter columns (Sun et al., 2006, Jin et al.,

because the plasma may contain various kinds of exogenous

2006, Regalado et al., 2014). Racemic warfarin has

compounds

previously been analyzed on a 250mm C18 column

derived

from

co-administered

drugs

or

supplements that may not entirely be eliminated during

(Hadjmohammadi and Ghambari, 2012). Despite producing

sample extraction. If the chromatography resolution is weak,
6
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the interference peaks that have similar retention times

those reported from previous studies, the Cmax was found to

with the intended compound peaks may co-elute and

be lower, which could be attributed to the lower dose

produced inaccurate peak area. Our method’s retention

administered when compared to a study conducted by Uno

time is significantly faster compared to previously reported

et al. (2008). However, the Cmax of warfarin in the study

methods (Malakova et al., 2009, Hadjmohammadi and

conducted by Pradhan et al. (2013) was higher than that in

Ghambari, 2012, Regalado et al., 2014), with retention

this present study, even though the oral warfarin dose used

times for warfarin and phenylbutazone of approximately 7

was 1mg lower. The absorption of warfarin is unlikely to be

and 11 min and a total analytical time of 14 min.

affected by fasting status of patients, diet or genetic

Most investigators have used a pre-extraction spiked
internal

standard

method

to

quantify

variation, therefore probably caused by the different

warfarin

formulation of generic warfarin, which may produce

concentrations, in which the internal standard is spiked

different drug response (Greenblatt and von Moltke, 2005).

into the sample prior to sample pretreatment (Locatelli et

A retrospective study conducted in Israel reported that 9.6%

al., 2005, Sun et al., 2006, Ufer et al., 2004, Henne et al.,

of patients on warfarin treatment experienced reduced INR

1998, Ring and Bostick, 2000). In the pre-extraction spiked

from therapeutic to subtherapeutic level following a

internal standard method, the peak area ratios are yielded

nationwide change of generic warfarin (Halkin et al., 2003).

by dividing the peak area of the extracted intended analyte

The CL was also lower, indicating slower metabolism, which

by the peak area of the extracted internal standard (Poole

could be attributed to genetic variations of CYP2C9 among

and Poole, 2012). According to Snyder et al. (1997), an

Asians (Uno et al., 2008) that need further investigation.

internal standard should have a similar detector response to

The AUC, which represents the warfarin bioavailability, was

the intended analyte in a given concentration. A typical

also lower compared to that in Pradhan et al. (2013) that

calculation method for percentage recovery is as follows:

utilised a similar warfarin dose. Similar to Cmax, the possible
cause of variability in bioavailability is the variation in

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑦

absorption, where it could be caused by administration of

𝑝𝑒𝑎𝑘 𝑎𝑟𝑒𝑎 𝑟𝑎𝑡𝑖𝑜 𝑜𝑓 𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑒𝑑 𝑠𝑎𝑚𝑝𝑙𝑒𝑠
=
× 100
𝑝𝑒𝑎𝑘 𝑎𝑟𝑒𝑎 𝑟𝑎𝑡𝑖𝑜 𝑜𝑓 𝑢𝑛𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑒𝑑 𝑠𝑎𝑚𝑝𝑙𝑒𝑠

different generic drugs of warfarin which may contain
different formulation (Dentali et al., 2011)..

In our investigation, however, the height of the
phenylbutazone peak was much lower than that of the

V.

CONCLUSION

warfarin peak, giving a higher peak area ratio of warfarin to
phenylbutazone. When the peak area ratio was applied to

A new, rapid and straightforward HPLC method was

the percentage recovery formula, a high but false

successfully developed and validated to determine the

percentage recovery was produced. To avoid incorrect

plasma levels of warfarin and its pharmacokinetics

quantification, the peak area ratios were obtained using a

parameters. Although the method employed relatively low

post-extraction spiked internal standard method in which

amounts of chemicals and utilised a simple instrument, it

the internal warfarin standard was added to the sample

achieved a good recovery and fulfilled the requirements of

only following the extraction procedure. The post-extraction

the FDA. The method is sensitive and specific enough to

spiked internal standard method has been reported to have

detect low levels of warfarin in patients who may be

a similar analytical bias as the pre-extraction spiked

receiving various drugs. The use of a conventional LLE

internal standard method (Reagen et al., 2008) and was

method without additional sample clean-up procedures

also successfully employed by Jin et al. (2006) in the

contributed to reproducible yet rapid sample analysis, which

measurement of serum warfarin levels.

can be applied to large-scale analysis. The use of a post-

Our study is the first to report on the pharmacokinetics

extraction spiked internal standard method was effective

parameters of warfarin among Malaysian subjects. When

and avoided false quantification. Essential pharmacokinetics

the pharmacokinetics parameters were compared with

data of warfarin in human samples were successfully
7
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calculated based on the warfarin concentration analysed
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