
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 23 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

Rapid Quantitation of Digoxin in Human Plasma and Urine Using Isotope
Dilution Liquid Chromatography-Tandem Mass Spectrometry
Arnaud Salvadora; Cyriaque Saganb; Jannick Denouelc

a Université Claude Bernard Lyon 1, Villeurbanne cedex, France b Novartis Pharma S.A.S, Rueil-
Malmaison, France c CEPHAC Europe, Saint Benoît, France

To cite this Article Salvador, Arnaud , Sagan, Cyriaque and Denouel, Jannick(2006) 'Rapid Quantitation of Digoxin in
Human Plasma and Urine Using Isotope Dilution Liquid Chromatography-Tandem Mass Spectrometry', Journal of
Liquid Chromatography & Related Technologies, 29: 13, 1917 — 1932
To link to this Article: DOI: 10.1080/10826070600757821
URL: http://dx.doi.org/10.1080/10826070600757821

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/10826070600757821
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Rapid Quantitation of Digoxin in Human
Plasma and Urine Using Isotope Dilution

Liquid Chromatography-Tandem
Mass Spectrometry

Arnaud Salvador
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Abstract: A rapid LC/MS/MS assay to quantitate digoxin in human plasma and

urine has been developed and validated using a Packard liquid handling systems-

Multiprobew II AMP8E1. Following automatic solid phase extraction on Waters

Oasis HLB 30 mg 96 plates, digoxin and its internal standard (Digoxin D3) were

analyzed by reverse phase chromatography (LUNA C18, 5mm, 150 � 2 mm), and

introduced into the mass spectrometer (Sciex - API 3000) via the turboIonspray ion

source operating in positive mode. The assay was validated for human plasma and

human urine over a concentration range of 0.2–20 ng/mL and 1–100 ng/mL,

respectively, using 0.5 mL of sample. The between day and within day coefficients

of variation for all matrices were ,17% at the concentrations of lower limit of quanti-

fication (LLOQ), and ,13% at other quality control concentrations. The average

recovery was 80.3% from plasma and 74.3% from urine. No matrix effect was

observed. Freeze-thaw stability, stability of digoxin in matrix, and stability

of extracted samples were also evaluated. The mean concentration after three

freeze-thaw cycles was within +3.2% of the nominal value in plasma and
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within +11.4% of the nominal value in urine. After storage for 4 hours at room temp-

erature, greater than 97.2% of digoxin remained in plasma and 96% remained in

urine. Digoxin in extract was stable in the autosampler at þ58C for 77 hours in

plasma and 80 hours in urine.

Keywords: Digoxin, Mass spectrometry, Human plasma, Human urine, High

performance liquid chromatography

INTRODUCTION

Digitalis glycosides are among the most useful groups of drugs in thera-

peutics. Cardiotonic glycosides have been used for more than 200 years

for the treatment of congestive heart failure, with digoxin being one of the

most frequently prescribed. Digoxin (see Figure 1) is obtained from the

leaves of Digitalis lanata. It has positive inotropic and negative dromotropic

actions. In cardiac failure, the positive inotropic effect results in increased

cardiac output, decreased end systolic volume, decreased heart size, and

Figure 1. Structure of Digoxin and Digoxin-D3 (Internal standard).
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decreased end diastolic pressure and volume. Digoxin is also given to slow

the ventricular rate in the management of atrial fibrillation. Digoxin

commonly produces side effects because the margin between therapeutic

and toxic doses is narrow.[1,2] In general, the adverse reactions of digoxin

are dose dependent and occur at doses higher than those needed to achieve

a therapeutic effect. Due to the low therapeutic index of digoxin, dosing is

important, therefore, accurate measurement of digoxin concentrations is

required.

Determination of digoxin in plasma or urine is commonly performed by

immunoassay due to its sensitivity, speed, and low costs; however, immuno-

assays have been reported to be subject to cross reactivity with the active and

inactive metabolites of digoxin.[3 – 6] The combination of immunoassay with a

separation technique, such as chromatography, can result in enhanced selec-

tivity and sensitivity.[6 – 11] Quantification of digoxin can also be performed

by liquid chromatography with ultraviolet (UV) or fluorescence

detection.[12] However, due to a low extinction coefficient, UV is not

sensitive enough, and, thus, requires a fluorescence derivatization of the sam-

ples.[11,13]Thanks to its high sensitivity and specificity, liquid chromatography

coupled to mass spectrometry (LC-MS/MS) is a good alternative for the

detection of digoxin or cardiac glycosides in biological samples.[14 – 17]The

currently published LC-MS-MS methods use manual extraction and involve

a relatively long analysis time. For the measurement of digoxin levels in

clinical studies, a rapid method is essential, in order to perform the analysis

of hundreds of samples per day. The aim of the present study was to

develop a rapid LC/MS/MS assay with a labeled internal standard to quanti-

tate digoxin in human plasma and urine.

EXPERIMENTAL

Chemicals

Digoxin was provided by Sigma (St. Louis, Mo, USA) (purity 98.2%); internal

standard (Digoxin-D3) was provided by ArtMolecule (Poitiers, France) (purity

99%). All reagents were of analytical grade. Acetonitrile and ammonium

acetate were obtained from J.T. Baker Co (Phillipsburg, NJ, USA).

Methanol was obtained from Carlo Erba (Val de Reuil, France). Buffer

solution pH 6 was purchased from SDS (Valdonne, France). Distilled water

was purified using a Millipore system Milli Q (Molsheim, France).

Chromatography

The HPLC system consisted of a Agilent (Massy, France) 1100 series pump

and a HTS Pal autosampler from CTC analytics AG (Zwingen, Switzerland),
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with the sample cooler set at 108C. Chromatographic separations were

performed on a 5mm Luna C18 column, 150 mm � 2 mm i.d. (Phenomenex,

Macclesfield Cheshire, England), operated at 308C, with a flow rate of

250mL/min. An isocratic elution method was used with ammonium acetate

solution 5 mM/acetonitrile (60:40, v/v).

Mass Spectrometry

A Sciex API 3000 triple quadrupole mass spectrometer (MDS Sciex, Toronto,

Canada) was coupled to the HPLC system through a Sciex TurboIonSpray

source (TIS) operated in positive mode. Instrument control, data acquisition,

and processing were performed using the associated Analyst 1.1 sofware. The

mass spectrometer was initially calibrated using polypropylene glycol as

standard (Applied Biosystems, Foster City, CA, USA), setting the resolution

as peak width at half height, in the range 0.7 + 0.1 amu.

The nebulizer and the curtain gas flows (nitrogen) were set at 5 and 8

arbitrary units (AU), respectively. The TurboIonSpray source was operated

at 4008C with the auxiliary gas flow (nitrogen) set at 8 L/min. The TurboIon-

Spray voltage was set at 4500 V and the orifice voltage and ring voltages at 16

and 340 V. Multiple reaction monitoring (MRM) experiments in the positive

ionization mode were performed to detect ion transitions at m/z: 798.5/
651.4 [M þ NH4]þ (Digoxin) and 801.6/654.5 [M þ NH4]þ for internal

standard (Digoxin-D3), with a dwell time of 400 ms per transition. Product

ions used for monitoring were selected based on their significance in the

MS/MS spectra. The collision energy (19eV) was optimized, using the

autotune feature of the software.

Standards and Quality Control Samples

Two stock solutions of digoxin were prepared independently by dissolving

accurately weighed standard compounds in methanol to yield a concentration

of 200mg/mL. One solution was used to spike plasma and urine calibration

samples, and the other was used to prepare the quality control (QC)

samples. Both stock solutions were diluted further with methanol/water

(50:50, v/v).

For plasma, the preparation of calibration standards, quality control

samples, validation, and tests samples were performed using human plasma

with lithium heparin as anticoagulant. A 25mL volume of digoxin spiking

solution was added to 500mL of plasma and urine. In plasma, the calibration

standard concentrations (at seven levels) of digoxin ranged from 0.200 to

20.0 ng/mL, and quality control (QC) samples were prepared at 0.200,

0.500, 10.0, and 16.0 ng/mL. In urine, the calibration standard concentrations

A. Salvador, C. Sagan, and J. Denouel1920
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(at seven levels) of digoxin ranged from 1.00 to 100 ng/mL, and quality

control (QC) samples were prepared at 1.00, 3.00, 50.0, and 80.0 ng/mL.

Extraction

Extraction was performed using a Packard liquid handling system Multipro-

bew II AMP8E1 (Perkin Elmer, Torrance, CA, USA). For plasma and

urine, the samples were thawed at room temperature and vortexed, then cen-

trifuged for 5 minutes at 3500 rpm at approximately þ48C. To 500mL of the

sample, 50mL of internal standard solution (100 ng/mL for plasma and

500 ng/mL for urine) was added, followed by 450mL of buffer solution

pH 6. The sample was then loaded (900mL) onto an Oasis HLB 30 mg 96

well plate (Waters, Milford, MA, USA), preconditioned with 1 mL of

methanol and 1 mL of water. Following rinsing with 1 mL of methanol/
water (40:60, v/v), analytes were eluted with 1 mL of methanol in a 2 mL

96 deep well plate. The eluate was then evaporated to dryness under a

gentle stream of nitrogen at approximately þ408C. The residue was

dissolved in 100mL and 500mL of mobile phase for plasma and urine,

respectively. An aliquot of 20mL was injected into the LC/MS/MS system.

Validation Procedures

The validation experiments were designed with the reference to “Guidance for

Industry-Bioanalytical Method Validation” recommended by the Food and

Drug Administration (FDA) of the United States.[18] To evaluate the

precision and accuracy of the method, four runs were performed on four

separate days. Each run consisted of two sets of calibration standards, six

replicates of each QC concentration for the intra-batch or two replicates of

QC concentration for inter-batches, evaluation samples, blanks, and a zero

(blank þ internal standard). The stability of the samples under various con-

ditions was evaluated as a part of the validation, using QC samples (n ¼ 6)

prepared at the low and the high concentrations of 0.500 and 16.0 ng/mL in

plasma and 3.00 and 80.0 ng/mL in human. The parameters assessed during

method validation are discussed in the following sections.

RESULTS AND DISCUSSION

Sample Preparation Method

Dogoxin is relatively hydrophobic, which allows for good extraction using

either liquid-liquid or solid phase extraction (SPE) techniques. A previously

described[12,14] single step, liquid-liquid extraction method using a mixture

Rapid LC-MS/MS Quantitation of Digoxin 1921
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of chloroform:2-propanol according was not retained, as it is more difficult to

automate than SPE. Thus, HLB30 mg 96 plates were used for sample extrac-

tion. In order to clean the samples, the proportion of methanol used for the

washing step was optimized. It was shown that digoxin remained adsorbed

on the SPE support until washed with a methanol:water mixture (v/v) contain-

ing at least 60% of methanol, and it is completely eluted using pure methanol.

It was, therefore, decided to wash the extraction plate with a methanol:water

(40:60, v/v) mixture, and elute the compounds with pure methanol.

Liquid Chromatography and Mass Spectrometry

The use of a labelled compound instead of structural homologue such as

oleandrin[14] or methyldigoxin[17] allowed a fast isocratic separation without

a long equilibration time between injections. A C18 Luna column was

chosen based on the resulting good chromatographic peak shape and short

retention time. A typical high throughput method has an analysis time of

under 2 minutes, with peaks eluting to the void volume of the column. For

this case, in order to avoid experiencing an unfavourable matrix effect, it

was preferable to have the compound elute after 2.5 minutes, with a total

run time of 5 minutes. There conditions allow for the analysis of approxi-

mately 288 samples per day (�1500 samples per week), which corresponds

to three 96 well plates per day.

The electrospray ionisation (ESI) mass spectra obtained by infusion of

digoxin in methanol/water (50:50, v/v) via a tee junction with mobile phase,

with and without ammonium acetate, are shown in Figure 2. Without

ammonium acetate, the ammonium, sodium, and potassium adducts of the

molecular ion were observed for digoxin (m/z 798, m/z 803, and m/z 819,

respectively). Protonation, which generally represents the main ionization

process in ESI, was not observed, even with addition of acetic acid or formic

acid in the mobile phase. Increasing or decreasing the declustering potential

also failed to generate the proton adduct. Fragmentation of ammonium and

sodium adducts are shown in Figures 2c and 2d. No dominating daughter ion

for the sodium adduct was observed even at high collision energy.

By contrast, the product ion mass spectra of the digoxin ammonium

adduct showed a fragment ion at m/z 651 as a base peak ion, corresponding

to a sequential loss of one digitoxose and a protonated ion at m/z 781. Sub-

sequent collision of the base peak led to sequential losses of the glycoside

moieties by cleavage of the ether bonds between the glycosidic oxygen and

the anomeric carbon, to give a series of ions at m/z 521, m/z 391. The

ammonium adducts ions were selected as the precursor ions, and the most

intense ion at m/z 651 was selected as the product ion to be monitored. In

order to assure robustness and reproducibility of the method, ammonium

acetate was added to the mobile phase. Under these conditions, only the

ammonium adduct is produced.

A. Salvador, C. Sagan, and J. Denouel1922
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Figure 2. Mass spectra of digoxin: (a) Positive Q1 full scan in MeOH/water (50/50, v/v), (b) Positive Q1 Full scan in MeOH/Water þ

Ammonium acetate (50/50, v/v), (c) product ions scan of [Digoxin þ Na]þ adduct, (d) product ions scan of [Digoxin þ NH4]þ adduct.
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Linearity

A weighted (1/x2) least-squares linear regression of response vs. concen-

tration was used for the calibration. A high degree of correlation in plasma

was demonstrated in the range of 0.200 to 20.0 ng/mL, with typical corre-

lation greater than 0.99, an average slope of 0.11684 + 0.0082146

(mean + SD, n ¼ 5), and a precision of 7.0%. In urine, a high degree of cor-

relation was also demonstrated in the range 1.00 to 100 ng/mL, with typical

correlations greater than 0.99, an average slope of 0.021658 + 0.00071639

(mean + SD, n ¼ 5), and a precision of 3.3%.

Precision and Accuracy

Six replicates of the QC samples at each concentration level were used to

evaluate the intra-day precision and accuracy. Two replicates of the QC

samples at each concentration level from three separate batches were used

to evaluate the inter-day precision and accuracy. The intra-day mean

accuracy in plasma and in urine was between –0.20% and 9.00% and

between –0.33% and 8.60%, respectively (Table 1). The inter-day precision

was between 1.78% and 9.58% (16.79% at the LLOQ level) and between

1.95%and 3.63%, for plasma and urine, respectively.

Recovery

The extraction recovery of digoxin from the two different matrices was deter-

mined at three QC levels, by comparing the peak area ratios of digoxin to

internal standard in samples that had been spiked with analyte prior to extrac-

tion with samples to which the analyte was added post-extraction. The internal

standard was added to both sets of samples post-extraction. The extraction

recoveries of digoxin from human plasma and urine were greater than 77%

and 73%, respectively (Table 1). The dependence on concentration was

negligible.

Matrix Effect and Selectivity

Due to the nature of electrospray ionization, matrix components eluting from

the HPLC column into the mass spectrometer at the same time as the analyte

and/or internal standard may affect the ionization of the compound of interest.

This effect may be seen as either suppression or an enhancement of analyte

and/or internal standard response, even if the matrix component is not

present in the MRM channel monitored for the analytes or internal standard.

If a matrix effect is observed, low concentrations will be more affected than

higher concentrations. The matrix effect was evaluated by spiking blank

A. Salvador, C. Sagan, and J. Denouel1924
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Table 1. Intra- and inter-day precision and accuracy in plasma and urine

Nominal

concentration

(ng/mL)

Intra-day variation (n ¼ 6) Inter-day variation (n ¼ 6)

Recovery

(n ¼ 6) (%)c

Determined

concentration

(Mean + S.D.) Precision (%)a Accuracy (%)b

Determined

concentration

(Mean + S.D.) Precision (%)a Accuracy (%)b

Plasma

0.200 0.218 + 0.0151 6.93 9.00 0.224 + 0.0376 16.79 12.00

0.500 0.520 + 0.0231 4.44 4.00 0.505 + 0.0484 9.58 1.00 77.83

10.0 9.98 + 0.164 1.64 20.20 9.45 + 0.405 4.29 25.50 81.39

16.0 16.3 + 0.242 1.48 1.88 15.7 + 0.280 1.78 21.88 81.57

Urine

1.00 1.06 + 0.0256 2.42 6.00 0.850 + 0.0243 2.86 215.00

3.00 2.99 + 0.0565 1.89 20.33 2.75 + 0.0729 2.65 28.33 74.97

50.0 54.3 + 1.21 2.23 8.60 43.5 + 1.58 3.63 213.00 74.28

80.0 80.7 + 2.04 2.53 0.88 73.3 + 1.43 1.95 28.38 73.61

aExpressed as R.S.D.: (S.D./mean) � 100.
bExpressed as % difference: [(concentration found–concentration added)/concentration added] � 100.
cExpressed as mean peak area ratio of extracted samples/mean peak area ratio of the unextracted samples.
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human matrix from 6 different individuals before extraction at the lower limit

of quantification (LLOQ), and at the concentration used for the internal

standard (n ¼ 6). No matrix effect was observed in plasma or urine, as the

accuracies are within +12.5% of the nominal concentration for each matrix

(Table 2). Assay selectivity was assessed by analysing drug free pooled

plasma and urine from six individual humans, and examining for peaks that

interfered with digoxin and the internal standard. There were no chromato-

graphically interfering peaks observed at the retention times of either

digoxin or the internal standard in the samples, as shown by the double

blank chromatograms in Figures 3 and 4.

Stability

The stability of digoxin in plasma and urine under various conditions was

evaluated by comparing the concentrations of low and high stability QC

samples to their respective nominal concentrations. The stability experiments

were aimed at testing all possible conditions that the samples might

Table 2. Matrix effect of digoxin in plasma and urine

Nominal

concentration

(ng/mL)

Matrix effect (n ¼ 6)

Determined

concentration

(Mean + S.D.) Precision (%)a Accuracy (%)b

Plasma

Matrix 1 0.191 +0.00462 2.42 24.50

Matrix 2 0.202 + 0.0194 9.60 1.00

Matrix 3 0.208 + 0.0298 14.33 4.00

Matrix 4 0.225 + 0.0515 22.89 12.50

Matrix 5 0.183 + 0.00582 3.18 28.50

Matrix 6 0.197 + 0.0151 7.66 21.50

Mean of matrix 0.201 + 0.0146 7.26 0.50

Urine

Matrix 1 0.998 + 0.0366 3.70 21.20

Matrix 2 0.984 + 0.0434 4.41 21.60

Matrix 3 0.976 + 0.0261 2.67 22.40

Matrix 4 0.974 + 0.0357 3.67 22.60

Matrix 5 0.984 + 0.0667 6.78 21.60

Matrix 6 0.958 + 0.0327 3.41 24.20

Mean of matrix 0.979 + 0.0133 1.36 22.1

aExpressed as R.S.D.: (S.D./mean) � 100.
bExpressed as % difference:[(concentration found–concentration added)/concen-

tration added] � 100.
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Figure 3. Representative chromatograms from the method validation in human plasma: (a) a double blank, (b) an LLOQ at 0.200 ng/mL. The fol-

lowing MRM transitions were monitored for digoxin and the internal standard (m/z 798.5 to m/z 651 and m/z 801.6 to m/z 654.5).
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Figure 4. Representative chromatograms from the method validation in human urine: (a) a double blank, (b) an LLOQ at 0.200 ng/mL. The follow-

ing MRM transitions were monitored for digoxin and the internal standard (m/z 798.5 to m/z 651 and m/z 801.6 to m/z 54.5).

A
.
S
a
lv
a
d
o
r,

C
.
S
a
g
a
n
,
a
n
d
J
.
D
en
o
u
el

1
9
2
8

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
1
0
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



experience between collection and to analysis. Stability results are summar-

ized in Table 3. Three freeze thaw cycles and 4 h room temperature storage

for low and high quality controls samples indicated that digoxin was stable

in human plasma and urine under these conditions. QC stability samples

were stable when stored frozen at –758C for at least 41 days in plasma and

36 days in urine. Testing of autosampler stability, of quality control extract

samples, indicated that digoxin was stable when kept in the autosampler for

up to 77 hours for plasma and urine.

Table 3. Stability of digoxin in plasma and urine

Nominal

concentration

(ng/mL)

Determined

concentration

(Meana+ S.D.) Precision (%)b Accuracy (%)c

Freeze-thaw stability

Plasma

0.500 0.484 + 0.0112 2.31 23.20

16.00 16.2 + 0.163 1.01 1.25

Urine

3.00 2.66 + 0.0757 2.85 211.33

80.0 76.3 + 1.26 1.65 24.63

Short-term stability (4 h at room temperature)

Plasma

0.500 0.486 + 0.0106 2.18 22.80

16.00 16.5 + 0.458 2.78 3.13

Urine

3.00 2.88 + 0.114 3.96 24.00

80.0 80.6 + 1.82 2.26 0.75

Stability of extract

Plasma (77 hours)

0.500 0.510 + 0.0292 5.73 2.00

16.00 16.9 + 0.423 2.50 5.63

Urine (80 hours)

3.00 3.04 + 0.0601 1.98 1.33

80.0 80.4 + 1.48 1.84 0.50

Long-term stability at –258C
Plasma (41 days)

0.500 0.518 + 0.0213 4.11 3.60

16.00 17.0 + 0.245 1.44 6.25

Urine (36 days)

3.00 2.87 + 0.111 3.87 24.33

80.0 77.8 + 1.56 2.01 22.75

an ¼ 6.
bExpressed as R.S.D.: (S.D./mean) � 100.
cExpressed as % difference:[(concentration found–concentration added)/concen-

tration added] � 100.
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Application

The method presented here was successfully used to quantify digoxin in

plasma samples from a clinical interaction drug study. Figure 5 shows mean

concentration plots for digoxin in plasma following 0.25 mg of digoxin

taken orally once daily, or 0.25 mg of digoxin and 300 mg of drug A taken

orally once daily. The validated LC-MS/MS methods was used to support

clinical interactions drugs studies in human plasma and urine, with up to

250 samples analysed per day.

CONCLUSIONS

A sensitive LC-MS/MS method for the quantitative determination of digoxin

using SPE 96 plates was validated in both human plasma and urine. The

calibration curves showed goodness of fit over the concentration range of

0.200–20.0 ng/mL in plasma and 1.00 to 100 ng/mL in urine. Within-and

between- run precision and accuracy for calibration standards and QCs met

FDA acceptance criteria for bioanalytical method validations. Digoxin was

shown to be stable in plasma and urine during typical sample storage con-

ditions. The validated LC-MS/MS method was used to support clinical

studies in human plasma and urine.

Figure 5. Mean plasma concentration profiles of digoxin after a single oral adminis-

tration of 0.25 mg digoxin or single oral co-administration of 0.25 mg digoxin and

300 mg drug A.
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