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ABT-888, a poly(ADP-ribose) polymerase (PARP) -inhibitor in clinical trials, potentiates DNA-damaging
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eywords:
BT-888

agents. We developed and validated, according to FDA guidelines, an LC–MS assay for sensitive, accu-
rate and precise quantitation of ABT-888 and its metabolite M8 in 0.2 mL human plasma. After ethyl
acetate extraction, separation is achieved with a hydro-Synergi column and a 0.1% formic acid in
acetonitrile/water-gradient. Detection uses electrospray, positive-mode ionization mass spectrometry.
Between 10 (LOQ) and 1000 ng/mL, accuracy was 95.5–98.5% for ABT-888 and 91.4–100.9% for M8, and
precision was 0.1–4.9% for ABT-888 and 0–13.7% for M8. The assay is being applied to samples generated
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ass spectrometry
ARP-inhibitor in several clinical trials.

. Introduction

Poly-(ADP-ribosyl)ation is involved in many cellular processes,
ncluding: differentiation; gene regulation; protein degradation;
eplication; transcription; overall maintenance of genomic stability
1]. A family of 18 poly(ADP-ribose) polymerases (PARPs) has been
dentified, but only the most abundant, PARP-1 and PARP-2, which
re both nuclear enzymes, are activated by DNA damage [1]. PARP-1
nd PARP-2 play a critical role in the DNA damage response process
y regulating a variety of DNA repair mechanisms. Elevated levels
f PARP in cancer cells compared to normal cells have been linked
o drug resistance and the overall ability of cancer cells to survive
enotoxic stress [2].

Inhibition of PARP sensitizes tumor cells to cytotoxic agents
hat cause DNA damage that would normally be repaired by the
ase excision repair system. These cytotoxics include: alkylating

gents, such as temozolomide and cyclophosphamide; platinum
nalogues, such as cisplatin, carboplatin and oxaliplatin; topoi-
omerase I poisons, such as irinotecan and topotecan [3–6].
urthermore, PARP inhibition sensitizes cancer cells to radiation
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illman Research Pavilion, 5117 Centre Avenue, Pittsburgh, PA 15213-1863, USA.
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2,3,7]. Consequently, PARP inhibition may improve the efficacy of
NA-damaging cytotoxic therapies [2].

ABT-888 is a novel, orally active PARP-inhibitor, currently in clin-
cal trials [6]. ABT-888 has an oral bioavailability of 56–92% in mice,
ats, dogs, and monkeys [3] and is excreted primarily via the urine,
ith approximately 50% as intact parent compound and another

5% as the inactive lactone metabolite M8 (Fig. 1) [4].
In a phase 0 clinical study, ABT-888 doses of 10–25 mg were asso-

iated with approximately 85% inhibition of PARP in tumor tissues
nd peripheral blood mononuclear cells [6].

As ABT-888 is undergoing more extensive clinical development,
here is a need to evaluate its pharmacokinetics. To facilitate such
n evaluation, we developed a simple, rapid and sensitive LC–MS
ssay for the quantitation of ABT-888 and M8 in human plasma
nd validated it according to the most recent FDA guidelines for
ioanalytical method validation [8].

. Experimental

.1. Chemicals and reagents
ABT-888 (A-861695) (D0/D3 > 99.8%), the internal standard
[D3]-ABT-888, D3/D0 > 99.9%) and A925088 (the M8 metabolite)
ere graciously provided by Abbott Laboratories (Abbott Park, IL,
SA). Acetonitrile (HPLC grade) and ethyl acetate (HPLC grade) were
urchased from Fisher Scientific (Fairlawn, NJ, USA). Water was

http://www.sciencedirect.com/science/journal/15700232
mailto:beumerjh@upmc.edu
dx.doi.org/10.1016/j.jchromb.2008.07.032
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resulting supernatants were transferred to 12 mm × 75 mm borosil-
ig. 1. Structures of ABT-888 and its oxidative metabolite M8, and the structure of
YP1A1, 1A2, 2C9 and 2C19.

urified using a Q-gard® 1 Gradient Milli-Q system (18.2 M� cm,
illipore, Billerica, MA, USA). Formic acid was purchased from

igma–Aldrich (St. Louis, MO, USA). Control human plasma was pro-
uced by centrifuging whole blood (Central Blood Bank, Pittsburgh,
A, USA) for 20 min at 2000 × g at room temperature. Nitrogen
or evaporation of samples was purchased from Valley National
ases, Inc. (Pittsburgh, PA, USA). Nitrogen for mass spectrometrical
pplications was purified with a Parker Balston Nitrogen Generator
Parker Balston, Haverhill, MA, USA)

.2. Chromatography

The LC system consisted of an Agilent (Palo Alto, CA, USA) 1100
utosampler and binary pump, a Phenomenex (Torrance, CA, USA)
ydro-Synergi (4 �m, 100 mm × 2 mm) column kept at ambient
emperature, and a gradient mobile phase. Mobile phase solvent A
as 0.1% (v/v) formic acid in acetonitrile, and mobile phase solvent
was 0.1% (v/v) formic acid in water. The initial mobile phase com-
osition of 2% solvent A and 98% solvent B was linearly increased to
0% solvent B from 0 to 10 min at a flow rate of 0.2 mL/min. Between
0 and 11 min, the percentage of solvent A was increased to 80%,
hile the flow rate was increased to 0.3 mL/min. Between 11 and

4 min, these conditions were maintained (wash-step). Between
4 and 15 min, the solvent composition was returned to 2% solvent
and 98% solvent B at a flow rate of 0.3 mL/min, followed by a re-

quilibration period at these conditions until 25 min. Total run-time
as 25 min.

.3. Mass spectrometry

Mass spectrometric detection was carried out using a Ther-
oFinnigan (San Jose, CA, USA) MSQ mass spectrometer with

lectrospray ionization in positive-ion mode. The settings of the
ass spectrometer were as follows: capillary voltage 4.0 kV; cone
oltage 10 V; probe temperature 400 ◦C. In single ion monitor-
ng mode, the m/z values monitored were 244.9, 247.9, and
58.9 for ABT-888, [D3]-ABT-888, and M8, respectively. The LC
ystem and mass spectrometer were controlled by ThermoFinni-
an Excalibur software (version 1.4), and data were collected

i
n
w
a
s

ternal standard [D3]-ABT-888. M8 may be formed from ABT-888 by the action of

ith the same software. The analyte-to-internal standard ratio
response) was calculated for each standard by dividing the
rea of the analyte peak by the area of the internal standard
eak.

.4. Preparation of calibration standards and quality control
amples

Stock solutions of ABT-888 and metabolite M8 were prepared
t 1 mg/mL in acetonitrile:water (50:50, v/v) and stored at 4 ◦C.
n assay days, this solution was serially diluted (in steps of
0-fold) with acetonitrile:water (50:50, v/v) to obtain the lower
alibration-working solutions. These calibration-working solutions
ere diluted in human plasma to produce the following ABT-888

nd M8 concentrations: 10, 30, 100, 300, 500, 750, and 1000 ng/mL
no precipitation of the analytes was observed). For each calibration
eries, zero and blank samples were also prepared from 200 �L of
ontrol plasma.

Quality control (QC) stock solutions were prepared indepen-
ently from separate weightings of ABT-888 and M8 and stored
t 4 ◦C. These solutions were diluted in human plasma to produce
he following QC samples: QC low (QCL) 20 ng/mL; QC mid (QCM)
00 ng/mL; QC high (QCH) 800 ng/mL.

.5. Sample preparation

Ten microlitres of 10 �g/mL [D3]-ABT-888 (internal standard)
n acetonitrile:water (50:50, v/v) and 1 mL of ethyl acetate were
dded sequentially to each tube of 200 �L standard, QC or sam-
le plasma. Samples were vortexed for 1 min on a Vortex Genie-2
et at 8 (Model G-560 Scientific Industries, Bohemia, NY, USA) and
hen centrifuged at 12,000 × g at room temperature for 5 min. The
cate glass tubes and evaporated to dryness under a stream of
itrogen at 37 ◦C. Dried residues were re-dissolved in 100 �L of
ater. The solutions were sonicated for 2 min and transferred to

utosampler vials, followed by injection of 5 �L into the LC–MS
ystem.
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Fig. 2. Representative chromatograms of (A) ABT-888 (m/z 245.2; 8.0 min) added to
control plasma at the LLQ concentration of 10 ng/mL (top trace) and control human
plasma (bottom trace with an offset of −400 counts); (B) M8 (m/z 259.2; 8.9 min)
a
t
i
o
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.6. Validation procedures

.6.1. Calibration curve and lower limit of quantitation (LLQ)
Decreasing concentrations of ABT-888 and M8 were injected

nto the analytical system to determine the minimal concentration
ith a signal-to-noise ratio of at least 5:1. Calibration standards

nd blanks were prepared (see Section 2.4) and analyzed in tripli-
ate to establish the calibration range with acceptable accuracy and
recision. The analyte-to-internal standard ratio (response) was
alculated for each sample by dividing the area of the analyte peak
y the area of the internal standard peak. Standard curves of ABT-
88 and M8 were constructed by plotting the analyte-to-internal
tandard ratio versus the known concentration of ABT-888 and M8,
espectively, in each sample. Standard curves were fit by linear
egression with weighing by 1/y2, followed by back-calculation of
oncentrations. The deviations of these back-calculated concentra-
ions from the nominal concentrations, expressed as percentage of
he nominal concentration, reflected the assay performance over
he concentration range.

.6.2. Accuracy and precision
The accuracy and precision of the assay were determined by

nalyzing samples with ABT-888 and M8 at the LLQ, QCL, QCM,
nd QCH concentrations in eight replicates each in three analytical
uns, together with an independently prepared, triplicate calibra-
ion curve. Accuracy was calculated at each test concentration as

mean measured concentration
nominal concentration

)
× 100%.

ssay precision was calculated by ANOVA as described [9] through
PSS 15.0 for Windows (SPSS Inc., Chicago, Illinois, USA). Back-
alculated concentrations of calibration and QC samples were
ntered with the run number as factor. From the resulting mean
quares of the within runs and mean squares of the between runs,
he intra-assay and inter-assay precisions were calculated.

.6.3. Selectivity and specificity
To investigate whether endogenous matrix constituents inter-

ered with the assay, six individual batches of control, drug-free
uman plasma were processed and analyzed according to the
escribed procedures. Responses of ABT-888 and M8 at the LLQ
oncentrations were compared with the response of the blank sam-
les.

.6.4. Extraction recovery and ion-suppression
We determined the extraction recoveries of ABT-888 and M8

rom plasma by comparing the absolute response of an extract
f control plasma to which these analytes had been added after
xtraction with the absolute response of an extract of plasma to
hich the same amounts had been added before extraction. The

on-suppression of ABT-888 and M8 by plasma matrix components
as defined as the decrease in signal when comparing the absolute

esponse of an extract of control plasma to which ABT-888 and M8
ad been added after the extraction with the absolute response of
econstitution solvent to which the same amount of each respec-
ive analyte had been added. Experiments were performed at the
hree QC concentrations, in triplicate.

.6.5. Stability

Long-term stability experiments were performed in plasma at

80 ◦C for 3 months and in stock solution at 4 ◦C for 3 months.
tability in the stock solution was expressed as the percentage
ecovery of the stored solution relative to the fresh solution. The sta-
ilities of ABT-888 and M8 in plasma at −80 ◦C were determined by

a
t
a
p
c

dded to control plasma at the LLQ concentration of 10 ng/mL (top trace) and con-
rol human plasma (bottom trace with an offset of −600 counts); (C) [D3]-ABT-888
nternal standard (m/z 248.2; 8.0 min) added to control plasma at the concentration
f 500 ng/mL.

ssaying samples before and after 3 months of storage. In addition,

he stabilities of ABT-888 and M8 in stock solution at room temper-
ture for 4 h were determined in triplicate. All stability testing in
lasma was performed in triplicate at the QCL, QCM and QCH con-
entrations. The effect of three freeze/thaw cycles on ABT-888 and
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Table 1
Assay performance data of the calibration samples for ABT-888 and M8 in human plasma

Analyte Concentration (ng/mL) Accuracy (%) Intra-assay precision (%) Inter-assay precision (%)

ABT-888 10 100.4 4.5 –*
30 99.9 5.0 –*

100 100.6 3.3 –*
300 101.0 3.6 2.8
500 102.4 2.8 2.0
750 101.6 3.9 –*

1000 96.5 3.6 1.7

M8 10 101.4 5.7 –*
30 97.4 4.2 2.4

100 100.8 7.0 –*
300 102.3 5.5 –*
500 104.6 6.3 –*
750 104.4 12.1 –*
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3.1.3. Accuracy and precision
FDA guidelines specify that the accuracies for all tested concen-

trations should be within ± 15%, and the precisions should not be
>15% CV except for the LLQ, in which case these parameters should
not exceed 20% [8].
1000 98.3

= 9; triplicate results, each in three separate runs, for each concentration. *The m
ndicating that there was no significant additional variation due to the performance

8 concentrations in plasma was evaluated by assaying samples
fter they had been frozen (−80 ◦C) and thawed on three separate
ays and comparing the results with those of freshly prepared sam-
les. The stabilities of ABT-888 and M8 in plasma during sample
reparation were evaluated by assaying samples before and after
h of storage at room temperature. To evaluate the stabilities of
BT-888 and M8 in reconstituted samples in the autosampler, we
e-injected QC samples and calibration curves approximately 72 h
fter the first injection and compared the concentrations derived
rom the second injection with those derived from the first injec-
ion. Results of the second runs were expressed as a percentage of
heir respective values in the first runs.

.6.6. Parallelism
To demonstrate parallelism, the ability to dilute samples from

bove the upper limit of quantitation to within the validated con-
entration range, plasma samples containing ABT-888 and M8
bove the upper limit of quantitation were diluted to within the
ssay range. Plasma samples (N = 3) with ABT-888 and M8 concen-
rations of 5 �g/mL were diluted 20-fold with control plasma and
ssayed.

.7. Application of the assay

To show the applicability of the method, we used it to quantitate
BT-888 and its metabolite M8 in the plasma of a 64-year-old male
ith lung cancer, who was treated with a 10 mg of ABT-888 p.o.

n a phase I trial. Written informed consent, as approved by the
niversity of Pittsburgh Institutional Review Board, was obtained
efore the patient participated. Heparinized blood was collected
efore ABT-888 administration at 30, 60, and 90 min, and 2, 3, 4,
, and 8 h thereafter. Blood was centrifuged at 1000 × g at 4 ◦C for
0 min. The resulting plasma was stored at −70 ◦C until analysis.

. Results and discussion

.1. Validation of the assay

.1.1. Chromatography
ABT-888 and the internal standard [D3]-ABT-888 had an iden-
ical retention time of approximately 8.0 min, corresponding to a
apacity factor of 7.0 (with a void time of 1 min). M8 eluted slightly
ater at a retention time of 8.9 min, corresponding to a capacity fac-
or of 7.9. Representative chromatograms of ABT-888, M8 (at the
LQ), and internal standard in plasma are displayed in Fig. 2.

F
t
s
M

11.3 –*

quare of the within runs was greater than the mean square of the between runs,
e assay in different runs [9].

.1.2. Calibration curve and LLQ
According to the FDA guidelines for bioanalytical method vali-

ation [8], the calibration curve describes the concentration versus
esponse relationship adequately if the observed deviation and
recision are ≤20% for the LLQ and ≤15% for all other calibration
oncentrations. At least four out of six calibration points should
eet the above criteria [8].
The selected assay range of 10–1000 ng/mL fulfilled the FDA

riteria for the LLQ concentration and the calibration curve. Accura-
ies and precisions at the different calibration concentrations were
etermined from triplicate calibration curves on three separate
ays and are reported in Table 1. At most concentrations, the mean
quare of the within runs was greater than the mean square of the
etween runs, indicating that there was no significant additional
ariability due to the performance of the assay in different runs [9].
representative calibration curve and corresponding correlation

nd regression coefficient are shown in Fig. 3.
ig. 3. Representative calibration curves (N = 3 for each concentration) used
o quantitate ABT-888 (�) and its metabolite M8 (©) in human plasma
amples (response ABT-888 = 0.0187 × conc. − 0.0141; R2 = 0.9980; response
8 = 0.00675 × conc. − 0.0038; R2 = 0.9938).



R.A. Parise et al. / J. Chromatog

Table 2
Assay performance data for the quantitation of LLQ, QCL, QCM and QCH ABT-888
and M8 concentrations in human plasma

Concentration
(ng/mL)

Accuracy (%) Intra-assay
precision (%)

Inter-assay
precision (%)

ABT-888
10 (LLQ) 98.2 4.7 4.9
20 (QCL) 98.4 3.6 0.1
200 (QCM) 98.5 3.2 2.3
800 (QCH) 95.5 3.1 4.0

M8
10 (LLQ) 100.9 7.3 13.7
20 (QCL) 96.9 6.6 6.5
200 (QCM) 96.9 4.3 4.4
800 (QCH) 91.4 5.6 –*

N = 24; 8-fold results, each in three separate runs, for each concentration. *The mean
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3.3. Method development

Acetonitrile precipitation resulted in a higher background sig-
nal, whereas ethyl acetate liquid–liquid extraction resulted in a
lower background with comparable intensities of the analyte sig-
quare of the within runs was greater than the mean square of the between runs,
ndicating that there was no significant additional variation due to the performance
f the assay in different runs [9].

The accuracies and intra- and inter-assay precisions for the
ested concentrations (LLQ, QCL, QCM, and QCH) were all within
he defined acceptance criteria (Table 2).

.1.4. Selectivity and specificity
According to FDA guidelines, the signal at the LLQ must be at

east five times the signal of any co-eluting peaks [8].
Chromatograms of six individual control plasma samples con-

ained no co-eluting peaks >20% of the analyte areas at the LLQ
oncentration (Fig. 2). In subsequent analyses, there were no inter-
ering or co-eluting peaks.

.1.5. Extraction recovery and ion-suppression
FDA guidelines require that recovery to be consistent and pre-

ise [8]. A recovery of ≥70% with a variation of 15% is generally
ccepted [8,9]. There is no specific guideline for the percentage
f ion-suppression that is acceptable. Ultimately, the assay perfor-
ance, as expressed in the precision and accuracy, is most relevant;

owever, a large and/or variable ion-suppression may explain an
nsatisfactory assay performance.

The recoveries at the three QC concentrations ranged from 71.4
o 79.0%, with CVs between 7.3 and 21.1% (ABT-888), and from 62.2
o 67.3%, with CVs between 6.7 and 22.6% (M8). Ion-suppression
anged from 2.9 to 23.1%, with CVs between 6.1 and 14.1% (ABT-
88), and from 12.3 to 26.4%, with CVs between 7.8 and 8.8% (M8)
Table 3). Although recovery was below 70% for M8 and some of
he values for CVs were higher than 15%, we feel the assay had
satisfactory performance. For calculation of these parameters,
bsolute values were taken. After correction by the internal stan-
ard response, variability decreased substantially, and the assay
erformance was within the acceptable range.

able 3
ecoveries of ABT-888 and M8 from human plasma and their respective ion-
uppressions in human plasma extract, with coefficients of variation (CV)

oncentration (ng/mL) Recovery (%) CV (%) Ion-suppression (%) CV (%)

BT-888
20 (QCL) 71.4 15.1 23.1 14.1
200 (QCM) 76.0 7.3 2.9 6.1
800 (QCH) 79.0 21.1 11.5 9.7

8
20 (QCL) 67.3 12.3 26.4 8.8
200 (QCM) 62.2 6.7 12.3 7.8
800 (QCH) 63.4 22.6 21.0 8.6

= 3, for each concentration.
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.1.6. Stability
Stability in biological samples is acceptable when ≥85% of the

nalyte is recovered.
The stabilities of the ABT-888 and M8 stock solutions at room

emperature for 4 h were 101.8 and 101.0%, respectively (Table 4).
tabilities in stock solutions for 3 months at 4 ◦C were 104.9 and
8.2% for ABT-888 and M8, respectively. The stabilities of ABT-888
nd M8 in plasma during freeze–thaw cycling and in plasma at
oom temperature (>94.4% after 4 h) were also acceptable. Long-
erm stabilities of ABT-888 and M8 in plasma at −80 ◦C were
dequate with recoveries between 89.2 and 113.9%. The absolute
esponses of plasma extracts of ABT-888 at the calibration con-
entrations, when reconstituted and kept in the autosampler for
2 h, were 97.7–110.2% of the initial responses (CV 7.4–16.0%),
hile the response of ABT-888 relative to the internal standard

ignal ranged from 96.8 to 107.4% (CV 1.3–7.3%). The absolute
esponses of plasma extracts of M8 at the calibration concen-
rations, when reconstituted and kept in the autosampler for
2 h, were 102.7–121.1% of the initial responses (CV 3.6–14.5%),
hile the response of M8 relative to the internal standard signal

anged from 104.7 to 118.0% (CV 1.0–12.8%). The somewhat high
8 stability of 118.0% at 30 ng/mL was due to a single sample
hich had a 2-fold higher absolute response relative to the other

amples.

.1.7. Parallelism
The mean accuracy of the diluted samples was 101.9%, with a CV

f 8.3% for ABT-888, and 99.8%, with a CV of 4.8%, for M8, indicating
arallelism for this assay.

.2. Application of the assay

We applied the assay to samples obtained from a patient receiv-
ng a 10 mg oral dose of ABT-888, which is the lowest dose level
f an ongoing phase I study. The assay was capable of quantitat-
ng ABT-888 concentrations in all samples of this patient, while M8
oncentrations were above the LLOQ in most samples (Fig. 4).
ig. 4. Plasma concentrations of ABT-888 (�) and its metabolite M8 (�) after admin-
stration of 10 mg of ABT-888 p.o. to a patient with lung cancer enrolled in a phase I
rial.
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Table 4
Stability of ABT-888 and M8 under varying conditions

Storage condition Concentration (ng/mL) Stability (%) CV (%) Replicates

ABT-888
Stock solution 4 h

Ambient temperature 1,000,000 101.8 4.0 3

Stock solution 3 months
4 ◦C 1,000,000 104.9 2.9 3

Plasma 4 h
Ambient temperature

QCL 20 106.5 6.7 3
QCM 200 95.7 7.0 3
QCH 800 101.9 7.5 3

Plasma 3 freeze–thaw cycles
−80 ◦C

QCL 20 102.1 2.5 3
QCM 200 98.9 4.9 3
QCH 800 100.0 4.4 3

Plasma 3 months
−80 ◦C

QCL 20 113.9 4.3 3
QCM 200 98.2 6.2 3
QCH 800 98.5 4.2 3

M8
Stock solution 4 h

Ambient temperature 1,000,000 101.0 3.5 3

Stock solution 3 months
4 ◦C 1,000,000 98.2 5.8 3

Plasma 4 h
Ambient temperature

QCL 20 105.0 12.5 3
QCM 200 94.4 8.1 3
QCH 800 99.9 6.6 3

Plasma 3 freeze–thaw cycles
−80 ◦C

QCL 20 102.8 13.9 3
QCM 200 94.4 5.1 3
QCH 800 96.8 4.3 3

Plasma 3 months
◦
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−80 C
QCL 20
QCM 200
QCH 800

als. The extraction recovery of 60–80% was sufficiently high to
ield good assay performance. We did not attempt to increase
ecovery, because this would likely also have increased the amount
f co-extracted matrix constituents. Initially, we employed an
socratic system with the same solvents, but could not resolve
BT-888 and its metabolite. Therefore, a gradient system was
eveloped as described above, which resulted in adequate reso-

ution. Attempts to decrease the run-time by increasing the slope
f the gradient resulted in inadequate separation of the ana-

ytes from each other and matrix components. The wash-step
etween 10 and 25 min was required to elute matrix compo-
ents that would interfere with appropriate analysis of consecutive
amples (see peaks eluting between 12 and 18 min). To ensure
dequate re-equilibration of the column to the initial condi-
ion of only 2% solvent A, a 10 min re-equilibration step was
mployed.
. Conclusion

Our objective was to develop and validate an analytical method
or the quantitation of ABT-888 and its inactive metabolite M8 in
uman plasma. We accomplished this by using reversed phase

A

N
U

90.5 15.6 3
92.7 12.2 3
89.2 9.8 3

hromatography equipped with single quadrupole mass spectro-
etric detection.
The method presented here allows the quantitation of ABT-888

nd M8 in human plasma and, to our knowledge, is the first val-
dated assay for ABT-888 and M8 published to date. Rodriguez
t al. reported concentrations of ABT-888 in plasma and tumor,
owever, they did not provide any experimental details or assay
arameters [10]. Using our assay, validated according to the FDA
uidelines for bioanalytical method validation [8], we were able to
uantitate ABT-888 and M8 in the plasma of a patient after treated
rally with the lowest dose of ABT-888 that will be administered to
umans.

The analytical method presented in this paper will be a valu-
ble tool in quantitating ABT-888 and M8 plasma concentrations as
BT-888 undergoes full clinical development in combination with
variety of DNA-damaging agents.
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