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Abstract
A gradient reversed-phase high performance liquid chromatographic method was developed for
determining NSC 737664 (2-[(2R)-2-methylpyrrolidin-2-yl]-1H-benzimidazole-4-carboxamide;
ABT-888) in human plasma and urine. Chromatographic separation used a mobile phase composed
of 0.1% formic acid in water and 0.1% formic acid in acetonitrile, and a C18 column (150 mm × 4.6
mm, 5µ). Quantitation was performed using UV detection at 300 nm. Chromatographic peak identity
was confirmed using positive-ion electrospray ionization mass spectrometry. The method was shown
to be specific, accurate and reproducible, and thereby appropriate for monitoring plasma and urine
levels of the agent in support of a phase 0 clinical study.
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INTRODUCTION
Understanding DNA repair mechanisms and how to inhibit them have become general
objectives in cancer therapy (1). Of particular interest is the inhibition of poly(ADP-ribose)
polymerase (PARP) (2–4), a key enzyme implicated in DNA repair. The first PARP inhibitor
to enter clinical trials was Pfizer’s AG-014699 (5,6).

Optically pure 2-[(2R)-2-methylpyrrolidin-2-yl]-1H-benzimidabole-4-carboxamide (NSC
737664, also referred to as “ABT-888”) (see Figure 1) has been developed by Abbott
Laboratories (7) and has been shown to be an orally bioavailable inhibitor of PARP (8,9).

This compound is of high interest to the Developmental Therapeutics Program of the National
Cancer Institute (NCI), and was recently entered into a phase 0 clinical trial (10,11). One
objective of the study was to monitor in real-time (i.e. provide the results of sample analysis
generally within 48 hours of receiving the samples) plasma and urine concentrations in patients
following oral administration of NSC 737664. An earlier report by Donawho, et.al. (8), focused
on the pre-clinical evaluation of NSC 737664 in several animal models, and included a brief
description of analytical methodology used to assay the compound in plasma and brain
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homogenate. Although this provided a basis for analyzing NSC 737664, we found it necessary
to modify the methodology in order to meet the anticipated urgency created by a clinical setting.
Thus, our efforts focused on developing analytical methodology suitable for the determination
of NSC 737664 in plasma and urine in real-time support of a phase 0 clinical trial.

EXPERIMENTAL
Chemicals

2-[(2R)-2-Methylpyrrolidin-2-yl]-1H-benzimidazole-4-carboxamide (NSC 737664;
ABT-888), and 2-(N-propylpiperidine-4-yl)-1H-benzimidazole-4-carboxamide (NSC
733606; ABT-472; used as the internal standard) were supplied by the Division of Cancer
Treatment and Diagnosis of the National Cancer Institute under a Collaborative Research
Agreement with Abbott Laboratories. All solvents and chemicals (methanol, acetonitrile,
water, formic acid, and ammonium formate) were HPLC or reagent grade and were obtained
from various sources and used as received.

Sample preparation
Plasma samples (100 µL) were prepared for high performance liquid chromatographic (HPLC)
analysis by adding 300 µL of a 3.5 µM solution of the internal standard (IS; NSC 733606) in
acetonitrile to precipitate plasma proteins. The resulting mixture was vigorously mixed for 15
seconds, and then centrifuged at 9,000 × g for 20 minutes. The supernatant was removed, placed
in a separate vial, and taken to dryness in a vacuum centrifuge. The resulting residue was re-
dissolved in 120 µL of water, and 100 µL were injected on column.

Urine samples (1000 µL) were prepared for high performance liquid chromatographic (HPLC)
analysis by first adding 20 µL of a 500 µM solution of the internal standard in acetonitrile
followed by vigorous mixing. The resulting solution was applied to a Varian Bond Elut® C18
solid phase extraction cartridge (Varian, Inc., Harbor City, CA) that had been preconditioned
with methanol followed by water. The sample was eluted with a solution of formic acid in
methanol (1:200, v/v) and the eluent was collected in a 15 mL glass culture tube. The sample
was then applied to a Varian Bond Elut® PRS (strong cation exchange) solid phase extraction
cartridge (Varian, Inc., Harbor City, CA) that had been preconditioned with methanol. The
sample was eluted with a 0.4 M solution of ammonium formate in methanol, and the eluent
was collected in a 15 mL glass culture tube. The sample was then taken to dryness under vacuum
in a vacuum centrifuge, and the residue was re-dissolved in 220 µL of water, and 200 µL were
injected on column.

Sample analysis
The chromatographic system consisted of an Agilent (Agilent Technologies, Santa Clara, CA)
1100 Series autosampler, 1100 Series quaternary pump, and 1100 Series ultraviolet (UV) diode
array detector controlled through a Windows NT-based ChemStation. Reversed-phase
chromatography was conducted at ambient temperature with a flow rate of 0.7 mL/minute
using a 150 mm × 4.6 mm I.D. Symmetry Shield (5µ , C18) column (Waters Corporation,
Milford, MA). A mobile phase composed of (A) a solution of 0.1% formic acid in water and
(B) a solution of 0.1% formic acid in a 40/60 mixture of acetonitrile/water was used for gradient
elution with the following gradient profile: 0–3 min, 100% A; 3–11 min, 100% A to 100% B;
11–16 min, 100% B; 16–19 min, 100% B to 100% A; 19–28 min, 100% A. The column effluent
was monitored at a wavelength of 300 nm for UV absorption. Following detection by UV
absorption, the effluent was then subjected to analysis by scanning positive-ion electrospray
ionization mass spectrometry using an Agilent ion-trap mass spectrometer (model G2445A).
Ions representing the (M+H)+ species of NSC 737664 and NSC 733606 (the internal standard)
were monitored at m/z 245 and m/z 287, respectively, to verify chromatographic peak identity.
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Under these conditions, the retention times of NSC 737664 and the internal standard were 11.3
minutes and 9.0 minutes, respectively. Chromatograms were integrated for peak area.

Quantitation
A series of plasma and urine standards were prepared for analysis and run together with
pharmacokinetic plasma specimens on a daily basis. Ratios of the UV chromatographic peak
area for NSC 737664 to that of the internal standard (IS) were calculated. Standard curves were
constructed by plotting the peak area ratios against the added analyte concentration in the
plasma standards. Linear least squares regression was performed using a weighting factor of
1/y2 without inclusion of the origin, to determine the slope, y-intercept, and correlation
coefficient of the best fit line. Analyte concentrations in unknown samples were calculated
using results of the regression analysis. Each unknown sample was initially assayed in
duplicate, with additional analyses performed if the replicate determinations deviated from the
average by more than 10%. Specimens with concentrations exceeding the upper limit of the
standard curve were assayed upon appropriate dilution with blank plasma or blank urine.

Assay validation
Accuracy and repeatability of the assay were assessed by analyzing the back-calculated sample
concentrations and regression parameters from a series of calibration curves of NSC 737664
in plasma or urine that were prepared and analyzed on separate days. The relative standard
deviation (RSD) of the mean predicted concentration for the independently assayed standards
provided the measure of repeatability. The lower limit of quantitation was defined as the
minimum concentration amenable to analysis with an inter-day RSD not exceeding 20%.
Accuracy of the assay was assessed by expressing the mean predicted analyte concentration
as a percentage of its known concentration in the standard solutions.

Phase 0 study design and drug administration
This clinical trial was conducted under an NCI-sponsored Investigational New Drug (IND)
study with the approval from the Institutional Ethics Committee and the NCI Institutional
Review Board (IRB). Protocol design and conduct [9] followed all applicable regulations,
guidances, and local policies. NSC 737664 (ABT-888) was supplied by the Division of Cancer
Treatment and Diagnosis under a Collaborative Research Agreement with Abbott Laboratories.
Criteria for participant eligibility has been described elsewhere (12). A single dose of NSC
737664 was administered by mouth on day 1 only. Serial sampling of blood was performed at
pre-selected time points for the first 24 hours after dosing. Urine was collected in 8-hour
aliquots for the first 24 hours after dosing. Additionally, blood and urine samples were acquired
prior to dosing.

Blood was collected into potassium EDTA tubes and immediately chilled in an ice bath.
Samples were centrifuged at 3,000 RPM for 15 minutes in a refrigerated centrifuge (4 °C), the
plasma was separated, flash frozen, and stored at −70 °C until assayed. Urine was simply
aliquoted into tubes, flash frozen, and stored at −70 °C until assayed.

RESULTS AND DISCUSSION
Specificity of the method

The identity of the chromatographic peak, presumed by UV absorption at 300 nm to be that of
eluting NSC 737664, was confirmed by scanning positive-ion electrospray mass spectrometry.
While mass spectrometric detection would without doubt provide a higher degree of specificity,
detection by UV absorption demonstrated adequate specificity (see Figure 2) and higher degree
of repeatability (see Table 1). A small, co-eluting peak of endogenous origin was sometimes
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observed in the UV chromatograms of human plasma samples. When observed in a plasma
blank, the peak was integrated for area (generally found to be < 10% of the area determined
for the 2.5 µM standard) and then subtracted from peak areas of samples within the run.

Linearity of calibration and inter-day reproducibility
The chromatographic peak area of NSC 737664 was found to be directly proportional to the
added concentration of NSC 737664 in human plasma from about 0.10 to 5.0 µM. Mean values
(± SD) of the linear regression parameters for 12 standard curves of NSC 737664 in human
plasma, independently prepared and assayed over a 44-week period were: slope, 0.1890 ±
0.0313 liter/µmole; y-intercept, 0.0084 ± 0.0072; correlation coefficient, 0.972 ± 0.025.
Coefficients of variation of the mean predicted NSC 737664 concentrations ranged from 9.2
to 18.4%.

The chromatographic peak area of NSC 737664 was also found to be directly proportional to
the added concentration of NSC 737664 in human urine from about 1.00 to 25.0 µM.
Coefficients of variation of the mean predicted NSC 737664 concentrations ranged from 7.8
to 12.4% for 9 standard curves of NSC 737664 in human urine, independently prepared and
analyzed over an 8-week period.

Accuracy and repeatability
Back-calculated sample concentrations were analyzed from 12 different calibration curves of
NSC 737664 in human plasma independently prepared and analyzed over a 44-week period.
Accuracy of the assay was assessed by expressing the mean predicted analyte concentration
as a percentage of its known concentration in the standard solution, whereas repeatability
reflects inter-day variation. As shown in Table 1, the repeatability for inter-day quantitation of
NSC 737664 in human plasma with UV detection was <20% for all concentrations included
in the standard curve. Similarly, the repeatability for inter-day quantitation of NSC 737664 in
human urine was <20% for all concentrations included in the standard curve (Table 2).

Analyte stability
A human plasma standard of NSC 737664 (5.0 µM) was incubated for 72 hours at 37°C. At
selected times, three aliquots of the plasma mixture were removed and analyzed for remaining
NSC 737664. After 72 hours’ incubation at 37°C, the concentration of NSC 737664 had
declined to about 0.6 µM, indicating that about 12% of the NSC 737664 remained. In a separate
experiment, another sample (5.0 µM human plasma standard of NSC 737664) was prepared,
stored at −70°C and, at selected times, similarly sampled and analyzed for remaining NSC
737664. No significant change in the concentration of NSC 737664 in the human plasma
sample was noted after 1 month of storage at −70°C.

Lower limit of quantitation
Using UV detection for quantitation, the lowest point of the matrix standard curve which is
both repeatable (18.4%, n = 14) and accurate (94.0%, n = 14) is the 0.10 µM human plasma
sample standard (see Table 1). The 0.10 µM standard possesses a signal-to-noise ratio of about
10. NSC 737664 is easily detectable at 0.05 µM but is no longer accurate or repeatable. Thus,
the lower limit of detection (LOD) of NSC 737664 is about 0.05 µM, and the lower limit of
quantitation (LOQ) in human plasma is about 0.10 µM.

Absolute recovery
Four pairs of standard curves were prepared and analyzed. Each pair of standard curves
consisted of a set of six standard samples of NSC 737664 in matrix (human plasma) and in
non-matrix. Comparing absolute detector responses for the internal standard in matrix and non-
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matrix shows an extraction efficiency of 95.8% for the internal standard. For NSC 737664, the
matrix standard curves gave an average slope of 39.18 ± 2.39, and the non-matrix standard
curves gave an average slope of 46.82 ± 1.12. The ratio of the slopes therefore provides the
measure of absolute recovery (83.7%) for NSC 737664 from human plasma. Similarly, the
absolute recovery of NSC 737664 from human urine was determined (75.6%).

Disposition of NSC 737664
Following a single oral dose of 50 mg, NSC 737664 was rapidly and highly absorbed into the
central compartment. A plasma drug concentration of 0.73 µM was observed at 30 minutes
post-dosing, and a maximum of 1.34 µM was observed at 60 minutes post-dosing (Figure 3).
NSC 737664 was detected in the 24-hr sample, but was below the lower limit of quantitation
of the assay. The last quantifiable time point was 12 hours, at which time the plasma drug
concentration had declined to 0.14 µM.

Urine was collected in three 8-hour aliquots. The first aliquot (0–8 hours) represented a
collection of 1175 mL of urine, which assayed to 110.5 µM of unchanged NSC 737664. The
second and third aliquots (8–16 and 16–24 hours) represented collections of 800 mL of urine
(39.1 µM) and 700 mL of urine (23.2 µM), respectively. Thus, the first, second and third
aliquots of urine contained 31.7, 7.6, and 4.0 mg of NSC 737664, respectively, indicating that
43.3 mg (87 %) of the initial drug dose had been excreted unchanged into the urine within the
first 24 hours post-dosing.

CONCLUSIONS
A specific assay for determining NSC 737664 in human plasma has been developed. The
method involves preliminary isolation of the compound from plasma by protein-precipitation.
Following separation using liquid chromatography and detection by UV, the lowest
concentration of NSC 737664 that could be quantified with acceptable reproducibility (RSD
<20%) in 100 µL of plasma was 0.10 µM. The assay has been shown to be specific, accurate
and reproducible, thereby rendering the procedure appropriate for monitoring plasma levels of
the agent in support of a phase 0 clinical study.

A participant in a phase 0 clinical study of NSC 737664 was provided a single oral dose of 50
mg. Drug plasma concentrations and urinary excretion were monitored. NSC 737664 was seen
to be rapidly and highly absorbed, as evidenced by a plasma level of 0.73 µM only 30 minutes
post-dosing. Drug plasma concentrations were quantifiable for the first 12 hours post-dosing,
although NSC 737664 could still be detected at 24 hours. Assaying the participant’s urine
indicated that about 87% of the drug was excreted unchanged within 24 hours post-dosing.
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Figure 1.
Chemical structure of NSC 737664 (ABT-888).
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Figure 2.
Time-selected detector response vs. time profiles reconstructed from data acquired during
liquid chromatographic separation: (A) UV absorbance at 300 nm of an extract of human
plasma to which only the internal standard had been added, and (B) of an extract of human
plasma spiked with NSC 737664 at a concentration of 2.5 µM; (C) extracted ion detection
(m/z 245) of an extract of human plasma to which only the internal standard had been added,
and (D) of an extract of human plasma spiked at a concentration of 2.5 µM. Peak Assignments:
1, internal standard; 2, NSC 737664.
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Figure 3.
Plasma Concentration vs. Time Profile of NSC 737664 (ABT-888) in a Participant of a Phase
0 Clinical Study Following a Single, Oral Dose of 50 mg.
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Table 2

Accuracy and Repeatability for Assaying NSC 737664 in Human Urine by HPLC with UV Detection.

NSC 737664

Concentration Added (μM) Accuracy (%) Repeatability (%)

25.0 108.5 12.4

10.0 101.4 7.8

5.0 99.5 7.9

2.50 95.7 10.6

1.00 105.3 8.8

Accuracy and repeatability of the assay were assessed from 9 different standard curves of NSC 737664 in human urine separately prepared and analyzed
over an 8-week period.
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