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Abstract

A method has been developed for the quantitation ofN-[4-(5-bromo-2-pyrimidinyloxy)-3-methylphenyl]-N′-(2-dimethylamino-benzoyl)ure
(BPU) and its metabolites in human plasma and urine. BPU and metabolites were separated on a C18 column with acetonitrile–water m
containing 0.1% formic acid using isocratic flow for 5 min. The analytes were monitored by tandem mass spectrometry. Calibration cu
generated over the range of 2.5–500 ng/mL for BPU, mmBPU, and aminoBPU in plasma; and 0.1–20, 0.1–20, 0.5–100, 10–2000,
3–600 ng/mL for BPU, mmBPU, aminoBPU, G280, G308, and G322 in urine, respectively. The method has been successfully applied
pharmacokinetics of BPU.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Benzoylphenylureas were initially developed as insecticides
[1,2]. N-[4-(5-Bromo-2-pyrimidinyloxy)-3-chlorophenyl]-N′-
(2-nitrobenzoyl)urea (HO-221) was the lead benzoylpheny-
lurea compound with noted antitumor activity but poor
physico-chemical characteristics therefore limiting its poten-
tial clinical utility [2–4]. N-[4-(5-Bromo-2-pyrimidinyloxy)-3-
methylphenyl]-N′-(2-dimethylamino-benzoyl)urea (BPU, NSC
639829,Fig. 1), an HO-221 analogue and poorly water-soluble
benzoylphenylurea derivative, has reported cytotoxic activities
[5]. The mechanism of action for benzoylphenylurea deriva-
tives includes tubulin polymerization inhibition and microtubule
depolymerization in vitro[4,6].

In murine pharmacokinetic studies, BPU was metabolized
to monomethyl-BPU (mmBPU,Fig. 1) and didesmethyl-BPU

∗ Corresponding author. Tel.: +1 410 502 7149; fax: +1 410 614 9006.
E-mail address: sbaker7@jhmi.edu (S.D. Baker).

(aminoBPU, NSC 647884,Fig. 1), which were shown to hav
in vitro cytotoxic activity similar to the parent compound w
activity against murine P388 leukemia, human AIDS-rel
lymphoma, breast, and prostate carcinoma[4,6,7]. Bioavail-
ability was low and variable for both a 5 mg (12–29%) an
25 mg (4.4–26%) capsule in dogs[8]. The mechanism of actio
oral formulation, and favorable anti-tumor activity in preclini
models lead to the clinical development of BPU as an antica
agent.

BPU is currently being evaluated in phase I clinical tr
in patients with refractory metastatic cancers with the
being administered orally once weekly on a continuous sc
ule or for 6 out of 8 weeks[9,10]. Initially, BPU was quan
titated using LC/MS/MS over the range of 0.05–10 ng
[11]. As dose escalation continued in the phase I clinical
a LC/UV method was developed to quantitate BPU in
range of 10 ng/mL–10�g/mL [12]. Using the LC/UV and th
LC/MS/MS methods, five BPU metabolites were identifie
vivo in either urine or plasma from patient receiving oral B
[11–13]. In order to comprehensively characterize the clin
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pharmacology of BPU, a method for the quantitation of BPU
and its metabolites in plasma and urine was necessary. BPU,
mmBPU, and aminoBPU were quantitated in a clinically rele-
vant range in plasma and urine, while BPU’s three non-cytotoxic
metabolites (G280, G308, and G322) were quantitated in urine.
G280, G308, and G322 were not assessed in plasma since initial
identification of these metabolites was limited to urine samples.
The assay reported in this paper utilizes LC/MS/MS to achieve
a rapid, sensitive, and specific method in plasma and urine of
patients receiving BPU.

2. Experimental

2.1. Chemical and reagents

BPU (NSC 639829) and aminoBPU (NSC 647884) were
a gift from the Developmental Therapeutics Program, Can-
cer Therapy Evaluation Program, National Institute of Health
(Bethesda, MD, USA). mmBPU, G280, G308, and G322 were
synthesized in the Sidney Kimmel Comprehensive Cancer Cen-
ter at Johns Hopkins Medicinal Chemistry Core (Baltimore,
MD, USA). The internal standard, temazepam, was obtained
from Sigma Chemical Co. (St. Louis, MO, USA). Formic acid

(88%, v/v in water) was purchased from J.T. Baker (Phillips-
burg, NJ, USA) andn-butyl chloride from Honeywell, Burdick &
Jackson (Muskegon, MI, USA). Acetonitrile and methanol were
HPLC Grade and were obtained from EM Science (Gibbstown,
NJ, USA). Deionized water was obtained from a Milli-Q-UF
system (Millipore, Milford, MA, USA) and used in all aque-
ous solutions. Drug-free (blank) human plasma originated from
Pittsburgh Blood Plasma Inc. (Pittsburgh, PA, USA). Human
urine was obtained from healthy volunteers that were willing to
donate urine.

2.2. Preparation of stock solutions

Stock solutions of BPU, mmBPU, G280, G308, and G322
were prepared in duplicate at 0.1 mg/mL by dissolving 2 mg,
accurately weighed, in 20 mL of methanol. The stock solution
of aminoBPU was prepared in duplicate at 0.01 mg/mL by dis-
solving 2 mg, accurately weighed, in 200 mL of methanol. The
area counts for each of the duplicated aliquots were checked in
quintuplicate, and if the mean value for area counts was within
5%, the stock solutions were then stored in a glass vial at−20◦C.
Stock solutions of BPU, mmBPU, aminoBPU, and G280 were
stable for 3, 4, 4, and 4 months, respectively.
Fig. 1. Full-scan product ion spectrum and chemical structure for BPU (A), m
mBPU (B), aminoBPU (C), G280 (D), G308 (E), G322 (F), and temazepam (G).
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Fig. 1. (Continued ).

A stock solution of temazepam was prepared by dissolving
10 mg, accurately weighed, in 10 mL of methanol, with further
dilution to 0.1 mg/mL with methanol. The 0.1 mg/mL solution
was stored in a glass vial at−20◦C for 1 month.

2.2.1. Preparation of calibration standards and quality
controls in plasma

BPU, mmBPU, and aminoBPU stock solutions were diluted
in acetonitrile:water (1:1, v/v) on each day of analysis to
spike into pooled human plasma to prepare calibration curve
standards and quality control (QC) samples. Eight standards
were prepared including the concentrations 2.5, 5, 12.5, 25,
50, 125, 250, and 500 ng/mL, and four QC were prepared at
concentrations 2.5 (lower limit of quantitation (LLOQ)), 3.75,
37.5, and 375 ng/mL. After samples obtained from patients
were analyzed, it was determined a dilutional QC was nec-
essary. This QC was prepared at 2500 ng/mL and diluted 1:5
and 1:10 in pooled human plasma for quantitation. All stan-
dards and QC samples were prepared fresh daily. For long-

term and freeze–thaw stability, QC samples were stored at
−70◦C.

A 50�L aliquot of the 0.1 mg/mL internal standard stock
solution was added into 100 mL of acetonitrile for a final concen-
tration of 50 ng/mL at the time of analysis for plasma samples.

2.2.2. Preparation of calibration standards and quality
controls in urine

BPU, mmBPU, aminoBPU, G280, G308, and G322 stock
solutions were diluted in acetonitrile:water (1:1, v/v) to spike
into pooled human urine to prepare a calibration curve with
seven standards and four QC samples (Table 1). All standards
and quality controls were prepared fresh daily. For long-term
stability, quality controls were stored at−70◦C. Freeze–thaw
stability was not performed with urine since a sufficient number
of aliquots were made with the patient samples to allow for only
the initial thaw.

A 10�L aliquot of the 0.1 mg/mL internal standard stock
solution was added into 1000 mL ofn-butyl chloride for a final
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Table 1
Final concentrations of urine calibrators and QC samples

Calibrators BPU (ng/mL) mmBPU (ng/mL) aminoBPU (ng/mL) G280 (ng/mL) G308 (ng/mL) G322 (ng/mL)

1 (LLOQ) 0.1 0.1 0.5 10 1 3
2 0.2 0.2 1 20 2 6
3 0.5 0.5 2.5 50 5 15
4 1 1 5 100 10 30
5 5 5 25 500 50 150
6 10 10 50 1000 100 300
7 20 20 100 2000 200 600

QCs
LLOQ 0.1 0.1 0.5 10 1 3
Low 0.15 0.15 0.75 15 1.5 4.5
Medium 0.7 0.7 3.5 70 7 21
High 18 18 90 1800 180 540

concentration of 1 ng/mL at the time of analysis for urine sam-
ples.

2.3. Sample preparation

2.3.1. Plasma
Prior to extraction, frozen plasma samples were thawed in a

water bath at ambient temperature. A 100�L aliquot of plasma
was added to a borosilicate glass tube (13 mm× 100 mm) fol-
lowed by 300�L of 50 ng/mL temazepam in acetonitrile. The
tube was mixed vigorously for 30 s on a vortex-mixer followed
by centrifugation at 1200× g for 10 min at ambient temperature.
The top organic layer was transferred to a 250�L polypropy-
lene autosampler vial, and a volume of 15�L was injected onto
the LC/MS/MS instrument for quantitative analysis using an
autosampling device.

2.3.2. Urine
Prior to extraction, frozen urine samples were thawed in a

water bath at ambient temperature. A 1 mL aliquot of urine was
added to a screw-cap glass tube (16 mm× 125 mm) containing
5 mL of a mixture of 1 ng/mL temazepam inn-butyl chloride.
The tube was capped and mixed vigorously for 30 s on a vortex-
mixer, and for 5 min on automated multi-tube shaker, followed
by centrifugation at 1200× g for 10 min at ambient tempera-
ture. The top organic layer (4 mL) was transferred to a disposable
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b
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a
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from potentially interfering material was achieved at ambient
temperature using Waters XTerra MS column (50 mm× 2.1 mm
i.d.) packed with a 3.5�m ODS stationary phase, protected by
a guard column packed with 3.5�m RP18 material (Milford,
MA, USA). The mobile phase used for the chromatographic
separation was composed of acetonitrile–water (70:30, v/v)
containing 0.1% formic acid, and was delivered isocratically at
a flow rate of 0.15 mL/min. The column effluent was monitored
using an API 3000 triple-quadrupole mass-spectrometric
detector (Applied Biosystems, Foster City, CA, USA). The
instrument was equipped with an electrospray interface, oper-
ated in a positive mode and controlled by the Analyst version
1.2 software (Applied Biosystems). Samples were introduced
into the interface through a heated nebulizer probe set at 350◦C.
A high voltage of 5.2 kV was applied to the ion spray. The
settings of nebulizer gas, curtain gas, and collision gas were 10,
9, and 8 psi, respectively. Other optimal parameters included
declustering potential (DP), focusing potential (FP), entrance
potential (EP), collision energy (CE), and collision cell exit
potential (CXP) and are reported inTable 2. The spectrometer
was programmed in multiple reaction monitoring (MRM) mode
to allow the specific transition of precursor ion to fragment
for each compound (Fig. 1). The dwell time per channel was
150 ms for data collection.
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orosilicate glass culture tube (13 mm× 100 mm) and was eva
rated to dryness at 40◦C under a gentle stream of nitrogen. T
esidue was redissolved in 100�L of acetonitrile–water (50:50
/v) by vortex mixing (30 s) and immersion in an ultrasou
ath (3 min). The sample was transferred to a 250�L polypropy-

ene autosampler vial, and a volume of 15�L was injected ont
he LC/MS/MS instrument for quantitative analysis using
utosampling device.

.4. Equipment

The equipment and conditions of the assay were iden
or the plasma and urine matrix. Chromatographic ana
as performed using an Agilent 1100 series HPLC (Ag
echnologies, Palo Alto, CA, USA). Separation of the ana
l

.5. Calibration curves

.5.1. Plasma
BPU, mmBPU, and aminoBPU calibration samples were

ared in plasma over the range of 2.5–500 ng/mL. Calibr

able 2
ptimization parameters for BPU and metabolites

DP (V) FP (V) EP (V) CE (V) CXP (V

PU 11 170 10 47 8
mBPU 11 190 10 45 10
minoBPU 16 180 10 29 6
280 61 210 10 31 8
308 51 260 10 31 8
322 26 250 10 47 6
emazepam 36 170 10 33 16
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curves were computed using the ratio of the peak area of the
analyte and internal standard by using a weighted (1/[nomi-
nal concentration]) linear regression analysis. The parameters
of each calibration curve were used to compute back-calculated
concentrations and to obtain values for the QC samples and
unknown samples by interpolation.

2.5.2. Urine
BPU, mmBPU, aminoBPU, G280, G308, and G322 calibra-

tion samples were prepared in urine over the range of 0.1–20,
0.1–20, 0.5–100, 10–2000, 1–200, and 3–600 ng/mL, respec-
tively. Calibration curves were computed using the ratio of
the peak area of the analyte and internal standard by using a
weighted (1/[nominal concentration]) linear regression analysis,
except for G280 which used a weighted (1/[nominal concentra-
tion]) quadratic equation. The parameters of each calibration
curve were used to compute back-calculated concentrations and
to obtain values for the QC samples and unknown samples by
interpolation.

2.6. Validation procedures

2.6.1. Plasma
2.6.1.1. Pre-study validation. Method validation runs were per-
formed on 4 days. Each analytical run consisted of a calibration
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six different donors for the presence of endogenous or exoge-
nous interfering peaks. The peak area needed to be less than
20% than the peak area for BPU, mmBPU, and aminoBPU
at 2.5 ng/mL in an aqueous solution. If not, plasma from six
additional donors would be tested. The relative recovery of the
analytes was measured by comparison of the mean concentra-
tion values of extracted plasma samples in triplicate and aqueous
samples at concentrations of the low and high QC samples.
Autosampler stability was also assessed at concentrations of the
low and high QC samples with continuous injection of samples
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at concentrations of the low and high QC samples in tripli-
cate at−70◦C at 138 days. The mean values of the triplicate
samples were compared to the initial condition for long-term
stability.
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assay was performed by assessing the precision and accuracy of
BPU at 5 and 150 ng/mL, which was diluted 1:100 for quanti-
tation using the original LC/MS/MS method[11]. For crossval-
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triplicate were compared to the initial condition for long-term
stability.

2.6.2.2. In-study validation. Patient sample runs were per-
formed on 4 days. Each analytical run consisted of a calibration
curve using single standards at each concentration except dupli-
cate standards were analyzed for the LLOQ, ULQ, and QC
samples in duplicate since less than 40 patient samples were
analyzed. The accuracy and precision of the assay were assessed
by the same methodology as the plasma samples (see Section
2.6.1.1).

2.7. Pharmacokinetic analysis

The patient participated in a phase I study and received a dose
of BPU of 150 mg administered orally once weekly. The drug
was formulated as a 25 mg capsule containing polyglycolyzed
glycerides and polyethylene glycol and stored under refriger-
ation. The protocol was approved by the Institutional Review
Board of the Sidney Kimmel Comprehensive Cancer Center at
Johns Hopkins (Baltimore, MD, USA), and the patient provided
written informed consent.

2.7.1. Plasma
Blood samples were collected in heparin-containing tubes
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3. Results and discussion

3.1. Chromatographic separation and detection

An LC/MS/MS method to quantitatively determine BPU,
mmBPU, and aminoBPU concentrations in human plasma
was developed, validated, and implemented to quantitate
drug in plasma from patients receiving treatment with BPU.
This LC/MS/MS method also quantitatively determined BPU,
mmBPU, aminoBPU, G280, G308, and G322 concentra-
tions in human urine. The chromatographic separation and
detection were identical utilizing the extracted plasma or
urine as the matrix. The following mass-to-charge (m/z)
ratios were monitored 470.1 > 148.0 for BPU, 456.1 > 134.0
for mmBPU, 442.1 > 128.0 for aminoBPU, 280.0 > 105.9 for
G280, 308.0 > 105.6 for G308, 322.8 > 105.9 for G322, and
301.0 > 254.8 for the internal standard (Fig. 1).

No peaks were observed in the chromatograms of blank
plasma or urine from six donors when monitored for BPU,
mmBPU, aminoBPU, G280, G308, G322, and the internal stan-
dard (data not shown). During implementation of this assay, pre-
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Fig. 2. Selected ion chromatograms of blank plasma (A), plasma spiked at
the LLOQ concentration of BPU/mmBPU/aminoBPU with retention times
of 2.85/2.65/1.90 min (B), and a select patient sample obtained 8 h after the
oral administration of 150 mg of BPU (C). The following mass-to-charge
(m/z) ratios were monitored 470.1 > 148.0 for BPU, 456.1 > 134.0 for mmBPU,
442.1 > 120.0 for aminoBPU, and 301.0 > 254.8 for internal standard.

significantly different from zero (data not shown). The distri-
bution of the residuals showed random variation, was normally
distributed, and centered on zero (data not shown).

The LLOQ for BPU, mmBPU, and aminoBPU was
established at 2.5 ng/mL for human plasma, at which the

Fig. 3. Selected ion chromatograms of blank urine (A), urine spiked
with BPU/mmBPU/aminoBPU/G280/G308/G322 with retention times of
2.85/2.65/1.90/1.20/1.40/1.25 min (B), and a select patient sample from the 24
to 48 h urine collection after the oral administration of 150 mg of BPU (C).
The following mass-to-charge (m/z) ratios were monitored 470.1 > 148.0 for
BPU, 456.1 > 134.0 for mmBPU, 442.1 > 120.0 for aminoBPU, 280.0 > 105.9
for G280, 308.0 > 105.6 for G308, 322.8 > 105.9 for G322, and 301.0 > 254.8
for internal standard.
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Table 3
Back-calculated concentrations from calibration curves for BPU, mmBPU, and aminoBPU in human plasma

Nominal concentration (ng/mL) n Accuracy (%) Concentration (ng/mL)a Precision (%)

Within-run Between-run

BPU
2.5 8 100.1 2.50± 0.10 2.2 3.7
5 4 98.7 4.94± 0.13 b 2.6
12.5 4 102.6 12.83± 0.56 b 4.4
25 4 96.9 24.23± 0.81 b 3.3
50 4 101.9 50.93± 1.43 b 2.8
125 4 99.0 123.75± 7.50 b 6.1
250 4 101.8 254.50± 15.86 b 6.2
500 8 99.7 498.25± 11.72 1.9 1.5

mmBPU
2.5 8 112.4 2.81± 0.22 3.8 7.4
5 4 101.7 5.08± 0.38 b 7.4
12.5 4 95.8 11.98± 0.64 b 5.3
25 4 90.2 22.55± 0.52 b 2.3
50 4 94.7 47.33± 2.80 b 5.9
125 4 91.2 114.00± 2.45 b 2.2
250 4 97.4 243.50± 6.66 b 2.7
500 8 102.3 511.38± 10.88 2.6 c

aminoBPU
2.5 8 106.6 2.67± 0.15 7.0 c

5 4 99.6 4.98± 0.23 b 4.7
12.5 4 99.8 12.48± 0.05 b 0.4
25 4 93.1 23.28± 0.67 b 2.9
50 4 95.5 47.75± 1.05 b 2.2
125 4 97.4 121.75± 1.26 b 1.0
250 4 101.0 252.50± 7.72 b 3.1
500 8 100.5 502.38± 7.48 1.8 c

a Values are mean± standard deviation.
b Not calculated.
c No significant additional variation was observed as a result of performing the assay in different runs.

concentration was associated with a mean (±standard devia-
tion) signal-to-noise ratio of 245.3± 37.6, 168.3± 16.6, and
284.3± 4.0 from three observations.

3.2.2. Urine
Calibration curves for BPU, mmBPU, aminoBPU, G280,

G308, and G322 standards were constructed from the peak area
ratio of the analyte to the internal standard. An excellent lin-
ear relationship (r > 0.99, range = 0.9947–0.9999) for BPU,
mmBPU, aminoBPU, G308, and G322 was observed using
a linear standard with a weight factor (1/[nominal concen-
tration]). For G280, the linear relationship (r > 0.99, range =
0.9990–0.9998) was observed when applying a quadratic equa-
tion with a weight factor (1/[nominal concentration]). The
weighting factor was chosen as described for plasma (see Sec-
tion 3.2.1).

For each point on the calibration curves for BPU,
mmBPU, aminoBPU, G280, and G322, the concentrations back-
calculated from the equation of the regression analysis were
always within 11.1% of the nominal value, except at the G308
LLOQ, where the accuracy was within 14.8% of the nomi-
nal value (Table 4). A linear regression of the back-calculated
concentrations versus the nominal values provided a unit slope
and an intercept not significantly different from zero (data not
shown). The distribution of the residuals showed random vari-

ation, was normally distributed, and centered on zero (data not
shown).

The LLOQ for BPU, mmBPU, aminoBPU, G280, G308,
and G322 was established for human urine at 0.1, 0.1, 0.5,
10, 1, and 3 ng/mL, at which the concentration was associ-
ated with a mean (±standard deviation) signal-to-noise ratio
of 250.7± 55.2, 191.0± 46.8, 237.3± 232.7, 727.3± 634.5,
106.0± 42.8, and 116.3± 86.8, respectively, from three obser-
vations.

3.3. Accuracy, precision, and recovery

3.3.1. Plasma
A prior analytical method to quantitate BPU utilized

liquid–liquid extraction with tandem mass spectrometric detec-
tion to achieve a lower level of sensitivity of 0.05 ng/mL in
human plasma[11]. This level of sensitivity was not neces-
sary as dose escalation continued in the phase I clinical trial
and led to the development of a LC/UV method that would not
require a 1:200 dilution to quantitate patient samples[12]. Using
a combination of the LC/UV and the original LC/MS/MS meth-
ods, we were able to confirm the presence of five metabolites
in either plasma or urine[13]. To study the complete clinical
pharmacology of BPU, the LC/UV method was not specific
to separate BPU and its five metabolites although this method
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Table 4
Back-calculated concentrations from calibration curves for BPU, mmBPU, aminoBPU, G280, G308, and G322 in human urine

Nominal concentration (ng/mL) n Accuracy (%) Concentration (ng/mL)a Precision (%)

Within-run Between-run

BPU
0.1 6 99.7 0.10± 0.01 5.8 2.9
0.2 3 105.8 0.21± 0.02 b 8.2
0.5 3 98.5 0.49± 0.06 b 11.7
1 3 100.6 1.01± 0.08 b 8.0
5 3 100.1 5.00± 0.27 b 5.4
10 3 91.2 9.12± 0.24 b 2.6
20 6 102.2 20.4± 1.31 8.2 c

mmBPU
0.1 6 106.5 0.11± 0.004 5.8 c

0.2 3 98.0 0.20± 0.01 b 4.4
0.5 3 99.5 0.50± 0.02 b 4.3
1 3 95.3 0.95± 0.05 b 5.4
5 3 94.0 4.70± 0.09 b 1.8
10 3 97.5 9.75± 0.17 b 1.7
20 6 101.4 20.3± 0.21 1.0 0.1

aminoBPU
0.5 6 102.0 0.51± 0.05 3.6 10.1
1 3 102.2 1.02± 0.04 b 4.0
2.5 3 99.9 2.50± 0.23 b 9.4
5 3 100.0 5.00± 0.11 b 2.3
25 3 93.3 23.3± 3.07 b 13.2
50 3 98.0 49.0± 3.64 b 7.4
100 6 101.3 101± 3.37 1.1 3.5

G280
10 6 100.9 10.1± 1.08 4.6 10.8
20 3 97.7 19.5± 2.05 b 10.5
50 3 102.5 51.3± 2.05 b 4.0
100 3 98.2 98.2± 14.0 b 14.2
500 3 98.5 493± 31.8 b 6.5
1000 3 101.7 1017± 32.2 b 3.2
2000 6 99.8 1997± 53.5 3.4 c

G308
1 6 85.2 0.85± 0.04 4.6 c

2 3 97.5 1.95± 0.07 b 3.6
5 3 111.1 5.55± 0.12 b 2.2
10 3 110.3 11.0± 0.57 b 5.2
50 3 110.8 55.4± 1.95 b 3.5
100 3 107.3 107± 1.15 b 1.1
200 6 96.6 193± 2.99 1.7 c

G322
3 6 97.3 2.92± 0.36 3.2 13.2
6 3 110.8 6.65± 0.08 b 1.1
15 3 97.1 14.6± 1.55 b 10.6
30 3 104.8 31.4± 3.68 b 11.7
150 3 92.2 138± 8.02 b 5.8
300 3 97.4 292± 11.7 b 4.0
600 6 101.5 609± 13.8 2.0 1.3

a Values are mean± standard deviation.
b Not calculated.
c No significant additional variation was observed as a result of performing the assay in different runs.

did have a dynamic analytical range (10 ng/mL–10�g/mL)
[12].

For QC samples prepared by spiking human plasma with
BPU, mmBPU, and aminoBPU, the within-run and between-

run variability (precision), expressed as the percentage relative
standard deviations, were less than 10.7%. The mean predicted
concentration (accuracy) was less than 14.8% of the nominal
value for the QC samples (Table 5). During in-study validation,
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Table 5
Assessment of accuracy, precision, and recovery in plasma

Nominal concentration (ng/mL) n Accuracy (%) Precision (%) Recovery (%)

Within-run Between-run

BPU plasma validation
2.5 8 98.3 3.5 7.6 a

3.75 8 97.9 4.4 7.9 79.6
37.5 8 100.3 3.3 1.6 a

375 8 101.9 5.2 b 81.6
2500 (1:5) 12 103.2 10.0 b a

2500 (1:10) 9 98.3 5.0 6.0 a

mmBPU plasma validation
2.5 8 111.0 4.5 4.1 a

3.75 8 109.5 4.2 b 56.5
37.5 8 95.6 6.5 b a

375 8 97.3 5.3 b 58.5
2500 (1:5) 12 102.0 10.7 b a

2500 (1:10) 9 98.7 4.3 3.0 a

aminoBPU plasma validation
2.5 8 114.8 1.0 3.0 a

3.75 8 104.5 4.1 4.2 47.8
37.5 8 99.3 3.9 b a

375 8 99.8 4.7 b 50.2
2500 (1:5) 12 107.7 4.0 2.2 a

2500 (1:10) 9 102.7 3.5 6.4 a

BPU plasma in-study
3.75 32 103.7 10.5 3.8 a

37.5 32 103.2 8.4 b a

375 32 103.3 8.8 b a

mmBPU plasma in-study
3.75 32 109.3 12.8 3.1 a

37.5 32 103.6 8.4 b a

375 32 103.6 8.9 b a

aminoBPU plasma in-study
3.75 32 107.9 7.5 6.7 a

37.5 32 103.2 6.2 3.4 a

375 32 103.2 6.2 b a

BPU plasma cross-validationc

5 15 103.6 8.3 7.7 a

150d 15 103.4 12.7 b a

BPU plasma cross-validatione

5 15 100.3 4.6 b a

150f 15 103.2 3.4 1.9 a

a ND, not done.
b No significant additional variation was observed as a result of performing the assay in different runs.
c Cross-validation results using the original LC/MS/MS method.[12].
d Sample diluted 1:100 prior to analysis.
e Cross-validation results using the current LC/MS/MS method.
f Sample dilution was not necessary using the current LC/MS/MS method.

the within-run and between-run variability was less than 12.8%
and accuracy was less that 9.3% of the nominal value. The rel-
ative recovery of BPU varied from 79.6% to 81.6% over the
concentration range (Table 5). The relative recovery for mmBPU
(56.5–58.5%) and aminoBPU (47.8–50.2%) were lower than
BPU but consistent over the concentration range. In addition, a
cross-validation was performed for 5 and 150 ng/mL between
the original LC/MS/MS method and this method demonstrating
nearly identical results (Table 5).

3.3.2. Urine
Prior analytical methods for BPU were for the plasma

matrix [11,12]. To comprehensively study the clinical pharma-
cology of BPU, the expansion of the LC/MS/MS method to
include other matrices was necessary. By utilizing a modified
liquid–liquid extraction (n-butyl-chloride versus acetonitrile:n-
butyl chloride (1:4, v/v)), appropriate sensitivity was achieved
using LC/MS/MS for BPU, mmBPU, aminoBPU, G280, G308,
and G322[11].
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Table 6
Assessment of accuracy, precision, and recovery in urine

Nominal concentration (ng/mL) n Accuracy (%) Precision (%) Recovery (%)

Within-run Between-run

BPU urine validation
0.1 6 105.0 8.7 b a

0.15 6 111.1 0.0 3.47 98.1
0.7 6 96.4 10.6 b a

18 6 104.8 6.5 b 97.6

mmBPU urine validation
0.1 6 115.0 10.7 b a

0.15 6 110.0 5.5 b 98.4
0.7 6 103.3 6.9 b a

18 6 104.7 5.7 5.5 96.2

aminoBPU urine validation
0.5 6 111.0 4.7 b a

0.75 6 108.7 7.2 b 98.3
3.5 6 106.3 5.4 3.6 a

90 6 101.9 4.9 8.2 96.4

G280 urine validation
10 6 103.3 2.5 17.7 a

15 6 98.8 11.1 b 77.5
70 6 102.5 3.4 4.0 a

1800 6 103.7 6.8 b 92.3

G308 urine validation
1 6 96.7 24.7 b a

1.5 6 95.6 17.5 b 80.3
7 6 104.5 16.3 4.6 a

180 6 102.7 4.8 b 84.4

G322 urine validation
3 6 91.2 5.9 2.1 a

4.5 6 108.5 4.2 b 79.6
21 6 102.9 8.9 9.3 a

540 6 102.9 6.0 1.3 88.4

BPU urine in-study
0.15 8 111.8 6.9 b a

0.7 8 108.1 4.7 4.5 a

18 8 102.8 5.2 5.8 a

mmBPU urine in-study
0.15 7 111.2 6.7 8.9 a

0.7 8 106.0 5.1 1.2 a

18 8 104.2 3.7 7.1 a

aminoBPU urine in-study
0.75 8 101.4 6.9 3.1 a

3.5 8 104.1 4.2 4.5 a

90 8 100.0 2.4 6.5 a

G280 urine in-study
15 8 101.9 8.0 2.7 a

70 8 97.3 6.2 7.5 a

1800 8 98.1 5.4 5.4 a

G308 urine in-study
1.5 8 103.0 3.8 4.7 a

7 8 110.9 5.7 b a

180 8 99.9 2.3 9.3 a

G322 urine in-study
4.5 8 102.2 2.4 5.6 a

21 8 101.1 4.9 3.7 a

540 8 98.4 3.4 9.4 a

a ND, not done.
b No significant additional variation was observed as a result of performing the assay in different runs.
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Table 7
Assessment of stability in plasma

Nominal concentration (ng/mL) Stability (% of initial)

Freeze–thaw cyclesa Autosampler stabilityb Long-term stability (−70◦C)c

1 2 3

BPU
3.75 97.2 96.0 95.2 93.1 116.4
375 102.7 99.1 96.8 103.7 100.5

mmBPU
3.75 100.5 87.9 90.0 112.5 108.3
375 111.0 106.9 103.6 100.8 131.5

aminoBPU
3.75 104.6 98.0 95.0 111.7 94.5
375 104.0 101.6 102.0 101.6 101.2

a Performed in triplicate.
b Performed repeatedly for 8.7 h with one sample.
c Performed at 138 days.

For QC samples prepared by spiking human urine with BPU,
mmBPU, aminoBPU, G280, and G322, the within-run and
between-run variability (precision), expressed as the percent-
age relative standard deviations, were less than 11.1%, except
at the G280 LLOQ which was 17.7%. For G308, the accuracy
and precision were within acceptable limits (<15%) for the cal-
ibrators (Table 4), as was the accuracy of the QC samples but
the precision was not (>15%) (Table 6). Therefore, G308 will
only be used for qualitative analysis. During in-study valida-
tion, the within-run and between-run variability were less than
9.4% and accuracy were less that 11.8% of the nominal value
(Table 6). The relative recovery of BPU (97.6–98.1%), mmBPU
(96.2–98.4%), and aminoBPU (96.4–98.3%) from urine is pre-
sented inTable 6. The relative recovery for G280 (77.5–92.3%),
G308 (80.3–84.4%), and G322 (79.6–88.4%) were lower than
BPU, mmBPU, and aminoBPU and displayed more variability
over the two concentrations tested.

3.4. Analyte stability

3.4.1. Plasma
BPU, mmBPU, and aminoBPU were stable on the auto-

injector at room temperature for 9 h or up to approximately
90 injections when protected from light with aluminum foil
covering the autosampler (Table 7). BPU, mmBPU, and
a ◦
( rate
a t the
l t the
h

3
ere

s h o
u ight
w
t and
G mon

strated by less than 12.1% deviation in concentration over these
5 h (Table 8). Initially, G308 is stable at room temperature for
1 h as the concentration decreased by 11.7% (data not shown)
but by 5 h, the concentration falls to 16.4%. Freeze–thaw sta-
bility was not assessed since multiple aliquots were available
for quantitation of patient samples. Long-term stability studies
from 91 days demonstrate that both aminoBPU and G322 are sta-
ble with a slight increase in G308 high concentrations (117.6%
at 180 ng/mL) and a decrease in BPU (83.4% at 0.15 ng/mL),
mmBPU (68.9% at 18 ng/mL), and G280 (83.7% at 15 ng/mL)
concentrations (Table 8).

3.5. Plasma concentration–time profile

3.5.1. Plasma
This LC/MS/MS method was applied to the quantitation of

BPU and metabolites in plasma samples from a patient who has
received BPU at a dose of 150 mg[9]. A single patient concentra-
tion versus time profile is illustrated inFig. 4after a single dose of

F stered
o ns,
t quare
(

minoBPU were stable after three freeze–thaw cycles at−70 C
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ig. 4. Plasma concentration time curve in a single patient for BPU admini
rally at a dose of 150 mg. The open circle (©) represents BPU concentratio

he open triangle (�) represents mmBPU concentrations, and the open s
�) represents aminoBPU concentrations.
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Table 8
Assessment of stability in urine

Nominal concentration (ng/mL) Stability (% of initial)

Short-term (room temperature)a Autosampler stability (room temperature)b Long-term stability (−70◦C)c

BPU urine
0.15 103.9 99.1 83.4
18 105.3 93.2 87.5

mmBPU urine
0.15 96.0 93.5 95.7
18 100.9 89.9 68.9

aminoBPU urine
0.75 103.7 87.0 90.2
90 101.6 91.4 106.5

G280 urine
15 112.1 101.4 83.7
1800 110.5 112.9 93.1

G308 urine
1.5 83.6 97.0 108.6
180 94.0 104.6 117.6

G322 urine
4.5 90.8 96.5 99.1
540 100.6 107.6 109.4

a Performed at room temperature at 5 h withn = 3 sample.
b Performed repeatedly for 20.2 h with one sample.
c Performed at 91 days.

oral BPU. This patient had a maximum concentration (Cmax) of
374.0 ng/mL for BPU, 345.0 ng/mL for mmBPU, 53.1 ng/mL for
aminoBPU that occurred at 1.0, 2.0, and 2.0 h, respectively. The
half-life and apparent oral clearance were 145.4 h and 41.6 L/h
for BPU, 349.7 h and 14.3 L/h for mmBPU, longer sampling is
necessary to determine the half-life for aminoBPU.

3.5.2. Urine
This LC/MS/MS method was applied to the quantitation

of BPU and metabolites in urine samples from a patient who

F 322
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has received BPU at a dose of 150 mg[9]. As mentioned in
Section3.3.2, G308 was not quantitated due to poor assay per-
formance. In the first 24 h after drug administration, 0.00049%
of BPU parent compound was excreted as unchanged drug in the
urine. As for the metabolites, 0.00065% of mmBPU, 0.0038%
of aminoBPU, 0.35% of G280, and 0.037% of G322 were
excreted in the first 24 h. In the first 72 h after drug adminis-
tration, 0.00060% of BPU, 0.00086% of mmBPU, 0.0086% of
aminoBPU, 0.61% of G280, and 0.084% of G322 were excreted
in the first 72 h. Qualitatively, G308 was excreted in the urine
over the first 72 h following drug administration (Fig. 5).

4. Conclusions

In conclusion, we have developed and validated a LC/MS/MS
assay for measuring BPU and its metabolites (mmBPU,
aminoBPU, G280, and G322) concentrations in human plasma
or urine under current requirements as to validation of bio-
analytical methodologies[14]. The described method permits
the analysis of patient plasma samples to concentrations of
2.5–500 ng/mL for BPU, mmBPU, and aminoBPU, which is suf-
ficiently sensitive to allow pharmacokinetic monitoring after oral
administration of BPU at doses of 150 mg. The described method
permits the analysis of patient urine samples to concentrations of
0.1–20 ng/mL for BPU, 0.1–20 ng/mL mmBPU, 0.5–100 ng/mL
a 322
w on-
i mg.
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ig. 5. Cumulative percent of BPU, mmBPU, aminoBPU, G280, and G
xcreted in the urine over 72 h for BPU administered orally at a dose of 15
he open circle (©) represents BPU concentrations, the open triangle (�) rep-
esents mmBPU concentrations, the open square (�) represents aminoBP
oncentrations, the closed circle (�) represents G280, and the closed sq
�) represents G322.
.
minoBPU, 10–2000 ng/mL G280, and 3–600 ng/mL G
hich is sufficiently sensitive to allow pharmacokinetic m

toring after oral administration of BPU at doses of 150
ince G308 did not meet standard acceptance criteria, thi
onitored qualitatively in urine. This LC/MS/MS method w
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be used to measure BPU and metabolite concentrations in human
plasma and urine to fully characterize the clinical pharmacology
of this agent.

Acknowledgments

This work was supported by National Institutes of Health
grants P30CA069773 and the Commonwealth Foundation for
Cancer Research. We would like to thank Susan Davidson for
quality assurance of the data contained in this manuscript.

References

[1] M. Tasheva, V. Hristeva, J. Appl. Toxicol. 13 (1993) 67.
[2] H. Okada, T. Koyanagi, N. Yamada, T. Haga, Chem. Pharm. Bull.

(Tokyo) 39 (1991) 2308.
[3] H. Okada, T. Koyanagi, N. Yamada, Chem. Pharm. Bull. (Tokyo) 42

(1994) 57.
[4] H. Okada, M. Kato, T. Koyanagi, K. Mizuno, Chem. Pharm. Bull.

(Tokyo) 47 (1999) 430.

[5] N. Jain, G. Yang, S.E. Tabibi, S.H. Yalkowsky, Int. J. Pharm. 225 (2001)
41.

[6] M.G. Hollingshead, D.L. Sackett, M.C. Alley, W.R. Waud, D.J. Dykes,
E. Hamel, E.A. Sausville, Proc. Am. Assoc. Cancer Res. 39 (1998)
164a.

[7] M.C. Alley, J.M. Covey,C.M. Pacula-Cox, W.R. Waud, D.J. Dykes, M.J.
Egorin, J.L. Eiseman, E.A. Sausville, Proc. Am. Assoc. Cancer Res. 42
(2001) 378.

[8] P.E. Noker, D.S. Weinberg, J.G. Page, K.M. Schweikart, J.E. Tomasza-
wski, Proc. Am. Assoc. Cancer Res. 44 (2003) 340a.

[9] W.A. Messersmith, S.D. Baker, R.C. Donehower, S. Dolan, Y. Zabelina,
M. Zhao, M.A. Carducci, A.C. Wolff, Proc. Am. Soc. Clin. Oncol. 22
(2003) 203.

[10] M.J. Edelman, K.S. Bauer, T. Meiller, N. Porter, N. Nemieboka, J.
Desanto, D. Colevas, Proc. Am. Soc. Clin. Oncol. 22 (2003) 137.

[11] M. Zhao, Y. Zabelina, M.A. Rudek, A.C. Wolff, S.D. Baker, J. Pharm.
Biomed. Anal. 33 (2003) 725.

[12] M.A. Rudek, Y. Zabelina, M. Zhao, A.C. Wolff, S.D. Baker, Biomed.
Chromatogr. 18 (2004) 282.

[13] M.A. Rudek, M. Zhao, Y. Zabelina, G. Hallur, S. Khan, K.S. Bauer, A.D.
Colevas, A.C. Wolff, S.D. Baker, Clin. Cancer Res. 9 (2003) 6197s.

[14] C. Hartmann, J. Smeyers-Verbeke, D.L. Massart, R.D. McDowall, J.
Pharm. Biomed. Anal. 17 (1998) 193.


	Validation and implementation of a liquid chromatography/tandem mass spectrometry assay to quantitate dimethyl benzoylphenylurea (BPU) and its five metabolites in human plasma and urine for clinical pharmacology studies
	Introduction
	Experimental
	Chemical and reagents
	Preparation of stock solutions
	Preparation of calibration standards and quality controls in plasma
	Preparation of calibration standards and quality controls in urine

	Sample preparation
	Plasma
	Urine

	Equipment
	Calibration curves
	Plasma
	Urine

	Validation procedures
	Plasma
	Pre-study validation
	In-study validation

	Urine
	Pre-study validation
	In-study validation


	Pharmacokinetic analysis
	Plasma
	Urine


	Results and discussion
	Chromatographic separation and detection
	Linearity of detector responses
	Plasma
	Urine

	Accuracy, precision, and recovery
	Plasma
	Urine

	Analyte stability
	Plasma
	Urine

	Plasma concentration-time profile
	Plasma
	Urine


	Conclusions
	Acknowledgments
	References


