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a b s t r a c t

ABT-263 is under development for treatment of cancer. In order to support clinical trials, an analytical
method for ABT-263 quantification in human urine became necessary. Due to the extremely poor solubility
of ABT-263 in aqueous and most common organic solvents, a critical step was to dissolve the drug into
urine matrix. Although other potential approaches could be used, addition of powder albumin was found
to be the most advantageous. Albumin powder does not significantly alter urine sample volume (≤2.8%)
and a range of albumin to urine sample volume ratios can be allowed for full recovery of drug and thus
ardly soluble drug
ydrophobic drug
rine
lbumin
etermination
iquid chromatography
andem mass spectrometry

accurate quantification. The procedure is fairly simple and can potentially be a universal approach for
compounds with low solubility in urine, but strong protein binding. The method has been validated to
support clinical trials.

© 2008 Published by Elsevier B.V.
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. Introduction

Tumor progression, maintenance and even chemoresistance
re commonly associated with the over-expression of prosur-
ival Bcl-2 family members like Bcl-2 and Bcl-xL [1,2]. ABT-263
s an investigational new drug (IND) under development as a
otent small molecule inhibitor of Bcl-2 family proteins [3,4]. In
reclinical evaluation stage of ABT-263 development, a series of
nalytical methods for determining drug concentrations in plasma
ere validated to support animal studies for toxicological evalua-

ions. Although ABT-263 is hardly soluble in water (<0.01 �g/mL)
nd most organic solvents due to its specific structure, as shown
ig. 1(A), insolubility of ABT-263 turned out not to be an issue in
he development of analytical methods in plasma due to strong
rug–protein interactions. In clinical development stage, a human
rine method becomes necessary for the determination of drug

learance. As a liquid waste product of human body, urine is
xcreted through kidneys by blood filtration. In addition to water,
norganic salts, urea, creatine, amino acids, peptides, proteins and
ormones, enzymes, carbohydrates, etc. are present in human

∗ Corresponding author. Tel.: +1 847 937 9812; fax: +1 847 938 7789.
E-mail address: jun.zhang@abbott.com (J. Zhang).
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rine. Salts play an important role for the significant reduction of
olubility due to the high ionic strength of human urine.

In order to stabilize hydrophobic compounds in urine, a number
f approaches have been reported [5–9]. The approaches include
ddition of a volume of acetonitrile [5], DMSO [6], surfactant [7],
nd bovine serum albumin (BSA) solution [8], to a certain volume
f the urine sample. The volume ratio between urine and additive
ust be fixed, otherwise the dilution factor of the sample cannot

ccurately be estimated and consequentially results in inaccurate
uantitation. Volume measurement or weighing must be involved
o determine how much liquid additive should be added to the sam-
les of unknown volume. In ABT-263 urine method development,
ost of these reported approaches for hydrophobic drugs in urine
ere tested and none could fit the need for this compound perfectly.
e since have developed a new urine sample treatment method
ith BSA powder. BSA addition altered urine sample volume less

han 2.8%, which was comparable with the natural variation of urine
ensity (up to 3.2%). A broad range of BSA/urine (weight/volume)
atio can stabilize the drug in human urine. Post-treatment of urine

amples with powder BSA, the urine samples were analyzed like
ormal plasma samples with extraction and LC–MS/MS detection
9–11]. The method has been validated according to USA FDA indus-
ry guidance for Bioanalytical Method Validation [12] to be applied
o support clinical trials.

http://www.sciencedirect.com/science/journal/15700232
mailto:jun.zhang@abbott.com
dx.doi.org/10.1016/j.jchromb.2008.07.027
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ig. 1. (A) Structure of ABT-263. (B) Structure of ABT-263 Internal Standard (ABT-263
8).

. Experimental

.1. Reagents

As a reference standard, ABT-263 was made by Abbott Labora-
ories (North Chicago, IL, USA). The structure of ABT-263 is shown
n Fig. 1(A). Deuterated ABT-263 internal standard (IS) was also
repared by Abbott Laboratories. The structure of ABT-263 IS is
hown in Fig. 1(B). HPLC grade acetonitrile and methanol were
rom EMD Sciences (Gibbstown, NJ, USA). Acetic acid was also from
MD Sciences. A.C.S. grade ammonium acetate was from J.T. Baker
Phillipsburg, NJ, USA). Distilled water was further purified by a

illi-Q water purification system from Millipore (Billerica, MA,
SA). Human urine was from Biological Specialties (Colmar, PA,
SA). Bovine serum albumin was from Sigma–Aldrich (Milwaukee,
I, USA).

.2. Instruments

A Microlab AT2 Plus automated liquid handler from Hamilton
Reno, NV, USA) was used during sample preparation. Centrifu-
ation was performed using a Jouan CR412 centrifuge (Jouan,
inchester, VA). HPLC system consisted of a LC-10ADvp liquid

hromatography pump and a SIL-HTc integrated autosampler and
ystem controller from Shimadzu (Kyoto, Japan). A switching valve

etween MS and waste from Valco Instrument (Houston, TX, USA)
as used to direct solvent flow. An API-4000 mass spectrometer
ith turbo ionspray (ESI) interface from MDS-Sciex (Concord, ON,
anada) was used as the detector. The mass spectrometer was con-
rolled by Analyst 1.3.2 software from Applied Biosystems (Foster

t
c
c
t
c
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ity, CA, USA). The data processing was performed with another
omputer running Analyst 1.4.2 software from Applied Biosystems
s well.

.3. Chromatography

A Betasil Cyano column (50 mm × 3.0 mm, 5 �m, 100 Å) from
hermo Fisher Scientific (Waltham, MA, USA) was used as the ana-

ytical column and a stainless steel frit (0.094′′ × 0.062′′ × 0.25′′ SS)
rom Upchurch Scientific (Oak Harbor, WA, USA) was used as a
re-column filter. The mobile phase consisted of 1 mM ammonium
cetate and 0.1% acetic acid in a mixture of methanol and water in a
atio of 95:5 (v/v). The mobile phase was also used to wash the out-
ide of the autosampler injection needle. Chromatography ran for
pproximately 2.5 min at a flow rate of 0.5 mL/min. Data collection
as started at 1.25 min and lasted for 1.25 min. The HPLC flow was
iverted to mass spectrometer only when data was being collected.

.4. Detection

An API-4000 mass spectrometer with a turbo ionspray source
as utilized as a detector for chromatographic elution. The ioniza-

ion probe was operated at positive ion mode. The SRM channels
onitored were m/z 974 → m/z 742 for ABT-263, and m/z 982 → m/z

82 for ABT-263 IS, as shown in Fig. 2. The spray needle voltage
as 4500 V, the source temperature was set to 500 ◦C. Optimized

ollision energy was 40 eV for ABT-263 and 61 eV for ABT-263 IS.
ll other parameters of mass spectrometer were optimized with
combined flow infusion of analyte and the mobile phase at

.5 mL/min.

.5. Data processing

The data processing was performed using Analyst 1.4.2 software.
nly a single set of integration parameters was used to process
ll data within each run throughout the validation. The processed
ata was stored in Watson Version 7.2, a Laboratory Information
anagement System (LIMS) from Thermo Fisher Scientific. The

uantitation and statistical analysis were performed in LIMS. A
eighting factor of 1/(x·x) was used in the calibration fitting.

. Results and discussion

.1. Method development

The challenges in the human urine method development for
BT-263 were mostly related to the poor solubility of the compound

n common solvents except methanol. Due to the poor solubility in
ater (ng/mL), developing a method to obtain a practical dynamic

ange for a bioanalytical method in human urine was a difficult task.
In order to prepare homogeneous calibration standards and

Cs of ABT-263, one option was addition of solubility enhancing
eagents to keep ABT-263 soluble regardless of the differences in
atrices and pH. During plasma method development, ABT-263

id not present such a challenge even though plasma was a mostly
queous substance. Sufficient solubility in human plasma was pre-
umably due to its very high protein binding capability.

Addition of plasma could have been a potential solution. How-
ver, plasma would need to be added into the sample collection
ontainers because it would be impossible to obtain a represen-

ative aliquot once the sample is transferred into a secondary
ontainer. Any transfer prior to the addition of the solubilizing agent
ould result in a drug loss. In addition, a dilution of drug concentra-
ion would result from plasma addition. In order to measure drug
oncentration accurately, a dilution factor would need to be fixed.
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ig. 2. Representative chromatograms of a blank sample (A), a blank sample with
nternal standard (B), and an LLOQ sample (0.8 ng ABT-263 on-column) (C). Chro-

atogram acquisition starts 1.25 min after injection.

n other words, certain volume of plasma would need to be added
ccording to the volume of the urine sample, which implies that
ultiple volume measurements would be needed. This option also

resents some disadvantages such as: the need for a large volume of
uman plasma to mix with the urine matrix in order to obtain good
nough solubility, while plasma to plasma differences might com-
ound the differences from urine to urine and possibly add matrix
ffects to quantitation. Due to the availability of human plasma, it
s also costly to implement this option.

An alternative would be using concentrated albumin solution
such as bovine serum albumin or BSA). This approach would
equire volume measurements for the urine sample. Also, even with
ery high concentrations of BSA solutions commercially available

35% BSA), the volume of BSA would need to be at least 10% of the
ample volume to obtain the appropriate solubility. Again, multi-
le volume measurements are needed to ensure accurate results.
owder albumin was found to be the best option for multiple rea-
ons. First, the amount of albumin added to urine in this method
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ontributes less than 2.8% to the sample volume change even up to
6 mg/mL albumin in human urine based on six density determi-
ations from the same lot of matrix. In the albumin contribution
xperiment, the mean of measured density of blank urine was
.023 ng/mL and the mean of measured density of urine with albu-
in added was 1.051 ng/mL. This change of volume is negligible

ompared with variation of urine sample density determination
up to 3.2% among different lots). Powder albumin could be added
nto the primary containers for urine collection at collection site
r into the confined collection container like that of the anticoag-
lant added in blood collection. When a range of albumin to urine
olume ratio is validated, the amount of albumin addition does not
ave to be accurately measured based on the volume of the urine
amples. Once the method of preparation for standards and QCs
sing BSA was determined, the next step was the development of
he sample extraction procedure. A protein precipitation technique
as developed using acetonitrile as the organic solvent to induce
rotein precipitation. However, the poor solubility of the drug in
cetonitrile needed to be addressed, otherwise the drug may not
e extracted uniformly at various concentrations. From the physic-
chemical characterization, it was found that lower pH increases
olubility, so in this case precipitation using a 1% addition of acetic
cid to the acetonitrile was implemented. In addition to improv-
ng drug solubility, the acidified acetonitrile crash helped provide
leaner extract and reduce the amount of impurities being intro-
uced into LC–MS/MS. The Betasil cyano column was chosen due
o its selectivity to dipole–dipole interaction and allowance for the
ppropriate retention of the analyte.

.2. Method validation

Method has been validated with reference to the Guidance
or Industry Bioanalytical Method Validation, USA Food and Drug
dministration (May 2001). The validation included evaluation of

he linearity of calibration standards, precision and accuracy of
uality controls (QC), lower limit of quantitation (LLOQ) and upper
imit of quantitation (ULOQ), matrix effect, selectivity and recovery.
he impact of added albumin concentration was evaluated as well.
he validation results are summarized as follows.

.2.1. Sample preparation
Stock solutions used for calibration standard and quality control

QC) preparations were prepared from two independent weighing.
olutions were prepared from solid powders and dissolved with
0:20 (v/v) methanol:water, then they were stored in a refrigerator
t approximately 4 ◦C. In order to spike the drug into human urine
ith added albumin concentration at approximately 33 mg/mL, the

tock solutions were prediluted into working solutions before spik-
ng. Eight calibration standards ranged from 0.0531 to 11.0 �g/mL.
hree QC levels ranged from 0.125 to 8.90 �g/mL. For storage, the
tandard and QC samples were aliquoted into 4 mL polypropylene
est tubes, and were frozen at approximately −20 ◦C until they were
sed.

.2.2. Sample extraction procedure
ABT-263 was extracted from the human urine using a semi-

utomated 96-well protein precipitation technique. The procedure
s detailed as follows. Samples were completely thawed at room
emperature while protected from light and then mixed well. If
here was no albumin added into the urine samples before, the

rine sample volume was estimated by visual examination if not
lready known and albumin was added to ensure albumin/urine
olume ratio was within a pre-defined range. 10 �L of internal stan-
ard solution were transferred using the repeater pipette to each
ell of a new 2.2 mL 96-well plate except for the well containing
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Table 1
Accuracy and precision of quality controls, LLOQs and ULOQs (nominal concentra-
tions are given in bold)

Run Calculated ABT-263 concentrations (�g/mL)

LLOQ QC 1 QC 2 QC 3 ULOQ
0.0531 0.125 1.12 8.90 11.0

1 0.0569 0.124 1.10 9.40 11.7
0.0569 0.122 1.09 9.78 10.2
0.0567 0.122 1.12 9.57 11.5
0.0548 0.129 1.12 9.02 11.3
0.0492 0.124 1.08 9.18 10.6
0.0511 0.114 1.06 9.48 11.0

2 0.0510 0.122 1.06 8.69 11.0
0.0493 0.118 1.06 9.10 11.2
0.0547 0.121 1.05 8.66 11.3
0.0558 0.127 1.11 8.98 11.5
0.0518 0.124 1.11 9.19 11.1
0.0535 0.119 1.17 9.22 11.2

3 0.0538 0.118 1.04 9.25 10.9
0.0532 0.120 1.06 9.05 10.5
0.0569 0.124 1.12 9.17 11.1
0.0536 0.122 1.11 9.25 11.5
0.0613 0.129 1.12 9.61 11.4
0.0563 0.129 1.17 9.16 11.0

Mean concentration found 0.0543 0.123 1.10 9.21 11.1
Inter-run S.D. 0.00309 0.00413 0.0380 0.290 0.385
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nter-run %CV 5.7 3.4 3.5 3.1 3.5
nter-run %Bias 2.3 −1.6 −1.8 3.5 0.9

18 18 18 18 18

he blank. 10 �L of 80:20 (v/v) methanol:water were transferred
sing the repeater pipette to the well designated for the blank
o compensate the composition. 40 �L of sample were transferred
sing the Hamilton to each well of the 2.2 mL 96-well plate accord-

ng to the plate map, then mixed by aspirating and dispensing
times 100 �L. 200 �L of 1% acetic acid in acetonitrile solution
ere added to each well of the 96-well plate, then mixed by

spirating and dispensing 6 times 200 �L. The 96-well plate was
entrifuged for approximately 5 min at approximately 3000 × g
ooled with a setting of 10 ◦C. 100 �L from each well were then
ransferred using the Hamilton to a new 2.0 mL 96-well plate. The
late was then dried under a flow of nitrogen heated with a set-
ing of 70 ◦C. 100 �L of Reconstitution Solution were then added to
ach well of the 96-well plate. The 96-well plate was capped and
ortexed on a multi-tube vortexer for approximately 1 min. 10 �L
f the solution in each well were consecutively injected into the LC
S/MS.

.2.3. Linearity of calibration standards
In validation experiments, total six batches were extracted with

calibration standards in each batch. Mean %bias was between
2.8% and 1.4% for calibration standard levels. Minimum calculated

oefficient of determination (r2) was 0.9988 from all six calibration
urves.

.2.4. Accuracy and precision of LLOQs, ULOQs and QCs
In the validation, three consecutive batches were designated for

he evaluation of accuracy of QCs, LLOQs and ULOQs. In the evalu-
tion, three concentration levels of QCs to cover the low, mid and
igh ends of the calibration range, LLOQ as the lowest calibration
tandard and ULOQ as highest calibration standard were extracted

n six replicates with the calibration standards in each batch. A
otal of 54 QCs, 18 LLOQs and 18 ULOQs were extracted and all of
hem were within the acceptance criteria. The results are shown in
able 1. The nominal concentrations were shown in bold in Table 1.
verall %CV was not greater than 3.5% and mean %bias was between

f
3
t
t
c
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1.8% and 3.5% for all QCs. %CV was 5.7% and mean %bias was 2.3%
or LLOQs. %CV was 3.5% and mean %bias was 0.9% for ULOQs.

.2.5. Matrix effect
In order to evaluate the matrix effect, six matrix effect qual-

ty controls were prepared at a concentration close to the low QC
y spiking drug into six individual human urine lots with added
lbumin at a concentration of approximately 33 mg/mL. The pH
f the individual lots of urine ranged from 5 to 8. Six replicates
or each lot were extracted, then the concentration was calculated
gainst the calibration curve. The calculated concentrations were
ompared with the nominal values from spiking for the calculation
f %bias. In the six lots tested, all 36 replicates were within 15% of
he nominal concentration, and the mean % bias for the individual
ots was between −7.0% and 9.4%.

.2.6. Selectivity
In order to demonstrate the selectivity of this method, six lots

f blank matrix with and without IS were screened for interfer-
nce from endogenous matrix components. No interference was
bserved. All blank samples had undetectable peaks at the reten-
ion time of the LLOQ. A typical chromatogram of a selectivity
ample without IS is shown in Fig. 2(A). The deuterated internal
tandard did not contribute to the ABT-263 peak area and that can
e seen in Fig. 2(B), which shows the chromatogram of a blank
ample with internal standard. Fig. 2(C) is the chromatogram of an
LOQ sample for comparison. The LLOQ signal is sufficiently above
he noise level to provide a distinctive limit of quantitation. In addi-
ion, the carryover was tested using a blank sample with internal
tandard injected immediately after a high standard. The carryover
as found to be less than 0.1% by peak height.

.2.7. Extraction recovery
In order to evaluate the extraction recovery, recovery controls

RC) were prepared in 80:20 (v/v) methanol:water at three different
oncentrations. Recovery evaluation (RE) QCs were also prepared at
hree similar concentrations in matrix with albumin. In the evalua-
ion experiment, 40 �L of a RE QC sample were treated as a normal
ample (i.e. internal standard and extraction solvent were added)
nd were extracted into the injection plate as in the sample extrac-
ion procedure. In some other designated wells of the 96-well plate,
0 �L of matrix (blank urine with albumin) were treated as a normal
ample (i.e. internal standard and extraction solvent was added)
nd were extracted into the injection plate as in the sample extrac-
ion procedure. Prior to drying 40 �L of RC solution were added
o the wells of the injection plate, then dried and reconstituted as
ormal. Extraction recovery was calculated by comparing RE QC
nd RC samples at three concentration levels. Measured extraction
ecovery was between 37.5% and 42.1% (based on approximately
0% transfer of extracts). The extraction recovery of ABT-263 IS was
lso measured in the similar way, measured recovery was 46.4%.

.2.8. Impact evaluation for added albumin concentration
In order to evaluate the impact of added albumin concentration,

arious amounts of albumin were added into the quality control
amples prepared by spiking drug into individual polypropylene
ubes that were then capped. By considering the volume variation
f sample collection, different albumin/sample volume ratio was
valuated at two different concentrations similar to the low and
igh quality control samples. The urine sample volume range was
rom 1.0 to 4.0 mL. The final concentration of albumin was between
3 and 66 mg/mL. The variation in concentration of albumin added
o unknown samples of various volumes was found to be sufficient
o cover the possible ratio among urine volume, albumin and drug
oncentration. Acceptable values show the results are not affected
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ignificantly regardless of the amount of albumin added if within
he validated range of 33–66 mg/mL. Mean bias for three replicates
ested at each level was between −8.7% and 0.4% for the samples
ith a final albumin concentration of approximately 66 mg/mL and
14.2% and 0.1% for the samples with a final albumin concentra-

ion of approximately 33 mg/mL albumin. All tested samples were
easured within 100 ± 15% of their nominal concentrations.

.2.9. Stability of urine samples
The freeze–thaw and short-term room temperature were tested

sing evaluation QC samples with albumin added during the QC
reparation prior to initial freezing and also ones with albumin
dded after freezing and prior to analysis. The first scenario could
over the samples collected in the containers with albumin added at
he collection time and then stored, and the second scenario could
over the samples collected in the containers without albumin
dded and stored. For the evaluation of QC samples with albumin,
ets of quality control samples were treated with at least three sim-
lated freeze/thaw cycles to cover assay, possible re-assays or even
echnical thawing like freezer failure, etc. QC samples without albu-

in added were evaluated for only two additional freeze–thaw
ycles to cover the necessary freeze/thaw and possible technical
hawing. The first cycle evaluation QC samples were frozen for a

inimum of 24 h at −20 ◦C. All subsequent evaluation cycles were
rozen at −20 ◦C for at least 12 h between thaws. Samples were
hawed completely under the intended condition, held at room
emperature for a documented period of time and returned to the
reezer at approximately −20 ◦C for storage. A record was kept to
etermine the approximate time the samples were at room temper-
ture. The concentration of the evaluation samples was computed
sing the calibration curve. The concentration of the evaluation
amples was compared to the concentration of the control sam-
les, which were samples that experienced their first thaw on the
ay of analysis. Mean bias was calculated by comparing the deter-
ined concentration of evaluation QC samples and the determined

oncentration of control samples. A mean bias within ±15% was
sed as an acceptance criterion. Freeze/thaw evaluation QC samples
ith albumin added were stable for at least 4 freeze/thaw cycles

n polypropylene cryogenic vials protected from light and were
xposed to room temperature for at least 77 h. Freeze/thaw eval-
ation QC samples without albumin were stable for 3 freeze/thaw
ycles in polypropylene cryogenic vials protected from light and
ere exposed to room temperature for at least 24 h.

Frozen storage stability was also evaluated using both quality
ontrol samples with and without albumin added at preparation.

tability was established for a period between the initial evalua-
ion and a later evaluation of samples from the same preparation
sing a fresh calibration curve. All calculated concentrations were
ompared to the nominal concentration. Frozen storage stability
as established for at least 41 days of storage in polypropylene

[

[
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ryogenic vials at −20 ◦C for evaluation samples with albumin, and
t least 34 days of storage under the same conditions for samples
ithout albumin.

. Conclusion

Albumin powder was used as a new solubility-enhancing addi-
ive for human urine sample preparation. This novel approach is
imple. Unlike organic solvents, human plasma or albumin solu-
ion, albumin powder does not significantly alter the urine sample
olume. Albumin can be added similar to the way anticoagulant is
dded in blood collection improving the representative sampling
f urine from a block container into sample tubes. Because a range
f albumin to urine sample volume ratio is allowed, the approach
s simple and the quantity of albumin does not need to be pre-
ise for each sample. The treatment using this approach has been
uccessfully used to stabilize a poorly soluble drug (ABT-263) in
uman urine. The method has been validated to support clinical
rials. Proper addition of albumin into the sample collection con-
ainers within validated albumin/urine volume ratio range greatly
mproves drug recovery and enables reproducible sampling for
ccurate quantitation of the drug. This approach represents a new
ay to stabilize strong protein-binding drugs with low aqueous

olubility in urine samples.
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