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a b s t r a c t

Phase II attrition of clinical candidates in the drug development cycle is currently a major issue facing
the pharmaceutical industry. To decrease phase II attrition, there is an increased emphasis on validation
of mechanism of action, development of efficacy models and measurement of drug levels at the site of
action. PD 0332991, a highly specific inhibitor of cyclin-dependent kinase 4 (CDK-4) is currently in clinical
development for the treatment of solid tumor. A clinical presurgical study will be required to better
understand how PD 0332991 affects signaling pathways and how the intratumoral concentration of PD
0332991 correlates with plasma PK parameters and molecular alterations in breast cancer tissues after
PD 0332991 treatment. Before conducting such a clinical study, it is important to evaluate PD 0332991
levels in tumor tissue samples from a xenograft mouse model for the determination of drug exposure
at the site of action. Therefore, the objectives of this study were (1) to develop and validate a sensitive
LC–MS/MS method to quantify PD 0332991 in mouse tumor tissues from MDA-MB-231-Luc human breast
tumor xenografts in SCID-beige mice; (2) to quantify PD 0332991 levels in mouse tumor tissues after
oral administration of PD 0332991 at 10 and 100 mg/kg using the validated LC–MS/MS method. Both
liquid–liquid extraction (LLE) and supported liquid extraction (SLE) in a 96-well format were developed
and evaluated to achieve optimal extraction recovery with minimal matrix effects. The newly developed

SLE method is more efficient (speed and ease) and demonstrates comparable recovery (93.1–100% at
three different concentrations) compared to the traditional LLE method. The validated LC–MS/MS for PD
032291 in mouse tumor tissue homogenate method exhibited a linear dynamic range of 0.1–100 ng/mL
with inter-day accuracy and precision within 15%. The validated method was successfully applied to
measure PD 0332991 levels in tumor tissues in MDA-MB-231-Luc human breast tumor xenografts in

n tum
008)
SCID beige mice. The mea
100 mg/kg were 1793 (±1

. Introduction

Cyclin-dependent kinases (CDKs) are members of a family of
erine-threonine protein kinase responsible for regulation of the
ukaryotic cell cycle [1,2]. Inhibition of CDKs associated with
ell cycle regulation is reported to provide an effective approach
o the control of tumor growth [3,4]. PD 0332991 is currently
n clinical development for the treatment of solid tumors and

s a selective inhibitor of CDK-4 that targets specific oncogenic
bnormalities in cancer [5,6]. It is well known that the use of pre-
linical studies in animals to derive predictive pharmacokinetic
PK)–pharmacodynamic (PD) models can aid in the prediction of

∗ Corresponding author. Tel.: +1 858 622 7935; fax: +1 858 622 5999.
E-mail address: Zhongzhou.Shen@pfizer.com (Z. Shen).

731-7085/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.jpba.2010.02.031
or concentrations at 6 h post-oral PD 0332991 administration at 10 and
and 25,163 (±3959) ng/g, respectively.

© 2010 Elsevier B.V. All rights reserved.

human PK–PD relationships. Plasma concentrations are commonly
used as a surrogate for drug concentrations in target tissues for
PK–PD modeling [7]. Although the relationship between plasma
concentrations and pharmacological effects has been successfully
used in PK–PD modeling for many drugs, it is generally considered
that pharmacological effects are related to the drug concentration
in target tissues [8–10]. In certain cases, drug failure in cancer
patients are attributed to development of drug resistance as a
result of inadequate levels of drug in the tumor [11–13]. A clin-
ical presurgical study will be required to better understand how
PD 0332991 affects signaling pathways and how the intratumoral

concentration of PD 0332991 correlates with plasma PK param-
eters and molecular alterations in breast cancer tissues after PD
0332991 treatment. Before conducting such a clinical study, it is
important to evaluate PD 0332991 levels in tumor tissue samples
from a xenograft mouse model for the determination of drug expo-
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http://www.elsevier.com/locate/jpba
mailto:Zhongzhou.Shen@pfizer.com
dx.doi.org/10.1016/j.jpba.2010.02.031


al and

s
w
0
h
0
1
m

m
m
t
s
p
e
p
m
c
t
L
s
c
b
t
p
o
s
i
p
a
t
i
d
e
c
u
b
i
d
d
a
i
i
t
f

d
T
f
e
d
i
t
r
t
L

2

2

(
H
c
b
S

L. Nguyen et al. / Journal of Pharmaceutic

ure at the site of action. Therefore, the objectives of this study
ere to develop and validate an LC–MS/MS method to quantify PD

332991 in mice tumor tissues (obtained from MDA-MB-231-Luc
uman breast tumor xenografts in SCID-beige mice and quantify PD
332991 levels in the xenograft mouse tumor tissues after a 10 or
00 mg/kg oral dose of PD 0332991 using the validated LC–MS/MS
ethod.
Previous studies for the determination of drug concentration in

ouse tissue were reported using liquid chromatography–tandem
ass spectrometry (LC/MS) after tissue homogenization. Most of

hese reports used a one step protein precipitation with organic
olvent such as acetonitrile or methanol [14–16]. Although protein
recipitation is one of the simplest sample clean-up procedures
mployed in bioanalysis, there exists significant endogenous com-
onents such as phospholipids remaining in the samples that
ay result in matrix effects. In addition, rapid deterioration of

hromatographic resolution and shortened analytical column life-
ime and poorer figures of analytical merit may be observed.
iquid–liquid extraction (LLE) procedures were also reported for
tudies conducted in mouse tissue [17,18]. One of these studies
oncluded that there were no significant matrix effects observed
etween protein precipitation and LLE because a large dilution of
he final protein precipitation sample extract was used for com-
arison [18]. Although LLE provides a cleaner sample extract, it is
ften difficult to automate successfully and may result in emul-
ion formation. Two-step extraction procedures were also utilized
n certain studies [19]. A recent study reported using online solid
hase extraction (SPE) for biological tissue samples. In this study,
protein precipitation procedure was initially applied to extract

he tissue homogenates followed by injection of the supernatant
nto the online-SPE-LC–MS/MS system [20]. Extrelut columns are
esigned as solid phase replacements for traditional liquid–liquid
xtractions and contain specially processed wide-pore diatoma-
eous earth (chemically inert matrix). These columns have been
sed for toxicological analysis of drugs and poisons in organ tissues,
lood and food products [21,22]. However, the Extrelut column

s not amenable as a higher throughput sample clean up proce-
ure since it is not available in a 96-well plate format. The newly
eveloped supported liquid extraction (SLE) 96-well plate contains
similar modified form of diatomaceous earth (chemical and phys-

cal properties may not be exactly the same as the Extrelut column),
s suitable for automation and serves as an alternative to tradi-
ional LLE. This technique has previously been reported primarily
or extraction of plasma based samples [23–25].

In this study, a Bessman tissue pulverizer was used to pro-
uce the best uniform homogenate for the mouse tumor tissues.
wo simple extraction methods, LLE and SLE in a 96-well plate
ormat were evaluated. The systematic evaluation of pH effect,
xtraction recovery, matrix effect, and carry-over during method
evelopment are described below. In addition assay sensitiv-

ty, linearity, precision, and accuracy of PD 0332991 in mouse
umor homogenates were assessed during method validation and
eported as well. This study represents the first report of drug quan-
ification in mouse tumor tissue using a 96-well plate SLE and
C–MS/MS.

. Experiment

.1. Chemicals, reagents, and materials

PD 332991 and the stable isotopically labeled internal standard

IS) were synthesized at Pfizer Global Research & Development.
PLC-grade water and all analytical organic solvents were pur-
hased from EDM Chemicals, Inc. (Gibbstown, NJ, USA). Potassium
icarbonate and potassium hydroxide buffers were obtained from
igma–Aldrich (St. Louis, MO, USA) and the pH adjusted with 1 N
Biomedical Analysis 53 (2010) 228–234 229

hydrochloric acid (HCl) solution (from Sigma–Aldrich) (refer to
sample preparation section). 96-deep well collection plates, vials
and tubes were purchased from VWR Scientific Products (West
Chester, PA, USA). The Bessman tissue pulverizer was purchased
from Thermo Fisher Scientific (Pittsburgh, PA, USA), and Isolute
SLE+ supported liquid extraction plates (200 mg) were purchased
from Biotage (Charlottesville, VA, USA).

2.2. Animal studies and sample collection

All animal husbandry and experimental procedures conducted
in this study complied with the Guide for Care and Use of Laboratory
Animals (Institute for Laboratory Animal Research, 1996) and were
approved by Pfizer Global Research & Development Institutional
Animal Care and Use Committee. SCID-beige female mice, 7–8
weeks, weighing 20–24 g were obtained from Charles River Labora-
tories (Sacramento, CA, USA) and acclimated for a 48-h period prior
to use. The stable luciferase-expressing MDA-MB-231-Luc human
breast cancer cell line (Caliper Life Sciences, Hopkinton, MA, USA),
was selected for its robust tumor quality. Tumor cells (3 × 106) were
suspended in 150 �L phosphate buffer saline (PBS) with 50% (v/v)
Matrigel (BD Biosciences, Cambridge, MA, USA) and implanted sub-
cutaneously into the right flank. Mice were randomized into three
groups with the same mean tumor volume of 350 mm3. Tumor
volume was calculated using the formula 0.5 × (length × width2).

PD 0332991 was administered via oral gavage at 10 and
100 mg/kg/day for 3 days prior to tumor collection. Tumors were
harvested 6 h following final administration, and immediately
transferred to a cryo-vial and frozen with liquid nitrogen after the
wet weight was recorded.

2.3. Tumor tissue homogenization

Tumor samples were individually ground to a fine powder with
a Bessman tissue pulverizer and cooled on dry ice. The powder was
immediately transferred to a sample vial and vortex mixed with
4 volumes of HPLC grade water to obtain a homogenate ready for
subsequent extraction. Tumor tissue homogenates were stored at
−70 ◦C prior to sample extraction and LC–MS/MS analysis.

2.4. Sample preparation—LLE and SLE

All tumor samples were homogenized. The final concentration
of PD 0332991 was determined in the tumor by normalization
based upon the weight of mouse tumor tissue collected. Stock solu-
tions of PD 0332991 (1 mg/mL) were prepared in acetonitrile. The
IS stock solution was also prepared in acetonitrile. Two separate
weighings of PD 0332991 were used to prepare stock solutions for
standard curve and quality control (QC) samples. All stock solutions
were stored at −20 ◦C. Standard curve samples were prepared by
spiking 5 �L of PD 0332991 into 100 �L of pooled mouse tissue
homogenate (pooled after confirming there were no interference
peaks from each individual mouse tumor homogenate). The stan-
dard curves were prepared in triplicate and consisted of eight
concentrations at 0.100, 0.250, 0.500, 2.50, 5.00, 12.5, 50.0, and
100 ng/mL. The QC samples were prepared at three concentrations
(0.30, 10, and 75 ng/mL).

100 �L of mouse tumor homogenate samples, along with stan-
dards and QCs, were aliquoted into 1.2 mL mesh tubes in a 96-well
plate for the LLE procedure. A 10 �L aliquot of IS working solution
(60 ng/mL) was added to all samples except double blanks, followed

by addition of 100 �L of potassium bicarbonate buffer (pH 10 or
as indicated). PD 0332991 was extracted with 0.4 mL methyl tert-
butyl ether (MTBE) following vortex mixing and centrifugation at
4 ◦C (3000 × g for 30 min). The organic layer was transferred to clean
0.65 mL mesh tubes in a 96-well plate and evaporated to dryness
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t room temperature under a gentle stream of nitrogen gas with
SPE DRY-96 evaporator (Jones Chromatography, Lakewood, CO,
SA). The samples were reconstituted in 100 �L of methanol, cen-

rifuged for 5 min, and 10 �L aliquots of the reconstituted solution
ere injected onto the LC column for mass spectral analysis.

For the SLE procedure, 100 �L mouse tumor homogenate sam-
les, along with standards and QCs, were aliquoted into 0.65 mL
esh tubes into a 96-well plate. A 10 �L aliquot of IS working solu-

ion (60 ng/mL) was added to all samples except double blanks,
ollowed by adding 100 �L of potassium bicarbonate buffer (pH
0 or as indicated). Samples were vortex mixed for approximately
min, and 200 �L of the aqueous mixture was then loaded onto a

solute SLE+ (200 mg) plate. A slight vacuum was applied so that
amples would only penetrate approximately three quarters of the
ed height of the SLE cartridge. After samples were allowed to soak
or 5 min, a total volume of 1.2 mL of MTBE (300 �L × 4 times) was
pplied to the cartridge and eluted by gravity flow. The collection
ubes containing the organic eluant were placed in a SPE DRY-96
Jones Chromatography Lakewood, CO, USA) and evaporated to dry-
ess at room temperature under a gentle stream of nitrogen The
amples were reconstituted in 100 �L of acetonitrile:water 75:25
v/v), and 10 �L aliquots of the reconstituted solution were injected
nto an LC/MS/MS for analyses.

.5. LC–MS/MS

A Shimadzu LC system, equipped with a binary solvent delivery
ystem LC-10 ADvp and a controller SLC-10Avp (Shimadzu, USA)
ere used. Chromatographic separation was performed using a

.0 mm ID × 50 mm Polaris C8-A (5 �m particle size) column at a

.6 mL/min flow rate. Mobile phase A contained water with 0.1%
ormic acid, and mobile phase B contained acetonitrile with 0.1%
ormic acid. A gradient elution program was used. The initial solvent
omposition was held at 5% B for 0.4 min and then changed linearly
o 99% B in 1.8 min and held at 99% B for an additional 2.7 min. The
olvent composition was then returned in a single step to the ini-
ial conditions for re-equilibration over an additional 1.5 min. The
otal run time was 6.4 min. The retention time for PD 0332991 and
S were approximately 1.2 min.

Quantitation was achieved using an MDS Sciex API 4000 triple
uadrupole mass spectrometer (Toronto, Canada) equipped with
turbo ion source. The instrument was operated in the positive

SI mode using multiple reaction monitoring (MRM). The turbo-
on voltage was set to 4.5 kV and the auxiliary gas temperature was

aintained at 525 ◦C. High purity nitrogen was used for GAS 1, GAS
, curtain, and collision gases. The mass resolution was set to a
eak width of 1 mass unit at half-height for both Q1 and Q3. The
lectron multiplier was set at 2100 V. Declustering potential (96 V),
ollision energy (37 V), entrance potential (10 V), and collision cell
xit potential (12 V) were set as indicated. The dwell time of each
RM transition was 150 ms. PD 0332991 and the IS were moni-

ored using specific precursor ion → product ion transitions of m/z
48 → 380 and m/z 451 → 383, respectively.

.6. Calculations

MDS Sciex Analyst software (v. 1.4.1) was used for data acquisi-
ion and chromatographic peak integration. The peak area ratios
f PD 0332991 and its stable isotopically labeled internal stan-
ard were plotted as a function of the nominal concentrations of
he analytes. The standard calibration curve was constructed using

eighted (1/x2) linear regression. PD 0332991 concentrations in

he mouse tumor homogenate samples were calculated from the
onstructed calibration curve and final tumor concentration was
ormalized to each individual mouse tumor weight and reported
s ng/g.
Biomedical Analysis 53 (2010) 228–234

2.7. Assay characterization and validation

The precision and accuracy of the method were evaluated using
QC samples at three concentrations (low, medium, and high) in
three replicates on three separate days of analyses. The precision
and accuracy were expressed as the coefficient of variation (CV) and
percentage of bias from the nominal concentrations of the QC sam-
ples, respectively. Dilution integrity was assessed by preparation
of PD 0332991 at 200 and 2000 ng/mL concentrations in control
tumor homogenate samples. A 100-fold dilution of the dilution
integrity QC samples with control blank tumor homogenate was
then performed prior to extraction.

The extraction recovery of PD 0332991 at 10 ng/mL was opti-
mized by adjusting the buffer pH (adjusted by titrating potassium
bicarbonate buffer with 1 N HCl solution). After pH optimization,
extraction recovery for PD 0332991 was evaluated at three different
concentrations (0.3, 10 and 75 ng/mL). The extraction recovery was
determined in triplicate by comparing the mean chromatographic
peak area of spiked-before-extraction samples with those of the
corresponding spiked-after-extraction standards. To determine the
bench-top stability of PD 0332991, three sets of QC samples (0.3, 10
and 75 ng/mL) in mouse tissue homogenate from the low, medium,
and high range of the calibration curve were prepared in triplicate
and left at room temperature for 3 h. The samples were then pro-
cessed and analyzed against freshly prepared standard curves. The
concentrations determined for the QC samples after storage were
compared to their theoretical values. The freeze/thaw stability (3
cycles) was investigated in a similar manner. The freeze/thaw QC
samples were analyzed after 3 cycles of frozen and thawed at room
temperature using freshly prepared standard curves. The stability
of PD 0332991 in mouse homogenate extracts was also determined.
The extracted QC samples were kept in the 96-well injection plate
over a 24-h period at 15 ◦C and then analyzed with freshly pre-
pared calibration curves. In addition, the long-term stability of PD
0332991 was evaluated by re-analyzing the PD 0332991 in mouse
tumor homogenates stored at −70 ◦C over a 5-month period.

3. Results and discussion

3.1. Chromatography and MS/MS detection

Positive turbo ion spray was chosen as the ionization tech-
nique. Mass transitions of m/z 448 → 380 for PD 0332991 and m/z
451 → 383 for IS were selected to monitor these analytes and the
resulting product ion mass spectra for PD 0332991 and IS are shown
in Fig. 1.

A Polaris C8, 5 �m, 2.0 × 50 mm (Varian, Palo Alto, CA, USA) with
mobile phases A and B as water with 0.1% formic acid and acetoni-
trile with 0.1% formic acid, provided optimal results in terms of peak
shape and sensitivity with acceptable retention time compared to
other columns (data not shown).

3.2. Sample processing, extraction recovery, and matrix effects

There are several basic cleanup procedures, protein precipita-
tion, SPE, LLE, and recently developed SLE, to achieve a rugged
assay for biological samples. We initially developed a LLE proce-
dure for PD 332991 from the mouse tumor homogenates. Based
on the compound structure the pKa values for PD 332991 were
determined to be around 4 and 7. The extraction recovery for PD
0332991 was therefore evaluated at different extraction pH lev-

els ranging between 8 and 13. The mean extraction recoveries for
PD 0332991 were >93% from pH 9–11, while the extraction recov-
ery decreased to 56% at pH 7 (data not shown). Therefore, the pH
was adjusted to 10 prior to extraction with MTBE. Since the newly
developed SLE could be further employed in a more automated
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ig. 1. MS/MS product ion mass spectra of PD 0332991 (A) and [3C3]-PD 0332991,
he internal standard (IS) (B).

ashion, a simple procedure using the SLE plate was developed.
ith dilution of the homogenate no clogging was observed when

pplying the tumor homogenate onto the SLE plate. In addition,
nstead of adding 1.2 mL of organic solution (MTBE) to the car-
ridge at once for the elution, 0.3 mL of MTBE was eluted four
imes to maximize the extraction recovery. The mean extraction
ecoveries for PD 0332991 were 93.1–95.1% for SLE and 93.9–100%
or LLE at 0.50, 7.5 and 75 ng/mL (n = 3 at each concentration

evel). Both the LLE and SLE procedures offer comparable extraction
ecoveries. The SLE procedure however, eliminates steps such as
ortex mixing, centrifugation, and transferring organic solution and
reventing emulsion formation. Therefore, compared to the tradi-
ional LLE method, the SLE procedure is easier, and faster, while

ig. 3. Representative LC–MS/MS ion chromatograms of a blank plasma sample (A) and a
ottom panel is for IS.
Fig. 2. Evaluation of matrix effect by T-infusing PD 0332991 in blank mouse tumor
tissue extract utilization both LLE and SLE procedure. Configuration of post infusion
system is included.

offering equivalent recoveries. Matrix enhancement/suppression
of ionization was assessed by comparing the absolute peak areas
of post-spiked extracted tumor homogenate analyte standards to
those of corresponding neat standards. A post-column infusion
experiment was also performed to further evaluate the matrix
enhancement/suppression for sample extracts obtained from both
the LLE and SLE procedures. As shown in Fig. 2, at the retention
time of the eluted analyte, neither ion enhancement nor ion sup-
pression was observed by both procedures. In addition, the average
peak areas between post-extraction spiked tumor homogenate
standards and the corresponding neat standards were very close
(less than 6%). These results confirmed a lack of matrix effects for
extracts from both the SLE and LLE methods.
3.3. Assay selectivity, sensitivity, linearity, precision, and
accuracy

The assay selectivity was assessed using 6 individual blank
mouse tumor homogenates. The chromatographic conditions

blank plasma sample spiked with 6 ng/mL IS (B). Top panel is for PD 0332991 and
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F /mL) (A) or ULOQ at 100 ng/mL PD 0332991 (B). Top panel is for PD 0332991 and bottom
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Table 1
Intra- and inter-day accuracy and precision of standards of PD 0332991 in mouse
tumor homogenates.

Nominal concentration
(ng/mL)

Mean determined
concentration (ng/mL)

Accuracy (%) CV (%)

Intra-day (n = 3)
0.100 0.098 98.5 8.2
0.250 0.260 104 6.7
0.500 0.503 101 6.9
2.50 2.33 93.4 2.4
5.00 4.96 99.2 1.8

12.5 12.5 101 5.6
50.0 52.4 105 2.3

100 98.7 98.7 7.4

Inter-day (n = 9)
0.100 0.104 103 12.0
0.250 0.238 95.0 9.3
0.500 0.449 89.9 2.1
2.50 2.65 106 0.7
5.00 5.16 103 3.4

12.5 13.4 107 3.3
50.0 51.6 103 5.3

100 91.7 91.7 5.5

Table 2
Intra- and inter-day accuracy and precision of qc samples of PD 0332991 in mouse
tumor homogenates.

Nominal
concentration
(ng/mL)

Mean determined
concentration
(ng/mL)

Accuracy
(%)

CV (%)

Intra-day (n = 3) 0.300 0.317 106 8.2
10.0 9.43 94.3 4.7
75.0 76.9 103 3.7
ig. 4. Representative LC–MS/MS ion chromatogram of PD 0332991 at LLOQ (0.1 ng
anel is for IS.

eported were found to be selective for PD 0332991 and IS. As
hown in Fig. 3, there was no interference in the blank tumor
issue homogenate chromatograms from endogenous substances
r from the IS contributing to the PD 0332991 MRM channel.
o evaluate the assay sensitivity, LLOQ (n = 6) was established at
.1 ng/mL based upon a signal-to-noise (S/N) ratio (based upon
eak to peak) of 19.1 ± 2.06. The linearity of the standard curve
as assessed based on a plot of the peak area ratio of PD 0332991

o IS versus drug concentration. A 1/x2 weighted linear regres-
ion model was used. Calibration curves were found to be linear
ver a concentration range of 0.1–100 ng/mL for PD 0332991, with
orrelation coefficients greater than 0.99. Fig. 4 illustrates repre-
entative ion chromatograms for the LLOQ (0.1 ng/mL) and ULOQ
100 ng/mL) of the calibration curve. Fig. 5 shows the representa-
ive ion chromatographs of PD 0332991 from a 6 h post-dose mouse
umor homogenate samples after an oral dose of 10 mg/kg. A strong
ash solvent (acetone:isopropanol:acetonitrile, 20:40:40, v/v/v)

oupled with an increased wash/equilibrium cycle (described in
he LC–MS/MS section), ensured that no significant carry-over (less
han 20% of LLOQ) was observed (data not shown).

Validation of the intra- and inter-day accuracy and precision
f the method over 3 days of analysis was assessed. Calibration
urves were prepared daily in triplicate for PD 0332991. In addi-
ion, three replicates at each of three QC concentration levels were
nalyzed on each validation day. Table 1 summarizes the valida-
ion data for accuracy and precision of each calibration standard
oncentration of PD 0332991. Table 2 presents the inter- and intra-
ssay precision for each of the QC samples. The intra- and inter-day
ccuracy and precision (% CV) acceptance criteria for each QC and
alibration standard was ≤15% (≤20% for standard at the LLOQ of
.1 ng/mL) and the validated method met these criteria. In order
o measure tumor concentration levels higher than the upper limit
f the standard curve, dilution integrity samples were assessed in

riplicate. These samples were analyzed following 1:100 dilutions
ith control tumor homogenates. The mean calculated concentra-

ions were within 111% of nominal concentration, with %CV values
ithin ±5.03%, demonstrating that the dilution process met the

cceptance criteria (Table 2).

Inter-day (n = 9) 0.300 0.271 90.4 10.4
10.0 10.7 107 5.3
75.0 69.9 93.1 6.6

Dilution QC (n = 3) 200 222 111 2.0
100-fold dilution 2000 2180 109 5.3
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Table 3
Assessment of stability of PD 0332991 in mouse tumor homogenates.

Nominal concentration (ng/mL)

0.3 ng/mL 10.0 ng/mL 75.0 ng/mL

Mean conc. (n = 3) Accuracy (%) Mean conc. (n = 3) Accuracy (%) Mean conc. (n = 3) Accuracy (%)

10.1 ± 0.3 101 73.1 ± 0.7 97.4
9.21 ± 0.66 92.1 73.7 ± 1.5 98.3
10.8 ± 0.4 108 72.9 ± 2.3 97.2
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Table 4
PD 0332991 concentration in mouse tumor at 6 h.a.

Dose (mg/kg) Concentration (ng/g)

Mouse 1 Mouse 2 Mouse 3 Mouse 4 Mean SD
Bench-top room temperature (3 h) 0.323 ± 0.021 108
Freeze–thaw (3 cycles) 0.338 ± 0.042 113
Auto sampler 15 ◦C (24 h) 0.311 ± 0.032 104

esults are presented as mean ± standard deviation.

.4. Stability

The bench-top stability was investigated to determine whether
he samples were adequately stable under these conditions over a
ufficient period of time to cover the sample preparation process.
he resulting data as shown in Table 3 indicated that PD 0332991
as stable in the mouse tumor tissue homogenate for at least 3 h

t room temperature. Freeze–thaw stability was evaluated after
hree cycles of freezing and thawing of three sets of mouse tumor
omogenate QC samples at low, mid, and high concentrations. The
ata listed in Table 3 demonstrated that PD 0332991 was stable
fter three freeze–thaw cycles. Extracts of PD 0332991 reconsti-
uted in acetonitrile:water (75:25, v/v) were also found to be stable
n the autosampler for at least 24 h at 15 ◦C prior to injection onto
he LC/MS/MS system. In addition, long-term stability was evalu-
ted by re-extracting and re-analyzing aliquots of the same study
amples after the mouse tumor homogenates was stored at −70 ◦C
or a period of 5 months. Similar PD 0332991 concentrations in

ouse tumor homogenates were obtained (<15% from the original
ample analysis, data now shown) suggesting that PD 0332991 was
table in mouse tumor homogenates for at least 5 months when
tored at −70 ◦C.
.5. Determination of PD 0332991 concentrations in mouse
umor

The validated method was successfully applied to determine PD
332991 concentrations in mouse tumor in a MDA-MB-231-Luc

ig. 5. Representative LC–MS/MS ion chromatogram of PD 0332991 from a 6 h post-
ose mouse tumor homogenate samples after the oral dose of 10 mg/kg. Top panel

s for PD 0332991 and bottom panel is for IS.
10 3230 1145 1045 1750 1793 1008
100 25, 350 27,250 28,500 19,550 25,163 3959

a Mouse tumor concentration was normalized by mouse tumor weight.

human breast xenograft model. The determined PD 0332991 tumor
concentrations from this experiment are shown in Table 4. After
normalizing the weight of mouse tumors, the mean tumor concen-
trations of PD 0332991 at 6 h post-dose at 10 and 100 mg/kg were
1793 and 25,163 ng/g, respectively. The tumor concentrations of PD
0332991 increased dose-proportionally by 10-fold as the dose was
increased from 10 to 100 mg/kg. Compared to the plasma concen-
trations from a previous mouse PK–PD study at similar doses (data
not shown), tumor concentrations of PD 0332991 appeared to be
higher than plasma concentrations at these two tested doses, sug-
gesting that this compound was well distributed to tumor tissues
in mice based on the assumption that extent of protein binding was
equivalent in both plasma and tumor.

4. Conclusions

We have successfully developed and validated an assay for mea-
suring PD 0332991 in mouse tumor using SLE in a 96-well format as
the extraction procedure. Compared to traditional LLE, this SLE pro-
cedure is simpler, easier, and faster, while offering good extraction
recovery. The validated method exhibited good intra- and inter-
day accuracy and precision over a dynamic range of 0.1–100 ng/mL
for PD 0332991 in the mouse tumor homogenate. This method has
been successfully applied to quantify tumor concentrations of PD
0332991 in mice in a MDA-MB-231-Luc human breast xenograft
model. The currently developed assay for mouse tumor tissues
could be easily adopted and validated to support future clinical
studies. The use of SLE in a 96-well format as the sample extrac-
tion procedure provides the potential for this method to be fully
automated.
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