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Abstract

To support pharmacokinetic studies, a selective and sensitive liquid chromatography/tandem mass spectrometry (LC-MS/MS) method has
been developed and validated for the simultaneous determination of a novel KDR kinase inhjtatat {ts active metabolite) in human
plasma. The method is fully automated using a Packard MultiPROBE Il system and a TomTec Quadra 96 liquid handling workstation to
perform sample preparation and solid-phase extraction (SPE). Following the extraction on a mixed-mode SPE using Oasis MCX 96-well plate,
the analytes were separated on a Aquasil C18 column (5&rrh mm, i.d., 3um) with a mobile phase consisting of acetonitrile/ammonium
acetate buffer (5 mM, pH 5.0) (60/40, v/v). The run time for each injection was 4.5 min with the retention times of approximately 2.0
and 2.7 min forl and2 respectively, at a flow rate of 0.25 mL/min. A tandem mass spectrometric detection was conducted using multiple
reaction monitoring (MRM) under the positive ion mode with a turbo ion-spray interface. The linear ranges of the calibration curves were
0.05-400 ng/mL fod and 0.1-400 ng/mL fo2 on a PE Sciex APl 4000 LC-MS/MS system. The lower limits of quantitation (LLOQ) of the
assay were 0.05 and 0.1 ng/mL fband?2 respectively, when 0.4 mL of plasma was processed. Intra-day assay precision (using five standard
curves prepared by spiking compounds to five lots of plasma) was less than 4. 9#nfibtess than 9.6% f@on each concentration. Assay
accuracy was found to be 95.1-104.6% of nominallfstandards and 93.5-105.6% fstandards. QC samples were stable when kept at
room temperature for 4 h, at70°C for 10 days, and after three freeze—thaw cycles. The extraction recoveries were 80%, 83% and 84% for
land2 and I.S. respectively, and no significant matrix effects were observed. The method was successfully applied to plasma samples from
clinical studies after oral administration of compound
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction important targets for anticancer drug thergpy?2]. Vascular
endothelial growth factor (VEGFs) has been shown to be se-
The recent development in understanding the biochemicalcreted by tumor cells and microphages, and considered as a
mechanism in the processes of carcinogenesis disclosed thatey angiogenic factor of tumor-induced angiogeng3jg].
angiogenesis, a process involving the new blood vessel for-The kinase insert domain containing receptor (KDR), also
mation needed for tumor growth and metastasis, is one of theknown as VEGRF2 tyrosine kinase (VEGFR-2), is a trans-
membrane VEGF receptor that possess intrinsic cytoplasmic
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extraction recovery and matrix effect were assessed. The
method was validated over the ranges of 0.05-400 ng/mL
for compoundL and 0.1-400 ng/mL for compourbn a PE
Sciex APl 4000 LC-MS/MS system, using 0.4 mL plasma
sample.

2. Experimental

2.1. Materials and solutions

2.1.1. General materials

Compoundsl and its metabolite (Fig. 1) were syn-
thesized at the Merck Research Laboratories, Merck & Co.
(West Point, PA, USA]13]. Compound (Fig. 1), containing
eight deuterium labels on the piperazine ring of compalnd
H was obtained from Merck Research Laboratories (Rahway,
NJ, USA), and used as an internal standard (1.S.) in the as-
say. HPLC grade acetonitrile and ammonium acetate, optima
grade methanol, laboratory grade formic acid (90%) and ACS
grade acetic acid and ammonium hydroxide (29.7%) were
obtained from Fisher Scientific (Pittsburgh, PA, USA). Hu-
man control plasma (sodium heparin as anticoagulant) was
purchased from Biological Specialty Co. (Colmar, PA, USA).
Water was purified by a Milli-Q ultra-pure water system from
Millipore (Bedford, MA, USA). Oasi8MCX (mixed-mode
cation exchange) 96-well extraction plate (10 mg/well) was
purchased from Waters Corporation (Milford, MA, USA) and
used for solid-phase extraction (SPE) of plasma samples.

3(.S.)

Fig. 1. Chemical structures of compourids3, the internal standard (I.S.).

[5]. It functions as a critical regulator in signal transduction
pathways that affect cell proliferation, differentiation, mi-
gration and metabolism. Blocking KDR activity limits the
VEGF-induced blood vessel formation in most tumors, and
thus inhibits growth and metastases of the tuféeB]. Since

the inhibition of KDR selectively targets the tumor associated
vessels, the anticancer therapy through this mechanismis ex2.1.2. Solutions for plasma assay

pected to be safe and well tolerated by cancer pat[é6is
Compound 1, 3-[5-(4-methanesulfonyl-piperazin-1-yl-
methyl)-1 H-indol-2-yl]-1H-quinolin-2-one Fig. 1), is a

A solution of acetonitrile/0.1% formic acid (50:50, v/v)
was used as dissolving solvent, reconstitution solvent after
SPE, and washing solvent for both Packard Liquid Handling

novel and potent KDR kinase inhibitor, which is under clin- System and Leap Autosampler. A solution of acetic acid
ical investigation for the treatment of cancer. As part of the (0.1 M) was prepared to acidify the plasma samples before
drug development process, the pharmacokinetics needs to bextraction and wash SPE plate after loading. A solution of
determined. Compoun®lis aN-oxide metabolite ofl with methanol/29.7% ammonium hydroxide (95:5, v/v) was pre-
comparable potency as its parent compound. Since its con-pared as the SPE eluting solvent for compoubdsd?2 in
centration appears to be about 10% of parent drimy rat plasma. The mobile phase for the LC-MS/MS assay was
plasma during preclinical pharmacokinetic studies, it will be prepared by combining 600 mL acetonitrile, 360 mL Milli-Q
important to explore the concentration leveldin human water and 40 mL ammonium acetate (50 mM, pH 5.0) which
plasma. was prepared in advance and its pH was adjusted with acetic
Rapid growth of using 96-well extraction technology in acid. The mobile phase was filtered through agh2nylon
conjunction with LC-MS/MS for the analyses of drugsin bio- filter prior to use.
fluids has led to the successful high throughput drug quantifi-
cation with excellent selectivity and sensitiviti1,12] De-
scribed here is an automated method that utilizes this technol-
ogy for the simultaneous determinatiori@nd its metabolite Forthe plasma assay, a Packard MultiPROBE Il automated
2 in human plasma to support the clinical pharmacokinetic liquid handling system (Meriden, CT, USA) and a TomTec
studies. The selected extraction technology is solid-phase ex-Quadra 96 workstation (Model 320, Hamden, CT, USA) were
traction (SPE) in 96-well format using Waters Oasis MCX used to perform sample transferring and automated solid-
product that contains a mixed-mode polymeric sorbent with phase extraction (SPE) process respectively. LC-MS/MS was
reversed-phase and cation-exchange functionalities. The conperformed on a LC micro pump (Series 200 from Perkin-
ditions for sample preparation, chromatography and massElmer, Ontario, Canada) and 96-Well Plate Autosampler
spectrometer detection were optimized. The assay specificity,(HTS PAL System from Leap Technology, Carrboro, NC,

2.2. Equipment
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USA), coupled to a Sciex API 4000 triple quadrupole mass
spectrometer with a Sciex Turbo lon Spray Interface (Sciex,

Toronto, Canada) used in the positive-ion mode. The data
were collected and processed through Analyst 1.1 software.

During the synthesis of compour3dthe identities of all in-
termediates and the final product were establishedHby
NMR, using a Varian Unity 400 spectrometer (Palo Alto,
CA, USA).

2.3. Chromatographic conditions for plasma assay

The HPLC separation was performed on an Aquasil C18,
50 mmx 2.1 mm column with 3um particle size from Key-
stone Scientific (Bellefonte, PA, USA) with a il sample
injection. The mobile phase was composed of acetonitrile
and ammonium acetate buffer (5mM, pH 5.0) at a ratio of
60/40 (v/v), and its flow rate was 0.25 mL/min. The column
temperature was maintained at°®5to improve peak effi-
ciency. A mixture of acetonitrile and 0.1% formic acid with a
ratio of 50:50 (v/v) was used as the injector washing solution.

289

lyte to the internal standard versus the nominal concentration
() of each analyte.

2.5. Preparation of calibration standards and QC
samples

Internal standard and two separate weighing of each ana-
lyte were prepared under yellow light and dissolved in ace-
tonitrile and 0.1% formic acid in the ratio of 50:50 (v/v) to
make stock solutions. One set of analyte stock solutions was
used to prepare calibration standards, and the other set was
used to make QC samples. The concentration of stock solu-
tion for each analyte was 40y/mL (free base form). Work-
ing standards were the mixture of compouddmd? at the
concentration levels of 0.5-4000 ng/mL in acetonitrile/0.1%
formic acid (50/50, v/v). They were prepared by serial dilu-
tions from the analyte stock solutions, and stored in amber
glass tubes at 4C. A 50ng/mL 1.S. working solution was
obtained by dilution of 2pug/mL I.S. stock solution in ace-
tonitrile/0.1% formic acid (50/50, v/v). Plasma calibration

The autosampler was protected from light exposure, and itsstandards were prepared daily by addingul0of working

temperature was set t0’6.
2.4. MS/MS detection and calculation for plasma assay

A PE Sciex API 4000 triple-quadrupole mass spectrome-
ter with a turbo-ionspray interface ionization source operated

standard and 4QL of 50 ng/mL I.S. into 40Q.L of control
plasma to provide final concentrations of compouhedad?2

in plasma ranging from 0.05 to 400 ng/mL. QC samples were
prepared at 0.15, 10 and 200 ng/mL for compofiraahd 0.3,

10 and 200 ng/mL foP, aliquoted into 3 mL polypropylene
vials and then stored at70°C freezer.

in a positive ion mode was used to quantitate the analytes. Pre-

cursor ions for compounds-3 (1.S.) were determined from

2.6. Sample preparation and solid-phase extraction

Q1 spectra obtained during the infusion of their neat solutions (SPE)

into the mass spectrometer with the collision gas off. Each
of the precursor ions was subjected to collision induced dis-
sociation (CID) to determine the resulting product ions. The
ion pairs (precursor ios> product ion),m/z 437— 273 for
compoundl, m/z453— 273 for2 andm/z445— 273 for3,
were selected for multiple reaction monitoring (MRM). The

Control plasma, QCs and clinical samples were thawed at
room temperature, mixed by vortex, and centrifuged at about
1000x g RCF, 10°C for 5 min. An aliquot of 40QuL of each
sample (or control plasma for standards) was transferred from
the vial into a 2 mL 96-well deep-well plate (Matrix Tech-

instrument setting was adjusted to maximize the response fornologies Corp., Hudson, NH, USA) by the Packard Multi-

each of the analytes and I.S. respectively during t-shape in-

fusion in the presence of mobile phase. A high voltage of

PROBE Il robotic liquid handler. Between transferring, the
MultiPROBE tips were rinsed with water, acetonitrile/0.1%

4.5 kV was applied to the sprayer. The turbo gas temperatureformic acid (50/50, v/v), and then water again. No carryover

was 450C and the auxiliary gas flow was 30L/min. The
flow settings of nebulizing gas (nitrogen), collision gas (ni-

from sample transfer tips was observed. The following solu-
tions: 40u.L of working standard (for calibration standards)

trogen), curtain gas (nitrogen) at the instrument were 55, 4 or solvent (for single blank, QC and clinical samples)pd0

(CGT =2.0x 10 molecules per cA) and 15 L/min, respec-
tively. The optimized declustering potential (DP), collision
energy (CE), collision cell exit potential (CXP) were set at
46,21 and 16 V for compourid 38, 20 and 14 V fo, 45, 19

and 19V for3, respectively. The optimized entrance poten-
tial (EP) was 5V for all compounds. The dwell times were
200 ms for compound% and 3 and 300 ms for compound

2. Both Q1 and Q3 quadrupoles were set at unit resolution.
For each injection, the total acquisition time was 4.5 min.
Peak area ratios for calibration curves and quantitation of
unknowns were calculated using Analyst software version
1.1. Calibration curve was obtained by weighedd)Lleast

of 50 ng/mL of I.S. working solution and 520 of 0.1 M
acetic acid were then sequentially added to each well to make
total of 1000 mL of acidified sample mix. After vortex, the
sample plate was moved to Tomtec Quadra 96 workstation
to perform automated SPE using O&#CX mixed-mode
extraction plate. Aliquot of 900.L of the acidified samples
was loaded onto the SPE plate under applied vacuum with-
out conditioning step. The sample wells were then washed
with 800uL (transferred 40Q.L twice because of the tip
volume limitation on Tomtec) of 0.1 M acetic acid, followed
by 800p.L of acetonitrile. After drying the SPE plate by cen-
trifugation at about 20& g RCF, 5°C for 5min, the ana-

squares linear regression on the peak area ratio of each andytes were eluted with 0.5 mL of methanol/29.7% ammonium
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hydroxide (95/5, v/v) into a new 1 mL deep-well collection evaluated by performing precision and accuracy determina-
plate (MicroLiter Analytical Supplies, Suwanee, GA, USA). tion from five different lots of plasma (see intraday valida-
The collected eluent was evaporated under a stream of nitro-tion).
gen at 35C on a SPE Dry-96 (John Chromatograph, Lake-
wood, CO, USA). The residues were reconstituted indb0
of acetonitrile/0.1% formic acid (50/50, v/v), and the samples 3. Results and discussion
were ready for injection to LC—MS/MS. All procedures were
conducted under yellow light due to the light sensitivity of 3.1. Chromatographic and MS/MS conditions
compoundL.
Compound1, which contains a methanesulfonyl-pipe-
2.7. Method validation razine group, was determined to hav€pvalues of 7.97
and 3.78 (calculated from the software ACDLals&{[DB
The selectivity of the assay was confirmed by processing version 4.5, Advanced Chemistry Development Inc.). The
control plasma from six different lots. Intraday precision and use of acetonitrile/0.1% formic acid (50/50, v/v) as a mo-
accuracy were determined by analyzing five standard curvesbile phase resulted in either poor retention or tailing peak
in five different lots of control plasma. Assay accuracy was shape or both on most of the tested C18 columns: Keystone
calculated from a least-squares regression curve constructe&cientific BDS Hypersil C18, Waters Xterra MS C18, AN-
using all five replicate values at each concentration, and theSYS Polaris C18-A and Supelco Discovery C18. With a mo-
intraday precision (%CV) was calculated from the peak area bile phase of acetonitrile/ammonium acetate buffer (5 mM,
ratio of parent versus I.S. for each concentration used to con-pH 5.0) (60/40, v/v), Aquasil C18 column (50 mri2.1 mm
struct the standard curve. The final concentrations on the stanwith 3 wm packing) from Keystone Scientific exhibited the
dard curve were 0.05, 0.1, 0.2, 0.5, 2, 10, 20, 100, 300 andbest peak shape and retention characteristics for compounds
400 ng/mL. QC samples were analyzed after first freezingand1 and 2. The carryover between each injection was solved
thawing, and the measured concentrations were consideredy using acetonitrile/0.1% formic acid (50/50, v/v) as a
as the initial values. The short-term stability was evaluated needle washing solvent. The column temperature was set
after the storage of QCs in the freezer for more than 10 days.at 35°C because it sharpened the peak of compo2ist
Freeze—thaw stability was evaluated using QC samples thatas to improve its assay precision, especially at the lower
went through three cycles of freezing and thawing, with at limit of quantitation (LLOQ). Compound4 and 2 were
least one-day storage a70°C between each thaw. Bench- baseline separated with retention times 2.0 and 2.8 min,
top stability was tested by comparing the measured concen-respectively.
tration of QC samples that has been kept at room temperature  Precursor ions of compounds3 were determined from
under yellow light (experimental condition) for 4 h with their Q1 scans during the infusion of neat solutions in a positive
initial data. The stability of processed samples in autosamplerionization mode using auto-tuning function in Analyst soft-
at 5°C was assessed by comparing the results of QC samplesvare. Three precursor iongyz 437 for 1, n/z 453 for 2
analyzed at the end of the run (at least 16 h in autosampler)andnvz 445 for 3, were subjected to collision induced dis-
with those analyzed at the beginning of the run. Reinjection sociation (CID) and tuned simultaneously in order to deter-
reproducibility was demonstrated by comparing the results mine the resulting product ions. Under the optimized frag-
of the same five intraday-validation curves analyzed before mentation conditions, one major product ionw% 273) was

and after storage at20°C for at least 7 days. present in each of the product ion scans of compounr@s
as shown irFig. 2 Therefore, the mass transition patterns,
2.8. Extraction recovery and matrix effect m/z437— 273, 453— 273 and 445 273 were selected to

monitor compound4—3 respectively.

SPE extraction efficiency was evaluated at the nominal  Since compound$ and3 (1.S.) gave identical ions in Q3
concentrations of 0.2, 10 and 300 ng/mi=5 at each ana-  and co-eluted under chromatographic condition, the “cross-
lyte concentration) and the working concentration of 5ng/mL talk” between channels used for monitoring the compound
for I.S. (n=15). Recovery of the extraction was determined 1 and I.S. was evaluated by analysis of their neat individual
by comparing the absolute peak areas of the pre-spiked an-solutions at 1000 ng/mL. The responses in the MRM mass
alyte with those of the post-spiked analyte. The pre-spiked transition channels used for quantification were monitored.
analyte was prepared by the extraction procedure describedNo “cross-talk” or interference between the compound
in Section2.6. The post-spiked samples were the drug-free and internal standard was observed. Since comp@umas
control plasma extract prepared by the same manner and thefaseline separated froh under assay chromatographic
spiked with working stocks containing compourids. conditions prior to its mass spectrometric analysis, the

The matrix enhancement/suppression of ionization was potential interference of in-source fragmentation2oivas
evaluated by comparing the absolute peak areas of the postavoided.
spiked standards with those of the neat standards in reconsti- Representative extracted ion chromatograms of a con-
tution solvent. On the other hand, the matrix effect was also trol plasma single blank and a plasma standard containing
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Fig. 2. MS/MS product ion mass spectra of the protonated moledvlesH)* of compoundsl and2 and I.S. atw/z 437, 453 and 445 respectively.

0.05 ng/mL of compoundl (LLOQ), 0.1 ng/mL ofcompound  (reversed phase and cation-exchange) solid-phase extrac-

2 (LLOQ) and 5ng/mL of I.S. are shown irig. 3(Panel A tion plates were evaluated systematically by using Wa-
and B). ters Oasis MCX, 3M Empof& MPC-SD (purchased from

Phenomenex) and ANSYS SPEC MP1 and MP3, all in

3.2. Sample preparation, extraction recovery and matrix ~ 96-well plate format. Due to the observation of signifi-

effect cant matrix effect (more than 20%) and interference peaks
with 3M Empore MPC and ANSYS SPECs, respectively,

A selective, high-throughput solid-phase extraction Oasis MCX was selected as the SPE sorbent of choice.
method was developed utilizing automated 96-well plate Since Oasis MCX contains strong cation-exchange sulfonic
technology for isolation ofi-3 from plasma. Mixed mode  acid groups on the surface of Oasis HLB sorbent, it can
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Fig. 3. Representative MRM chromatograms for (A) single blank, control human plasma fortified with 5ng/mL I.S.; (B) LLOQ, 0.05 ng/mL of coinpound
and 0.1 ng/mL of compoun2with 5ng/mL I.S. in human plasma standard; (C) predose plasma sample from subject #001; (D) 4 h post-dose plasma sample
from subject #001 following a 12 mg single oral dose of compoliithe concentrations found in this sample were 34.5 and 0.319 ng/mL for compbunds
and2, respectively.
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allow relatively specific extraction of basic analytes from Extraction recovery and the effect of sample matrix on
plasma. LC-MS/MS detection were evaluated for both analytes and
The extraction procedure, including sorbent conditioning, the internal standard. Recovery of the extraction procedure
sample loading, washing and eluting steps, was then opti-was determined by comparing the absolute peak area of stan-
mized on a 10 mg Waters Oasis MCX 96-well plate. The dard in human plasma prepared as per the described bio-
SPE recoveries were comparable with or without condition- analytical method, with that of post-spiked standard-control
ing of the sorbent, so that the conditioning step was removedplasma extracted in the same manner and then spiked with a
in this assay. It is worth mentioning that extraction without know amount of analytes. Five replicates were used for com-
conditioning step is considered as an optional step for extrac-poundsl and2 at each of the nominal concentrations of 0.2,
tion of urine samples, but not being encouraged for plasma.10 and 300 ng/mL, which generated 15 replicates of I.S. at
Our results demonstrated that it can be applied to the plasmab ng/mL working concentration. The mean extraction recov-
analysis without sacrificing the assay recovery and repro- eries for compounds-3 were 79.9%, 83.2% and 84.4%, and
ducibility. Before extraction, the sample was mixed with an coefficients of variation werg3.6%,<7.7% and 2.8%, re-
equal volume of acid solution to lower the pH enough to form spectively Table 1. Matrix enhancement/suppression of ion-
protonated analytes, and also to release analytes from proteirization was evaluated by comparing the absolute peak area of
binding. Several acid solutions, including 2% and 10% formic the post-spiked standard to that of neat standard in reconstitu-
acid, 0.4 M phosphoric acid (pH 2) and 0.6% (0.1 M) acetic tion solvent. Less than 10% matrix suppression was observed
acid were evaluated. It appeared that there was no significan{Table 1. Based on this result and the intra-day precision and
difference between the tested acid solutions in terms of re- accuracy values obtained from five different lots of plasma
covery, which indicated that the weak acid 0.1 M acetic acid (Table 2, the matrix effect should not have a significant im-
(relative to other tested acid solutions) was strong enoughpact on assay performance.
to protonate compounds-3. Therefore, 0.1 M acetic acid The availability of automation and Oasis MCX SPE plate
was chosen to acidify plasma as loading mix. After washing provided significant benefit on the sample throughput and
with 0.1 M acetic acid and 100% acetonitrile, an attempt to efficient sample clean up. During the sample preparation,
add a third washing step to elute out some basic but morestandards and internal standard, QCs and plasma samples
polar impurities was not successful, because analyte break-were pipetted into 96-well plate by Packard MultiPORBE
through was observed with the third wash containing as little 1l liquid handling system. Once in the 96-well format, all
as 10% acetonitrile in 5% ammonium hydroxide solution. liquid transfer steps were handled using TomTec Quadra 96
After rinsing, sample was eluted with methanol/30% ammo- workstation, including sample loading, washing and eluting.
nium hydroxide (95/5, v/v), equivalent to a final 1.5% am- The Oasis MCX cartridge stood out among other choices
monium hydroxide in the eluting solvent. The composition because of its high selectivity and low matrix effect. Our
of the elution solvent is critical for the simultaneous determi- results proved that, in extracting basic drugs from human
nation of both compounds, because replacement of methanoplasma, Oasis MCX gave reasonable recovery with limited
with acetonitrile in the elution solvent significantly lowered variation without requiring a conditioning step. In addition,

the recovery of compoung@. The stability of compounds since Oasis MCX is a polymer based sorbent, there was no
and2 under the sample preparation conditions was tested andimpact on performance if the cartridge runs dry during sample
confirmed. preparation.
Table 1
Extraction recoveries and matrix effects of compoukd3(1.S.) in human plasma
Nominal Mean peak area Mean peak area Mean peak area Recovery (%) Matrix effecf (%)
concentration (ng/mL) (n=5) (pre-spiked) (n=5) (post-spiked (n=5) (neaty [%CV] [%CV]
Compoundl
0.2 5268 7272 7860 80.5[3.4] 92.5[4.6]
10 298200 431400 478600 76.8 [3.6] 90.1[2.1]
300 8718000 11760000 12640000 82.4[2.9] 93.0[1.4]
Compound?
0.2 3064 4168 3726 81.7[7.7] 111.9[4.9]
10 169200 228200 217000 82.4[3.0] 105.2 [1.9]
300 4652000 6052000 6002000 85.4[4.1] 100.8[0.7]
1.S. (h=15)
5 135933 178133 197133 84.4[2.8] 90.4 [4.0]

@ Pre-spiked is the standard spiked into plasma before extraction.

b post-spiked is the standard spiked in the extract of control plasma.

¢ Neat is the standard in reconstitution solvent.

d Calculated as [(mean pre-spiked peak area/mean post-spiked peak 46€Aa%6.
€ Calculated as [(mean post-spiked peak area/mean neat peak A@GIPo.
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Table 2
Intraday precision and accuracy for the determination of compofahs!
2in five lots of control human plasma

Nominal Mean Accuracy (%) Precisiof

concentration concentration (%CV)

(ng/mL) (ng/mL)

Compoundl
0.050 0051 1021 4.9
0.10 Q099 988 4.4
0.20 Q19 951 2.3
0.50 Q049 973 24
2.0 197 983 1.8
10.0 104 1040 14
20.0 201 1003 1.0
100.0 1046 1046 0.4
300.0 2990 997 0.7
400.0 39% 999 1.3

Linear regressiofR=0.998; slope =0.213; intercept=0.0007

Compound
0.10 0103 1030 9.5
0.20 0187 935 41
0.50 0504 1007 3.2
2.0 205 1026 5.0
10.0 106 1056 45
20.0 204 1021 8.5
100.0 1019 1019 9.4
300.0 2818 939 35
400.0 3874 969 9.6

Linear regression R=0.999; slope =0.118; intercept=0.0007
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3.3. Specificity, sensitivity, precision and accuracy

The selectivity of the plasma assay was assessed in six
different lots of human control plasma. No interfering peak
was observed in the retention time window of the analytes
and internal standard under the assay conditions.

An assessment of intra-day variability of the assay was
conducted with five standard curves that were prepared in five
different lots of control human plasma over their calibration
ranges, 0.05-400 ng/mL for compouhdnd 0.1-400 ng/mL
for 2. The assay precision and accuracy data and linear regres-
sions for both analytes are presentediable 2 The intra-
day assay precision, as measured by coefficient of variation
(%CV), was less than 4.9% for compoutichnd less than
9.6% for2 for each concentration on both calibration curves.
Assay accuracy was found to be 95.1-104.6% of nominal for
all compoundL standards and 93.5-105.6% for compo@nd
standards. The linear correlation coefficient values for both
analytes were better than or equal to 0.998. The lower limit of
guantitation (LLOQ) was defined as the lowest concentration
of the analyte that can be analyzed with an accuragyld%
of the nominal value and a coefficient of variation (%CV)
<15%. The LLOQ forl was found to be 0.05 ng/mL with
accuracy 102.1% and precision (%CV) 4.9%. The LLOQ for
2 was found to be 0.1 ng/mL with accuracy 103.0% and pre-
cision 9.5%.

2 Expressed as [(mean measured concentration/nominal concentra-

tion) x 100]% (=5).
b Expressed as coefficient of variation (%CV) based on peak area ratios
(n=5).

Table 3

Intraday and interday accuracy and precision of quality control (QC) samples of compband2 in human plasma

Compoundl Measured concentration (ng/mL)
LQC 0.15 (ng/mL) MQC 10 (ng/mL) HQC 200 (ng/mL)

Intraday

Mean f=5) 0154 1090 2138

Precision (%CW) 21 47 5.0

Accuracy (%} 1025 1090 1069
Interday

Mean fi=3) 0.161 104 2110

S.D. Q007 Q3 100

Precision (%CW) 46 33 46

Accuracy (%} 1075 1043 1056
Compound LQC 0.3 (ng/mL) MQC 10 (ng/mL) HQC 200 (ng/mL)
Intraday

Mean fi=5) 0.340 972 1988

Precision (%CW 42 6.2 6.1

Accuracy (%¥ 1133 97.2 994
Interday

Mean fi=3) 0.333 109 2000

S.D. 0023 Q5 140

Precision (%CW 6.9 50 7.0

Accuracy (%F 1111 1091 1000

2 Expressed as [(mean measured concentration/nominal concentsafion]%.

b Expressed as coefficient of variation (%CV) based on peak area ratios.
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Table 4 40 1
Stability of the QC samples of compountiand2 in human plasma (unit: - =5
percent of initial values iTable 3 _g —e— Compound 1 Los E
Nominal Three Room Processed € %7 —=— Compound 2 g
concentration freeze—thaw temperature sample in .g - 0.6 E;
(ng/mL) cycles =3) 4h n=3) autosampler 4 20 &
16h 1=3) 5 Lo4 &
O O
Compoundl g 104 ©
0.15 1028 1058 1019 5 o2 5
0.3 999 1053 1044 o e E—K_s
10.0 982 1006 979 0 . ‘ : . 0
2000 985 988 909 0 20 40 60 80 100
Compound2 Time (h)
0.3 911 987 997
10.0 1135 1159 1200 Fig. 4. Plasma concentration-time profile of compouhdmd?2 from a
2000 1098 1102 1066 healthy male subject #001 receiving a 12 mg single oral administration of
compoundL.
3.4. Evaluation of QC stability der the described storage and working conditions for at least

6 months (data not shown).
Quality control (QC) samples containirigand 2 were

prepared at concentrations of 0.15 (three times of LLOQ 3 5 application to clinical studies
for compoundl), 0.3 (three times of LLOQ fog), 10 and

200 ng/mL. Theintraday and interda_y precisiqn an(_:l accuracy  The described method has been successfully applied to
for QC samples at each concentration are giveTable 3 five clinical studies to determine plasma concentration lev-
and the intraday measured mean concentrations were used a5 of compoundg and/or2 in support of pharmacokinetic
initial values to evaluate the stability of the analytes. analysis in Phase | clinical studies. Representative chro-
The stability experiments were designed to test effects of yatograms of human clinical plasma samples obtained from
freeze—thaw cycles, short-term storage at room temperatureg qosed subject are showig. 3 (Panel C and D). A rep-
and storage in autosampler during sample analysis. These eXtesentative plasma concentration—time profile of compounds
periments were performed as described in Sedighand 1 and2 in a healthy volunteer, subject #001, after receiving
all stability results are summarized Table 4 It indicated a single oral 12 mg dose dfis shown inFig. 4. The active
that three freeze—thaw cycles for QC samples had no signifi- n_oxide metabolite, compourgl appears to be consistently

cant effect to the concentration of analytes; the analytes caniggs than 1% of parentat all doses tested. The data suggest
well tolerate room temperature for at least 4 h during sample th5t2 is a minor circulating metabolite in human.

preparation; and both analytes were stable in the autosam-

pler at 5°C for at least 16 h. Since the extracted sample may

need to be refrigerated during analysis, re-injection repro- 4 conclusion
ducibility was demonstrated by comparing the results of the

same five intraday-validation curves analyzed before and af- A sensitive and automated assay combining mixed mode
ter storage at-20°C for 7 days. The results showed thatthe gpg gnd LC—MS/MS was developed and validated for the
reinjected replicates met the same precision and accuracy Crixjmultaneous determination of compoubdand its active
teria as the originally injected samples (data not shown), andyetapolite in human plasma. The mixed mode SPE proce-
indicated that storing the extracted sample-280°C did not  qyre provided a highly efficient sample clean up with excel-
affect the quantitative determination of bdtandinplasma  |entrecoveries, without requiring a sorbent conditioning step.

samples. o _ The combination of HPLC and MS/MS led to specificity and
_ Due to the poor solubility of compound, precip-  sensitivity of drug quantification with broad dynamic ranges.
itation was observed in its dg/mL stock solution in  Aytomation and short HPLC run time increased throughput
acetonitrile/10 (50/50, v/v) after storage at20°C. To  of sample analysis. The method has been successfully ap-
solve this problem, the stock solutions and working solutions plied to the determination of plasma concentration levels of

were prepared in acetonitrile/0.1% formic acid (50/50, v/v), compoundd and2 in support of pharmacokinetic studies in
and stored at 4C. Because of this acidic storage condition, phase | clinical trails.

the evaluation of working-stock stability became particularly

important. This issue can be assessed by comparing the mea-

sured concentration of working stock with its desired nominal paterences

concentration. The calibration standard curve in this case was

constructed with fresh-made working stock solutions. It has [1] 3. Folkman, Nat. Med. 1 (1995) 27.

been demonstrated that both analytemd2 were stable un- [2] B.R. Zetter, Ann. Rev. Med. 49 (1998) 407.
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[3] H.T. Zhang, P. Craft, P.A. Scott, J. Natl. Cancer Inst. 87 (1995) 213. [10] L.M. Ellis, W. Liu, S.A. Ahmad, F. Fan, Y.D. Jung, R.M. Shaheen,
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