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Abstract

SCH 201781 is a direct thrombin inhibitor recently under study in clinical trials to determine its safety and efficacy for the treatment of
venous and arterial thrombosis. In aqueous solution, SCH 201781 exists as three forms, a ring-opened hydrated form and two ring-closed
diastereomers. An automated solid-phase extraction LC-MS/MS method that chromatographically separates and measures each form was
developed and validated from 1 to 1000 ng/mL in human plasma. For calibration curve standards, within- and between-run precision (%CV)
ranged from 0.6 to 13.7%, while accuracy (%bias) ranged freh8 to 13.1%. For quality control samples, within- and between-run %CV
ranged from 1.5 to 9.9% while %bias ranged frer@.1 to 4.9%. The method requires a sample volume of 0.8 mL and utfizetabeled
SCH 201781 as the internal standard. For sample processing, an Isolute C-8 96-well solid phase extraction plate and a Tomtec Quadra 96
sample processor is employed. Separation of the three forms of SCH 201781 is achieved ysimgarinx 100 mm Asahipak C8 HPLC
column and gradient elution. A Sciex APl 365 equipped with a turbo ionspray source is used in the selected reaction monitoring mode for
detection. The validated method was used to support clinical studies.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction used for the treatment of arterial and venous thromldais
However, the major liabilities to the clinical utility of heparin
SCH 201781 IN-[1-(aminoiminomethyl)-2R and S)hy- include plasma protein binding, thrombocytopenia and the

droxy-3(§)-piperidinyl]-1,2-dihydro-3-[[(3-methoxyphenyl)  dependence of the antithrombotic effects on the plasma co-
sulfonylJamino]-2-oxo]-1-pyridineacetamide is an orally factorg2]. Directthrombininhibitors suchas SCH201781do
active thrombin inhibitor currently under study for the not possess the disadvantages of indirect thrombin inhibitors
treatment of venous and arterial thrombosis. and are equally active against free and clot-bound thrombin
Venous and arterial thrombosis is one of the leading causeg3]. Animal studies have shown consistent evidence of the
of death in the western world. Currently, heparin is widely antithrombotic effects of SCH 201781, suggesting that SCH
201781 is a potent antithrombotic agent with a long duration
* Corresponding author. Present address: Boehringer-Ingelheim Pharma-of action.

ceduticals, Inc., 900 Ridgebury Road, Ridgefield, CT 06877-0368, USA. To support clinical studies, an automated liquid chroma-
Fax: +1 203 7916003 ) ) ) tography—tandem mass spectrometric (LC-MS/MS) method
E-mail addressprudewic@rdg.boehringer-ingelheim.com . .
(P.J. Rudewicz). for the determination of SCH 201781 was developed and
1 Present address: Biogen Idec, Cambridge, MA 02142, USA. validated in human plasma.
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2. Experimental matography, Lakewood, CO 80228, USA) was conditioned
with 0.8 mL methanol, then 0.4 mL of water. Following con-
2.1. Materials ditioning of the solid-phase extraction block, each sample

was applied to a well and washed with 2mL water, then
Both the test article, SCH 201781, and the internal stan- 1 mL water/acetonitrile (60/40 (v/v)), and air dried at 10 psi

dard (IS),°Hg-SCH 201781, were synthesized at Schering- for 1 min. Each sample was eluted with 0.5 mL 0.1% triethyl-
Plough Research Institute (SPRI) (Kenilworth, NJ 07033, amine in methanol into a clean polypropylene elution block
USA). Both SCH 201781 and the internal standard were and evaporated to dryness under a heated stream of nitrogen
stored at 3C and protected from light. Blank (analyte- set at 40C. The resulting residue for each sample was re-
free) heparinized human plasma was purchased from Bio-constituted with 10@Q.L of a solution of 0.05% formic acid
logical Speciality Corp. (Colmar, PA 18915, USA). The in water/methanol/acetonitrile (80/10/10 (v/v/v)) and mixed.
reagents used for extraction and subsequent analysis inEach block was then centrifuged at 20Q0g for 5min. A
cluded methanol (Baxter/Scientific Products, McGaw Park, volume of 15.L of each sample was injected onto the LC-
IL, USA), acetonitrile (JT Baker, Danvers, MA, USA), formic  MS/MS system.
acid and triethylamine (EM Science, Gibbstown, NJ, USA).
Water was from a Nanopure-UV water purification system 5 4 | c-MS/MS conditions
(Barnstead, Dubuque, 1A, USA). All reagents were of ana-

lytical grade or better and were used prior to their respective  The LC-MS/MS system consisted of two Shimadzu LC-

expiration dates. 10AD pumps, a Shimadzu SCL-10A A HPLC pump con-
] o ) troller, and a PE Sciex API 365 mass spectrometer.

2.2. Stock solutions, calibration standards, and quality The analytical column used for this assay was a 2mm

control samples x 100 mm, 5um Asahipak C8P-50 (Agilent Technologies,

_ Newark, DE 19711). The mobile phase consisted of: mo-

A stock solution of SCH 201781 (2Q@/mL) was pre-  pjle phase A, 0.05% formic acid in water; and mobile phase
pared in acetonitrile/2 mM ammonium acetate in water (1/1 B, 0.05% formic acid in methanol/acetonitrile (1/1 (V/v)).
(Vv)) and used to prepare spiking solutions for the calibra- The three forms of the analyte and IS were separated chro-
tion curve standards. A second stock solution (2gmL), matographically using a linear gradient elutidalfle 3. The
prepared from a separate weighing of the same batch of SCHatosampler wash solutions were acetonitrile/water (90/10
201781 was chromatographically compared to the first stock (yx)) and acetonitrile/methanol/0.05% formic acid in water
solution and shown to agree within 5%. This second stock so- (10/10/80 (v/v/v)). The injection volume was .
lution was used to prepare the QC samples. A stock splution of  The API 365 mass spectrometer was operated in positive
He-SCH 201781 (IS, 20g/mL) was also prepared in ace- o, TurbolonSpray mode. The turbo ionspray probe tempera-
tonitrile/2mM ammonium acetate in water (1/1 (v/V)). This e was set at 40GC with an auxiliary gas flow of 7.5 L/min.
internal standard stock was diluted with acetonitrile/2mM The ion spray voltage was set at 4800 V, declustering poten-
ammonium acetate/water (1:1:6 (v/v/v)) to prepare and IS j5] was 52 V, and collision energy was 36 V. The following
working solution at a nominal concentration of 0.626 ng/mL. gelected reaction monitoring (SRM) transitions of the respec-
The stock solutions of the analyte and the IS were mass specyjye [M + H]* ions were used to quantify SCH 201781 in
trometrically screened for interfering substances prior to use. hyman plasma: SCH 201781 hydratez 497 — m/z 321,

Spiking solutions of SCH 201781 were added to human 2H¢-SCH 201781 hydratenz503— mVz327, SCH 201781
plasma to achieve the required concentrations of the a”a|yteepimersm/z479—> m/z321,2Hg-SCH 201781 epimersyz
A set of eight calibration standards in triplicate ranging from 485 _, 1vz327. Dwell time for each transition was 250 ms.
1.00 to 1000 ng/mL of SCH 201781 were prepared fresh for  The mass axis of the instrument was calibrated by infusion
each analytical run. Quality control (QC) samples were pre- of polypropylene glycol (PPG) 425 in methanol/water (50/50
pared in human plasma pools and storeet@9°C until an- (v/v)) containing 0.1% formic acid, 0.1% acetonitrile, and

alyzed. The following QC pools were prepared: QC at lower 5 .M ammonium acetate, at a flow rate of dldmin. The
limit of quantitation (QC LLOQ, 1 ng/mL), QC low (QC L,

3ng/mL), QC medium (QC M, 450 ng/mL), and QC high Table 1
(QC H, 900 ng/mL), and QC dilution (QC D, 1800 ng/mL). | ¢ gradient program

23 Extraction procedure Step Time (min) Flow ratey(L/min) %B
1 0.0 200 20

An 800uL aliquot of each standard or QC sample was § 22 288 28
pipetted into a separate polypropylene micro-tube. A volume 4 5.4 200 80
of 50uL of the IS working solution was added, by the ex- 5 5.8 200 80
traction apparatus, to each sample and mixed. The 96-well® 5.9 200 20

solid-phase extraction block (Isolute C8, 100 mg, Jones Chro-” 6.0 200 Stop
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sensitivity of the instrument was optimized using an infusion H.C m/z 321
of a 5pug/mL mixed solution of the analyte and internal stan- ° \O/Q
dard at 1QuL/min into a flow of 200.L/min of mobile phase e N
using the initial gradient conditions (30% eluent B). Peak O//S\ / i 0
widths were approximately 0% 0.05amu at half-height in N N N NH:
both single MS and MS/MS modes. o HO OH
2.5. Software
Hydrate
HQ m/z 321

Sample Control version 1.4 software (PE Sciex Inc., Con-

cord, Ont., Canada) was used for instrument control and data o} N

acquisition. MacQuan (v. 1.4) software (PE Sciex Inc., Con- S / Q

cord, Ont., Canada) was used for peak integration. Regres- N N N NW/NHZ
© OH N

sionwas performed using Watson LIMS software (v.5.3.1.01,
PSS, Inc., Wayne, PA 19087).

e}
© @
A\Y

2N

. . . . Epimer A
2.6. Validation and sample analysis study design

H,G m/z 321
Validation was carried out according to the US Food o)
and Drug Administration (FDA) and pharmaceutical industry

0 A
S - s’ o]
guidelined4]. The within- and between-run accuracy and the o” N / N
ell ) N NH,
precision of standards and QCs were assessed with three core N - T
validation runs. Precision and accuracy atthe LLOQ level was o OH N

assessed in one of the core validation runs with six QC LLOQ _

samples. Each core validation run contained three standard Epimer B

Cur\./es’ QCs at three concen_tratlons:(_G .at each concen- Fig. 1. Three forms of SCH 201781 structures in aqueous solution: a piperi-
tratlon)' Each run _also contained a m_lmmum of two k_)lank dine ring-opened hydrate and two ring-closed epimers, A and B.

plasma samples without IS and two with IS (not used in the

regression). Six different lots of blank plasma were screened
for endogenous interference. Additional validation runs (for

stability, recovery, and dilution test) and sample analysis runs miz 327
contained duplicate standard curves, QCs at three concentra- CDs D
tions (h = 3 at each concentration), and a minimum of four o 0 N
blanks (two without IS and two with IS). sl 0
(6] N N \ NTNHZ
3. Results and discussion ° HO  OHN
D

3.1. Isomers and hydrate Hydrate

CD; D mi/z327

In aqueous solution, SCH 201781 exists in three forms: a © 0 N

piperidine ring-opened hydrate and two ring-closed epimers, D //S\/ / Q
Aand B Fig. 1). The three forms of SCH 201781 were sepa- °© N N \ N._-NH,
rated chromatographically in this ass&jd. 4). The full-scan o T
and production mass spectrawere obtained using LC-MS and oH N
LC-MS/MS, respectively, in the positive ion mode. The full- Epimer A
scan single MS spectrum of the hydrate form of SCH 201781 D
showed an abundant protonated molecular iomvat= 497 CDy D miz327
while the full-scan single MS spectra of the two epimeric o o
forms of SCH 201781, A and B, showed abundant protonated os7 ] N 0
molecular ions atn/z = 479. The product ion mass spectra D 0" N N NH
of the hydrate and epimers are showrFig. 3. All product N : T ’
ion mass spectra exhibit a major fragment ionmét 321, © OH N

a result of fragmentation at the acetamide bond to form an
acylium ion. Therefore, transitioms/z 497 — m/z 321 and
m/'z 479 — m/z 321 were used for the hydrate and epimers Fig. 2. Three forms ofHg-SCH 201781 structures in agueous solution: a
respectively. piperidine ring-opened hydrate and two ring-closed epimers, A and B.

Epimer B
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Fig. 3. Full-scan LC-MS/MS product ion spectrum of SCH 201781. Top: n \
hydrate (products ofiVz 497); bottom: epimers A and B (product ofz ot f * ! E— ‘3' At T : Time(mm)"‘

479).

Fig. 4. Representative SRM chromatograms for a calibration curve standard

The internal standartHg-SCH 201781, has six deuteri- at LLOQ level (1.0 ng/mL).

ums incorporated at the methoxy methyl and the 2, 4, and
6 positions of the methoxy phenyl ringig. 2). °Hg-SCH
201781 also exists in aqueous solution in three forms: a ring- Selectivity of the assay was demonstrated by screening six
opened hydrate and two ring-closed epimers. Similar to SCH |ots of blank plasma. All six lots screened were free of sig-
201781, the predominant protonated moleculariondfer nificant (>10% of the LOQ) interference from endogenous
SCH 201781 arem/z 503 for the hydrate form anavz 485 components or other sources at the retention time of the an-
for the epimers, all with a major fragment ion mfz 327 alyte and IS. A chromatogram of an extracted blank human
(data not shown). Therefore, transitiam& 503 — m/z 321 plasma sample is shown Fig. 5.
andm/z485— m/z 321 were used for the IS hydrate and IS
epimers, respectively.
3.3. Regression, accuracy, and precision

3.2. Separation, sensitivity, and selectivity

Following peak area integration, the results tables from

Although only total SCH 201781 concentrations were de- MacQuan were saved as three text files (representing the ring-

termined in this assay, it was decided that the three formsopened hydrate and two ring-closed epimeric forms of SCH
(two epimers and one hydrate) of SCH 201781 should be 201781, A and B) for each run. These text files were opened
separated chromatographically in case there was a need tan Excel 97; a macro was used to sum the areas from the
quantify each of the forms separately. This was achieved us-three files for both the analyte and IS. The resulting text file
ing an Asahipak C8P-50 column and a gradient elution. The was then saved and uploaded to a file server where regression
co-eluting forms of SCH 201781 and the IS were separated bywas performed using Watson LIMS software (v.5.3.1.01, PSS
mass using precursor to product ion fragmentation (tandeminc., Wayne, PA 19087). A linear equation with a weighting

MS/MS). of 1/concentratiohwas used for each calibration curve (i.e.
A representative reconstructed ion chromatogram of SCH y = mx+ b, wherey is the peak area ratio of SCH 201781 to
201781 standard at LLOQ level is shownFRig. 4 with ad- IS, x the concentration of SCH 201781, andandb are

equate signal to noise level. Accuracy (%bias) and precisioncurve parameters). The simplest mathematical model that
(%CV) atthe LLOQ level were determined in one of the vali- adequately fit the concentration—response relationship was
dation runs in which six replicates of QC samples at 1 ng/mL used. The concentration of SCH 201781 in each plasma sam-
were processed and analyzed along with other QC samplegle was determined by inverse prediction from the calibration
and standards. The %bias was 1.2% and %CV was 2.1%. curve equation.
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Table 2

Precision and accuracy for calibration curve standards of SCH 201781

Run # Statistics STD 1 STD 2 STD 3 STD 4 STD 5 STD 6 STD7 STD 8

1.00ng/mL 2.00ng/mL 5.00ng/mL 25.0ng/mL 100ng/mL  500ng/mL  750ng/mL 1000 ng/mL

1 Mean 102 193 497 241 1028 5176 7388 1011
%CV 36 125 17 111 40 19 5.8 5.7
Y%bias 21 -37 -0.6 -38 28 35 -15 11

2 Mean 101 197 489 241 955 5095 7144 1131
%CV 81 6.2 75 38 6.9 0.6 0.7 5.7
Y%bias 14 -1.6 -22 -35 —45 19 —4.38 131

3 Mean 102 196 479 254 101 500 747 1022
%CV 137 46 81 53 45 33 50 32
%bias 16 -1.8 —4.2 17 0.9 —0.88 -0.4 22

Bet Mean 102 195 488 245 997 509 733 1055

elween-run %CV 8.2 7.4 58 6.9 56 25 44 7.00

Y%bias 17 -23 -24 -19 —0.26 18 -22 55

Data calculated with unrounded numbers.

For calibration curve standards, within- and between-run Tablt_e_3 '
%CV ranged from 0.6 to 13.7%, while %bias ranged from Precision and accuracy for quality control samples

—4.81013.1%Table 3. For quality control samples, within-  Run# Statistics ~ QC1 QC2 QC3
and between-run %CV ranged from 1.5 to 9.9% while %bias 3.00ng/mL  450ng/mL  900ng/mL
ranged from—9.1 to 4.9% Table 3. Coefficients of deter- Mean 315 409 819
mination ¢2) for validation runs were 0.993 or greater. 1 %CV Z~9 ée 2-0
n
%bias 49 -9.1 -9.0
3.4. Recovery °
Mean 306 458 893
Recovery of SCH 201781 from human plasma was deter- 2 HCV g.z 25 2-1
. . . n
mined by comparison of the peak areas of the low, medium, Yebias 0 19 07
5032 — 327.2 5.20e1 cps Mean 314 449 905
3 %CV 57 5.2 6.1
n 6 6 6
%bias 46 -03 05
e R IR I Mean 312 440 876
1 2 3 4 5 Time (min) Between-run %CV 6.7 5.8 6.9
n 18 18 18
4852 - 3272 440¢1 cps %bias 39 -21 —-2.7

Data calculated with unrounded numbers.

j A and high QCs (pre-extract spike) to those of the respective
U]j Au | L A A ‘ post-extract spiked QC samples. Pre- and post-extract spiked
| 2 3 4 s Time (min) QC samples were compared to neat solutions to determine
possible ion suppression or matrix effedable 4. Mean
w12 212 3601 eps observed recovery of SCH 201781 from pre-extract spiked
samples in comparison to post-extract spiked samples ranged
from 38.3t0 52.4%. Mean observed recovery of SCH 201781
from pre-extract spiked samples in comparison to neat so-
lutions of analyte dissolved in solvent ranged from 32.1 to
40.6%. Comparison of these data with the post-extract spiked

Relative Ton Abundance (%)

1 2 3 4 5 Time (min)

479.2 — 321.2 4.40el cps
Table 4
Recovery for SCH 201781

QC Pre-extract/ Pre-extract/neat Post-extract/neat
A A post-extract

1 2 3 4 5 Time (min) QC low 540 428 793

QC median 498 403 812

Fig. 5. Representative SRM chromatograms of an extracted blank humanQc high 440 363 825
plasma sample.
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samples indicates minimal ion suppression or matrix effect 450

of analyte signal. 400
o E 350

3.5. Dilution integrity 2300

The effect of dilution on the analysis of SCH 201781 was E 250
determined by partial volume analysis. For this purpose, a @ 200
dilution QC sample (QC D) was prepared containing SCH § 150
201781 in human plasma at approximately twice the QC high § 100
concentration. Six replicates of QC D (1800 ng/mL) were O
diluted 10-fold and analyzed. Precision and accuracy for QC
D were 4.0 and-3.1%, respectively. 03 10 >0 30 20 50 50

Time (hour)

3.6. Stabilit
y Fig. 7. Atypical concentration-time profile of SCH 201781 in human plasma

. . fi tudy subject receiving 5 mg/kg dose.
Stability of SCH 201871 under various storage and pro- rom & Stucy sublect receiving >mafkg dose

cess conditions was evaluated by comparing the mean con4. Application of the method

centrations of stability QC samples (low, median, and high,

= 6) to their respective Time O concentrations. SCH 201781  The validated LC-MS/MS method was used to support
was determined to be stable if both the deviation from Time clinical studies. The first clinical study supported using this
0 (%bias) and precision (%CV) of those stability QC sam- yalidated method was a rising single dose study for the safety
ples are not >15%. Using these criteria, SCH 201781 wasand tolerability of SCH 201781 in human. The study in-
determined to be stable in human plasma at room tempera~olved six dose groups (1, 2.5, 5, 10, 20, and 25 mg/kg)
ture under yellow light for up to 24 h, frozen at70°C for with six subjects per group. SRM chromatograms of a
up to 18 weeks, and after three freeze—thaw cycles. Extracteds mg/kg dose, 3 h sample from that study is showRim 6.

SCH 201781 was stable in reconstitution solution at room Concentration-time profile of SCH 201781 from a subject

temperature for up to 32 h. receiving 5 mg/kg dose is presentedFig. 7. Data from this
study indicated that SCH 201781 was rapidly absorbed and
5032 3272 1.58¢4 cps eliminated in humans with a relatively short half-life.

5. Conclusion

T T
1 2 3 4 5 Time (min)

An automated 96-well solid-phase extraction LC-MS/MS
485225 3272 6 1ioheps method was developed and validated for the quantita-
tion of SCH 201781 in human plasma. The calibration
curves showed goodness of fit over the concentration
range of 1.0-1000ng/mL using a linear regression with
e 1/concentratiohweighting. Within- and between-run preci-
1 2 3 4 s Time (min) sion and accuracy for calibration standards and QCs met FDA
suggested acceptance criteria. SCH 201781 was stable in hu-
man plasma under the storage and test conditions used for
this assay. These results indicate the method to be sensitive,
50 specific, accurate, and reproducible for the determination of
SCH 201781 concentrations in human plasma samples.

50

4972 - 321.2 6.30e4 cps

Relative Jon Abundance (%)

1 2 3 1; 5I Time (min)
47925 3212 258e5 cps References
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