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Abstract

A 96-well single-pot protein precipitation, liquid chromatography/tandem mass spectrometry (LC/MS/MS) method has been developed a
validated for the determination of muraglitazar, a PP&R dual agonist, in human plasma. The internal standard, a chemical analogue, was
dissolved in acetonitrile containing 0.1% formic acid. The solvent system was also served as a protein precipitation reagent. Human plas
samples (0.1 mL) and the internal standard solution (0.3 mL) were added to a 96-well plate. The plate was vortexed for 1 min and centrifuged
5min. Then the supernatant layers were directly injected into the LC/MS/MS system. The chromatographic separation was achieved isocratic
on a Phenomenox C18(2) Luna column (2 mrB0 mm, 5um). The mobile phase contained 20/80 (v/v) of water and acetonitrile containing 0.1%
formic acid. Detection was by positive ion electrospray tandem mass spectrometry on a Sciex API 3000. The standard curve, which ranged from
1000 ng/mL, was fitted to a diveighted quadratic regression model. This single-pot approach effectively eliminated three time consuming samp|
preparation steps: sample transfer, dry-down, and reconstitution before the injection, while it preserved all the benefits of the traditional prot
precipitation. By properly adjusting the autosampler needle offset level, only the supernatant was injected, without disturbing the precipita
proteins in the bottom. As a result, the quality of chromatography and column life were not compromised. After more than 600 injections, there v
only slightly increase of column backpressure. The validation results demonstrated that this method was rugged and provide satisfactory preci
and accuracy. The method has been successfully applied to analyze human plasma samples in support of a first-in-man study. This method ha
been validated in monkey and mouse plasma for the determination of muraglitazar.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction zong2], are used to treat hyperglycemia and insulin resistance in
Type 2 diabetic patien{8]. Therefore, dual agonism of PPAR
Muraglitazar Fig. 1) is a novel oxybenzylycine analog that and PPAR is a novel monotherapeutic approach for the treat-
shows potent and balanced agonist activity at lroimdy per-  ment of Type 2 diabetes and the often-associated dyslipidemia
oxisome proliferator-acitived receptor (PPAR) isoforms. Acti-[4]. Currently, this compound is being developed for the treat-
vation of PPARx (expressed mainly in the liver) results in ment of type-2 diabetd$].
decreased circulating triglyceride levels and increased HDL LC/MS/MS has become the method of choice for drug anal-
cholesterol levels in humans. Activation of PPARexpressed ysis in biological fluids because of its inherent sensitivity, high
predominantly in fat cells) results in improved insulin sensitivity specificity and speed, which have made the sample preparation
and glucose utilization. PPARagonists, such as gemfibrodi],  the rate-limiting steg6]. Among different sample preparation
are currently in use for the treatment of hypertriglyceridemiatechniques, protein precipitation has been widely used because
while PPARy agonists, such as pioglitazof and rosiglita-  of its speed, simplicity and wide applicabilify—23]. Polson et
al.[7] evaluated various protein precipitants by examining their
effectiveness at plasma protein removal and the extent of ioniza-
* Corresponding author. Tel.: +1 732 227 6330; fax: +1 732 227 3762.  tion suppression (matrix effect) in LC/MS/MS. They concluded
E-mail address: yongjun.xue@bms.com (Y.-J. Xue). that the optimal bioanalytical methodologies in positive ion tur-
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0 o] and then directly injected into the LC/MS/MS system without
drying down. Frigerio et al. went further by directly injecting the
supernatants into an LC/MS/MS system without aliquoting to

N a separate 96-well plate for the quantitation of PNU-248686A

2\ in human plasm419]. The same approach was used for the
0 0 determination of tobramycin in seru20], tetramethylpyrazine
NG and its metabolite in dog plasnizl], and metformin in plasma
sampleq22]. More recently, Johannessen reported the simul-
taneous determination of pyrimethamine, sulfadiazine &nd
acetyl-sulfadiazine in plasma by direct injection of the protein
precipitation supernatants to an LC/MS syst@3).

The objective of this work was to develop a 96-well single-
muraglitazar pot protein precipitation, LC/MS/MS method that could serve
ﬁgf:&:&fgghr S166 as a reliable high throughput method for the determination of
Monoisotopic exact mass: 516.2 muraglitazar, a novel diabetes drug, in human plasm_a._ In thls

method, human plasma samples (0.1 mL) and acetonitrile with
Fig. 1. Chemical structure of muraglitazar. 0.1% formic acid (0.3 mL) were added to a 96-well plate. The
plate was then vortexed for 1 min and centrifuged for 5 min. The
boionspray LC/MS/MS involve either the use of trichloroaceticsupernatant layers were directly injected into a Sciex API 3000
acid for precipitation with mobile phase consisting of pureLC/MS/MS system. A full validation was performed to assess
organic solvents (methanol/water or acetonitrile/water) or prethe accuracy, precision, linearity, and lower limit of quantita-
cipitation with any of the mass spectrometer compatible preciption of the method, and the results presented here demonstrate
itants with a methanol/aqueous 0.1% formic acid mobile phasehat this single-pot protein precipitation method is feasible for
This technology has been widely used for measuring systemianalyzing muraglitazar in human plasma. This method was sub-
exposures for drug candidates or other compounds, such as rikequently used to analyze muraglitazar concentrations in human
avirin in human, rat, and monkey plasi@&9], levovirin inrat  plasma samples from a first-in-man study. The method has also
and monkey plasma0], dioscininratplasmgf. 1], and cefixime been validated in monkey and mouse plasma.
in human plasm@l2].
The modern robotic technology in combination with 96-well 2. Experimental
plate has made the traditional protein precipitation sample prepa-
ration techniqgue much more efficient. Watt reported an auto2.1. Reagents and chemicals
mated 96-well protein precipitation, LC/MS/MS method in a
drug discovery environment. The validation studies revealed that Muraglitazar Fig. 1) and its internal standard (a structural
the application of robotics to sample preparation maintained thanalogue) were provided by the Analytical Research and Devel-
analytical accuracy and precision compared to manual samplepment, Bristol-Myers Squibb Pharmaceutical Research Insti-
preparatior[13]. Biddlecombe and Pleasance reported proteirtute. The chemical structure of the internal standard was very
precipitation by filtration in 96-well format for plasma sam- close to muraglitazar; however, it cannot be shown for propri-
ple preparation, and demonstrated it can be a viable alternativatary reasons. Acetonitrile (HPLC grade) and formic acid (88%,
to conventional protein precipitation. The use of 96-well filtra- GR) were purchased from EM Science (Gibbstown, NJ, USA).
tion plates eliminates the need for centrifugatib4]. Walter et In-house deionized water, further purified with a Milli-Q water
al. compared manual protein precipitation versus 96-well filterpurifying system (Millipore Corporation, Bedford, MA, USA),
plate protein precipitation in term of accuracy, precision, reprowas used. Drug-free human plasma was purchased from Lam-
ducibility and linearity. They concluded that both approachegire Biological Laboratories (Pipersville, PA, USA).
provided comparable accuracy, precision, reproducibility and
linearity results, but in overall, the mean data appeared to b22. Instrumentation
more reproducible for the filtration meth@b]. This approach
has also been applied to highly protein-bound compounds in The robotic liquid handling system used was a Tecan Genesis
plasma with equally successful outconfi&s,17]. RSP 150 Series with Gemini Software (Tecan US, Research

However, all above applications for protein precipitation Triangle Park, NC). The collection microtubes racked in 96-

required the supernatants to be aliquoted into a separate 96-welkll format and the microtube caps were purchased from US
plate or vials, then followed by the dry-down and reconstitu-Scientific (Ocala, FL).

tion steps before injection into the LC/MS system. Bakhiar et The liquid chromatography separation system consisted of
al. first reported a method for the quantification of the anti-Shimadzu LC-10AD pumps (Columbia, MD, USA) and a
leukemia drug ST571 and its main metabolite CGP 74588erkin Elmer Series 200 LC autosampler (Norwalk, CT, USA).
in human plasma using semi-automated protein precipitatiofhe separation column was a Phenomenex C-18 (2) Luna
method and a relative rapid LC/APCI/MS/MS analyglS8], (2mmx 50 mm, 5um, Torrance, CA). Muraglitazar and its 1S
where the supernatants were transferred to a clean 96-well blockiere separated isocratically, using a mixture of 20/80 (v/v) water
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and acetonitrile containing 0.1% of formic acid, with flow rate tution. The dry-down step is very time consuming and could
of 0.3 mL/min. The injection volume wasiA_ and the runtime  also cause thermal labile compounds to degrade because of the
was 2 min. excessive heat. Furthermore, it could lead to drug loss through
A Sciex AP1 3000 LC MS/MS system (Foster city, CA, USA) adsorption and incomplete solubilization into the reconstitu-
operating under Analyst 1.1 software was used. The electrosprdipn solvents. To overcome those shortcomings, the sample
ion source was run in a positive ionization mode for all experi-transfer, dry-down and reconstitution steps were eliminated by
ments. The typical ion source parameters were: capillary 5.0 k\dlirect injection of the supernatant layer into the LC/MS/MS
declustering potential (DP) 36V, focusing potential (FP) 150 V,system[19-23] With proper adjustment of the autosample
entrance potential (EP}10V, collision energy (CE) 33eV, needle offset level, only the supernatants were injected with-
collision cell exit potential (CXP) 14V, deflecter350V, chan-  out disturbing the precipitated proteins. The sensitivity of the
nel electron multiplier (CEM) 2200V, and source temperaturedirect injection (single pot) method was slightly better than
325°C. Nebuliser gas (NEB), curtain gas (CUR) and collisionthat of the dry-down procedure even without addition of formic
gas (CAD) were set to 10, 12 and 4 of the state file parameacid.
ters, respectively. Nitrogen gas was used for CUR, CAD, NEB, To optimize the clean-up procedure for the single-pot
and auxiliary 2. The samples were analyzed via selected reaepproach, different concentrations of formic acid (0.05-0.5%)
tion monitoring (SRM). The monitoring ions were setra&  were screened. It was found that a higher formic acid concen-
517-186 for muraglitazar and/z 531-306 for its IS. The scan tration generally provided cleaner samples, but a too high of

dwell time was set 0.15 s for both channdigy 2). concentration (at 0.5%) caused higher variability and inconsis-
tency among standards and QC samples. By weighing in all

2.3. Standard, QC and IS preparations aspects, 0.1% formic acid was selected for the method valida-
tion.

A 1 mg/mL standard stock solution was prepared by weigh- With the addition of 0.1% formic acid, protein aggregates
ing the appropriate amount of muraglitazar and dissolving itintovere more gel-like (with a larger total volume) than solid pel-
acetonitrile. A standard working stock solution of 10,000 ng/mLlets. Our observed gel-like appearance was consistent with what
was prepared by appropriate dilution of the 1 mg/mL stockFilfil and Chalikian reported in acid-induced formational transi-
solution with drug-free human plasma. The final standard contions of staphylococcal nuclease, a small globular prdtedh,
centrations in human plasma were 1, 2, 12.5, 25, 50, 250, 500here they suggested that the protein adopted an expanded and
750, and 1000 ng/mL. Standard curves were prepared fresh dailgonsiderably unfolded conformation. Under acidic conditions,

A 1 mg/mL QC stock solution was prepared from a separatéhe protein denature proceeded through a transient intermediate,
weighing and also dissolved in acetonitrile. Dilutions were usednd the whole process lasted for a few minutes. The presence
to prepare four levels of QCs in human plasma: 3, 400, 800, andf organic solvents, such as acetontirile used in our work, had
16,000 ng/mL (low, medium, high, and dilution QC). QCs werea destabilizing effect to the intermedid#5]. Because of the
stored at-20°C. transient intermediate, the exchange of the analyte and proteins

A 1mg/mL stock solution of the IS was prepared in ace-continued between two phases (the supernatant layer and the
tonitrile, and subsequently diluted with acetonitrile containinggel) until equilibrium was reached. As the result of the tran-
0.1% formic acid to 50 ng/mL as the working internal standardsient intermediate, less amount of the analyte was trapped in

solution. the gel compared to direct formation of solid pellets. The single
pot precipitation, using acetonitrile with 0.1% formic acid as
2.4. Sample processing procedure precipitant, provided a slight better sensitivity compared to the

method containing the dry-down and reconstitution steps, when

The Tecan was used to pipette an aliquot (0.1 mL) of eaclthe same dilution factor was used.
standard or QC to a rack containing 96 microtubes (1.2mL). Since the supernatant layer and the protein gel coexisted
To each standard or QC sample, 0.3 mL of the working internathroughout the sample analysis, a good understanding of the
standard solution was added. The microtubes were capped wifihase equilibrium time was critical for the success of the method.
collection caps and vortexed for 1 min. The samples were thefherefore, the internal standard responses were carefully mon-
centrifuged for 5min, and the supernatant layers were directljtored throughout validation and sample analysis. The results

injected into the LC/MS/MS system. showed that for an analytical run of 269 samples, the internal
standard areas changed only 13%. This suggested that the equi-
3. Results and discussion librium was reached in a few minutes, which was well before the
first injection of any given run. Furthermore, muraglitazar and
3.1. Method optimization the 1S were structurally very similar, therefore, the IS worked
very well in tracking muraglitazar in the protein precipitation
3.1.1. Sample preparation procedure.

During method development, human plasma samples were With the improved sample clean-up procedure, the analyt-
initially precipitated with acetonitrile (1:3 in volume) contain- ical column exhibited excellent stability. After more than 600
ing the IS. The supernatant layer was aliquoted to a separatejections, there was only very slight increase of column back-
96-well plate which was followed by dry-down, and reconsti- pressure, and no special treatment was required.
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Fig. 2. Electrospray positive ion MS/MS product ion spectra of [M + féf muraglitazar (top) and its internal standard (bottom).

3.1.2. LC conditions of 9.5uL acetonitrile. For this 1Q.L injection, the loop con-

3.1.2.1. Control of band broadening. With the current single- tained 41.5.L instead of 4QuL of acetonitrile in the loop if

pot precipitation procedure, the processed samples containditled with the mobile phase. The relative increase of acetoni-

75% of acetonitrile, and the mobile phase used for this methottile within the loop was about 3.75%. Such a small increment

contained 80% of acetonitrile. Under this condition, the methodshould not dramatically affect the peak width and shape. How-

development results showed that for agB0injection loop, ever, when a larger injection volume, such agi2Qwas used,

20p.L or less injection volume should cause no or minimal peakthe peak showed significant broadening due to further increase

broadening. For the human plasma method, the injection volef acetonitrile content in the loop. Under such a condition,

ume was quL. However, for the monkey and mouse plasmaproper integration of the peak areas became difficult. The simi-

methods, the extracted samples with the single pot precipitatiolar observation was reported by Naidong e{26], where they

contained 95% of acetonitrile. With the same mobile phase, thexperienced poor peak shape when stronger solvents were used

method development results indicated that the injection volume the sample preparation.

had to be controlled under 14 to avoid any significant peak

broadening. The actual injection volumes used were 4 apd.10 3.1.2.2. Detection sensitivity. The validated LLOQ for this

for mouse and monkey plasma methods, respectively. method was 1 ng/mL. However, with the large signal to noise
For a 50uL injection loop, a 1QuL injection of a sam- ratio of the LLOQ sampleRig. 3C), it was predicted that the

ple containing 95% acetonitrile corresponded to the additiomethod could measure as low as 0.25 ng/mL samples without
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Fig. 3. Selected reaction monitoring chromatograms for muraglitazar obtained from: (A) blank human plasma; (B) human plasma containingabstaimtard
at 150 ng/mL and (C) human plasma containing muraglitazar at lower limit of quantitation (1.00 ng/mL) and its internal standard.

changing the extraction conditions. The method sensitivity could. 1.3. Electrospray ionization tandem mass spectrometry

be further improved by using gradient elution. A gradient elution

Electrospray positive MS spectra for both compounds were

would re-focus the sample plug in the column compared witrdominated by the [M + H] ions:m/z 517 for muraglitazar, and

isocratic elution.

miz 531 for IS. The MS/MS product ion spectra of the [M +H]
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for muraglitazar and IS produced major product iona/atl86  3.2.2. Accuracy and precision
and 306, respectivelfzig. 2illustrates the fragmentation of each ~ The accuracy and precision of the method was assessed by
compound. Thus, the SRM used ranged fism517 to 186 for  analyzing the low, medium and high QC samples (3, 400 and
muraglitazar, and fromu/z 531 to 306 for IS. Since muraglitazar 800 ng/mL). A dilution QC sample (16,000 ng/mL), with a con-
and the IS were eluted at approximately the same retention timegntration higher than the upper limit of the standard curve range,
(0.82 min for muraglitazar and 0.86 min for the 1S), any fluctu-was also analyzed. This QC sample was diluted 1:19 with control
ations of ion source parameters encountered during the samgh@man plasma prior to processing and analysis. Five replicate
analysis were compensated. samples at each concentration were analyzed in three separate
runs, and triplicates were used for the fourth run. Accuracy was
determined by calculating the deviations of the predicted con-
3.2. Method validation centrations from their spiked values. The intra- and inter-day
precision was expressed as percent coefficient of variation (%
3.2.1. Standard curves CV).

After the single-pot protein precipitation and the LC/MS/MS  Tgple 2 shows the summary of the individual QC data
conditions were defined, a full validation was performed togptained in the four runs used for the validation. The devia-
assess the performance of the method. A nine-point calibratiofions of the predicted concentrations from their spiked values
standard curve ranging from 1 to 1000 ng/mL of muraglitazar inyere within-£11.0% for all of 72 QC samples and within 9.0%
human plasma was used in duplicate in each analytical run. Peg 70 out of 72 QC samples. To further assess accuracy and pre-
area ratios of muraglitazar to IS were used for regression analyssion, a one-way analysis of variance (ANOVA) was performed
sis. A weighted (Iv) quadratic regression model, wherss the  for the first three runs, and the results are showFeile 3(top
concentration of muraglitazar, was fitted to each standard CU'V@anel). The intra-day precision was within 3.5% CV, and the
Table 1shows the summary of the individual standard curvejnter-day precision was within 4.1% CV. The assay accuracy was
data obtained in the four runs used to determine the accuragyithin 4+-3.3% ofthe spiked values. Since QC samples are agood
and precision of the method. The back-calculated concentratiorpgpresentation of study samples, similar precision and accuracy
of the 72 standards in the four analytical runs deviated no morgye expected from study samples. The QC data indicated that
than 14.0% from spiked concentrations except one rejected lovpe single-pot protein precipitation, LC/MS/MS method was

est standard due to an extraction error. In fact, more than 91%ccurate and precise in the determination of muraglitazar con-
of standards were within 10.0% of the spiked concentrationszentrations in human plasma.

The regression coefficient®<{squared) for the four runs were
greater than 0.997. Based on the standard data presented heJ@,3. Lower limit of quantitation
it was concluded that the calibration curves used in this method To establish the LLOQ, six different lots of control human

were precise and accurate for the measurement of muraglitazgfasma were spiked at 1 ng/mL to obtain six LLOQ samples.

in human plasma. The LLOQ samples were processed and analyzed with a stan-
Table 1
Individual standard curve concentration data for muraglitazar in human plasma
Spiked concentration Run 1 Run 2 Run 3 Run 4
Predicted %Dev Predicted %Dev Predicted %Dev Predicted %Dev
concentration concentration concentration concentration
1 0.94 —6.0 0.97 -3.0 1.02 2.0 143 a
1 1.04 4.0 0.94 —6.0 0.86 —14.0 1.01 1.0
2 2.01 0.5 1.94 -3.0 1.98 -1.0 2.18 9.0
2 1.80 —10.0 1.97 -1.5 1.88 —6.0 191 —45
125 12.9 3.2 12.7 14 134 7.2 13.2 5.9
125 13.4 7.2 134 6.9 13.0 4.1 11.0 -11.9
25.0 25.7 2.7 24.8 -0.9 28.1 12.3 27.9 11.4
25.0 24.9 -0.3 26.1 4.4 24.1 -3.6 23.0 -7.9
50.0 49.7 -0.6 48.8 -2.5 51.9 3.7 51.5 3.1
50.0 49.1 -1.8 51.0 1.9 48.3 -34 46.9 —6.2
250 260 4.1 249 -0.3 257 2.7 263 5.2
250 248 -0.8 265 6.0 247 -1.4 232 -7.4
500 484 -3.1 474 -53 500 -0.1 542 8.5
500 491 -1.8 506 1.2 479 —-4.1 474 -5.3
750 769 25 711 -5.2 777 3.6 776 35
750 753 0.3 780 4.1 741 -1.2 715 —4.7
1000 1023 2.3 963 -3.7 1008 0.8 1039 3.9
1000 971 -2.9 1051 5.1 988 -1.2 961 -3.9

Concentration: ng/mL.
@ Sample deactivated—extraction error.
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Table 2
Individual quality control sample concentration data for muraglitazar in human plasma
Spiked Run 1 Run 2 Run 3 Run 4
concentration Predicted %Dev Predicted %Dev Predicted %Dev Predicted %Dev
concentration concentration concentration concentration
3 3.26 8.7 3.09 3.0 2.93 -2.3 3.11 3.7
3 3.09 3.0 3.13 4.3 3.03 1.0 2.67 -11.0
3 3.31 10.3 3.07 2.3 2.92 —-2.7 2.87 —-4.3
3 3.24 8.0 3.06 2.0 2.98 -0.7
3 3.18 6.0 3.24 8.0 2.93 -2.3
400 419 4.7 386 -3.6 392 -2.0 380 -5.1
400 421 5.1 387 -3.3 402 0.5 408 1.9
400 405 1.3 383 —-4.3 396 -11 381 —-4.9
400 400 0.1 399 -0.4 395 -1.2
400 422 5.5 392 -1.9 395 -13
800 852 6.5 736 -8.0 807 0.9 764 —-4.5
800 818 2.3 728 -9.0 775 -31 748 —-6.5
800 806 0.7 757 -5.3 753 -5.9 730 -8.7
800 838 4.8 808 1.0 788 -15
800 817 2.2 812 1.4 774 -3.3
16000 16956 6.0 15262 —-4.6 16544 3.4 16953 6.0
16000 16350 2.2 157745 -14 16425 2.7 16704 4.4
16000 16818 5.1 16748 4.7 16507 3.2 16425 2.7
16000 16884 5.5 16775 4.8 16526 3.3
16000 16969 6.1 16743 4.6 16487 3.0

Concentration: ng/mL.

dard curve and QC samples, and their predicted concentrations Muraglitazar has a carboxylic acid functional group, so
determined. The deviations of the predicted concentrations faacyl glucuronide could be a major circulating metabolite. Acyl
all six LLOQ samples were withit-16.0% of the spiked value. glucuronide and muraglitazar need to be chromatographically
Atypical SRM chromatogram at the LLOQ is showrFig. 3C. resolved, because acyl glucuronide could contribute to the
muraglitazar response by converting back to the parentinthe ion
s ) source. A sample containing acyl glucuronide was injected into
3.24. § , mat t and -

Six éjnff?jg:tylgg g;c (E:Jziirglnhurs:aogegasma were analyzedLC/MS/MS’ and the chromatogram obtained demonstrated that
with and without the IS to determine whether any endogenou cyl glucu_ronic_je was well se_parated from the parent peak with
plasma constituents interfered with the analyte or the IS. Th € r_ete_r?tlon tlr_ne (_)f 0.65min. Huma_n ADME Stqdy. revealed
degree of interference was assessed by inspection of SRM chrg? significant circuiting a_cyl .glupuronlde metabolite in human
matograms. No significant interfering peaks from the plasmé)lasmla' TTIer(?‘ore, no acidification was used for human plasma
were found at the retention time or in the ion channel of eithelsar,clpf,co ;C |tons. db ing th K
the analyte or the ISzigs. 3A, B and 4llustrate chromatograms atrix efiect was assessed by comparing the average pea

of blank plasma. areas of six replicates of the neat solution with these of the lowest
Table 3

Accuracy and precision for muraglitazar in human plasma from the method validation (top) and during study sample analysis (bottom)

Spiked quality control concentration (ng/mL) 3 400 800 16000
Mean observed concentration 3.10 399.51 791.23 16517.95
%Dev 3.3 -0.1 -11 3.2
Inter-day precision (% CV) 4.1 3.0 3.6 1.1
Intra-day precision (% CV) 23 1.8 35 2.6
Total variation (% CV) 4.7 35 5.0 2.8

N 15 15 15 15

Spiked quality control concentration (ng/mL) 3 400 800 16000
Mean observed concentration 271 367.25 726.42 16433.97
%Dev -9.7 —-8.2 —-9.2 2.7
Inter-day run precision (% CV) 0.0 35 4.0 0.0
Intra-day precision (% CV) 5.2 2.6 25 4.4
Total variation (% CV) 5.0 4.4 4.7 4.4

N 15 15 15 12
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standard in plasma. The average peak areas of the lowest statability experiments. In human plasma, muraglazar was found
dard versus that obtained from the corresponding neat soluticio be stable for at least 1.5 years-&20°C, for at least 72 h at
were 0.94 for the analyte and 0.86 for the IS, which indicatedoom temperature, as well as during three freeze-thaw cycles.
that there was approximately 6—14% matrix suppression for thihe processed samples were also stable for at least 72 h at room
method. Combined with the fact that there was no significantemperature.

lot-to-lot variation in LLOQ and specificity results, it was con-

cluded that such a low matrix effect did not compromise the3.3. Applications

performance of the methd8,26,27]

The recovery of the analyte from human plasma was deter- This method has been successfully applied for the determina-
mined at 3 and 800 ng/mL by comparing the response ratios dfon of muraglitazar plasma concentrations for samples obtained
human plasma spiked with the analyte prior to extraction withfrom a first-in-man study. More than 600 plasma samples were
those spiked post-extraction. The recoveries at 3 and 800 ng/manalyzed within five separate runs, and all of them passed the

were 86 and 95%, respectively. batch acceptance criteria. A one-way ANOVA analysis was per-
formed for the five runs, and the results are showiidble 3
3.2.5. Stability (bottom panel). The intra-day precision was within 5.2% CV, and

The stability data were also generated to assess muraglitazie inter-day precision was within 4.0% CV. The assay accuracy
stability under its storage/processing conditions. Plasma sanwas within+£9.7% of the spiked values. A representative chro-
ples containing two levels of muraglitazar were used for thematogram of a study sample is showrFig. 5. These numbers
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Fig. 4. Selected reaction monitoring chromatograms for the internal standard of muraglitazar obtained from: (A) blank human plasma and (B)smanan pla
containing only the internal standard.
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Fig. 5. A representative chromatogram of a study sample from first-in-man study: (A) analyte channel and (B) the IS channel.
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Table 4

Accuracy and precision data for muraglitazar in monkey plasma (top) and mouse plasma (bottom) validations

Spiked quality control concentration (ng/mL) 3 400 800 16000
Mean observed concentration 3.05 388.41 779.15 15567.23
%Dev 1.7 -2.9 -2.6 2.7
Between run precision (% CV) 3.9 5.7 5.0 4.6
Within run precision (% CV) 8.2 5.0 3.6 2.3
Total variation (% CV) 9.1 7.6 6.2 5.2

N 18 18 18 15
Spiked quality control concentration (ng/mL) 15 2000 4000 40000
Mean observed concentration 15.72 1982.42 4106.57 40501.68
%Dev 438 -0.9 2.7 1.3
Between run precision (% CV) 5.6 10.3 4.9 5.0
Within run precision (% CV) 2.9 1.8 3.2 3.8
Total variation (% CV) 6.3 10.5 5.9 6.3

N 21 21 21 15
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are comparable to that obtained during the method validation4] H. Narayanan, C. Peter, H. Thomas, F. Dennis, C. Sean, D. Pratik,
(referto Sectio.2.2. As describedin Sectidh 1.2 this single- J. Yoon, M. Lisa, K. Lori, K.Z. Hao, Q. Fucheng, S Chunning, W.
pot protein precipitation, LC/MS/MS method has been validated =~ Wei: R-D. Seethala, R. Golla, R.S. Vito, M. Zhengping, in: American
. . . . Diabetes Association 62nd Annual Meeting and Scientific Sessions, San
in monkey and mouse plasma for the determination of muragli- Francisco. CA. 14 June 2000
tazar. Monkey and mouse plasma validation data are shown ifj p.v. pevasthale, S. Chen, Y. Jeon, F. Qu, C. Shao, W. Wang, H. Zhang,
Table 4(top and bottom panels). For monkey plasma method, M. Cap, D. Farrelly, R. Golla, G. Grover, T. Harrity, Z. Ma, L. Moore, J.
the intra-day precision was within 8.2% CV, and the inter-day  Ren, R. Seethala, L. Cheng, P. Sleph, W. Sun, A. Tieman, J.R. Wetterau,
precision was within 5.7% CV. The assay accuracy was within A Poweyko, G. Chandrasena, S. Chang, W.G. Humphreys, V.G. Sas-
+2.9% of the spiked values. For mouse plasma method, the intra- seville, S.A. Biller, D.E. Ryono, F. Selan, N. Hariharab, P.T.W. Cheng,

: 'the Spikedvalues. plasm their J. Med. Chem. 48 (2005) 2248.
day precision was within 3.8% CV, and the inter-day precision [g] 3. Henion, E. Brewer, G. Rule, Anal. Chem. 70 (1998) 650A.
was within 10.3% CV. The assay accuracy was withih 8% [7] C. Polson, P. Sarkar, B. Incledon, V. Raguvaran, R. Grant, J. Chromatogr.
of the spiked values. No significant differences in method per- B 785 (2003) 263.

formance were observed across these species (human, monkd§l W-Z. Shou, H.Z. Bu, T. Addison, X. Jiang,
Biomed. Anal. 29 (2002) 83.

W. Niadong, J. Pharm.

and mouse) tested. [9] C. Lin, L.T. Yeh, J.Y.N. Lau, J. Chromatogr. B 779 (2002) 241.
[10] C. Lin, J.Y.N. Lau, J. Pharm. Biomed. Anal. 30 (2002) 239.
4. Conclusions [11] K. Li, Y. Wang, J. Gu, X. Chen, D. Zhong, J. Chromatogr. B 817 (2005)
271.
We have demonstrated a method for the determination df2! F- Meng. X. Chen, Y. Zeng, D. Zhong, J. Chtomatogr. B 819 (2005)

. . . . 277.
muraglitazar in human plasma using a 96-well single-pot pro[13] A.P. Watt, D. Morrison, K.L. Locker, D.C. Evans, Anal. Chem. 72 (2000)

tein precipitation method and a rapid LC/MS/MS analysis.  g79.

This method effectively eliminated three time-consuming step§l4] R.A. Biddlecombe, S. Pleasance, J. Chromatogr. B. 734 (1999) 257.
needed for a traditional protein precipitation method: Samp|é15] R.E. Walter, J.A. Cramer, F.L.S. Tse, J. Pharm. Biomed. Anal. 25 (2001)
transfer, dry-down, and reconstitution before the injection, ye}l 331

. . " . . 6] M.C. Rouan, C. Buffet, L. Masson, F. Marfil, H. Humbert, G. Maurer,
still preserved all the benefits of the traditional protein precip- ] J. Chromatogr. B. 754 (2001) 45

itation: simplicity and high throughput. The method possessefi7] m.c. Rouan, C. Buffet, F. Marfil, H. Humbert, G. Maurer, J. Pharm.
excellent precision and accuracy, and was proved to be rugged Biomed. Anal. 25 (2001) 995.
and reliable. The actual sample analysis results further demofi8] R. Bakhtiar, J. Lohne, L. Ramos, L. Khemani, M. Hayes, F. Tse, J.

strated that this approach was well suited for real life applica- _ Chromatogr. B. 768 (2002) 325.
d[19] E. Frigerio, V. Cenacchi, C.A. James, J. Chromatogr. A 987 (2003) 249.

tions. This single-pot protein precipitation, LC/MS/MS method 1 g’ keevil, S.J. Lockhart, D.P. Cooper, J. Chromatogr. B 794 (2003)

has also been validated in monkey and mouse plasma for the * 359

determination of muraglitazar. [21] P. Wang, X. Jin, M. Qi, L. Fang, J. Chromatogr. B 813 (2004) 263.
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