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Abstract

A method for the simultaneous determination of Aprepitan-[[2(R)-[1(R)-(3,5-bistrifluoromethylphenyl)ethoxy]-S)-
(4-fluorophenyl) morpholin-4-yljmethyl]-2,4-dihydro-[1,2,4]triazol-3-one) and two active metabolitesn@ I11) in human
plasma has been developed. The method was based on high-performance liquid chromatography (HPLC) with atmospheric
pressure chemical ionization tandem mass spectrometric (APCI-MS-MS) detection in positive ionization mode using a heated
nebulizer interface. The analytes and internal standardl (Fig. 1) were isolated from basified plasma using liquid-liquid
extraction. The organic extracts were dried, reconstituted in mobile phase and injected into the HPLC-MS/MS system.

The analytes were chromatographed on a narrow bore (5&r2rh mm, 3um) Keystone Scientific’s Prism R.P. analytical
column, with mobile phase consisting of acetonitrile (ACN):water containing trifluoroacetic acid with pH adjusted to 3 (40:60,
v/v) pumped at a flow rate of 0.5 ml/min. The MS-MS detection was performed on a Sciex API 3000 tandem mass spectrometer
operated in selected reaction monitoring mode. The precussgroduct ion combinations afvz 535 — 277, 438— 180,

452 — 223 and 503— 259 were used to quantify, I, [I11, andIV, respectively, after chromatographic separation of the
analytes. The assay was validated in the concentration range of 10-5000 ngfrahfibkl and 25-5000 ng/ml fokll when

1 ml of plasma was processed. The precision of the assay (expressed as coefficient of variation, CV) was less than 10% at all
concentrations within the standard curve range, with adequate assay accuracy. Matrix effect experiments were performed to
demonstrate the absence of any significant change in ionization of the analytes when comparing neat standards to analytes in the
presence of plasma matrix. This assay was utilized to support a clinical study where multiple oral dogesecddministered

to healthy subjects to investigate the pharmacokinetics, safety, and tolerability of Aprepitant. Concentrations of the two most
active metabolites, which if present in high concentrations would increase the neurokinin)lréd&ptor occupancy level and
therefore potentially contribute to the antiemetic action of Aprepitant, were determined.

© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Aprepitant, | (2R)-[1(R)-(3,5-bis-trifluoromethyl-
phenyl)ethoxy]-3§) - (4 -fluoro - phenyl)morpholin-4-
ylmethyl]-5-oxo-(4,5-dihydro-[1,2,4] triazol) methyl
morpholine Fig. 1), a potent and selective, brain-
penetrant neurokinin-1 (Nf receptor antagonist,
has been demonstrated to be effective in the preven-
tion of chemotherapy-induced nausea and vomiting
(CINV) [1-4]. | was highly effective in the control
of emesis thereby reducing the impact of CINV on
cisplatin-treated patients’ daily livgs].

Metabolism of Aprepitant has been studied in rats
[6], dogs[6], and in ferret$7]. The two most pharma-
cologically active metabolites dfarell andlll and
were found, although in relatively minor amounts, in
the plasma samples and brain extracts of ferrets 48 h
after dosing withl suggesting that these two metabo-
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lites are the most brain penetratify. It was reported
that the in vitro binding affinities (I6p) of the metabo-
lites to the human NiKreceptor have a much reduced
binding affinity (0.5nM forll; 1.7 nM for I11) when
compared with Aprepitant (0.12nM). Based on this
study, it was hypothesized that Aprepitant is respon-
sible for the antiemetic activity in humans.

As brain penetration and subsequent receptor occu-
pancy are important factors contributing to the effect
of Aprepitant in the CIE response, an assessment of
the concentrations of these two active metabolites in
plasma samples from a clinical study may help in de-
termining whether the antiemetic activity is inherent
with Aprepitant or with its metabolites or both.

In humans, the adsorption, metabolism and ex-
cretion of Aprepitant following a single IV and oral
administration of *C-labeled prodrug of Aprepi-
tant and *C-Aprepitant has been reportd@]. It
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Fig. 1. Chemical structures of Aprepitan)),(metabolites|( andlll), and internal standard ().
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was found that the major metabolic pathways of
Aprepitant includingN-dealkylation, oxidation and
morpholine ring-openingO-dealkylation, triazolone
ring-opening and glucuronidation were similar among
rats, dogs, and humans. Qualitative identification and

confirmation analyses of these metabolites were per-

formed utilizing HPLC-MS/MY8] and HPLC-NMR
[9] techniques. For the clinical evaluation bf bio-
analytical methods for the determination ofin
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entific. The different lots of drug-free EDTA treated
plasma originated from Biological Specialty (Lans-
dale, PA). Liquid Nitrogen (99.999%) was purchased
from West Point Supply (West Point, PA).

2.2. Instrumental

A Sciex (Thornhill, Canada) AP1 3000 tandem mass
spectrometer equipped with a heated nebulizer (HN)

human plasma and urine based on high-performanceinterface, a PE 200 autoinjector, and a PE 200 Quater-
chromatography (HPLC) with atmospheric-pressure nary pump were used for all analyses. The data were
chemical ionization (APCI) mass spectrometric (MS) processed using MacQuan software (Sciex) on an IBM
detection using either single (MS) or triple (MS/MS) PC compatible computer.
quadrupole mass spectrometric detection have been
reported by us earliefl0]. However, when applied
to the simultaneous determination kbfll, andlll,
this method was inadequate due to the lack of selec- Stock standard solutions (1@/ml) for I, 11, 111,
tivity and the potential presence of matrix effect due andlV were prepared in methanol. The stock solutions
to co-elution of analytesl (and11) that were quanti-  of I, |1, andl Il were further diluted with methanol to
fied. Therefore, the chromatographic conditions were give a series of working standards of 0.1 topgfiml.
modified to eliminate the matrix effects and experi- The internal standard|(l) stock solution (10@.g/ml)
ments confirming assay selectivity and the absence in methanol was serially diluted with methanol to yield
of matrix effect for all three analytes determined a working standard of 2 &g/ml.
simultaneously were performed.

The described experiments may serve as a general2.4. Chromatographic conditions
example of how methods for multiple analytes are to
be validated and how the absence of matrix effect for =~ Chromatographic separation of analytes was per-
all analytes may be demonstrated. The subject of this formed on a Keystone Scientific’'s Prism R.P. ana-
paper is the development of the bioanalytical method lytical column (50 mmx 2mm, 3um particle size,
for the simultaneous determination lofand metabo-  Keystone Scientific, Bellefonte, PA) and a mobile
litesll andlll in human plasma. The method was used phase consisting of 40% acetonitrile and 60% water
for supporting a clinical study with in which con- containing trifluoroacetic acid, TFA (0.1%) with pH
centrations of all three compountisl|, andlll were adjusted to 3, pumped at a flow rate of 0.5 ml/min.
determined simultaneously in the same analytical run. The total runtime was 9 min. All analytes were base-
line separated. The retention timeslofil, |11, and
IV were 4.2, 1.0, 6.8, and 3.2min corresponding to
capacity factorsk) of 20, 4, 33, and 15, respectively.

2.3. Sandard solutions

2. Experimental

2.1. Materials 2.5. HPLC-mass spectrometric detections conditions
Compounds, 11, 11, andlV (Fig. 1) with purity of A Sciex (APl 3000) triple quadrupole mass spec-
greater than 99 % were received from the Merck Re- trometer was interfaced via a Sciex HN probe with
search Laboratories (Rahway, NJ) sample repository. the HPLC system. The HN probe was maintained at
All solvents, namely, methanol (99.9%), acetonitrile 500°C and gas phase chemical ionization was effected
(ACN) (99.9%), methyt-butyl ether (MTBE, 99.9%), by a corona discharge needle4nA) using positive
were purchased from Fisher Scientific (Fair Lawn, ion atmospheric pressure chemical ionization (APCI).
NJ). Trifluoroacetic acid (98.6%) and ammonium ac- The nebulizing gas () pressure was set for the HN
etate (99.1%) were also purchased from Fisher Sci- interface at 80 psi. The curtain gas flowx)Nvas at a
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setting of 12, and the sampling orifice potential was and 10Qul of IS (I1V), both in methanol, into 15ml
+35V. The mass analyzers were operated at unit masscentrifuge tubes containing 890 of mobile phase.
resolution. The mass spectrometer was programmed toThe solution was vortexed then transferred to the
admit the protonated molecule® [+ H]* atm/z 535, autosampler vial, and 30 was injected into the
438, 452, and 503 fa, I, 111, andlV, respectively, HPLC-MS/MS system.

via the first quadrupole filter (Q1). Collision induced Curve 2—A standard curve at 8 concentrations was
fragmentation at Q2 (CAD gas setting of 4) yielded the constructed in one lot of plasma by adding 1 ml of
productions ain/z277, 180, 223, and 259 foyI1, 111, plasma to a 15 ml centrifuge tube followed by the ad-
and |V, respectively, and were detected at Q3. Peak dition of 200wl of methanol. The plasma was basified
area ratios (analytes versus internal standard) obtainedwith pH 9.8 carbonate buffer (1 ml) and extracted with
from multiple reaction monitoring (MRM) of the an- 7 ml MTBE. The mixture was centrifuged (2060g)
alytes were utilized for the construction of calibration for 5min to separate the layers, then the tubes were
curves. Weighted1{x?) linear least-square regression placed in a dry ice/acetone bath to freeze the aque-
of the plasma concentrations and measured peak areaus layer. The entire organic layer was decanted to a
ratios were used for the quantification of the three an- clean tube and evaporated to dryness under a stream
alytes. Data collection, peak integration and calcula- of nitrogen in a 50C water bath. The residue was
tions were performed using RAD and MacQuan Sciex dissolved in 80Gwl of mobile phase to which 100l

software. of the appropriate standard mixture lofl I, andlll;
and IS (10Qul), both in methanol, was added. The
2.6. Sample preparation solution was vortexed, transferred to the autosampler

vial, and 1Qul was injected into the HPLC-MS/MS
Seven different standard curves in mobile phase and systems.
human plasma were constructed to evaluate the as- Set 1—Standard curves (A—E) at 8 concentrations
say accuracy, precision, recovery, and the absence omwere constructed in plasma from five different sources.
presence of the matrix effect. The first standard curve Standard curve A of this set was constructed in the
(Curve 1) was constructed to evaluate the MS/MS re- same plasma lot as the one used for the construction of
sponse for neat standards of all 4 analytes injected in Curve 2 (analytes spiked after extraction). One ml of
the mobile phase. The second curve (Curve 2) was plasma was placed in a 15 ml centrifuge tube to which
constructed in plasma extracts originating from a sin- 100ul each of appropriate standard mixturelof|,
gle lot of plasma to which analytes were spikafter andlll and 10Qul of IS (1), both in methanol, were
extraction. In addition, a set of samples correspond- added. The control (blank) tubes had 1 ml of plasma to
ing to five standard curves (Set 1, Curves A-E; 8 which 200ul of methanol was added. Mixtures placed
concentrationsc 5 = 40 samples) was prepared in in the tubes were basified by adding 1 ml of pH 9.8
plasma from five different lots. The plasma samples in carbonate buffer and analytes were extracted with 7 ml
this set were spiked with standarofore extraction. of MTBE. The organic layer was separated and evap-
The first curve of this set was constructed in the same orated to dryness following the same procedures as
plasma lot as used during the construction of Curve 2. performed in preparing the dried extracts for Curve 2.
By comparing the absolute peak areas of the analytes, The residue was dissolved in 8@0of mobile phase
the peak areas ratios, and slopes of the standard curve$40/60 mixture of acetonitrile/water containing 0.1%
from Curves 1, 2, and standard curves constructed in TFA adjusted to pH 3.0 with ammonium hydroxide)
five different plasma lots, the absence or presence ofto which an additional 200! of methanol was added.
matrix effect[11,12] precision and accuracy of the Ten microliters of these extracts was injected into the
method, and recovery of the analytes were assessed. HPLC-MS/MS systems.
The samples were prepared in the following man-

ner: 2.7. Precision, accuracy, and recovery
Curve 1—A standard curve of neat standards at
8 concentrations was constructed by placing 100 The precision of the method was determined by

of the appropriate standard mixture Iofl I, andlll, the replicate analyses: (= 5, set 1) ofl, Il, and
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I11 in five different sources of human plasma at all using 1ml of plasma. Therefore, plasma samples
concentrations utilized for the construction of cali- from selected subjects at the same time points were
bration curves. The linearity of each standard curve pooled and then assayed florll, andlll concentra-
was confirmed by plotting the peak area ratio of tions. Four subjects each from the male and female
each analyte to ISI{) versus analyte concentration. panels who received 125 mg doselofvere selected
The unknown sample concentrations were calculatedto be pooled based on their highconcentrations
from the equationy = mx + b, as determined by  during the initial assay. The male and female panels
weighted (/x?) linear regression of each standard were independently pooled in order to examine any
curve. The accuracy of the method was expressed bypotential differences in the metabolism between the
[(mean observed concentration)/(spiked concentra- sexes. The samples were pooled by removing a 0.5 ml
tion)] x 100 (set 1). The recovery was determined aliquot from a given subject time-point sample and

by comparing the mean peak areaslpfl, or Il combining it with similar aliquots from other subjects
in set 1 to those observed during the construction of at the same time point. This was repeated at all other
Curve 2. time points for the same subjects resulting in the en-

tire time profile from two parts of the study. These
2.8. Assessment of the matrix effect aliquots were mixed and frozen a0°C.

The liquid-liquid extraction method consisted

The matrix effect and assay reliability for all three of adding base (pH 9.8 carbonate buffer, 1 ml), to
analyted, |1, andl 1l was assessed in a similar manner 1 ml of plasma, spiked with 100l of internal stan-
as described previously for a single analptt&, 12] by dard solution (2..g/ml) and then extraction with
comparing the peak areas of all analytes in different methylt-butyl ether (7 ml) in conical disposable glass
lots of plasma, the peak area ratios of analytes to antubes (15 ml) by rotating mixing. The organic extract
internal standard, and by analyzing plasma sampleswas transferred to a clean 15 ml centrifuge tube and
spiked before and after extraction. In addition, the re- evaporated under a stream of nitrogen atG0The
covery of the extraction procedure and the absolute dried residue was reconstituted in mobile phase (1 ml)
matrix effect (ion suppression or enhancement) were and 10ul of this solution was injected into the HPLC
assessed for all three analytes. system.

2.9. Assessment of assay selectivity 2.11. Quality control sample preparation

The assay selectivity was assessed by analyzing ex- Quality control (QC) samples at three different con-
tracts from five lots of plasma originating from differ- centrations were prepared from a pool of five differ-
ent sources. Endogenous peaks at the retention timesent lots of plasma. Five hundred microliter each of a
of the analytes of interest were not observed in any of 400, 150, and 1.g/ml standard solution in methanol
the plasma lots evaluated. In addition, the “cross-talk” of I, II, and Il (prepared from a new weighing)
between the MS/MS channels monitored for the an- was pipetted into a 50 ml volumetric flask, to pre-
alytes andlS was evaluated by injecting separately pare the high (4000 ng/ml), medium (1500 ng/ml), and
each analyte at the highest concentration on the stan-low (100 ng/ml) QCs, respectively. Each flask was
dard curve and monitoring the responses in all other g.s. to the mark with control plasma and vortexed for

MS/MS channels. 30s.
The quality control solutions at each concentra-
2.10. Clinical sample preparation tion were then aliquotted (1.25 ml) into polypropylene

tubes and the tubes were kept frozen-20°C.
The clinical study samples were originally ana-
lyzed for the concentration of the parent drugising 2.12. Quality control freeze-thaw stability
1 ml of plasma. Due to the limited volume of plasma
remaining, it was not feasible to reassay all the sam-  Quality control samples were examined for their
ples from the study for metabolite concentrations freeze—thaw stability. Freshly prepared QC samples
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were frozen for at least 24h and thawed unassisted 3. Results and discussion

at room temperature. After thawing, the samples were

refrozen for at least 12 h then thawed a second time. 3.1. Method validation

This freeze—thaw cycle was repeated, and then samples

were analyzed after completing the third freeze-thaw  Full scan positive ion mass spectral ofl, I 11, and
cycle. IV yielded predominantly the protonated molecules at

Aprepitant, I, (M+H)" = (m/z 535)
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m/z 535, 438, 452, and 503, respectively. The prod- of the extract to dryness, reconstitution of the residue,
uct ion mass spectra of these protonated moleculesand injection of the sample into the HPLC system.

(Fig. 2) indicated the presence of intense product ions
at m/z 277, 180, 223, and 259 far 11, |11, andlV,

respectively.

The isolation of analytes, 11, andIIl was based

The simultaneous assay for the three analytes was
validated in human plasma in the concentration ranges

of 10-5000ng/ml forl andIl, and 25-5000 ng/ml

for I11. The differences between the nominal standard

on a liquid—liquid extraction from plasma, evaporation concentrations and the back-calculated concentrations
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from the weighted linear regression lines were less and 10 mM ammonium acetate, pumped at 1.0 ml/min.
than or equal to 5% for each point on the standard The “cross-talk” between MS/MS channels used for
curves indicating that the linear regression analysis ap- monitoring [-1V was evaluated by separately inject-
plied (1/x?) provided an adequate fit of the data. Typ- ing each analyte at the highest concentration on the
ical equations for the calibration curves fqrll, and standard curve and monitoring the responses in the
11 werey = 0.004352x —0.001856,y = 0.002292« acquisition channels for all analytes. Under the origi-
—0.003648, andy = 0.000076x —0.000211, respec-  nal assay conditions, the retention timed ofl, 111,
tively. The correlation coefficients for the mean stan- and1V were 3.6, 3.8, 5.8, and 3.2min, respectively.
dard curves obtained in five different plasma lots (set Injection of 100 ng neat standard ¢fon column
1) were greater than 0.999 for each of the three ana- showed intense responses at the channels correspond-
lytes, demonstrating linearity over the entire standard ing to| (m/z535— 277) andll (m/z 438 — 180) at
curve ranges. the retention time of (3.6 min). Injection of 100 ng
The intra-day accuracy values ranged from 99 to neat standard ofl showed intense response at the
102, 96 to 102, and 102 to 105% with precision val- channel corresponding b (m/z438 — 180) at a re-
ues of less or equal to 2.3, 3.2, 8.5% fotl, andlll, tention time of 3.8 min, but no responses at any other
respectively, indicating excellent accuracy and preci- channels. Injecting the same amountsl df and 1V
sion of the assay. The assay intra-day accuracy andshowed intense responses at their respective channels
precision data for the three analytes are summarizedbut no responses at any other channels monitored.

in Table 1 These results clearly indicated that “cross-talk” ex-
isted between MS/MS channels used for monitoring
3.2. Assay sdlectivity | andIl and baseline separation of these two com-

pounds was required to assure assay selectivity. The
The HPLC-MS/MS conditions used for the deter- “cross-talk” contribution ofl to the channel used for

mination of | [10] were initially utilized during the monitoring 11 may have been due to the in-source
method development for the simultaneous determina- fragmentation of-11 at the mass spectrometer’s inter-
tion of | and two metabolited andlll. The analytical face. For the internal standart\M(), the “cross-talk”
column in that method was a Keystone Scientific’'s contribution to the analytes’ channels, and vice versa
BDS Hypersil C8 (50 mmx 4.6 mm, 3um particle was not observed. Quantification of and Il un-
size) and the mobile phase was a 50/50 (v/v) mixture der the chromatographic conditions utilized [0]

of acetonitrile and water containing 0.1% formic acid would not be selective. In addition, the absence of

Table 1

Intra-day precision and accuracy of replicate analysis- () of Aprepitant (), and metabolitesl{, andl11) in five different lots of human
control plasma

Nominal Meart Precisiofl Accuracy
concentration (ng/ml)

10 10 10 - 2.1 3.2 - 100 102 -

25 25 24 25 1.7 2.3 8.5 100 96 102
50 50 49 53 2.3 12 2.0 101 98 105
100 102 98 104 0.5 1.2 4.5 102 98 104
500 505 505 511 1.8 2.2 3.0 101 101 102
1000 1006 1024 1021 11 0.8 1.4 101 102 102
2500 2466 2538 2549 15 12 2.0 99 102 102
5000 4926 5025 5098 1.8 2.5 1.3 99 100 102

2 Mean concentrations calculated from the weighted linear least-squares regression curve constructed using all five replicate values at
each concentration.

b Expressed as coefficient of variation (CV%).
¢ Expressed as [(mean observed concentrations)/(nominal concentratid®)); ¢z = 5).
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Fig. 3. Representative chromatogramsl ofl, 111, and1V of neat standards monitored @z 535— 277 (channel “a”)mz 438 — 180

(channel “b"),m'z 452 — 223 (channel “c”), andn/z 503 — 259 (channel “d"), respectively. Chromatograms A, B, C, and D are 100 ng
neat standard of on column monitored at channels “a”, “b”, “c”, and “d", respectively; chromatograrhsBA C, and D—100 ng neat
standard ofl| on column monitored at channels “a”, “b”, “c”, and “d”, respectively; chromatografisB{, C’, and O’—100 ng neat
standard oflI1 on column monitored at channels “a’, “b”, “c”, and “d", respectively; chromatograriis B”/,C’"" and D"”—100 ng neat
standard oflV on column monitored at channels “a”, “b”, “c”, and “d”, respectively.
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matrix effect for all analytes and tH& needed to be  simultaneous assay. Also, by improving separation
demonstrated. Therefore, there was a need to designand retention of analytes on column, the likelihood
new chromatographic conditions to baseline sepa- of elimination of matrix effect for all analytes in-
ratel andll and all other analytes monitored in the creases considerably, as demonstrated by us earlier



C.M. Chavez-Eng et al. / Journal of Pharmaceutical and Biomedical Analysis 35 (2004) 1213-1229 1223

for other analytes determined by HPLC-MS/MS in plasma extracts under the new HPLC conditions uti-
[11,12] lized. No detectable endogenous peaks were observed
Different analytical columns (stationary phases) and in all channels utilized for analytes’ quantification.
mobile phase combinations were evaluated to provide
better separation and retention of all analytes. TFA 3.3. Recovery of analytes and assessment of the
was added to the mobile phase although it is known to matrix effect
cause ion suppression especially in electrospray ion-
ization (ESI) due to its ion-pairing activity with the The adverse consequences of matrix effects on
analyte ions. However, in this study, atmospheric pres- the results of quantitative HPLC-MS/MS analyses
sure chemical ionization was used, and the unfavor- have been fully recognizefl1-16] and the assess-
able effect of TFA on ionization was not observed. ment of matrix effect is becoming an integral part of
The presence of TFA in the mobile phase showed sig- method development and validati¢h0,17-21] For
nificant advantage over formic acid in providing bet- multi-component assays, the assessment of matrix
ter chromatographic retention and separation of the effect is required for all analytel?] but is rarely
analytes. The HPLC conditions described in the Ex- performed in methods described in the literature. In
perimental Section resulted in capacity factd¢sof the case of quantitative determination of three ana-
greater than 4 for all analytes and in the casé and lytes described in this paper, the matrix effect and the
Il they were 20 and 4, respectively. In addition, good possibility for ionization suppression or enhancement
retention of analytes allowed separation of more po- for I, II, andlll in different plasma samples (lots,
lar compounds and other potentially interfering com- subjects) under the new HPLC separation conditions
pounds from the analytes, thereby potentially decreas- were closely examined. The coefficients of variation
ing or eliminating the competition for ionization at (CV's, %) of the mean peak areaslofl, andl 1l (set
the retention times of all analytes. However, the good 1) at any given concentration in five different plasma
chromatographic retention of analytds & 4) on the lots (Table 9 were small £9%), strongly indicating
HPLC column alone may not necessarily guarantee little or no difference in ionization efficiency and con-
the elimination of matrix effect on quantification and sistent recovery of the analytes from different plasma
the absence of matrix effect needs to be confirmed. lots. In addition, by comparing peak areas of all ana-
The results of experiments confirming the absence of lytes for samples spikedfter extraction from plasma
matrix effect for all analytes are presentedSaction (Curve 2) with the analogous peak areas obtained by
3.3(see below). The chromatograms of neat standardsinjecting neat standards directly (Curve 1), the extent
and blank control plasma extract showrHigs. 3 and of the absolute matrix effect was estimatddlgle 3.
4 confirmed the absence of any interfering compounds The values >100% indicate ionization enhancement in

Table 2
Mear? peak areas of, I, Ill, and 1V spiked into five different lots of human plasma before extraction (set 1) and the precision of
determination of peak area ratios of analytesl|, or I11) to the internal standard\{)
Nominal Peak are Peak area ratifs
concentration
(ng/ml) | 1 111 v v v /v
10 28045 (2.2) 22429 (0.9) 657547 (2.6) 0.0426 (2.1) 0.0341 (3.2)
25 67944 (3.0) 54101 (2.6) 3084 (7.2) 653508 (1.9)  0.1039 (1.7)  0.0828 (2.3)  0.0047 (8.5)
50 134300 (2.2) 111071 (2.0) 6499 (3.7) 649595 (1.7) 0.2068 (2.3) 0.1710 (1.2)  0.0100 (2.0)
100 267171 (2.4) 221008 (2.5) 12837 (4.0) 643972 (2.1)  0.4149 (0.5)  0.3432 (1.2)  0.0199 (4.5)
500 1328159 (2.6) 1149379 (1.0) 64041 (1.2) 648674 (2.9) 2.0479 (1.8) 1.7728 (2.2)  0.0988 (3.0)
1000 2616656 (3.1) 2304327 (1.9) 126822 (2.4) 641477 (2.1)  4.0785 (1.1)  3.5924 (0.8) 0.1977 (1.4)
2500 6593654 (2.8) 5872454 (2.3) 325526 (2.2) 659340 (2.5) 10.0007 (1.5) 8.9074 (1.2)  0.4938 (2.0)
5000 13023870 (3.3) 11497587 (1.6) 644068 (2.8) 652064 (2.4) 19.9712 (1.8) 17.6393 (2.5)  0.9877 (1.3)
8np=>5.

b Numbers in parentheses are coefficient of variation (CV%).
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Fig. 4. Representative chromatogramslofil, IIl, and IV spiked into plasma and monitored afz 535 — 277 (channel “a”),m/z

438— 180 (channel “b")m/z 452 — 223 (channel “c”), andw/z 503 — 259 (channel “d"), respectively. Chromatograms A, B, C, and D
are blank control plasma monitored at channels “a”, “b”, “c”, and “d”, respectively; chromatogran® ,AC’, and D—control plasma
spiked with 100 ng/ml ofl, 11, andIIl and 250 ng/ml oflV monitored at channels “a”, “b”, “c”, and “d", respectively; chromatograms
A’, B”, C" and D'—pooled male predose plasma sample spiked with 250 ng/niVofmonitored at channels “a”, “b”, “c”, and “d”,
respectively; chromatograms’A B/, C"’, and B"’—pooled male plasma samples Day 4 of 28 days of multiple dosing at 125mg oral
dose, spiked with 250 ng/ml dfV monitored at channels “a”, “b”, “c”, and “d”, respectively. Calculated concentrations bif, and 11

were 1393, 70, and 90 ng/ml, respectively.
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Table 3
Peak areas of neat standardsl pfl, 111, and1V (Curve 1) and the same standards spiked into plaaftea extraction (Curve 2)
Nominal | 1 111 v
concentration  pegy ared  Peak arda  Matrix effect Peak aread Peak aréad Matrix effect Peak ared Peak ardd Matrix effecf  Peak ared Peak aréd Matrix effect
(ng/mi) (A) (A (A'IA x 100)  (B) (8) (B'/B x 100) (C) ) (€IC x 100 (D) () (D'/D x 100)
10 28309 29678 105 23387 22444 96 692811 685967 99
25 71795 71631 100 61910 57598 93 2999 2873 96 691265 678430 98
50 140624 140839 100 119053 120524 101 6017 6152 102 691294 689080 100
100 277442 280835 101 243784 241258 99 11423 13208 116 671057 704062 105
500 1400383 1384439 99 1189921 1206690 101 59328 61007 103 693178 678960 98
1000 2831494 2770380 98 2437443 2422965 99 124981 127802 102 684871 690260 101
2500 6912717 6906891 100 6145245 6011967 98 307555 322286 105 676282 703882 104
5000 13689260 13971649 102 11648599 12206604 105 630075 642648 102 699467 699887 100
Mean 101 99 104 101
s.nd 2.1 3.6 6.1 2.6
CcVue 2.1 3.6 5.9 2.6

2 Neat standards—standard Curve 1 (Sm=tion 2.

b Standards spiked after extraction—standard Curve 2 $eion 2.5.

¢ Matrix effect (%)—expressed as the ratio of the area of an analyte spiked into plasma post-extict®n €', andD’) to the peak areas of the same analyte standad®8( C, and D)
multiplied by 100. A value >100% indicates ionization enhancement, and a val0@% indicates ionization suppression.

d Standard deviation.

¢ Coefficient of variation.

9¢¢tT
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Table 4 More importantly, the “relative” matrix effect, based
Representative standard curve slopeslfdd, andlll spiked into on slopes of the standard curves in different plasma
five different lots of control human plasma lots (Table 4 was not observed as indicated by a very

Calibration curve Slopes small coefficient of variation<€1%) of the slopes of

| T " standard curves constructed in five different sources

of plasma.

! 0.004054 0.003477 0.000195 The extraction recovery (%) was calculated by com-
2 0.004079 0.003491 0.000198 ) ° |
3 0.004071 0.003495 0.000200 Paring the areas of analytes spiked before extraction
4 0.004071 0.003534 0.000201  (set 1) divided by the areas of analytes spiked after
S 0.004034 0.003565 0.000200  extraction (Curve 2) and multiplied by 100. The mean
Mean 0.004062 0.003512 0.000199 recoveries of, |1, IIl, andlV were 95, 95, 102, and
Standard deviation 0.000018 0.000036 0.000002 94%, respectively.
CV%? 0.44 1.03 1.01

a Coefficient of variation. 3.4. Freeze-thaw stability

Freeze—thaw stability was examined by exposing
plasma versus neat standards, whereas vati€9% quality controls samples to three freeze-thaw cy-
indicate ionization suppression. The data presented incles (freezer nominal temperature ef20°C). By
Table 3indicated that the mean “absolute” matrix ef- comparing the initial mean values at three different

fect for I, II, 111, and1V (101, 99, 104, and 101%, concentrations of QC standards after one freeze—thaw
respectively), was negligible. cycle to the similar mean values after subsequent
Table 5
Analysis of plasma quality control samples for Aprepitant (I, andlll concentrations
Nominal concentration LQ€concentration (ng/ml) MQE concentration (ng/ml) HQEconcentration (ng/ml)

100 1500 4000

| 1 I | 1 1l | 1l 1]
Initial mean assayed concentration 102 107 110 1474 1622 4517 3912 1622 4524
S.DE (n=05) 3.1 4.1 4.0 18.6 22.6 59.6 41.5 27.4 89.8
cVvh (%) 3.0 3.8 3.7 1.3 1.4 1.3 1.1 17 2.0
Second Freeze-thaw cycle 102 107 102 1476 1636 4595 3997 1672 4956
S.Df (n=2) 0.9 2.1 0.3 26.2 27.3 120.6 107.2 46.8 350.7
cVf (%) 0.9 2.0 0.3 1.8 1.7 2.6 2.7 2.8 7.1
Third Freeze-thaw cycle 105 111 109 1471 1624 4515 3840 1662 4547
SO (n=2) 0.42 0.21 2.8 45 24.8 60.0 8.8 23.0 109.7
cVf (%) 0.4 0.2 2.6 0.3 15 1.3 0.2 1.4 2.4
Inter-day variability overall mean 108 105 115 1540 1612 4395 3972 1564 3953
S.DE 5.8 10.7 8.9 71.4 175.8 389.5 31.3 144.0 455.9
cVvi (%) 5.4 10.2 7.7 4.6 10.9 8.9 0.8 9.2 11.5
Accuracy (%) 106 98 104 104 99 97 101 96 87

@ Low quality control.

b Middle quality control.

¢ High quality control.

d Mean ofn = 5.

€ Standard deviation.

f Coefficient of variation.

9 Period of 2 days.

h Accuracy was determined as [(mean determined concentration)/(initial mean assayed conceniratiaf)]
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Fig. 5. Pooled § = 4) plasma concentrations of Aprepitam}, (11, andIll following multiple 125 mg oral doses of Aprepitant.

freeze—thaw cycles, the effect of freeze-thawing on following multiple 125 mg capsule doses loére pre-
the stability of all analytes in plasma was determined. sented inFig. 5.

There were no significant differences4% for |

and Il; <10% for I11) in the assay concentrations .

following multiple freeze—thaw cycledéble 5, thus 4. Conclusions

indicating analyte/sample stability. The summary

results of the analyses of QC standards during the
assay of samples from a clinical trial are presented in
Table 5 These data show good inter-assay accuracy
and precision of the method for all three analytes.

The analytical method for the simultaneous deter-
mination of Aprepitantl() and two metabolited [ and
[11) in plasma, based on liquid-liquid extraction of an-
alytes from basified biological matrix, was developed
and validated. The limit of reliable quantification lof
andll was 10 ng/ml, and 25 ng/ml fddl when 1 ml
of plasma was processed. The paper demonstrates the
necessity for the careful evaluation of the assay se-
lectivity when multiple analytes are quantified. The
absence of matrix effect was demonstrated by analy-
sis of neat standards and standards spiked into plasma
extracts originating from five different sources.

3.5. Analyses of samples from clinical studies

The simultaneous assay fbrand its two metabo-
lites was used to determine the relative concentrations
of I, 11, andlll in pooled human plasma samples. The
linear range of the assay (10-5000 ng/ml of plasma for
| andll and 25-5000 ng/ml forl1) was sufficient to
completely map the pharmacokinetic time-profile fol-
lowing the 125 mg oral dose ¢f The concentrations  Acknowledgements
of | from pooled plasma samples of male subjects
that received daily oral 125 mg dose lofor 28 days We would like to thank Drs. R.A. Blum, M.R. Gold-
ranged from~616 to 3300 ng/ml while the concentra- berg, and A. Majumdar for their efforts in designing
tions ofl1 andl 1l ranged fron~44 to 142 ng/ml, and  and monitoring the clinical trials witth from which
~28 to 239 ng/ml, respectively. Based on the binding plasma samples for analyses were available.
affinities and concentrations of andlll in plasma,
the contribution from metabolites to antiemetic activ-
ity of | may be considered as minor. Representative
_ChromatOgramS of plasma_EXtraCtS of standards spik_ed [1] S. Poli-Bigelli, J. Rodrigues-Pereira, A.D. Carides, G.J. Ma,
in control plasma and subjects’ samples are shown in K. Eldridge, A. Hipple, J.K. Evans, K.J. Horgan, F. Lawson,
Fig. 4. Plasma concentrations bfll, andlll (n = 4) Cancer 97 (2003) 3090-3098.
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