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bstract

Incurred dog plasma samples were utilized for method quality assessment in this study, where a sensitive LC–MS/MS method was used for
etermination of the antibacterial agent rifalazil (KRM-1648 or ABI-1648). Reproducibility was estimated by repeated analysis of samples from
pharmacokinetic study, where 23 out of 864 study samples were reassayed during the course of the study. Precision for same-day duplicates was
R.S.D. 3.1 (concentration range 0.7–149 ng/ml), and over the whole study %R.S.D. 11.0 (concentration range 0.5–52 ng/ml). Moreover, standard

ddition experiments with incurred samples (concentration range 0.30–45 ng/ml) are described, where the recovery of spiked rifalazil amount was
easured as a surrogate parameter for accuracy. The mean recovery of the added rifalazil amount was 103% (%R.S.D. 26.2). It was concluded

hat the described method is robust and reproducible for incurred samples.
Liquid–liquid extraction was used for isolation of rifalazil and an isotope labeled internal standard from plasma. A manual procedure, based

n an 8 × 12 array format, was used for sample extraction. Extracts were analyzed by reversed-phase liquid chromatography using octylsilica
olumn with gradient elution (1 mM ammonium acetate + 0.01% (v/v) acetic aid in water and methanol). Mass spectrometric detection was made
ith positive ion electrospray ionization and LC–MS/MS analysis in a triple-quadrupole mass spectrometer. The lower limit of quantification
as 50 pg/ml. MS characteristics of rifalazil are presented. In particular, two different sets of ionization and selected reaction monitoring (SRM)
onditions, where in-source fragmentation was used for precursor ion formation in one of the sets, were compared. The good correlation found
etween the two sets of results for authentic sample extracts indicated that either condition could be used for quantification of rifalazil in dog
lasma.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Investigations aiming at an assessment of the method repro-
ucibility for study samples, as an extension to the method
alidation, have recently been reported [1]. It has been shown
hat a regular method validation using fortified samples made

rom, e.g., pooled control plasma or urine may not fully reflect
he method performance for real-life samples. Therefore, it has
een suggested to regularly repeat the analysis of a portion of
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ax: +1 617 224 4350.
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andomly selected study samples as a mean to better estimate
he reproducibility of a method. Justifications for post-validation
ocumentation of methodology through incurred sample analy-
is were recently presented in a conference report [2].

This communication reports quality assessment data and
rocedures used for repeated analysis of incurred dog plasma
amples during a pharmacokinetic study of rifalazil using a
ewly established LC–MS/MS method. Rifalazil (also known
s KRM-1648 or ABI-1648) is a potent antibacterial agent
hich is currently evaluated in clinical trials [3–5]. A sensi-

ive bioanalytical method for the determination of rifalazil in

uman plasma was recently described [6] as an alternative to
arlier presented LC–UV methodology [7]. The method uti-
ized liquid–liquid extraction and LC–MS/MS and reached a
ower limit of quantification (LLOQ) of 50 pg/ml. In the current
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ommunication, this method was adapted through modification
f the chromatographic conditions in order to facilitate bioan-
lytical support of preclinical studies undertaken in parallel to
he clinical program. This also allowed for further exploration
f the analytical conditions for rifalazil and related new chem-
cal entities (NCEs) [4]. In particular, an alternative MS/MS
ransition was explored for rifalazil quantification. The ana-
ytical method described here was applied to a formulation
evelopment study, using the dog as a model for rifalazil absorp-
ion after oral administration of rifalazil. The variability found
or incurred samples by duplicate processing in a run, or by
epeated analysis on a second occasion, is reported. Also, stan-
ard addition experiments with incurred samples are described,
here the recovery of spiked rifalazil amount was measured as
surrogate parameter for accuracy. The results show that the
ethod described has good reproducibility and overall accu-

acy for dog plasma study samples in the concentration range
tudied.

. Experimental

.1. Materials

Rifalazil (3′-hydroxy-5′-(4-isobutyl-1-piperazinyl)benzoxa-
inorifamycin, C51H64N4O13), MW 941.1, and the internal stan-
ard 13C4-rifalazil (ABI-9901), MW 945.1, were obtained from
ctivBiotics, Inc. (Lexington, MA). The structures of rifalazil

nd ABI-9901 are shown in Fig. 1. The monoisotopic weights of
he protonated molecular ions are 941.5 and 945.5, respectively.

Rifalazil has a low solubility in aqueous solution at neu-
ral pH and a tendency to adsorb to surfaces. Adsorptive losses
ere minimized by preparing the stock solutions in methanol (at

.1 mg/ml) and the working calibration standards were diluted in
lank dog plasma (K2-EDTA, Valley Biomedical, Winchester,
A, USA). A working solution of 50 ng/ml internal standard

IS) was made in methanol–water (1:1, v/v). The final IS con-

ig. 1. Structure of rifalazil (ABI-1648). Asterisks (*) denote the position of
3C labels in the internal standard (ABI-9901, 13C4-rifalazil).
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entration during sample extraction corresponded to 12.5 ng/ml
lasma.

All reagents used were of HPLC grade or equivalent. Positive
isplacement pipettes, Gilson Microman (Rainin, Oakland, CA,
SA) were used for pipetting methanol and plasma solutions.

.2. LC–MS/MS conditions

An Agilent 1100 series system (Agilent Technologies, Inc.,
aldbronn, Germany) consisting of a binary pump, a vacuum

egasser, and a column compartment was used. The microplate
utosampler with a passive (medium: methanol/water 1:1) and
n active (methanol–water–acetic acid at 70:30:1, v/v/v) exter-
al needle wash was used. The injection volume was 30 �l
nd the sample tray temperature was set at 6 ◦C. The reversed-
hase analytical column was an ACE C8, with dimensions
0 mm × 2.1 mm, 5 �m, from MAC-MOD Analytical (Chadds
ord, PA, USA) with a SecurityGuard C8 precolumn filter,
mm L × 2.0 mm ID (Phenomenex, Torrance, CA, USA). The
obile phase composition was 0.01% (v/v) acetic acid with
mM ammonium acetate in both H2O (A) and methanol (B),

espectively. The flow rate was 0.6 ml/min. The time program
as 30% B for 0.75 min, gradient 30–95% in 3.25 min, hold for
.5 min and then back to 30% B.

A triple-quadrupole mass spectrometer API 4000 (Applied
iosystems/MDS Sciex, Concord, ON, Canada) equipped with
Turbo-V ion source was used with electrospray ionization in

he positive ion mode with selected reaction monitoring (SRM)
f transition m/z 941/909 for rifalazil. Nitrogen (boil-off from
iquid nitrogen) was utilized as a nebulizer, curtain and col-
ision gas. Typical mass spectrometer settings are shown in
able 1, where Set 1 was used for study samples, and Set 2 (in-
ource fragmentation) with the SRM transition at m/z 909/517
as explored as an alternative. The dwell time was 150 ms for

ifalazil and 100 ms for ABI-9901, and unit resolution was used

or quantification. The LC/MS system control and quantification
ere made in the Analyst 1.4 software (MDS Sciex, Toronto,
N, Canada). For acquisition of mass spectra, a rifalazil solu-

ion was continuously infused into a flow of mobile phase via a

able 1
ass spectrometry settings for rifalazil analysis with selected reaction
onitoring

arameter MS conditions
Set 1

MS conditions
Set 2

RM transitions (m/z in Q1/Q3)
Rifalazil 941.5/909.4 909.4/517.2
Internal standard 945.5/913.4 913.4/521.2

on source temperature (TEM, ◦C) 450 500–550
eclustering potential (DP, V) 80 135–140
ollision energy (CE, eV) 30 50
AD gas (collision activated
dissociation)

4 7–8

on spray voltage (ISV, V) 5200 5200

et 1: typical MS/MS conditions used for quantitative analysis of study samples.
et 2: precursor ion formed by in-source fragmentation combined with a different
roduct ion.
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ee connection (flow rate ratio typically 10:400) located before
he electrospray ion source.

.3. Dog plasma extraction procedure

Liquid–liquid extraction of dog plasma with methyl t-butyl
ther (MtBE) was made similar to the method for human plasma
6], however, the extraction tube format was replaced by an
rray of 8 × 12 in order to simplify sample tube identifica-
ion during sample processing. Sample extraction was made
n 1.2 ml polypropylene cluster tubes, sealed with strip-caps
Costar, Corning, Inc., NY, USA). Dog plasma (200 �l) and
nternal standard working solution (50 �l) were mixed for 1 min
efore adding 400 �l of MtBE (EMD, Gibbstown, NJ, USA).
n eight-channel pipette from Matrix Technologies (Hudson,
H, USA) was used for IS transfer to the cluster tubes. MtBE
as added with a Calibrex 520 dispenser from Wheaton Instru-
ents (Millville, NJ, USA) and samples were extracted by

orizontal shaking for 30 min. After centrifugation, and freezing
he lower aqueous layer in a dry ice/methanol cryogenic bath,
he supernatant was transferred to a 96-well plate (500 �l V-
ottom, Costar) with a disposable transfer polyethylene pipette
1.5 ml, VWR International, Bristol, CT, USA). The solvent was
emoved under nitrogen flow (grade 4.8 or higher) in a Glas-Col
oncentrator/Evaporator (Model 9600E, Glas-Col, LLC, Terre
aute, IN, USA) at room temperature. The residue was reconsti-

uted by adding 200 �l H2O–methanol–acetic acid (60:40:0.5,
/v/v) and vortex mixing. Phase separation was occasionally
bserved after extract storage at refrigerated conditions. There-
ore, the reconstituted extracts were centrifuged, and an aliquot
f the supernatant was transferred to a 96-well plate (or to
eparate vials with polypropylene inserts) for LC–MS/MS anal-
sis.

Extraction recovery was measured during method devel-
pment for rifalazil using 200 �l plasma and 400 �l MtBE
nd ranged 73–85%. Matrix effect observations (signal sup-
ression and/or enhancement), comparing the response for a
ifalazil solution added to blank dog plasma extract with the neat
ifalazil solution, showed 96–108% response (plasma matrix
s. neat) in different LC systems. In addition, matrix effects
ere studied by post-column infusion of a neat rifalazil solu-

ion during LC elution of a blank plasma extract, in order to
nsure that the rifalazil MS signal was unperturbed by poten-
ially co-eluting endogenous components present in the plasma
xtract.

Data reported here for quality assessment in incurred samples
s based on results from a formulation development study per-
ormed in the dog, in which rifalazil was determined in 864
og plasma samples during 4 months. While quality assess-
ent experiments provided information on the overall method

erformance during the study, no action was taken based on
esults from reassay or standard addition. During routine sam-
le analysis, the target performance of spiked calibrants and

uality control samples was 85–115% of nominal concentration
20% at the LLOQ). Study samples were selected randomly over
reatment groups for intra-day (N = 26) and inter-day (N = 23)
ariability assessment. Moreover, standard addition of rifalazil

w
T
s
5

nd Biomedical Analysis 45 (2007) 616–624

o incurred samples (N = 34) was used for accuracy evalua-
ion. In this procedure, 20 �l rifalazil solution (5 or 50 ng/ml

ethanol) was spiked into the selected study plasma sample
200 �l) before processing. The spiking concentration corre-
ponded to 0.5 or 5 ng/ml plasma, respectively. The spiked
ample was analyzed in the same run as the unmanipulated study
ample.

.4. Quantification

Quality control (QC) samples and calibration standards were
ade from separate rifalazil stock solutions. A calibration curve
as prepared in blank beagle dog plasma by fortification with

ifalazil at eight concentrations in the range 50 pg/ml (LLOQ)
o 50 ng/ml (upper limit of quantification, ULOQ). Quality
ontrol samples were prepared in blank plasma at three con-
entration levels: 0.15 ng/ml, 1.5 ng/ml and 50 ng/ml. Duplicate
alibration and QC samples were processed in each analyt-
cal batch. The validity of the dilution procedure used for
amples with plasma concentrations above ULOQ was veri-
ed.

Quantification was performed in Analyst 1.4 using peak area
easurements of rifalazil and the internal standard ABI-9901,

nd a quadratic regression model with 1/x2 weighting.

. Results and discussion

.1. Rifalazil detection by mass spectrometry

A triple-quadrupole mass spectrometer was utilized for
elected reaction monitoring (SRM) of rifalazil (structure, see
ig. 1). A mass spectrum of rifalazil typically displays three
ajor ions: the protonated molecular ion, MH+, the sodiated
olecular ion MNa+, and the rifalazil fragment (M − 32)H+.
ig. 2 shows mass spectra for rifalazil under analytical condi-

ions (trace A) and under ion source conditions that promotes
n-source fragmentation of m/z 941 → 909 (trace B), respec-
ively. Rifalazil fragmentation of MH+ from m/z 941 → 909
as enhanced at elevated temperature and at an increased
eclustering potential, while MNa+ appears more stable at
xtremer conditions. Thus, excessive in-source fragmentation
ould affect the abundance of the precursor ion used for SRM,

nd thereby the assay sensitivity. Typical MS settings are listed
n Table 1.

MS/MS experiments were performed on the protonated
olecular ions of rifalazil and the isotope labeled internal stan-

ard ABI-9901 at m/z 941 and 945, respectively. Product ion
pectra after collision-activated dissociation (CAD) are shown
n Figs. 3A and 4A. The major fragments were found at m/z 909
nd 913, respectively, which were used for rifalazil quantifica-
ion in plasma by SRM. In addition, product ion spectra of m/z
09 and 913 are presented in Figs. 3B and 4B, along with a sug-
ested fragmentation. In this case, the precursor ion formation

as enhanced by more extreme ion source conditions (Table 1).
he main CAD fragments formed from these alternative precur-
or ions for rifalazil and the internal standard were m/z 517 and
21, respectively.
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ig. 2. Mass spectra (Q1) of rifalazil at two ion source conditions, illustrating
otential (DP): (A) TEM 375 ◦C, DP 80 V; (B) TEM 500 ◦C, DP 140 V.

.2. Evaluation of alternative SRM transition with plasma
xtracts
The identification of two alternative MS/MS transitions for
ifalazil quantification presented an opportunity to evaluate the
obustness of the LC/MS analysis of incurred samples. Plasma
ample extracts were analyzed by the two different SRM transi-

o
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s

ig. 3. Product ion scans of rifalazil for two precursor ions and suggested CAD fragm
41.6: TEM = 375 ◦C, DP = 80 V, CAD = 4 and CE = 30 eV; (B) precursor ion m/z 909
ased in-source fragmentation at elevated temperature (TEM) and declustering

ions. If a bias were to be found for one of the two transitions in
uthentic and/or calibration samples, this could indicate interfer-
nce in the ionization process. Moreover, based on the selection

f a larger fragment for SRM of m/z 909/517, this transition
ould potentially be more selective than the loss of 32 amu,
nd might be useful if any interference would appear in future
tudies.

entation (insert). See Table 1 for parameter information. (A) Precursor ion m/z
.5: TEM = 500 ◦C, DP = 140 V, CAD = 7 and CE = 50 eV.
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ig. 4. Product ion scans of the internal standard, ABI-9901, for two precursor io
A) Precursor ion m/z 945.6: TEM = 375 ◦C, DP = 80 V, CAD = 4 and CE = 30 eV

In this experiment, one batch of extracts of incurred dog
lasma samples, fortified calibration samples and QC samples
ere analyzed by LC/MS using two different SRM transitions,
/z 941/909 (the regular transition) and m/z 909/517 (after

n-source fragmentation). The rifalazil response was about a
hreefold lower with the m/z 909/517 transition and the low-
st calibration level was therefore elevated from 0.050 ng/ml
o 0.10 ng/ml. Fig. 5 shows the relation between found rifalazil
oncentrations in the authentic sample extracts from the two ana-
ytical runs. The concentration range of study samples was from
.7 ng/ml to 96 ng/ml in this batch. The results correlate well,
ith a regression line slope of 1.012 and the correlation factor
2 of 0.9994. Fig. 6 presents the relation of concentrations found
or the experimental transition m/z 909/517 versus m/z 941/909
percent of initial result). The results from m/z 909/517 condi-
ions were within 95–106% (mean 100.4, %R.S.D. 2.3) of the

ig. 5. Correlation of rifalazil concentrations found in incurred dog plasma sam-
les from a formulation study using two different SRM transitions: m/z 941/909
nd 909/517 (IS: m/z 945/913 and 913/521). The equation for the regression line
s y = 1.012x − 0.1171.
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d suggested CAD fragmentation (insert). See Table 1 for parameter information.
precursor ion m/z 913.5: TEM = 500 ◦C, DP = 140 V, CAD = 7 and CE = 50 eV.

nitial value. The corresponding concentration found in fortified
lasma standard and QC samples in the same analytical batch
as 90–111% (mean 100.5, %R.S.D. 5.1; N = 20) of the initial
alue. The excellent agreement between found mean concen-
rations in study samples indicates that no bias was found for
tudy samples relative to calibration samples under any of the
wo different MS/MS conditions. Also, the high reproducibil-
ty (low %R.S.D.) of concentrations obtained for extracts from
oth fortified and authentic plasma samples in two consecutive
C/MS runs and under different ionization conditions further
howed that the mass spectrometric detection was robust. More-
ver, the results imply absence of ionization interferences in
ncurred samples that could potentially affect the rifalazil quan-

ification. It can be concluded that either SRM transition can be
sed for sample analysis, however, with the limitation of an ele-
ated LLOQ from 0.050 ng/ml to 0.10 ng/ml for the m/z 909/517
ransition.

ig. 6. Analysis of incurred dog plasma sample extracts with two different SRM
ransitions. Data is presented as % found rifalazil concentration using the explo-
ative transition m/z 909/517 vs. the result from the regular m/z 941/909 SRM
ransition (initial) (same sample data as in Fig. 5).



ical a

3

t
n
c
p
m
e
t
a

c
w
a
t
c
0

t

F
f

M. Larsson, F. Han / Journal of Pharmaceut

.3. Liquid chromatography

The LC method used for human plasma samples [6] at the
ime of method set-up was modified because parallel studies of
ew chemical entities with chemical structures related to rifalazil
alled for a general separation system. The original reversed-
hase octadecyl silica column was replaced by an octyl silica
aterial with the intent of facilitating removal of late eluting
ndogenous components. The addition of ammonium acetate
o the low-ionic strength acetic acid (0.01% v/v) modifier in
water–methanol gradient improved the peak shape of related

i
m
o

ig. 7. LC–SRM chromatogram from dog plasma calibration sample extract of rifala
or LC conditions. (A) Rifalazil, m/z 941.6/909.4 with insert of blank plasma sample
nd Biomedical Analysis 45 (2007) 616–624 621

ompounds. A low (1 mM)-ammonium acetate concentration
as found to be a good compromise between MS response

nd general analyte peak shape. An intermediate LC/MS run
ime (8–9 min between injections) was found robust and was
onsidered acceptable. A typical chromatogram of rifalazil at
.050 ng/ml (LLOQ) is shown in Fig. 7.

The selectivity between rifalazil and known metabolites in
he dog [8] was explored through selected reaction monitor-

ng at m/z 899/867 for ABI-1671 (desacetyl-rifalazil) and at
/z 957/925 for 30-hydroxy-rifalazil. Both metabolites were
bserved in incurred dog plasma samples. They separated well

zil at 0.050 ng/ml (LLOQ), retention time window 3.7–6.5 min. See Section 2
chromatogram; (B) internal standard ABI-9901, m/z 945.6/913.4.
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Table 2
Variability for incurred dog plasma samples and quality control samples analyzed in the same study

Incurred samples, same run Incurred samples, between runs QC: 0.15 ng/ml QC: 1.5 ng/ml QC: 50 ng/ml

Average (%) 99.6 100.8 99.0 100.4 97.6
%R.S.D. 3.1 11.0 19.2 10.7 7.0
N 26 23 29a 34 34

Incurred samples were processed in duplicates on a single day (same run) or a single plasma sample was reassayed on a second occasion (between runs). Average
(%) for incurred samples is given as the ratio: second/initial result × 100. Average% for QC samples: compared with nominal concentration. Statistics are based on
d
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level 0.15 ng/ml (3× LLOQ) showed a higher variability with a
%R.S.D. of 19.2. On a similar note, the calibration curve was
ata from the entire study.
a QC: 0.15 ng/ml: excluded for runs where the calibration curve was truncated

alculations.

rom rifalazil, eluting at a shorter retention time (data not
hown).

The autosampler carry-over was minimized by utilizing an
ctive external needle rinse with a low-pH solution, in which the
olubility of rifalazil is higher than at neutral pH. A mixture of
ethanol–water–acetic acid (70:30:1, v/v/v) was found effective

or wash of the injector needle.

.4. Reproducibility of incurred sample analysis

Due to the inherent complexity of quantitative determination
f drug-related compounds at low-concentration levels in plasma
amples, it can be essential during method development and
mplementation to study the reproducibility of the method not
nly for fortified samples, prepared from pooled blank plasma
rom commercial sources, but also for study samples. Analysis
f real-life samples may be influenced by many variables, such
s sampling procedures, feeding conditions, individual varia-
ions of endogenous substance levels, etc. Early observations
f deviations are important, as method modifications might be
arranted to improve robustness.
A formulation development study, comprising of 864 study

lasma samples which were analyzed over 4 months, was used
o explore the method reproducibility after implementation. This
tudy was generally suited, as the available plasma sample vol-
me sufficed for several analyses, using 200 �l sample volume

or the assay. Another prerequisite when repeating the analysis of
tudy samples for quality assurance purposes is that the analyte
s sufficiently stable in the sample matrix. Rifalazil stability in
uthentic dog plasma samples was therefore established in a pilot

ig. 8. Incurred dog plasma sample analysis. Each sample was processed in
uplicates in the same analytical run. Data is presented as second replicate result
% of the initial). See Table 2 for summary statistics.

t

F
d
t

0 ng/ml. In addition, one outlier (300% of target) was excluded in the statistical

tudy (N = 4) over three to five analytical occasions (including
epeated thaw/freeze).

Incurred dog plasma samples were processed in duplicates
n a single day, or a single plasma sample was reassayed on
second occasion. Within-day repeatability for incurred sam-

les analyzed in duplicates is presented in Fig. 8 as the second
uplicate result (% of the initial/first duplicate). The concentra-
ion range for the selected study samples was from 0.7 ng/ml
o 149 ng/ml. The precision was %R.S.D. 3.1 (Table 2) and the
ariability appeared random over the concentration range stud-
ed. Method reproducibility over the study is shown in Fig. 9,
here 23 out of 864, i.e., 2.7% of the study samples were sub-

ected to repeated assay. Sample concentrations in the selected
amples ranged from 0.5 ng/ml to 52 ng/ml. The precision for
ncurred samples between runs was %R.S.D. 11.0 and the sec-
nd result versus the initial value was 100.8% (Table 2). The
ood precision for incurred samples indicates that the method
rovided consistent data over the study course. Additional eval-
ation of incurred sample reproducibility at lower concentration
evels (up to 10× LLOQ) could be suggested.

Results for quality control (QC) samples from the same study
re presented in Table 2 for comparison. The overall precision
or QC samples at 1.5 ng/ml and 50 ng/ml in the study was
imilar to the between run precision for incurred samples. QC
runcated to a LLOQ of 0.50 ng/ml due to elevation of individual

ig. 9. Incurred dog plasma sample analysis. Each sample was processed in two
ifferent analytical batches. Data is presented as second occasion result (% of
he initial result). See Table 2 for summary statistics.



ical a

l
i
o

3

d
a
e
m
c
f
t
l
w

0

F
R
t
o
w
r
f
S
o
t
o
r

s
p
f
o
b
(
c
e
s
d
r
t
t
o
a

M. Larsson, F. Han / Journal of Pharmaceut

ow-level calibration standards on two occasions. Overall, qual-
ty control sample performance seemed to reflect the variability
f authentic samples in the concentration range studied.

.5. Accuracy assessment for incurred sample analysis

An attempt was made to evaluate the accuracy of rifalazil
eterminations in incurred dog plasma samples by a standard
ddition procedure. Such a procedure could possibly detect
xtraction recovery anomalies for authentic samples and also
atrix effects on the LC/MS response. On the other hand, it

annot be considered a universal tool for accuracy evaluation
or plasma analysis, as it would not account for, e.g., metabolite
o analyte interconversion or analyte degradation during the ana-

ytical procedure, which however was not a concern for rifalazil
hich shows moderate metabolism and overall high stability.
A rifalazil standard solution (20 �l) corresponding to

.5 ng/ml or 5 ng/ml in plasma was added to randomly selected

ig. 10. Accuracy of rifalazil determination in incurred dog plasma samples.
outine sample analysis was performed in 18 analytical batches. Standard addi-

ion procedure: (A) rifalazil standard solution (20 �l) corresponding to 0.5 ng/ml
r 5 ng/ml in plasma was added to randomly selected study samples (200 �l)
ith unknown concentrations before processing by liquid–liquid extraction. The

ecovery of spiked amount of rifalazil was calculated from the concentration dif-
erence between the measured spiked study sample and the original study sample.
ee text for discussion on accuracy calculation. (A) Recovery of spiked amount
f rifalazil, arranged by incurred sample concentration (spiked rifalazil concen-
ration: diamond, 0.5 ng/ml; square, 5 ng/ml); (B) recovery of spiked amount
f rifalazil, arranged by ratio of spiked vs. actual sample concentration (spiked
ifalazil concentration: diamond, 0.5 ng/ml; square, 5 ng/ml).
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tudy samples (200 �l) with unknown concentrations before
rocessing by liquid–liquid extraction. Sample analysis was per-
ormed in 18 analytical batches. The recovery of spiked amount
f rifalazil was calculated from the concentration difference
etween the spiked study sample and the original study sample:
result for spiked sample − result for sample)/nominal spiking
oncentration. An alternative approach is to derive the recov-
ry from the ratio (result for spiked sample)/(result for spiked
ample + result for sample), which would give a lower relative
eviation from target. The first, more stringent, approach of
ecovery calculation was selected here. It can also be noted that
he effect of analytical errors for two measurements will reduce
he precision in the recovery measurement. However, the goal
f this experiment was to estimate the average recovery (method
ccuracy) which would be feasible with a sufficient number of
bservations.

In order to reasonably match the spiking concentration to the
riginal sample concentration, the analyst selected sample time
oints (time elapsed after an oral dose of rifalazil) based on pre-
ious experience from a similar study. The ratio (spiked/original
oncentration) ranged from 0.1 to 5.4. The recovery of spiked
ifalazil in incurred dog plasma samples is presented in Fig. 10A
nd B shows the recovery in relation to the ratio of spiking
oncentration versus the sample concentration. The average
ecovery was 103% (%R.S.D. 26.2) over the study and the varia-
ion seemed randomly distributed over the plasma concentration
ange studied (0.30–45 ng/ml).

. Conclusions

The presented results from repeated analysis of incurred dog
lasma samples imply that the described LC–MS/MS method
enerates reproducible results during routine operation. Incurred
ample data variability for within-run analysis of duplicates
as %R.S.D. 3.1 and between run for repeat analysis %R.S.D.
1.0. Spiked QC samples in the same concentration range, run
hroughout the study, were found to reflect the performance of
uthentic samples. In addition, accuracy evaluation by standard
ddition of rifalazil to authentic dog plasma samples showed
n average recovery of the spiked amount of 103%. It was fur-
her shown that in-source fragmentation of rifalazil followed by
elected reaction monitoring is a viable alternative for rifalazil
uantification.
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