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a b s t r a c t

The option, for practical and ethical reasons, to replace animal plasma with human plasma for calibration
standards was successfully applied to 73 analytical methods developed in our laboratory during the last
years. The animals used for obtaining blank plasma could then be reduced with a number correspond-
ing to about 25% of mice or 5% of rats in ordinary one-month toxicology studies. This is of important
public concern and also in accordance with the 3R-strategy. The methods were successfully validated
for determination of drug concentrations in plasma from rat, dog, mouse, rabbit and cynomolgus mon-
eywords:
alibration standards
uman plasma matrix
re-clinical bioanalytical LC–MS/MS
ethods

educed animal use

key. Reproducibility of study samples from dosed animals was established, showing a mean accuracy of
100.8% with a CV of 7.2% (n = 1339). The purpose of this paper is to present a scientific basis for the alter-
native approach to adopt human plasma matrix for calibration standards, which will reduce animal use,
without compromising the quality of appropriately validated assays. Additional advantages are cheaper
and simplified plasma maintenance and the possibility to validate methods for several species in the
Rs
ncurred sample reproducibility (ISR)

same analytical batch.

. Introduction

In order to assess the safety of a new drug under develop-
ent, toxicology and safety studies may be performed in several

nimal species. Claiming GLP-compliance for such studies implies
hat a thorough validation of bioanalytical methods has to be per-
ormed in accordance with authorial guidance [1,2]. At the same
ime, animal welfare is of important public concern and there is a
trong need to refine, reduce and replace animal use. The expres-
ion Replacement, Reduction and Refinement, more known as the
Rs, was established by Russell and Burch [3]. They addressed that
ll who are responsible for animal experiments have a moral duty
o try to replace animal testing, reduce numbers of animals and
efine performed experiments. Many organizations and companies
ave focused their attention on the 3Rs, which are internation-
lly accepted and also incorporated in various laws. A potential
ay to reduce the use of animals in bioanalytical work is to use
uman tissue (plasma, blood or urine) as matrix in the prepara-
ion of calibration standards, as well as for the dilution of samples

ith concentrations above the upper limit of quantification. In this

espect this paper will discuss issues, which can have an impact
n accuracy and precision of bioanalytical liquid chromatographic
ethods with tandem mass spectrometry (LC–MS/MS). Authorial
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guidance is not explicit regarding the definition of a matrix, leav-
ing room for interpretations, such as replacing animal plasma with
human plasma as matrix for calibration standards in analytical
method validations and for drug analysis in pre-clinical studies.
This paper describes the benefits with such an approach.

2. Experimental

2.1. Equipment

A triple-quadrupole mass spectrometer with turbo-ion spray
interface API 3000, 4000 or 5000 with electrospray ionization in
positive mode and multiple reaction monitoring (AB Sciex, Con-
cord, ON, Canada), and a Tecan liquid handling robot Genesis RSP
150 or Freedom EVO 150, Tecan, Switzerland and a BRAVO robot 96
LT, Velocity 11, CA, USA were used. Quantification was performed
with Analyst 1.4 software (AB Sciex, Concord, ON, Canada). Other
apparatus, chemicals and consumables were common commercial
products from well-known manufacturers.

2.2. Analytical methods
Methods, defined as the analytical procedures for determination
of the concentrations of one or several drug substances in a specific
animal matrix, were developed for plasma samples from rat, dog,
mouse, rabbit and cynomolgus monkey. The physical–chemical
properties of the different drug substances varied a great deal with
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og D of −5.6 to 5.7 between octanol and water and with pKa-values
rom less than 2 to 11. Sample preparation involved isolation of the
nalytes and their internal standards (IS) from the plasma matrix by
iquid–liquid extraction, solid-phase extraction or protein precipi-
ation. All methods but one utilized automated work-up procedures
erformed in 96-well plate format. Internal standards, labeled with
table isotopes (2H, 13C or 15N) at 3–11 positions in the molecule,
ere used for all analytes but two, for which analog compounds
ere used as IS. The methods were developed for 25–100 �l plasma

olume with K2-EDTA, or in a few cases, heparin as anticoagulant.

.3. Calibration and quality control

For preparation of calibration standards, blank samples and
lank samples spiked with IS, drug-free human plasma with the
ame anticoagulant as for the study samples, was used as blank
atrix. Prior to use the plasma matrix was centrifuged for 5–10 min

t 2100 × g. Calibration standard samples in duplicates were pre-
ared by the Tecan robot at six concentration levels from the
xpected range of concentrations. The calibration range, in general
hree orders of magnitude, covered the lower limit of quantification
LLOQ) up to the upper limit of quantification (ULOQ). The ranges
aried between 0.00020–0.100 �M and 0.50–500 �M, with injec-
ion volumes of 5–20 �l. Study samples with concentrations above
he ULOQ were diluted with human blank plasma and the proce-
ure was verified during validation. Quantification was performed
n peak area using a linear regression model with a 1/x or 1/x2

eighing factor.
For preparation of quality control (QC) samples drug-free

lasma from the same species as for the study samples was pre-
ared as stated above and spiked at three concentration levels,
epresenting the low, medium and high ranges of calibration. Dupli-
ate calibration standard samples and QC samples were analyzed
rom each concentration level, one sample placed in the beginning
nd the other one in the end of a batch of study samples. If more than
20 study samples were to be analyzed as one batch, QC samples
ere also dispersed in the middle of the batch.

.4. Validation parameters

Method validation procedures were carried out according to
fficial guidance and recommendations [1,2,4,5]. A full method val-
dation was performed for the pivotal toxicology species in a drug
roject and in general a partial validation design for additional test
pecies.

.4.1. Accuracy and precision
Accuracy and precision were determined by analysis of six repli-

ates of samples spiked at four concentrations, i.e. LLOQ, the low
3× LLOQ), medium and high (0.8× ULOQ) ranges of calibration.
nalysis was performed in three separate analytical batches. In a
artial validation design one analytical batch was performed. The
ithin- and between-batch accuracy, reported as bias was rec-

gnized as the difference between the mean of a set of results
nd the nominal value and should be within ±15% of the nomi-
al concentration at all levels (except 20% at LLOQ). The within-
nd between-batch precision, reported as coefficient of variation
CV), should be 15% or lower at all levels (except 20% at LLOQ). In
arly methods accuracy and precision were determined by analysis
f five replicates at three concentrations (LLOQ, 3× LLOQ, ULOQ).
or acceptance, the within- and between-batch CV had to be 10%

r less (15% at LLOQ) and the bias ±10% or lower (15% at LLOQ).

.4.2. Selectivity
The selectivity of the assay was assessed, using blank matrix

rom six different drug-free plasma samples from both humans and
nd Biomedical Analysis 54 (2011) 826–829 827

the relevant animal species, and tested with and without addition
of IS. Selectivity was confirmed when no interfering peaks larger
than 20% of the mean peak area for spiked samples at the LLOQ
concentration level could be observed. For early methods selectiv-
ity was determined by using individual plasma from six humans
and three animals.

2.4.3. Matrix effect on ionization
The relative matrix effect on ionization was assessed by using

blank plasma from six individuals from both man and from relevant
animal species. The blank plasma samples were processed and the
extracts spiked with analyte corresponding to 3× LLOQ in plasma
sample. The normal amount of IS was added to give a concentration
representing the concentration in extracts according to the method
assuming 100% recovery. The analyte to IS area ratio for the respec-
tive human and animal plasma samples was used to assess relative
matrix effects. In order to be accepted the CV for each group of sam-
ples should be 15% or lower. In early methods the sample matrix
effect on ionization was determined by comparing the response for
the analyte (corresponding to a sample concentration of medium
QC) added to extracted blank plasma samples with the response
for the analyte added at the same concentration to elution buffer.
The effect was estimated using six different samples from man and
three from the relevant animal.

2.4.4. Carry-over
The impact of carry-over between injections was assessed in

each validation batch by injecting extracts from two blank human
plasma samples after the injection of the highest calibration sample
(ULOQ). The analyte to IS area ratio response of the blank sample
was compared with the mean area ratio response of the lowest
calibration standard samples representing the LLOQ of the method.
Target value of the peak area ratio following the high concentration
sample at ULOQ was less than 20% of the response of the LLOQ level.

2.4.5. Stability
Stability of drugs in solutions and in plasma matrices from

relevant species as well as extraction recoveries and release of com-
pound adsorption to storage containers were established before
start of method validation. Assessment of drug stability was veri-
fied during validation for the actual temperature and concentration
range by analyzing spiked samples immediately and on subsequent
days for the anticipated storage period. Attention was taken if a
change of consistency appeared due to freezing conditions. The bias
of the mean concentration (n ≥ 3) should be less than ±15% of the
nominal concentration for plasma samples (initial concentration
for early methods) and ±5% for solutions.

2.4.6. Incurred sample reproducibility
A reproducibility test of incurred samples (ISR) was performed

in order to discover possible matrix effects due to metabolites
present in study samples from dosed subjects (incurred samples).
Twenty to 40 samples, typically 5–10% of the study samples, were
reanalyzed, in general two from each subject. One sample orig-
inated from a high concentration level and the other from the
elimination phase, where metabolites are most likely to be found.
For the ISR test to be acceptable two thirds of the results should be
within 20% of the original ones. In addition an overall assessment

of ISR results should be made. In early methods, ISR was not tested
when using a partial validation design and the accuracy of the test
was recognized as the mean difference between the repeated and
the original results of a set of study samples and should be between
85.0 and 115% with a CV lower than 15%.
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.4.7. Extra validation experiments with human plasma
To support the use of human plasma as matrix in the calibration

tandards, the following validation experiments were performed
n human plasma in addition to the validation experiments for the
pecific species: selectivity for six individuals; matrix effect in six
ndividuals; long-term stability covering the intended storage time
f the calibration samples; short-term stability (room tempera-
ure).

. Results and discussion

.1. Validation

The validation process is to secure the quality of the analyti-
al method, a prerequisite for reliable concentrations in support
f the interpretation of toxicological findings. Analytical methods
hould be thoroughly optimized prior to validation, as subsequent
hanges affecting matrix effects justifies revalidation. The usage of
uman plasma as matrix for calibration standards in pre-clinical
ioanalytical methods is based on a more than 20 years long expe-
ience in our laboratory. However, the results presented in this
aper are restricted to the work performed during the last few
ears with LC–MS/MS based methods, all validated according to
fficial validation requirements [1,2,4,5], to secure a scientifically
ound method. Seventy-three methods were developed and all
100%) successfully validated for the actual analytes and relevant
pecies, using human blank plasma as matrix in the calibration
tandards. The success rate was independent of species analyzed
r the type of clean-up process used. Of the 73 methods 8 were for
dditional test species beyond the pivotal toxicology species and
ere validated using a partial validation design. The acceptance

riteria for accuracy, precision, selectivity, matrix effect, ISR and
tability are described in Section 2.4. The 73 methods have been
ocumented in 40 method descriptions including validation stud-

es, giving an average of two species per method description and
alidation report. Factors, which can have a significant impact on
ssessing quality of the data generated in routine drug analysis, are
urther discussed.

.2. Sample matrix effect

Using LC/MS–MS, matrix effect is one of the major unknown
ariables that adversely can affect the accuracy and precision
f a bioanalytical method and should be addressed in method
evelopment and validation. The effect is due to an influence on
he electrospray ionization efficiency and the observed signal of
nalyte can be either suppressed or enhanced. The severity and
ature of the effect may be a function of the concentration of co-
luting components like e.g. endogenous compounds, metabolites
r mobile-phase additives and can vary from sample to sample. Ion
uppression or enhancement is frequently accompanied by signif-
cant deterioration of the accuracy and precision of the assay as
emonstrated by Matuszewski et al. [6]. An estimate of the quan-
itative measurement of absolute matrix effect can be obtained by
omparing the response of an analyte, spiked to a blank plasma
xtract after the work-up procedure, with the response of a neat
olution directly injected into the LC system, i.e. in the absence of
atrix ions. A qualitative finger-print of the matrix effects can be

ecorded by injecting a blank plasma extract during a post-column
nfusion of a neat solution of the analyte as LC-eluent. This enables

dentification of appropriate chromatographic conditions, where
o-elution of analyte and suppressing or enhancing compounds is
voided. Our results for the validated methods indicated that any
atrix effect on ionization of the analytes was consistent and did

ot compromise the quantification of the analyte.
Fig. 1. A plot showing the agreement between the concentrations from duplicate
incurred plasma samples (n = 1339), about 23 samples per analyte and method.
Variability data is expressed as (repeat value − original value)/original value × 100.

3.3. Internal standard

Stable isotope-labeled analogs of the analytes are recommended
as internal standards. An adequate number of labeling isotopes
should be properly positioned so that no cross-contribution occurs
between the ions designated for the drug and the IS. Due to nearly
identical chemical and physical properties of the IS and the unla-
beled analyte the IS is assumed to compensate for variability in
sample extraction and LC–MS/MS analysis. An IS will generally
diminish the influence of matrix effects on the accuracy and preci-
sion of the method. However, a full compensation is not always the
case, especially not if the retention time differs slightly between the
analyte and the deuterated IS due to its slightly different lipophilic-
ity [7]. In the absence of significant matrix effects the analyte to IS
peak area ratio should be constant. The extensive use of isotopically
labeled IS in the presented methods is one likely cause of the high
success rate of the performed validation experiments.

3.4. Incurred sample reproducibility

Matrix effects due to metabolites present in study samples from
dosed subjects can be difficult to predict and compensate for in
advance. A reproducibility test of incurred samples gives valuable
information on the robustness of the method and should be per-
formed as early as possible. This is a way to show that the matrix in
the study samples does not give effects that differ from the matrices
previously validated. Of the 65 methods that were fully validated
83% were tested for ISR, or for some early methods incurred sam-
ple stability (ISS) up to 8 months. The remaining 17% consisted of
methods where the projects were put on hold or terminated before
reanalysis of study samples. The results of the reanalysis of 1339
samples (mouse, rat, dog, or monkey plasma) analyzed with 54
methods, of which four comprised two analytes, are given in Fig. 1.
The results are expressed as the variability (reassay value − original
value/original value × 100) versus the original value (logarithmic
scale). The variability of all the ISR tests appeared randomly over
the concentration range studied and the results showed excellent
reproducibility with a CV of 7.2% and a mean accuracy of 100.8%.

3.5. Benefits

There are several advantages of using human plasma as cal-
ibration standard matrix in pre-clinical methods. First, it is of
ethical concern to reduce animal plasma consumption and by that

minimizing the use of laboratory animals. In our laboratory an esti-
mated blank plasma volume of 4 ml is needed for each analytical
batch, comprising preparation of calibration standards and dilu-
tions of samples with concentrations above ULOQ. An approximate
plasma volume of 0.5 and 4 ml can be obtained from a mouse and
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rat, respectively, giving that each analytical batch will consume
pproximately 8 mice or 1 rat. This implies that the plasma con-
umption at analysis of concentrations in an ordinary one-month
oxicity study corresponds to 25 and 5% of the mice and rats,
espectively, used for the in vivo study. Second, the usage of one
alibration standard matrix enables validation of several species
n the same analytical batch, reducing the number of validation
atches and thus the work effort. This compensates with full mea-
ure the effort to carry out some extra validation experiments with
uman plasma on selectivity, matrix effect and stability. Third, fur-
her efficiency is obtained by a reduced need of maintaining large
olumes of different animal blank plasma matrices for use in rou-
ine analyses. Fourth, the cost for human plasma is 5–30 times
ower compared with the price for animal plasma. For each ana-
ytical batch a volume of 2–3 ml of plasma was used for calibration
tandards, when automated sample transfer was used, which likely
esults in greater performance consistency over time. However,
ven larger plasma volumes were consumed as dilution medium for
tudy samples with concentrations above ULOQ. Fifth, by using dif-
erent matrices for calibration standards and QC samples possible
ndividual based differences in the matrices, otherwise concealed

hen using the same batch of matrix, can be detected earlier during
he method development process.

. Conclusions

Considering that few candidate drugs proceed all the way to

aunch, measures should be taken to restrict the use of labora-
ory animals to necessary in vivo studies. This paper demonstrates
hat the use of human plasma matrix for calibration standards in
re-clinical analytical methods reduced the number of laboratory
nimals needed, without jeopardizing the accuracy and precision

[

[

nd Biomedical Analysis 54 (2011) 826–829 829

of the appropriately validated methods. Additional advantages are
an efficient validation process as well as cheaper and simplified
plasma maintenance. The purpose of the paper is to get a wider
acceptance of this procedure and that regulatory authorities should
take a proactive approach to encourage a science based approach
to minimize animal use.
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