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Abstract An automated, sensitive and high-throughput
liquid chromatographic/electrospray tandem mass spectro-
metric (LC–MS/MS) assay was developed for the simulta-
neous determination of losartan (LOS), its major circulating
metabolite EXP-3174 and hydrochlorothiazide (HCTZ) in
human plasma. LOS and HCTZ coexist in the same drug
formulation, and this is the first method that enables the
simultaneous determination of both drugs along with the
active metabolite of LOS. Since these drugs have different
physicochemical properties, the employment of a liquid–
liquid extraction (LLE) protocol was precluded. A fully
automated solid-phase extraction (SPE) protocol, based on
96-well format plates, was used to isolate these compounds
and furosemide (internal standard, IS) from plasma. Wash-
ing and elution steps were amended accordingly in order to
minimize any matrix effect from components of the plasma
without reducing the elution of the molecules of interest.
The compounds were eluted from a C18 column and
detected with an API 3000 triple-quadrupole mass spec-
trometer using negative electrospray ionization and multiple
reaction monitoring (MRM). The assay was linear over the
range 1.00–400 ng/mL for LOS and EXP-3174 and 0.500–
200 ng/mL for HCTZ, respectively, when 200 μl of plasma

was used in the extraction. The overall intra- and interassay
variations were within acceptance limits. The analysis time
for each sample was 4 min, and more than 300 samples
could be analyzed in one day by running the system
overnight. The assay was simple, highly sensitive, selective,
precise, fast, and it enables the reliable determination of
LOS, EXP-3174 and HCTZ in pharmacokinetic or bio-
equivalence studies after per os administration of a single
tablet containing both drugs.
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Introduction

Losartan potassium is an orally active antihypertensive agent
that undergoes substantial first-pass metabolism by cyto-
chrome P450 enzymes. Its biotransformation results in a
major active carboxylic acid metabolite that is 10–40 times
more potent than the parent compound and is responsible for
most of its pharmacologic activity. Losartan and its active
metabolite, EXP-3174 (Fig. 1), block the vasoconstrictor
and aldosterone-secreting effects of angiotensin II by
blocking the angiotensin type 1 (AT1) receptor found in
many tissues. Hydrochlorothiazide (Fig. 1) is a thiazide
diuretic and an antihypertensive which interferes with the
renal tubular mechanism of electrolyte reabsorption. To
achieve the target of low blood pressure, it is now common
practice to apply a combination of antihypertensive agents,
particularly two drugs with different mechanisms of action
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[1]. The addition of a low-dose diuretic (e.g., HCTZ) has
been shown to help patients to reach normal blood pressure
levels [2] in cases where monotherapy had previously
failed. Nowadays, drug administration is tending to become
simpler (in terms of the number of administered formula-
tions), and therefore two or more drugs are often included
in the same tablet. Hyzaar® combines the actions of both
drugs, containing 50 mg of LOS and 12.5 mg of HCTZ,
respectively.

The combination liquid chromatography/mass spectrom-
etry is currently acknowledged as being a powerful means
of determining organic molecules from complex biological
matrices [3–6]. The selectivity and sensitivity of LC–MS/
MS has allowed for analysis times to be reduced, such that
sample preparation time often exceeds the analysis time of
samples. The introduction of several liquid handling work-
stations along with 96-well format plates for the parallel
processing of samples has greatly facilitated this task [7–9]
and enabled the analysis of hundreds of biological samples,
obtained from bioequivalence studies, to be completed
within 3–4 days.

Plasma protein precipitation (PPP), LLE and SPE are the
sample preparation techniques most commonly used to
process plasma and tissue samples. PPP has the potential to
be significantly less time-consuming, while SPE is the
technique most amenable to automation, since it is
commercially available in the 96-well plate format, and
can also be adapted for direct injection. LLE generally
provides cleaner extracts than the techniques mentioned
previously, as evidenced by reduced matrix effect and less
tendency for backpressure build-up in the chromatographic
column as more samples are injected [10].

Several analytical methods for the separate quantitative
determination of LOS, EXP-3174 and HCTZ using UV
[11–22], fluorescence [23–25] or electrochemical detection
[26] have been reported. Lately, the LC–MS/MS combina-
tion has been the method of choice for the determination of
either LOS and EXP-3174 or HCTZ [27–32]. In these
reports, LLE and SPE protocols were employed. However,
to our knowledge, no method for the simultaneous
determination and quantification of LOS, EXP-3174 and
HCTZ in plasma has been published, probably due to the
difficulties involved in their extraction from biological
media. These molecules have different physicochemical
properties and the addition of an acidic or basic buffer to
the plasma would preclude the transfer of all of the
molecules to the organic layer during LLE. Also, the
addition of a buffer to loading or washing solutions of
conventional SPE protocols would result in limited reten-
tion and/or elution of at least one of these drugs.

In order to determine these drugs in hundreds of plasma
samples obtained from a bioequivalence study, and to avoid
the need to perform sample preparation and analysis twice,
applying two different methods, as in the publications
mentioned above, we developed a fully automated protocol
that employed 3M Universal Resin SPE filter plates. Plasma
proteins were initially precipitated with ACN containing the
IS in order to achieve cleaner final extracts and to allow the
repeated use of each filter plate. The supernatant ACN was
transferred and evaporated. The residues were reconstituted
with aqueous buffer and then loaded onto the filter plate.
Careful selection of washing and elution solutions allowed us
to minimize the elution of the plasma elements without any
significant loss of the three molecules of interest and the IS.
An aliquot of the eluent was injected onto the reversed-phase
liquid chromatography and analyzed with a tandem mass
spectrometer interfaced with a turbo ionspray inlet, operating
in negative electrospray ion mode and using MRM. The
current method was used for the simultaneous determination
of LOS and HCTZ in plasma samples obtained from a
bioequivalence study. This rapid protocol can be also applied
in similar analyses of biological samples that contain drugs
with different physicochemical characteristics.

Experimental

Chemicals and reagents

LOS, EXP-3174 and HCTZ were donated by Verisfield
(Athens, Greece). Furosemide, ACN, MeOH and ammoni-
um acetate were obtained from Sigma-Aldrich (Athens,
Greece). All aqueous solutions and buffers were prepared
using deionized and doubly distilled water (resistivity
>18 MΩ cm) from a Millipore Milli-Q Plus System

Fig. 1 Molecular structures of losartan, EXP-3174, hydrochlorothia-
zide and furosemide
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(Malva, Athens, Greece). All plasma (heparinized) samples
for method validation were donated by Ippokrateio Hospital
(Athens, Greece).

Instrumentation

A PerkinElmer Multiprobe II HT-EX workstation (Perkin-
Elmer, Downers Grove, IL, USA) equipped with an eight-tip
robotic arm and controlled by WinPrep Software (Version
1.17.0216) was used for all liquid transfer steps during sample
preparation, including transfer of the plasma samples from
2 mL Eppendorf microfuge tubes (Lab Supplies, Athens,
Greece) into 2.2 mL square 96 deep-well plates (Sigma-
Aldrich), as well as for all steps of the SPE procedure.
Conductive disposable tip-boxes (200 and 1000 μL) were
purchased from E&K Scientific Products (Campbell, CA,
USA). A tipchute, reagent troughs and a tip flush/wash station
were purchased from PerkinElmer. A SPE manifold and a
vacuum control system were also obtained from PerkinElmer,
while Universal Resin Membrane 96-well format extraction
plates were obtained from 3M Bioanalytical Europe (Neuss,
Germany). ACN containing IS was dispensed into the deep-
well plates via a Tomtec Quadra 96 robotic liquid handling
system (Bidservice, NJ, USA), which was also applied to
transfer the supernatant ACN after an initial protein precipi-
tation step. A Zymark TurboVap 96-well format plate
evaporator (Malva, Athens, Greece) was used for solvent
evaporation, which was achieved through the application of
nitrogen produced by an Agilent Nitrogen Generator (Dura-
tec, Hockenheim, Germany), which received air from a SF4
Air Compressor (Atlas Copco, Athens, Greece). An Eppen-
dorf 5810 R (Bacakos, Athens, Greece) centrifuge that could
accommodate 96-well plates as well as Eppendorf microfuge
tubes was also utilized during sample preparation. The
Eppendorf deepwell mats used to cover the 96-well plates
were purchased from Sigma-Aldrich. A vortex-mixer (MS1
Minishaker) that could accommodate both test tubes and 96-
well plates was obtained from Metrolab (Athens, Greece).
The HPLC system included one Agilent 1100 series binary
pump, a degasser and a column oven/cooler (Hellamco,
Athens, Greece). The CTC PAL autosampler (Hellamco,
Athens, Greece) was equipped with two Varian valves, one
six-port and one ten-port, and it could accommodate six 96
deep-well plates. A PE Sciex API 3000 triple quadrupolemass
spectrometer (AB/MDS-Sciex, Concord, Ontario, Canada)
interfaced with the HPLC via a turbo ionspray source was
used for mass analysis and detection; this was operated using
Analyst 1.4.1 software.

Chromatographic conditions

The isocratic HPLC elution mobile phase was composed of
78% ACN and 22% 5 mM ammonium acetate (v/v). A

flow rate of 0.5 mL/min was used for sample analysis on a
Nucleosil (TechLine, Athens) analytical column, S-3 μm,
100 Å (150 mm×4.6 mm i.d). The column was maintained
at ambient temperature (∼23 °C), whilst the autosampler
temperature was set at 18 °C. The injection volume was
30 μl and the total run time was set to 4.0 min.

Mass spectrometric conditions

The turbo ionspray of the mass spectrometer was operated
in the negative ionization mode. The tuning parameters
were optimized for LOS, EXP-3174, HCTZ and furosemide
by infusing a 200 ng/mL standard solution containing all
four compounds in ACN/H2O 50/50 (v/v) at 20 μL/min via
an external syringe pump (Harvard 11 plus) connected
directly to the mass spectrometer. The turbo ionspray
source temperature was maintained at 480 °C and the
turbo ionspray voltage was set at −4500 V. The curtain gas
was set at 10 (arbitrary units), the declustering potential
(DP) at −66 V for LOS, −56 V for EXP-3174, −81 for
HCTZ and −41 V for the IS, respectively. The nebulizer gas
(GS1) was set at 12 (arbitrary units), and the turbo ionspray
gas (GS2) at 7 L/min. The analytes were detected by
monitoring the precursor → product ion transition using the
MRM scan mode with a dwell time of 150 ms and a pause
time of 5 ms for each transition. The MRM was performed
at m/z 421.1→127.0 for LOS, 435.3→157.0 for EXP-3174,
296.0→268.8 for the HCTZ and 329.1→204.8 for IS,
respectively. The collision-induced dissociation (CID) gas
was set at 9 (arbitrary units), and the collision energies
were set at −36, −36, −26 and −22 V for LOS, EXP-3174,
HCTZ and IS, respectively. Data were acquired using the
Analyst 1.4.1 software.

Preparation of standard and quality control/method
validation samples

Separate stock solutions of LOS, EXP-3174 and HCTZ
(100 μg/mL) were initially prepared by dissolving each of
the accurately weighed reference compounds in MeOH.
Another stock solution was prepared (SSOL) that included
LOS, EXP-3174 (both 10,000 ng/mL) and HCTZ
(5,000 ng/mL) in MeOH/H2O 50/50 (v/v) from these three
stock solutions. Working solutions of 8,000, 4,000, 1,000,
400, 200, 100, 40.0 and 20.0 ng/mL for both LOS and
EXP-3174 and 4,000, 2,000 500, 200, 100, 50.0, 20.0,
10.0 ng/mL for HCTZ were prepared by serially diluting
SSOL. A 100 μg/mL IS stock solution was also prepared in
methanol. Further dilution of IS1 with ACN resulted in a
final concentration of 200 ng/mL for IS. Two quality
control–method validation (QC–MV) stock solutions
(100 μg/mL) were prepared after separate weighing out
each reference compound. Dilutions were used to prepare
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four levels of QC working solutions, 6,000, 300, 60.0,
20.0 ng/mL for LOS and EXP-3174 and 3,000, 150, 30.0,
10.0 ng/mL for HCTZ, respectively. All solutions were
stored at 4 °C and brought to room temperature before used.

Calibration standards and QC and MV samples were
prepared, utilizing the Multiprobe workstation, in the same
biological matrix (human plasma) as the samples to be
analyzed. Calibration standards were prepared by diluting
the previously mentioned working solutions 20 times with
human plasma, obtaining final standard concentrations of
400, 200, 50.0, 20.0, 10.0, 5.00, 2.00 and 1.00 ng/mL for
both LOS and EXP-3174 and 200, 100, 25.0, 10.0, 5.00,
2.50, 1.00 and 0.500 ng/mL for HCTZ. Similarly, the
following concentration levels of QC/MV samples were
prepared: MVL (1.00 ng/mL for LOS/EXP-3174 and
0.500 ng/mL for HCTZ), MV1/QC1 (3.00 ng/mL for
LOS/EXP-3174 and 1.50 ng/mL for HCTZ), MV2/QC2

(15.0 ng/mL for LOS/EXP-3174 and 7.50 ng/mL for
HCTZ) and MV3/QC3 (300 ng/mL for LOS/EXP-3174
and 150 ng/mL for HCTZ). They were prepared in bulk,
dispensed in 2 mL aliquots into properly labeled Eppendorf
tubes and stored at −30 °C until required for assay. QC and
MV samples have two distinct purposes. The results for the
QC samples provide the basis for accepting or rejecting
analytical runs, while the results for MV samples are used to
calculate the bias and precision of the assay methodology.

Sample preparation and extraction

Plasma samples were thawed at room temperature, vortex-
mixed and centrifuged at 3500 rpm for 5 min at
approximately 4 °C. The Eppendorf tubes were placed into
24-position microfuge racks on the deck of the Multiprobe.
A 2.2-mL 96 deep-well plate was also placed on the deck of
the workstation. The instrument was programmed to
transfer 200 μL of each of the calibration and quality
control samples from the Eppendorf tubes into the
appropriate wells of the 96-well plate, according to the
pregenerated assay proforma sheet. Then, 600 μL of IS
solution (in ACN) were added to each well using a Tomtec
robotic system. The plate was vortex-mixed for 10 min,
centrifuged at 3500 rpm for 10 min, and placed into the
freezer for 1 h at −30 °C. Five hundred microliters, in two
aliquots of 250 μL, of the supernatant mixture were
transferred into the corresponding wells of a new 2.2-mL
96 deep-well plate using Tomtec again. The plate was then
placed into the Zymark TurboVap 96-well format plate
evaporator, and the organic extracts were evaporated to
dryness. Reconstitution of the dry residue was achieved by
the addition of 400 μL of ammonium acetate 5 mM.

After vortex-mixing for 5 min, the following SPE
procedure followed. Firstly, the waste tray, the manifold
collar and the SPE plate were placed accordingly. All

reagents to be added during sample preparation were placed
inside reagent troughs on the deck of the Multiprobe. The
Multiprobe performed all of the liquid transfer steps of the
procedure described below, while the WinPrep test was
programmed to pause the liquid transfer procedure during
sample vortex mixing and centrifugations. Initially, the 96-
well extraction disk plates were conditioned with 100 μL
MeOH per well. Next, the wells were washed with 250 μL
H2O and vacuum was applied (rinse). Four hundred
microliters of the reconstituted samples were added to the
corresponding positions in the extraction plate and vacuum
was applied until all wells had been drained (load). Six
hundred microliters of the washing solution, ammonium
acetate 5 mM, were added three times (wash), and after the
application of vacuum, a collection plate (2.2 mL, 96-well)
replaced the waste tray. The analytes were eluted by
dispensing 200 μL of ACN (95%) and ammonium acetate
5 mM (5%). Finally, the plate was vortex-mixed for 5 min
and transferred into the autosampler for analysis. The
extraction plates were washed with 2000 μL MeOH to
make them ready for reeuse.

Results and discussion

The application of this specific SPE protocol allowed a
rapid method for the simultaneous extraction of LOS, EXP-
3174, HCTZ and IS to be developed, since a large number
of samples can be determined daily using this approach.
The high-performance well extraction disk plates from 3M
Empore provided a simple way to achieve high-throughput
SPE. The whole procedure, including initial protein
precipitation with ACN (which lasted less than 1 h),
required reduced solvent and elution volumes, due to the
nature of the structure of the sorbent. Its sorbent consists of
a terpolymer that contains polar functional groups, enabling
high retention of a wide range of drugs by applying a
general approach to sample preparation, and thus reducing
the method development time dramatically.

As for the extraction itself, the selected method proved to
be very simple and reproducible. The protein precipitation
procedure added to the preparation procedure provided
cleaner samples that allowed the repeated use of the same
plates. The recoveries for the second, third and fourth elutions
exhibited no statistically significant variation from the
recovery obtained for the first elution, and this outcome led
to a significant decrease in the cost of the analytical portion of
the pharmacokinetic/bioequivalence study. The same plate
wasn’t utilized more than four times in the present method.

Washing and elution solutions were selected in order to
increase the removal of plasma elements without dramati-
cally lowering the recoveries of the molecules of interest.
The addition of ammonium acetate to the washing solution
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(a step repeated three times) decreased the presence of
plasma elements by >80%, when compared with the use of
pure water and washing twice. However, even with this
improvement, the coelution of plasma elements produced
(despite the MRM) unexpected peaks when short Cyano,
C8 and C18 columns (50 mm) were applied. The use of a
larger column (150 mm) increased the run time (4.0 min)
but decreased the intensities of the peaks attributed to
plasma elements. Furthermore, these peaks didn’t appear in
the respective retention times of three of the four molecules
(Fig. 2a,c,d). The presence of a small peak (2.1 min) could
be observed in the case of EXP-3174 (Fig. 2b). However,
even in this case, its S/N ratio was 4.5, while the S/N ratio
in the lower standard sample, which was set to be the LOQ,
or the equivalent MVL, was 55.3. Subsequently, since it
gave a signal >10 times higher than for the respective signal
in the blank sample, there was no problem with EXP-3174
quantitation.

Since these peaks were determined using normal blank
plasma, further experiments with hemolyzed and lipemic
blank plasma were also performed, but the yield chromato-
grams for these did not exhibit any real differences from
those for normal blank plasma. Judging from our experience,
there are very few hemolyzed and lipemic samples present
among the hundreds obtained from a bioequivalence study.
Therefore, the samples obtained from such studies are
expected to show the same behavior with the spiked plasma
samples produced during the pre-study validation. After the
completion of the pre-study validation (∼300 samples), the
ESI source was quite clean, which is of great significance,
since SPE protocols as not as clean as their corresponding
LLE protocols. Therefore, it might be necessary to clean the
source in the middle of a bioequivalence study (usually
>1000 samples), especially if the signal intensity has
decreased. We intend to provide studies dealing with the
interference obtained from plasma elements in ESI (−) when
following an SPE protocol in an upcoming report.

Representative SRM LC–MS/MS chromatograms are
shown in Figs. 2 and 3. The retention times of LOS, EXP-
3174, HCTZ and the IS were 2.2, 2.0, 3.4 and 2.2 min,
respectively. The retention times of all compounds and the
column backpressure remained practically constant by the
end of pre-study validation.

The SPE protocol described above allowed a single
sample preparation procedure to be performed, which
avoided wasting plasma, solvents and time. It is expected
that this approach can also be applied to the extraction and
analysis of other pharmaceutical compounds with different
physicochemical properties from biological samples. Con-
sidering that the whole procedure was automated and that
96-well format plates were used from the beginning until
analysis, >300 samples could be analyzed on a daily basis
by running the system overnight. A bioequivalence study of

LOS/HCTZ employing 36 subjects (+4 substitutes) and
generating 1440 samples could be analyzed, under normal
conditions, in less than five days, while the application of
two separate manual extraction protocols and two chro-
matographic methods would take at least 18 days and much
more effort by two independent groups that would each
deal with a different molecule.

Standard curves

A full validation was performed according to the US Food
and Drug Administration (FDA) guidance on bioanalytical
method validation [33]. To define the relationship between
concentration and response, three calibration curves were
prepared using eight nonzero standards ranging from 1.00
to 400 ng/mL for LOS/EXP-3174 and 0.500–200 ng/mL
for HCTZ for each analytical run. This range was suitable
for a pharmacokinetic study after per os administration of
an equivalent to a Hyzaar® tablet. Peak area ratios of each
drug to IS were used for regression analysis. A linear
regression model (y ¼ axþ b) was evaluated, using 1/x2 as
weighting factor, where x is the concentration of each drug
and y corresponds to the areas ratio. Individual standard
curve data from five runs met all of the preset criteria : i)
<20% deviation from the nominal concentration at the limit
of quantitation (LOQ), which was defined as the lowest
standard, ii) <15% deviation of standards from their back-
calculated concentration, other than LOQ from nominal
concentrations, iii) at least six out of eight nonzero
standards of each nominal concentration meeting the above
criteria, including the LOQ and the calibration standard at
the highest concentration. The regression coefficients (R2)
for the five runs were greater than 0.995, 0.994 and 0.995
for LOS, EXP-3174 and HCTZ, respectively. The standard
curves obtained for the three molecules are presented in
Table 1. Consequently, the 96-well solid-phase extraction
procedure applied in this method was able to produce
satisfactory concentration data for LOS, EXP-3174 and
HCTZ standard samples.

Accuracy and precision

During method validation, the precision and accuracy were
also assessed by analyzing MV samples over five runs. The
percentage accuracy was determined by calculating the
deviations of the predicted concentrations from their nominal
values. The intra-assay precision was assessed by analyzing
six replicates at each MV level, while the inte-assay precision
was determined over five runs conducted on three days by
analyzing 30 samples. Data for both types of accuracy and
precision (expressed as CV%) are presented in Tables 2, 3
and 4 for LOS, EXP-3174 and HCTZ, respectively. These
results, as well as the respective values for the percentage
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Fig. 2a–d Representative MRM
chromatograms for LOS (a),
EXP-3174 (b), HCTZ
(c) and IS (d) obtained from a
blank sample
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accuracy, were within the acceptance criteria for precision
and accuracy, which establish that the deviation values
should be within 15% of the nominal values for MV1, MV2

and MV3 (tolerance up to 20% for MVL).

Stability studies

Data were also generated as a part of the method validation
to ensure that LOS, EXP-3174 and HCTZ were stable at
distinct timing and temperature conditions. Also, the

Fig. 3a–d Representative MRM
chromatograms for LOS (a),
EXP-3174 (b), HCTZ
(c) and IS (d) obtained from a
MV3 sample (300 ng/mL for
LOS/EXP-3174 and 150 ng/mL
for HCTZ). The respective
MS/MS spectrum is presented
next to each peak

Table 1 Calibration equation parameters

Molecule Concentration
range (ng/mL)

Regression equationsa r2

LOS 1.00–400 y¼ 0:00256xþ0:000772 0.995
EXP-
3174

1.00–400 y¼ 0:00374xþ0:00472 0.994

HCTZ 0.500–200 y¼ 0:00479xþ0:000837 0.995

a Data obtained from five runs
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stability of the analytes in stock solutions was also
examined. Plasma samples containing two concentration
levels of each drug were used for the stability experiments:
Low–medium (Sl): 10.0 ng/mL for LOS/EXP-3174 and
5.00 ng/mL for HCTZ; and medium–high (Sh): 200 ng/mL
for LOS/EXP-3174 and 100 ng/mL for HCTZ.

To evaluate the freeze–thaw stability, a freeze and thaw
cycle was defined as the storage of Sl and Sh samples at
−30 °C, followed by thawing at room temperature. Samples
were analyzed after the fourth cycle, along with fresh
reference samples of the same concentration. Back-calcu-
lated concentrations of four freeze–thaw cycles versus one
(fresh) were within the acceptance limit (<10% variation).

To evaluate the short-term stability, six aliquots of Sl and
Sh were maintained, immediately after preparation, at room
temperatures for 6 h (which exceeds the time that samples
normally remain at room temperature) before they were
analyzed. As in the previous cases, their variation was
≤10% and the molecules were shown to be stable when left
at room temperature (and without other protection) for 6 h.

To check long-term stability, aliquots of the two sample
types were initially frozen at −30 °C for 30 days, and then
thawed and analyzed. The 30-day period is more than
adequate for the analysis of samples from a bioequivalence
study, since the current method allows the measurement of

hundreds of samples per day. All of the molecules were
stable (<10% variation) under these conditions.

Stock solution stability was estimated by comparing
fresh and old dilutions in mobile phase of these solutions
(stored at 4 °C). The measurements proved that the
concentrations of LOS, EXP-3174 and HCTZ in stock
solution remained intact (variation <5%).

Autosampler stability was another part of the method
validation that was tested. This was assessed by comparing
QC samples included at the beginning, at half-way and
upon completion of each of the five analytical runs. The
stabilities of all molecules in the autosampler (15 °C) were
acceptable; in other words, the mean result upon comple-
tion of the runs should be ≥90% of the mean result at the
start of the runs for at least two out of three levels tested for
each molecule.

Conclusions

A fully automated method involving the use of the SPE
protocol described above was developed for the simulta-
neous quantification of LOS, EXP-3174 and HCTZ in
human plasma. LOS and HCTZ coexist in the same drug
formulation, and both appear in the blood after it has been
administered, along with EXP-3174. The current method
includes, for the first time, a single sample preparation
procedure and a rapid LC–MS/MS protocol. Therefore,
hundreds of samples can be analyzed daily, while only
small quantities of plasma and solvent are consumed. The
method developed here was validated over the concentra-
tion ranges of 1–400 ng/mL for LOS/EXP-3174 and 0.5–
200 ng/mL for HCTZ. These ranges are suitable for
measuring these drugs in plasma samples obtained for a
pharmacokinetic or bioequivalence study. The validation
results demonstrate that this approach works very well in a
96-well format from the beginning until analysis. The
method possessed excellent precision and accuracy and
proved to be reliable. It is expected that this approach can

Table 2 Summary of % accuracy and precision results for LOS

MV
sample

% Intra-run
accuracya

% Inter-run
accuracyb

Intra-run
precisionc

(%CV)

Inter-run
precisionb

(%CV)

MVL 103.8 102.3 7.3 7.1
MV1 102.0 102.6 8.1 4.1
MV2 103.2 103.9 8.1 2.0
MV3 105.7 103.9 3.2 3.2

a (n=6), expressed as 100 × (mean calculated concentration)/(nominal
concentration)

b Values obtained from all five runs (n=30)
c (n=6)

Table 3 Summary of % accuracy and precision results for EXP-3174

MV
sample

% Intra-run
accuracya

% Inter-run
accuracyb

Intra-run
precisionc

(%CV)

Inter-run
precisionb

(%CV)

MVL 105.5 107.1 11 6.7
MV1 97.4 94.1 4.8 3.3
MV2 92.7 99.1 5.9 6.2
MV3 95.4 105.2 9.6 7.7

a (n=6), expressed as 100× (mean calculated concentration)/(nominal
concentration)

b Values obtained from all five runs (n=30)
c (n=6)

Table 4 Summary of % accuracy and precision results for HCTZ

MV
sample

% Intra-run
accuracya

% Inter-run
accuracyb

Intra-run
precisionc

(%CV)

Inter-run
precisionb

(%CV)

MVL 105.6 103.6 7.0 8.1
MV1 100.5 95.9 14 4.7
MV2 103.4 99.3 8.9 7.0
MV3 101.2 95.6 5.3 7.0

a (n=6), expressed as 100× (mean calculated concentration)/(nominal
concentration)

b Values obtained from all five runs (n=30)
c (n=6)
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be applied to the extraction and analysis of other pharma-
ceutical compounds with different physicochemical proper-
ties from biological samples.
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