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a b s t r a c t

A new sensitive HPLC/MS/MS method for simultaneous determination of furosemide, spironolactone
and canrenone in human plasma samples is presented. Electrospray ionization source (ESI) has been
used. The tandem MS detection was performed under MRM conditions, in the negative ion mode for
furosemide and indapamide (internal standard 1) and in the positive ion mode for spironolactone, can-
renone and nitrazepam (internal standard 2). A simple plasma protein precipitation with acetonitrile
was used as sample preparation technique. The chromatographic separation was carried out under the
reversed phase mechanism, on a 250 mm length column packed with octadecyl modified silicagel and
thermostated at 35 ◦C. The column was operated under isocratic conditions (3:7 aqueous 0.1% formic acid
anrenone
lasma samples
PLC
SI
andem MS detection
ethod development

and methanol, v/v) at a flow rate of 0.8 mL/min. Quantitation intervals of 20–1600 ng/mL for furosemide
and 2–100 ng/mL for spironolactone and canrenone have been concluded through validation. Precision
and accuracy were situated within the accepted thresholds (maximum 15% relative standard deviation
and ±15% percentage bias). The most sensitive aspects relating to the analytical method development
and validation were highlighted and critically assessed in order to reach an objective opinion about the
real performances and inherent applicability of the method in bioanalysis.
ethod validation
ioequivalence

. Introduction

Pharmaceutically speaking, the combination between spirono-
actone and furosemide is not a recent discovery. There are
umerous pharmaceutical products, both innovative or generics
pproved to be marketed, which take advantage of the loop diuretic
ffect of furosemide (increases removal of sodium and potas-
ium salts) and aldosterone antagonist effect of spironolactone. By
ombining effects of the two active substances, hypokalaemia is
revented and an efficient decrease in the volume of fluid circulat-

ng through blood vessels is obtained.
Analytical issues relating to the furosemide assay in pharma-

eutical and biological matrices have been recently reviewed [1].
lthough UV spectrometric detection has been used in the early
ineties [2,3], it seems that fluorescence detection was preferred for
urosemide together with the ion pair separation mechanism [4,5].
ass spectrometry (MS) and tandem mass spectrometry (MS/MS)

ave also been used to determine furosemide in biological samples,
ore often by applying negative ion monitoring and atmospheric
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pressure chemical ionization (APCI) [6,7]. Liquid–liquid extraction
(LLE) and solid phase extraction (SPE) are generally cited as sam-
ple preparation methods for the assay of furosemide in biological
fluids [8].

Spironolactone, along with its main metabolites, canrenone and
7-�-thiomethyl spironolactone, is usually detected through MS or
MS/MS under APCI conditions [9], although UV detection is achiev-
able if an adequate concentration technique (such as solid phase
extraction) is used during sample preparation [10].

Best sensitivities obtained through MS/MS detection for
furosemide, spironolactone and its metabolites in plasma samples,
considering individual administration (40 mg for furosemide and
100 mg for spironolactone, respectively), place low limits of quan-
titation (LLOQ) at the 50 ng/mL and 2 ng/mL levels, respectively.

According to the literature, there are just two published works
dealing with the simultaneous quantitation of furosemide, spirono-
lactone and canrenone in human plasma samples [11,12]. Both
works are focused on pharmacokinetics aspects and are not high-
lighting analytical aspects relating to method development and

validation. The reason for finding only very few data on the simulta-
neous determination of furosemide, spironolactone and its related
metabolites relies on two different aspects: (a) the lack of similarity
between their analytical behavior (both chromatographic and ion-
ization); (b) the therapy with spironolactone and furosemide is not

http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
mailto:iulia.sora@labormedpharma.ro
mailto:sora_dal@yahoo.com
dx.doi.org/10.1016/j.jpba.2010.03.004
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onsidered so actual, so the interest on pharmacokinetic studies is
onstantly diminishing. However, at it results from the literature
ata and our experimental findings, absolute analytical solutions
re not readily available and particularities need to be discussed.

Pharmacokinetic and pharmacodynamic aspects related to
dministration of furosemide and spironolactone as individual
edications are also available in literature [13–17].
The aim of the present work consisted in the development and

alidation of an analytical method for assaying simultaneously
urosemide, spironolactone and canrenone at pharmacokinetic
oncentration levels in plasma samples, based on a programmed
imodal functioning of the MS/MS detection (negative ion mode for
urosemide, positive ion mode for spironolactone and canrenone).

The method was successfully applied to a bioequivalence study
or immediate release pharmaceutical oral dosage forms (capsules)
ontaining 20 mg of furosemide and 50 mg of spironolactone in
asting conditions. The most sensitive aspects of the analytical

ethod were highlighted and critically assessed in order to reach
n objective opinion about its inherent performance, when applied
n bioanalysis.

. Experimental

.1. Reagents

All solvents were HPLC grade from Merck (Darmstadt, Ger-
any). Water for chromatography (resistivity minimum 18.2 M�

nd TOC maximum 30 ppb) was produced within the laboratory
y means of a TKA Lab HP 6UV/UF instrument and used during
xperiments. Reference standards were obtained from European
harmacopoeia (Council of Europe, Strasbourg, France), batch 1d
or furosemide, batch 1b for spironolactone, batch 3.1 for can-
enone, batch 3a for indapamide and 1b for nitrazepam. Formic acid
as extra pure grade from Merck. 7-� thiomethyl spironolactone
as obtained from US Biological (Swampscott, MA, USA).

.2. Equipments

Experiments were performed on a system built up from Agilent
eries 1200 modules (Agilent Technology, Waldbronn, Germany)
s following: degasser (G1322 A); binary pump SL (G1312 B); ther-
ostated autosampler (G1367 C); column thermostat (G1330 B).
etection was made through a MS/MS triple quadrupole detector

G2571 A) using an atmospheric pressure electrospray ion source
ESI), operated under negative and positive mode. System control,
ata acquisition and interpretation were made with the Agilent
ass Hunter software version B 01.00 (B48).

.3. Chromatographic method

The chromatographic separation was carried out on a Luna 5u
18(2) 100A (Phenomenex), 250 mm length, 4.6 mm internal diam-
ter and 5 �m particle size, thermostated at 35 ◦C. A Phenomenex
18 guard cartridge (2 mm length, 4 mm internal diameter) was
sed to protect the column inlet. Column qualifications made
efore and after completion of the study (more than 2600 loaded
lasma samples, validation process included) reveal an increase of
he reduced plate height (h̄) calculated for the phenanthrene peak
n a test mixture from 2.4 to 2.5. The column was operated under

socratic conditions, the mobile phase consisting in 3/7 (v/v) aque-
us 0.1% formic acid and methanol, at a flow rate of 0.8 mL/min.
he whole separation process takes 14 min. The injection volume
s 400 �L in order to compensate the loss in sensitivity induced
hrough dilution during the sample preparation procedure.
Biomedical Analysis 52 (2010) 734–740 735

2.4. MS detection

MRM scan type was performed on two different time seg-
ments. The first scan segment with negative ion polarity was
defined between minutes 3.2 and 7. It allows detection for
furosemide and indapamide (IS1). The second, with positive ion
polarity is needed for detection of spironolactone, canrenone and
nitrazepam (IS2). The operational parameters of the ESI source
were the following: vaporizing temperature 350 ◦C; pressure of
the nebulising gas 60 psi; flow of the drying gas 13 L/min; cap-
illary potential 4000 V. The fragmentor energy for the negative
segment was set to 100 V and 140 V on the positive segment.
The collision energy for furosemide was 20 V, 25 V for IS1 and
30 V for spironolactone, canrenone and nitrazepam. The electron
multiplier was set to 600 V. The MRM transitions used for quanti-
tative purposes (quantifier) were the following: m/z = 341 a.m.u. to
m/z = 107 a.m.u. for spironolactone and canrenone, m/z = 329 a.m.u.
to m/z = 205 a.m.u. for furosemide, m/z = 282 a.m.u. to 180 a.m.u.
for IS2 and m/z = 364 a.m.u. to m/z = 189 a.m.u. for IS1. The MRM
transitions used for qualitative purposes (qualifier) were the
following: m/z = 341 a.m.u. to m/z = 187 a.m.u. for spironolactone
and canrenone, m/z = 329 a.m.u. to m/z = 285 a.m.u. for furosemide,
m/z = 282 a.m.u. to 132 a.m.u. for IS2 and m/z = 364 a.m.u. to
m/z = 132 a.m.u. for IS1.

2.5. Sample preparation

Protein precipitation through organic solvent addition (acetoni-
trile, volume ratio 2/1) was used as sample preparation procedure.
200 �L of plasma sample was treated with 400 �L acetonitrile
solution containing 150 ng/mL IS1 and 75 ng/mL IS2, followed by
vortexing (1 min), centrifuging (9000 × g) and transfer of the super-
natant to an injection vial. A volume of 600 �L of aqueous 0.1%
formic acid was then added (dilution step is needed to prevent
focusing of the target analytes on injection). To conserve final
method sensitivity the dilution step was compensated through a
large volume injection (400 �L). Plasma samples used for method
validation as well as those being taken during the clinical trial
(incurred samples) were collected over potassium edetate as anti-
coagulant.

2.6. Methodology and pharmacokinetic parameters

The analytical method was applied for assessment of a two
periods, cross-over, controlled, randomized, single dose, bioequiv-
alence study of a generic immediate release capsule containing
20 mg of furosemide and 50 mg spironolactone against the
reference formulation Lasilacton® 20 mg/50 mg-Kapseln (Sanofi
Aventis), under fasting conditions, carried out on 35 healthy male
and female volunteers, aged 18–45 and a body mass index within
19–29 interval. The protocol of the bioequivalence study was
formally accepted by the evaluation department of the Roma-
nian National Medicines Agency and received the approval of the
National Ethics Committee. Venous blood samples were collected
pre-dose (0 h) and the following post-dose intervals of time: 0.25;
0.5; 0.75; 1; 1.25; 1.5; 2; 2.5; 3; 3.5; 4; 4.5; 5; 6; 8; 10; 12; 14; 24;
48; 60 and 72 h. The wash-out period between phases was of 14
days.

The principal pharmacokinetic parameters considered for eval-
uation of the bioequivalence were: Cmax – observed maximum

plasma concentration; AUClast – area under plasma concentra-
tion/time plot until the last quantifiable value; AUCtotal – area under
plasma concentration/time plot extrapolated to infinity. Pharma-
cokinetic parameters were determined by means of the KineticaTM

software (version 4.4.1.) from Thermo Electron Corporation, USA.
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ig. 1. (A) Typical separation of the target analytes under conditions described for th
LOQ signals and carry over effects.

. Results and discussions

.1. Method development

Target analytes (including IS1 and IS2) are medium hydrophobic
ompounds. The logarithm of the experimental partition coeffi-
ients between n-octanol and water (log Kow or log P) are 2.03 for
urosemide, 2.2 for IS1, 2.25 for IS2, 2.68 for canrenone and 2.78
or spironolactone. It is expected that under RP separation mecha-
ism, elution takes place in the increasing order of log P values. This
as found to be experimentally true, except for spironolactone and

anrenone, exhibiting a reversed elution order. Explanation relies
o their different solubility in methanol (as long as elution order
ollows the log P variation when the organic modifier in the mobile
hase is a mixture acetonitrile/tetrahydrofuran).

As spironolactone is quantitatively cleaved within the ESI source
o canrenone, the mass transitions used to detect both compounds
re identical. Such behavior imposes full chromatographic resolu-
ion between the active substance and its metabolite [10]. Although
he assay of 7-�-thiomethyl spironolactone was not required
hrough the bioequivalence study protocol, its mutual chromato-
raphic resolution against the parent compound and canrenone is
ecessary, because the ionization pattern follows the behavior of
pironolactone.

Relatively fast gradients targeting an increased retention for
urosemide failed to make baseline separation of the triplet
pironolactone, 7-� thiomethyl spironolactone and canrenone.
low gradients produce long chromatographic runs and add equili-
ration periods between runs. It has been decided to use an isocratic
lution and to produce retention for furosemide through the use of
n increased column length. Separation of the target compounds as
howed in Fig. 1A has been achieved in 14 min by using a flow rate
f 0.8 mL/min (highest flow tolerated by the ESI source), and rep-
esents the best compromise between chromatographic selectivity
eeded for spironolactone/metabolites and an increased retention
f furosemide. However, considering a dead time of the column of
bout 3.1 min, capacity factors (k) of the target compounds (0.75 for
urosemide, 1.0 for IS1, 1.45 for IS2, 2.36 for spironolactone, 2.75
or 7-� thiomethyl spironolactone and 2.95 for canrenone) are still
n the interval where the residual plasma matrix from samples may
nduce serious ionization effects (enhancement or suppression),
onsequently affecting precision and accuracy [18–21].

Furosemide is readily ionized as a negatively charged molecu-

ar ion even from acidic solutions. Decarboxylation also arises in
he ESI source (intensity of about 60% from the molecular ion sig-
al) and formation of the negative ion dimer adduct with sodium is
bservable (about 15% relative intensity). Collisional induced dis-
ociation (CID) follows the same pattern as for the ion source. As
hod, for an incurred sample collected from one volunteer. (B) Comparison between

negative ionization is more selective and robust, ionization effects
of the residual matrix should be lower.

Spironolactone does not produce the molecular [MH]+ ion. Low
intensity signal (below 5% relative abundance) of the sodium and
potassium adducts may be observed. It is quantitatively trans-
formed and ionized to protonated canrenone. Further CID of the ion
species formed in the source leads to formation of a major product
ion having m/z = 107 a.m.u.

3.2. Method validation

Another delicate aspect to be considered related to the known
high inter-individual variability of the maximum plasma concen-
tration values of furosemide, spironolactone and canrenone in
healthy volunteers. Implicitly, the LLOQ produced by the analyt-
ical method for the target compounds should be low enough to
accurately assess the elimination part of the concentration/time
curves. This was practically translated in wide dynamic ranges of
concentrations considered in the linearity study of the method
(20–1600 ng/mL interval for furosemide and 2–100 ng/mL for
spironolactone and canrenone) and, consequently, the use of
weighted regressions (1/x2, where x is the concentration) to
obtain linearization of the MS response functions over the investi-
gated concentration intervals. The need of sensitivity was supplied
through the use of a high sample injection volume (400 �L),
obtained by multiple loadings onto a loop placed between the nee-
dle seat and the column.

The high sensitivity being required together with the nasty habit
of analytes to stick on the injector active parts imposed the use of
a washing program (needle and needle seat) with acetonitrile to
control the carryover effects. During the method selectivity evalu-
ation on six different blank plasma samples, the averaged residual
peak areas represented 4.2% for furosemide, 10.2% for spironolac-
tone and 6.4% for canrenone from the corresponding LLOQ mean
peak areas (see Fig. 1B). LLOQ values are determined predomi-
nantly through residual carryover effects than through signal to
noise ratios considerations.

Linearity has been checked over wide concentration intervals,
as above mentioned. Eight concentration levels were considered
with six replicates per level. Weighed linear regressions (1/x2) were
applied between peak area ratios (analyte/IS) and concentration
values. The results obtained from the linearity study are summa-
rized in Table 1.
As major concerns were raised by the potential influence of the
residual matrix on ionization yields (and consequently on the quan-
titative results), a comparison was made between the slopes of the
regressions obtained during method validation (n = 13) produced
through sample preparation of spikes made in the same blank
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Table 1
Summary of the results obtained from the linearity study carried out on furosemide, spironolactone and canrenone in plasma samples.

Parameter Furosemide Spironolactone Canrenone

No. of concentration levels (n) 8 8 8
Concentration levels (ng/mL) 20/80/200/400/600/800/1200/1600 2/10/14/30/40/60/70/100 2/10/14/30/40/60/70/100
Weighting of the linear regression (w) 1/x2 1/x2 1/x2

Slope (B) 0.0102 0.0417 0.1301
Standard deviation of the slope (sB) 0.0005 0.0028 0.0076
Intercept (A) -0.0408 0.0071 0.0124
Standard deviation of the intercept (sA) 0.0137 0.0095 0.0146
Correlation coefficient (rxy) 0.9975 0.9985 0.9994
Accuracy interval on backinterpolation of

the experimental data (% bias)
−8.4% to 8.3% −9.3% to 5.4% −5.9% to 3.4%

LLOQa 10.7 1.0 0.5
LLOQb 4.4 0.7 0.4
LLOQc 20.0 2.0 2.0

a LLOQ = (5 × sA − A)/B, according to [22,23].
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b LLOQ = [t × (sA + sB × xm)]/(B + 2 × t × sB), according to [24], where t is the Stude

m =
∑n

i=1
wi × xi/

∑n

i=1
wi .

c LLOQ considered as the concentration corresponding to five times the average r

lasma and the slopes of the regressions obtained through prepa-
ation of spikes in ten different blank plasmas. Results are shown
n Table 2.

When comparing data from Tables 1 and 2, a decreasing trend
ay be observed for the slopes characterizing the linear response

unction of the mass spectrometric detector. When results obtained
rom samples spiked in the same blank plasma are compared, the
ecreasing trend (probably produced through accumulation of the
esidual matrix in the detection system) is less significant and their
ariability is placed within the normal threshold. When such data
re compared to results obtained from samples spiked in differ-
nt blank plasmas, the higher variability and the decreasing trends
re obvious. Despite its reduced chromatographic retention, poten-
ially allowing increased interference risks, furosemide seems less
ffected. The specificity and robustness of the negative ionization
ode used for the detection of the analyte may represent a coherent

xplanation of the facts. Although exhibiting considerable reten-
ion compared to furosemide, spironolactone and canrenone are
ensibly influenced by the specific residual matrix produced by the
lasma. The influence on ionization of the common anticoagulants
citrate, potassium edetate and lithium heparin) used for blood
ample collection has been also investigated. No influences were
bserved for furosemide (concentration level of 700 ng/mL, R.S.D.%
alues between 0.6 and 3% and % bias between 11.5 and 13.8%,
= 5). Citrate and potassium edetate are not influencing ionization
f spironolactone and canrenone, tests made on samples spiked at
0 ng/mL level producing response variations in the R.S.D.% range

f 0.6–6.6% and % biases from −1.6 to 4.2% (n = 5). In the presence
f lithium heparin, signal suppression effects were observed for
oth compounds (% biases ranging from −16% to −21%), although
recision is unaffected (R.S.D.% values from 4 to 6.6%).

able 2
tatistic evaluation of the slopes (B) of the regressions obtained from different lin-
arity studies carried out on samples made in the same blank plasma or in different
lank plasmas.

Parameter Furosemide Spironolactone Canrenone

n = 13, same blank plasma
Mean B 0.0097 0.0406 0.1292
sB 0.0008 0.0033 0.0165
R.S.D.% 8.6 8.2 12.8

n = 10, different blank plasma
Mean B 0.0107 0.0316 0.1059
sB 0.0010 0.0050 0.0226
R.S.D.% 9.2 15.7 21.3
fficient tabulated for 6 degrees of freedom (n − 2) and 90% level of certainty and

al peak area in the chromatograms of blank samples.

Recoveries were evaluated at three concentration levels (60, 700
and 1400 ng/mL for furosemide and 6, 50 and 80 ng/mL for spirono-
lactone and canrenone) for the target compounds and at 300 ng/mL
level for IS1 and 150 ng/mL for IS2 (concentrations of internal stan-
dards are expressed with respect to the plasma aliquot volume).
Five replicates were considered per concentration level. Recovery
was computed as ratio (expressed as percentage) of peak area val-
ues integrated in chromatograms from spiked plasma samples and
samples spiked to corresponding bulk protein precipitated blank
plasma having identical concentrations of the target compounds.
Found recovery values are 98% for furosemide, 101.9 for spironolac-
tone, 99.6% for canrenone, 97.4% for IS1 and 99.4% for IS2. Precision
(expressed as R.S.D.%) ranged from 1.8 to 5.3%.

Taken into consideration the experimental findings, the follow-
ing decisions have been made on bioequivalence study completion:
(a) the analytical sequence should contain a calibration set with
eight concentration levels (same as for the linearity study in
method validation), a quality control (QC) set with four concentra-
tion levels (60/300/700/1400 ng/mL for furosemide and 6/20/50/80
for spironolactone and canrenone), two replicates per level, and
samples obtained from one volunteer (two phases, each phase con-
taining the pre-dose sample, IS spiked pre-dose sample and 22
sampling times; samples corresponding to the same sampling time
and different phases are consecutive in the sequence); (b) cali-
bration and QC samples are produced for each volunteer through
spiking the corresponding pooled pre-dose plasma portions col-
lected during the two phases (consequently, matrix effects are
basically the same for calibration, QC and analyzed samples);
(c) cleaning of the ESI source should be made before starting
every analytical sequence; (d) dilution of the samples exceeding
upper quantification limits (based on successfully dilution integrity
results achieved during method validation for 1:2, 1:5 and 1:10
volumetric ratios) should be made with the blank plasma belong-
ing to the respective volunteer. For validation of the analytical
sequence, the general conditions referred by the guideline in force
[25] were applied: a maximum of two QC samples (belonging to
different concentration levels) from a total of eight may be placed
outside the accuracy threshold of ±15%, and a maximum of two
from eight calibration samples may be excluded during calculation
of the weighted regression parameters with fulfillment of the con-
dition that the remaining six experimental data produce through

backinterpolation results within the accuracy threshold. Due to an
increased duration of a working sequence (around 16 h), an addi-
tional condition addressing precision was imposed: the R.S.D.%
computed for IS peak areas along the analytical sequence should
be placed within the 15% limit.
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ig. 2. Variation of the mean intra-sequence recoveries obtained for the target com-
ounds in QC samples at the lowest concentration level (filled points indicates that
he value is not resulting from averaging, as one of the experimental results was
laced outside the imposed accuracy threshold).

As the analysis of the 2240 individual samples organized under
5 sequences took around 24 working days, interpretation of data
esulting from calibrations and QC sets run over study completion
epresents an important tool for evaluation of accuracy and preci-
ion of both analytical method and MS instrument. The variation of
he mean intra-sequence recoveries (%) determined for the target

ompounds over the study completion (35 sequences) at the low
C level is presented in Fig. 2. As the low QC is close to the quantifi-
ation limit (3 × LLOQ), data from Fig. 2 illustrate the “worst case”
ituation. Obviously, the requirements of the guidances in force
ave been fulfilled.

able 3
ummary of the results obtained from QC sets on bioequivalence study completion (35 an

Concentration level Furosemide Spiron

(1) (2) (3) (1)

QC1 5 91.2 5.0 10
QC2 5 95.8 6.9 5
QC3 2 98.7 6.9 3
QC4 5 104.8 6.1 7

1) Number of QC samples placed outside the accuracy threshold.
2) Mean inter-sequence recovery (%).
3) R.S.D.% of mean intra-sequence recoveries.

able 4
rincipal pharmacokinetic parameters determined for furosemide (F), spironolactone (S)
onsidered for the bioequivalence trial in fasting conditions.

Pharmacokinetic parameter F/R F/T

Cmax (ng/mL) 526.06 607.8
sa 232.9 327.6
AUClast (ng/mL h) 1101.53 1253.17
s 395.0 537.0
AUCtot (ng/mL h) 1189.20 1332.00
s 404.3 537.5

R.S.D.% inter-subject for
Cmax 35.6
AUClast 20.5
AUCtot 18.4

90% confidence limits for
Cmax 0.934–1.246
AUClast 1.012–1.194
AUCtot 1.010–1.172

a s = standard deviation.
Biomedical Analysis 52 (2010) 734–740

From 280 calibration samples, 21 (7.5%) were excluded from
calculation of the corresponding regression parameters in the case
of furosemide, 24 (8.6%) in the case of spironolactone and only
12 (4.3%) in the case of canrenone. The concentrations of the QC
samples were computed based on these regression parameters
resulting from calibration data sets. Table 3 summarizes experi-
mental data obtained for the QC samples analyzed during study
completion.

Precision of the method has been studied at 4 concentration lev-
els (60/300/700/1400 ng/mL for furosemide and 6/20/50/80 ng/mL
for spironolactone and canrenone). Intra-run precision was verified
through 10 replicates made from the same spiked sample at each of
the concentration levels during a single analytical sequence taking
around 7 h (calibration included). Inter-run precision was evalu-
ated using independent samples prepared and analyzed during six
analytical sequences delayed by at least 24 h and run over a total
time interval of 13 days. R.S.D.% values ranged (for both procedures
and for all analytes) between 2.2 and 10.9%, while % biases cover
the interval between −11% and 8.2%.

Long term (−40 ◦C) stability for all analytes was confirmed for a
period of 3 months and short term stability (room temperature) for
a period of 24 h. The freeze and thaw stability for five consecutive
cycles was studied and confirmed. Stability at 25 ◦C in the autosam-
pler of processed plasma samples have been demonstrated over an
interval of 48 h. IS1 and IS2 stock solutions were found stable over
a month period.

For evaluation of the robustness of the method, the following
operational parameters and variation intervals were considered:
(1) mobile phase composition (solvent A from 29 to 31%; (2) formic
acid content in the aqueous component of the mobile phase (from

0.09 to 0.11%; (3) source drying gas temperature (from 300 to
350 ◦C); (4) source drying gas flow rate (from 11 to 13 L/min); (5)
source nebulizer pressure (from 50 to 60 psi); (6) capillary volt-
age (from 3500 to 4500 V). Quantitative results were compared
for three discrete concentration levels for each of the target com-

alytical sequences).

olactone Canrenone

(2) (3) (1) (2) (3)

94.7 7.6 2 95.8 6.3
106.7 4.8 1 97.5 6.2
102.9 6.1 4 103.1 6.5
106.5 5.8 6 104.9 6.0

and canrenone (C), from reference (R) and tested (T) pharmaceutical formulations

S/R S/T C/R C/T

29.54 27.76 61.75 69.57
21.4 14.6 22.9 26.4
55.44 58.27 873.79 915.83
36.5 31.3 372.2 384.2
60.57 63.37 968.07 1006.38
36.7 32.3 389.5 396.3

40.4 15.1
25.1 7.6
23.9 7.7

0.847–1.193 1.054–1.193
0.977–1.209 1.018–1.084
0.968–1.186 1.011–1.108
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Pharmacokinetic parameters obtained for furosemide, spirono-
lactone and canrenone during the fasting single dose clinical trial
are given in Table 4. Large inter-individual variations of the princi-
pal pharmacokinetic parameters were observed for furosemide and
spironolactone, as already indicated in literature. The bioequiva-
lence of the two products could be satisfactorily concluded based on
the experimental data. Determined pharmacokinetic parameters
are in fair agreement with previously published data [26–31].

4. Conclusions

A new HPLC/MS/MS method has been developed and validated
to assay simultaneously furosemide, spironolactone and canrenone
in human plasma samples. The method was successfully applied to
the analysis of more than 2000 real samples issued from a bioe-
quivalence study of two pharmaceutical formulations containing
50 mg of spironolactone and 20 mg of furosemide.

The simple sample preparation procedure (plasma protein pre-
cipitation with acetonitrile) induces low analytical variability but
decreases the sensitivity of the method (through the intrinsic dilu-
tion and through water addition to the supernatant to prevent
focusing of the analytes on injection).

For preserving sensitivity, a large volume (400 �L) injection
was applied, resulting in LLOQ of 20 ng/mL for furosemide and
2 ng/mL for spironolactone and canrenone. Carryover effects were
controlled by an appropriate acetonitrile washing procedure for the
needle and the needle seat.

The response function of the instrument was affected by
the presence of the residual matrix reaching the interface. The
increased duration of the chromatographic run (needed for base-
line separation of spironolactone, canrenone and 7-� thiomethyl
spironolactone and to induce some retention for furosemide)
imposes the adequate choice of the analytical sequence length, to
control precision over the study completion. Method development
and validation were carefully assessed and specific analytical prob-
lems issuing from the application on a large number of samples
were largely discussed.

References

[1] M. Espinosa Bosch, A.J. Ruiz Sánchez, F. Sánchez Rojas, C. Bosch Ojeda, Recent
developments in analytical determination of furosemide, J. Pharm. Biomed.
Anal. 48 (2008) 519–532.

[2] M. Walshe, M.T. Kelly, M.R. Smyth, Comparison of two extraction methods
for determination of propranolol and furosemide in human plasma by mixed-
mode chromatography, J. Pharm. Biomed. Anal. 14 (1996) 475–481.

[3] A. Jankowski, A. Skorek-Jankowska, H. Lamparczyk, Determination of
pharmaco-kinetics of furosemide–amiloride drug combination, J. Chromatogr.
B 693 (1997) 383–391.

[4] C. Gomez, C. von Plessing, C.G. Godoy, R. Reinbach, R. Godoy, Method valida-
tion for the determination of furosemide in plasma by liquid–liquid extraction
and high-performance liquid chromatography with fluorescence detection, J.
Chilean Chem. Soc. 50 (2005) 479–480.

[5] M. Wenk, L. Haegeli, H. Brunner, S. Krähenbühl, Determination of furosemide in
plasma and urine using monolithic silica rod liquid chromatography, J. Pharm.
Biomed. Anal. 41 (2006) 1367–1370.

[6] F. Vallee, J. Couture, B. Pellerin, M. LeBel, D. Fast, D. Schnell, Quantitative deter-
mination of furosemide in human plasma by LC/MS/MS, AAPS Pharm. Sci. J.
11-S1 (1999) 416.

[7] M.E. Abdel-Hamid, High-performance liquid chromatography–mass spectro-
metric analysis of furosemide in plasma and its use in pharmacokinetic studies,
Farmaco 55 (2000) 448–454.

[8] D. Zendelovska, T. Stafilov, Sample preparation and RPHPLC determination of
diuretics in human body fluids, Acta Pharm. 56 (2006) 115–142.

[9] H. Dong, F. Xu, Z. Zhang, Y. Tian, Y. Chen, Simultaneous determination of
spironolactone and its active metabolite canrenone in human plasma by
HPLC–APCI–MS, J. Mass Spectrom. 41 (2006) 477–486.

10] J.M. Sandall, J.S. Millership, P.S. Collier, J.C. McElnay, Development and val-

idation of an HPLC method for the determination of spironolactone and its
metabolites in paediatric plasma samples, J. Chromatogr. B 839 (2006) 36–44.

11] W. Schütz, M. Freissmuth, E. Tuisl, B. Blöchl-Daum, H.G. Eichler, D. Loew,
Bioequivalence between two furosemide–spironolactone formulations: a
pharmacokinetic and pharmacodynamic approach, Curr. Med. Res. Opin. 12
(1991) 450–458.



7 l and

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

40 D.I. Sora et al. / Journal of Pharmaceutica

12] H. Vergin, G. Mahr, R. Metz, A. Eichinger, V. Nitsche, Investigation on the bioe-
quivalence of 2 oral preparations containing spironolactone and furosemide,
Int. J. Clin Pharmacol. Ther. 36 (1998) 231–238.

13] H.S. Abou-Auda, Comparative pharmacokinetics and pharmacodynamics of
furosemide in Middle Eastern and in Asian subjects, Int. J. Clin. Pharmacol. Ther.
36 (1998) 275–281.

14] A. Cuadrado, A. Rodríguez-Gascón, R.M. Hernández, A.M. Castilla, A. de
la Maza, C. Yánez, A. López de Ocáriz, M.A. Solinís, J.L. Pedraz, In vivo
pharmacokinetic–pharmacodynamic relationship and in vitro equivalence of
two oral furosemide tablet formulations, Arzneim. Forsch. 53 (2003) 321–329.

15] N. Najib, N. Idkaidek, M. Beshtawi, M. Bader, I. Admour, S.M. Alam, Q. Zaman,
R. Dham, Bioequivalence evaluation of two brands of furosemide 40 mg tablets
(Salurin and Lasix) in healthy human volunteers, Biopharm. Drug Dispos. 24
(2003) 245–249.

16] M. Sanchez, C. Gomez, J. Carrasco, J. Ocana, C. von Plessing, C. Godoy, R. Rein-
bach, R. Godoy, Evaluating average bioequivalence using methods for high
variability drugs: a case study, Int. J. Clin. Pharmacol. Ther. 46 (2008) 527–537.

17] F.G. Xu, Z.J. Zhang, H.J. Dong, Y. Tian, Y. Liu, Y. Chen, Bioequivalence assessment
of two formulations of spironolactone in Chinese healthy male volunteers,
Arzneim. Forsch. 58 (2008) 117–121.

18] N.R. Srinivas, Dodging matrix effects in liquid chromatography tandem mass
spectrometric assays-compilation of key learnings and perspectives, Biomed.
Chromatogr. 23 (2009) 451–454.

19] B.K. Matuszewski, M.L. Constanzer, C.M. Chavez-Eng, matrix effect in quanti-
tative LC/MS/MS analyses of biological fluids: a method for determination of
finasteride in human plasma at picogram per milliliter concentrations, Anal.

Chem. 70 (1998) 882–889.

20] B.K. Matuszewski, M.L. Constanzer, C.M. Chavez-Eng, Strategies for the
assessment of matrix effect in quantitative bioanalytical methods based on
HPLC–MS/MS, Anal. Chem. 75 (2003) 3019–3030.

21] J. Schuhmache, D. Zimmer, F. Tesche, V. Pickard, Matrix effects during analysis of
plasma samples by electrospray and atmospheric pressure chemical ionization

[

[

Biomedical Analysis 52 (2010) 734–740

mass spectrometry: practical approaches to their elimination, Rapid Commun.
Mass Spectrom. 17 (2003) 1950–1957.

22] ICH topic Q2B, Note for guidance on validation of analytical procedures:
methodology, (CPMP/ICH/281/95), ICH Technical Coordination, London, UK,
1996.

23] ICH topic Q2R1, Note for guidance on validation of analytical procedures: text
and methodology, (CPMP/ICH/381/95), ICH Technical Coordination, London,
UK, 1996.

24] C. Liteanu, I. Rica, Statistical Theory and Methodology of Trace Analysis, Chapter
6 — Detection Theory of Analytical Signals, Ellis Horwood, Chichester, 1980, p.
165.

25] Guidance for Industry, Bioanalytical Method Validation. U.S. Department of
Health and Human Services, FDA, CDER, CVM, 2001.

26] E.S. Waller, J.W. Masarella, M.S. Tomkiw, R.S. Smith, J.T. Doluisio, Pharmacoki-
netics of furosemide after three different oral doses, Biopharm. Drug Dispos. 6
(2006) 109–117.

27] E.A. Klauser, E. Lavy, D. Stepensky, E. Cserepes, M. Barta, M. Friedman, A.
Hoffman, Furosemide pharmacokinetics and pharmacodynamics following
gastroretentive dosage form administration to healthy volunteers, J. Clin. Phar-
macol. 43 (2003) 711–720.

28] L.L. Ponto, R.D. Schoenwald, Furosemide (frusemide). A pharmacoki-
netic/pharmacodynamic review (part 1), Clin. Pharmacokinet. 18 (1990)
381–408.

29] L.L. Ponto, R.D. Schoenwald, Furosemide (frusemide). A pharmacoki-
netic/pharmacodynamic review (part 2), Clin. Pharmacokinet. 18 (1990)
460–471.
30] A.J. Nijkerk, J.M. Vermeer, M. Imanse, D. De Vos, The bioavailability of two new
preparations of spironolactone tablets, Pharm. World Sci. 5 (1983) 210–212.

31] P. Saudan, F. Mach, T. Perneger, B. Schnetzler, C. Stoermann, Z. Fumeaux,
M. Rossier, P.-Y. Martin, Safety of low-dose spironolactone administra-
tion in chronic haemodialysis patients, Nephrol. Dial. Transplant. 18 (2003)
2359–2363.


	Analytical issues in HPLC/MS/MS simultaneous assay of furosemide, spironolactone and canrenone in human plasma samples
	Introduction
	Experimental
	Reagents
	Equipments
	Chromatographic method
	MS detection
	Sample preparation
	Methodology and pharmacokinetic parameters

	Results and discussions
	Method development
	Method validation
	Application to a bioanalytical study

	Conclusions
	References


