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ABSTRACT

o

A high-performance liquid chromatographic method using fiuorescence deteciion for the simuliancous deierminaiion of furosemide
and amiloride is described. The chromatographic system is based on reversed-phase ion-pair chromatography with sodium dodecylsul-
phate as ion-pairing agent. The same counter-ion is used for the ion-pair liquid-liquid extraction to ethyl acetate. The minimum
detectable concentration amounts to 0.3 ng of furosemide and 0.03 ng of amiloride per ml of plasma. The applicability of the method is
demonstrated by the analysis of plasma samples taken from volunteers receiving both drugs.

INTRODUCTION

Furosemide is an anthranilic acid derivative. it
chemically resembles the thiazide diuretics, but
Airreatin tantial FHirnga,
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iurctic potliitiar. ' urose-

n the luminal side of the
{f Henle’s lnnn by inhib-

iting chloride transport or by 1nh1b1t1ng sodium
chloride cotransport. This may provoke excessive
cation loss of magnesium and particularly potas-
sium, thus causing hypokalaemia. Low plasma
potassium levels may cause ventricular ectopic
activity, ventricular fibrillation and sudden
death.

Potassium-sparing diuretics have been widely
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kalaemia. Amiloride is such a drug; it acts on the
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potassium reabsorption. The drug is only weakly
diuretic and its potassium-sparing action pre-
dominates. The combined administration of fu-
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rosemide and amiloride was introduced in 1984
[1]. It has been proved to be effective in patients
with congestive heart faiiure and in patients with
mild to moderate essential hypertension [2-4].
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fective during long-term treatment than the com-
bination of amiloride and a thiazide diuretic {4].

In the literature, almost all hlgh-performance
liquid chromatographic (HPLC) methods for
amiloride [5-10] and furosemide [11-20] apply re-
versed-phase (RP) systems using methanol or
acetonitrile as modifier, with the pH of the mo-
bile phase in the range 2.5-5. Only one reversed-
phase ion-pair system has been applied for the
determination of amiloride [21]. The pretreat-
ment of amiloride-containing plasma samples
has been described for either protein precipita-
tion [7,10], liquid—liquid
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[5,8,21], solid-phase extraction [6] or precolumn
concentration [9]. Sample pretreatment for furo-
semide has been described for protein precipita-
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Fig. 1. Structures of furosemide (F), amiloride (A) and naproxen
N).

tion [16,18,19], liquid-liquid extraction in acidic
medium [13-15,17,20], solid-phase extraction
[11,12], and direct plasma injection [22].

From their molecular structures (Fig. 1), it is
clear why different separation mechanisms have
to be combined in order to separate both sub-
stances within an acceptable total analysis time.
The method described in this paper uses ion-pair
liquid-liquid extraction of furosemide and amilo-
ride as the pretreatment step. The developed
method enables the simuitaneous determination
of both compounds in plasma taken from volun-
teers administered orally with 40 mg of furose-
mide and 5 mg of amiloride concomitantly.

EXPERIMENTAL

Chemicals

Furosemide and naproxen, the internal stan-
dard, were obtained from Aldrich (Milwaukee,
WI, USA) and amiloride hydrochloride from
Sigma (St. Louis, MO, USA). Ethyl acetate (Ba-
ker Chemicals, Deventer, Netherlands) was sat-
urated with water before use. Sodium dodecylsul-
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phate (SDS) was of high-purity grade (Serva,
Heidelberg, Germany). Perchloric acid solution
for the mobile phase was prepared from concen-
trated perchloric acid (80%) by diluting with
deionized water (Milli-Q water purification sys-
tem, Millipore, Bedford, MA, USA) until pH 2.0
was reached. All other reagents were of analytical
grade and were used as such. The stock solutions
of the three compounds, containing 1 mg/ml
methanol, were made freshly every month and
protected from daylight with aluminium foil and
stored at 4°C. Dilutions of the stock solutions for
calibration curves were made freshly every day.

Apparatus

The LC system consisted of a Jasco Model
880-PU isocratic pump (Japan Spectroscopic,
Tokyo, Japan) and a Promis autosampler (Spark
Holland, Emmen, Netherlands). Fluorescence
detection was performed with a Perkin Elmer
LS-4 detector (Beaconsfield, UK) operated at an
excitation wavelength of 360 nm and an emission
wavelength of 413 nm, with an excitation slit
width of 15 nm and an emission slit width of 20
nm. The detector signal was monitored by an Ax-
xi-Chrom 727 chromatography data station (Ax-
xiom Chromatography, Calabasas, CA, USA).

Chromatography

Chromatography was performed on a glass
Nucleosil 100 C;g 5-um column (100 mm X 3
mm 1.D.) (Chrompack, Bergen op Zoom, Neth-
erlands), equipped with a hand-packed guard
column (10 mm x 2 mm I.D.), which was packed
with Nucleosil 100 C;g 5-um stationary phase
(Macherey Nagel, Diiren, Germany).

The eluent was acetonitrile—0.125 A SDS-0.01
M perchloric acid (pH 2.0) (234.6:35:665, w/w).
Chromatography was performed at ambient tem-
perature at a flow-rate of 0.6 ml/min.

Sample preparation and storage

Blood samples of 5 ml were taken over defined
time intervals during the 24 h after co-adminis-
tration of one tablet of Lasix containing 40 mg of
furosemide and one tablet of Midamor contain-
ing 5 mg of amiloride. The blood samples were
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collected in lithium-heparinized tubes, and plas-
ma was separated by centrifugation and stored in
polypropylene tubes at —40°C until analysis.

Sample pretreatment

Aliquots of 1.00 ml of defrosted plasma sam-
ples were mixed with 0.25 ml of acetic acid (8.5
M) in a polypropylene tube. After the addition of
0.25 ml of SDS solution (0.125 M) and mixing for
5's, 100 ul (corresponding to. 4 ug of naproxen) of
a methanolic internal standard solution were
added. This mixture was extracted for 30 min on
a laboratory-made rotating mixing device (60
rpm) with 7 ml of ethyl acetate saturated with
water, and subsequently centrifuged for 10 min at
5200 g. The resulting organic phase was evap-
orated in a vortex evaporator (Haake Biichler In-
struments, Lenexa, KS, USA) at 35°C. The resi-
due was dissolved in 0.25 ml of mobile phase, and
100 ul were analysed on the chromatographic
system.

Calibration standards were obtained by add-
ing known amounts of the analytes to blank plas-
ma samples. The sample pretreatment was as de-
scribed above.

In order to avoid artefact formation by degra-
dation as a consequence of the photosensitivity
of furosemide, both the sample pretreatment and
the analysis were executed in a darkened room
illuminated by a sodium lamp. Under these con-
ditions no degradation peaks were observed.

RESULTS AND DISCUSSION

Chromatography

The separation of furosemide and amiloride is
strongly dependent on the choice of stationary
phase, pH and ionic strength. The shape of the
amiloride peak, in particular, is poor when an-
other type (Phase Sep ODS 3) column is used,
possibly due to the interaction of amiloride with
free silanol groups.

After injection of ca. 200-300 samples a slight
loss of retention may occur, which can be re-
solved by washing the column with ca. 50 ml of
pure methanol and re-equilibration with the mo-
bile phase.
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Detection

In the literature both UV absorbance
[5,6,18,21] and fluorescence detection [7-17,19-
21] have been described for both analytes. Using
fluorescence detection lower concentrations of
the compounds of interest can be detected. The
two analytes have different excitation and emis-
sion wavelengths. Furosemide has an excitation
wavelength of 268 nm. Depending on the pH,
different emission wavelengths can be applied. In
the pH range between 2 and 5 emission can be
observed at 410 nm, whereas at pH 6-9 an emis-
sion wavelength of 385 nm is more favourable.
Amiloride can be excited at 285 nm as well as at
360 nm, and the emission wavelength for both
excitation wavelengths is 413 nm.

The fluorescence in pure acetonitrile for furo-
semide and amiloride, respectively, is ca. 3.5 and
1.3 times higher than in pure methanol.

Sample pretreatment

Different sample pretreatment methods can be
applied, but for the simultaneous determinations
of amiloride and furosemide only a few are suit-
able, such as injection of the supernatant after
deproteination and liquid-liquid extraction using
ion-pair formation. In our hands, the direct pre-
cipitation of proteins did not give satisfactory re-
sults for furosemide: the recoveries of furosemide
and amiloride were 10-40 and 50-70%, respec-
tively, depending on the method of deproteina-
tion.

The sample pretreatment of plasma is a mod-
ification of a liquid-liquid extraction described in
literature [13]. Instead of dichloromethane, ethyl
acetate was used because, with respect to the re-
covery and interferences, ethyl acetate appeared
to be easier to handle in routine bioanalysis.
Liquid-liquid extraction with ethyl acetate under
acidic conditions delivered only furosemide, and
under alkaline conditions only the amiloride was
extracted. Use of a cationic ion-pairing agent, i.e.
tetrabutylammonium bromide, decreased the sta-
bility of the chromatographic system. Therefore
the extraction under acidic conditions with an
anionic ion-pairing agent, such as hexane sulpho-
nate or sodium dodecylsulphate, was investigat-
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Fig. 2. Chromatograms of an extract of plasma from a volunteer receiving an oral dose of 40 mg of furosemide and 5 mg of amiloride,
(A) before administration and (B) 360 min after administration. Peaks: 1 = furosemide (46 ng/ml); 2 = amiloride (4.0 ng/ml); 3 =

naproxen (internal standard). Conditions as in Experimental.

ed. The recovery obtained with SDS appeared to
be more favourable than that with hexane sul-
phonate. The remaining SDS in the residue of the
liquid-liquid extraction did not disturb the
HPLC system, because of the presence of SDS in
the mobile phase. Optimization of the concentra-
tion of SDS added to the plasma mixture with
respect to the retention in the chromatographic

TABLE I
VALIDATION OF THE METHOD

system and the recovery in the sample pretreat-
ment resulted in the sample pretreatment de-
scribed. An example of a chromatogram of an
extract of a real plasma sample is given in Fig. 2.
No metabolites could be observed. No data are
given in the literature on the presence of metabo-
lites.

Concentration Recovery Precision (%) Accuracy
(ng/ml) (mean + C.V.,n = 3) (%)
(%) Day-to-day (n = 3) Within-day (n = 3)
Furosemide
10 704 £ 17.8 0.98 2.21 98.0
100 842 £ 4.1 2.46 3.46 97.7
1000 82.1 + 4.8 1.58 3.02 98.2
Mean 80.7 £ 5.0
Amiloride
0.5 52.6 £ 10.8 2.69 4.08 99.2
5 558 + 129 1.49 2.66 97.4
25 62.5 £ 5.0 2.54 1.80 98.9
Mean 60.7 £ 5.5
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Validation

The method was validated by the three-fold as-
say on three consecutive days of blank plasma
samples to which different amounts of both com-
pounds had been added. Eight plasma samples of
1.0 ml were spiked with concentrations ranging
from 10 to 1000 ng of furosemide per ml and
from 0.5 to 50 ng of amiloride per ml, covering
the relevant concentration ranges.

Typical regression lines with the standard de-
viation of slope and intercept are: y = (0.0441 +
0.0001)x — (0.0479 = 0.0141) and y = (0.4011
+ 0.0068)x + (0.0950 £ 0.0082) for furosemide
and amiloride, respectively, where y represents
the peak-area ratio and x the concentration in
ng/ml. The results of the validation are summa-
rized in Table L.

All calculations were performed using weight-
ed regression, because of the wide range of con-
centrations. The method is linear for furosemide
up to I ug/ml and for amiloride up to at least 25
ng/ml. Samples with concentrations of furose-
mide above 1 ug/ml were diluted with blank plas-
ma.

The detection limits, based on a signal-to-noise
ratio of 3, amounted to 100 and 7.5 pg for furose-
mide and amiloride, respectively. The corre-
sponding minimal detectable concentrations in
plasma for furosemide and amiloride were 0.3
and 0.03 ng/ml, respectively.

Drug monitoring
An example of mean plasma concentration—
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Fig. 3. Mean plasma concentration-time curves (+8S.D.) for
four volunteers after oral administration of 40 mg of furosemide
(F) and 5 mg of amiloride (A).
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time curves after oral administration of furose-
mide and amiloride is presented in Fig. 3. The
concentration of amiloride is considerably lower
than that of furosemide, which is why the detec-
tion has been optimized for amiloride. The large
standard deviation in the furosemide concentra-
tions is a well known phenomenon [22,23]; the
mean bioavailability calculated from plasma con-
centrations after oral administration ranges from
43 to 71%.

CONCLUSIONS

The method is based on liquid-liquid ion-pair
extraction and reversed-phase ion-pair HPLC
separation with fluorescence detection and per-
mits the measurement of plasma samples when
40 mg of furosemide and 5 mg of amiloride are
administered orally. The assay provides good
sensitivity, linearity and reproducibility. The ad-
vantage is a simultaneous determination of furo-
semide and amiloride in plasma, with respect to
the plasma volume, needed for the analysis of low
plasma levels of amiloride.
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