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Abstract

A sensitive, selective and efficient reversed-phase high-performance liquid chromatographic (HPLC) method is reported
for the determination of furosemide in human plasma and urine. The method has a sensitivity limit of 5 ng/ml in plasma,

2with acceptable within- and between-day reproducibilities and good linearity (r .0.99) over a concentration range from 0.05
to 2.00 mg/ml. The one-step extract of furosemide and the internal standard (warfarin) from acidified plasma or urine was
eluted through a mBondapak C column with a mobile phase composed of 0.01 M potassium dihydrogenphosphate and18

acetonitrile (62:38, v /v) adjusted to pH 3.0. Within-day coefficients of variation (C.V.s) ranged from 1.08 to 8.63% for
plasma and from 2.52 to 3.10% for urine, whereas between-day C.V.s ranged from 4.25 to 10.77% for plasma and from 5.15
to 6.81% for urine at three different concentrations. The minimum quantifiable concentration of furosemide was determined
to be 5 ng/ml. The HPLC method described has the capability of rapid and reproducible measurement of low levels of
furosemide in small amounts of plasma and urine. This method was utilized in bioavailability /pharmacokinetic studies for
the routine monitoring of furosemide levels in adults, children and neonate patients.  1998 Elsevier Science B.V. All
rights reserved.
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1. Introduction types of patients treated with furosemide and from
differences within- and between subjects and study

Furosemide is a potent and widely used diuretic in protocols [6]. The site of action of furosemide is
the treatment of edematous states associated with believed to be at the lumen surfaces [7]. Because it is
cardiac, chronic renal failure [1,2], hypertension, highly protein bound [8], access of furosemide to
congestive heart failure [3,4] and cirrhosis of the this site occurs through active secretion into the
liver [5]. The large degree of variability in the tubule lumen via the nonspecific organic acid of the
pharmacokinetic behavior of furosemide can be proximal tubule [9].
attributed to the differences in organ function, the The bioavailability of furosemide from oral dosage

forms is highly variable. Drug information sources
*Corresponding author. generally report values in the 60 to 65% range for
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the extent of absorption [10,11]. The half life tration, the American Association of Pharmaceutical
reported for furosemide in healthy subjects generally Scientists and other agencies, outlined the acceptable
falls in the range of 30 to 120 min, and is influenced standards for documenting and validating analytical
by the underlying disease process, while its half-life methods and procedures to yield reliable results in
reported in patients with congestive heart failure is in bioavailability, bioequivalence and pharmacokinetic
the range of 50–327 min (mean5122 min) [12]. studies that can be satisfactorily interpreted. Most of

Several analytical methods for the determination the HPLC assays for furosemide analysis do not
of furosemide in plasma and urine have been re- meet all the criteria suggested by the summary
ported, including spectrophotometric [12–14] and report. Interference from commonly administered
spectrofluorometric methods [15–18]. These meth- drugs is also not uncommon in those methods
ods suffer from a lack of sensitivity and selectivity [29,30,33]. Potential interference from the major
and are not suitable for routine determination of furosemide metabolite, furosemide glucuronide, and
furosemide. Although gas chromatographic methods the hydrolytic product 4-chloro-5-sulfamoyl anthra-
[19,20] are more sensitive, they require a laborious nilic acid (CSA) was also not reported for the
extraction procedure and derivatization of majority of these methods. These disadvantages may
furosemide prior to analysis. Therefore, the analysis limit their use in the therapeutic drug monitoring of
time may exceed 1 h per sample. Four methods were furosemide levels in patients as well as in phar-
reported that allow the determination of furosemide macokinetic bioequivalence studies of furosemide.
in plasma using thin-layer chromatography [21–24]. In this paper, we report a rapid, sensitive and
These methods require complicated preparative steps selective reversed-phase HPLC assay that meets the
before quantitation of the drug can be carried out. acceptable criteria for analytical method validation

A variety of high-performance liquid chromatog- and that is suitable for the processing of a large
raphy (HPLC) techniques [25–44] were recently number of furosemide samples.
developed. Some of these [25–27,29,30,38] required
1–2 ml of plasma. Other methods required lengthy
sample extraction and have very long elution times

2. Experimental
for the drug and the internal standard [29,31–33,36].
Farthing et al. [41] used an external standard and

2.1. Chemicals and reagents
solid-phase extraction, while Reeuwijk et al. [42]
used the lengthy and tedious technique of reversed-

All chemicals and reagents were of analytical
phase ion pair chromatography. On the other hand,

grade and were used as received. The organic
Saugy et al. [43] used gas chromatography–mass

solvents used for extraction and in the mobile phase
spectrometry with different types of ionization to

were of HPLC grade (BDH, Poole, UK). Furosemide
confirm the occurrence of furosemide after per-

was obtained from Dumex and the internal standard,
methylation of the extract eluted by HPLC. Most of

warfarin, was obtained from Sigma (St. Louis, MO,
the HPLC methods have not achieved the complete

USA).
separation of furosemide from endogenous sub-
stances with a minimum detectable concentration of
less than 20 ng/ml, which would allow their applica- 2.2. Apparatus
tion to the measurement of low furosemide con-
centrations in biological fluids. Most of the previous- The HPLC system consisted of a single-piston
ly reported methods published the precision of the solvent delivery pump, Model 501; an automatic
calibration data but usually omitted the accuracy for injector, Model WISP 710B; a scanning fluorescence
concentrations at the lower end of the concentration detector, Model 470, and a data module integrator,
range found in pharmacokinetic and bioavailability / Model 746. Analytical separation was accomplished
bioequivalence studies. Furthermore, the minimum using a mBondapak C reversed-phase column (1518

quantifiable concentrations are rarely reported. A cm33.9 mm I.D., 10 mm particle size) for plasma
summary report of analytical methods validation and a resolve spherical C column (15 cm3 3.9 mm18

[45], sponsored by the U.S. Food and Drug Adminis- I.D., 5 mm particle size) for urine. All of the above



H.S. Abou-Auda et al. / J. Chromatogr. B 710 (1998) 121 –128 123

were supplied by Waters Associates (Milford, MA, warfarin), 50 ml of 6 M hydrochloric acid and 3 ml
USA). of HPLC-grade diethyl ether were added. The tube

was closed tightly and vortex-mixed for 30 s and
centrifuged at a speed of 2000 g for 10 min. The2.3. Chromatographic conditions
ether layer was quantitatively transferred to another
clean centrifuge tube. On a water bath adjusted atA mobile phase containing 0.01 M potassium
458C, the ether was allowed to evaporate under adihydrogen (62:38, v /v) adjusted to pH 3.0 with
stream of nitrogen gas. The residue was reconstitutedphosphoric acid (1:3, v /v) was used. The mixture
in 100 ml of methanol and a 20-ml aliquot waswas filtered through a 0.22-mm membrane filter
injected onto the column.(Millipore, Bedford, MA, USA) under vacuum. The

flow-rate was 1.5 ml /min. The eluents from the
column were detected at excitation and emission

2.5.2. Urinewavelengths of 225 and 389 nm, respectively. The
To a 10-ml stoppered glass tube, 200 ml of urine,separation was carried out at ambient temperature.

20 ml of 6 M hydrochloric acid, 40 ml of the internal
standard solution (10 mg/ml warfarin) and 8 ml of

2.4. Standard solutions HPLC-grade diethyl ether were added. The contents
of the tube were vortex-mixed for 30 s. The ether

The standard stock solution of furosemide (200 layer was quantitatively transferred to another clean
mg/ml) was prepared by dissolving and diluting 10 centrifuge tube, and evaporated to dryness on a water
mg of furosemide in a 50-ml volumetric flask with bath adjusted to 458C under a stream of nitrogen gas.
methanol. The internal standard solution was pre- The residue was reconstituted in 100 ml of mobile
pared by dissolving 500 mg of warfarin in a 50-ml phase and a 20-ml aliquot of the solution was
volumetric flask (10 mg/ml) using methanol as the injected onto the column.
diluting solvent. For plasma, the internal standard
solution was further diluted by ten-folds with metha-
nol. Both the standard stock solution and the internal 2.5.3. Clinical study
standard solution were protected from light by Three formulations of furosemide were adminis-
covering them with aluminum foil and they were tered to six healthy male volunteers in a crossover
stored at 48C. Both solutions were stable for at least design experiment, separated by a one week washout
three months. period. The volunteers fasted overnight for at least

Calibration curves, ranging from 0.05 to 2.00 mg/ 10 h before the administration of drug (40 mg tablet)
ml for plasma and 0.50 to 50.00 mg/ml for urine, and they continued fasting until 3 h post dose. The
were constructed by adding appropriate volumes of participants did not take any other medication for at
the stock solutions of furosemide to 0.5 ml aliquots least two weeks prior to and during the day of the
of drug-free plasma and 200 ml of drug-free urine study. Venous blood samples were drawn into
specimens in each run of the assay. The volumes of heparinized tubes before drug administration and at
internal standard (10 mg/ml warfarin) added to each 0.25, 0.5, 0.75, 1.0, 1.5., 2.0, 2.5, 3.0, 3.5, 4.0, 4.5,
tube were 30 ml for plasma and 40 ml for urine, to 5.0, 6.0, 7.0, 8.0, 10.0 and 12.0 h after the drug was
account for any variability in recovery through given. All blood samples were taken via an indwel-
extraction. A weighted least squares regression anal- ling catheter. The blood samples were centrifuged at
ysis was the best-fit regression line. Data were 1100 g for 15 min and the plasma samples were
presented as mean6S.D. frozen at 2208C pending analysis.

During each study day, urine was collected imme-
2.5. Analytical procedure diately before drug administration and at the follow-

ing intervals: 0–1, 1–2, 2–3, 3–4, 4–5, 5–6, 6–8,
2.5.1. Plasma 8–12 and 12–24 h after drug administration. Urine

To a 10-ml stoppered glass tube, 0.5 ml of plasma volumes were recorded and an aliquot was frozen at
specimen, 30 ml of internal standard (10 mg/ml 2208C until it was assayed.
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3. Results and discussion

The determination of drug concentrations in plas-
ma and urine and pharmacokinetic parameters in
bioavailability /bioequivalence studies require both
precise and accurate data. Several published
furosemide assays failed to report the possible
interferences from furosemide metabolites and degra-
dation products. This lack of specificity may result in
an overestimation of actual concentrations, leading to
erroneous bioavailability /bioequivalence decisions.
The composition and pH of the mobile phase used in
the present assay provided good separation of
furosemide and warfarin and gave sharp peaks with
no interferences from endogenous components in
either plasma or urine. Fig. 1 shows representative
chromatograms of blank plasma and a subject’s
plasma sample obtained by the above described
method. The chromatograms showed excellent res-
olution between furosemide and the internal stan-
dard, appearing at 3.0 and 9.0 min, respectively. No
interference was observed during the chromatograph-
ic run of the plasma and the urine sample in the area
where furosemide or the internal standard peak
appears. The retention time of the hydrolytic product
CSA is less than 2 min and, thus, will not interfere
with furosemide or the internal standard. This meth-
od allows the determination of the concentration of
furosemide within 10 min.

Quantitation of furosemide in plasma and urine
samples was carried out by determining the slope of

Fig. 1. Liquid chromatograms of: (I) Plasma samples, (A) blankthe calibration curve, constructed using the peak-area
plasma, (B) blank plasma spiked with the internal standard, (C)

ratio for furosemide and the internal standard (war- plasma extract from a healthy subject following oral administra-
farin), obtained for the calibration standards. The tion of a furosemide tablet (furosemide concentration50.60 mg/

ml). (II) Urine samples, (A) blank urine, (B) blank urine spikedcalibration curves of furosemide was typically de-
with the internal standard, (C) urine extract from a healthy subjectscribed by Y50.0005(60.017)11.157(60.119)X,

2 following oral administration of a furosemide tablet (furosemide(r 50.994; n510), where Y corresponds to the peak-
concentration58.03 mg/ml); W5warfarin (internal standard).

area ratio of furosemide to the internal standard and
X to the concentration of furosemide added over a
concentration range of 0.5 to 50 mg/ml. The linear variation for the slopes was 10.32% for the plasma
least-squares equation was Y50.012(60.086)1 assay and 5.14% for the urine assay.

20.042(60.002)X, r 50.998; n59. To evaluate the precision of the method, the drug-
Standard curves for furosemide were constructed free plasma and the urine were spiked with three

on different days to determine the variability of the different known concentrations (low, medium, high)
slopes and intercepts. The results showed little day- of drug. The spiked samples were analyzed both on
to-day variability of slopes and intercepts and gave the same day and on different days to determine the
acceptable linearity (r.0.996) over the plasma and variability. The within-day precision showed a co-
urine concentration ranges studied. The coefficient of efficient of variation (C.V.) of 1.08 to 8.63% and a
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Table 1
Within-day and day-to-day accuracy and precision of furosemide in plasma

a bAdded Within-day Day-to-day
concentration
(mg/ml) Measured concentration Accuracy Precision Measured concentration Accuracy Precision

(mg/ml) (%) (%) (mg/ml) (%) (%)

0.08 0.07760.0066 –3.75 8.63 0.08460.009 5.0 10.77
n511 n511

0.4 0.36860.0054 –8.0 1.47 0.4260.027 5.5 6.40
n59 n510

1.8 1.5760.017 212.78 1.08 1.7960.76 20.56 4.25
n59 n512

a Mean value represents different plasma samples for each concentration.
b Day-to-day reproducibility was determined from different runs over a six-week period for the three concentrations.

between-day precision of 4.25 to 10.77% for plasma tration was in the order of 2–3 ng/ml using a
(Table 1). For urine, within-day precision showed a signal-to-noise ratio of three.
C.V. of 2.52 to 3.10% and a between-day precision of The absolute and relative recoveries of furosemide
5.15 to 6.81% (Table 2). The minimum quantifiable in plasma and urine were determined at three differ-
concentration of furosemide was determined to be 5 ent concentration levels by comparing extracted
ng/ml. However, the minimum detectable concen- versus unextracted samples. Tables 3 and 4 show the

Table 2
Within-day and day-to-day accuracy and precision of furosemide in urine

a bAdded Within-day Day-to-day
concentration
(mg/ml) Measured concentration Accuracy Precision Measured concentration Accuracy Precision
precision (%) (mg/ml) (%) (%) (mg/ml) (%)
(%)

7.50 8.0760.25 7.60 3.10 7.8060.44 4.00 5.64
n510 n512

25 25.3660.71 1.44 2.80 26.0461.34 4.16 5.15
n512 n512

45 43.7061.10 22.89 2.52 46.2763.15 2.84 6.81
n510 n511

aMean value represents different plasma samples for each concentration.
bDay-to-day reproducibility was determined from different runs over a six-week period for the three concentrations.

Table 3
aAnalytical recovery of furosemide from plasma

Concentration Mean peak area ratio Absolute recovery Relative recovery (%)
(mg/ml) (%)

Aqueous Plasma Mean Range

0.080 0.09 0.064 71.11 95.75 82.69–109.0
0.40 0.405 0.39 96.30 91.9 89.55–93.92
1.80 2.038 2.098 102.91 87.31 85.96–88.85
a Eight replicate injections of each concentration.
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Table 4
aAnalytical recovery of furosemide from urine

Concentration Mean peak area ratio Absolute recovery Relative recovery (%)
(mg/ml) (%)

Aqueous Plasma Mean Range

7.5 0.292 0.313 107.19 107.60 01.87–111.87
25 1.078 1.005 93.23 101.4 98.08–106.20
45 1.947 1.750 89.88 87.31 93.60–101.84
a Eight replicate injections of each concentration.

Table 5recovery of furosemide in plasma and urine. The
Retention times for commonly used drugs using the currentdata obtained showed satisfactory recovery for
method

furosemide in plasma as well as in urine and the
Drug Retention time (min)extraction provided adequate sensitivity to process

the samples. Carbamazepine N.D.
Cimitedine N.D.To determine the specificity of the assay, blank
Diazepam N.D.plasma samples, collected from healthy adult male
Disopyramide N.D.

volunteers, were analyzed using the reported pro- Fluvoxamine N.D.
cedure. Chromatograms were inspected for the pres- Meclofenamate N.D.
ence of interfering peaks. In addition, other common- Metoclopramide N.D.

Phenobarbital N.D.ly administered drugs were tested for their possible
Phenylbutazone N.D.interference under the same chromatographic con-
Phenytoin N.D.

ditions. Table 5 lists the retention times for some of Quinidine 1.80
the frequently coadministered drugs. In addition, no Ranitidine N.D.
interfering peaks were observed for furosemide’s Sulfamethoxazole 2.00

Theophylline N.D.metabolite or its hydrolytic product.
Trimethoprim N.D.Blank plasma samples were spiked with known
N.D., not detected.amounts of furosemide at three different concen-

Fig. 2. Mean furosemide plasma concentrations following oral administration of three tablet formulations of furosemide (40 mg) to six
health adult males.
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Table 6
Pharmacokinetic parameters of furosemide (mean6S.D.) following oral administration (40 mg) of three commercially available formulations
to six subjects

Parameter Brand A Brand B Brand C

AUC (ng?h/ml) 2216.26146.9 2038.56466.9 2101.96642.70–`

C (ng/ml) 1058.06188.1 763.56242.9 858.26433.9max

T (h) 1.3860.54 1.6060.58 2.261.0max
21K (h ) 0.3960.06 0.4260.05 0.4260.08el

t (h) 1.8460.31 1.6660.21 1.7160.411 / 2

AU (mg) 11.1862.0 11.6763.57 11.5862.690.24

AUC , area under the plasma concentration–time curve from time 0 to infinity.0–`

C , peak plasma concentration.max

T , time of peak concentration.max

K , elimination rate constant.el

t , elimination half life.1 / 2

AU , cumulative amount excreted unchanged in urine in 24 h.0–24

trations; 15, 120 and 360 ng/ml, and were sub- six healthy male volunteers. The calculated phar-
sequently stored in a freezer at 2208C. To determine macokinetic parameters (AUC , C , T , K0–` max max el

the stability of the drug in human plasma, the above and t ) of the three brands are shown in Table 6.1 / 2

frozen samples were analyzed over a ten-week Fig. 3 shows the cumulative amounts of un-
period. The results demonstrated that furosemide was changed furosemide in urine.
stable in the frozen plasma for at least ten weeks In conclusion, a rapid, sensitive and selective
without degradation. reversed-phase HPLC analysis of furosemide is

The present method was applied to the determi- reported. The method improves upon previously
nation of several pharmacokinetic studies, including reported methods for accurate measurement of
testing the bioavailability and bioequivalence of drug furosemide concentrations in biological samples and
formulations. Fig. 2 shows the mean plasma con- allows the determination of the drug within 10 min.
centration profiles of furosemide after oral adminis- The simplicity of this method for the determination
tration of a 40–mg tablet from three formulations to of furosemide in human plasma and urine, coupled

Fig. 3. Mean cumulative amounts of furosemide excreted uncharged in urine following the oral administration of three tablet formulations of
furosemide (40 g) to six healthy adult males.
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