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Note 

Determination of furosemide concentrations in plasma and urine using 
high-speed liquid chromatography 

B. LINDSTRGM 

A shnple method for the dctertnintttion of fitrosttnide, u itbut derivatization, 
in biolo$cal fluids has been described by Hajdil and H5ussler1-Z_ They utilized ;i 

spectroflilorillietric technique applied directly on a plasma sarmplc or plas~iia e.stract. 
Inrerlkrcnccs by mctabolites and other substacces may c~111se problems using their 
method. The method described iI: this paper utilizes high-speed liquid chromato- 
graph ol-an estmct of either plasnxt or urine. This technique is more specitic and is 
simple to prrtbrni_ 

EXPERIMENTAL 

The liquid chromatograph used was ;I Waters Ass. (Fruminghnm, Mnss.. 
U.S.A.) Model ALC 202, equipped lvitli a UV detector, opertltcd at 30 nni and at- 
tenuated to 0.02 absorbtlncc unit till1 scale. The column ( 1 .S 111 :.: 2 mm 1.9.. stainless 
steel) was dry-packed with Bondapak C,JCorasil (Waters Ass.). The mobile phase 
consisted of 0.02 ill buKer of‘ pH 2 (pot:~ssiuni chloride-hydrochloric acid) noised 
with 26 y;, acetonitrile when pltismn sumples were an:d\rzcd and 2-k :;a:, \vllert urine 
samples were ttnrtl_\:zed. The system \v;ts operated at a flmv-rate of 0.9 ml/min at 25’. 

One millilitre of plasnxt or urine was transferred into it 10-&l screw-capped 
tube, then Z ml ot‘\vater and 150 !cl of4 Jr hydrochloric acid were added_ The sample 
was then extracted t\vice \vith diethyl ether (6 ml and 3 ml). The cQnibined etlier‘es- 
tract was evaporated with ;I ZentIe streani of nitrogen and allwsed to dry under 
vxuurn in a desiccator for 2 h. The residue was dissolved in 0.5 ml of the eluent mis- 
time (see above). i\f-tcr tiltration tlirou~h 3 Pasteur pipette stoppered ivith glass-wool, 
an aliquor of the solution (JOitl) \vas injected on to the liquid clironiatagrapl~. _ 

RESULTS AND DISCUSSION 

Fiss. la-Id illustrate chromatograms obtained tic-m the mulyses of plasma 
and urine samples. Fig. la represents the on-column injection of 2.4ifg extracted 
from a phsma sample and Fig_ Ic the injection of I _6 pg estracted Li-om ;t urine sample 
(the amounts injected are calculated lion1 the original plttsma and urine conccntra- 
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J-l&L 
min IL 10 6 2 inj. 1.L 10 6 2G 

min 22 18 U 

Fis I_ Chromatograms of plasma and urine srtmpk~: (a) and kj show chromatogmms c:‘ t plasma 
and J urine sample, respectively_ containing furosenlide; (b) and (d) are blank controls of ;1 plasma 
and a urine sample_ respectively_ 

tions.). No interfering compounds were cstrncted front either plasma or urine with 

diethy ether (Fis_ lb and id). 
Reversed-phase liquid chromatography was chosen because it was found to 

be suitable for the samples and the polar furosemide molecule_ The mobile phase 
was maintained at a low pH because of the acidity of furosemide. Decreasing 
the amount of acetonitrile in the eluent prolonged the retention time of the furosc- 
mide peak. The residue obtained after evaporation of the diethyl ether extract can- 
mined residual water, which was preferably removed by drying under vacuum in a 
desiccator (in the dark) rather than by adding desiccant to the ether solution before 
evaporation_ The residue was dissolved in 0.5 ml of the eluent with ultrasonitication 
just before the anaIysis on the chromatograph. Dissolution of the sample in 25O~lg 
of the eluent WIS also tested, but it resulted in a greater spreading of the test results 
when the analysis was carried out under routine conditions_ Filtration ofthe dissolved 
sampIe was necessary in order to avoid plugging the column. 

The output of the UV detector is linear in absorbance units, and the area under 
the peak is proportional to the concentration_ The standard curve (Fig_ 2) was con- 
structed by analyzing samples to which had been added different amounts of furo- 
semide (I-X;+) and then plotting the resulting peak areas against the concentration_ 
The peak height can also be utilized, but it depends a great deal on how the injection 
is performed_ The standard deviation was determined by analyzing five plasma samples 
containing 3&ml of furosemide according to the method described_ The recovery 
(& standard deviation) was 3.9 $0.23 &ml_ The method can be used for the deter- 
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Fig. 2’. Dctcctor responsr of furoscmide. 

minaticn of plasma levels just below 1 &ml. Determinations or lower concentra- 
tions, using the same original s:tmple volume, can be carried out by increasing the 
aliquot 01‘ the injected sample. 
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