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Summary. After furosemide 40 mg i. v. its plasma 
concentration was significantly higher during an 
8-hour period in 6 patients with left sided heart fail- 
ure than in 8 normal subjects. The plasma clearance 
was significantly lower in the patients than in the 
normal subjects - 1.23 and 2,34 ml/kg/min, re- 
spectively. The apparently smaller volume of distri- 
bution in the cardiac patients (0.1401/kg and 
0.181 1/kg, respectively) was not significantly differ- 
ent. In the group of normal subjects, whose ages 
ranged from 27 to 74 years, no correlation was 
found between age and either plasma clearance or 
volume of distribution. In all the patients, the renal 
clearance of furosemide rose from the first to the 
second hour after the injection (average + SD) 
- 39 + 17 and 77 + 51 ml/min, l~n normal subjects, 
the average values did not change - 116 + 79 and 
117 + 54 ml/min. The urinary excretion of furose- 
mide and a metabolite (probably a glucuronide) was 
measured in 16 individuals. 24-hour urines from all 
the subjects investigated contained between 20 and 
30 mg unchanged furosemide (average 25.2 mg). In 
addition, between 2.7 and 11.2 mg (average 6.7 rag) 
furosemide was excreted as the metabolite in five 
patients who had been treated with furosemide for 
at least the preceding 6 months. ,An average of 0.8 
_+ 0.8 mg of the metabolite was found in 11 subjects 
who had not previously been treated with furose- 
mide. 

Key words: Pharmacokinetics, furosemide, heart 
failure, anticoagulants, protein binding, drug meta- 
bolism. 

Furosemide is given intravenously to patients suf- 
fering from acute left-sided heart failure. The re- 
lieving effect on the congestion of fluid in the capil- 

lary bed is described as dramatic (Peltola, 1965; Da- 
vidov et al., 1967; Dikshit et al., 1973). The drug is 
also used in long-term treatment of chronic con- 
gestive heart failure. 

In the present investigation, furosemide was 
given to cardiac patients and to normal subjects in 
order to study: 

1. Volume of distribution and plasma clearance 
of furosemide. 

2. Renal excretion of furosemide. 
3. The effect of long-term furosemide treatment 

on the excretion of possible metabolites. 

Materials and Methods 

The criteria for including patients in the study were: 
1. Auscultatory and radiographic signs of pulmo- 

nary congestion and cardiac enlargement. 
2. To study furosemide in untreated subjects, 

a selection of patients was made who had never pre- 
viously been treated with diuretics or salt restriction. 

3. For the study of effects of chronic treatment 
patients were chosen who had received furosemide 
daily for at least the preceding 6 months. 

The following patients were excluded: 
1. Patients with a diagnosis of hypertensive vas- 

cular disease and those with two or more blood 
pressure readings above 160 mm Hg systolic and/or 
95 mm Hg diastolic. 

2. Patients with symptoms or signs of renal 
disease. 

3. Patients in "shock" and/or one blood pressure 
reading below 110 mm Hg systolic. 

The attempt was made to select normal subjects 
with an age distribution similar to that anticipated in 
the patients. 

The following subjects were studied: (1) Eight 
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volunteers (Group A) who at the time of the investi- 
gation showed no symptoms or signs of disease. Be- 
fore the study they were informed of the procedures 
involved. The two women and six men were be- 
tween 27 and 74 years of age (mean 52 years). 
Their chest-rays and electrocardiograms were nor- 
mal and so were the blood concentrations of haemo- 
globin, erythrocytes and leucocytes. The erythrocyte 
sedimentation rate was normal and serum electro- 
lyte concentrations and electrophoretic pattern were 
within normal limits. The serum creatinine concen- 
tration did not exceed 1.2 mg per 100 ml. The 
plasma concentrations of glucose, GPT and GOT 
and the prothrombin concentration were within nor- 
mal limits; (2) Eighteen patients admitted to the 
hospital because of congestive heart failure. The 
four women and 14 men were between 40 and 90 
years (mean 66 years). Six of the patients (Group B, 
mean age 69 + 24) had just had their first attack 
with symptoms of cardiac decompensation; they are 
referred to as the acutely ill. The remaining 12 
(Groups C and D) had been under daily treatment 
with furosemide for at least the preceding 6 months, 
and most of them were also on digoxin. Six of the 12 
(Group D) were under anticoagulant therapy with 
phenprocoumon, warfarin or dicoumarol. At the 
time of the investigation, no drugs other than 
digoxin had been given for the preceding 12 h. No 
medication was given during the study. 

Furosemide 40mg was given intravenously 
through an armvein to all 26 subjects. Blood sam- 
ples were collected from an indwelling cannula in 
a vein in the opposite arm. They were taken into 
a heparinized glass tube at short intervals during the 
first hour and then at longer intervals - at 5, 10, 
15, 30, 45, 60, 75, 90, 105, 120, 180, 240, 300, 360, 
420 and 480 min. The samples were centrifuged at 
once and the plasma kept at - 2 0  ° for a few weeks 
until analyzed. The urine was collected in fractions 
as indicated in Table 6. When possible, the concen- 
tration of furosemide in blood and urine was fol- 
lowed for 24 h. 

ultrafiltration method described by Andreasen 
(1973). 

Urine Assay 

Furosemide in urine was determined by the thin-lay- 
er chromatography (TLC) method of Kind and 
Schmid (1970). The procedure culminates in spec- 
trofluorimetry of an extract of a spot scraped off the 
plate. The rf value for furosemide was 0.50, for an- 
thranilic acid it was 0.66, and for 4-chlor-5-sulpha- 
moyl anthranilic acid 0.39. The latter two possible 
metabolites, which could increase the fluorescence 
in the final solution, were, therefore, easily sepa- 
rated from furosemide by this procedure. In the pre- 
sent study spots other than furosemide were re- 
moved for measurement of fluorescence only if it 
was possible to see a fluorescent area on the plate. 
Only concentrations above approx. 0.5 ~tg/ml of an- 
thranilic acid and 1 ~tg/ml of 4-chlor-5-sulphamoyl 
anthranilic acid in the original urine sample gave vi- 
sible fluorescence. The spot which followed the fu- 
rosemide standard was not split in two-dimensional 
TLC with methanol for the second dimension. Fur- 
thermore, the fluorescence changed with the pH 
level, as described for furosemide by Forrey et al. 
(1974). 

After extraction a linear relationship was found 
between the logarithm of the concentration and the 
relative fluorescence intensity in the range 0.1 to 
32 ~tg/ml in the original sample. Fifteen separate de- 
terminations of a urine to which has been added 
furosemide 10~tg/ml gave 10.00~tg/ml + 0.35 
(S. D.). Fischermann's p-glucuronidase 400 ~tl (2000 
units) was added to 1 ml of every urine sample, 
which was then incubated at 37 °C for 17 h. Simul- 
taneously samples without/3-glucuronidase were in- 
cubated. The difference in furosemide concentration 
between urine samples with and without/3-glucuro- 
nidase was used as a measure of the concentration 
of a metabolite, which was then expressed in furose- 
mide weight units. 

Plasma Assay 

A fluorometric method was used for determination 
of the plasma concentration of furosemide (Andrea- 
sen and Jakobsen, 1974). The sensitivity of the 
method in in-vitro experiments is about 10 ng/ml, 
but the specificity is limited, and only values above 
0.1 ~tg/ml can be regarded as reliable in individual 
patients. A plasma sample drawn from each subject 
before injection was used as an individual blank. In 
11 subjects, duplicate determinations of the protein- 
bound fraction of the drug were carried out by the 

Calculations 

The calculations were based on the assumption that 
the disappearance of furosemide from the plasma 
could be described by an open two-compartment 
model, with elimination taking place only from the 
central compartment: 

Cp = A. e -a't + B '  e -¢~'t, (1) 

where Cp is the plasma concentration of furosemide. 
A and B are the intercepts with the y-axis (value at 
time O) derived from the two exponential curves 
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described by (1) and further characterized by the 
"hybrid" constants a and ft. a is the slope of the 
distribution phase (residual value), and /3 is the 
slope of the elimination phase. The half life of each 
phase was calculated. The initial volume of distribu- 
tion, Vc, (central volume) is: 

D 
V c -  A + B  (2) 

where D is the dose. The volume of distribution at 
"steady state" (VD)ss, which compensates for the eli- 
mination of drug before the equilibrium state is 
reached, is: 

A' B' ¢ 
y 

(VD)s~-=/a' B 'V (3) 
-) 

A B 
where A ' =  -D--and B ' = -  

D" 

The plasma clearance, C1, of f~urosemide was cal- 
culated as: 

1 
C l -  A' B'" (4) 

a /3 

The equations (1)-(4) were used by Riggs (1963), 
Riegelmann et al. (1968) and Thompson et al. 
(1973) to characterize the distribution and elimina- 
tion of drugs. Gibaldi et al. (1969) and Gibaldi and 
Perrier (1972) used a different proportionality con- 
stant, (VD)~ - equal to the (VD)are~ discussed by 
Riegelmann et al. (1968) - to relate the drug con- 
centration in plasma to the total amount of the drug 
in the body "at any time after the attainment of 
pseudodistribution equilibrium" such that: 

Vc (5) 

where fc is the fraction of drug present in the central 
compartment. (VD)/S was calculated here as sug- 
gested by Gibaldi et al. (1969): 

(VD)/~ = Vc "a  
K21 , (6) 

where K21 is the rate constant for the transfer from 
the peripheral to the central compartment. 

A Hewlett Packard computer (HP 30) was used 
to estimate these parameters (Tables 1 and 2). By 
a non-linear regression analysis programme the 
plasma concentrations for each subject or each 
group of subjects were used to obtain the best possi- 
ble fit to (1). A weighting factor has to be used in 

Table 1. Age and plasma clearance and volume of distribution of 
furosemide in the eight normal subjects 

Age Plasma Total volume of 
years clearance distribution 

ml/min, kg 1/kg 

27 2.19 0.266 
40 2.71 0.205 
42 3.54 0.139 
53 2.71 0.138 
60 1.53 0.136 
60 1.86 0.187 
62 2.20 0.240 
74 2.00 0.210 

the computer program, because the relative errors in 
the measured values of Cp increase as Cp decreases. 
A weighting factor was chosen which did not cause 
any obvious trend in the differences between the 
calculated, and observed values of Cp (cf. Boxen- 
baum, 1974), and (2) which for a given set of data 
resulted in the smallest spread (S. D.) of the esti- 
mated parameters. Accordingly, in this study each 
datum was weighted by the reciprocal of the plasma 
concentration. The procedure by which the volume 
of distribution and the clearance was calculated al- 
ways gives very wide confidence intervals (cf. West- 
lake, 1971, and Table 2). 

The renal clearance of furosemide was calculated 
as  

U ' V  
clearance - - - ,  

P 

where u is the average concentration (gg/ml) in the 
urine and, p, the average concentration in plasma 
(~g/ml) during a given period, where v ml urine is 
collected. 

Results 

The average concentration of furosemide in plasma 
as a function of time after intravenous administra- 
tion of 40 mg to eight normal subjects and to six 
patients suffering from left-sided heart failure is 
shown in Figure 1. The 5-minute values were not 
significantly different in the two groups, but at all 
subsequent time intervals the heart failure group 
had significantly higher levels than the normals 
(p <0.05, Mann Whitney test). 

Average furosemide concentrations as a function 
of time in the 12 patients who had received long- 
term furosemide treatment prior to the study are 
shown in Figure 2. Six of the patients were not on 
anticoagulants, and the other six were. The average 
values for the former patients were higher at all 
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Table 2. Pharmacokinetic parameters calculated from the average plasma concentration during an 8-hour period after i. v. injection of 
furosemide 40 rag. (Mean + S. D.) a) Indicates p <0.05 compared to group A 

Half-life Half-life Total volume of Distribution Plasma Clearance 
Distribu- Elimina- Initial 
tion tion Volume of 
Phase Phase Distribution (Vd)t~ (Vd)ss 

rain min 1 1/kg 1 1 1/kg ml/min ml/min, kg 

A Normal subjects 9.5 71.8 5.86 0.083 17.20 12.80 0.181 165.9 2.34 
(n = 8) _+0.47 _+0.007 +4.64 _+7.40 _+0.105 _+42.4 _+0.60 

B Patients with cardiac 12.5 92.1 5.40 0.080 11.09 9.51 0.140 83.53 1.23 a 
decompensation not 
previously treated 
with furosemide 
(n = 6) _+0.44 _+0.007 _+3.22 _ + 5 . 6 3  _+0.083 _+15.9 _+0.23 

C Patients with cardiac 9,4 134.1 5,07 0.076 13.27 11.77 0.176 68.6 1.02 
decompensation under 
long-term furosemide 
treatment 
(n = 6) _+0.52 _+0.008 _+5.53 _+10.04 _+0.150 _+21.6 _+0.32 

D Patients with cardiac 18.9 115.9 6.14 0.091 21.16 12.73 0.188 126.5 1.86 
decompensation under 
long-term treatment 
with furosemide and a 
vitamin-K antagonist 
(n = 6) _+1.02 _+0.015 -+13.87 -+19.06 -+0.281 -+82.2 _+1.21 

K NORMAL ~ U ~ H E C T ~  

P R T I E N T S  N I T H  HERRT F R I L U R E  

i i i J p J i i J , i  

N I N U T E S  

Fig. 1. Average plasma concentration of furosemide as a function 
of time after intravenous injection of 40 mg in eight normal sub- 
jects and in six previously untreated patients suffering from acute 
congestive heart failure. Standard deviations are shown 
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Fig. 2. Average plasma concentration of furosemide as a function 
of time after intravenous injection of 40 mg in six patients with 
congestive heart failure, who were on long-term treatment with 
furosemide and who were also receiving anticoagulant therapy 
with a vitamin-K antagonist, and in six furosemide-treated pa- 
tients with congestive heart failure who were not on anticoagu- 
lants. Standard deviations are shown 
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times, but none of the differences were significant at 
the 0.05 level. 

In Table 1 are listed individual values of the 
plasma-clearance of furosemide and its volume of 
distribution at steady state in the group of normal 
volunteers (Group A). There was no significant cor- 
relation between the age and either of these two 
parameters. 

The pharmacokinetic parameters for the diffe- 
rent groups are listed in Table 2. Using the individu- 
al values for the volume of distribution and for the 
plasma clearance, the significance of the differences 
between Groups B and A was tested by means of 
a Mann-Whitney test. The apparent difference in 
volumes of distribution were not significant, but the 
differences in the plasma clearances were (p <0.05). 

The chronically decompensated cardiac patients 
who had been under long-term treatment with furo- 
semide as well as with a vitamin-K antagonist 
(Group D) had a plasma clearance between the val- 
ues for the other cardiac patients (Groups B and C) 
and the normal group (Group A). It is noteworthy 
that the average volume of distribution in Group 
D was relatively high. 

A major difference between the groups was 
found in the slower rate of transport from the cen- 
tral to the peripheral compartment in the patients 
(Table 3). The protein binding of furosemide in 
plasma from six patients treated with furosemide 
daily for at least 6 months is listed in Table 4. Three 
of them (AF, VP and KS) were under anticoagulant 
treatment, and they showed low protein binding 
compared to patients not on anticoagulants and nor- 
mal subjects. 

In the normal volunteers the average renal clear- 
ance of furosemide during the first hour after intra- 
venous administration was higher than in acutely de- 
compensated patients, but the values did not differ 
significantly (Table 5). The renaIL clearance in the 
second 1-hour period after injection was increased 
in all the five patients with acute heart failure, 
whereas in the normal group, the average value re- 
mained unchanged. In the group of patients pre- 
viously treated with furosemide (cf. Table 4), PM 
and SS also showed increased renal clearance of fu- 
rosemide. HS suffered from pronounced bilateral 
heart failure with ascites and showed the highest 
plasma concentration of any of the subjects studied. 
She had her highest furosemide excretion during the 
first hour. AF and VP, who were on anticoagulants, 
had the highest 0-1 h renal clearance of furosemide 
of all the cardiac patients. The urinary excretion of 
furosemide and of a furosemide metabolite in nor- 
mal subjects, in previously untreated patients and in 
patients who had been under daily treatment with 

Table 3. Rate constants of transport between the central and the 
peripheral compartments in the four groups of patients 

K12 K21 
Group min-1 min-  1 

A 0.0154 0.0542 
B 0.0065 0.0477 
C 0.0072 0.0659 
D 0.0107 0.0220 

Table 4. Plasma protein binding of furosemide in six cardiac pa- 
tients treated daily with furosemide for at least the preceding 
6 months, and in six normal subjects. Blood samples were taken 
about 1 hour after i. v. injection of 40 mg (_+ SD). The apparent 
difference between the two groups is not significant 

Patients 

Total furosemide Per cent 
~tg/ml bound 

PM 5.5 95.6 
SS 2.7 93.3 
HS 7.3 96.3 
AF 4.1 91.2 

VP 1.6 88.5 

KS 1.9 90.2 

Other drugs 

digoxin 
KC1 tablets 
digitalis 
warfarin 
digoxin 

phenprocoumon 
digoxin + KCI 

phenprocoumon 
spirolactone 
digoxin 

Normal subjects 3.7-+0.6 96.3_+1.2 none 
(n = 6) 

Table 5. Average renal clearance (ml/min_+SD) of furosemide 
during the first 2 h after administration of 40 mg i. v. The differ- 
ences between the groups are not statistically significant 

Renal clearance 
ml/min 

0-1 h 1-2 h 

Normal volunteers (n = 5) 116_+79 117_+54 

Patients with acute heart failure (n = 5) 39_+17 77-+51 

PM 33 55 
Patients with heart failure 
previously treated with 
furosemide (cf. Table 4 and 6) 

SS 30 74 
HS 52 34 
AF 98 99 
VP 89 65 

furosemide for at least 6 months is shown in Table 
6. The 24-hour excretion of the metabolite was sig- 
nificantly higher in patients previously treated with 
furosemide. Their average excretion of unchanged 
furosemide was the same as in the normal subjects 
and in the group of acutely decompensated patients 
- 25.2 mg, but an additional amount of furosemide 
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Table 6. Urinary excretion of furosemide and a furosemide metabolite after furosemide 40 mg i, v. The drug was given at 8 a. m. to 
6 normal volunteers, to 5 patients with heart failure not previously treated with furosemide, and to five patients who had been treated 
with furosemide daily for at least 6 months. Means _+ SD are shown 

Patients (n = 5) Patients (n = 5) 
Hours after Urinary excretion Normal volunteers with previously with chronic congestive 
furosemide (n = 6) untreated acute heart failure treated 

congestive heart with furosemide at least 
failure for 6 months 

0-1 
urine ml/min 15.4+-3.4 7.4+-4 11.6+_7.9 
furosemide gg/min 245.0+-156 141.4_+40 182.4+-84.0 
metabolite "gg"/min 0.0 1.2+-2.8 7.8+9.7 

urine ml/min 8.3+_2.4 5,6_+2.4 5.3+-2.3 
t -2  furosemide p~g/min  83.0+_38.0 116.6+-53.4 77,0+-14.8 

metabolite "gg"/min 0.0 3.3+7.5 6,9+-8.6 

urine ml/min 3.3_+3.5 2,7+0.7 2.2_+1.1 
2-4 furosemide ~tg/min 26.6+-9.3 41.8_+13.2 29,5+14.5 

metabolite "lxg"/min 1.4_+3.4 0,7_+1.5 10,2+-5.9 

urine ml/min 0.7_+0.4 0,6+-0.3 1.3+-0.3 
4-12 furosemide ~tg/min 4,3_+4.4 9.2+-2.4 9.2+-4.0 

metabolite "gg"/min 0.5+-5.0 0,6_+0.6 4.6+-3.8 

urine ml/min 0.4+-0.3 0.3_+0.07 0.6+-0.2 
12-24 furosemide ~tg/min 0.6+-0.5 0,9+-0.7 2.6+-1.3 

metabolite "gg"/min 0.5_+0.4 0.2-+0.2 3.3+-2.7 

urine ml 2470 +- 885 1636_+ 320 2347 + 1517 
0-24 furosemide mg 25.2+-9,5 25,8-+4.6 25.2_+3.7 

metabolite "rag" 0.7-+0.9 0.8+-0.9 6.7+-2.8 

Age, Range 27-74 60-70 39-90 
years Mean 58 67 68 

Body weight, Range 61-92 62-74 56-82 
kg Mean 71 69 68 

(averaging 6.7 rag) was found in the 24-hour urine 
after incubation with /3-glucuronidase. No visible 
spot on any TLC plate, with an rf value characteris- 
tic of 4-chlor-5-sulphamoyl anthranilic acid, was ob- 
served. 

Discussion 

The present groups of patients are small and hetero- 
genous, and so the comparisons must be considered 
as for orientating and qualitative rather than defini- 
tive and quantitative. The normal group (A) had 
a wider age range and a lower average age than the 
other groups. However, no significant correlation 
was found between age and either plasma clearance 
or volume of distribution for furosemide in this 
group. 

Pharrnacokinetics 

A plot of the logarithm of the plasma concentra- 
tions of furosemide observed in this study against 

time did not result in a straight line. By the method 
of residuals the curve could be resolved into two or, 
in some individuals, into three straight parts. The 
characteristics of the earliest of the three parts could 
not be accurately determined. A larger number of 
blood samples taken at very precise intervals in the 
early phase would have been necessary. Conse- 
quently, the computer was used to find the best pos- 
sible fit of the data to a two-compartment open mo- 
del. A good fit was obtained, which made it possible 
to compare the figures describing the distribution 
and elimination characteristics in the different 
groups. This approach was chosen for practical rea- 
sons. It is quite likely that the distribution and elimi- 
nation of furosemide could be explained even more 
precisely by the use of a "multi-compartment" mo- 
del. Rupp and Zapf (1973) used a three-compart- 
ment model and for the "middle segment" (1/2-4 h) 
they found a dilution volume of 17.4 litres in seven 
normal subjects given 40 mg furosemide i. v. Kelly 
et al. (1974) gave 80 mg furosemide i.v. to four 
normal subjects. They used a two-compartment mo- 
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del and found a total volume of distribution of only 
5.05 1. However, their method for determining the 
furosemide concentration in serum was only sensi- 
tive down to 0.5 ~tg/ml. In normal subjects we found 
a (VD)ss of 12.8 1 (0.181 1/kg) and a (VD)/3 of 17.2 1. 
In patients with acute left-sided heart failure the 
(VD)s~ was 9.51 (0.1401/kg) and the (VD)fl was 
11.1 1. 

The binding of a drug to plasma proteins influ- 
ences its volume of distribution (Martin, 1965). The 
preliminary data from the patienl:s on anticoagulants 
suggested that they might have had larger apparent 
volumes of distribution than the patients on long- 
term furosemide treatment. In agreement with 
theory (Martin, 1965), there was also evidence sug- 
gesting that a smaller fraction of furosemide was 
protein-bound in the patients on anticoagulants. It 
has previously been shown that the in vitro protein 
binding of phenprocoumon is decreased in the pre- 
sence of furosemide (Foged et al., 1976). Further 
studies to elucidate the interaction between furose- 
mide and phenprocoumon are in progress in the au- 
thors' laboratory. In normal individuals, the 8-hour 
plasma clearance of furosemide was 165.9 ml/min, 
and the renal clearance was 117 ml/min during the 
first 2 h after the injection. Kelly et al. (1.974) found 
a plasma clearance of 138 ml/min. Calesnick et al. 
(1966) using 35S-furosemide (40 mg i. v.) observed 
an average renal clearance of 108 ml/min during the 
first hour in one normal subject. 

In the present patients with acute congestive 
heart failure the plasma clearance was 83.5 ml/min. 
The average renal clearance was doubled (from 39 
to 77 ml/min) from the first to the second 1-hour 
period after the injection. This may be due to furo- 
semide-induced improvement in renal circulation 
with increased tubular secretion (cf. Vorburger, 
1964). 

Two of the patients previously treated with furo- 
semide (PM and SS; Table 5) followed the same 
pattern, but the other three (HS, AF and VP) be- 
haved differently. In HS, who had impaired hepatic 
function, a very low initial volume of distribution 
(4.6 I) probably reflected poor Nood perfusion of 
many tissues. Her renal clearance of furosemide did 
not increase from the first to the second hour; her 
average renal clearance of furosemide during the 
first 4 h was 32 ml/min and the 8-hour plasma clear- 
ance was only 35 ml/min. The small difference be- 
tween the two clearances may be due to decreased 
ability to excrete the drug with the bite. AF and VP 
initially had a relatively high renal clearance of furo- 
semide, which might in part have been caused by 
more extensive filtration of unbound drug (Tables 
4 and 5). 

A relatively high plasma concentration in pa- 
tients with heart failure has been found for quini- 
dine (Ditlefsen, 1957), procainamide (Koch-Weser 
and Klein, 1971) and for lidocaine (Thompson et 
al., 1973). 

At the end of a 24-hour period about 63% of 
unchanged drug and about 2% of a metabolite (pre- 
sumably a glucuronide) was found in urine from 
normal volunteers and in patients not previously 
treated with furosemide. During the first hour after 
i. v. administration of furosemide 40 mg the normal 
volunteers excreted on average 37%, and the car- 
diac patients 21% of the drug. In normal volunteers, 
Kindt and Schmid (1970) found that 7.5 mg of furo- 
semide was excreted during the first hour after in- 
travenous administration of furosemide 20mg. 
Rupp and Zapf (1973) collected both urine and 
stools for five days after i. v. administration of 3sS- 
furosemide 40 mg to healthy subjects; 88% of the 
radioactivity was found in the urine and 12% in the 
stools. Calesnick et al. (1966) also gave 35S-furose- 
mide intravenously to healthy volunteers. They re- 
covered about 80% of the radioactivity in urine ex- 
creted during the following 24 h. 

Pharmacodynamics 

The present study indicates that the diuretic effect 
of furosemide 40 mg i. v. may be more pronounced 
in individuals with normal heart, liver and kidney 
function than in patients with acute congestive heart 
failure. The resulting excretion of urine was lower in 
these patients. The results, however, are not conclu- 
sive, because the investigation was uncontrolled, and 
because the experimental conditions might have dif- 
fered thus preventing statistical comparison between 
the relatively small groups. 

Excretion of Metabolites 

Incubation of urine with /3-glucuronidase revealed 
a metabolite which is believed to be a glucuronide. 
It was excreted in amounts corresponding to furose- 
mide 0.7-0.8 mg / 24 h in subjects who hat not pre- 
viously been treated with furosemide. In patients 
who had been treated with furosemide daily for at 
least the preceding 6 months, an average amount of 
6.7 mg/24 h was excreted. It appears therefore, as if 
the long-term use of furosemide is able to "induce" 
a glucuronidation process. The average 24-hour ex- 
cretion of unchanged furosemide was not affected 
by its long-term use - 25.2 of the 40 mg was ex- 
creted unchanged. 
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