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Summary. 10 healthy volunteers were given 40 mg fu- 
rosemide p.o. with and without breakfast. The meal 
reduced the peak level of furosemide and decreased 
its bioavailability by approximately 30%. A heavy 
meal given to 5 of the subjects had no further effect. 
The reduced bioavailability caused a reduction in the 
diuretic effect. 
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The short and intense diuresis after conventional 
oral furosemide tablets is a problem for many pat- 
ients. It can be avoided by administration of a sus- 
tained release preparation of furosemide. It has been 
shown that despite the lower bioavailability of fu- 
rosemide from such preparations than from conven- 
tional tablets, the diuretic and saluretic effects did 
not differ (Beermann 1982). The probable explana- 
tion of that was avoidance of a rebound phenome- 
non after the high plasma and urinary levels of fu- 
rosemide produced by giving conventional tablets. 

Kelly et al. (1974) and Hammarlund et al. (1982) 
found no change in the bioavailability of furosemide 
when given with food, although the initial high plas- 
ma peak of the diuretic was eliminated, and instead a ] 
smooth plasma curve was seen. Thus, if those results 
were confirmed, giving furosemide with food might --, 
be a simpler way than using a sustained release prep- -~ 50o 
aration to avoid the brief, intense diuresis that fop ,~, 
lows oral furosemide. ~, 

The aim of the present experiment was to deter- -~ 
mine whether the bioavailability and effect of furose- i 

m 

mide was changed when given with food. 

o 
Material and Methods 

The study was approved by the local Ethics Commit- 
tee. Ten healthy women [5] and men participated in 
the study. They were between 20 and 40 years old, 

and were healthy according to history, clinical ex- 
amination and clinical chemistry tests. 

Experimental Procedure 

Each subject participated in two experiments at least 
one week apart. They were given 40 mg furosemide 
at 8.00 a. m., after fasting overnight, with or without a 
standardized breakfast (100ml milk, % Suiss roll 
with cheese and butter and 1 egg) in a randomized 
order. A standardized lunch (Findus Dinner, meat- 
balls) was served at 12.00 and dinner (Findus Dinner, 
chicken) at 6.00 p.m. Tap water (150 ml) was given 
each hour during the first 10hours except when 
breakfast was given. Over the remaining 24 h of the 
day 1000 ml water was given. Smoking was not al- 
lowed during the experiments. In addition, five of 
the subjects participated in a third experiment in 
which the breakfast was replaced by a heavy meal 
(1 avocado with sour cream, fish with wine sauce and 
mashed potatoes, and fruit salad with whipped 
cream). Venous blood samples were taken via an in- 
dwelling cannula at 0.5, 1, 1.5, 2, 3, 4, 5, 6, 7, 8 and 
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Fig. t .  Plasma levels of furosemide after 40 mg orally with (- - -) 
and without (-) breakfast 
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Fig. 2. Diuresis after 40 mg furosemide 
orally with (-  - -)  and without (-)  break- 
fast, ( ~ - ) p  <0.05 

10h. Urine was collected over 0-1, 1-2, 2-3, 3-4, 
5-6, 6-8, 8-10, 10-24 and 24-48h. All specimens 
were frozen at - 20 °C until analysed. 

Methods 

Levels of furosemide in plasma and urine were deter- 
mined according to Lindstr6m and Molander (1974) 
with a minor modification. Areas under plasma con- 
centration time-curves (AUC) were calculated ac- 
cording to the trapezoidal method and extrapolated 
to infinity. 

Relative bioavailability (Fre0 of furosemide given 
pre- and postprandially was calculated as 

muc0_ oo postprandial 
Frel plasma = AUC0_ oo preprandial 

and 
Frel urine --- 
U r i n a r y  recovery of postprandial furosemide 
Urinary recovery of preprandial furosemide 

Statistical comparisons were made with Student's t- 
test for paired data. 

Results 

Maximal concentrations (Cmax) of furosemide were 
reached on average 1.4 h (Tmax) after pre- and post- 
prandial intake of the drug (NS). The peak levels av- 
eraged 933 _ 272 and 423 -+ 153 ng/ml (mean _ SD), 
respectively (p < 0.001 ; Fig. 1). The AUC0_ ~o h was 
greater after preprandial than after postprandial 
(breakfast) administration: mean 2174___668 and 
1219 -+ 403 ng/ml,  h, respectively (p < 0.01). 

The urinary recovery of unchanged furosemide 
during 48 h after preprandial administration aver- 

aged 11.4+2.5 mg and after postprandial adminis- 
tration 8.4 + 1.4 mg (p < 0.01). 

Frel plasma and Frel urine averaged 0.63 and 0.78 re- 
spectively (p < 0.01). 

Maximal plasma levels (356 +_ 62 ng/ml), AUC 
( l169_313ng/ml .h)  and urinary excretion of fu- 
rosemide (8.8_+1.8 mg) after administration of the 
drug with a heavy meal were almost identical to 
those after furosemide given with breakfast, al- 
though Tmax was somewhat later (2.2 h). 

The time pattern of diuresis (Fig. 2), i.e. an in- 
tense diuresis lasting 3 h, was similar after pre- and 
postprandial administration of furosemide. 

The cumulative diuresis over 10h averaged 
2072 + 347 ml and 1640 _+ 347 ml (t7 < 0.05), respec- 
tively, when the diuretic was given without and with 
food. 

The corresponding mean diuresis during 24h 
was 2668 _+ 691 ml and 2270 _+ 397 ml (p < 0.05). 

Discussion 

In the present study food reduced the Cma x of furose- 
mide but had no influence on Tmax. In keeping with 
this, administration of frusemide with food reduced 
the initial diuresis, but, as expected, did not induce a 
prolonged diuresis. 

The intake of breakfast reduced the bioavailabili- 
ty of furosemide by approximately 30%, as judged by 
urine and plasma data. An almost identical reduc- 
tion was seen when the drug was given with a heavy 
meal, which tended to prolong Tmax. This indicates 
that the reduced bioavailability was not caused by 
prolongation of the gastric emptying time. 

The present results contrast with those of Kelly et 
al. (1974). However, they used a furosemide assay 
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only sensitive to an 0.5 p~g/ml change in serum and 
of even lower precision for urinary determinations. 
The low sensitivity can completely explain the differ- 
ence between the two studies. 

The statistically significant reduction in the bio- 
availability of furosemide when given with food in 
this study strengthens the findings of Hammarlund 
et al. (1984). They found 16% lower postprandial 
AUC, although the difference did not achieve signif- 
icance. On the other hand, the 37% fall in the urinary 
recovery was significant. Taking that information to- 
gether with the present finding of a postprandial re- 
duction in AUC, urinary furosemide recovery and 
diuresis, it seems likely that the lack of a significant 
diffence in the pre- and postprandial AUCs in the 
study of Hammarlund et al. (1984) is a Type 2 error. 

The difference in mean diuresis over the 24 h af- 
ter pre- and postprandial furosemide, 2668 and 
2270 ml, respectively, may appear clinically unim- 
portant although statistically significant. However, 
the mean diuresis in 10 healthy subjects given place- 
bo under identical circumstances averaged 2080 ml 
(unpublished results). Thus, the increase in diuresis 
after preprandial furosemide was about 600 ml and 
that after postprandial furosemide was only 200 ml, 
which is a fall of approximately two thirds. 

In conclusion, furosemide given with food did 
not behave as a sustained release preparation, and 

instead a decreased diuretic effect was seen. Thus, 
furosemide should not be given with food. 
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