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ABSTRACT 

Part I 

Bumetanlde (3-n-butylamino-4-phenoxy-5-sulfamyl-benzoic acid) 

is a sulfonamide derivative that displays potent diuretic activity 

in dogs and man. Oral administration of ̂ C-bumetanide (2 mg, 22 pCi) 

to 4 adult male volunteers was rapidly and almost completely absorbed 

(> 95%). Its average apparent volume of distribution was 25 Z. Bu

metanlde caused a celling diuresis at 1 hour, with loss of Na* and 

water that lasted 4 to 5 hours. Loss of K*" was minimal throughout the 

period of diuresis. Bumetanlde was quickly eliminated from the body by 

processes of metabolism and urinary excretion with a plasma half-life 

of 1.5 hours. The administered radioactivity was almost completely 

recovered (96%); with 81% appearing in the urine and the remainder in 

the feces. In one subject with a biliary T-tube, 14.4% of the dose was 

excreted in the bile suggesting the radioactivity excreted via feces 

came from the bile. Benzene extraction (1:1, 2 times) of urine and 

bile at pH 3.2 quantitatively removed bumetanlde from its metabolites 

and indicated that 51% and 2% of the given dose was excreted as bu

metanlde in the urine and bile respectively. TLC analysis of pooled 

urine, bile and fecal samples showed that In man the elimination of 

bumetanlde from the body could be explained by excretion of unchanged 

drug and sidechain oxidative metabolism and conjugation. 

xiii 
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Part II 

The basic assumption of this investigation dealt with bu

metanide induced diuresis and the importance of maintaining sufficient 

blood levels of bumetanide to produce diuresis in rats. The use of 

known liver microsomal enzyme inhibitors provided the means to de

crease the rapid extensive metabolism of bumetanide in the rat and thus 

induce a diuretic response from the increase in bumetanide plasma 

levels. The average plasma half-life of bumetanide in the absence of 

an inhibitor was approximately 10 minutes producing a slight but not 

significant diuretic response. In the presence of the inhibitor, 

piperonyl butoxide, there was a 2 fold increase in the plasma half-life 

which dramatically increased the diuretic and saluretic response over 

that produced by bumetanide only. Diuresis correlated with an increase 

in unchanged bumetanide excreted in the urine. Peak diuresis and peak 

bumetanide excretion occurred within 30 minutes after bumetanide in

jection and declined rapidly within 60 minutes. A similar but not as 

dramatic a diuretic response occurred after the pretreatment with two 

other inhibitors of microsomal drug metabolism, SKF S25-A and DPEA. A 

marked anti-diuretic effect was observed in the rats pretreated with 

SKF 525-A prior to bumetanide injection but was not observed in DPEA 

treated rats. Pharmacokinetic data suggested bumetanide was dis

tributed throughout the body and was not extensively localized or 

bound to other tissues. Quantitative recovery of the radioactivity 

administered amounted to 97.7% in a control rat and 98.2% in a rat 

pretreated with piperonyl butoxide. The ability of piperonyl butoxide 



SKF 525-A and DPEA to inhibit the metabolism of bumetanide was sub

stantiated using an in vitro isolated liver cell preparation. 



INTRODUCTION AND LITERATURE SURVEY 

Bumetanlde (3-n-butylamino-4-phenoxy-5-sulfamylbenzoic acid) 

is a new sulfonamide diuretic that displays potent diuretic activity 

comparable to the "high ceiling" diuretic, furosemide. Because of the 

relationships that bumetanlde and furosemide share,— class of di

uretic, site of action and efficacious nature— much of the reported 

literature is comparative in nature. 

Chemistry 

Although bumetanlde is a sulfonamide compound, its structure 

differs from the benzothladlazlnes and related diuretics such as 

furosemide and ethacrynic acid (Figure 1). Except for some carbonic 

anhydrase inhibitors, all benzene sulfonamide diuretics with saluretic 

action which have found clinical application (including the thiazides 

and related bicyclic compounds) have common structural features that 

seem to fit an "empirical rule". An examination of the structure-

activity relationship of the thiazide and closely related diuretics 

led to the conclusion that a substituent must be present next to the 

sulfonamide group on the benzene ring and compounds having CI, Br, 

NO2 and CF̂  groups in this position are highly active in producing 

diuresis (Feit, Nielsen and Bruun, 1972). This substituent has been 

designated as the "activating group" (Sprague, 1968). It is generally 

held that outstanding sulfonamide diuretics should possess a halogen 

1 
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Ethacrynic acid 

Figure 1. Structural formula of bumetanlde, furosemide, ethacrynlc acid and qulnethazone. 

to 
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or pseudohalogen in this position in addition to an electronegative 

group meta to the sulfonamide group. Even the non-thiazide-type 

"high-ceiling" diuretic furosemide (4-chloro-N-(2-furylmethyl)-5-

sufamylanthronlic acid) adheres to these empirical rules (Feit et al., 

1972). 

The recent synthesis of 3-n-butylamino-4-chloro-5-sulfamyl-

benzoic acid (Feit, Bruun, and Nielsen, 1970) and related derivatives 

seemed to provide further support for the predicted structural re

quirements needed to produce diuresis. The synthesis of these com

pounds marked the beginning of the 3-n-butylaraino-4-chloro-5-sulfamyl-

benzoic acid derivatives. Because of the high diuretic potency of this 

class of compounds and the continued search for compounds with this 

characteristic, investigations led to the synthesis of analogs bearing 

CgHtjO or CgHgS groups instead of CI or CF̂  ortho to the sulfonamide 

group (Muschaweck and Sturm, 1968; Topliss, 1970; Feit, 1971; Feit and 

Nielsen, 1972). These analogs were more potent in terms of producing 

a "high ceiling" diuresis than the other 4-substituted analogs. Bu-

metanide, the 4-phenoxy analog was the most potent analog synthesized. 

Structural analysis of bumetanide has shown that this compound 

has three different functional groups. Considering the pH range found 

in the body, the ionic state of each functional group could Influence 

the pharmacological nature of the molecule, affecting its absorption, 

distribution, diuretic efficacy, metabolism and excretion. Determina

tion of the pKa values for each functional group has characterized the 

ionic state of the molecule at the various pH's found in the body 
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(Schwartz, 1974) (Figure 2). PKâ  was measured by spectrophotometry 

analysis to be 0.3 and is associated with the protonization of the 

nitrogen of the butylamino group. Protonization of this nitrogen 

moiety requires an acidic pH below the usual physiological pH found 

either in the stomach or the remainder of the body. PKâ , associated 

with the dissociation of the carboxyl group (determined titrimetri-

cally) was measured to be 4.0. In the pH 1-3 region the compound 

should be essentially undissociated. PKâ , also measured titri-

metrically, was 10.0 and is associated with the removal of the proton 

from the sulfamyl moiety. This proton dissociation should not be 

important when one considers the physiological pH range in the body. 

Based on the measured pKa's, pK̂  (4.0), associated with the 

carboxyl group, is pharmacologically the most important. At the 

lowest pH found in the body (stomach) the equilibrium will be shifted 

towards the unionized form. Above pH 4.0, the dissociation of the 

carboxyl group will result in a charged molecule. Thus, bumetanide 

behaves similar to a carboxylic acid and therefore should be readily 

and rapidly absorbed from the GI tract (Schwartz, 1974). Investiga

tions in the dog, rat and man have all shown this to be the case 

(Ostergaard et al., 1972; Davles et al., 1974). 

Studies in Animals 

Pharmacodynamic Studies 

Pharmacological studies conducted by Ostergaard et al. (1972), 

have shown that bumetanide produced a diuretic response in the dog 
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/ 

pKai 0.3 
1MHCH2CH2CH2CH3 

NH2S02 
pKg3 a 10.0 

COOH 
pK,2 = 4.0 

Figure 2. Structural analysis of bmnetanlde showing three functional 
groups and their associated pK values. cl 

The pKâ  (0.3) is associated with the protonation of the 
nitrogen of the butylamino group. 

The pKa2 (4.0) is associated with dissociation of the 
carboxyl group. 

The pK&3 (10.0) is associated with the removal of the proton 
from the sulfamyl moiety. 
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that was quantitatively comparable with that produced by furosemide. 

However, based on the dose-response curves, bumetanide (on a weight 

basis) was about 100 times more active than furosemide after oral 

administration, and about 40-60 times more potent after intravenous 

(I.V.) administration in producing its diuretic effect in dogs. The 

"ceiling effect" for both drugs appeared to be the same. That is, 

even though bumetanide is more potent the efficacy of the two diuretics 

in producing maximal diuresis is equal. The maximal effect of bu

metanide was reached with an I.V. dose of 0.5 mg/Kg which proved to be 

slightly more effective than an oral dose of 0.25 mg/Kg. As in the 

case of furosemide, the excretion of Cl was always higher than that 

of Na and the excretion of K remained comparatively low throughout 

the investigation. After I.V. injection, the diuretic effect was con

fined mostly to the first hour, whereas after oral administration, the 

maximal effect appeared during the second hour and then subsided 

slowly over the next 2-3 hours. Ostergaard et al. (1972) also deter

mined that the urine pH was not altered by bumetanide. Again, the 

similarity between bumetanide and furosemide was apparent; both 

diuretics produce a similar rise in diuresis and osmotic clearance, 

and, correspondingly, the osmotic pressure of the urine was diminished 

by about 70%. Their studies also showed that bumetanide has no obvious 

effect upon the glomerular filtration rate or creatinine clearance. 

However, the p-aminohippuric acid (PAH) clearance was depressed by 

11 to 37% in their experiments. 
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When bumetanide was administered orally to rats in doses of 

4 and 8 mg/Kg, no diuretic effect was observed (Ostergaard et al., 

(1972). A dose of 20 mg/Kg produced no effect on the urine volume 

+ — over the 6 hour period but the excretion of Na and CI was almost 

doubled. However, since the variation was considerable, these dif

ferences were reported as not being statistically significant. In 

corresponding experiments with furosemide in rats, a dose of 10 mg/Kg 

significantly enhanced excretion of all 3 electrolytes. When bu

metanide was injected intraparitonally (i.P.) to rats a significant 

diuretic effect was observed beginning at a dose of 4 mg/Kg and above 

and was mainly confined to the first hour of the experiment (Ostergaard 

et al., 1972). 

Bumetanide was found to elicit very few significant pharma

cological effect in the dog besides its potent diuretic effect 

(Ostergaard et al., 1972). In one dog anesthetized with chloralose, 

the arterial pressure fell from 180/130 to 150/120 mm of mercury 40 

minutes after the I.V. injection of 0.25 mg/Kg bumetanide and remained 

there for about 2 hours. Stroke volume and minute volume were de

pressed during this period and the peripheral resistance increased 

considerably. In another dog receiving 0.5 mg/Kg I.V. a reaction of 

marked tachycardia and enhanced peripheral resistance was observed. 

The stroke volume was reduced, but this change was nearly compensated 

by the rapid heart rate, so that the minute volume only showed a minor 

reduction and the blood pressure remained at its original level during 

the 4 hours the experiment lasted. In an anesthetized dog which 
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received 0.25 mg/Kg into the jejunum, a depression of stroke and minute 

volume as well as a rise in peripheral resistance were apparent 40 

minutes after the administration and these changes lasted for more than 

4 hours. Heart rate and blood pressure showed no change. 

When 0.5 mg/Kg were injected I.V. in an unanesthetized dog 

with a carotid loop, no Influence on blood pressure could be observed 

during the 5 hours following the injection. Nor was there any change 

in blood pressure after oral doses of 0.25 or 0.5 mg/Kg. Heart rate 

was not influenced by the higher dose, but fell from 96 to 76/minute 

with the lower dose. Many of the acute cardiovascular effects could 

be explained as regulatory processes triggered by the excessive loss 

of extracellular fluid. 

Other pharmacological effects tested by Ostergaard et al. 

(1972), showed that bumetanide did not possess any anticonvulsant 

effect, analgesic effect, antiinflammatory effect and did not block 

contractions of the isolated guinea-pig ileum induced by acetylcholine 

or histamine application. A dose of 10 mg/Kg administered orally 1 

hour before ligation of the pylorus under anesthesia was without 

effect on gastric acid secretion. However, 20 mg/Kg reduced acid 

secretion by about 30% as determined by titration 3 hours after liga

tion. This difference was reported not to be statistically signifi

cant. 

The binding of bumetanide to serum protein was compared to that 

of furosemide (Ostergaard et al., 1972) who used the gel filtration 

method described by KriegLsteln and Kuschinsky (1968). They used both 
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a 1% solution of bovine albumin and dog serum diluted 1:4. In the 1% 

solution of bovine albumin the fraction of bumetanide and furosemide 

bound to protein was practically identical at 10 and 20 yg/ml, 94-95% 

of bumetanide and 92-94% of furosemide were bound. However, in dog 

serum diluted 1:4 a difference in the protein binding was apparent. 

Over the concentration range from 1 to 20 yg/ml, 67 ± 2% of bumetanide 

was bound, whereas, furosemide in concentrations of 10 and 20 yg/ml 

82-83% was bound. 

Pharmacokinetics 

As was states earlier, after I.V. injection of bumetanide to 

dogs most of the diuretic effect occurred in the first hour (Ostergaard 

et al., 1972). After oral administration the maximum diuretic effect 

was seen in the second hour and the diuresis-lasted 4 to 5 hours, de

pending on the dose (Ostergaard et al., 1972). This effect corre

sponded well with the serum concentrations of bumetanide. The peak 

serum concentration of bumetanide was found to be between 1 and 2 hours 

after oral administration in tablet form. In 6 normal dogs the con

centration of bumetanide in serum fell with a half-life of 9.1 ± 2 

minutes. By extrapolation to zero time, a volume of distribution of 

18% ± 4.6% of body weight was determined. The elimination rate con

stant was calculated to be 0.08 min ̂  ± 0.018 min ̂  and the apparent 

renal clearance was 14.4 ml/Kg/min. This value was above the PAH 

clearance (8.0 ± 1.5 ml/Kg/min) and considered unrealistic. To estab

lish the existence of another route of elimination, experiments on 

nephrectomized dogs were performed. Within the first 45 to 53 minutes, 
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the serum concentration in the nephrectomized dogs fell with a serum 

half-life of 20 ± 5.5 minutes, corresponding to an elimination con

stant of 0.037 min ̂  ± 0.009 min or an extrarenal "clearance" of 

3.6 ± 1.0 ml/Kg/min. When this value was substracted from the apparent 

clearance in the normal dogs, a value of 10.8 ml/Kg/min was obtained 

for the true renal clearance of bumetanlde. This value now corre

sponded well to the PAH clearance reported earlier and suggests addi

tional elimination pathways in addition to the renal pathway. 

To determine what role, if any, tubular secretion may play in 

the renal clearance of bumetanide Ostergaard et al. (1972) pretreated 

two dogs with probenecid. Probenecid has been shown to competitively 

inhibit the acid secreting areas of the nephron (Beyer et al., 1951; 

Weiner, Washington and Mudge, 1960; Weiner and Mudge, 1964). This 

treatment caused an increase in the plasma half-life of bumetanide 

from 8 to 17 minutes in one and from 11 to 37 minutes in the other 

dog. These experiments, as well as the above mentioned clearance 

studies indicated that bumetanide was excreted by glomerular filtra

tion and tubular secretion. 

Metabolism and Excretion 

To determine the biotransformation of bumetanide in the dog 

and rat, ether extracts of acidified (IN HC1) urine samples were sub

jected to paper and thin-layer chromatography (Ostergaard et al., 

1972). Spectrofluorometric analysis was used to quantitate the level 

of bumetanide. The cumulative excretion of unchanged bumetanide 

within 6 hours after I.V. injection of 0.25 mg/Kg was estimated to be 
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70 to 80%. After a dose of 0.5 mg/Kg I.V., between 52% and 92% of the 

administered dose was excreted unchanged in 6 hours. After oral 

administration of 0.25 mg/Kg, the renal excretion was estimated to be 

30-40% of the total dose over 6 hours, and after 0.5 mg/Kg orally the 

estimate was 50-60%. They reported that in all chromatograms only one 

spot corresponding to unchanged bumetanide was detected. 

When the same methods were applied to the rat, only 1-2% of the 

administered drug was found to be excreted as unchanged drug 6 hours 

after an I.P. injection of 5 mg/Kg, and 3-7% after a dose of 10 mg/Kg 

(Ostergaard et al., 1972). However, in addition to the spot correspond

ing to unchanged bumetanide, several strongly fluorescent spots with 

lower values appeared, thus indicating considerable metabolism of 

the drug by the rat. 

In a recent investigation by Kolis, Williams, and Schwartz 

(1976), the findings of Ostergaard et al. (1972) concerning the ex

cretion of bumetanide and metabolites by the rat and dog have been 

14 confirmed using C-bumetanide. They reported that most of the ad

ministered drug was excreted unchanged by the dog, whereas, almost 

complete biotransformation of drug to urinary and fecal metabolites 

occurred in the rat. Furthermore, Magnussen and Eilertsen (1974). 

reported the excretion of 6 metabolites by rats given oral doses of 5 

to 100 mg/Kg of bumetanide, and noted that one metabolite, the N-

desbutyl derivative of the drug was common to a number of the species. 

Kolis et al. (1976) have identified 5 urinary metabolites in the rat, 

including the N-desbutyl derivative. All of the metabolites identified 
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arose from metabolic oxidations limited to the N-butyl sidechain. 

The reported metabolites are shown in Figure 3 and were identified as 

a primary amine, an alcohol in the a and 6 position on the butyl chain 

(referred to as a primary and secondary alcohol respectively), a dial 

in the ct and 0 position on the chain and the ct aliphatic acid deriva

tive of bumetanide. 

Studies in Man 

Pharmacodynamic Studies 

In human clinical studies conducted with male volunteers, bu

metanide produced pharmacological effects in close agreement to the 

reported dog studies. Based on the available data it appears to be 

conclusive that the effect of orally administered bumetanide was 

approximately 40 times more potent (on a weight basis) in terms of 

producing its diuretic effect than furosemide (Davies et al., 1974; 

Asbury et al., 1972; Olesen et al., 1973). Studies in healthy volun

teers showed that 1 mg of bumetanide produced an excretion pattern of 

sodium, chloride, potassium and water similar to that produced by 40 

to 60 mg of furosemide. 

Bumetanide in oral doses between 0.25 and 1.5 mg produced a 

maximal naturetic response within 60 to 90 minutes after administration 

which lasted 5 to 6 hours and showed a clear dose-response relationship 

(Davies et al., 1974; Asbury et al., 1972; Henning and Lundvall, 1973). 

There were large increments of sodium loss above control levels with 

oral doses of bumetanide up to 1 mg/subject. Above this dose the 

increments of sodium.loss per unit dose were smaller in normal 
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R Compound R-t R2 

Bumetanide —CH2CH2CH2CH3 COOH 
I -CH2CH2CH2COOH COOH 
II -CH2CH2CH2CH2OH COOH 
III -CH2CH2CHOHCH3 COOH 
IV -CH2CH2CHOHCH2OH COOH 
V -H COOH 

Figure 3. Structure of bumetanide and metabolites identified in the 
urine of rats (Kolis et al., 1976) and supplied by Hoffmann-
La Roche Inc. 

The chemical names of the compounds shown areibumetanide, 
3-(n-butylamino)-4-phenoxy-5-sulfamyl-benzoic acid; X, N~ 
(-2-pheno3cy-3-3ulfamyl-5-carboxyphenyl)-gamma-amlnobutyric 
acid; II, 3-(delta hydroxybutylamino)-4-phenoxy-5-sul-
famyl-benzoic acid; III, 3-(gamma-hydroxybutylamino)-4-
phenoxy-5-sulfamyl-benzoic acid; IV, 3-(gammat delta-di-
hydroxybutylamino)-4-phenoxy-5-3ulfam.yl-benzoic acid; V, 
3-amino-4-phenoxy-5-sulfamyl-benzoic acid. 



14 

subjects. This may indicate the "ceiling" effect of bumetanide in 

normal subjects was in the range of 1 to 1.5 mg/subject (Henning and 

Lundvall, 1973). Although, Asbury et al. (1972) found no increase in 

naturesis when the dose of bumetanide exceeded 4 mg, increased naturesis 

up to a dose of 6 mg was observed in patients with congestive heart 

failure (Olesen et al., 1973). 

After intravenous administration of bumetanide to humans (1-3 

mg/subject) the onset of diuresis occurred within 10 minutes and 

reached a peak about 45 minutes after injection (Karlander, Henning, 

and Lundvall, 1973; Bollerup, Hesse, and Siguard, 1974; Sigurd, Hesse, 

and Valentin, 1974). 

Electrolyte excretion was characteristically that of an in

creased excretion of sodium. This increased sodium excretion amounted 

to 10 to 12 times that of control values during the first 90 minutes 

after oral administration and was accompanied principally by chloride 

ion (Davies et al., 1974; Henning and Lundvall, 1973). In acute stud

ies, chloride excretion exceeds that of sodium. However, this type of 

chloride excretion was not maintained during chronic treatment with 

bumetanide (Asbury et al., 1972). 

Potassium excretion was also reported to be slightly increased 

throughout the Investigations but was not dose dependent (Asbury et 

al., 1972; Olesen et al., 1973; Henning and Lundvall, 1973; Davies et 

al., 1974). There is little information on the effect of long-term 

bumetanide therapy on serum potassium levels in patients not receiving 



15 

potassium supplements. However, investigations where serum potassium 

levels have been adequately maintained by the concomitant administra

tion of spironolactone (100 mg daily) or potassium chloride (3 to 4 

grains daily) have been reported. Severe hypokalaemia was reported to 

have occurred during intravenous bumetanide and furosemide therapy in 

patients in whom simultaneous haemodialysis was performed, despite 

the addition of 40 mEq/liter of potassium to the infusion fluid 

(Hofstetter, 1974). This hypokalaemic state was considered due to the 

haemodialysis. 

Magnesium and calcium excretion was reported to increase 

during the first 6 hours after oral administration of bumetanide. 

However, due to subsequent retention of these ions there was no sig

nificant loss over a 24 hour period following a single dose (Davies 

et al., 1974). Olesen et al. (1973) also reported no significant 

change in serum magnesium levels during long term therapeutic use. 

Uric acid excretion was unaffected during the first 2 hours of 

maximal naturesis after single oral doses of bumetanide in normal 

subjects. Thereafter, there was a consistent reduction in urinary 

urate which resulted in some urate retention over a 24 hour period 

(Davies et al., 1974). This effect was not dose related and was less 

than that evoked by 40 and 80 mg of furosemide. However, the extent of 

urate retention in oedematous patients was the same after either bu

metanide or furosemide (Davies et al., 1974). A rise in serum urate 

levels during bumetanide treatment was also reported by Asbury et al. 

(1972). Increases in serum uric acid necessitated the withdrawal of 
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bumetanide in 2 of 12 patients given 0.25 to 4 mg bumetanide as 

maintenance therapy (Olesen et al., 1973). On these occasions, serum 

uric acid levels rose and then fell to normal after the drug was with

drawn. As most of the patients on long-term bumetanide developed 

asymptomatic hyperuricaemia, it is not known if bumetanide causes 

less urate retention than furosemide. Olesen et al. (1973) reported 

that even with the elevated urate levels no gouty arthritis attacks 

occurred during their studies. 

A rise in serum creatinine and in serum protein after 3 months 

of treatment with bumetanide was noted by Olesen et al. C1973). They 

considered that these changes may have resulted from a slight degree 

of plasma volume contraction or possibly due to the spontaneous pro

gression of the already present kidney disease. A further rise in 

serum creatinine in one patient in whom it was elevated before treat

ment was reported by Ring-Larsen (1974), while Asbury et al. (1972) 

reported a slight but significant, decrease in creatinine clearance. 

Among the most commonly prescribed therapeutic agents are the 

diuretics. The advent of potent "high celling" diuretics such as 

furosemide and bumetanide have facilitated the management of many 

edematous states with very few cases classed as refractory. During a 

long-term study of patients with congestive heart failure, Olesen et 

al. (1973) found bumetanide in doses of 1 to 4 mg daily to be an 

effective naturetic agent, even in patients with metabolic alkalosis, 

hyponatreaemia and hypochloraemia. In 22 patients with metabolic 

alkalosis, bumetanide produced the same mean naturesis, kaluresis and 
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diuresis as in 26 patients with normal acid-base status. In a short 

term study in 7 patients with congestive heart failure, Duchin and 

Hutcheon (1974) found that oral bumetanide 2 mg daily for 1 to 3 days 

produced a prompt increase in renal sodium and chloride excretion and 

urine volume. 

In 12 patients on long-term treatment, Olesen et al. (1973) 

replaced bumetanide with furosemide in a weight ratio of 1:40 for 1 

month. Body weight remained the same, as did mean values for serum 

electrolytes, creatinine, protein, uric acid and liver function tests. 

Similarly, Asbury et al. (1972) found no significant differences 

between furosemide 40 mg or bumetanide 1 mg or double these doses in 

19 oedematous patients assigned at random to furosemide, bumetanide or 

placebo. Both treatments differed significantly from placebo. At the 

end of this study no significant changes had occurred in plasma elec

trolytes, bicarbonate, urea, and creatinine. The serum bilirubin, 

aspartate and alanine aminotransferase, alkaline phosphatase, blood 

glucose, complete blood count, and urine analysis with microscopy were 

unaffected by continuous administration of bumetanide for this eight 

day period. No serious side effects or toxic manifestations were noted 

during this study. 

In 10 patients with ascites resulting from alcoholic or idio

pathic cirrhosis of the liver, Ring-Larsen (1974) used bumetanide to 

replace furosemide as the drug of treatment. In those patients who had 

previously required no more than 80 mg furosemide, 2 mg of bumetanide 

was given daily and in those patients who previously required more than 
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80 mg furosemide, 4 mg was given. After a control week and on a diet 

containing 50 mEq of sodium and without diuretics, a marked naturesis 

occurred during the first few days of bumetanide treatment and then 

gradually decreased. No hepatic coma or impairment of renal function 

was encountered. In 6 patients treated with 1 to 6 mg bumetanide along 

with 100 mg spironolactone daily for 7 to 16 months, cirrhotic oedema 

was eliminated after 7 to 28 days and did not recur. Serum potassium 

remained essentially stable during long-term treatment, indicating 

that the potassium-sparing effect of 100 mg spironolactone was ade

quate. 

Davies et al. (1974) reported 5 out of 6 patients with acute 

pulmonary oedema responded well with a diuresis after the intravenous 

administration of 0.5 mg bumetanide. The sixth patient was reported 

to be extremely ill and failed to respond to bumetanide or to any 

other treatment. 

Bumetanide, when administered as an intravenous infusion (5.0 

mg in 500 ml), was shown to produce an increase in urinary excretion 

of sodium and water in patients with chronic renal failure 

(Hofstetter, 1974). In these studies patients treated alternately for 

5 day periods with either 5 mg bumetanide or 500 mg furosemide produced 

similar changes in fluid balance and in serum electrolytes. A satis

factory diuresis in patients with renal failure (creatinine clearances 

5 to 30 ml/min) or with nephrotic syndrome has also been reported by 

Asbury et al. (1972) and Davies et al. (1974). 
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Pines et al. (1974) evaluated bumetanide (2 to 12 mg daily) in 

24 patients as diuretic replacement therapy. Most of these patients 

were admitted to the hospital because of deterioration In their res

piratory state, usually associated with heart failure and oedema. All 

but one patient had previously been maintained on oral furosemide to 

control their oedema. A good response to treatment with bumetanide 

(significant weight loss) was achieved in 14 patients. A satisfactory 

response occurred In 8 patients, but was not maintained in 5 of these 

patients and 2 patients failed in respond. Asbury et al. (1972) also 

reported a brisk diuresis with 2 mg bumetanide given orally in patients 

who responded poorly to 80 mg furosemide. 

It is well established that treatment with thiazides, furose

mide and ethacrynic acid may provoke the manifestation of diabetes 

mellitus (Kim et al., 1971; Weller and Borondy, 1967). Urinalysis for 

sugar remained negative in patients treated with bumetanide in an in

vestigation conducted by Olesen et al. (1973). Davies et al. (1974) 

did report a decreased glucose tolerance during bumetanide therapy in 

1 to 7 patients treated for 12 weeks or more. However, random blood 

sugar determinations were within the normal range and bumetanide was 

subsequently continued without further changes in glucose metabolism 

in this patient. 

Site of Action 

Studies in healthy subjects and in patients with congestive 

heart failure indicated that the diuretic effect of bumetanide results 

largely from its action on the ascending limb of Henle's loop. The 
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lack of an additive effect in studies in 6 patients with congestive 

heart failure given a combination of 1 mg buraetanide and 40 mg furose-

mide (Olesen et al., 1973) and the similar pattern of effect of the 

two drugs in renal failure (Hofstetter, 1974), could be interpreted to 

suggest that the diuretic action of the two drugs are similar (Lant 1973, 

p. 107). The action of bumetanide on the ascending limb of Henle's loop 

was evidenced by the reduction in free water clearance during water 

diuresis (Olesen et al., 1973; Sigurd et al., 1974; Bourke et al., 

1973) and the fall in solute free water reabsorptlon during water depri

vation (Karlander et al., 1973; Sigurd et al., 1974; Bourke et al.*, 

1973). On the other hand, Karlander et al. (1973) found that bumetanide 

did not significantly affect free water clearance and suggested that the 

drug had an effect on the proximal tubule was confirmed by a 30% rise 

in phosphate excretion during maximal diuresis (Bourke et al., 1973). 

Under normal circumstances inorganic phosphate reabsorptlon has been 

shown to be confined to the proximal tubule (Strickler et al., 1964). 

Pharmacokinetics 

The kinetic data from the investigations by Davies et al. 

(1974) show bumetanide to be distributed in a small "central" compart

ment 'with a calculated volume of about 5 liters. Based on the calcu

lated elimination constants, the elimination of bumetanide from this 

compartment was estimated to be via at least two mechanisms. Although 

the removal through the kidney was rapid, the presence of significant 

quantities of bumetanide in feces after intravenous administration of 

the drug suggests possible excretion via the biliary tract or even 
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direct excretion through the gut wall into the lumen of the gastro

intestinal tract. 

Davies et al. (1974) also reported that the renal clearance of 

bumetanide amounted to 50% to 70% of the endogenous creatinine clear

ance and in one study amounted to 110%. It would be unwise to draw 

any firm conclusions from this data as to the mechanism of renal 

handling of the drug since the authors state there were many inherent 

difficulties in obtaining reliable estimates of clearance under the 

rapidly changing circumstances due to the pharmacodynamic action of 

the drug. However, the observed clearance values suggest that in addi

tion to filtration, bumetanide also undergoes significant tubular 

secretion in man. This suggestion is supported by evidence from ex

periments in the dog by Ostergaard et al. (1972) as previously dis

cussed. 

Metabolism and Excretion 

It was originally reported by Feit, Roholt and Sorensen (1973) 

and Davies et al. (1974) that bumetanide when administered to man 

intravenously or orally was excreted very much like the dog, as un-

metabollzed bumetanide. 

Urinary excretion of bumetanide is maximal 1 to 4 hours after 

oral administration of 0.5 to 1.0 mg (Feit et al., 1973) and corre

sponds closely with maximal excretion of sodium (Davies et al., 1974; 

Feit et al., 1973). Using gas-liquid chromatographic methods, Feit et 

al. (1973) reported a cumulative urinary excretion of 35 to 44% within 

48 hours of oral doses of 0.5 and 1 mg respectively. Excretion was 
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virtually complete after 8 hours and no drug could be detected 24 

hours after a single dose. Davies et al. (1974) reported that the 

14 cumulative excretion of C-bumetanide in the urine after an oral 

dose of 1.15 mg amounted to 65% of the administered dose at 24 hours. 

Fecal loss measured over 72 hours after administration totaled 18% of 

14 the dose given. After an intravenous injection of 0.92 mg C-

bumetanide the urinary recovery over 3 days was reported by Davies et 

al. (1974) to be 47% and the fecal recovery over 8 days amounted to 

16% of the given dose. No radioactivity was detectable in the feces 

collected over the last 3 days of their investigation. 

Statement of the Problem 

Within the past few years bumetanlde has been clinically used 

in Europe but is still undergoing clinical trials in the United States. 

Since this compound has been reported to exhibit very few significant 

pharmacological or toxicological properties other than its potent 

diuretic response it could become a very useful adjunct in dealing with 

the oedematous patient. Increasing the knowledge concerning bumetanide 

in relation to its pharmacodynamic and pharmacokinetic profile in nor

mal volunteers will ultimately lead to a better understanding of the 

clinical applications and potential of this diuretic in patient therapy. 

The investigations in this dissertation have been divided into 

two parts. The first part was an in-depth investigation into the 

various pharmacological aspects of bumetanide in man with emphasis in 

several areas of clinical relevance. Two areas of emphasis were the 

determination of bumetanide's diuretic efficacy following oral 
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administration and the determination of its pharmacokinetic profile. 

Another area of extensive investigation was the biotransformation of 

bumetanide to more polar metabolites to facilitate its removal from the 

body. The complete metabolic scheme and excretion characteristics of 

bumetanide and the major metabolites were determined in the urine, bile 

and feces. 

Separate from the clinical aspects of this dissertation, an 

attempt was made to explain the species difference observed in the 

diuretic response in man, dog and rat. It was deduced prior to be

ginning of this investigation that diuresis was associated with the 

degree in which bumetanide was removed from the blood due to metabo

lism. Therefore, the very potent diuresis induced in the dog could 

be explained by the lack of biotransformation of bumetanide in this 

species. The rapid and extensive metabolism of bumetanide in the rat 

explained the lack of diuresis in this species. If this assumption 

was true then diuresis should be induced in the rat using agents that 

would inhibit the metabolism of bumetanide. The second part of this 

dissertation will show that when the plasma half-life of bumetanide 

was prolonged in the rat by inhibiting its metabolism, this compound 

was an active diuretic in this species. The pharmacodynamic as well 

as the pharmacokinetic profile and identification of the biotrans

formation products were also determined. 



PART X 

CLINICAL INVESTIGATIONS 
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EXPERIMENTAL 

Materials and Methods 

Volunteers 

14 Four male volunteers received 2 mg of C-bumetanide (22 yCi) 

orally in 100 ml of 0.001 M sodium phosphate buffer (pH 7.4). The ̂ C-

bumetanide was obtained from Hoffmann La Roche Inc. as a generous gift. 

Radiochemical purity was determined by 2 dimensional TLC analysis and 

was found to be greater than 99% pure. Three of the male volunteers 

(D.S., C.L.j S.H.) aged 24 to 27 years were in normal health. The 

fourth volunteer, (P.B.), age 72 years was a diabetic with a biliary 

T-tube surgically placed three months prior to the study during 

cholecystectomy for cholecystitis and cholelithiasis. Informed written 

consent was obtained from each volunteer prior to the study. The sub

jects were fasted from midnight until five hours after the start of the 

study at 8:00 A.M. Insensible water loss (60 ml/hr estimated) and 

urinary water loss (equal volumes to that excreted) were replaced dur

ing the study by ingestion of tap water every hour for five hours after 

administration. 

Sample Collection 

Blood samples (40 ml, oxalated) were collected at the following 

intervals: predose and 1/4, 1/2, 1, 2, 3, 4, 6, 8, 10 and 24 hours. 

After collection, the samples were allowed to cool to room temperature 

25 
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and centrifuged at 3500 RFM. The plasma layer was removed and 1 ml 

volumes extracted and analyzed as described below. 

Urine samples were collected at one hour intervals: before 

drug administration and then at 1, 2, 3, 4, 5, 8, 10, 24, 48, and 72 

hours. 

Bile was collected in containers chilled in ice and containing 

sodium azide as a preservative. The intervals for sample collection 

were as follows: predose and at 1, 2, 3, 4, 6, 8, 10, 24 and 48 hours. 

Feces were collected daily as 24 hours samples for 7 days after 

bumetanide administration. 

Evaluation of Diuretic Response 

The diuretic response was evaluated by determining the volume 

H"* 
of urine produced per time and the associated excretion of Na and K . 

The levels of Na and K excreted per sample were determined by flame 

photometry (Baird-Atomic, Model KY3 Flame Photometry). 

Determination of Total Radioactivity 
in Plasma, Urine, Bile and Feces 

Plasma: One ml volumes were dissolved in 1 ml Soluene 100 

(Packard Instrument Company, Inc.) and the radioactivity counted for 

10 minutes in a solution of 15 ml Aquasol (New England Nuclear, Inc.). 

A Beckman LS-100 liquid scintillation counter was used for the quanti

tation of all radioactivity. Correction for quench and the calculation 

of dpm per sample were facilitated using either an internal standard 

technique with "̂ C-Toluene (New England Nuclear, Inc.) or the channels 

ratio method. 
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Urine: One ml aliquots were dissolved in 15.0 Aquasol and the 

radioactivity measured as described for plasma. 

Bile: 100 yl aliquots were added to 15.0 Aquasol and the 

radioactivity measured as described for plasma. 

Feces: Fecal samples were homogenized in a Waring blender at 

high speed for two minutes using 3 volumes of water. Aliquots of 0.2 

ml were added to equal volumes of 1̂ 2 and incubated at 37°C until the 

dark color was diminished. The sample was dissolved in 1.0 ml Soluene 

and the radioactivity measured in a solution of 15 ml Aquasol as de

scribed for plasma. 

Development of Solvent Extraction Technique 

To facilitate the quantitation of bumetanide in biological sam

ples, a specific extraction technique was developed based on the least 

polar solvent theory proposed by Brodie, Udenfriend, and Baer (1947). 

This method involves the determination of the partition coefficient of 

bumetanide between organic solvents ranging in polarity and an aqueous 

phase at the following pH's 1.5, 3.0, 6.0, 9.0 and 13.0. The organic 

solvents used in this determination were heptane, benzene, ethylene 

dichloride, chloroform and ethyl acetate. All were of analytical 

reagent quality. Two ml of aqueous solution at the various pH's and 

2.0 ml of the organic solvent were added to 15.0 ml screw top vials 

along with pure C-bumetanlde (20.0 x 10 dpm). The two layers were 

mixed for 30 seconds by vortexing at high speed and then centrifuged 

at 3500 RPH for 10 minutes to separate the two phases. The radio

activity contained in the organic and aqueous layers was determined by 



adding 0.5 ml aliquots to 15 ml Aquasol. To eliminate the high degree 

of quench from organic solvents, 0.5 ml aliquots of the solvents were 

evaporated to dryness in the scintillation vial prior to the addition 

of the Aquasol. The calculation of dpm and correction for quench were 

accomplished as previously described. The partition ratio was then 

calculated by dividing the dpm contained in the organic layer by that 

in the aqueous layer. From the calculated partition ratios the last 

polar solvent in combination with an aqueous pH that quantitatively 

14 removed the C-bumetanide from the aqueous phase was determined. This 

partition system was then evaluated to determine its specificity for 

bumetanide by using an ethyl acetate extract (see next section for ex

traction technique) of a 24 hour pooled human urine sample. After 

thorough mixing and separation aliquots from both phases were subjected 

to 1 dimension TLC analysis using Silica gel plates (E. Merck and Co., 

No. 5763) and benzeneibutanol:acetic acid (85:15:3.25) as the develop

ing solvent. The solvent front was allowed to migrate 165 mm up the 

plate, removed from the developing solvent, air dried and viewed under 

an ultra-violet light (long wavelength). The area of inherent fluo

rescence from pure bumetanide added to the sample as an internal 

standard was marked. The TLC plate was then divided into 2*0 cm sec

tion up the plate from the origin to include the solvent front. The 

radioactivity was determined in each section by scraping the silica 

gel into a scintillation vial containing 15 ml Aquasol and water (4.5 

ml). The capped vial was shaken to form a gel and suspend the silica 
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gel. The quench and dpm per scraped area were determined as previously 

described. 

14 Determination of C-Bumetanide in Plasma, Urine, Bile and Feces 

Samples of plasma, bile, urine and homogenized feces were 

treated with 1 N NaOH for 30 seconds and after adjusting the pH to 2.5 

with IN HCl, the solution was extracted 3 times with 2 volumes of ethyl 

acetate. This procedure quantitatively removed the radioactivity 

appearing in the various body fluids and served as a purification step. 

Emulsions, when present, were broken with methanol (0.5 ml) and centri-

fugation (3500 rpm). The ethyl acetate layers were combined, evap

orated to dryness under N̂  gas and the residue dissolved in 5.0 ml 

citrate buffer (pH 3.2). The citrate buffer was extracted twice with 

equal volumes of benzene which specifically and quantitatively ex

tracted the bumetanide. The combined benzene layers were added to a 

scintillation vial, evaporated to dryness, and the radioactivity was 

determined in Aquasol as described earlier. 

Bumetanide Verification by Partition Coefficient Comparison 

14 The partition coefficient of the benzene extracted C-

bumetanlde was compared with that of authentic bumetanide according to 

the method of Brodie et al. (1947) described above. Authentic and 

14 benzene extracted C-bumetanide was added to 5 ml citrate buffer 

(pH 3.2) and extracted twice with benzene (1:1). Aliquots from both 

layers were removed and the radioactivity determined as above in 

Aquasol (15 ml). The benzene partition coefficients for authentic and 
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14 extracted C-bumetanide were calculated by dividing the total radio

activity determined in the benzene phase by that in the buffer phase. 

Thin Layer Chromatography 

To determine the identity of the urinary, biliary and fecal 

metabolites a reliable TLC system of analysis was developed according 

to the suggested methods of Wilkinson (1973, p. 458). This system was 

designed initially to give adequate separation of pure standards of 

bumetanide and two suggested metabolites (n-desbutyl and the glycine 

conjugate of bumetanide) supplied by Hoffmann-La Roche Inc. This com

pany later provided additional chemically pure unlabeled compounds that 

were known or considered to be possible metabolites of bumetanide in the 

rat. These compounds were added to the biological samples to serve as 

co-chromatographic internal TLC standards. Since bumetanide and the 

suspected metabolites fluoresce when exposed to longwave ultra-violet 

light, they were easily located on the chromatographic plate. 

Due to the number of metabolites present in a biological sam

ple, the one dimensional TLC system did not provide the distinct sep

aration between compounds desired. Therefore, a two dimensional TLC 

system was developed. The first solvent system was composed of benzene: 

butanol:acetic acid (85:15:3.25) and the second solvent system was 

butanol:ethanol:l M ammonium acetate in water (3:1:1) adjusted to pH 

10. 

For analysis, pooled urine (24 hours), bile (24 hours) and 

fecal (5 day) samples were prepared by taking a fixed percentage (50%) 

of each collection volume or weight. Aliquots from these samples were 
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adjusted to pH 2.5 with IN HC1 and extracted three times with two 

volumes of ethyl acetate as described above. The combined residues 

were dissolved in ethanol and an aliquot was applied to the silica gel 

plates (E. Merck and Co., No. 5763). These plates were then subjected 

to 2 dimensional TLC using the two solvent systems just described. 

The solvent front in both dimensions was allowed to migrate 165 mm from 

the origin. The origin is described as the point at which the sample 

was placed on the TLC plate. The best metabolite separation was ob

tained when allowing 2 consecutive migrations in the first solvent 

system and air-drying the plate at least 1 hour between migrations. 

The plate was then subjected to the second phase of the two dimensional 

system. After air-drying, the areas of fluorescence due to bumetanide 

and the suspected metabolites were located under ultra-violet light. 

The complete TLC plate was then divided into sections of 1 CÊ  and 

scraped from the plate into scintillation vials. The radioactivity of 

each section was determined by suspending the silica gel particles in 

a gel formed by Aquasol (15 ml) and Ĥ O (4.5 ml). A quench factor was 

determined using the "̂ C-toluene internal standard technique and the 

channel ratio method and the dpm per section were determined. 

Since a significant amount of radioactivity remained at the 

origin after preliminary TLC analysis, conjugates of bumetanide and/or 

its metabolites were suspected. To determine the nature of these 

conjugates, aliquots of urine, bile and feces were treated with IN 

NaOH and/or 0-glucuronidase/aryl sulfatase CSigma $00876) prior to 

acidification with IN HC1 and extraction of the sample. These 
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procedures were designed to hydrolyze the conjugates, to reduce the 

radioactivity remaining at the origin and thus determine the compound 

or compounds conjugated. The procedure for NaOH base treatment was 

as follows: 0.4 ml IN NaOH was added to 1.0 ml urine, bile, homoge

nized feces and plasma (Schwartz, 1974). These samples were mixed 

on a vortex for 30-45 seconds and then acidified with 0.8 ml IN HCl. 

The rapid hydrolysis in base is very indicative of a glucuronide 

conjugate (Harman et al., 1964). Treatment with (3-glucuronidase/aryl 

sulfatase (Sigma #00876) in excess at pH 4-5 for 24 hours was used to 

confirm these findings. Both NaOH and 8-glucuronidase treated samples 

were evaluated by TLC analysis as previously described. 

Technique for Metabolite Identification 

There was only one unknown metabolite isolated in the urine, 

bile and feces that contained significant radioactivity and was not 

readily identified using the co-chromatography technique with known 

synthesized compounds previously described. The identification of 

this unknown involved mass spectral analysis, comparative TLC analysis 

and electrophoresis. This metabolite was isolated and prepared for 

mass spectral analysis as follows: a pooled bile sample containing 

14 14.0 p equivalents of C-unknown metabolite was extracted at pH 2.0 

twice with two volumes of ethyl acetate after IN NaOH treatment as 

described above. The extracts were combined and evaporated to dryness 

under ̂  gas and the residue dissolved in methanol. The unknown 

metabolite was isolated by TLC, eluted with ethyl acetate and re-

chromatographed using benzene:butanol:acetic acid (85:15:3.25) as the 
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solvent system for both chromatograms. The unknown was again eluted 

from the TLC plate using ethyl acetate and methylated with diazomethane 

(Arnat, 1943). The methylated unknown was then purified by TLC using 

a solvent system of heptane:chloroform:ethanol:ammonium hydroxide (50: 

50:20:1) and eluted from the silica gel with ethyl acetate. The com

bined extracts were evaporated to dryness under gas and the residue 

dissolved in methanol in preparation for mass spectral analysis. 

Analysis of 5-8 pg of the methylated unknown was accomplished using a 

Hewlett-Packard Model 5930A quadrupole mass spectrometer. For mass 

spectral analysis, the probe temperature was slowly increased from 

ambient temperature to between 135°C to 150°C. 

Paper electrophoresis of the unknown metabolite (hydrolyzed 

but unmethylated) was accomplished using a modification of the tech

niques of Kolis et al. (1976). Electrophoresis was performed with a 

Savant electrophoresis cell and a 1000 V D.C. power supply. The sam

ples were spotted on a dry 30 x 40 cm Whatman til filter paper and then 

wetted with borate buffer at pH 9.0. The borate buffer also served 

as the electrolyte when 950 volts (20 m amps) were applied for 45 

minutes. The migration pattern of the unknown was compared to that 

of bumetanlde and all of the pure known metabolites supplied by 

Hoffmann-La Roche Inc. 

Pharmacokinetic Evaluation 

Serum concentration data after a single oral ingestion of 

bumetanide appeared to exhibit a monoexponential decay and thus best 

fit a one compartment open model (Figure 4). Model parameters for a 
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Drug Drug in 
Blood and Tissue 

0 Drug 
> Eliminated 

From Body 

Figure 4. One-compartment open pharmacokinetic model for bumetanide 
deposition in man. 

Vd • The apparent volume of the central compartment composed 
of blood and well-perfused tissues. 

6 and B = The first-order rate constants for metabolism 
SI 6 and excretion respectively. 

B or Kel » kel  ̂ * ̂ê biie* t*ie overall first-order rate 
constant for drug elimination from the body. 

U " The total amount of bumetanide excreted Intact. 

M « The total amount of bumetanide metabolized. 
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one compartment model were therefore calculated using the methods 

of Notari (1975), which are outlined below. 

The apparent volume of distribution of the drug throughout the 

body after oral administration was calculated using the equation: 
DQ 

Vd = p— . At time zero, Dq is equal to the oral dose given and PQ 

represents the extrapolated plasma concentration of the drug at time 

zero from the intercept of a semilog plot of the plasma level data 

versus time. The plasma half-life (t 1/2) was determined from the 

semi-log plots by determining PQ and then the time at which 1/2 of Pq 

has been removed from the plasma. The rate constant for the overall 

elimination of drug from the body (Kel) was calculated according to 

Kel = t ? =  k ^ u r i n e  +  ^ e ^ b i l e "  ' I ' ^ e  e l i m i n a t i o n  r a t e  c o n s t a n t s  

kelur̂ ne or kel̂ .̂  are equal to the sum of the individual elimination 

rate constants 8m + 0e, which represents the rate constants for the 

elimination of metabolites and of bumetanide, respectively, in a bio

logical sample. These were determined from a knowledge of the amounts 

of drug and metabolites eliminated via the urine and bile and the over

all rate constant, Kel. For example, when the plasma concentration of 

Kel B® Kel M°° 
bumetanide becomes zero, (3e » —g and 0m = —- , where B°° is 

o o 
the total amount of bumetanide excreted intact and M00 is the total 

amount of excreted metabolites. The plasma clearance constant was 

calculated according to Cp = Kel Vd. Calculation of the renal clear

ance of bumetanide, Ĉ , was from data obtained from a semilog plot of 

the bumetanide remaining to be excreted in the urine as a function of 

time. The points on this curve (xt) were generated using the following 
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equation, xt = B» - Bt, where B® represents the total cumulative 

bumetanide urine concentration and Bt represents the bumetanide con

centrations at the individual urine collection time points. Data 

obtained from this plot was used in the following formula: = 

(kelur̂ ne) (Vd). The biliary clearance was calculated using the 

BV following formula t where B is the concentration of bumetanide 

in the bile (yg/ml), V is the volume of bile excreted (ml/min) and P 

is the concentration of bumetanide in the plasma (yg/ml). 



RESULTS 

Evaluation of Diuretic Response 

The effect of bumetanide on urine flow and electrolyte 

excretion along with the corresponding plasma bumetanide levels for 

each subject is given in Table 1. Figure 5 graphically illustrates the 

four subject average of these data which shows an oral dose of 2 mg of 

bumetanide produced a marked diuresis with a substantial Increase in 

the urinary excretion of water and sodium but with only a slight 

increase in potassium excretion throughout the period of study. 

Diuresis peaked after approximately one hour and lasted 4-5 hours. 

The naturetic response was greatest during the first 2 hours and was 

largely complete by 4 hours. At peak diuresis, the average bumetanide 

plasma level was 56.5 ng/ml and 12.0 ng/ml near the end of diuresis. 

Determination of Total Radioactivity in Urine, Bile and Feces 

The excretion data for the total radioactivity appearing in the 

urine, bile and feces have been tabulated in percent values and are 

presented in Table 2. This table shows that the total radioactivity 

excreted in the urine for all 4 subjects varied from 77-85% of the 

administered dose. In the 3 normal subjects (D.S., C.L., S.H.) the 

amount of radioactivity in the feces varied from 11 to 19% of the 

administered dose. In the 4th subject with the biliary T-tube (P.B.), 

37 
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14 Table 1. Plasma levels of C bumetanide, and urinary excretion of 
water, Na"*" and KT*" at various times after bumetanide adminis
tration (2 mg/subject). 

Uriae Plasma 
Volume Ha K Buaecanlde 

Tin* (hr) Subject (ml) mEq/hr mEq/hr ng/ml 

-1 to 0 
(pre-drug) 0.5. 133 20.7 6.8 

P.3. 75 1.4 3.7 
C.L. 120 1.7 0.8 
S.H. 78 5.9 2.2 

0-1 D.S. 1188 124.7 16.2 29.3 
P.B. 365 33.8 6.7 55.0 
C.L. 680 75.6 6.9 63.8 
S.B. 942 100.2 9.2 78.0 

1-2 D.S. 516 51.3 9.3 15.5 
P.B. 385 43.0 7.6 41.1 
C.L. 1060 92.6 10.9 40.3 
s.a. 1010 83.8 11.1 34.9 

2-3 D.S. 304 25.3 8.7 9.7 
P.B. 345 30.8 7.3 25.2 
C.L. 685 34.5 6 . 6  25.2 
S.H. 595 25.1 6.4 20.9 

3-4 D.S. 344 10.3 9.1 4.7 
P.B. 155 11.2 4.6 17.4 
C.L. 590 21.1 4.3 13.8 
S.B. 460 9.9 4.0 12.0 

4-5 D.S. 445 3.6 12.0 
P.B. 140 8.7 5.7 Hot Determined 
C.L. 358 5.0 2.5 
S.B. 415 3.2 2.9 

5-8 D.S. 1475 0.5 3.7 0.6 (at 8 hr) 
P.B. 185 0.1 1.9 3.5 (at 8 hr) 
C.L. 350 0.5 1.4 2.4 (ac 8 hr) 
S.H. 575 0.5 1.7 2.0 (ac 8 hr) 

8-10 D.S. 562 3.9 3.5 0.2 (ac 10 hr) 
P.B. 245 0.2 2.6 1.9 (ac 10 hr) 
C.L. 37 1.4 1.6 1.4 (at 10 hr) 
S.B. 73 2.4 1.8 0.9 (ac 10 hr) 

10-24 D.S. 604 0.6 2.2 
P.B'. 1080 0.5 2.4 

Kot Determined C.L. 440 3.2 2.0 Kot Determined 

S.H. 410 1.2 1.2 

24-48 C.L. 765 3.2 2.4 Not Decernined 
S.H. 580 1.0 2.0 
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volume flow and Na* and K+ excretion at various times after bumetanide administration 
(2 mg/subject). cu 
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Table 2. Recovery of total radioactivity in urine, feces and bile 
after oral administration of bumetanide (2 mg/subject). 

Subject D.S. P.B. S.H. C.L. 

Urine 80.2% 76.8% 79.7% 85.4% 

Bile 14.4% 

Feces 18.6% 4.6% 11.1% 11.3% 

Total Recovery 98.8% 95.8% 90.8% 96.7% 

Values were calculated after 48 hrs for urine, 24 hrs for bile and 5 
days for feces. 
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14.4% of the total dose was excreted into the bile and the small amount 

of the radioactivity in the feces (4.6%) was presumably due to bile 

lost into the intestine when the T-tube was mistakenly clamped off 

during the interval between the collection of the first, second and 

third bile samples. Bile was allowed to continuously flow after the 

collection of the fourth sample. These results indicate that vir

tually all of the orally administered radioactivity (91 to 99%) was 

excreted in the urine and feces. Since most of the radioactivity in 

the feces was accounted for by biliary excretion, it may be concluded 

that bumetanide was almost completely absorbed from the gastronin-

testinal tract. 

Development of Solvent Extraction Technique 

To facilitate the quantitation of bumetanide in the various 

biological samples, a bumetanide specific solvent extraction technique 

was developed. Table 3 is a summary of the partition ratios which 

led to the selection of the solvent and pH conditions. 

TLC evaluation of the solvent extraction system developed is 

shown in Table 4. This table is a graphic representation of the 1 

dimensional thin layer chromatogram showing the migration patterns of 

the bumetanide extracted by benzene and the metabolites left in the 

aqueous phase. The sample examined was an ethyl acetate extract of a 

24 hour pooled human urine sample. 



Table 3. Bumetanide partition ratios determined at various pH1s with five organic solvents over 
a range of solvent polarities. 

pH 
* 

Heptane Benzene Ethylene Dichloride Chloroform Ethyl Acetate 
pH 

Aqueous Aqueous Aqueous Aqueous Aqueous 

1.5 0.005 2.200 26.250 17.200 138.000 

3.0 0.002 5.600 21.200 18.250 101.000 

6.0 0.010 0.040 0.618 0.379 11.700 

9.0 0.002 0.060 0.006 0.010 0.200 

13.0 0.000 0.001 0.002 0.000 0.600 

Partition ratio determined by dividing the total amount of C-bumetanide in the organic layer 
by the total amount in aqueous layer. 

Aqueous layer = buffer solution at the appropriate pH 

Solvent polarity increases from left to right, heptane -*• ethyl acetate 
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Table 4. Specificity of the benzene extraction for separation of 
bumetanide from its metabolites in urine. 

Scrape No. 

Pooled Urine3 
14 C-Bumetanide 

+ Urineb 

Scrape No. Aqueous Phase Benzene Phase Benzene Phase 

Origin 78 dpm 4 dpm 8 dpm 

61 3 0 

173 8 0 

18 4 2 

157 13 2 

166 3 0 

233 4 0 

45 13 0 

65 1 0 

Bumetanide (R̂  = 0.58) 6 940 982 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

Solvent Front (165 mm) 0 0 0 

Solvent System = Benzene:Butanol:Acetic Acid (85:15:3-25) 

r̂ine containing 2000 dpm was adjusted to pH 3.2 and extracted with 
benzene as described in the methods. 

C-Bumetanide (1000 dpm) was added to urine containing no radio
activity. This urine was then adjusted to pH 3.2 and extracted with 
benzene. 
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14 
Determination of C-Bumetanlde in Urine, Bile and Feces 

The data in Figure 6 Is a four subject average showing the 

cumulative urinary excretion of radioactivity over 48 hours. The 

individual cumulative urinary excretion curves used to compile this 

average figure are shown inthe Appendix A. The data from Figure 6 

shows that within the first hour after drug administration, 79% of the 

excreted radioactivity was unchanged bumetanlde. The later time 

periods show a marked increase in the percentage of metabolite radio

activity being excreted. At the end of the 48 hour collection an 

average of 80.5% of the administered dose was excreted and 67.8% of 

this urinary radioactivity was unchanged bumetanlde. 

The cumulative excretion of bumetanlde and total radioactivity 

in bile is presented in Figure 7 • This data indicates that, at the 

end of 48 hours of bile collection, 1.8% of the administered dose was 

found in the bile as bumetanlde and 12.6% of the dose was present as 

metabolites of bumetanlde. The ratio of bumetanlde to metabolites 

appearing in the bile was 1:1 at the first time point. At all later 

collection times, the amount of metabolite radioactivity was 5 to 8 

times greater than the bumetanlde. Therefore, the major portion of 

the radioactivity in the bile consists of bumetanlde metabolites. 

In the 3 normal subjects (D.S., C.L., S.H.) the time course for 

radioactivity appearing in the feces showed considerable variation 

from subject to subject with no set pattern of excretion of bumetanlde 

14 or metabolites. The C material in the feces appeared to have dif

ferent solubility characteristics than that in urine and bile. 
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Benzene extraction removed not only the bumetanide but other radio

activity described as metabolites as determined by TLC analysis. 

Therefore, it was concluded that the benzene extraction method, as it 

was originally described in this dissertation, is not specific for the 

removal of bumetanide from feces, possibly due to the high lipid and 

particulate content of the initial fecal extracts or possibly due to a 

salting out effect. Results from the fecal benzene extraction sug

gested that bumetanide represented 31.7%, 59.7% and 56.7% of fecal 

radioactivity for subjects D.S., C.L. and S.H. respectively (Table 5). 

However, subsequent TLC analysis of fecal radioactivity has shown 

these values to be too high (Table 8, p. 54). 

Bumetanide Verification by Partition Coefficient Comparison 

' 14 The partition coefficient of the benzene extracted C-

bumetanlde was compared with that of authentic bumetanide as described 

in the methods. The benzene partition coefficient for authentic and 

14 extracted C-bumetanide were 4.4 and 4.2 respectively. 

14 The extracted C-bumetanide was also subjected to 4 successive 

benzene extractions to determine the partition ratios of each ex

traction. The calculated partition ratios for the 4 extractions were 

4.2, 1.8, 1.8 and 1.2 respectively. Examination of these ratios could 

possibly suggest the contamination of very'similar analog of bumetanide 

extracted by the benzene but remained undetected when analyzed by TLC. 

No further evidence of the existence of such an analog was found. 



Table 5. Combined 5-day excretion characteristics of fecal radioactivity as determined by the 
benzene solvent extraction technique. 

Subject Total Activity Metabolites Bumetanide 

6 6 A 6 . * 

D.S. 9.01 x 10 dpm 6.16 x 10 dpm (68.3%) 2.86 x 10 dpm (31.7%) 

C.L. 4.61 x 106 dpm 1.86 x 106 dpm (40.4%) 2.75 x 106 dpm (59.7%) 

S.H. 5.61 x 106 dpm 2.35 x 10̂  dpm (42.8%) 3.18 x 106 dpm (56.7%) 

Percent of fecal radioactivity 

Bumetanide dose 2 mg/subject 
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Thin Layer Chromatography 

TLC co-chromatography using pure unlabeled internal standards 

provided the basis for identifications of the bumetanide metabolites 

(except for the y-carbon alcohol). The identification of the y-carbon 

alcohol compound was accomplished by mass spectral analysis, compara

tive TLC analysis and by electrophoresis. The data for these analyses 

will be presented in the next section. The structure of bumetanide 

and those metabolites identified to date are shown in Figure 8 in a 

proposed metabolic pathway. The calculated R̂  values for the com

pounds in the second dimensions of the 2 dimensional TLC system were: 

bumetanide (I) R̂  ° 0.42, 0-carbon alcohol (IX) R̂  => 0.33, a-carbon 

alcohol (III) R̂  = 0.32, y-carbon alcohol CIV) R̂  = 0.38, desbutyl 

derivative (V) R̂  =t 0.30 and the a-carbon aliphatic acid (VI) R̂  = 

0.14 (Figure 9 ). The percentage by TLC of these compounds appearing 

in the urine, bile and feces are presented in Table 6, Table 7, and 

Table 8 respectively. 

TLC analysis of unhydrolyzed urine, bile and fecal samples 

showed an average of 20.6%, 15.5% and 0.0% of the urine, bile and fecal 

radioactivity respectively were conjugates. In a one dimensional TLC 

separation using benzene:butanol:acetic acid (85:15:3.25) as the sol

vent system all conjugated bumetanide and/or metabolites remained at 

the origin. In the second dimension of the 2 dimensional system using 

butanol:ethanol:lH ammonium acetate pH 10 (3:1:1), the conjugates no 

longer remained at the origin but had an R̂  = 0.18. NaOH and g-

glucuronidase/aryl sulfatase treatment of urine and bile markedly 
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Figure 8. Proposed metabolic pathway of bumetanlde in man. 



Figure 9. Two dimensional TLC development showing the relative 
position of bumetanide and purified metabolites on the 
TLC plate. 

Origin ** Point of initial application of standards to the 
TLC plate. 

1 Dimension = Solvent system benzene:butanol:acetic acid 
(85:15:3.25). 

2 Dimension = Solvent system butanol :ethanol:l M amr-
monium acetate pH 10 (3:1:1). 

Solvent Front =» Solvent front allowed to migrate 165 mm from 
origin. 

I a Bumetanide 

II = $-carbon alcohol 

III a a-carbon alcohol 

IV a y-carbon alcohol 

V = N-desbutyl 

IV « Aliphatic Acid 
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Table 6. Summary of bumetanlde and its metabolites appearing in the urine before and after treat
ment with IN NaOH. 

Percent of Urinary Radioactivity 

Non-Treated Urine* NaOH Treated Urine 

Compound D.S. C.L. S.H. P.B. Average** D.S. C.L. S.H. P.B. Average** 

Bumetanide 65.0% 70.9% 68.8% 48.8% (63.5%) 68.2% 73.9% 73.3% 55.7 % (67.8%) 

Desbutyl 0.4 0.3 0.5 0.6 (0.5) 2.1 1.2 2.2 2.0 (1.9) 

y-Alcohol 2.3 1.4 2.8 4.2 (2.7) 4.3 2.0 2.8 10.9 (5.0) 

0-Alcohol 4.6 4.3 3.6 7.4 (5.0) 7.7 12.5 5.9 10.8 (9.2) 

ot-Alcohol 0.5 0.5 0.7 0.5 (0.6) 1.4 0.9 1.6 2.4 (1.6) 

Aliphatic Acid 0.1 0.2 0.3 0.4 (0.3) 0.5 0.7 0.4 0.9 (0.6) 

Conjugates 21.6 14.8 17.4 28.7 (20.6) 2.3 2.0 1.3 4.4 (2.5) 

it 
All values obtained from 2 dimensional TLC analysis of 24 hr pooled urine samples 

Average for the 4 subjects 

Ln 
to 
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Table 7. TLC summary of bumetanide and its metabolites appearing in 
the bile before and after treatment with IN NaOH. 

Compound 

Percent of Biliary Radioactivity 

Non-Treated Bile* NaOH Treated Bile'' 

Bumetanide 12.2% 14.0% 

Desbutyl 0.4 1.1 

y-Alcohol 23.1 30.6 

0-Alcohol 12.4 16.4 

oi-Alcohol 2.4 2.3 

Aliphatic Acid 2.1 2.3 

Conjugates 15.5 3.5 

All values obtained from 2 dimensional TLC analysis of a 24 hour 
pooled bile sample. 



Table 8. TLC summary of bumetanide and its metabolites appearing in the feces before and after 
treatment with IN NaOH. 

Percent of Fecal Radioactivity 

Non-Treated Feces* NaOH Treated Feces* 

Compound D.S. C.L. S.H. 
Hit 

Average D.S. C.L. S.H. 
** 

Average 

Bumetanide 9.6% 9.6% 18.7% (12.6%) 9.5% 9.5% 18.0% (12.3%) 

Desbutyl 0.1 0.9 0.4 (0.5) 0.8 0.9 1.7 (1.1) 

Y~Alcohol 37.8 37.4 33.1 (36.1) 40.9 32.5 31.6 (35.0) 

3-Alcohol 15.1 16.1 16.4 (15.9) 19.3 15.0 12.9 (15.7) 

a-Alcohol 2.5 2.1 1.8 (2.1) 3.3 2.2 2.9 (2.8) 

Aliphatic Acid 1.7 1.9 3.8 (2.5) 2.6 2.1 2.6 (2.4) 

Conj ugates 0 0 0 (0) 0 0 0 (0) 

•k 
All values obtained from 2 dimensional TLC analysis of 5 day pooled fecal samples 

Average for the 3 subjects 
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reduced the percentage of conjugated bumetanide and metabolites re

maining at (1 dimensional TLC) or near (2 dimensional TLC) the origin 

with a concomitant Increase in the percentage of bumetanide and 

metabolites (Table 6, 7 and 8). 

Technique for Metabolite Identification 

The mass spectrum of the methylated unknown metabolite showed 

a molecular ion at m/e 394, 16 mass units higher than that of bu

metanide (Figure 10)- The presence of a major fragment at m/e 335 

localized the substitution to the ot, g or a-carbons of the N-butyl 

chain. The alcohols in the a and 3-carbon positions can be ruled out 

based on the isolation and purification procedures of TLC. The of 

the unknown compound if 0.53 in the 1 dimension TLC system as compared 

to 0.44 and 0.39 for the $-carbon and a-carbon alcohols respectively. 

Therefore, based on the mass spectral data there were two possibili

ties for its identity. The first possibility was that of an alcohol 

in the y-carbon position of the N-butyl chain. The second possibility 

was a product of B-oxidation of the N-butyl sidechain. An oxidation 

of this type would remove the a and 3 carbons from the butyl side-

chain resulting in the formation of a new ethyl sidechain with the new 

terminal carbon oxidized to an aliphatic acid. 

The lack of a large quantity of the purified unknown metabolite 

precluded analysis by nuclear magnetic resonance or infrared spectral 

analysis but did afford analysis by paper electrophoresis. Electro

phoresis would determine if this unknown compound was a mono- or di-

charged molecule at pH 9.0. After 45 minutes in the electric•field the 
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m/e 335 
OH 

COOCH 

m/e 317 

j m/e 394 

Figure 10. Molecular ion and diagnostic fragments of the methyl 
ester of the proposed y-carbon alcohol in the mass 
spectrometer. 
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unknown compound migrated toward the + end of the paper along with 

an slightly behind the pure mono-charged standards-bumetanide, a and 3 

alcohols and the N-desbutyl compound. The pure di-charged N-butyl 

aliphatic acid migrated approximately twice as far towards the + end 

of the paper. This data negates the possibility of the unknown being 

doubly-charged under these conditions. 

Pharmacokinetic Parameters 

The plasma data presented in Figure 11 is a 4 subject average 

which shows that bumetanide was rapidly absorbed reaching a peak plasma 

concentration within 30 minutes. The plasma data for each subject is 

presented in Appendix B. Metabolic products are found in plasma at the 

earliest time point and thereafter as indicated by the difference 

between the total radioactivity and bumetanide radioactivity. After 30 

minutes, the bumetanide concentration in plasma diminished exponen

tially with time and could be adequately described by a monoexponential 

curve. The average index calculated from a linear least squares 

straight line fit for the bumetanide curve was 0.9965 (range: 0.993-

0.998). The pharmacokinetic constants derived from the analysis of 

plasma, urine and bile are shown in Table 9. The average apparent 

volume of drug distribution for the 4 subjects was 25 Z with a range 

of 15.8 £ to 39.1 A. Bumetanide was removed from plasma with an 

average elimination constant (Kel) of 0.0082 min ̂  (range: 0.0064-

0.0096), an average plasma half-life of 1.5 hours (range: 1.2-1.8) and 

an average plasma clearance of 207.0 ral/min (range: 131.0-375.0). The 

individual elimination rate constant, 3e, of bumetanide in urine 
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Figure 11. A four subject average of the plasma decay curve for 
14c-bumetanide and total radioactivity after oral 
administration of ̂ C-bumetanide (2 mg/subj ect) . 



Table 9. Summary of the pharmacokinetic parameters determined after oral administration of C-
bumetanlde (2 mg/eubject) to four normal subjects. 

Subject t».(hr) Vd(t) KeKnin"1) 

Urine 

(tain *) ^(nln 

Bile 

B (niti 1) B (min 1) 
e n 

Cp(ml/tnln) CR(nl/nln) CQ(nl/nln) 

D.S. 1.2 39.1 0.0096 0.0052 0.0023 0.0021 375.0 266.0 

P.B. 1.8 25.2 0.0064 0.0027 0.0020 0.0002 O.OOOB 168.0 159.0 8.2 

C.L. 1.4 15.8 0.0083 0.0051 0.0017 0.0015 131.0 114.0 

S.1I. 1.4 18.5 0.0083 0.0047 0.0017 0.0019 154.0 132.0 

Average 1.5 24.9 0.0082 0.0044 0.0019 0.0016 207.0 168.0 8.2 

For term definitions see text page 33-36. 
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averaged 0.0044 min ̂  (range: 0.0027-0.0052) and the elimination rate 

constant, 3 , was 0.0019 min (range: 0.0017-0.0023). The f3 and 
m e 

constants for bile could only be calculated for subject, P.B.; 0.0002 

min ̂  and 0.0008 min \ respectively. For subjects D.S., C.L. and S.H. 

the elimination rate constants were estimated by using the 

equation Kel. = Kel - Kel . . The individual elimination rate n bile urine 

constants $ and 3 could not be measured. The 4 subject average em 

ê*N>lle was 0*0016 min ̂  (range: 0.001-0.0021). The renal clearance 

had a four subject average value of 168.0 ml/min (range: 114.0-266.0) 

and a biliary clearance value of 8.2 ml/min for subject P.B. 



DISCUSSION 

Diuretics are among the most commonly prescribed therapeutic 

agents. The advent of potent "high ceiling" diuretics such as 

furosexaide and ethacrynic acid have facilitated the management of many 

edematous states with very few cases classed as refractory. The addi

tion of the new diuretic bumetanide to the class of "high ceiling", 

rapid acting diuretics provides a new powerful diuretic with chemical 

and pharmacologic resemblances to furosemide but is far more active on 

a weight basis. The studies in this dissertation have shown that, in a 

14 
normal subject, C-bumetanlde administered orally to man in an aqueous 

solution was rapidly and almost completely absorbed (> 95%). Rapid 

14 absorption from the gut was shown by the early peaks in plasma C-

bumetanide concentration and the rapid onset of the total naturetic 

14 14 response. The peak plasma levels of total C and C-bumetanide were 

attained by 30 minutes after administration, after which, bumetanide 

declined with an average plasma half-life of 1.5 hours. 

After oral administration of 2 mg bumetanide in an aqueous 

solution, there was a substantial increase in the naturetic response 

coupled with an increase in saluresis within one hour after administra

tion and a duration of 4 to 5 hours. Evidence that bumetanide was the 

active species producing the diuretic response was noted when comparing 

urinary excretion of bumetanide with diuresis. Both excreted 
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bumetanide and diuresis peak at the same time. When the plateau of 

urinary bumetanide excretion was attained, the diuresis had also 

leveled and begun to decline. These results are comparable to those 

obtained following IV administration which produce a rapid pronounced 

diuresis at approximately 45 minutes to one hour after administration 

with a duration of 2-3 hours (Karlander et al., 1973; Bollerup et al., 

1974; Sigurd et al., 1974). Oral administration of bumetanide in 

tablet form has been shown to produce a peak plasma concentration, peak 

urinary bumetanide and peak sodium output at 1 1/2 hours with a diuretic 

duration of 4 to 5 hours (Davies et al., 1974). It appears from the 

data comparison of IV, aqueous oral and tablet oral administration that 

the rapid onset of diuresis after I.V. administration can easily be 

attained using an aqueous bumetanide solution given orally. In 

situations not requiring rapid onset of diuretic action a non-aqueous 

tablet preparation would be more suitable and convenient. 

The pharmacokinetic data from this investigation show that bu

metanide was distributed throughout the extracellular fluid and was not 

extensively localized or bound to other tissue proteins as suggested by 

Davies et al. (1974). The quantitative recovery (4 subject average 

96%) of the administrated radioactivity would further discount the 

possibility of sequestration of bumetanide somewhere in the body. 

14 Approximately 81% of the C recovered appeared in the urine and the 

14 remainder in the feces. The presence of the C in the feces suggested 

the possibility of incomplete absorption or excretion into the intes

tine via the bile. Confirmation of the latter as the most probable 
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explanation was obtained by comparing the radioactivity recovered in 

the bile to that in the feces; 14.4% for subject P.B. compared to a 3 

subject (D.S., C.L., S.H.) average of 13.7% respectively. 

Further support for biliary elimination was based on the as

sumption that if drug was lost by only one route, whether renal or 

bile, the kel . or kel. value for the this route should be the 
urine bile 

same as the value for the overall Kel from the body. In our studies 

this was not the case. The average Kel from the body was calculated to 

be 0.0082 min ̂  compared to 0.0063 min ̂  for the total urinary elimina

tion constant (kel  ̂ , thus suggesting more than one elimination 

pathway. Canulation of the bile duct provided the means to directly 

determine the kel̂ *̂ calculated to be approximately 0.001 min ̂  for 

subject P.B. A 4 subject average was estimated to be 0.0016 

min \ Addition of the two rate constants, kel . and kel, ... urine bile 

gives an overall rate constant of 0.0079 min , comparable to the cal

culated Kel of 0.0082 min The rapid elimination of bumetanide as 

well as the small amount of the unmetabolized drug appearing in bile 

suggests the possibility that enterohepatic circulation was of little 

consequence in the action of the drug. 

The renal clearance of bumetanide exceeded the normal endo

genous creatinine clearance (Ccr» 125 ml/min) an average of 34% (range: 

91% of the C to 113% above C ). It would be difficult to state the 
cr cr 

actual mechanism of renal handling of the drug based on these figures, 

however, the observed clearance rates suggest that bumetanide undergoes 

significant tubular secretion in addition to filtration. Further 
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evidence in support of the tubular secretion mechanism comes from 

experiments in the dog by Ostergaard et al. (1972). They indicate that 

bumetanide competes with both probenecid and p-aminohippuric acid for 

the transport system in the renal tubules. 

The studies in this dissertation have clearly shown that bu

metanide was quickly eliminated from the body by processes of metabo

lism and active secretion. TLC analysis of pooled urine, bile and 

fecal samples showed that the disappearance of bumetanide from the body 

of man appears to be totally explained by excretion of unchanged drug 

and sldechain oxidative metabolism and conjugation. This type of 

preferential sidechain metabolism is characteristic when both an 

aliphatic chain and an aromatic ring is present in the same compound 

and has been shown to prevail in the metabolism of probenecid (Dayton 

et al., 1973) and n-propylbenzene (Parke 1968, p. 39). To date there is 

no evidence of metabolism occurring on the phenolic ring. This may be 

due to the electron withdrawing effect of the functional groups at

tached to the adjacent aromatic ring, thus "deactivating" the phenolic 

ring to metabolism. Improved TLC analysis allowed the separation of 

the a-carbon, 0-carbon and y-carbon alcohols and now clearly shows the 

fj-carbon alcohol to be the major urinary metabolite. Other matabolites 

identified in the urine were the N-debutylated derivative and the 

terminal aliphatic acid. Comparing unhydrolyzed urine to base and f3-

glucuronidase treated urine by TLC analysis showed that approximately 

22% of the urinary radioactivity was conjugated. TLC analysis of 

pooled bile and feces were almost identical when comparing metabolite 
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excretion after IN NaOH treatment but not the case when comparing 

unhydrolyzed bile and feces. The most significant difference was that 

virtually no conjugated bumetanide or metabolites were found in the 

feces, possibly due to chemical or bacterial decomposition in the lower 

intestine. Up to 15.5% of the biliary radioactivity was conjugated. 

It was concluded that the major conjugate formed was a glucuronide. 

This conclusion was based on the base sensitivity of glucuronides 

reported by Harman et al. (1964) and the liberation of free bumetanide 

and metabolites after B-glucuronidase/aryl sulfatase hydrolysis. 

Unlike the urine, the major metabolite identified in the bile and feces 

was the y-carbon alcohol. When compared to the urinary metabolites, 

all metabolites reported in the bile and feces were also found in the 

urine but in different proportions. These studies illustrate the 

inter-relationships that exists between the urine and bile as excretory 

routes for organic compounds. 
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RAT INVESTIGATIONS 
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EXPERIMENTAL 

Materials and Methods 

Animal Studies 

Male Sprague Dawley rats 200-450 g, were maintained on a diet 

of standard Purina Rat Chow and housed at 22°C in temperature con

trolled rooms on a normal cycle of 12 hours of light and 12 hours of 

darkness. Animals used in the studies of diuresis, plasma half-life 

determinations and bumetanide excretion studies were deprived of food 

for 24 hours prior to the start of the study. In all studies rats 

were divided into groups based on random selection. 

Surgical Procedures — Bladder and Bile Duct Cannulation 

Bladder cannulas were made from polyethylene tubing (P.E. 100) 

5 inches long. One end of this tube was flared to allow the cannula to 

be tied snugly in place to prevent unwanted removal. The flaring 

process was accomplished by briefly exposing one end of the poly

ethylene tubing to the heat of a lighted match. 

Bladder cannulation was performed with the rat under complete 

pentobarbital anesthesia (I.P., 45 mg/Kg). After complete anesthesia 

had occurred, a 1 to 2 cm incision was made in the skin approximately 

2-3 cm above the symphysis pubis and the peritoneum opened. The top 

of the bladder was drawn out with fine forceps and a small incision 
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made at the top to accommodate the flared end of the catheter. The 

cannula was tied into place with surgical thread (silk 00) forming a 

strong tight seal to prevent leaking. The bladder was placed back 

into the peritoneal cavity near to its original position and the in

cision sutured. 

Bile duct cannulation was accomplished according to the method 

of Klauda, McGovern, and Quackenbush (1973) with few modifications. 

The bile cannulas were made from polyethylene tubing (P.E. 10) cut 6-8 

inches long and beveled at one end. The rats were anesthetized with 

pentobarbital as described and a 6 cm median incision was made in the 

abdomen just below the xephlsternum. The peritoneum was opened and 

the bile duct exposed close to the liver, stretched with forceps and 

cleared of fat particles. With surgical thread (silk 00) in position 

underneath the duct a small incision was made in the upper part of the 

duct and the beveled end of the cannula inserted upward and tied into 

place. After bile flow was established, the incised wound was sutured. 

Diuresis Studies 

To better quantitate the diuretic response, four groups of rats, 

twelve rats per group, were given a loading dose of normal saline by 

gavage, 15 ml/Kg, anesthetized and their bladders cannulated as out

lined above. Anesthesia was maintained throughout the study with 

maintance doses of pentobarbital, 20 mg/Kg. Each large group was 

divided into two smaller sub-groups, A and B, of six rats each. The 

rats in sub-group A in all four groups were the only rats which re

ceived bumetanlde I.V., 1 mg/Kg in dimethylsulfoxide (DMSO, 0.01 ml). 
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The rats In sub-group B served as the control group and only received 

DMSO (0.01 ml) I.V. All I.V. injections were via the femoral vein. 

To test the assumption of no diuresis due to the extensive metabolic 

inactivation of bumetanide by the rat an attempt was made to block the 

metabolism of bumetanide using known metabolic inhibitors of the liver 

microsomal enzyme system. Each animal in groups II, III and IV re

ceived an I.P. injection of one of the following inhibitors dissolved 

in DMSO (0.08 ml); SKF 525-A (2-diethylamino-ethyl-2,2-Di-phenyl-

valerate, hydrochloride, Smith Kline and French Laboratory), piperonyl 

butoxide (3,4-methylenedioxy-6-propylbenzyl butyl diethylene glycol 

ether, obtained from the Department of Entomology, University of 

Arizona) and DPEA (2,4-dichloro-6-phenylphenoxyethylamine, The Lilly 

Research Laboratories) respectively. All 12 rats in group I, receiving 

bumetanide only, received an I.P. injection of DMSO only (0.08 ml). 

Group II received an I.P. injection of SKF 525-A (75 mg/Kg) 1 hour 

prior to the I.V. injection of bumetanide or DMSO. Group III received 

two I.P. injections of piperonyl butoxide (150 mg/Kg) at 30 minutes 

and 10 minutes prior to the I.V. injection of bumetanide or DMSO. 

Group IV was injected I.P. with DPEA (10 mg/Kg) 30 minutes prior to 

the I.V. injection of bumetanide or DMSO. 

Urine samples were collected at an interval of 0-30, 30-60, 

60-90 and 90-120 minutes after the I.V. injection of bumetanide or 

solvent (DMSO) in the control animals. At the end of the study the 

urine Na+ and K* levels were determined by flame photometry 
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(Baird-Atomic, Model KY 3 Flame Photometer) and the volume of urine 

produced per time measured. 

14 
Plasma C-Bumetanide Studies 

14 Plasma C-bumetanide concentration data was determined after 

a single I.V. injection (femoral vein) of 1 mg/Kg C-bumetanide (5-10 

pCi). A group of 6 rats pretreated with an I.P. injection piperonyl 

butoxide (150 mg/Kg, 30 and 10 minutes prior to bumetanide) in DMSO 

(0.08 ml) was compared to 6 rats injected I.P. with just DMSO (0.08 

ml) before the I.V. injection of "^C-bumetanide. Both groups of rats 

were heparinized with an I.P. injection of 200 U.S.P. units of sodium 

heparin and maintained under anesthesia with pentobarbital. Blood 

samples, 0.2 ml, were collected via the tail vein at the following 

times after bumetanide injection: 1, 3, 5, 7, 10, 15, 20, 25, 30, 45 

and 60 minutes. The blood samples were centrifuged at 3500 EPM for 10 

minutes to separate the plasma and red cells. To facilitate the 

14 
determination of C-bumetanide in each plasma sample, 50.0 yl volumes 

of plasma were removed, placed in a 15 ml screw top vial and diluted 

to 1.0 ml with distilled water. Each sample was then treated with IN 

NaOH (0.4 ml) and vortexed at high speed for 30-45 seconds. The sam

ple was then acidified with IN HCl (0.8 ml) and extracted twice with 

two volumes of ethyl acetate. The organic layers were combined, 

evaporated to dryness and subjected to the specific benzene extraction 

14 method to quantitatively extract the C-bumetanide as described in 

14 Part 1 of this dissertation under Determination of C-Bumetanide in 

Plasma, Urine, Bile and Feces. 
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Excretion and Metabolism 

The excretion of bumetanide and metabolites via the urine and 

bile was compared between a rat pretreated with piperonyl butoxide and 

an untreated rat receiving bumetanide only. The animals were main

tained under anesthesia with sodium pentobarbital and their bladders 

and bile ducts cannulated as described above. Conditions for the 

experiment were exactly as outlined for sub-group A of group I and III 

in the diuresis studies with the addition of ̂ C-bumetanide (5 uCi) to 

the unlabeled bumetanide dose (1 mg/Kg). 

Urine and bile samples were collected at 0-30 minutes, 30-60 

minutes, 60-90 minutes and 90-120 minutes after bumetanide administra-

14 tion. To determine the total C excretion per sample 0.1 ml aliquots 

of urine and bile were taken at each collection time and added to 10.0 

ml Handlfluor (Mallinckrodt, No. 4022) and 1̂ 0 (4.5 ml). The solution 

was throughly mixed, counted in a liquid scintillation counter 

(Beckman LS-100) and the dpm per sample calculated. Quench correction 

was by the channel ratio method. Extraction isolation and identifi-

14 cation of C-bumetanide and metabolites was accomplished by TLC 

analysis using the methods previously described in Part 1 of this 

dissertation under the heading Thin-Layer Chromatography. Each sam

ple collection was analyzed separately and not pooled into one sample 

as described in Fart I. 

Pharmacokinetic Evaluation 

Plasma concentration data after a single I.V. injection of 

1 mg/Kg of "̂ C-bumetanide (5-10 pCi) appeared to exhibit biexponential 



decay and thus best fit a two compartment open model (Figure 12). 

Model parameters for a two-compartment model were calculated using the 

methods of Notari, 1975, outlined below. 

The apparent volume of distribution of the drug throughout the 

body after I.V. administration was calculated using the equation 
D 

Vd 83 is equal to the I.V. injected dose and B represents 

the rate constant for the overall elimination of drug from the body 

calculated according to B 53 *̂1/2 * Area is defined as the area under 

the blood level vs time curve following the intravenous injection from 

time zero to infinity. The area under the curve was estimated by 

dividing the curve into sections that approximate a series of trape

zoids with a triangle at each end. The individual areas of the 

trapezoid whose parallel sides are a and b and altitude h, is equal to 

h(a+b)/2, and the triangles, hb/2 whose base is b and altitude is h 

are summed to obtain the area under the curve. The plasma half-life 

(t 1/2) was determined using the extrapolation method from a semi-log 

plot of the plasma data with time. This was accomplished by deter

mining the extrapolated plasma concentration of the drug, Bq, at time 

zero from the intercept of the 3 slope. The time at which 1/2 of 

has been removed from the plasma was determined as the plasma half-

life. The rate constant for the overall elimination of drug from the 

rat body (Kel) was calculated according to Kel = t*l/2 = This 

calculated Kel is also equal to the elimination rate constants 

kel . + kel, ... . These rate constants, kel . or kel, are urine bile ' urine bile 

equal to the sum of the individual elimination rate constants Bm + Be, 
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Figure 12. Two compartment open pharmacokinetic model for bumetanide 
deposition in rats. 

6 = Kel - The overall first-order elimination constant for 
loss of drug from the body by all routes. 

kel . or kel. .. = 0 + 0 - The first-order elimination 
urine one m e 

constant for loss of drug from the body via the 
urine or bile. 

0 and 0 - The first-order rate constants for metabolism m 6 
and excretion of bumetanide, respectively. 

kn » k + k - The first-order elimination constant for 2 e m 
loss of drug from blood. 

k̂ 2 and k̂  ~ The rate constants for the transfer of bu

metanide between compartments, blood and tissues. 
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which represents the rate constants for the elimination of metabolites 

and excretion of bumetanide in a biological sample, respectively. 

these were determined from a knowledge of the amounts of drug and 

metabolites eliminated via the urine and bile and the overall rate 

constant, Kel. For example, when the plasma concentration of bu

metanide becomes zero, Be =  ̂ and (3m = —t where B« is the 
o o 

total amount of bumetanide excreted intact and M30 is the total amount 

of excreted metabolites. The plasma clearance constant was calculated 

according to =» 3 Vd. Calculation of the renal clearance Ĉ , and 

biliary clearance, Ĉ , was from data obtained from a semilog plot of 

the bumetanide remaining to be excreted in the urine or bile as a 

function of time. The points on this curve (xt) were generated using 

the following equation, xt = B°° - Bt, where B°° represents the total 

cumulative bumetanide urine or biliary concentration and Bt represents 

the bumetanide concentrations at the individual urine or bile collec

tion time points. Data obtained from this plot was used in the 

following formula CR =* (kel̂ ^̂ ) (Vd) and = (̂ el̂ -ĵ ) (Vd). With 

the existence of an observable a phase, it is possible to calculate 

the specific rate constants for the transfer of bumetanide between 

compartments, blood and tissues, represented by k̂  and and k̂ , 

the rate constant for the elimination of bumetanide from the blood. It 

is important to realize that k̂  is not the same as 0, the overall rate 

constant for elimination of bumetanide from the body. To calculate 

these constants it is necessary to obtain values for a, 0, Aq and Bq 

from a plot of log plasma bumetanide concentration against time. The 
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best-fit line for the $ phase (obtained by linear regression analysis) 

was drawn first to obtain the slope, -3, and the intercept, Bq. The 

slope, -a, and the intercept, Aq were obtained from a plot of the dif

ference between the 3 line and the experimental points of the first 

phase curve. This has been termed "feathering" blood level data to 

obtain a more accurate approximation of the distribution phase, a, 

(Figure 13). The values Aq, a, BQ, 3 are used in the following equa

tions to calculate the values for k̂ > t*ie rate constant for the trans

fer of bumetanide from blood to tissues and t*ie rate constant 

from tissues back into blood, and kj» elimination constant for the 

elimination of the drug from blood. The following equations can then 

be employed to calculate the values of the individual rate constants 

from the blood concentration data. 

P = A + B k„ = A'0 + B'a 
0 0 0  2 1  

A 
— k = ctB 
P 2 k 
o * 21 

B 

B' =P£ ki2 ° a + 0 " k2 ** k21 
o 

Statistical Analysis 

Significance of the difference between control and rats pre-

treated with the metabolic inhibitors was assessed by the paired t-test 

analysis and a P value of 0.01 or less was considered significant. 
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Figure 13. "Feathering" blood level data. The best-fit line for the 
0 phase is drawn first to obtain the slope, -B, and 
intercept, Bq. The second line represents the difference 
between the 8 line and the experimental points. The slope, 
-a, and intercept, A'q are obtained from this difference 
plot. The values Aq, a, Bq,. 3 are used to calculate the 
values for k^» and k2 ^Notari» 1975). 
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In Vitro Metabolism 

An investigation was conducted comparing the in vitro metabo-

14 
lism of C-bumetanide using untreated isolated liver hepatocytes vs 

those hepatocytes preincubated with the following inhibitors of micro

somal drug metabolism: SKF 525-A, piperonyl butoxide and DPEA. 

Preparation of Hepatocytes 

The preparation of the hepatocytes was a joint collaborative 

effort with the Laboratory of Dr. Klaus Brendel, University of Arizona, 

Tucson, Arizona. An outline of their method of isolation is presented 
t * 

below. 

The rats were anesthesized with ether throughout the surgical 

procedure. The abdominal cavity was opened, the bile duct isolated, 

and a polyethylene catheter (P.E. 10, Intramedic) inserted. The portal 

vein was then isolated and the canula of the perfusion apparatus 

(grooved 15 gauge SS needle) inserted and tied into the portal vein 

at the general locus of the lienal branch (Corredor, Brendel, and 

Bressler, 1969). The perfusion was started (6 ml/min) and the liver 

transferred from the abdominal cavity to the perfusion apparatus. After 

the transfer the perfusion rate was adjusted to a flow rate of 10 

ml/g/min. The entire procedure took less than 5 minutes, and the 

ischemic period was usually less than 5 seconds. 

The perfusion apparatus was filled prior to the liver isolation 

with 100 ml of the perfusion buffer, and equilibrated with oxygen at 

32°C. About 25 ml of the perfusate was used to clear the liver of red 

cells at a flow rate of 10 ml per minute.' The liver was then placed 
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Into the perfusion apparatus, the perfusate recirculated, and 50 mg 

collagenase In 25 ml perfusion buffer added to bring the total per

fusing volume back to 100 ml. The perfusion time in the presence of 

collagenase was 15-20 minutes at a flow rate of 10 ml/g/min. When the 

liver had significantly increased in size and started to leak per

fusate out of the lobes, the system was changed to non-circulating and 

the collagenase-containlng buffer washed out of the liver. Three 25 

ml exchanges of clean wash buffer were perfused through the liver to 

wash out remaining collagenase. The liver was disconnected from the 

canula, the tissue gently separated by opening scissors, and poured 

onto a sieve of 1 mm mesh size. The liver cells were washed into a 

second plastic beaker with wash buffer and the gently stirring motion 

of a soft rubber bulb. The crude liver cell suspension was gently 

drawn into a 100 ml pipet through a 3 mm fire-polished opening. This 

was repeated two times to dispense the cells. The suspension was then 

sieved through an 86 \i nylon sieve and the resulting cell suspension 

placed in the top conical tube of two stacked 50 ml plastic centrifuge 

tubes. The bottom tube was prefilled with 45 ml clean oxygenated wash 

buffer and the upper tube was a conical centrifuge tube with a 6 mm 

opening in the bottom. The tubes were centrifuged two minutes at 

40 x g, forming a loosely packed pellet of cells in the lower tube. 

The supernatant was discarded and the pellet was resuspended in wash 

buffer, and the washing procedure repeated two more times. The final 

pellet was gently resuspended in 100 ml of the incubation buffer. The 

yield of cells was 80-90% wet weight of the liver. 



Incubation Conditions 

Each incubation reaction contained 4 ml cells which were 

pipetted into 25 ml Erlenmeyer flasks, the bottoms of which had been 

heated and pushed inward to form a conically raised center which kept 

the cells from settling in the center of the flask. The opening of 

the pipet tip used for the dispension of the cells was enlarged to 3 

millimeters and fire polished. The 100 ml cell suspension was swirled 

continuously while pipeting to insure equal aliquots of cells in each 

incubation reaction. Cell suspensions contained 45-60 mg wet weight 

cells/ml or about 4.5-5.9 x 10̂  cells/ml. The appropriate metabolic 

inhibitor (1 mM), SKF 525-A, piperonyl butoxide and DPEA in 0.05 ml 

DMSO was added to the incubating cells 15 minutes prior to the addition 

14 
of C-bumetanide (250 yM, 1 pCi/vial). All incubations were carried 

out at 30°C. The reaction flaska were swirled in a gyrating incubator 

at 80 revolutions per minute. 

At the following time intervals, 10, 20, 30, 60, 120 and 240 

minutes, 0.5 ml of the incubation medium containing cells was sampled 

and added to 1.0 ml 10% TCA (trichloroacetic acid) to percipitate the 

protein. The sample was extracted twice with two volumes of ethyl 

acetate, the organic layers combined and evaporated to dryness under 

N̂ . These extracts were subjected to the specific benzene extraction 

14 technique described in Part 1 under Determination of C-Bumetanide 

in Plasma, Urine, Bile and Feces. The residual radioactivity remaining 

in the buffer phase was re-extracted twice with two volumes of ethyl 



so 

acetate and analyzed by TLC as described in Part 1 in the Thin Layer 

Chromatography section. 



RESULTS 

Diuresis Studies 

The effect of bumetanide on urine flow and electrolyte excre

tion for groups I-IV is averaged and presented in Tables 10, 11, 12 

and 13, respectively. The diuretic effect observed for each in

dividual rat in groups I-IV is presented in Appendix C. 

The data in Tables 10, 11, 12 and 13 show that all of the 

metabolic Inhibitors did significantly increase the urine volume flow 

and saluresis over the response elicited by bumetanide (1 mg/Kg) 

alone. In all groups, I-IV, a significant saluresis and diuresis was 

closely associated with the Increase in urine volume flow when com

pared to their individual control animals. Group III, pretreated with 

piperonyl butoxide, showed the highest level of diuresis reaching its 

peak within 30 minutes after bumetanide injection. Sixty minutes 

after this injection diuresis had returned to near control levels. 

Groups II and IV, receiving SKF 525-A and DPEA showed a similar pattern 

of diuresis, but not as dramatic as that produced in group III. 

Diuresis in groups I, II and IV also reached its peak within 30 min

utes but rapidly returned to control values within 60 minutes after 

bumetanide injection. Animals in group II, pretreated with SKF 525-A, 

exhibited a marked anti-diuretic effect prior to the injection of 

bumetanide. Urine flow and electrolyte excretion was substantially 

reduced when compared to control animals of other groups. 

81 
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Table 10. Summary of the diuretic response showing volume flow and 
Na+ and K+ excretion in rats receiving bumetanide only. 

Group I-A 

0-30 min 30-60 min 60-90 min 90-120 min 

Urine Volume 0.260* 0.200 0.150 0.150 
(0.036) (0.026) (0.030) (0.018) 

+ 
Na 0.021** 0.016 0.013 0.011 

(0.003) (0.002) (0.008) (0.001) 

K+ 0.057** 0.054 0.045 0.040 
(0.005) (0.011) (0.014) (0.004) 

Group I-B 

Urine Volume 0.160 0.140 0.170 0.200 
(0.013) (0.021) (0.013) (0.024) 

Na+ 0.018 0.017 0.019 0.023 
(0.001) (0.003) (0.003) (0.003) 

K+ 0.046 0.038 0.046 0.052 
(0.009) (0.008) (0.008) (0. ooi-i 

Group I-A received DMS0 plus bumetanide (1 mg/Kg) 

Group I-B received DMSO only, no bumetanide (control) 

Urine volume reported as ml 

Urine Na and K reported as mEq/time 

( ) = ± Standard error of the mean 

Volume flow and electrolyte excretion were not significantly increased 
by bumetanide injection Cl mg/Kg). 



83 

Table 11. Summary of the diuretic response showing volume flow and 
Na+ and K+ excretion in rats pretreated with SKF 525-A 
(75 mg/Kg) prior to receiving bumetanide. 

Group II-A 

0-30 min 30-60 min 60-90 min 90-120 min 

Urine Volume 0.350*// 0.190// 0.160 0.150 
CO.017) CO. 016) CO.014) CO. 017) 

Na+ 0.057**ft 0.032// 0.024// 0.017// 
(0.007) (0.009) (0.003) (0.002) 

"fr* K 0.043**// 0.019 0.027 0.027 
(0.003) (0.004) (0.003) (0.003) 

Group II-B 

Urine Volume 0.090 0.100 0.110 0.100 
(0.013) (0.012) (0.015) (0.011) 

"4* 
Na 0.008 0.008 0.010 0.013 

(0.000) (0.000) (0.001) (0.001) 

K+ 0.021 0.026 0.029 0.027 
(0.006) (0.006) (0.004) (0.003) 

Group II-A received SKF 525-A plus bumetanide (1 mg/Kg) 

Group II-B received SKF 525-A only, no bumetanide (control) 

Urine volume reported as ml 

Urine Na and K reported as mEq/time 

( ) =* ± Standard error of the mean 

< 0.01 compared to controls 
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Table 12. Summary of the diuretic response showing volume flow and 
Na+ and id" excretion in rats pretreated with piperonyl 
butoxide (150 mg/Kg, 2 injections) prior to receiving 
bumetanide. 

Group III-A 

0-30 min 30-60 min 60-90 min 90-120 min 

Urine Volume 1.600*// 0.320// 0.200 0.190 
(0.287) (0.038) (0.029) (0.019) 

Na+ 0.138**# 0.029 0.016 0.015 
(0.029) (0.006) (0.002) (0.001) 

+ 
K 0.098** 0.051 0.048 0.048 

(0.021) (0.007) (0.010) (0.007) 

Group III-B 

Urine Volume 0.240 0.150 0.180 0.190 
CO.019) (0.018) CO. 013) CO. 024) 

Na+ 0.022 0.014 0.014 0.017 
(0.002) (0.001) (0.001) (0.003) 

K+ 0.061 0.043 0.051 0.032 
(0.004) (0.005) (0.006) (0.006) 

Group III-A received piperonyl butoxide plus bumetanide (1 mg/Kg) 

Group III-B received piperonyl butoxide only 

$fc 
Urine volume reported as ml 

** + + i 
Urine Na and K reported as mEq/time 

( ) 63 ± Standard error of the mean 

// P < 0.01 compared to controls 
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Table 13. Summary of the diuretic response showing volume flow and 
Na and id* excretion in rats pretreated with DPEA (10 mg/Kg) 
prior to receiving bumetanide. 

Group IV-A 

0-30 rain 30-60 min 60-90 min 90-120 min 

Urine Volume 0.410*# 0.140# 0.160 0.160 
(0.014) (0.004) (0.011) (0.011) 

+ 
Na 0.033** 0.009 0.010 0.013 

(0.003) (0.001) (0.001) (0.001) 

K+ 0.059** 0.039 0.042 0.046 
(0.006) (0.005) (0,007) (0.005) 

Group IV-B 

Urine Volume 0.220 0.170 0.150 0.160 
(0.011) (0.023) (0,015) (0.013) 

+ 
Na 0.017 . 0.013 0.010 0.010 

(0.001) (0.002) (0,001) (0.001) 

K+ 0.057 0.045 0.043 0.043 
(0.009) (0.009) (0,007) (0.005) 

Group IV-A received DPEA plus bumetanide (1 mg/Kg) 

Group IV-B received DPEA only, no bumetanide (control) 

* 
Urine volume reported as ml 

** + + 
Urine Na and K reported as mEq/time 

( ) =» ± Standard error of the mean 

# P < 0.01 compared to controls 
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Excretion and Metabolism 

14 
The amount of C-bumetanide available limited the number of 

animals that could be used in this study. Therefore, excretion of 

bumetanide and metabolites via the urine and bile was compared between 

a rat pretreated with piperonyl butoxide and an untreated rat re

ceiving bumetanide only. This comparison showed a marked increase in 

the total urinary and biliary excretion of bumetanide from 0.12% to 

0.85% and 3.0% to 6.5% of the administered dose respectively (Table 

14). Although there was no apparent choleretic effect observed after 

bumetanide administration there was a significant diuretic effect in 

the piperonyl butoxide treated rat which correlated well with the in

crease in the urinary excretion of bumetanide. Peak diuresis and 

bumetanide excretion occurred within 30 minutes after bumetanide ad

ministration which rapidly declined within 60 minutes. Biliary ex

cretion of bumetanide exhibited this same pattern, peaking within 30 

minutes after administration followed by a rapid decline. The total 

recovery of radioactivity in the normal rat and the rat pretreated with 

piperonyl butoxide was 97.7% and 98.2% respectively. 

Urine and bile extracts were analyzed by TLC and showed that 

the 120 minute cumulative excretion of bumetanide amounted to 2.9% 

of the urinary and 9.5% of the biliary radioactivity in the piperonyl 

butoxide treated rat. In the rat receiving bumetanide only, 0.4% of 

urinary and 4.4% of the biliary radioactivity was excreted as bu

metanide (Table 15). Table 15 also shows that the number of major 

metabolites excreted did not change. The major observed difference 
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Table 14. Excretion of bumetanide In urine and bile from a rat re
ceiving bumetanide only and a rat pretreated with piperonyl 
butoxide prior to bumetanide administration. 

Excretion of Bumetanide as Percent of Total Dose 

Bumetanide Only 

0-30 min 30-60 min 60-90 min 90-120 min Total 

Urine* 0.05 0.05 0.01 0.01 0.12 

Bile* 2.50 0.35 0.11 0.08 3.04 

Urine + Bile 3.16 

Bumetanide + Piperonyl Butoxide 

Urine* 0.70 0.07 0.05 0.03 0.85 

Bile* 5.20 0.71 0.37 0.19 6.47 

Urine + Bile 7.32 

Percent of total dose determined using the specific benzene solvent 
extraction technique. 
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Table 15. Comparative TLC analysis of cumulative (0-120 min) urine 
and bile samples collected from a rat receiving bumetanide 
only and a rat pretreated with piperonyl butoxide prior to 
bumetanide injection. 

Percent of Urinary 
Radioactivity* 

Percent of Biliary 
Radioactivity* 

Bumetanide 
Only 

Piperonyl 
Butoxide 

Bumetanide 
Only 

Piperonyl 
Butoxide 

Bumetanide 0.4% 2.9% 4.4% 9.5% 

Desbutyl 3.1 4.3 3.9 3.3 

Aliphatic Acid 42.9 37.9 39.4 32.4 

0-Alcohol 2.8 5.1 2.1 3.6 

a-Alcohol 10.5 13.2 2.6 6.8 

Diol 6.2 12.2 5.1 10.0 

Conj ugates 9.0 8.9 15.2 15.8 

All values obtained from 120 minutes pooled urine or bile samples 
treated with IN NaOH. 



between the untreated and piperonyl treated rat was an increase in 

b-umetanide excretion both in the urine and bile. Other differences, 

seen in the urine and bile, were decreases in the excretion of the 

aliphatic acid and increases in the excretion of the a and B-carbon 

alcohols and the ct, 3-carbon diol. 

Pharmacokinetic Evaluation 

Rats Receiving Bumetanide Only 

The data presented in Figure 14 is a representative figure 

(rat No. 3) which best represents the plasma decay of bumetanide in 

the group of rats that received bumetanide (1 mg/Kg) and were not 

pretreated with a metabolic inhibitor. The plasma decay data for each 

rat in this group is presented in Appendix D. This figure shows a 

biphasic curve which is indicative of a two compartment open pharmaco

kinetic model. In this figure, the a-line represents the distribution 

phase and the f3-line represents the elimination phase of bumetanide 

from the body. The a-line in the figure graphically shows the very 

rapid distribution phase of bumetanide throughout the animal. The 

apparent difference between the first phase-line (generated from the 

least squares analysis of the actual early time points of the experi

ment) and the calculated a-line suggests that metabolism (elimination) 

and distribution of bumetanide are occurring simultaneously. All 

averages referred to in this section are from a total of 6 rats unless 

otherwise stated. The average index calculated from a linear least 

squares straight line fit for the a-line was -0.9833 ± -0.0121 and 
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Figure 14. Representative plasma decay curve for bumetanide (rat No. 
3, Appendix D) which, best represents the group of rats 
that received bumetanide .& mg/Kg) and were not pre-
treated with a metabolic inhibitor. 

Aq => 7,692 dpm/10 yl plasma 

Bq a 689 dpm/10 yl plasma 
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-0.9826 ± -0.0075 for the 0 phase. The pharmacokinetic constants 

derived from the analysis of plasma, urine and bile are shown in Table 

16. The average apparent volume of drug distribution was 193.9 ml ± 

3.1 ml. Bumetanide was removed from the body with an average elimina-

—1 —1 
tion constant (Kel or 0) of 0.0763 min ± 0.009 min , an average 0 

plasma half-life of 9.6 minutes ± 0.96 minutes and an average plasma 

clearance of 14.6 ml/min ± 2.4 ml/min. The individual elimination rate 

constant, 0̂ , of bumetanide in urine was 0.0001 min 1 and the elimina

tion rate constant of metabolites, S , was 0.0178 min 1 for the in-
ni 

dividual rat tested. The 0 and 0 constants for bile for this rat was, e m 

0.0212 min 1 and 0.0470 min 1 respectively. The overall kelurine was 

0.0179 min 1 and 0.0682 min 1 for kel, . The renal clearance for bu-
blle 

metanide was calculated to be 9.3 ml/minute and 10.3 ml/minute for the 

metabolites. The biliary clearance was 6.2 ml/minutes and 7.7 ml/min

utes for bumetanide and metabolites respectively. With the existence 

of an observable a-line, it was possible to calculate the specific rate 

constants for the transfer of bumetanide between compartments, blood 

and tissues. The rate constant for the elimination of bumetanide from 

the blood, k2» was calculated to be an average of 0.335 min 1 ± 0.048 

min The rate constant for the transfer of bumetanide from blood to 

tissues, k-̂ 2' averaged 0.137 min 1 ± 0.041 min 1 and the rate constant, 

k£̂ , representing the transfer of bumetanide from tissues back into 

blood averaged 0.124 min"̂  + 0.015 min"1. 



Table 16. Pharmacokinetic constants derived from the analysis of plasma, urine and bile after I.V. 
administration of bumetanide (1 mg/Kg) to normal untreated rats. 

Rat 

a-Curve 

t% min 

0-Curve 

t*i min B min'1 Vd (ml) 

Clearance (ml/min) 

Plasma Renal Bile min 1 k12min"1 k££ min 1 

1 1.45 8.50 0.0815 218.0 17.8 0.496 0.015 0.079 

2 1.10 6.00 0.1155 155.3 17.9 0.438 0.141 0.167 

3 1.60 10.10 0.0686 314.9 21.6 0.361 0.154 0.112 

4 1.25 9.45 0.0733 111.6 8.2 0.201 0.316 0.166 

5 1.10 13.10 0.0529 132.5 7.0 0.226 0.112 0.114 

6 1.80 10.50 0.0660 230.9 15.2 0.290 0.082 0.103 

Mean 1.38 9.61 0.0763 193.9 14.6 9.3* 6.2* 0.335 0.137 0.124 
(0.11) (0.96) (0.009) (3.1) (2.4) (0.048) (0.041) (0.015) 

For term definition see text page 71-75. 

Clearance values were not determined on rats in this series, therefore, only the final value is shown. 

( ) = ± Standard error of the mean 
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Rats Receiving Bumetanide Plus Metabolic Inhibitor 

The data presented in Figure 15 is a representative figure (rat 

No. 3) which best represents the plasma decay of bumetanide in the 

group of rats that received bumetanide (1 mg/Kg) after pretreatment 

with the metabolic inhibitor piperonyl butoxide. The plasma decay 

data for each rat in this group is presented in Appendix E. This 

figure shows a biphasic curve which is indicative of a two compartment 

open pharmacokinetic model. In this figure, the a-line represents the 

distribution phase and the B-line represents the elimination phase of 

bumetanide from the body. The a-line in the figure graphically shows 

the very rapid distribution phase of bumetanide throughout the animal. 

The apparent difference between the first phase-line (generated from 

the least squares analysis of the actual early time points of the 

experiment) and the calculated a-line suggests that metabolism (elim

ination) and distribution of bumetanide are occurring simultanously. 

All averages referred to in this section are from a total of 6 rats 

unless otherwise stated. The average index calculated from a linear 

least squares straight line fit fot the a-line was -0.9826 ± -0.0062 

and -0.9904 ± -0.0121 for the 0 phase. The pharmacokinetic constants 

derived from the analysis of plasma, urine and bile are shown in Table 

17. The average apparent volume of drug distribution for this group 

of rats was 153.2 ml ± 1.2 ml. Bumetanide was removed from the body 

with an average elimination constant (Kel or 6) of 0.0355 min ̂  ± 

0.002 min , an average 8 plasma half-life of 19.9 minutes ± 1.28 

minutes and an average plasma clearance of 5.4 ml/minutes ± 0.3 
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Figure 15. Representative plasma decay curve of bumetanide (rat No. 
3, Appendix E) for the group of rats that received bu
metanide (1 mg/Kg) after-pretreatment with the metabolic 
inhibitor piperonyl butoxide (I.P., 150 rag/Kg). 

Aq = 2,297 dpm/10 pi plasma 

B© » 443 dpm/10 pi plasma 



Table 17. Pharmacokinetic constants derived from the analysis of plasma, urine and bile after I.V. 
administration of bumetanide (1 mg/Kg) to rats pretreated with piperonyl butoxlde (I.P., 
150 mg/Kg). 

a-Curve 0-Curve 
Clearance (ml/min) 

Rat t'j min t*i min B min Vd (ml) Plasma Renal Bile k£ min k̂ 2min ̂  k£̂  min ̂  

1 3.80 20.10 0.0345 186.4 6.4 0.020 0.110 0.306 

2 2.75 15.50 0.0447 132.5 5.9 0.128 0.091 0.067 

3 2.75 20.50 0.0338 166.1 5.6 0.099 0.060 0.070 

4 3.60 19.25 0.0360 113.3 4.1 0.108 0.097 0.062 

5 2.90 25.20 0.0275 178.4 4.9 0.106 0.031 0.054 

6 4.50 18.90 0.0367 142.2 5.2 0.133 0.079 0.085 

Mean 
+ 

3.38 
(0.29) 

19.91* 
(1.28) 

0.0355* 
(0.002) 

153.2 
(1.2) 

+ 
5.4 
(0.3) 

4.2* 4.8* 0.099+ 
(0.017) 

0.078 
(0.012) 

0.107 
(0.040) 

For term definitions see text page 71-75. 

Clearance values were not determined on rats in this series, therefore, only the final value is 
shown. 

+P < .01 when compared to the means reported in Table 16. 

( ) = ± Standard error of the mean 
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ml/minutes. The individual elimination rate constant, 6 , of bu-
e 

metanide in urine was 0.0003 min ̂  and the elimination rate constant 

of metabolites, was 0.0094 min for the individual rat tested. 

The $ and 0 constants for bile for this rat was, 0.0023 min ̂  and 
e m 

-1 -1 
0.0221 min respectively. The overall ̂ ê -ur;j[ne was 0.0097 min 

and 0.0244 min for The renal clearance for bumetanide was 

calculated to be 4.2 ml/minute and 4.8 ml/minute for the metabolites. 

The biliary clearance was 4.8 ml/minute and 7.9 ml/minute for bumeta

nide and metabolites respectively. With the existence of an observable 

cc-line, it was possible to calculate the specific rate constants for 

the transfer of bumetanide between compartments, blood and tissues. 

The rate constant for the elimination of bumetanide from the blood, 

k2> was calculated to be an average of 0.099 min ̂  ± 0.099 min 

The rate constant for the transfer of bumetanide from blood to tissues, 

k̂ » averaged 0.078 min ̂  ± 0.017 min ̂  and the rate constant, ̂ l* 

representing the transfer of bumetanide from tissues back into blood 

averaged 0.107 min ± 0.040 min 

In Vitro Metabolism 

The liver cell preparation described proved to be an excellent 

and long term viable preparation for studying the in vitro biotrans

formation of bumetanide. At no time during these experiments was there 

any indication of cells percipitating out of suspension. The addition 

of the inhibitors of drug metabolism to these in vitro cells proved to 

be an excellent means of decreasing the extensive and rapid metabolism 

of bumetanide by the liver. The data summarized in Figure 16 shows 
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Figure 16. Effects of various inhibitors of microsomal drug 
metabolizing enzymes on the in vitro biotransformation 
of bumetanide by isolated rat liver cells. Incubations 
were performed under air at 30°C, at a drug concentration 
of 250 pM and all inhibitors were present at a final 
concentration of 1 mM. 
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that all these inhibitors of drug metabolism greatly reduced the bio-

14 transformation of bumetanide, as measured by the appearance of C-

metabolites of bumetanide. This was accomplished by the specific 

benzene extraction technique described in Part I of this dissertation. 

The highest degree of inhibition occurred at 75 minutes after the 

addition of bumetanide to the incubation flasks. At this time DFEA 

had inhibited biotransformation of bumetanide by 62.3%, SKF 525-A by 

61.2% and piperonyl butoxide by 54.9%. Bumetanide was very exten

sively metabolized in this system and by the end of 120 minutes of 

incubation, 91% of the drug was metabolized by the cells that were not 

exposed to any inhibitor. Metabolism by the cells pre-incubated with 

SKF 525-A, piperonyl butoxide or DPEA was only 41.7%, 51.5% and 46.3% 

of the total substrate present, respectively. 

Since the metabolism of bumetanide was still linear at 75 

minutes of incubation and maximum inhibition occurred at this time, 

these samples were lyzed, extracted with ethyl acetate and subjected to 

TLC analysis to separate bumetanide and its various metabolites. Table 

18 shows that at this time point (75 minutes) only 20.1% of the sub

strate remained to be metabolized by those calls not pre-incubated with 

an inhibitor. In those samples pre-incubated with SKF 525-A, piperonyl 

butoxide or DPEA the unmetabolized bumetanide amounted to 68.7%, 

60.9% and 70.8% respectively at 75 minutes. A comparison of the 

metabolites formed (Table 18) showed that in all samples, inhibited 

and uninhibited, the metabolic excretion pattern remained about the 
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Table 18. Summary of bumetanide and its metabolites formed during a 
75 minute incubation with normal isolated hepatocyles and 
hepatocytes pretreated with metabolic inhibitors: SKF 
525-A, piperonyl butoxide and DPEA. 

Compound 
Bumetanide 

Only + SKF 525-A 
Piperonyl 
+ Butoxide + DPEA 

Bumetanide 20.1% 68.7% 60.9% 70.8% 

Desbutyl 16.0 4.7 5.5 5.6 

Aliphatic Acid 15.2 4.3 6.8 4.8 

0-Alcohol 7.6 1.9 4.0 2.5 

a-Alcohol 3.7 2.6 2.9 3.1 

Diol 11.5 4.6 6.2 3.9 

Conj ugates 5.9 3.8 3.3 2.9 

Samples incubated at 30°C for 75 minutes after the administration of 
bumetanide. 

Inhibitor final concentration 1 uiM 

Bumetanide final concentration 250 yM 
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same. The predominate metabolites formed In all groups Incubated were 

the desbutyl derivative, aliphatic acid and the a, B-carbon diol. 



DISCUSSION 

The second part of this dissertation attempted to explain the 

observed differences in the diuretic efficacy of bumetanide that has 

been observed among the dog, man and rat. Many species variations 

in the pharmacological effect can be explained by differences in the 

rate of metabolism of the drug. The more rapidly a compound is 

metabolized, the faster it is cleared from the plasma. If the parent 

compound (bumetanide) is responsible for the observed pharmacological 

effect (diuresis), then the more rapid and extensive the metabolism, 

the shorter the duration of response. If metabolism is sufficiently 

rapid, then no pharmacological effect may be observed. By comparing 

the plasma half-life and the routes of elimination of bumetanide in 

the rat, dog and man, it became apparent that bumetanide was pref

erentially cleared from the rat plasma at approximately the same rate 

as the dog but about 10 times as fast as man. Even though the plasma 

half-life in £he rat and dog are about the same the metabolic scheme 

and routes of elimination vary considerably. Ostergaard et al. (1972) 

and Kolis et al. (1976) reported it was not possible to detect any 

significant metabolism, except conjugation, of bumetanide in the dog. 

It seems justifiable to conclude that metabolism cannot play a 

significant role in the inactivation of bumetanide in the dog. There

fore, drug inactivation was related to its rapid glomerular filtration 

101 
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and tubular secretion resulting in over 80% of the administered 

bumetanide excreted via the kidney, resulting in the high level of 

diuresis observed. The remaining 20% of the unmetabolized bumetanide 

was excreted via the bile. In the rat the metabolic scheme and pref

erential route of elimination was completely reversed. Bumetanide 

was extensively metabolized and excreted mainly via the bile at about 

70% of the total administered radioactivity and only 30% of the radio

activity in the urine. That radioactivity in the urine and bile, 

representing unmetabolized bumetanide, amounted to only 0.12% of the 

administered radioactivity and 3.0% respectively. Inactivation of 

bumetanide in man was dependent upon a combination of metabolism and 

the rapid renal excretion of the unmetabolized drug. The excretory 

pathways in man were similar to those of the dog, approximately 85% 

of the total radioactivity was excreted via the urine and 15% via the 

bile. Since bumetanide is a potent diuretic in man and dog it was 

assumed that prolongation of the plasma half-life in the rat should 

result in diuresis. In this species the plasma half-life was prolonged 

by pretreatment with agents that are known to inhibit liver micro

somal drug metabolism. 

Eats receiving an I.V. injection of bumetanide in the presence 

or absence of a metabolic Inhibitor exhibited a biexponential plasma 

decay. The average bumetanide plasma half-life in the absence of a 

metabolic inhibitor was approximately 10 minutes. The diuretic re

sponse to this injection was slight but not statistically significant 

during the first 30 minutes after injection when compared to its own 



103 

controls. Inhibiting the in vivo metabolism of bumetanide with the 

metabolic inhibitor piperonyl butoxide significantly increased the 

plasma half-life of bumetanide from 10 minutes to 20 minutes. 

Accompanying this 2 fold increase in the plasma half-life was a 

dramatic increase in the diuretic and saluretic response over that 

produced by an injection of bumetanide only. Increased diuresis 

correlated with an increase in the urinary excretion of unchange bu

metanide. Peak diuresis and peak bumetanide excretion occurred within 

30 minutes after bumetanide injection and rapidly declined within 60 

minutes. Since this inhibitor of drug metabolism decreased the for

mation of all metabolites of bumetanide and increased the excretion 

of unchanged bumetanide, it is likely that the diuretic response 

is Induced only by the parent molecule, bumetanide. 

The metabolic inhibitors SKF 525-A and DPEA were also admin

istered to rats prior to an injection of bumetanide and the diuresis 

compared with that of rats pretreated with piperonyl butoxide. A 

similar diuretic pattern was observed but much less dramatic. It was 

observed after canulation that production of urine in rats pretreated 

with SKF 525-A (group II A and B) was markedly reduced. This effect 

was not observed in the uninhibited, piperonyl butoxide pretreated 

or DPEA pretreated rats. This anti-diuretic effect of SKF 525-A was 

first reported by Arima and Kuriaki (1959) studying the renal carbonic 

anhydrase activity and electrolyte excretion in the rat. Their ex

planation for this effect was due to an accelerating effect directly 

on the carbonic anhydrase enzyme system in the renal tubules resulting 
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in decreased diuresis and electrolyte excretion. Magus, Rickert and 

Fouts (1968) studying the activation of hydrocortisone-induced 

tryptophan pyrrolase of rat liver by SKF 525-A reported the possibility 

of a facilitated release of ADH resulting from I.P. administration of 

SKF 525-A. This action would also produce a marked anti-diuretic I 

effect. In contrast to its anti-diuretic effect, SKF 525-A has been 

reported to (Marshal and .Williamson, 1964; Hook and Williamson, 1964) 

inhibit sodium transport by the kidney producing a diuretic effect 

when infused directly into the renal artery, an effect quite transient. 

Autoregulation of renal blood flow was also inhibited when the renal 

artery was infused with SKF 525-A (Brody, Lukensmeyer and Williamson, 

1964). Therefore, SKF 525-A was a potent anti-diuretic when admin

istered I.P. and a diuretic when infused. This evidence offers an 

explanation to the marked anti-diuretic effect of SKF 525-A observed 

during these studies and explains why the bumetanide induced diuresis 

was lower than expected in the SKF 525-A pretreated animals. 

The pharmacokinetic data suggested that bumetanide was dis

tributed throughout the body and was not extensively localized or 

bound to other tissue proteins. Pretreatment with piperonyl did lower 

the volume of distribution from 194 ml to 153 ml as would be expected 

with the increase in plasma half-life. However, this value still 

suggests distribution throughout the whole body. The quantitative 

recovery C97.7% in uninhibited rat and 98.2% in piperonyl butoxide 

treated rat) or the administered radioactivity would discount the 

possibility of sequestration of drug somewhere in the body. 
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Approximately 29.5% and 29.2% of the total radioactivity recovered was 

found in the urine and the total radioactivity recovered in the bile 

amounted to 70.5% and 70.8% of the dose in the uninhibited and piperonyl 

butoxide inhibited rats respectively. The average Kel from the body 

was calculated to be 0.0763 min in the untreated rats compared to 

0.0355 min ̂  for the pretreated rat. This comparison reflected the in

crease in plasma half-life of bumetanide as a decrease in the elimina

tion rate and was in agreement with a decrease in the plasma clearance 

of 14.6 ml/minute to 5.4 ml/minute, renal clearance of 9.3 ml/minute 

to 4.2 ml/minute and a biliary clearance of 6.2 ml/minute to 4.8 ml/ 

minute in the untreated vs pretreated rat. The elimination constant, 

k2» for the elimination of drug from the blood showed a decrease from 

0.335 min "** to 0.099 min * and also the distribution constant, k̂ » 

between blood and tissues was decreased from 0.137 min"1 to 0.078 min"1 

in the untreated vs pretreated rat. However, the distribution constant, 

k£̂ , between tissue and blood remained about the same with a slight 

—1 -1 decrease of 0.124 min to 0.107 min . The decrease in these con

stants are all indicative of a prolonged half-life of the drug due to 

the metabolic inhibitor blocking the main pathways of metabolism in the 

liver leading to elimination from the body. A prolonged half-life 

resulted in more bumetanide available for renal excretion resulting in 

diuresis. The ability of piperonyl butoxide to inhibit the metabolism 

of bumetanide was substantiated using an isolated hepatocyte in vitro 

incubation system. This system also showed that SKF 525-A and DPEA 
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were potent Inhibitors of the in vitro metabolism of buinetanide in this 

liver cell preparation. 

TLC analysis of pooled urine and bile samples and samples from 

the in vitro studies showed that the metabolic fate of bumetanide was 

totally explained by sidechain oxidative metabolism and conjugation. 

The urinary and biliary metabolic excretion pattern was quite similar. 

The major metabolite was the alipahtic acid. Other metabolites identi

fied were a-carbon alcohol, a, 8-carbon diol, N-desbutyl and the P-

carbon alcohol. The in vitro metabolic scheme was somewhat different. 

The major metabolites were the N-desbutyl, aliphatic acid and a, 0-

carbon diol. The 8-carbon alcohol and a-carbon alcohol were produced 

at about one half and one fourth of the major metabolites, respectively. 

In conclusion it is apparent that the diuretic effect of bu

metanide is related to its level in the plasma. When the plasma half-

life of bumetanide in the rat was prolonged by eliminating its major 

means of clearance, metabolic inactlvation, a significant diuretic 

effect was produced. In man, the plasma half-life of bumetanide is 

sufficiently long (1*5 hours) to elicit a potent diuresis. Peak 

diuresis in the rat and man was associated with peak urinary excretion 

of unmetabolized bumetanide, indicating bumetanide and not one of its 

metabolites was the active diuretic compound. 



APPENDIX A 

URINARY EXCRETION OF BUMETANIDE 

Individual cumulative urine excretion curves for subjects D.S., 

14 
P.B., C.L. and S.H. after oral administration of C-bumetanide. 

/ 
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Figure A.l. Cumulative excretion of bumetanide and metabolite radio
activity in the urine of subject D.S. after oral ad
ministration of ̂ C-bumetanide (2 mg). 
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Figure A.2. Cumulative excretion of bumetanide and metabolite radio
activity in the urine of subject P.B. after oral ad
ministration of ̂ C-bumetanide (2 mg). 
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Figure A.3. Cumulative excretion of bumetanlde and metabolite radio
activity in the urine of subject C.L. after oral ad
ministration of l̂ C-bumetaiiide (2 mg). 
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Figure A.4. Cumulative excretion of bumetanide and metabolite radio
activity in the urine of subject S.H. after oral ad
ministration of ̂ C-bumetanide (2 mg). 



APPENDIX B 

HUMAN PLASMA DATA 

Individual plasma data for subjects D.S., P.B., C.L. and S.H. 

14 after oral administration of C-bumetanide. 
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Figure B.l. 14 The plasma decay curve for C-bumetanide and total radio
activity after oral administration of l̂ C-bumetanlde (2 mg) 
to subject D.S. 
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Figure B.2. The plasma decay curve for C-bumetanide and total radio
activity after oral administration of l̂ C-bumetanide (2 rag) 
to subject P.B. 
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activity after oral administration of 14c-bumetanide (2 mg) 
to subject C.L. 
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Figure B.4. The plasma decay curve for C-bumetanide and total radio
activity after oral administration of l̂ C-bumetanide (2 mg) 
to subject S.H. 



APPENDIX C 

DIURETIC EFFECT 

Diuretic effect observed for each, individual rat in groups 

I-IV after I.V. administration of bumetanlde. 
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Table C.l. Diuretic effect observed after I.V. administration of 
bumetanide only. 

Group-I-A 

Rat 0-30 min 30-60 min 60-90 min 90-120 min 

1 Urine Volume 0.390* 0.280 0.300 0.150 
Na+ 0.032** 0.028 0.028 0.01 
K+ 0.074** 0.082 0.113 0.048 

2 Urine Volume 0.280 0.150 0.130 0.230 
Na+ 0.025 0.012 0.010 0.015 
K+ 0.046 0.022 0.036 0.049 

3 Urine Volume 0.300 0.160 0.110 0.150 
Na+ 0.030 0.013 0.010 0.010 
K+ 0.074 0.040 0.020 0.050 

4 Urine Volume 0.210 0.280 0.140 0.150 
Na+ 0.016 0.021 0.010 0.010 
Id- 0.047 0.090 0.044 0.046 

5 Urine Volume 0.130 0.160 0.100 0.100 
Na+ 0.010 0.012 0.010 0.010 
K+ 0.041 0.033 0.032 0.029 

6 Urine Volume 0.220 0.160 0.140 0.110 
Na+ 0.015 0.013 0.011 0.010 
K** 0.059 0.055 0.027 0.020 

Urine volume reported as ml 

Na and K mEq/time 

Bumetanide dose was 1 mg/Kg, I.V. 
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Table C.2. Diuretic effect observed after I.V. administration of 
DMSO only, no bumetanide (control) . 

Group I-B 

Rat 0-30 min 30-60 min 60-90 min 90-120 min 

1 Urine Volume 0.160* 0.150 0.180 0.160 
Na+ 0.013** 0.017 0.031 0.025 
K+ 0.050** 0.043 0.073 0.063 

2 U>"?.ne Volume 0.120 0.210 0.210 0.210 
Na+ 0.017 0.024 0.022 0.033 
K+ 0.025 0.048 0.045 0.051 

3 Urine Volume o.iao 0.190 0.160 0.150 
Na+ 0.021 0.027 0.021 0.017 
K+ 0.078 0.073 0.065 0.057 

4 Urine Volume 0.210 0.100 0.120 0.280 
Na+ 0.029 0.016 0.015 0.029 
¥+ 0.070 0.023 0.026 0.049 

5 Urine Volume 0.130 0.070 0.180 0.270 
Na+ 0.013 0.007 0.015 0.025 
K+ 0.017 0.01 0.023 0.056 

6 Urine Volume 0.160 0.130 0.140 0.150 
Na+ 0.016 0.010 0.010 0.011 
K+ 0.035 0.032 0.041 0.049 

Urine volume reported as ml 

Na and K mEq/time 
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Table C.3. Diuretic effect observed after I.V. administration of 
bumetanide in rats pretreated with SKF 525-A. 

Group II-A 

Rat 0-30 min 30-60 min 60-90 min 90-120 min 

1 Urine Volume 
Na+ 
K+ 

0.330* 
0.074** 
0.035** 

0.190 
0.047 
0.033 

0.100 
0.021 
0.027 

0.100 
0.015 
0.014 

2 Urine Volume 
Na+ 
K+ 

0.330 
0.074 
0.042 

0.230 
0.071 
0.010 

0.150 
0.035 
0.018 

0.120 
0.024 
0.031 

3 Urine Volume 
Na+ 

K+ 

0.290 
0.070 
0.052 

0.220 
0.020 
0.019 

0.160 
0.012 
0.016 

0.160 
0.013 
0.028 

4 Urine Volume 
Na+ 
K+ 

0.350 
0.036 
0.045 

0.120 
0.012 
0.030 

0.180 
0.021 
0.033 

0.210 
0.021 
0.029 

5 Urine Volume 
Na+ 
K+ 

0.400 
0.038 
0.046 

0.210 
0.020 
0.013 

0.190 
0.020 
0.025 

0.180 
0.016 
0.037 

6 Urine Volume 
Na+ 
K+ 

0.390 
0.047 
0.036 

0.180 
0.020 
0.010 

0.190 
0.020 
0.021 

0.130 
0.013 
0.024 

Urine volume reported as ml 

Na and K mEq/time 

SKF 525-A dose was 75 mg/Kg, I.P. 

Bumetanide dose was 1 mg/Kg I.V. 
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Table C.4. Diuretic effect observed after I.V. administration of 
DMSO (control) in rats pretreated with SKF 525-A. 

Group II-B 

Rat 0-30 min 30-60 min 60-90 min 90-120 min 

1 Urine Volume 
Na+ 
K+ 

0.080* 
0.010** 
0.025** 

0.110 
0.010 
0.033 

0.090 
0.010 
0.033 

0.080 
0.010 
0.030 

2 Urine Volume 
Na 
K+ 

0.080 
0.010 
0.010 

0.080 
0.010 
0.010 

0.150 
0.012 
0.032 

0.120 
0.010 
0.036 

3 Urine Volume 
Na+ 

K+ 

0.110 
0.010 
0.009 

0.050 
0.004 
0.004 

0.100 
0.008 
0.010 

0.120 
0.010 
0.013 

4 Urine Volume 
Na+ 

Id-

0.040 
0.003 
0.012 

0.090 
0.006 
0.032 

0.080 
0.006 
0.031 

0.090 
0.008 
0.031 

5 Urine Volume 
Na+ 
K+ 

0.130 
0.008 
0.046 

0.120 
0.009 
0.045 

0.080 
0.006 
0.029 

0.060 
0.006 
0.023 

6 Urine Volume 
Na+ 
K? 

0.120 
0.007 
0.026 

0.130 
0.010 
0.029 

0.170 
0.015 
0.042 

0.130 
0.012 
0.027 

Urine volume reported as ml 

** + + 
Na and K mEq/time 

SKF 525-A dose was 75 mg/Kg, I.P. 
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Table C.5. Diuretic effect observed after I.V. administration of 
bumetanide in rats pretreated with piperonyl butoxide. 

Group III-A 

Rat 0-30 min 30-60 min 60-90 min 90-120 min 

1 Urine Volume 1.710* 0.420 0.140 0.110 
Na+ 0.068** 0.038 0.012 0.008 
K+ 0.086 0.039 0.024 0.017 

2 Urine Volume 0.730 0.230 0.120 0.220 
Na+ 0.079 0.018 0.012 0.014 
K 0.058 0.042 0.023 0.044 

3 Urine Volume 1.790 0.280 0.170 0.170 
Na+ 0.079 0.020 0.012 0.014 
K+ 0.092 0.038 0.044 0.045 

4 Urine Volume 1.320 0.280 0.180 0.230 
Na+ 0.180 0.023 0.012 0.017 
K? 0.130 0.050 0.039 0.051 

5 Urine Volume 1.830 0.280 0.260 0.210 
Na+ 0.179 0.023 0.020 0.016 
K+ 0.135 0.088 0.086 0.064 

6 Urine Volume 1.930 0.470 0.310 0.220 
Na+ 0.245 0.054 0.025 0.021 

0.203 0.049 0.071 0.065 

Urine volume reported as ml 

Na and K mEq/time 

Piperonyl butoxide given I.P., two doses, 150 mg/Kg each injection. 

Bumetanide dose was 1 mg/Kg, I.V. 
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Table C.6. Diuretic effect observed after I.V. administration of 
DMSO (control) in rats pretreated with piperonyl butoxide. 

Group III—B 

Rat 0-30 min 30-60 min 60-90 min 90-120 min 

1 Urine Volume 0.210* 0.120 0.160 0.150 
Na+ 0.019** 0.012 0.016 0.013 
K+ 0.057 0.028 0.032 0.024 

2 Urine Volume 0.270 0.100 0.220 0.210 
Na+ 0.024 0.012 0.017 0.016 
K+ 0.053 0.032 0.054 0.057 

3 Urine Volume 0.270 0.120 0.180 0.150 
Na+ 0.025 0.013 0.013 0.012 
K+ 0.077 0.041 0.075 0.048 

4 Urine Vol lime 0.260 0.200 0.220 0.300 
Na+ 0.029 0.016 0.016 0.030 
K+ 0.049 0.044 0.051 0.063 

5 Urine Volume 0.150 0.180 0.150 0.170 
Na+ 0.011 0.013 0.012 0.019 
K+ 0.063 0.064 0.049 0.061 

6 Urine Volume 0.250 0.200 0.160 0.160 
Na+ 0.022 0.017 0.011 0.011 
K+ 0.065 0.046 0.045 0.046 

Urine volume reported as ml 

 ̂̂ "J* 
Na and K mEq/time 

Piperonyl butoxide given I.P., two doses, 150 mg/Kg each injection. 
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Table C.7. Diuretic effect observed after I.V. administration of 
bumetanide in rats pretreated with DPEA. 

Group IV-A 

Bat 0-30 min 30-60 min 60-90 min 90-120 min 

1 Urine Volume 
Na+ 
K+ 

0.460* 
0.040** 
0.041** 

0.130 
0.008 
0.025 

0.140 
o.ou 
0.027 

0.160 
0.013 
0.033 

2 Urine Volume 
Na+ 
K+ 

0.430 
0.038 
0.056 

0.150 
0.010 
0.051 

0.150 
0.009 
0.028 

0.170 
0.014 
0.048 

3 Urine Volume 
Na+ 
id* 

0.380 
0.037 
0.068 

0.160 
0.012 
0.053 

0.210 
0.020 
0.074 

0.210 
0.027 
0.069 

4 Urine Volume 
Na+ 

K+ 

0.380 
0.025 
0.084 

0.140 
0.008 
0.041 

0.150 
0.008 
0.047 

0.140 
0.007 
0.043 

5 Urine Volume 
Na+ 

Kt 

0.380 
0.027 
0.049 

0.130 
0.008 
0.028 

0.140 
0.008 
0.037 

0.160 
0.008 
0.047 

6 Urine Volume 
Na 
K* 

0.430 
0.029 
0.058 

0.140 
0.008 
0.039 

0.140 
0.007 
0.037 

0.130 
0.006 
0.034 

Urine volume reported as ml 

** + + 
Na and K mEq/time 

DPEA dose was 10 mg/Kg 

Bumetanide dose was 1 mg/Kg 
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Table C.8. Diuretic effect observed after I.V. administration of 
DMSO (control) in rats pretreated with piperonyl butoxide. 

Rat 

Group 

0-30 min 

IV-B 

30-60 min 60-90 min 90-120 min 

1 Urine Volume 
Na+ 
K+ 

0.180* 
0.015** 
0.042** 

0.100 
0.01 
0.027 

0.120 
0.008 
0.026 

0.130 
0.009 
0.04 

2 Urine Volume 
Na+ 
K+ 

0.240 
0.018 
0.068 

0.140 
0.010 
0.040 

0.170 
0.010 
0.055 

0.130 
0.007 
0.044 

3 Urine Volume 
Na+ 
K+ 

0.230 
0.017 
0.066 

0.180 
0.015 
0.055 

0.130 
0.009 
0.044 

0.160 
0.009 
0.056 

4 Urine Volume 
Na+ 
K+ 

0.260 
0.016 
0.090 

0.270 
0.019 
0.086 

0.220 
0.015 
0.072 

0.170 
0.010 
0.057 

5 Urine Volume 
Na+ 
K+ 

0.200 
0.011 
0.019 

0.160 
0.009 
0.016 

0.140 
0.010 
0.020 

•0.210 
0.014 
0.022 

6 Urine Volume 
Na+ 

K*" 

0.230 
0.023 
0.054 

0.150 
0.017 
0.044 

0.130 
0.010 
0.039 

0.130 
0.010 
0.040 

Urine volume reported as ml 

Na and K mEq/time 

DPEA dose was 10 mg/Kg 



APPENDIX D 

RAT PLASMA DATA: UNINHIBITED 

Individual plasma data for rats that have not been pretreated 

with a microsomal enzyme inhibitor. Each rat received an I.V. injection 

of "̂ C-bumetanide (1 mg/Kg). 
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14 Figure D.l. The plasma decay curve for C-bumetanide in rat number 1 
after an I.V. injection of ̂ -̂ C-bumetanide (1 mg/Kg). This 
rat was not pretreated with a microsomal enzyme inhibitor. 
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14 Figure D.2. The plasma decay curve for C-bumetanide in rat number 2 
after an I.V. injection of -̂ C-bumetanide (1 mg/Kg). This 
rat was not pretreated with a microsomal enzyme inhibitor. 
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14 Figure D.3. The plasma decay curve for C-bumetanide in rat number 3 
after an I.V. injection of -̂ C-bumetanide (1 mg/Kg). This 
rat was not pretreated with a microsomal enzyme inhibitor. 
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Figure D.4. The plasma decay curve for C-bumetanide in rat number 4 
after an I.V. injection of ̂ C-bumetanide (1 mg/Kg). This 
rat was not pretreated with a microsomal enzyme inhibitor. 
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14 
Figure D.5. The plasma decay curve for C-bumetanide in rat number 5 

after an I.V. injection of -̂ C-bumetanide (1 mg/Kg) . This 
rat was not pretreated with a microsomal enzyme inhibitor. 
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14 Figure D.6. The plasma decay curve for C-bumetanide in rat number 6 
after an I.V. injection of Ĉ-bumetanide (1 mg/Kg). This 
rat was not pretreated with a microsomal enzyme inhibitor. 
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APPENDIX E 

EAT PLASMA DATA: INHIBITED 

Individual plasma data for rats that have been pretreated with 

the microsomal enzyme inhibitor, piperonyl butoxide (I.P., 150 mg/Kg). 

14 After pretreatment each rat received an I.V. injection of C-

bumetanide (1 mg/Kg). 
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Figure E.l. The plasma decay curve for C-bumetanide (I.V., 1 mg/Kg) 
in rat number 1 pretreated with the microsomal enzyme 
inhibitor piperonyl butoxide 0L50 mg/Kg). 

AQ «> 1,747 

Bq = 434 

PQ = 2,181 



1000-

© 

•o 

100 

0 10 20 40 60 30 50 70 

Tim« (mlnutai) 

14 Figure E.2. The plasma decay curve for C-bumetanide (I.V., 1 mg/Kg) 
In rat number 2 pretreated with the microsomal enzyme 
Inhibitor piperonyl butoxide (150 mg/Kg). 

AQ « 2,263 

Bq ** 406 

PQ » 2,669 



136 

1000-

a 
E 
% 
a. 

1 
E 
•o 

100-

14 Figure E.3. The plasma decay curve for C-bumetanide (I.V., 1 mg/Kg) 
in rat number 3 pretreated with the microsomal enzyme 
inhibitor piperonyl butoxide (150 mg/Kg). 
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14 Figure E.4. The plasma decay curve for C-bumetanide (I.V., 1 mg/Kg) 
in rat number 4 pretreated with the microsomal enzyme 
inhibitor piperonyl butoxide (150 mg/Kg). 
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Figure E.5. The plasma decay curve for C-bumetanlde (I»V., 1 mg/Kg) 
in rat number 5 pretreated with the microsomal enzyme 
inhibitor piperonyl butoxide (150 mg/Kg) . 
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14 Figure E.6. The plasma decay curve for C-bumetanide (I.V., 1 mg/Kg) 
in rat number 6 pretreated with the microsomal enzyme 
inhibitor piperonyl butoxide C150 mg/Kg). 
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