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Bumetanide (3-n-butylamino4phenoxy&sulphamoylbenzoic acid, Fig. 1) is 
a potent high-ceiling diuretic which is, on a weight for weight basis forty times 
more potent than frusemide [l] _ Since the usual therapeutic dose of bumetan- 
ide is between 1 and 3 mg per day, resulting in peak serum levels of 10-120 ng 
ml-‘,a sensitiveassay procedureisreqrriredtoexamineitsp~armacokineticsin 

man. 
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Fig_ 1. Structural formulae of bametanide and 4-beuzyl-3-~-butylamiuo-5sullhamoyl~~ 
ic acid (iutemal standard)_ 

Fluorimetric [2], gas-iiquid cbromatographic [3], radiometric [4] and radio- 
immune [ 53 assays have been reported for the determination of bumetanide in 
biological fluids, However, aJ_i these methods have inherent disadvantages. Since 
b-e&snide is parGUy mekabolised in man [4] a specific and sensitive quanti- 
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dative method is required for me asuing its concentration in biological fluids. 
The paper describes a quantitative high-performance liquid chromatogmphic 

(HPLC) method for the determination of bumetanide in biological fluids using 
a fluorescence detector and an internal standard. 

MATERWANDMETHODS 

Chemicals and reagents 
Bumetanide was supplied by Leo Labs. (Hayes, Great Britain). 4Benzyl-3-n- 

butylamino5-sulphamoylbenzoic acid (internal standard, Fig. 1) was supplied 
by Leo Pharmaceutical Products (Copenhagen, Denmark). AU reagents and sol- 
wents were AnalaR grade (BDH, Poole, Great Britain) except the methanol 
which was HPF,& grade (Rathbum Chemicals, Walkerbum, Great Britain~. 
Standard solutions of bumetanide (IO-120 ng ml-‘j and internal standard (100 
ng ml-‘) were prepared in water. 

High-performance liquid chromatography 
A Waters Assoc. high-performance liquid chromatograph equipped with a 

Model 606OA pump, UK6 injector and a Model 426 fluorescence detector was 
used. The column (30 cm X 0.39 cm I.D.) was prepacked with IO-pm ODS- 
silica (PBondapak C18, Waters Assoc.). The mobile phase was methanol-water- 
acetic acid (70:30:1), pH 2.9 delivered isocratically at the rate of I.5 ml min-’ 
at ambient temperature. The excitation filter wavelength was 340 nm and the 
emission filter wavelength, 425 nm. A pre-column packed with Bondapak 
C&/Con&l (Waters Assoc.) was used to increase the life of the column. 

Extrcrctin procedure and sample preparation 
Serum (1 ml) was placed in a glass stoppered test-tube along with internal 

standard (0.3 ml), phosphaeitzate buffer pH 5 (2 ml) and potassium chlo- 
ride (0.5 g). For the calibration standards 1 ml of the buffer was replaced with a 
standard bumetanide solution (1 ml, 30 ng ml-‘). The mixture was extracted 
with diethyl ether (6 ml) by mechanically shaking for 2 min. The resultant 
mixture was centrifuged fo, v 10 min at 1060 g, and the diethyl ether phase 
transferred to a tapered test-tube. A second volume of diethyl ether (5 ml) was 
added to the aqueous phase, and the extraction step repeated. The combined 
diethyl ether phases were evaporated to dryness on a water-bath at 50°C. The 
residue was reconstituted with mobile phase (‘120 pl), centrifuged and injected 
on to the column. 

Smilarly, urine (0.2 ml) was placed in a stoppered test-tube along with inter- 
nal standard (0.6 ml), phosphate--citrate buffer pH 5 (2 ml), water (0.5 ml) 
and potassium chloride (1 g), and extmcted as for serum. For the urine calibra- 
tion standard 1 ml of buffer was replaced with s’l;andard bumetanide solution 
(1 ml, 60 ng ml-l). 

For the quantitative determination of bumetanide in serum and urine, &an- 
derd ewes+ were prepared by adding either humetanide (10-60 ng) and inter- 
nal standard (30 ng) to blank serum or bumetanide (20-120 ng) and internal 
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standard (60 ng) to blan?z urine_ The samples were extra&& and cbromato- 
graphed as described above and the peakheightzatios plotted againsttie 
bumetanide concentration. 

The recovery of bumetanide and internal s4zauM after either a single ex- 
traction or a double extraction with diethyl ether was obtained by adding a 
constant amountofeach to either blankserum or blankurineandtreating 
theminthesamewayasthecalibrationstandards, 
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Fig. 2.~~chroma~of(a)he~~b~and(b)bumetaoide(l)andin~s~ 
dard (2) recovered fkom se- Conditioti is d&bed in lKaeriaEs and Methds Detec- 

tion:IJv-----;fluoFi?scence. 



The advantage of fluorescent detection over Uv detection iu liquid chroma- 
to&aphy is increzsed specificity, resulting in increased sensitivity since UV 
absorbiug endogenous materiz& which are co-extracted with the-drug and in- 
ternal standard are not detected with the fluorescence detector (Fig. 2). Al- 
though the emission maxima for bumetanide and 4benzyl3-n-butylamio-5- 
suJ.ph~=oylbenzoic acid (internal standard) obtained with an excitation wave- 
length of 340 nm are 446 nm and 442 nm respectively, the wavelengths used in 
the method were dictated by the choice of filters available with the instrument. 

Using a reversed-phase C18 system, bumetanide and the internal standard are 
well resolved from the void volume peak in extracts from either serum (Fig. 2) 
or urine (Fig. 3d). The retention times for bumetanide and internal standard 
are 3.6 and 4.3 min respecfively, and it has been demonsk&ed that the desbu- 
tyl and aliphatic acid metabolites [4] are eluted in the void volume (unpublished 
re&k) with tht ?XPLC system described in this paper. 

An improved extraction yield was obtained for both bumetanide and inter- 
nal standard from sernm with a second extraction step (Table I) thus increasing 
the sensitivi~ of the method. It was not necessary to carry out a double ex- 
traction from urine since the extract yield for bumetanide was 95%. The repro- 
ducibility of the method based on ten replicate analyses of bumetanide (9 ng 
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Iilr') in serum and bumetanlde (66 ng ml-‘) in urine was 5.2% and 3.2% respec- 
&rely_ There was a reMlinear relationship between the peak height ratio and 
bumeknide concentration up to 60 ng ml-’ in serum and 120 ng ml-’ in urine. 

Fig, 3 shows typis+ chronatograms ob’kined from_ sexwm aLzd urine e&m&s 
from a subject who had received 1 mg of bumetwide orally; The diologicd 
&If-life for bumetmide for this subject c&x&ted from the senun concentm- 
tion-time curve was 1 h (Fig. 4). Of the dose ndministered 52% was exe&&d 
in24h. 



&traction yield (5%) (mean f SD.) 

serum 
single extraction 7157 73 r 7 
double extraction 91 c 7 86 f 6 

Urine 
single extraction 95 c 6 39 c 5 

AUXNQWLEDGEMENTS 

We are jgakfrrl to Dr. Ross Dixon of Hoffman-h Roche, Nutley, NJ, U.S.A. 
for his advice on establishing conditions for the assay. 

We would like to thank Leo Laboratories, Middlesex for their financial 
support and for supplying bumetanide, and Dr. P.W. Feit of Leo Pharmaceuti- 
cal Produck, Denmark for supplying 4benzyl3-n-bu~~ao-~s~ph~oyl- 
beuzoic acid. We are indebted to Dr. W.R. Murdoch for obtaining specimens of 
b@y fluids for analysis. 

REFERENCES 

E. &mrke, I&IA. Asbury, S. O’Sullivan and P.B.B. Gatenbury, Eur. J. Phumacol.. 23 
(1973) 263. 
E.H. f&erg&, MP. Magnussen, C.K. Nielsen, E. Eilerken and ii.H. Frey, Arzmeim.- 
For&~. 22 (1972) 66. 
P-W_ Feit, K_ Roholt and & St$rensen, 8. Pbarm. Sci., 62 (1973) 375. 
P.J. PentUinen, A. PenttiE, P.J. New&en and G. Gotboni, Brit. -J. &IL PbzmacoL, 4 
(1977) 39. 
W.R. Dixon, RL Young, A_ Holazo, ML Jack, R.E. Weinfeld, K. Alexander, A. Lieb- 
x11811 and S.A. Kaplan, 9. Pharm. Szi., 65 (1976) 701. 


