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Abstract 

An isocratic high performance liquid chromatographic method is described for the determination of the/]-adrener- 
gic blocking drug, propranolol, and the diuretic, furosemide, in human plasma. The two compounds and the internal 
standard were extracted from plasma using a two-step extraction technique. Propranolol and pindolol (internal 
standard) were first extracted from alkaline plasma into diethyl ether; this was followed by extraction of furosemide 
into acidified ether: hexane (65:35). The two extracts were then combined and evaporated under nitrogen, and the 
reconstituted residues were analysed on a C I8/SCX reversed-phase/cation exchange column with a mobile phase of 
acetonitrile: 0.1 M sodium acetate pH 4 (33:67). The drugs and the internal standard were detected by UV absorption 
at 230 nm. The drugs were also extracted from plasma by a column-switching technique utilizing a ten-port valve. The 
drug compounds were retained on a C18 pre-column. A comparison of RSD for within-batch (intra-assay) and 
between-batch (inter-assay) runs for both methods was carried out, the liquid/liquid extraction method giving better 
recovery values. The calibration graphs were linear from 25 300 ng ml ~ for furosemide and 50 400 ng ml ~ for 
propranolol. Recovery values were > 90.0% by liquid/liquid extraction and > 76.0% by column switching. 
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I. Introduction 

Propranolo l  (Fig. 1) is a fl-adrenergic blocking 
drug that  has found wide application for the 
t reatment  o f  cardiac arrhythmia,  sinus tachycar-  
dia [1], angina pectoris and hypertension. It has 
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also been suggested for use for a number  o f  other 
condit ions including dysfunct ional  labour  [2] and 
anxiety [3]. It has been found necessary on occa- 
sion to administer the diuretic furosemide to over- 
come some of  the side-effects o f  propranolol .  
Furosemide (Fig. 1) is considered to be a short- 
acting loop diuretic. It exerts its major  effect by 
inhibiting sodium reabsorpt ion in the proximal 
convoluted tubule and the loop of  Henle. Its 
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major  uses are in acute or chronic renal failure, 
congestive heart failure and liver cirrhosis [4,5]. 

To date there have been a number of  tech- 
niques which have been used for the determina- 
tion of propranolol,  including GC MS [6], MS [7] 
and HPLC [8 10]. The principal methods for 
determination of furosemide have been HPLC 
[11,12] and GC MS [13]. Cline-Love et al. [14], 
developed a micellar liquid chromatographic tech- 
nique which allowed determination of propra- 
nolol and furosemide in urine by micellar 
chromatography using a Hypersil C18 column 
and Brij 35 as the surfactant. The micellar mobile 
phase was optimized by varying the pH and con- 
centration of Brij 35; depending on these condi- 
tions either propranolol  or furosemide could be 
determined. To date no other method has been 
reported that allows the simultaneous determina- 
tion of  furosemide and propranolol.  

The aim of this work was to investigate the use 
of  a mixed-mode stationary phase for the simulta- 
neous determination of propranolol  and furos- 
emide in biological fluids. Development of  the 
chromatography and extraction procedures from 
first principles are also described. Two sample 
clean-up procedures were examined; liquid/liquid 
extraction and column-switching. Each of these 
methods was validated and a comparison of the 
two methods was carried out. 

the upper plasma layer was grently removed and 
stored at - 18°C until required for assay puposes. 

2.2. Standards 

Stock solutions were prepared by dissolving the 
appropriate amount  of  analyte in methanol to 
yield a solution of concentration 1 mg ml ~. A 
set of  calibration standards were prepared by 
dilution of the stock solution with deionised wa- 
ter. The furosemide standards covered the range 
25-200 ng ml ~ and the propranolol  standards 
covered the range 50-400 ng ml 1. A stock solu- 
tion of pindolol (the internal standard) was made 
to a concentration of 100 pg  ml ~ in methanol. A 
working solution of  20 pg  ml ~ was prepared by 
dilution of the stock solution with deionised 
water. 

Propranolol 

OCH2CH(OH)CH2NHCH(CH3)2 

2. Experimental 

2.1. Reagents and solvents 

Propranolol,  pindolol and furosemide were ob- 
tained from Sigma Chemical Co. (Poole, UK). 
HPLC grade acetonitrile, diethyl ether, hexane 
and water were obtained from Labscan Analytical 
Sciences (Dublin, Ireland). Analar  grade sodium 
acetate, acetic acid and sodium hydroxide were 
supplied by Merck (Darmstadt ,  Germany).  
Deionised water was obtained using an Elgastat 
spectrum water purification unit. A small pooled 
human plasma sample was obtained from a vol- 
unteer by drawing blood into evacuated tubes 
containing heparin as anti-coagulant. These were 
then centrifuged at 3000 rev min ~ for 5 min and 

Furosemide 

COOH 

N H 2 S O ~  NH --CH2 

CI 

Pindolol 

OCH2CH(OH)CH2NHCH(CH3)2 

Fig. 1. Chemical structures of propranolol, furosemide and 
pindolol (the internal standard). 
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Fig. 2. D iag ram of  10-port injection valve. 

2.3. Plasma standards 3. Procedures 

Aliquots of  blank plasma were spiked with 
stock solutions to produce the required concentra- 
tions of  the two drug components  and the internal 
standard. 

2.4. Instrumentation and operating conditions 

Furosemide, propranolol  and pindolol were 
separated on a C18/SCX (5 jim) reversed-phase/ 
cation exchange column (250 m m ×  4.6 mm i.d.) 
supplied by Shandon Scientific Ltd. (Chesire, 
UK). The mobile phase was 100 mM sodium 
acetate (pH 4.0) acetonitrile (67:33) delivered at a 
flow rate of  1.0 ml min ' by a Waters 510 HPLC 
pump (Waters Associates, Milford, MA). Injec- 
tion was by a Rheodyne (Cotati, CA) injection 
valve fitted with a 20 /~1 loop. The analytes were 
detected by ultraviolet absorption at 230 nm using 
a Waters Model 486 spectrophotometric UV de- 
tector (Waters). The resulting chromatograms 
were recorded on an integrator (Waters 746 Data 
Module). For the purpose of  column-switching a 
Waters 501 pump and an extraction column were 
connected to the analytical assembly via a ten- 
port switching-valve (Fig. 2). The extraction 
column (10 m m ×  1.5 mm i.d.) was packed with 
Hypersil (Shandon) C18 (30 /tg) material. Under 
the described chromatographic  conditions the 
mean retention times for the elution of 
furosemide, pindolol and propranolol  were 5.70, 
7.30 and 12.50 min respectively. 

3.1. Extraction method I (liquid/liquid extraction) 

As furosemide is acidic and propranolol  is ba- 
sic, a single extraction step will not permit the 
simultaneous recovery of the two compounds.  
Therefore it is neccessary to carry out a double 
extraction; this involves first extracting the 
furosemide from acidified plasma and then ex- 
tracting the propranolol  and pindolol from alka- 
line plasma. A series of  plasma standards were 

Table  1 
ln t ra -assay  for l iqu id / l iqu id  ex t rac t ion  

A m o u n t  added  Mean  a m o u n t  % R S D  
(ng ml ~) f o u n d _ + S D  

Proprano lo l  

50 54 ± 4 
100 100 ± 11 
150 135 _+ 6 
300 318 + I1 
500 493 ± 8 

Mean  RSD = 5% 

v =  0 .00015+0 .99929x  r = 0.995 

Furosemide  
50 53 _+ 8 

100 90 _+ 19 
150 161 _+ 19 
250 246 _+ 4 
300 303 _+ 8 

Mean  RSD = 12% 
y = 0 .17593+  1.00433x, r = 0.995 

7 
I1 
4 
4 
2 

14 
21 
12 
4 
8 
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Table 2 
Inter-assay for liquid/liquid extraction 

Amount  added Mean amount  %RSD 
(ng ml ') found _+ SD 

Propranolol 
50 56 ± 6 l l  

100 99 ± 5 5 
150 136 ± 9 7 
300 312 ± 16 5 
500 494 ± 6 I 

Mean RSD = 6 %  

y =  0.63692 + 0.99425.< r =  0.997 

Furosemide 
50 58 + 8 14 

100 91 + 5 5 
150 147 + 28 19 
250 239+ 17 7 
300 294+ 19 7 

Mean RSD = 1 0 %  

y = 3.39640 +0.95480x, r = 0.996 

prepared containing furosemide, pindolol and 
propranolol  and these were submitted for extrac- 
tion. The extraction procedure was based on a 
method by Lindstr6m et al. [15]. Furosemide was 
extracted by adding 20/~1 of 2.0 M acetic acid to 
125 /*1 of  spiked plasma, and vortex-mixing each 
tube for 30 s. After the addition of 1 ml di- 
ethylether:hexane (65:35), the drug was extracted 
by vortex mixing for 150 s. Following centrifuga- 
tion at 1000g for 15 min at 4°C, the upper organic 
layer (800 /tl) was transferred into a clean 
polypropylene Eppendorf  tube. The plasma was 
subjected to further extraction to remove basic 
components  following a procedure based on a 
method by Kerremans et al. [16]. In this proce- 
dure, the basic components  were extracted by 
adding 50 /ll 1 M NaOH to the plasma and 
vortex mixing for 60 s. After addition of 1 ml of  
diethylether to all tubes, they were then cen- 
trifuged at 1000g for 15 min at 4°C. The upper 
organic layer (800/tl)  was removed and added to 
the acidic layer. The combined layers were evapo- 
rated to dryness under a gentle stream of nitro- 
gen. The residue was reconstituted in 100 IH of 
mobile phase and a 20/,1 aliquot was injected for 
chromatography.  

3.2. Extraction method 2 (column-switching) 

The ten-port valve used in this part  of  the study 
is shown in Fig. 2. The spiked plasma sample was 
introduced via the injector port and swept onto 
the extraction column by water delivered by pump 
B. The drug components were selectively retained 
by the packing material in the extraction column, 
while the endogenous plasma components were 
eluted to waste. Upon switching the valve the 
mobile phase was diverted in a backflush mode 
via the extraction column, where it desorbed the 
drugs and swept them onto the analytical column 
for separation. 

3.3. Calibration and calculation 

Evaluation of the assay was carried out by the 
construction of a five-point calibration graph cov- 
ering the concentration ranges 25 200 ng ml ' 
(furosemide) and 50 400 ng ml ~ (propranolol) 
in plasma for the liquid/liquid extraction method. 
The concentration ranges for the column-switch- 

Table 3 
lntra-assay for column switching 

Amount  added Mean amount %RSD 
( n g m l  ') found_+SD 

Propranolot 

50 49 ± 10 21 
100 100 ± 14 14 
200 201 ± 23 12 
300 295 ± 22 7 
400 416 ± 15 4 

Mean R S D =  11% 
y =  4.74207+1.03271x, r = 0.998 

Furosemide 
25 2 8 + 6  21 
50 52 + I 1 22 
100 104+19 18 
150 157+ 12 8 
200 202 + 5 2 

Mean RSD = 14% 
v =  2.61652+ 1.00729x, r = 0.999 
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Table  4 
In ter -assay  for co lumn-swi tch ing  

A m o u n t  added  M e a n  a m o u n t  % R S D  

(ng ml ') found  _+ SD 

Proprano lo l  
50 45 ± 8 17 

100 102 ,+ 19 18 
200 210 ± 15 7 
300 294 ,+ 14 5 
400 401 ,+ 20 5 

Mean  R S D  = 1 0 % ,  

y = 0.30470 +0 .99991x ,  r = 0.998 

Furosemide  
25 24 _+ 5 22 
50 58 + 14 24 

100 95 _+ 9 9 
150 150 ± 16 11 
200 197 _+ 13 7 

Mean  R S D  = 1 4 %  

y = 2.44341 +0 .97303x ,  r = 0.996 

ing method were 25-200 ng ml ~ for furosemide 
and 50-500 ng ml -~  for propranolol.  The slope 
and intercept of  the calibration graphs were deter- 
mined through linear regression of the drug-to- 
internal standard peak-height ratio vs. drug con- 
centration plot. Individual peak-height ratios were 
then interpolated on the calibration graphs to 
determine values of  concentration found as com- 
pared to concentration added. 

4. Results and discussion 

4.1. Chromatographic conditions 

It is often necessary in drug management  pro- 
grammes to co-administer a number  of  compo- 
nents, in order to overcome side-effects. Since 
propranolol  and furosemide are occasionally co- 
administered, the aim of  this work was to develop 
a suitable method for the simultaneous determina- 
tion of furosemide and propranolol  in plasma. 
The initial step was to select the mobile phase 
conditions and selection was guided by previous 
work in this area [17]. The proport ions of  the 

buffer and pH were varied until maximum separa- 
tion was achieved for the components and the 
final mobile phase contained acetonitrile: sodium 
acetate (pH 4) (67:33). This system was capable of  
adequately resolving furosemide, pindolol and 
propranolol  from endogenous components in the 
plasma (Fig.3). 

4.2. Recover), 

Recovery of furosemide/propranolol from 
plasma was measured by calculating the precent- 
age difference between the peak heights of ex- 
tracted standards and those of the authentic 
(unextracted) standards in the relevent concentra- 
tion range. Using this method the mean recovery 
by the liquid/liquid extraction method for 
furosemide from plasma was found to be 90.75°/,, 
and for propranolol  to be 90.08%. The mean 
recovery by the column switching extraction 
method for furosemide from plasma was found to 
be 76.32% and for propranolol  to be 90.80%. 

4.3. Selectivity 

A number of  drugs were investigated as poten- 
tial interferants in the method and these included 
nitrazepam, clonazepam and quinalbarbitone. 
None of these were found to interfere. 

4.4. Assay validation 

Each of the methods developed for the simulta- 
neous determination of propranolol  and furose- 
mide were validated over the concentration ranges 
shown in Tables 1-4. 

4.5. Precision 

The data presented in Tables 1 and 2 demon- 
strate the inter- and intra-assay variation in the 
liquid/liquid extraction method. The data pre- 
sented in Tables 3 and 4 demonstrate the inter- 
and intra-assay variation in the column-switching 
method. Inter-assay variation was assessed singly 
in four replicate runs. Intra-assay variability was 
determined in quadruplicate over the same con- 
centration range. The precision of the method (as 
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Fig. 3. Chromatograms  showing (a) blank plasma, (b) the lowest concentration and (c) the highest concentration following 
liquid/liquid extraction. Compounds  were separated on a Hypersil C18/SCX column using a mobile phase of  100 mM sodium 
acetate (pH 4) acetonitrile (67:33 v/v) delivered at a flow rate of  1.0 ml rain ~. 

expressed by mean RSD) was determined for 
analyte to internal standard peak-height ratios 
when interpolated as unknowns on the regression 
lines. For  inter-assay variation, peak-height ratios 
were interpolated on the four regression lines 
generated from the four replicate runs. For  intra- 
assay variation, peak-height ratios were interpo- 
lated on a single regression line generated from 
the quadruplicate run. The mean RSDs for each 
method are given in Tables 1-4. 

4.6. Linearity and accuracy 

Linearity is defined by the correlation co- 
efficient of the regression line, and accuracy is 
defined by the percentage difference between 
"added"  and " found"  concentrations for intra- 
assay values presented in Tables 1-4. The correla- 
tion coefficient of the regression line for the mean 
intra-assay value was 0.995 or better in all cases. 

5. Conclusion 

This study shows that a mixed-mode C18/SCX 

column can find application in the simultaneous 
determination of strongly basic and acidic com- 
pounds. The HPLC method described is capable 
of simultaneously determining propranolol and 
furosemide extracted from human plasma. It was 
found that they could be adequately separated on 
a mixed-mode column in less than 15 min. Pin- 
dolol was the internal standard used. Liquid/liq- 
uid extraction and column-switching techniques 
were developed for the determination of propra- 
nolol and furosemide from plasma samples. Each 
of the methods was validated in terms of  RSD 
and recovery, linearity and accuracy. The column- 
switching method has the advantage of  being less 
tedious and time-consuming than the liquid/liquid 
extraction method, although an interfering peak 
was observed in the chromatograms using this 
method of  extraction (Fig. 4). The mean recovery 
value for furosemide obtained by this method was 
much lower than the mean recovery value ob- 
tained by the liquid/liquid extraction method. The 
liquid/liquid extraction yields better reproducibili- 
ties and 
fewer interferences and hence would find more 
application as a routinely used assay. 
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Fig. 4. Chromatograms showing (a) blank plasma, (b) the lowest concentration and (c) the highest concentration following 
extraction by column-switching. Compounds were separated on a Hypersil C18/SCX column using a mobile phase of 100 mM 
sodium acetate (pH 4) acetonitrile (67:33 wv) delivered at a flow rate of 1.0 ml min 
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