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SUMMARY

We describe a liquid chromatographic screening procedure for the detection, in urine, of twelve of
the fifteen potassium-depleting diuretics available in Australia. A 2-ml urine sample was acidified
with NaH,PO, (pH 4.1) and extracted with 4 ml ethyl acetate. The sample was cleaned up further
by washing with 5 ml Na,HPQ, (pH 7.5). The ethyl acetate was then evaporated to dryness, the
residue reconstituted in 100 ul mobile phase and 5 ul were injected onto a Merck LiChrosorb RP-18
{5 um) column. The ultraviolet absorbance of the eluent was monitored at 271 nm for 10 min. The
screen was evaluated by giving each of thirty volunteers the lowest recommended dose of one of the
diuretics in the study and obtaining urine samples 4, 8 and 24 h after having taken the dose. Twelve
diuretics, chlorothiazide, hydrochlorothiazide, quinethazone, chlorthalidone, methyclothiazide, clo-
pamide, frusemide, metolazone, mefruside, bendrofluazide, cyclopenthiazide and bumetanide, were
all detectable up to 24 h after a dose. We therefore conclude that the screen would be reliable for the
detection of these diuretics in urine.

INTRODUCTION

Diuretics are widely used in the treatment of congestive heart failure and
hypertension. Most increase urinary potassium excretion and can cause hypo-
kalemia in patients taking them for a prolonged period, either covertly or on
prescription. Thus, when reliable information is not available from the patient
or patient’s history, the investigation of electrolyte imbalances may be helped by
screening the urine for the presence of diuretics.

There are several methods available for the detection and quantitation of indi-
vidual diuretics [1], however, only a few screening procedures exist [2-7]. Three
of these only screen mixtures of pure compounds in pharmaceutial preparations
[2-4]. The remaining three procedures detect diuretics in urine to varying degrees
using quite independent methodologies. The method of Pilsbury and Jackson [5]
detects the presence of thiazide diuretics using a spectrophotometric-paper chro-
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matographic procedure. This method is limited to thiazide diuretics and lacks the
sensitivity and specificity of high-performance liquid chromatography (HPLC).
Sohn et al. [6] use a thin-layer chromatographic procedure preceded by extrac-
tion on a non-ionic resin column, in the detection of a limited range of commonly
used diuretics. Tisdall et al. [7] describe an HPLC screening procedure for the
detection of thiazide diuretics in urine. The main drawbacks of their procedure
are the use of two mobile phases in separate 12-min runs, the inability to detect
non-thiazide diuretics and the inability to detect chlorothiazide directly.

This paper describes an HPLC procedure for identifying, in urine, twelve of
the fifteen potassium-depleting diuretics available in Australia.

EXPERIMENTAL

Reagents

All reagents were of analytical or HPLC grade. Water was deionized and fil-
tered (18 MQpurity). Diuretic standard solutions were prepared from pure com-
pounds kindly provided by the manufacturers: chlorothiazide,
hydrochlorothiazide, chlorthalidone, frusemide, methyclothiazide and bendro-
fluazide, Protea Pharmaceuticals (Glebe, Australia); clopamide, Sandoz (North
Ryde, Australia); cyclopenthiazide, Ciba-Geigy (Lane Cove, Australia); mefru-
side, Bayer (Botany, Australia); quinethazone, Cyanamid (Baulkham Hills,
Australia) ; bumetanide, Astra Pharmaceuticals (North Ryde, Australia); meto-
lazone, Searle (Crows Nest, Australia); clorexolone, May & Baker (West Foots-
cray, Australia); indapamide, Servier (Hawthorn, Australia); and ethacrynic acid,
Merck Sharp & Dohme { South Granville, Australia). Stock solutions in ethanol
containing 1 mg/ml of each drug were stored at 4°C.

Apparatus

A Hewlett-Packard 1090A liquid chromatograph equipped with a diode array
detector was used for all screens. A Merck LiChrosorb RP-18 (5 um) column,
125 mm X4 mm I.D. was used at 50°C to effect separation of the twelve diuretics
studied. The flow-rate of the mobile phase, acetonitrile in 0.01 mol/l phosphate
buffer (pH 3.0), was maintained at 1.5 ml/min while a gradient was used to
increase the acetonitrile content from 10% at 1.5 min to 35% at 3.5 min. The
diode array detector was set to monitor the signal to the integrator at 271 nm,
however, spectral data between 210 and 400 nm were stored in computer memory
(Hewlett-Packard 85B) and this could be plotted at the end of the run.

Urine extraction

Urine samples of 2 ml were acidified with 2 ml of 1 mol/l NaH,PO, (pH 4.1)
and 4 ml ethyl acetate were added. Tubes were vortexed for 2 min and centrifuged
at 1500 g for 5 min. The organic phase was transferred to a second tube containing
5 ml of 0.1 mol/1 Na,HPO, (pH 7.5). The tubes were then vortexed for 2 min and
centrifuged as above. The organic phase was transferred to a conical tube and
evaporated to dryness at 60° C under a gentle stream of nitrogen. The residue was
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then reconstituted with 100 ul of 35% acetonitrile in 0.01 mol/l phosphate buffer
(pH 3.0) of which 5 ul were injected.

Recovery study
A urine sample was spiked to contain 10 ug/ml of each of the drugs and extracted

as described. The peak heights obtained were then expressed as a percentage of
the respective peak heights of an aqueous solution containing 200 ug/ml of each
drug injected directly into the chromatograph.

Patient samples

Urine samples were obtained from 41 patients attending the Hypertension
Clinic at the hospital. Each patient was receiving therapy with at least one of the
diuretics under consideration as well as a range of other antihypertensive medi-
cations. The patient samples were chromatographed to verify the screening pro-
cedure as well as to ensure that there was no interference from concurrent

medication.

Volunteer samples

Working in pairs, thirty volunteers were each given the lowest recommended
dose of one of the fifteen diuretics. Spot urine samples were collected at 4, 8 and
24 h post-dose and put through the screening procedure. The diuretic concentra-
tion for each urine sample was determined where possible.

Sensitivity study

The 1 mg/ml stock standards of each drug in ethanol were used to prepare a
composite solution containing 150 ug/ml chlorothiazide, mefruside and bumetan-
ide; 100 ug/ml chlorthalidone, frusemide and metolazone; and 50 yg/ml of the
others. The only standard not incorporated into the composite solution was clo-
pamide as the sensitivity of this drug was estimated separately. The composite
solution was used to spike urine samples at varying concentrations to estimate
sensitivity and quantities present in the patient and volunteer specimens.

RESULTS

Chromatography

Fig. 1 shows a trace of the extract of a spiked urine sample. The urine sample
contained the following concentrations; 30 ug/ml chlorothiazide, mefruside and
bumetanide; 20 g/ml chlorthalidone, frusemide and metolazone; and 10 ug/ml
hydrochlorothiazide, quinethazone, methyclothiazide, bendrofluazide and
cyclopenthiazide.

Fig. 2 shows a trace of an extract of drug-free urine and Fig. 3 of an extract of
a urine sample containing 20 ug/ml clopamide. Clopamide coelutes with methy-
clothiazide in this system with a retention time of 4.7 min. We resolved this sit-
uation as follows. When a peak eluted at 4.7 min in an unknown specimen, the
ultraviolet spectrum of the peak, between 220 and 400 nm, was plotted after the
run using a Hewlett-Packard 7470A X-Y plotter. The spectrum was then matched
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Fig. 1. Urine extract of eleven diuretics at listed concentrations run at 0.30 a.u.f:s. One twentieth of
these amounts can be detected when run at 0.032 a.u.f.s. Pure solutions of indapamide, clorexolone
. and ethacrynic acid elute at 5.8, 60 and 8.3 min, respectively, but these are not detectable in clinical
specimens. Peaks: 1 = chlorothiazide (30 ug/ml); 2 = hydrochlorothiazide (10 pg/ml); 3 = qui-
nethazone (10 ug/ml); 4 = chlorthalidone (20 ug/ml); 5 = methyclothiazide (10 yg/ml); 6 = fru-
semide (20 ug/ml); 7 = metolazone (20 ug/ml); 8 = mefruside (30 tg/ml); 9 = bendrofluazide (10

ug/ml);10 = cyclopenthiazide (10 ug/ml); 11 = bumetanide (30 zg/ml).
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Fig. 2. Blank urine extract.
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Fig. 3. Urine extract of 20 ug/ml clopamide (peak 1) run at 0.20 a.u.f.s. One twentieth of this amount
can be detected when run at 0.032 a.u.f.s.

to known standard spectra of clopamide and methyclothiazide (Fig. 4) to deter-
mine which peak was in fact present. For laboratories without this facility it is
satisfactory to report that a diuretic, either clopamide or methyclothiazide, was
present in the urine sample. For quantitative estimation we used methyclothia-
zide in the composite standard, however, if the patient peak was identified as
clopamide, an independent clopamide standard was run.
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Fig. 4. Superimposed ultraviolet spectra of methyclothiazide (—) and clopamide (- - -) showing that
they are easily distinguished. A post-run spectrum of a peak eluting at 4.70 min can therefore be
identified.
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TABLEI

EXTRACTION RECOVERY AND SENSITIVITY OF SCREEN (n=5)

Drug Concentration Recovery Concentration  Percentage full scale

(ug/ml) (mean*S.D.) (ug/ml) at 0.032 a.u.f.s.

(%) (mean*S.D.)

Chlorothiazide 10 19+ 0.6 1.5 15+0.8
Hydrochlorothiazide 10 69+ 0.6 0.5 28+0.8
Quinethazone 10 52+ 0.6 0.5 18409
Chlorthalidone 10 82+ 23 1.0 13+0.9
Methyclothiazide 10 87+ 1.5 0.5 43+1.1
Clopamide 10 91+18.0 1.0 11205
Frusemide 10 12+ 0.5 1.0 1711
Metolazone 10 80t 1.0 1.0 45+1.1
Mefruside 10 89+ 7.8 1.5 910.0
Bendrofluazide 10 82+ 2.3 0.5 17+1.0
Cyclopenthiazide 10 80+ 2.9 0.5 18+1.9
Bumetanide 10 32+ 1.2 1.5 9105
Recovery study

Recovery studies were based on extraction of 2-ml urine samples containing 10
ug/ml of each drug. The percentages of each drug recovered in the extraction are
listed in Table I. The low percentages of chlorothiazide and frusemide recovered
are due to loss of these relatively more acidic drugs, in the Na,HPO, (pH 7.5)

TABLEII

POSITIVE SCREENS AND CONCENTRATION RANGE OF PATIENT SAMPLES

Diuretic Number of Number of Concentration (ug/ml)

patients positive

screens Range Mean

Chlorothiazide 20 19 10 -1031 188
Frusemide 10 10 4 -54 22
Hydrochlorothiazide 8 7 3 -214 85
Cyclopenthiazide 2 2 0.08-0.09 0.09
Chlorthalidone 1 1 4 —
TABLE II1
PATIENTS-PRESCRIBED MEDICATIONS WHICH SHOWED NO INTERFERENCE IN THE
SCREENING PROCEDURE
Acetylsalicylic acid Danthron Metformin Ozxprenolol
Allopurinol Diazepam Methyldopa Pindolol
Alprenolol Digoxin Metoprolol Prazosin
Atenolol Dozxepin Mianserin Propranolol
Captopril Glibenclamide Minozxidil Salbutamol
Carbimazole Hydralazine Nifedipine Senckat
Clonidine Indomethacin Nitrazepam Theophylline
Coloxyl Labetalol Oxazepam Trifluoperazine
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TABLEIV
DOSES ADMINISTERED AND LEVELS DETECTED IN DIURETIC SCREEN VOLUNTEERS
Drug Administered Mean level in urine after single dose (ug/ml)

dose

(mg) 4h 8h 24h
Chlorothiazide 500 89.0 118.3 26.4
Hydrochlorothiazide 50 23.4 26.8 8.0
Quinethazone 50 21.0 25.5 7.5
Chlorthalidone 25 1.1 0.8 1.7
Methyclothiazide 5 0.1 0.2 0.2
Clopamide 20 0.2 0.2 0.1
Frusemide 40 8.3 5.6 0.4
Metolazone 2.5 0.8 1.3 0.3
Mefruside 25 0.3 0.2 Trace
Bendrofluazide 5 11 0.7 0.2
Cyclopenthiazide 0.5 Trace 0.03 0.4
Bumetanide 1 1.3 0.7 Trace

wash step of the extraction. This step is necessary to remove all strongly acidic
substances so a clear chromatogram may result. The low recoveries of these drugs
did not prove to be a problem in their detection as will be seen in the patient and
volunteer samples studied (vide infra).

Patient samples

Of the 41 patients samples obtained from the Hypertension Clinic, twenty
patients were taking chlorothiazide, eight hydrochlorothiazide, ten frusemide,
two cyclopenthiazide and one chlorthalidone.

The number of positive findings detected using the screening procedure together
with the range and mean concentrations estimated are shown in Table I1.

The degree of patient compliance was not formally assessed at the time of sam-
ple collection but the screening results indicate high compliance. In only two
patients, one presumed to be taking chlorothiazide and the other to be taking
hydrochlorothiazide were there negative findings. Cyclopenthiazide was unde-
tectable under the general conditions used but by increasing injection volume and
recording the screen at a higher sensitivity setting, cyclopenthiazide could be
detected.

The patients were taking their usual medications (Table III) at the time of
sample collection. It should be noted that none of these other drugs interfered in
the screening procedure. The only extraneous peak occurred at a retention time
of 3.03 min. This peak appeared to arise from an endogenous substance as it was
present in blank extractions, especially when the urine had been stored for an
extended period. Its presence, however, did not effect the screen in any way.

Volunteer samples

Thirty volunteers, working in pairs were given one of the fifteen diuretics at
the lowest recommended dose, and spot urine specimens were collected at 4,8
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and 24 h post-dose for screening. These results are summarized in Table IV.

Sensitivity study

A 2-ml urine specimen was spiked to contain one twentieth of the amount used
in the reference standard, the final concentrations being 1.5 xg/ml chlorothia-
zide, mefruside and bumetanide; 1.0 ug/ml chlorthalidone, frusemide and meto-
lazone; and 0.5 ug/ml hydrochlorothiazide, quinethazone, methyclothiazide,
bendrofluazide and cyclopenthiazide. A separate sample containing 1.0 #g/ml clo-
pamide was also prepared. These specimens were extracted, reonstituted in 100
ul of 35% acetonitrile in 0.01 mol/l phosphate buffer (pH 3.0) and 5 ul were
injected. At an integrator sensitivity setting of 0.032 a.u.f.s., all twelve peaks
obtained were at least 9% of full scale deflection (TableI).

DISCUSSION

We were prompted by a number of requests to our laboratory and by evidence
in the published literature [8-15] regarding the surreptitious use of diuretics, to
develop a reliable screening procedure for potassium-depleting diuretics available
in Australia. Using the described procedure we can simply and reliably screen a
random urine sample for twelve of the fifteen potassium-depleting diuretics stud-
ied. The three diuretics not included in the screen are indapamide, clorexalone
and ethacrynic acid even though they could be chromatographically separated
from the others with retention times of 5.8, 6.0 and 8.3 min, respectively. These
three drugs are extensively metabolised. Only 5-7.3% of a dose of indapamide is
excreted as unchanged drug in the urine [16, 17], therefore making it difficult to
detect as part of a general screen. If analytical conditions are optimized for inda-
pamide it could be detected individually as shown by Pietta et al. [18]. °

A single study of Corbett et al. [19] has shown that clorexalone is totally
metabolised via oxidative monohydroxylations into three major products which
are excreted in the urine, In the present study, there was no evidence of these
metabolites in the urinary extracts from two volunteers, both of whom had taken
10 mg of clorexolone.

Ethacrynic acid is primarily excreted into bile with 50% or more of the drug
appearing in faeces [20, 21]. Beyer et al. [21] reported that about 6-14% of
unchanged ethacrynic acid was excreted in the urine of dogs. By using optimal
extraction and chromatographic conditions we were able to detect ethacrynic acid
down to levels of 0.3 ug/ml in urine to which the drug had been added. There was,
however, no detectable ethacrynic acid peak in the urine extracts from two vol-
unteers who had each taken 50 mg ethacrynic acid and had urine specimens col-
lected at 4, 8 and 24 h after the dose. Stiiber et al.[22] described the use of gas
chromatography—mass spectrometry for the determination of ethacrynic acid in
plasma but have only worked with spiked samples. This method could be tried
bearing in mind that the elimination half-life of ethacrynic acid is only 0.5-1.0 h.

For the twelve potassium-depleting diuretics included in the screen, sample
preparation time is minimized as the urine is extracted directly, without the need
for any reduction or derivatization steps. This is an advantage over the method
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of Tisdall et al. [7] which cannot detect chlorothiazide directly and requires
reduction of chlorothiazide to hydrochlorothiazide, prior to extraction. Conse-
quently this necessitates a second sample preparation without the reduction step
to ensure that hydrochlorothiazide itself is not present. If the clean-up wash with
phosphate buffer pH 7.5 is omitted, a chromatogram with several extraneous
peaks results. This wash step is responsible for the low recovery figures for chlo-
rothiazide and frusemide. We have found, however, that the large dosage of chlo-
rothiazide and the sensitivity of our screen compensate adequately to enable us
to detect chlorothiazide levels as low as 1 ug/ml in urine. Similarly, the loss of
frusemide in the wash step did not cause any detection problems in the patient
and volunteer studies as levels down to 0.4 ug/ml in urine were easily detected.

It should be noted that methyclothiazide (retention time, tz 4.68 min) and
clopamide (tg 4.72 min) are not resolved and if a diode array detector is not
available to obtain an ultraviolet spectrum of a peak in this region, it would have
to be reported as either methyclothiazide or clopamide.

For the detetion of cyclopenthiazide the sensitivity must be increased four-fold
by either adjusting the sensitivity of detection, reconstitution volume, injection
volume or volume of urine extracted. We have found that plotting a post-run
chromatogram at an altered integrator sensitivity setting (e.g. 0.016 a.u.f.s.) or
alternatively monitoring the chromatogram at a wavelength of 230 nm is the
simplest way of detecting cyclopenthiazide which is present in relatively small
concentrations due to the low dose normally used.

The evaluation of the screen using normal volunteers showed twelve diuretics
were detectable up to 24 h after a low dose. The inability to detect indapamide,
clorexalone and ethacrynic acid does not greatly reduce the overall value of the
screen considering that sale of these three drugs together represent less than 1.5%
of the Australian diuretic market; individual figures estimated by the respective
manufacturers are: indapamide, < 1.0%; clorexalone, < 0.1%; and ethacrynic acid
tablets, <0.4%. We therefore conclude that the screen would be reliable for the
detection of commonly used diuretics and will therefore be of clinical use.
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