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SOLID-PHASE EXTRACTION TECHNIQUES 
FOR ASSAY OF DIURETICS IN HUMAN 

URINE SAMPLES 

PILAR C A M P ~ S - F A L C ~ * ,  ROSA H E R R ~ Z - H E R N ~ D E Z ,  
AND ADELA SEVILLANO-CABEZA 
Deprtamento a2 Quimica Analhica 

Facultad a'e Quimica 
UniversW a'e Vnlencia 

Burjasxot, Vnlencia, Spin  

Summary.- Solid-phase e x t r a c t i o n  techniques were evaluated f o r  t he  

treatment o f  u r i n e  samples i n  the  analys is  o f  d i u r e t i c s  before 

i n j e c t i o n  i n t o  an HP-Hypersyl ODs-C18 column. S i x  d i f f e r e n t  

reversed-phase e x t r a c t i o n  columns were tested,  and t h e  r e s u l t s  

obtained are compared w i t h  those obtained i n  a c l a s s i c a l  l i q u i d -  

l i q u i d  e x t r a c t i o n  w i t h  e t h y l  acetate.  

The solid-phase e x t r a c t i o n  procedures are the  best  o v e r a l l  

choice f o r  a l l  the d i u r e t i c s  tested,  due t o  t h e i r  v e r s a t i l i t y ,  t he  

minor time-consuming, and the  good recovery percentages obtained. 

C18 and C8 packings g ive the  h ighest  recover ies f o r  a m a j o r i t y  o f  

the d i u r e t i c s  studied. However, CH o r  PH columns, due t o  t h e i r  

greater s e l e c t i v i t y ,  can be used i f  the  e l u t i o n  o f  t he  ma t r i x  i s  

not  complete i n  the washing so lu t i on .  This could be more s u i t a b l e  

( * )  To  whom correspondence should be addressed 
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t o  ob ta in  s a t i s f a c t o r y  recover ies o f  t h e  more p o l a r  d i u r e t i c s  such 

as acetazolamide o r  hydrochlorothiazide. 

INTRODUCTION 

The most employed technique f o r  de tec t i ng  o r  quan t i f y i ng  

d i u r e t i c s  i n  b i o l o g i c a l  f l u i d s  i s  the reversed-phase l i q u i d  

chromatography. The analys is  o f  these drugs i n  serum plasma o r  

u r i n e  by HPLC requi res sample clean-up procedures t o  remove 

prote ins,  pigments e tc ,  before i n j e c t i o n  i n t o  the columns. The 

d i f f i c u l t i e s  w i t h  d i r e c t  i n j e c t i o n  procedures are p r i m a r i l y  due t o  

column degradation from i r r e v e r s i b l e  endogenous compounds 

adsorption, r e s u l t i n g  i n  a decrease i n  column performance and an 

increase peak pressure. The most s t ra igh t - fo rward  method f o r  sample 

preparat ion genera l ly  uses a l i q u i d - l i q u i d  e x t r a c t i o n  under a c i d i c  

o r  basic condi t ions t o  recover and concentrate t h e  drug i n  a 

su i tab le  organic solvent,  and t o  remove the  endogenous compounds 

t h a t  can be harmful t o  t h e  column packing. These procedures are 

usual ly  labour- intensive operat ions and mu l t i - s tep  e x t r a c t i o n s  may 

be necessary. Large volumes o f  organic so lvents  may be needed. 

Moreover, t he  i m m i s c i b i l i t y  o f  t h e  two employed phases can lead t o  

the format ion o f  emulsions ob ta in ing  v a r i a b l e  recover ies o f  the 

analytes. However, t he  recovery found f o r  a given compound by us ing 

an optimized e x t r a c t i o n  procedure i s  genera l ly  high, about 

80-100 % ( 1  ).  Low recover ies o f  bas ic  and/or weakly bas ic  d i u r e t i c s  

are obtained using ac id  ex t rac t i on ,  whereas a c i d  d i u r e t i c s  show 

poor e x t r a c t i o n  under basic condi t ions.  

Ful l in faw e t  a1 ( 2 )  obtained low recover ies f o r  a c i d i c  

d i u r e t i c s  such as ch lo ro th iaz ide  o r  furosemide because a re- 

e x t r a c t i o n  a t  pH 7.5 was needed to remove the  s t rong a c i d i c  
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DIURETICS IN HUMAN URINE 3517 

ur ina ry  endogenous compounds. Cooper e t  a1 ( 3 )  proposed two 

ex t rac t i ons  under both a c i d i c  and basic cond i t i ons  f o r  screening 

t e s t  i n  order t o  increase the  recover ies o f  d i u r e t i c s .  

Problems such as discussed above f o r  the 1 iqu id-1 i q u i d  

e x t r a c t i o n  techniques, have lead t o  the  research o f  a l t e r n a t i v e  

clean-up procedures. 

P r e c i p i t a t i o n  by s a l t s  such as ZnSO,, Ba(OH)? and MeCN ( o r  

MeOH) has been proposed f o r  t he  determinat ion o f  some d i u r e t i c s  i n  

plasma and u r i n e  ( 4 ) ( 5 ) .  

The l i t e r a t u r e  a l so  describes the  employment o f  spec ia l  

packings such as t h e  i n t e r n a l  surface reversed-phase support  ( I S P R )  

t o  e l im ina te  p ro te ins  adsorpt ion ( 6 ) ( 7 ) .  

M i c e l l a r  l i q u i d  chromatography using d i r e c t  i n j e c t i o n  wi thout  

any p r i o r  sample preparat ion has been employed t o  determine 

ch lor tha l idone i n  human plasma ( 8 ) .  Although it can be combined 

w i t h  an e x t r a c t i o n  before i n j e c t i o n  i n t o  t h e  column, t h e  authors 

i n d i c a t e  t h a t  i t  i s  no t  a p r a c t i c a l  p ropos i t i on .  Furthermore, t h e  

m i c e l l a r  system shows a loss o f  chromatographic e f f i c i e n c y  due t o  

poor mass t rans fe r .  

Sen te l l  e t  a1 ( 9 )  have suggested t h a t  m i c e l l a r  l i q u i d  

chromatography appl ied t o  the  determinat ion o f  bumetanide can be 

s a t i s f a c t o r y  i f  adequate su r fac tan t  concentrat ions are used i n  the  

mobile phase, s p e c i a l l y  i n  conjunct ion w i t h  a m i c e l l a r  

concentrat ion gradient.  

Solid-phase ex t rac t i ons  on disposable ca r t r i dges  have a l so  

been reported i n  the  l i t e r a t u r e  f o r  t he  analys is  o f  d i u r e t i c s  such 

as acetazolamide ( 1 0 )  o r  ami lo r i de  ( 1 1 ) .  but  they are n o t  o f  

general use. Solid-phase e x t r a c t i o n  techniques perform a s i m i l a r  

f unc t i on  t o  trace-enrichment columns. They use sorbents o f  t h e  same 

type as those used i n  a n a l y t i c a l  columns, b u t  w i t h  a much greater  
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p a r t i c l e  s ize.  The sorbent i s  h e l d  a t  t h e  bottom o f  a sy r i nge - l i ke  

column between two inner f r i t s .  The b i o l o g i c a l  f l u i d  passes through 

the mater ia l ,  and the  drug i s  bound t o  the sorbent. Then, t h i s  i s  

washed using deionised water o r  a b u f f e r  s o l u t i o n  t o  remove 

endogenous compounds. F i n a l l y  t he  drug i s  e l u t e d  i n  a small volume 

o f  a s u i t a b l e  organic solvent.  The consumed t ime i s  much l e s s  than 

t h a t  needed t o  process the  sample by a 1 i q u i d  e x t r a c t i o n  procedure. 

This work shows the p o s s i b i l i t i e s  o f  the solid-phase 

ex t rac t i on  technique f o r  t he  screening o f  d i u r e t i c s  i nc lud ing  drugs 

o f  a l l  t he  pharmacological groups, namely carbonic anhydrase 

i n h i b i t o r s ,  t h iaz ide  and th iaz ide- type,  loop, potassium - spar ing 

and u r i cosu r i c  agents. 

The packing ma te r ia l s  employed are o f  normal use i n  reversed- 

phase l i q u i d  chromatography: C18, CB, C2, c i c lohexy l  (CHI, phenyl 

( P H )  and cyano (CN). The r e s u l t s  obtained are compared w i t h  those 

found by a c l a s s i c a l  l i q u i d - l i q u i d  e x t r a c t i o n  procedure w i t h  e t h y l  

acetate, proposed by Cooper e t  a1 (3). 

EXPERIMENTAL CONDITIONS 

Reagents. A l l  the reagents were o f  a n a l y t i c a l  grade. Methanol and 

a c e t o n i t r i l e  were o f  HPLC grade (Schar lau).  Water was d i s t i l l e d ,  

deionized and f i l t e r e d  i n  nylon membranes, 0.45 urn (Teknokroma). 

D i u r e t i c s  standard so lu t i ons  were prepared by d i s s o l v i n g  i n  

methanol pure compounds: ami lor ide hydrochlor ide (ICI-Pharma), 

acetazolamide (Cyanamid I b e r i c a ) ,  hydrochloroth iaz ide (ICI-Pharma), 

t r iamterene (Sigma), ch lor tha l idone (ICI-Pharma), furosemide 

(Lasa), cyc lo th iaz ide  (Boheringsr Ingelheim),  bendroflumethiazide 

(Sigma), bumetanide (Boheringer Ingelheim),  e thacryn ic  ac id  
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DIURETICS IN HUMAN URINE 3519 

(Sigma), probenecid (Sigma) and spironolactone (Sear le  I b e r i c a  

S.A.). The i n t e r n a l  standard was B-hydroxymethyltheophylline 

(Sigma). 

Propylamine hydrochlor ide (F luka) ,  sodium dihydrogen phosphate 

monohydrate (Merk), disodium phosphate (Na2HPO,.12Hp) (Probus), 

sodium bicarbonate (Probus), potassium carbonate (Probus), lead 

acetate (F luka)  and e t h y l  acetate,  HPLC grade (Scharlau), were a l so  

used. 

Standard so lut ions.  The standard s o l u t i o n  o f  each d i u r e t i c  was 

prepared by d i sso l v ing  50 mg of the  pure compound i n  25 mL o f  

methanol ( 2 0 0 0  pg/mL); t r iamterene standard s o l u t i o n  was prepared 

by d isso v ing 100 mg o f  t he  pure compound i n  250 mL o f  methanol 

(400 pg/i L ) .  The i n t e r n a l  standard was prepared by d i s s o l v i n g  250 

mg o f  t he  pure compound i n  250  mL o f  methanol (1000 pg/mL). A l l  

the so lu t i ons  were stored i n  t h e  dark a t  2%. 

Apparatus. A Hewlett-Packard 1040A liquid-chromatography, equipped 

w i t h  a diode array detector  l i n k e d  t o  a data system (Hewlet t -  

Packard HPLC Chem S ta t i on )  was used f o r  data a c q u i s i t i o n  and 

storage. The system was coupled t o  a quaternary pump (Hewlet t -  

Packard, 1050 Ser ies)  w i t h  a 25 pL sample loop i n j e c t o r .  

The column was an HP-Hypersyl ODs-C18 ( 5  pm, 250  mm x 4 mm 

I D ) .  The detector  was s e t  t o  o b t a i n  the  s igna l  between 2 0 0  and 400 

nm each 640 ms and a l l  t he  assays were c a r r i e d  o u t  a t  ambient 

temperature. 

Solid-phase mater ia ls . -  S i x  d i f f e r e n t  Bond-Elut columns (Schar lau) 

(100 mg/l mL) were evaluated f o r  the  e x t r a c t i o n  o f  d i u r o t i c a  f rom 

u r i n e  samples: C18, C8, C 2 ,  c i c lohexy l ,  phenyl and cyanopropyl. 
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Chromatography. Mobile phase: a gradient phosphate bu f fe r /  

ace ton i t r i l e  wi th  an increasing ace ton i t r i l e  content from 15 X a t  

zero min t o  80 Y a t  8 min was used. The phosphate bu f fe r  was 

prepared by dissolving 3 .45  g o f  sodium dihydrogenphosphate 

monohydrate i n  500 mL o f  d i s t i l l e d  and deionized water, a f t e r  

addit ion o f  0.7 mL o f  propylamine hydrochloride. The pH was then 

adjusted t o  3 . 0 0  by addi t ion o f  the minimum quanti ty o f  

concentrated phosphoric acid. The so lut ion was prepared da i l y ,  

f i l t r a t e d  wi th  a nylon membrane ( 0 . 4 5  pm) and degassed wi th  He 

before use. The flow was set t o  1 mL/min. The chromatographic 

signal was monitored a t  230, 254 and 275 nm. 

Extraction procedure. 

L iqu id- l iqu id  extractions.- According wi th  the procedure proposed 

by Cooper e t  a1 ( 3 1 ,  2 mL o f  u r ine  spiked w i th  300 pL o f  methanolic 

so lut ion being 100 Mg/mL i n  each d iu re t i c ,  were extracted wi th  4 

mL o f  ethylacetate under ac id ic  and basic condit ions (pH o f  5-5.5, 

and 9-9.5, respectively). The organic f rac t i on  was evaporated t o  

dryness and the residue was then reconsti tuted w i th  300 pL o f  

in ternal  standard so lut ion (containing 50 pL/mL o f  a- 
hydroxymethyltheophylline). This so lut ion was then f i l t e r e d  w i th  

nylon f i l t e r s  25 mL, 0 . 4 5  pm (Teknokroma), and 5 0L were in jec ted  

i n t o  the column wi th  a Hamilton microsyringe. 

Solid-phase extractions.- The solid-phase ext ract ion columns were 

conditioned previously by drawing wi th  500 pL o f  methanol, followed 

by 300pL o f  d i s t i l l e d  water. Samples o f  ur ine ( 2  mL) containing 300  

pL o f  methanolic so lut ion o f  each d iu re t i c  (100 ug/mL ) were 

transferred t o  the columns, and washed t o  el iminate the b io log ica l  
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DIURETICS IN HUMAN URINE 3581 

mat r i x  w i t h  d i f f e r e n t  volumes o f  d i s t i l l e d  water. D i u r e t i c s  were 

e lu ted  from the columns w i t h  500 pL o f  methanol. The r e s u l t i n g  

so lu t i ons  were then evaporated, regenerated and f i l t e r e d  as 

described f o r  l i q u i d - l i q u i d  ex t rac t i ons ,  and 5 pL were i n j e c t e d  

i n t o  the  a n a l y t i c a l  column. 

Recoveries.- The percent recover ies from a p a r t i c u l a r  ex t rac t i on ,  

were ca lcu lated comparing t h e  peak areas obtained f o r  d i u r e t i c s  

i n  t h e  spiked samples ( r e f e r r e d  t o  the  i n t e r n a l  standard),  w i t h  t h e  

respect ive peak areas obtained f o r  d i r e c t  i n j e c t i o n  o f  methanolic 

so lu t i ons  conta in ing 100 pg/mL o f  each d i u r e t i c  and 50 vg/mL o f  

i n t e r n a l  standard. 

RESULTS AND DISCUSSION 

The i n j e c t i o n  o f  5 pL o f  t he  methanolic standard s o l u t i o n s  

conta in ing 100 pg/mL gives the  reference peak areas and the  

r e t e n t i o n  t ime o f  t he  d i f f e r e n t  d i u r e t i c s  assayed (see Table 1 ) .  

C i c l o t h i a z i d e  gave two e l u t i o n  peaks probably due t o  t h e  presence 

o f  stereoisomers ( 3 ) ( 1 2 ) .  The peaks corresponding t o  bumetanide and 

ethacryn ic  a c i d  were overlapped and then, they were always assayed 

i n d i v i d u a l l y .  

L i q u i d - l i q u i d  ex t rac t i on .  F igure 1 i l l u s t r a t e s  the chromatograms 

obtained from a c i d i c  and bas ic  e x t r a c t s  o f  blank u r i n e  samples o f  

a normal heal thy volunteer according t o  the  l i q u i d - l i q u i d  procedure 

proposed i n  ( 3 ) .  

The number and amount o f  b i o l o g i c a l  ma t r i x  components i n  the  

organic phase i s  greater i f  the  pH o f  t h e  aqueous phase i s  ac id ,  

as can be seen i n  Figure 1. However, t h e i r  r e t e n t i o n  t imes are n o t  
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DIURETIC 

FIGURE 1. Chromatograms a t  d i f f e r e n t  wavelengths from blank u r i n e  
samples a f t e r  a l i q u i d - l i q u i d  e x t r a c t i o n  under a c i d i c  ( l a )  and 
basic ( l b )  condi t ions.  Peak a t  3.49 min corresponds t o  the i n t e r n a l  
standard. 

RETENTION TIME (min) 

TABLE 1. Retent ion t ime o f  t h e  d i u r e t i c s  assayed. 

Amilor ide 
Acetazolamide 
Hydrochlorothiazide 
Triamterene 
Chlorthal idone 
Furosemide 
C ic lo th iaz ide  (peak 

(peak 
Bendroflumethiazide 
Ethacrynic ac id  
Bumetanide 
Probeneci d 
Spironolactone 

3.71 
4.06 
4.92 
5.31 
5.90 
7.31 
8.16 
8.25 
8.44 
8.56 
8.66 
8.96 
9.46 
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DIURETIC I 
TABLE 2. Recovery percentages o f  the d i u r e t i c s  a f t e r  l i q u i d - l i q u i d  
e x t r a c t i o n  under a c i d i c  and basic condi t ions.  

PERCENTAQE RECOVERED ( X ) 

Ac id i c  cond i t i ons  Basic cond i t i ons  

A m i  l o r i d e  
Acetazolamide 
Hydrochlorothiazide 
T r i  amterene 
Chlorthal idone 
Furosemide 
C ic lo th iaz ide  
Bendroflumethiazide 
Bumetanide 
Ethacrynic ac id  
Probenecid 
Spi ronolactone 

0 
80.4 
71+9 
26f 1 
8524 

41.120.5 
5322 
5628 
7429 
72f3 
73.2 
6926 

23.8 
0 

63f8 
74+10 
7558 
2524 
6226 
60f9 
3923 
49.3 
45.0 
6225 

very c lose t o  those presented by the d i u r e t i c s  assayed (see Table 

I ) ,  and a l so  t h e i r  UV spectra do n o t  match w i t h  any d i u r e t i c  

screened i n  t h i s  study. 

The p rec i s ion  and recovery r e s u l t s  o f  each drug are shown i n  

Table 2. The recovery o f  t he  a c i d i c  d i u r e t i c s  such as furosemide, 

bumetanide, e thacryn ic  ac id  and probenecid i s  poor when the pH o f  

the aqueous phase i s  basic.  Acetazolamide i s  n o t  ex t rac ted  i n  such 

condi t ions.  Triamterene, a weakly basic d i u r e t i c  i s  recovered i n  

a low percentage, and even ami lo r i de  i s  no t  recovered i f  the  

e x t r a c t i o n  i s  c a r r i e d  ou t  a t  a c i d i c  condi t ions.  This d i u r e t i c  a l so  

presents a low recovery i n  bas ic  condi t ions,  t he re fo re  when the  

amount o f  ami lor ide i n  b i o l o g i c a l  f l u i d s  i s  smal l ,  i t s  

i d e n t i f i c a t i o n  can be very d i f f i c u l t .  The e x t r a c t i o n  i n  a c i d i c  

condi t ions i s  more e f f e c t i v e  i n  most cases as can be seen i n  Table 

2. 

These r e s u l t s  are comparable t o  those obtained by Cooper e t  

a1 (3), although i n  some cases the recovery percentages are lower. 
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FIGURE 2. Chromatograms a t  230 nm from blank ur ine  samples 
extracted i n  a C18 and i n  a C2  solid-phase ext ract ion columns. Peak 
a t  3.49 min corresponds t o  the in ternal  standard. 

Solid-phase extraction. S i x  d i f f e r e n t  packing materials wi th  

d i f f e ren t  p o l a r i t i e s  were tested: C 1 8 ,  C8, C2, CH, PH and CN. 

Figure 2 i l l u s t r a t e s  the chromatograms o f  blank ur ine samples 

obtained wi th  the solid-phase ext ract ion columns tested. The wash 

step was carr ied out wi th  2 mL o f  d i s t i l l e d  water. The 

chromatograms f o r  a complete mixture o f  d iu re t i cs  obtained i n  the 

d i f f e ren t  columns studied can be observed i n  Figure 3. 

The percent recoveries obtained f o r  the d iu re t i cs  appear i n  

Table 3 f o r  the d i f f e ren t  packing tested. The precision o f  the 

method i s  s im i la r  t o  tha t  shown by the l i q u i d - l i q u i d  ext ract ion.  

However, the recoveries are greater. 

Even i n  the more apolar packing8 - C18, C8 and C2 - the 

chromatograms show minor background peaks (corresponding t o  the 
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FIGURE 3. Chromatograms a t  230 nm from ur ine  samples spiked w i th  
a mixture o f  d iu re t i cs  and extracted i n  the d i f f e r e n t  solid-phase 
ext ract ion columns. Peak a t  3.49 min corresponds t o  the in te rna l  
standard. 

TABLE 3. Recovery percentages o f  d iu re t i cs  i n  the d i f f e r e n t  so l id -  
phase ext ract ion columns tested. The volume o f  water used i n  the 
wash step was 2.0 mL. 

DIURETIC 

A m i  l o r i de  
Acetazolamide 
Hydrochlorothiazide 
Triamterene 
Chlorthalidone 
Furosemide 
Cic lo th iaz ide 
Bendroflumethiazide 
Bumetanide 
Ethacrynic acid 
Probenecid 
Spi ronolactone 

~~~ ~~ 

PERCENTAGE RECOVERED ( Y 

C18 C 8  c2 CH PH CN 

10327 
(16 
2725 
98 

11428 
85212 
102212 
9825 
93 
83 

8725 
9228 

104210 
0 

2926 
94 

11522 
103210 
10027 
98212 
96 
102 
95f 12 
9428 

5928 
0 

823 
9421 7 
12624 
7626 
10826 
10923 
91 
114 
13427 
106212 

8529 
0 

1926 
68 

102215 
81214 
802 10 
8627 
100 
74 

7526 
81 29 

8329 
0 

2123 
66 

10523 
8425 
8328 
8922 
92 
84 

10324 
8824 

5 
0 
0 
20 
< 1  
3 
10 
19 - - 
0 
52 
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apolar endogenous compounds), than those obtained by a l i q u i d -  

l i q u i d  e x t r a c t i o n  i n  an a c i d i c  medium, and comparable t o  those 

found under basic condi t ions.  

The C 1 8 ,  C 8  and C 2  packings propor t ionate t h e  h ighest  

recover ies,  genera l ly  greater than 80 %. S i g n i f i c a t i v e  d i f f e rences  

between these columns are no t  observed, except f o r  ami lor ide which 

shows lower values i n  a C 2  column and acetazolamide, which i s  on ly  

re ta ined i n  a C 1 8  column. The percentages obtained f o r  e thacryn ic  

ac id  and probenecid are s l i g h t l y  greater i n  a C2 packing. 

These percentages are comparable t o  t h a t  obtained w i t h  CH and 

PH packings f o r  the more apolar d i u r e t i c s ,  which are e lu ted  i n  the 

chromatographic process a t  greater r e t e n t i o n  t imes (see Table 1 ) .  

However, w i t h  the CH o r  PH solid-phase e x t r a c t i o n  columns, the 

percentages obtained f o r  t he  more po la r  d i u r e t i c s  -which are 

e lu ted  i n  shor t  re ten t i on  times- are lower than those obtained w i t h  

the C 1 8 ,  C8 o r  C2 packings. 

The CN columns are n o t  appropr ia te f o r  these drugs f o r  t he  

low recovery percentages obtained, genera l ly  lower than 20 %. 

Acetazolamide, hydrochloroth iaz ide and probenecid are no t  re ta ined  

w i th  t h i s  mater ia l .  

Chlorthal idone gives values s i g n i f i c a n t l y  greater than 1 0 0  % 

when C 1 8 ,  C8 o r  C2 columns are employed. This could be explained 

f o r  t he  c o n t r i b u t i o n  o f  t h e  matr ix .  Most o f  t he  components of the  

matr ix  are e lu ted  between 5 and 6 min, being t h e  r e t e n t i o n  t ime o f  

ch lor tha l idone 5.90 min. This  e f f e c t  i s  l ess  s i g n i f i c a t i v e  f o r  t he  

CH o r  PH columns, where the  r e t e n t i o n  o f  t he  ma t r i x  i s  minor. 

The values obtained f o r  c i c l o t h i a z i d e  are a l so  greater  than 

1 0 0  %, i f  the  e l u t i o n  peak a t  8.16 min i s  considered, bu t  t he  

recover ies are good when the  peak a t  8.25 min i s  used f o r  t he  

ca l cu la t i on .  
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FIGURE 4. Di ference between chromatograms from u r i n e  spiked w i t h  
acetazolamide anci ext racted i n  a C18 column, us ing 2.0 and 0.5 mL 
o f  water i n  the wash step. 

A l l  t he  solid-phase e x t r a c t i o n  columns show low recover ies 

( l e s s  than 30 % )  f o r  hydrochloroth iaz ide,  and acetazolamide on ly  

can be detected i f  a C18 column i s  used, even when 150 ug o f  t h i s  

d i u r e t i c  are added t o  the sample. These r e s u l t s  are due t o  the  wash 

step, as these d i u r e t i c s  are ra the r  po la r  (see r e t e n t i o n  times i n  

Table l), and can be e lu ted  w i t h  the  2 mL o f  water. 

Then, these recover ies can be improved decreasing the  volume 

o f  water used. I n  Figure 4 can be observed the chromatograms 

obtained i n  a C18 solid-phase e x t r a c t i o n  column when washing w i t h  

2 . 0  and 0.5 mL o f  water. Table 4 shows t h e  r e s u l t s  obtained when 

the wash step i s  c a r r i e d  out  using 0.5 mL o f  water. Under these 

condi t ions acetazolamide shows, i n  a l l  packings tested,  percentages 

greater than 60 %, except i n  a C2 column. The values f o r  

hydrochloroth iaz ide are a l so  greater  than those obtained us ing 2.0 

mL o f  water ( t h r e e  times greater  i n  a C2 column). I n  a l l  cases, t h e  

background peaks corresponding t o  the u r i n a r y  endogenous compounds 

increase. This a f f e c t s  the recover ies f o r  ch lor tha l idone,  which are 
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TABLE 4. Recovery percentages o f  d i u r e t i c s  i n  t h e  d i f f e r e n t  s o l i d -  
phase e x t r a c t i o n  columns tested.  The volume o f  water used i n  the  
wash step was 0.5 mL. 

DIURETIC 

Ami  l o r i d e  
Acetazolamide 
Hydrochlorothiazide 
T r i amte rene 
Chlorthal idone 
Furosemide 
C ic lo th iaz ide  
Bendroflumethiazide 
Bumetanide 
Ethacrynic ac id  
Probenecid 
Spi ronol  actone 

PERCENTAGE RECOVERED ( Y ) 
~~ ~ ~ 

C 1 8  C8 c2 CH PH 

11023 7223 
63t6 7124 

45.520.7 5722 
12023 139 
14626 13821 
9222 9226 
8123 80t4 
102210 9225 
101 79 
89 100 
127 119f9 
8926 8323 

~~ 

54213 109 8925 
2626 6122 68 
2727 53.520.7 49 
104220 128 96 
138 14525 11625 

7 0  87t4 7828 
88 7622 72 
103 8922 7928 
64 74 59 
113 96 93 
99 12026 97 
98 81 7129 

too high. Triamterene ( t ,  5.31 min)  a l s o  g ives recovery 

percentages greater than 100 X f o r  a m a j o r i t y  o f  t h e  packings 

tested. 

Reduction o f  volumes of water used i n  the  wash s tep does no t  

s ign f i c a n t l y  modify the recover ies o f  t he  more apolar d i u r e t i c s .  

CONCLUSIONS 

The employment o f  solid-phase e x t r a c t i o n  columns f o r  samples 

treatment propor t ionates exce l l en t  r e s u l t s  i n  the  analys is  o f  

d i u r e t i c s  i n  u r i ne  samples by reversed-phase l i q u i d  chromatography. 

The recovery percentages obtained w i th  apolar packings, such as C 1 8  

or C8, are general ly greater than 80 X f o r  a m a j o r i t y  o f  t he  

d i u r e t i c s  tested. These recover ies are c l e a r l y  b e t t e r  than those 

obtained w i t h  a l i q u i d - l i q u i d  e x t r a c t i o n  procedure w i t h  e t h y l  

acetate. 
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The recover ies obtained f o r  t he  more po la r  d i u r e t i c s  can be 

improved decreasing the  volume o f  water used i n  the  wash step, 

althobgh i t  can increase the  r e t e n t i o n  o f  t h e  components o f  t he  

matr ix .  The solid-phase e x t r a c t i o n  columns more po la r ,  such as, CH 

or PH could be an a l t e r n a t i v e ,  because they are more s e l e c t i v e  and 

r e t a i n  less endogenous compounds, wh i l e  t h e  r e t e n t i o n  o f  d i u r e t i c s  

i s  not  s i g n i f i c a n t l y  a f fected.  

I n  a l l  cases, t he  chromatograms obtained show less number o f  

background peaks (and t h e i r  i n t e n s i t y  i s  minor)  than those obtained 

w i t h  a l i q u i d - l i q u i d  e x t r a c t i o n  under a c i d i c  condi t ions,  being t h i s  

medium necessary t o  recover t h e  most d i u r e t i c s  tested. 

Solid-phase e x t r a c t i o n  techniques are r a p i d  ( t h e  t ime consumed 

by a l i q u i d - l i q u i d  e x t r a c t i o n  i s  approximately three t imes greater  

than t h a t  requi red by a solid-phase e x t r a c t i o n ) ,  s imple and g i ve  

good recover ies f o r  a l l  d i u r e t i c s  tested. Furthermore an unique 

e x t r a c t i o n  i s  e f f e c t i v e  f o r  a l l  o f  them. Therefore, these 

techniques are advantageous over l i q u i d - l i q u i d  e x t r a c t i o n  i n  the  

analys is  o f  d i u r e t i c s  and t h e i r  mixtures,  o r  i n  screening 

Drocedures. 
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