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Review

b -Agonist extraction procedures for chromatographic analysis2
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Abstract

Normally, different procedures were necessary to prepare sample matrices for chromatographic determination of
b -agonists. The present review includes sampling, pre-treatment and extraction /purification for urine, plasma, liver, meat,2

feeds, hair and milk powder, as previous steps for chromatographic analysis of b -agonists. Six methodologies were2

especially revised for extraction /purification namely, liquid–liquid extraction, solid-phase extraction (SPE), matrix solid-
phase dispersion, immunoaffinity chromatography, dialysis and supercritical fluid extraction. SPE was discussed in detail and
five mechanisms were described: adsorption, apolar, polar, ion-exchange and mixed phase. A brief conclusion in this field
was also outlined.  2000 Elsevier Science B.V. All rights reserved.
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1. Introduction stances used to promote animal growth, has been the
cause of some transnational concern, as can be seen

Food quality has always been a permanent concern from the residue control plans which are compulsory
for most people. It can be considered from various in all European Union (EU) countries [1], as well as
aspects, although, for the sake of a system, it usually from the so-called ‘hormone war’ between Europe
fits into four major groups: purely nutritional, chemi- and the US, which began in 1988 with a ban on their
cal residues, physical contaminants and those re- use within the EU [2].
sulting from microbiological contamination, involving It was in 1988 that the use of b -adrenergic2

bacteria, fungi, viruses and parasites. agonists (Fig. 1), previously authorised for human
Control of chemical residues, particularly sub- and veterinary therapeutics, mainly as anti-asth-

Fig. 1. General structure of b -agonists.2
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matics, bronchodilators and tocolithics, becames various functional parts of an organ can have a
widespread as ‘repartitioning agents’. The beneficial considerable influence in the amount of the analyte
effects on growth and carcass composition of b- determined. For example, if bovine liver shows no
agonists in meat-producing animals have been exten- discrepancy in the clenbuterol contents in the various
sively proved by a marked expansion of the muscular lobes, a marked difference in the clenbuterol con-
mass, together with a decrease in fat accumulation centrations can be observed in the medulla and the
[3–6]. However, these substances have never been cortex of the kidney: the medulla always presents
authorised for such purposes, and were classified in more clenbuterol than the cortex [14].
the list of substances which were formally banned Some precautions can also be taken in hair
from zootechnical applications [7]. sampling for clenbuterol. The choice of black hair,

The use of highly sensitive analytical methodolo- instead of white hair, is mandatory, due to the special
gies has become indispensable to achieve an efficient binding of the drug to the melanin of black hair
control of these substances. All current strategies, [15–17]. Clenbuterol is fixed by hair in the hypo-
however, agree in one point: there is no ideal method dermis. Thus, if hair sampling is made by razor blade
[8–10]. instead of scissors, a more recent drug intake could

Nevertheless, the search for the best possible be detected.
method has been a constant concern of the various Microbiological contamination of animal carcass
research groups. A perfectly defined strategy can be favours protein, water and increasing pH, as result of
observed: on one hand, the development of multi- b-agonist action [18]; thus, tissue sampling after
residue methodologies capable of determining the animal slaughter was advised to avoid this. Also,
highest possible number of substances, particularly, transportation of biological samples from the
in this case, of b -adrenergic agonists [11]; on the slaughterhouse to the laboratory must be done imme-2

other hand, the utilisation of fast determination diately after sampling at a temperature of about
methods, followed by the identification of the com- 4–68C.
pounds and their subsequent confirmation, always However, regardless of the sample, it should
using spectrometric methods [12]. However, the always be representative and large enough to enable
complexity of the composition of the matrices and an adequate analysis, its repetition and the respective
the small amount of xenobiotic which is normally confirmation tests. Samples should also be marked in
present often change the process leading to the such a way that no problems may arise at any time
evaluation of residues, in general, and of b-agonists, with regard to their identification, both at the time of
in particular, in a rather difficult procedure. Steps of sampling and at later stages of the analytical pro-
sampling, pre-treatment and, above all, extraction / cedure [19].
purification, proved to be of vital importance for
b-agonist residue analysis, regardless of the chro-
matographic method used. 3. Pre-treatment

The present paper reviews the aspects mentioned
above, adding comments taken from the author’s Homogenisation is a step of vital importance in
own experience on the subject whenever possible. sample pre-treatment, particularly as regards the

accuracy of the results. Solid matrices, for example
feeds and tissues, must be thoroughly mixed, with

2. Sampling size reduction of their particles kept to a minimum,
in order to enable the later penetration of the

Experience shows that sampling may be an im- enzymes and/or solvents [13,20]. However, since
portant source of errors in chemical analysis, par- sample homogenisation is done before or after
ticularly where foodstuffs are concerned; Lichon [13] storage (2308C), this can influence the final con-
even suggests that sampling should ideally be done tents, depending on the matrix. For example, kidney
by the analyst himself. homogenisation, before or after freezing, does not

In the case of tissue samples, the choice of the appear to influence the final contents of clenbuterol.
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On the other hand, in the case of liver, a considerable is also compulsory in b-agonist multi-residue analy-
loss of clenbuterol contents can be observed when sis. This hydrolysis is indispensable to isolate the
homogenisation is done before storage and the result free parent compound from the biological matrices in
is compared with non-homogenised liver samples. order to obtain an accurate extraction procedure.
This fact may be connected with the activation of This step, which is essential for b -adrenergic2

some enzymatic processes triggered in the liver by agonists similar to salbutamol must take place at acid
homogenisation. Liver and muscle storage, without pH (4.860.2) with Helix pomatia (a preparation
previous homogenisation, at low temperatures containing b-glucuronidase and arylsulfatase) for
(2308C), have shown that there was no evidence for periods between 45 min and 20 h and temperatures
clenbuterol losses for at least 5 months. between 37 and 608C [11,24–28]. For clenbuterol

As regards the retina, when one wants to repeat and related substances, this enzymatic deconjugation
the determinations of clenbuterol contents, it should could be omitted because the hydroxy and alkyl-
be subjected to homogenisation before storage, due hydroxy groups responsible for sulpho or glucu-
to the small amount of sample. Thus, just cutting ronidation are not present at the benzenic rings of the
small portions of the retina does not guarantee that compounds (Fig. 1).
the results can be reproduced. It is advisable to Protein elimination from samples — muscle, liver
remove the whole retina and duly homogenise it with or kidney, for example — is also advised, because it
a buffer solution. The eventual division of the contributes to release the analytes from the cells. The
volume in amounts which will suffice to replicate the eventual bond of b -adrenergic agonists to proteins2

analyses is also advisable. This procedure leads to a is broken and a greater and better recovery of
much smaller variation of clenbuterol results for the analytes is obtained, particularly when compared
retina with previous homogenisation, when com- with mechanical homogenisation [20,29]. This
pared with the same number of retina determinations proteinaceous denaturation can be done enzymatical-
omitting that previous step [14]. ly [29–32], by acidic precipitation [33–35] or by

Comparing various homogenisation techniques, both processes together [29,32].
mixer, stomacher , ultra-turrax and ultrasonification, A further step can be used on sample pre-treat-

is not enough to make a clear choice, since they do ment: addition of an internal standard, preferably a
not appear to have a significant influence on the final deutered b -adrenergic agonist, which can minimise2

result. However, taking into consideration our ex- certain problems, such as:
perience in this field, we do make a distinction (i) losses during the analytical procedure;
between the ultrasound bath and probe, due to the (ii) variability of the injection volume, in the case
power difference between them. Our advice is to use of the chromatographic methods;
the bath, 80 W, to homogenise liquid samples and (iii) efficiency of derivatisation, whenever neces-
solutions; while the probe, 375 W, is indispensable sary;
for destruction of cell membranes of solid samples, (iv) sensitivity of the determination system; and
as in the case of liver, for instance. On the other (v) control of results.

hand, the use of the stomacher in the homogenisa-
tion process should be preferred when homogenising
solid samples with solvents, due to the utilisation of
disposable bags with corresponding decrease in the 4. Extraction/purification
risk of inter-sample contamination.

Centrifugation or filtration, in order to eliminate This step of the analysis of b -adrenergic agonists2

the substances in suspension, and eventual dilution can be undertaken by six different procedures
are the main pre-treatment steps of the liquid sam- (liquid–liquid extraction (LLE), solid-phase extrac-
ples, such as blood, bile and urine, particularly when tion (SPE), matrix solid-phase dispersion (MSPD),
the latter are taken from adult ruminants [20–23]. immunoaffinity chromatography (IAC), dialysis and

The enzymatic hydrolysis of conjugated esters, supercritical fluid extraction (SFE)) either by them-
particularly in the form of glucuronide and sulphate, selves or with one another.
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4.1. Liquid–liquid extraction fluxes. This procedure decreases obstruction risks,
due to the larger available area in a much smaller

LLE is the earliest classic extraction /purification volume, as compared with the traditional column.
procedure and is based on the mixture, either manual The retention and elution are thus faster, and the
or mechanic, of the solution containing the sample latter is even possible with a smaller amount of
with an immiscible solvent. After a complete sepa- solvent than in the classic SPE. This methodology
ration phases, the elected analyte is collected in the produces a more concentrated extract, with obvious
other phase without the main interferences. advantages [47–49]. The automation of SPE, for

There are various studies which use this pro- which various equipment is already on the market,
cedure. Probably, the best example is the extraction adds to the previously mentioned advantages a
of clenbuterol and related compounds from urines decrease in analysis times, thus freeing the analyst
through organic solvents, provided they are previously for other tasks, particularly when a large number of
adjusted at pH.10 [36–38]. However, significant sample analyses is necessary [50].
losses could be observed when salbutamol and In the analysis of b -adrenergic agonist residues,2

similar substances were extracted by this mechanism, SPE can be the only method in the extraction /
they present significant losses. To reduce this losses, purification step, or can be used together with other
the process must be done with an ‘ionic pair’ which procedures, such as LLE, IAC, or even SPE itself,
adapts itself to the sample pH and the saline con- although using different mechanisms. Five types of
centration to the pK of the referred b -adrenergic mechanism are described in the extraction /purifica-a 2

agonists. DEHP [di(2-ethylhexyl) hydrogenphos- tion of this type of residues: adsorption, apolar,
phate] being the most commonly used substance for polar, ionic exchange and mixed phase.
this purpose [39–43].

The application of this mechanism to liver samples 4.2.1. Adsorption
and other bovine tissues is also described by Girault The most commonly used sorbent in SPE, which
and Fourtillan [44], as well as by Leyssens et al. best characterises the interaction by adsorption, is
[45]. The latter undertook the simultaneous extrac- diatomaceous earth. As a rule, this sorbent is not
tion of tulobuterol, clenbuterol, salbutamol, submitted to previous activation by any solvent. The
mabuterol, fenoterol and terbutaline with a mixture sample being transferred in an aqueous solution
of tert.-butanol–ethyl acetate (30:70), after a previ- which is completely adsorbed by the sorbent. It is
ous digestion with subtilisin and alkalinisation at only afterwards that the eluent, usually composed by
pH¯9.8. isolated or mixed organic solvents, is added [51].

Clenbuterol, salbutamol, mabuterol and terbutaline Clenbuterol and urine are the pair which has been
were also extracted from liver, previously digested submitted to most tests. The extraction /purification
with a protease and alkalinised at pH¯11, with a of clenbuterol from urine is preceded by an alkalini-
mixture of ethyl acetate–isopropanol (60:40) sation step up to pH¯10 [52–54], 11 [55,56], 12
[26,30]. [57] or 13 [58]. After being alkalinised, the urine is

added to the diatomaceous earth column, and a
4.2. Solid-phase extraction period of time is allowed for its fixation /absorption,

which can be 10 [55–57] or 15 min [52–54].
SPE can be defined as a process in which retention Clenbuterol elution is done with 3320 ml of hexane

takes place on a solid sorbent and elution is done [52–56], 3320 ml of toluene–dichloromethane (3:1)
through a liquid which crosses the said sorbent. [57] or 2320 ml of dichloromethane [58].
Today this undoubtedly is one of the most popular Sangiorgi and Curatolo [59] applied the above-
techniques used for sample extraction /purification, mentioned strategy to the extraction of bromobuterol
particularly when one must determine small analyte from bovine urine, although they submitted the
concentrations in complex matrices, as in the present extract to another, later SPE procedure with CN
case [46]. The use of SPE membranes instead of the columns before undertaking the determination.
traditional columns enables the use of greater solvent Van Ginkel et al. [60] were the only consulted
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authors who undertook an acidification of urine at and co-workers [57,65] have used for clenbuterol
pH 5.260.1 followed by enzymatic hydrolysis with and cimaterol in feeds, that is to say, with 0.5 M
b-glucuronidase and arylsulfatase for 18 h at 378C. hydrochloric acid saturated in ethyl acetate. The
Sample was then added to the diatomaceous earth extract being then alkalinised at pH¯12. An identi-
column and was given 15 min for its fixation / cal procedure was also followed by de Wasch et al.
absorption. Elution was attained with 60 ml of ethyl [66] for extracting clenbuterol, tulobuterol, bromo-
acetate, and the sample was subsequently subjected buterol and mabuterol from liver. Clenbuterol,
to a second extraction /purification step through an cimaterol, mabuterol, salbutamol and terbutaline
immunoaffinity column. were extracted from milk powders, pre-mixers and

On the other hand, Byrem et al. [61] undertook the feeds by Van Ginkel et al. [60] in water under the
purification of cimaterol from urine by alkalinising it action of ultrasound for 30 min; before SPE pro-
to pH¯9.5 and liquid–liquid extraction with ethyl cedure the pH of the extract being adjusted at
acetate. Cimaterol is re-extracted from the ethyl 9.860.2. The following steps are similar to that
acetate with 0.1 M hydrochloric acid, and this extract already mentioned for urine by various authors, with
was alkalinised at pH$11 and placed in the the exception of de Wasch et al. [66] who have
diatomaceous earth column. Five minutes are al- awaited the fixation of the b -adrenergic agonists in2

lowed for its absorption /fixation, and the elution is the column for 45 min, before doing their elution
subsequently done with 30 ml of chloroform. with 3320 ml of toluene.

However, the diatomaceous earth sorbent was not In a comparative study undertaken by Leyssens
suitable for use in a b-agonist multi-residue ex- and co-workers [67,68] for the determination of
traction from urine [62]. The presence of hydroxyl clenbuterol in feeds, it was concluded that the
groups, besides b-hydroxylamine (Fig. 1) was liable adsorption mechanism showed the best results in
to a strong adsorption in this sorbent [63]. The the extraction /purification step. The extract was
terbutylic group related to the secondary amine (R5, alkalinised at pH¯12 and introduced into the col-
Fig. 1) seems to play an important role in this type of umn, about 20 min being allowed for its complete
extraction mechanism, namely on the choice of the fixation, and the elution was done with toluene. The
elution solvent. When the referred N-group is an same paper considers that, in the case of salbutamol,
isopropyl or an isopentyl, a strong or light decrease the best results are also obtained with an extraction /
in b-agonist recoveries were observed with n-hexane purification mechanism based on adsorption. The
as sorbent elution [62]. The use of a toluene–di- extract, however, was alkalinised at pH¯9.8, and the
chloromethane mixture (3:1, v /v) to improve elution elution was done with ethyl acetate, but a supple-
performance of cimaterol (N-isopropyl group, R5, mentary SPE process with cationic-exchange sorbent
Fig. 1) also confirm previous sentence [57]. was required.

The b -adrenergic agonists can also be extracted /2

purified from other biological liquids, such as blood, 4.2.2. Apolar
plasma, serum and bile, using the same procedure The apolar interactions are due to the so-called
which has already been described for urine Van der Waals forces, and take place between the
[54,57,61]. carbon–hydrogen links of the analyte and those of

As regards solid matrices, such as milk powders, the functional sorbent group [51]. The reversed-
pre-mixers, feeds, liver, meat and feces, a previous phase columns need a previous step for activation
extraction with solvents is necessary before using the their sorbent through a solvation process. Methanol
diatomaceous earth column. For example, Degroodt was always used as first solvent, usually followed by
et al. [53] and Tantillo et al. [54] have extracted water [29,43,69–75], by water and sodium phosphate
clenbuterol from meat and liver with TRIS buffer at buffer, 0.1 M [76,77] or 0.4 M [25,78], with pH 7.2
pH¯8, calcium chloride and subtilisin A at 558C/1 [25] 7.3 [77] or 7.6 [76,78], just phosphate buffer,
h, following which they adjusted the pH at 10. pH 7.6 [79], by bicarbonate buffer, pH 8.6 [80], by
Batjoens et al. [64] have extracted clenbuterol from borate buffer, pH 9.5 [81], or just sodium hydroxide
feces by using the same procedure that Courtheyn 1 mM [82].
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Urine, the most commonly studied matrix, is then methanol–water (15:85) [82], or even a plain mix-
added to the columns, either directly [82] or follow- ture of methanol–water (50:50) [74].
ing a number of previous treatments. The most Methanol is the most commonly solvent used for
common one is the adjustment of the urine pH to the elution step. Thus, about 70% of consulted
values from 7.2 to 7.6 [25,77,79], 8 [72,75], 9 [69] studies refer methanol as the only eluent, whereas in
or even 10–11 [74]. the remainder one can find mixtures of methanol

However, the extraction /purification of b - with acetonitrile (85:15) [76,78], with 0.25 M am-2

adrenergic agonists can be done from other matrices, monium phosphate buffer (75:25) [73], with 1 M
such as milk powders, feeds, serum, plasma, liver, ammonium acetate buffer (99:1) [81], with acetic
muscle or hair. If plasma and serum, after previous acid (95:5) [69], or with formic acid (99:1) [75].
sorbent solvation, can be directly placed [70,73] or Some authors, before undertaking the determi-
diluted in water [43] or 0.1 M phosphate buffer, pH nation step, also submit the eluate to subsequent
7.6 [76], in the column, the other matrices require a purification procedures. SPE with CN columns [83],
previous preparation. liquid–liquid extraction [72] or immunoaffinity

Howells et al. [29] took 10 g of homogenised liver column [69] were the most frequent procedures used
in 30 ml of TRIS 1 M buffer, pH¯10.5, added 10 for this purpose. Nevertheless, Elliot et al. [25] have
mg of protease and submitted the whole mixture to a also utilised this apolar mechanism after SPE rac-
magnetic agitation for 1 h at 558C. Enzyme deactiva- topamine extraction with mixed-phase sorbent.
tion, with boiling water for 15 min, is followed by The b -adrenergic agonists mentioned earlier,2

cooling and acidification with 3.5 ml of concentrated with an extraction /purification basically done by
hydrochloric acid. After centrifugation, the superna- apolar mechanisms, are clenbuterol [47,69,71,74,
tant is decanted and its pH adjusted at 9.1 with 10 M 75,78,79,81,82] salbutamol [29,43,69,70,72,73,76,
sodium hydroxide, following which the extract can 77,82,83], cimaterol [71,82], ractopamine [25,29],
be added to the SPE column. terbutaline [76] and fenoterol [76].

Degroodt et al. [71] start from 25 g of ground liver Finally, it should be mentioned that, although the
and then extract the b -adrenergic agonists with two great majority of the authors utilise C , four of the2 18

aliquots of 50 ml of hydrochloric acid 0.01 M in an consulted studies used different sorbents, namely C2

ultrasound bath for two periods of 15 min. The [75,81] and C [62,77]. However, the presence of a8

extract is taken to pH¯9 with 5 M sodium hydroxide larger number of carbons on the N-group, such as
and, following a centrifugation, the supernatant is isopentyl (R5, Fig. 1), seems to improve retention
passed through the column. and recovery of the corresponding b-agonists, while

Hair, after being thoroughly washed, dried and the sorbent is more apolar (C .C .C ) [62].18 8 2

ground, is digested with 0.1 M hydrochloric acid at
568C for 12 h. After centrifugation, the supernatant is 4.2.3. Polar
neutralised with 1 M sodium hydroxide, adjusted at The polar interactions take place between the
pH 8.6 with bicarbonate buffer and passed through reactive groups of the analyte which are capable of
the column [80]. presenting dipolar moments and the functional

After the sample or its extract is fixed in the groups of the sorbent with similar characteristics.
sorbent, an intermediate washing step follows in Besides the dipole–dipole connections, both natural
order to eliminate polar interferents. The most com- or induced, polar interactions include hydrogen
monly used solvents in this step are just water bonding and a variety of other interactions capable of
[43,69,72,76,78,79], water and a mixture of metha- giving a polar behaviour to the reactive groups, both
nol–water (35:65) [81], (25:75) [75] or (10:90) of the analyte and of the sorbent [51].
[73,80], water, a mixture of methanol–water (25:75) Contradicting what happened regarding the previ-
and 0.05 M sodium hydroxide [69,71], water and ous mechanism, few authors have utilised this inter-
acetonitrile [29,70], 1 M phosphate buffer, pH¯8.6, action in the extraction /purification of b -adrenergic2

and acetonitrile [83], 0.1 M phosphate buffer, pH¯ agonists. Liver being the most common matrix with
7.3, and water [77], 1 mM sodium hydroxide and this type of sorbents. Besides Collins et al. [31], who
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have combined diatomaceous earth and silica was used. The SPE adsorption extract was evapo-
columns to extract /purify clenbuterol, Leyssens et al. rated to dryness and the residue was recovered with
[45] and Schmitz et al. [84] also undertook the methanol–water–0.1 M acetic acid (45:45:10). This
extraction /purification of salbutamol and clenbuterol solution was then passed through the sorbent, which
from liver samples by SPE, using mainly polar had previously been activated with the above-men-
interaction mechanisms. tioned mixture of solvents. Washing was successively

Although previously activating this type of sorbent done with water, methanol and tert.-butyl methyl
is not an usual procedure, McCarthy et al. [85] ether, and the elution with diethylamine–ethyl ace-
undertook its conditioning. Thus, after the passage of tate (50:50).
methanol, water and 0.1 M dipotassium hydro- Van Vyncht et al. [87] also utilised SPE with SCX
genphosphate, pH¯9.2, the plasma was introduced for the extraction /purification of clenbuterol, sal-
into the silica column so that salbutamol and ter- butamol, cimaterol, mabuterol and terbutaline from
butaline would be retained. Possible interferents liver and urine, following the principles described
were eliminated by water and the sorbent was then above. Whaites and Murby [88] have utilised cationic
dried by centrifugation at 1000 g for 5 min. The exchange to extract clenbuterol from bovine urine.
elution of the b -adrenergic agonists was done with The urine was acidified to pH¯2.2 and passed2

methanol. through the column, without any previous activation
This kind of interaction was studied in urine with of the sorbent. The washing step was made by water

three different sorbents: native silica (Si), diol (2OH) and sodium hydroxide and analyte elution was
and amine (NH ) [62]. The introduction of a previ- obtained with ethyl acetate–methanol (90:10).2

ous step of LLE to use this mechanism [51,86] in the Vanoosthuyze et al. [89] undertook the extraction /
SPE of urines or other aqueous matrices is a limiting purification of b -adrenergic agonists clenbuterol,2

condition for the utilisation of these column types. mabuterol, mapenterol, clenproperol, clenpenterol,
However, Si sorbent seems to be recommendable for bromobuterol, cimaterol, salbutamol and terbutaline
the use of this type of interaction, particularly for from bovine urine with a cation-exchange mecha-
more polar b-agonists, like salbutamol and ter- nism using extraction membranes instead of the
butaline. traditional columns. The urine, filtered and adjusted

to pH¯1, was passed through the membrane, which
4.2.4. Ionic exchange had previously been activated with methanol and

The interactions by ionic exchange take place 0.01 M hydrochloric acid. Washing was undertaken
between a load-bearing analyte (either positive or with the acid followed by methanol. Elution was
negative) and an opposed-charge sorbent. This kind obtained by a mixture of methanol–ammonia (97:3).
of interaction can be divided into two different Knowing that the ideal pH values where about
classes: cationic and anionic [51]. 99% of the molecules are charged can be defined as

SPE by ion-exchange mechanisms, using a weak related to pK (pH$pK 12 for negative moleculesa a

cationic-exchange sorbent, was used as a previous and pH#pK 22 for positives) [51,86], it is possiblea

step of extraction /purification before IAC. The to propose a theoretical explanation for this kind of
column was successively activated with ethanol, interaction. Phenol group pK values are around 9 fora

water, 0.1 M phosphate buffer, pH¯6, and water, the first and about 11 for the second (Fig. 1). The
and, then, sample extract, adjusted to pH¯6, was pK of the amine groups shows, as a rule, valuesa

passed. The washing step was done with water and below 1 for the primary amine bonded to the
ethanol and the elution was made by ethanol with benzenic ring and values around 10 for the secondary
2% of ammonia [34]. amine. Thus, b-agonists without phenylamine group,

Extraction /purification of salbutamol from feeds, like salbutamol and terbutaline, are completely pro-
in a comparative study undertaken by Leyssens and tonated at pH,7 and presented better recovery
co-workers [67,68], was adequately done by strong results in SCX sorbents when compared with SAX
cationic exchange (SCX). The procedure have uti- columns [62]. On the other hand, the poor per-
lised a previous step in which a diatomaceous earth formance obtained with the anionic interactions may
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be related to the pH under which the samples need to acetate, pH¯4.0, and methanol [94], or just with
be passed through the sorbent. That value, according methanol and water [30]. Elution was obtained with
to the described above, should be a minimum of 12, ethyl acetate–ammonia chloride (98.95:1.05) [25],
or even 13 for b-agonists with two phenol groups, in with ethyl acetate–ammonia at 32% in proportions of
order to ensure that almost all molecules were 97:3 [11,26,92,93] or 98:2 [24,27], with a mixture of
negatively charged. The latter pH values were nor- dichloromethane–isopropanol (80:20) containing 2%
mally avoided because they could induce the hy- of ammonia [45,94] or with methanol–ammonia
drolysis of the bonded silica sorbents [46]. (98:2) [30].

It should be added that Solans et al. [95] utilised a
4.2.5. Mixed phase method for the control of forbidden substances

Mixed-phase sorbents are an association of apolar during the 1992 Barcelona Olympic Games in which
and ionic mechanisms [90,91]. The interactions of over 100 compounds, including b -adrenergic2

these sorbent types are a mixture of those previously agonists clenbuterol, orciprenaline, salbutamol and
mentioned in Sections 4.2.2 and 4.2.4. terbutaline, were checked in the athletes’ urine. The

The use of mixed-phase columns allows the extraction was undertaken with SPE in mixed phase
extraction /purification of the majority of b - (C 1SCX) after enzymatic hydrolysis of the urines2 18

adrenergic agonists. In order to give an idea of the and pH adjustment to values between 8 and 9. The
potential of these sorbents, it should be mentioned sorbents were activated with methanol and water,
that Montrade et al. [11] used them to extract /purify and the washing step, following the vehiculation of
13 compounds of the group of b -adrenergic the sample, was done with water, pH¯4 acetate2

agonists simultaneously: tulobuterol, mabuterol, buffer and methanol. Elution was attained with
clenbuterol, terbutaline, salbutamol, cimaterol, isopropanol–chloroform (80:20) containing 2% of
fenoterol, ractopamine, mapenterol, clenpenterol, ammonia.
cinbuterol, orciprenaline and hydroxy- For the simultaneous interaction of hydrophobic
methylclenbuterol (NA 1141). If we add to these and ionic exchange mechanisms a pH between 6 and
isoxsuprine [24], we are led to conclude that, in 9 for sample passage seems to be essential
theory, all b -adrenergic agonists can be extracted / [11,15,24–27,45,92–95]. Thus, in a first step, b-2

purified with this type of sorbent. agonists are retained by apolar interactions and,
Exemplifying what was mentioned for the apolar subsequently, by cationic retention, after acidic

sorbents, a previous solvation is also needed for this washing when the protonation of the above referred
type of column. By consulting various studies, we substances takes place [62].
noted that activation can be done with methanol, Finally, as regards SPE, a comparative study of
water and 0.1 M phosphate buffer, pH¯6 the various types of sorbents, adsorption, apolar,
[11,26,30,92,93], with methanol and phosphate buf- polar, ionic exchange and mixed phase, was made by
fer only [24,27,45] or just with methanol [94]. our group using bovine urine as matrix. The obtained

Collins et al. [30], after a previous liquid–liquid results are summarised in Tables 1 and 2 and show
extraction of a liver extract, evaporated the organic clearly that the mixed-phase sorbent present the best
phase and placed the residue in 0.1 M phosphate results in multi-residue extraction [62].
buffer, pH¯6, which was passed through the column
(C 1SCX); clenbuterol, salbutamol, mabuterol and 4.3. Matrix solid-phase dispersion8

terbutaline being the b -adrenergic agonists studied.2

Haasnoot et al. [15] have adjusted the extract of MSPD is a process that presented a high potential
bovine hair at pH¯6 before passing it through a for isolating compound residues from tissue samples.
mixed-phase column. This procedure involves a solid-phase dispersion of

After the sample was passed, the column was animal tissues in a sorbent, normally C . The18

washed with acetic acid and methanol [11,24– sample is mixed with a mortar and pestle to produce
27,45,92,93] with acetic acid, methanol and acetone– a semi-dry homogeneous material. This is added to a
chloroform (50:50) [15], with water, 0.1 M buffer syringe barrel-column containing a filter paper disk
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Table 1 Collins et al. [100] have successfully tested a
Average (n55) of SPE b-agonist recoveries variant of the classic MSPD, simultaneously using
b-Agonist Recovery (%) two interaction mechanisms, apolar and cationic

exchange, for the extraction of clenbuterol andAdsorption C Si SCX C 1SCX8 8

salbutamol from liver. The matrix was mixed in a
Mabuterol 58.1 38.4 13.4 28.4 66.9

mortar with C and phenylsulphonic acid, in the18Mapenterol 45.0 27.3 25.3 18.7 61.9
proportion of 1:4:2. The mixture was packed in aClenproperol 20.3 36.5 14.3 28.1 58.8

Terbutaline 2.9 60.7 18.9 56.8 25.0 column and successively washed with 50 mM acetic
Clenbuterol 53.8 49.0 12.7 26.9 60.8 acid, 50 mM phosphate buffer, pH¯6, and methanol.
Salbutamol 4.8 58.6 17.6 47.6 17.7 Elution was obtained with methanol containing 8%
Clenpenterol 40.1 21.7 22.1 23.4 58.6

of ammonia, and substance recovery reached be-Bromobuterol 42.1 12.0 13.9 14.2 44.6
tween 86% for clenbuterol and 70% for salbutamol.NA 1141 3.7 36.1 20.8 23.7 21.6

Horne et al. [101] advise the utilisation of MSPD
in the extraction /purification of clenbuterol from

and about 0.5 g of C in its lower end. The contents18 bovine liver with C but endcapped, whenever the18are compacted with a syringe piston to obtain a
free silanol groups are protected, since the extraction

packed column with a unique chromatographic
recoveries are higher, as compared with those of the

character. This process results in the rupture of the
unprotected groups.

cell membranes releasing intracellular residues [96].
Finally, stressing the importance of the various

Thus, clenbuterol was extracted from bovine liver,
mentioned processes, le Boulaire et al. [102] have

after its homogenisation with C (1:4). A washing18 combined MSPD with LLE and SPE in order to
step was made with hexane and water, and clen-

obtain a multi-residue extraction procedure for b-
buterol elution was done by methanol [97,98]. The

agonists and steroids from livers of Gallinaceae.
same group have utilised the same technique for the

Obtained recoveries from the three joined procedures
extraction of salbutamol from bovine liver. However,

were about 60% for clenbuterol and for steroids
due to the higher polarity of salbutamol, the pro-

(methyltestosterone, nandrolone, ethinylestradiol and
cedure is almost identical to that already described

zeranol), and 40% for salbutamol, which could be
for clenbuterol. The exception is column washing in

considered satisfactory results in residue analysis.
which the amount of water is halved. This procedure
allows to avoid the losses of about 25% which occur

4.4. Immunoaffinity chromatography
when the washing is done with an equal volume to
that used for clenbuterol. This process was also

Immunoaffinity chromatography is a procedure
successfully tested for clenbuterol, mabuterol, ter-

which consists in the extraction /purification of drugs
butaline and cimaterol in a multi-residue strategy

or other compounds, through specific antibodies
[99].

which were previously prepared, isolated and eventu-
ally linked to a gel, such as sepharose [103]. TheTable 2
sample is passed in an aqueous solution through theInter-assay RSD of SPE b-agonist recoveries (n55)
column, and the molecules of interest are retained in

b-Agonist RSD (%)
the antibodies, while the remaining components of

Adsorption C Si SCX C 1SCX8 8 the matrix are eliminated. The non-linked compo-
Mabuterol 22.3 10.2 13.2 9.8 11.9 nents which remain in the column are removed by
Mapenterol 22.0 16.7 16.1 12.5 11.9 washing with phosphate buffer, which does not
Clenproperol 21.0 4.5 12.5 7.5 16.8 interfere with the immunochemical interaction estab-
Terbutaline 25.9 13.9 16.9 17.9 16.3

lished between the antibody and the compound ofClenbuterol 20.1 5.9 28.2 11.9 9.4
interest. Elution of the analyte is usually done withSalbutamol 24.7 17.8 18.0 16.0 12.4

Clenpenterol 20.4 12.2 19.9 8.4 12.0 an acidified alcohol. The regenerated column can be
Bromobuterol 20.6 7.8 16.2 17.1 10.9 used for another extraction, up to the maximum limit
NA 1141 26.8 13.5 26.7 10.0 11.4 of 200 times [21], although, after 20 utilisations [34],
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safety may be affected, particularly if no previous The principle of diphasic dialysis, thus called due
purification step was introduced earlier. to the use of two types of solvents, consists in the

Various authors have utilised this extraction /puri- introduction of the organic solvent in the previously
fication procedure, applied to various matrices and hydrated dialysis membrane, which is then dipped
b -adrenergic agonists: into the aqueous substrate containing the analyte.2

• Godfrey et al. [104] have extracted clenbuterol Agitation, temperature and time are optimised, as is
from bovine hair samples which had previously the organic solvent, which must be immiscible with
been enzymatically digested with papain in an the aqueous phase containing the analyte to be
alkaline medium; extracted /purified. This analyte must be more solu-

• Ong et al. [105] have utilised IAC for the ble in an organic medium than in an aqueous
extraction of salbutamol from human plasma, medium, and one may change its physico-chemical
applying it directly into the columns after just properties, if necessary, in order to make it so. The
adding an anticoagulant; pH, in the case of the b -adrenergic agonists, is a2

• Pickett and Sauer [106] have extracted clen- factor which substantially changes the said prop-
buterol from bovine urine; erties, modifying the organic /aqueous exchange

• Haasnoot et al. [21] have used IAC coupled in coefficient of these drugs. Thus, a pH value which is
series to HPLC in order to determine clenbuterol identical or slightly higher than the pK makes thema

in urine, injecting it directly in the system without much more soluble in an organic medium and
any previous treatment, apart from filtration and enables the use of this technique for the extraction of
dilution; b -adrenergic agonists from various matrices.2

´• Lawrence and Menard [34] have utilised IAC in a Dominguez et al. [110] have extracted /purified
process of extraction /purification of clenbuterol clenbuterol from urine by diphasic dialysis with ethyl
from liver and muscle, after an acidic deproteini- acetate, utilising an agitation of 120 rpm during 5 h

´sation and SPE with weak cationic-exchange at 378C, pH¯12. Gonzalez Gigosos and co-workers
sorbent. [111,112] have applied this technique for bovine
The multi-residue assay of b -adrenergic agonists liver: homogenisation being attained with a barium2

was tested by IAC in urines [35,107], in feeds buffer, pH¯13.8, utilising tert.-butylmethyl ether as
[35,108], in chicken muscle [108], in liver [35] and a solvent for the extraction of clenbuterol and a
in bovine bile [23]. The substances tested were temperature of 378C during 4 h, with an agitation of
clenbuterol, salbutamol, mabuterol, mapenterol, clen- 150 rpm in an incubator shaker.
penterol, terbutaline, tulobuterol and cimaterol. Clenbuterol was already subjected to extraction by

diphasic dialysis from bovine hair [113] and retina
4.5. Dialysis [114], and it was noted that, at least in the case of the

said b-agonist, the dialysis proved to be a good
Dialysis is a procedure which is based on the extraction /purification procedure, since it is rela-

separation between compounds of high- and low- tively economical, requires a lower number of ma-
molecular mass, through a semipermeable mem- nipulations, which decreases the losses during the
brane, by a simple molecular exclusion process. In analytical process, and enables to obtain extracts
theory, a static dialysis, in an infinite time interval without interferents from rather complex matrices.
with equal volumes of sample and solvent, will cause
50% of the substance of interest to cross the dialysis 4.6. Supercritical fluid extraction
membrane to the side of the solvent, balancing their
concentrations in either side of the membrane [109]. SFE is considered by many authors as an im-
This efficiency can be modified by changing the ratio portant alternative to the use of organic solvents in
between the sample or solvent volumes, or the sample extraction /purification [115]. Carbon dioxide
solvents themselves from either side of the mem- is the most commonly used substance as a supercriti-
brane, temperature, agitation, time, or even using cal fluid, due to its excellent properties, such as low
electrodialysis [110]. toxicity, low cost, good chemical stability, and to the
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fact that it is easy to manipulate and easily attains fact and as previously demonstrated, of the greatest
critical parameters (temperature, 378C; pressure, 73 importance, regardless of the chromatographic meth-
atm (1 atm5101 325 Pa)) [116]. od utilised.

The change of temperature and pressure to values Liquid–liquid extraction, due to the high amount
approaching the critical point enables a significant of solvents it utilises, presents some inconvenience.
change in the solubilisation power of carbon dioxide, The most important are, apart from the high-priced
which, even if it was identical to that of the organic solvent, the normally lengthy operating time, the
solvents, always presents in the critical point a deterioration of laboratory hygiene and work safety
similar viscosity to that of the gases. This means a conditions, due to the manipulation of organic sol-
greater and, more importantly, a faster diffusion and vents, and environmental contamination.
penetration in the solid samples, with added advan- SPE is, undoubtedly, the first choice for a multi-
tages in extractive recovery [115,117]. residue b -adrenergic agonist extraction procedure,2

Jiminez-Carmona et al. [118] have presented preferably with mixed-phase sorbents. Matrix solid-
a SFE study on the extraction of clenbuterol phase dispersion, which is really an SPE adaptation,
from spiked samples of feeds, powdered milk and can be recommended for tissue samples, mainly
lyophilised liver. Clenbuterol extraction, using car- liver.
bon dioxide,– was obtained after the formation of a Immunoaffinity chromatography, although it is a
less polar form with camphorsulphonic acid, which good extraction /purification procedure, has a consid-
was thus more soluble in CO . erable restriction. The possibility of column contami-2

O’Keeffe et al. [116] have extracted clenbuterol nation is great, which limits subsequent utilisation.
from bovine liver utilising methanol as an adjuvant. Besides this fact, IAC can only be utilised with
They concluded that methanol only brought some aqueous solutions. Furthermore, the relation between
added advantage if its amount was not more than 1.5 IAC column costs and the (im)possibility of single
ml, which led them to recommend only SFE with use has never been able to confirm the extensive use
simple CO , with a temperature increase from 40 to of this technique, despite its excellent specificity,2

1008C. The extraction recovery is not significantly particularly when applied to a single analyte.
changed, less components are co-extracted from the Diphasic dialysis presents an excellent potential
matrix and, therefore, there are less interferents for for a single b-agonist extraction /purification, in-
the determination step. dependent of matrix type. Adjustment of dialysis

Applying SFE to the extraction /purification of conditions, mainly pH and solvent choice, are the
b -adrenergic agonists presents some advantages, as most important steps, as was described above for2

compared to the above-described processes. The clenbuterol.
extraction process is quick and safe for both the Finally, the applicability of SFE in the extraction
operator and the environment, since the use of toxic of b-agonist residues should be evaluated. Besides
solvents is avoided [115,119]. However, the high its cost, the referred technique has not yet given
cost of the equipment and the fact that it can only be sufficiently credible steps in this field.
applied to solid substances does restrict its current
use. A previous lyophilisation step is, then, required
in order to give an effective extraction procedure.
This demand increases both the analysis times and Acknowledgements
the equipment costs [117].
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