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Abstract

During the last few years, control within the European Union (EU) for illegal growth promoters in cattle and pigs revealed
only a limited number of positives. Analysis of illegal preparations, however, showed that steroids, often (esters of) natural
hormones, an-agonists are still used. Corticosteroids, controlled to a much lesser extent, seem to have become the most
important group, while even thyreostats remain. Alarming information was obtained from specific investigations in which a
large variety of products were found, some of which had never been reported to be misused in the field of growth promotion.
For B-agonists and quinoxaline compounds, analogues of known compounds are synthesised. Other compounds are readily
available as they are registered as growth promoters in some countries outside Europe or are allowed for specific veterinary pur-
poses. Some classes of veterinary drugs are misused for their secondary pharmacological effects, e.g. benzodiazepines as fee
intake enhancers and non-steroidal anti-inflammatory drugs (NSAIDs) as pale meat-making agents. Several non-traditional
substances are suspected to be used in the field of breeding animals. This is the case for growth hormones (GHs) and all
substances acting over this anabolic compound, as for instance, orally GH secretagogue. Moreover, ecdysteroids, which ac-
cording to old Russian studies, have anabolic activity, are actually very easy to purchase on the Internet. Recent findings in
different classes of growth promoters are discussed in detail.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction tagenic effectsp-agonists, corticosteroids and thyre-
ostats in the last few years was very limited.
Although the intense control of illegal growth pro- In a recent comparative study on the legislation on

moters within the European Union (EU) member illegal use of growth promoters in the E], results
states, the number of reported positives in cattle and of control in cattle and pigs for these substances in
pigs for substances with estrogenic, androgenic or ges-the year 2000 showed only positive findings in six
countries. Five countries reported positive findings for
B-agonists and substances with estrogenic, androgenic
* Corresponding author. or gestagenic effects with bovines, one country also
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reported the illegal use of corticosteroids. With por- e sensitivity for one drug can be much lower than for
cines only three countries reported positive sam-  another within the same group;

ples for substances with estrogenic, androgenic or e demonstration of exogenous administration of nat-
gestagenic effects, and two countries reported posi- ural hormones remains problematic.

tive samples forB-agonists. For feeds, only seven
countries reported that these samples were taken. All
samples from this matrix seemed to be negative for the

above-mentioned groups of substances. ¢ use of very low individual doses by combination of

that the illegal use of growth promoters has decreased, gndrogens or estrogens in the same cocktail);

as some years ago much !arger numbers of positivesy se of low doses of compounds belonging to dif-
The results obtained on samples of preparations gaffects (e.g. corticosteroids artagonists in one

(vials, syringes, needles, etc.), however, are in high  cocktail);

contrast with these reassuring figures. Only two coun- ¢ \;se of products known to be hard to analyse because

jects takes place. The results show that steroids, more, application of synthetic analogues of known growth
and more directed to (esters of) natural hormones, promoters;

and B-agonists, are still used. Corticosteroids, con- o yse of products known not to be examined in the
trolled to a lesser extent, seem to have become the ember state.
most important illegal growth promoters, while even
thyreostatic substances remain. Even more alarming The last remarks prove the well-organised way of
information was obtained from specific investigations distribution. The fight against the illegal use of growth
in which a large variety of products were found, some promoters in stock farming indeed has led to strong
of which had never been reported to be misused in the indications of the existence of criminal networks. So
field of growth promotion. Fop-agonists and quinox-  several specific characteristics of organised crime are
aline compounds, analogues of known compounds observed, like structured associations that last in time
are synthesised, while non-traditional substances areand the pursuit of direct or indirect profits. Com-
suspected to be used in the field of breeding animals. mercial or other structures are employed to hide or
facilitate the crimes, which are concealed or facili-
tated by the use of intimidation, threat, violence or
corruption.
The real extent of the illegal use of growth promot- In the recent BUFALAW, project, co-financed by
the European Commission’s Falcone programme, the

ers seems to be much less favourable than the one
e . need was repeated for a better knowledge of each
observed based on the positive findings on animals , o : o )
other’s legislation, in order to facilitate and stimu-

in the slaughterhouse and farm. The determination of late international co-operation. It was outlined that the

residues of drugs in matrices of biological origin in- . : : .
. : ; fight against the illegal use of growth promoters in
deed is often very complex, while also precautions are . . :
o stock farming cannot be organised at a national level
taken by the manufacturers, distributors and users of
alone, because the phenomenon cannot be stopped or
these compounds. .
Difficulties observed in the analysis: §Iowed down at natlon_al bordefF]. In the same way,
' it need to be emphasised that a better knowledge of
e some drugs are strongly metabolised and the meta-each other's methodology, knowledge about the prod-
bolites might still be unknown or their standards not ucts found and information on metabolism is neces-
available; sary to improve control. Events like the International
e recoveries for certain drugs are much lower than for Symposium on Hormone and Veterinary Drug Residue
others within the same group (e.g. cimaterol and/or Analysis and the EuroResidue Conferences meet those
salbutamol versus oth@-agonists); needs.

Measures taken by the manufacturer, distributor
and/or user:

2. Discussion
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Fig. 1. Chemical structures of some thyreostats.

In the following overview of different groups of
growth promoters, findings are discussed in more
detail.

2.1. Thyreostats

Thyreostats are a complex group of substances
which inhibit the function of the thyroid gland and as a
consequence lower the circulating thyroid hormones.
The production of thyroid hormones,-thyroxine
(T4) andr-tri-iodothyronine (T3), is decreased.

Administration of thyreostatic drugs to cattle re-
duces the basal metabolism, lowers gastro-intestinal
motility and favours extracellular water retention.
Therefore, the abnormal increase in live weight gain
obtained with thyreostats mainly consists of an in-
creased filling of the gastro-intestinal tract and an
increased water retention by the animal in tissue. In

contradiction to some anabolic agents, such as the nat-

ural hormones, there is a world-wide agreement on the
ban of these drugs: thyreostatic drugs may be harmful
to human health, the consumer is misled (water is
sold for the price of meat) and the quality of the meat
of animals treated with the drugs is inferior (mostly

wet and containing less colour). Moreover, there are
strong indications that the presence of residues of
thyreostats and their metabolites in meat are dan-

gerous for the health of consumers. These products

are carcinogenic and teratogenic for the consumer.
Consumption of meat contaminated with thyreostats

may have caused an increased incidence in Spain of

aplasia cutis, a characteristic scalp def@¢t
Thyreostats, important in livestock breeding, can be
divided in following two main groups.

e A group of natural sulphur compound$he im-
portance of oxazolidine-2-thiones in cattle fattening
stems from its presence in plant material in the form

of glucosinolates. The 5-vinyl-oxazolidine-2-thione
(goitrin or 5-VTO) derivative is present in large
amounts (up to 1%) in the seeds@fuciferae(e.g.
rapeseed). Since rapeseed meal is used as a cheap
protein source in animal fodder the highly goitro-
genic 5-VTO may appear in milk and constitute a
health hazard to infants and children who consume
milk in large quantities.

Xenobiotic thyreostatsThiouracils and 1-methyl-
2-mercaptoimidazole (tapazol) are synthetic drugs,
cheap and readily available on the black market
(Fig. 2). They are the most important and most pow-
erful thyreostatic drugs used hitherto. Especially,
the use of 6-methyl-2-thiouracil (MTU), in a daily
dose of about 5 g per animal over 30 days, has been
widespread.

Recently new compounds, such as mercaptobenz-
imidazole (MBI; Fig. 1) are suspected to be misused
in some countries of the EU. The European Refer-

ence Laboratory (RIVM, Bilthoven, The Netherlands)
warned that a “new” thyreostatic compound was ille-
gally used and not monitored. The detection of MBI
was mentioned in a publication of Blanchflower et al.

in 1997 with an liquid chromatography—mass spec-

trometry (LC—MS) method using an atmospheric pres-
sure chemical ionisation (APCI) interface and selected

ion monitoring. A multi-residue method for tapazol,

thiouracil, methylthiouracil, propylthiouracil and MBI

in thyroid tissue using LC-electrospray MS after

derivatisation of the compounds with 2-chloro-4-nitro-

benzo-2-furazan was described by De Wasch ¢8hl.

2.2. Substances with androgenic, estrogenic or

gestagenic activity

2.2.1. Stanozolol
Stanozolol, first synthesised by Clinton and co-wor-
kers in 1959, is clinically used in cases of osteoporosis
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Fig. 2. Chemical structure of stanozolol and its main metabolite.

and deficiency in protein synthesis. Stanozolol or range is longer. So, it is advisable to look for both
5a-androstane-lo-methyl-13-ol (3,2-C) pyrazole analytes in these matric¢s].

most resembles methyltestosterone. Instead of the 3- During 1999, in Belgium, the inspection services
ketogroup there is a pyrazole ring condensed to the an-collected 2895 samples at the farm. From these sam-
drostane ring system. In the last decade, it was found ples, 308 were found to be positive for anabolic
to be misused on a large scale in animal husbandry. It steroids of which 302 gave a positive response for
was often found in injection sites taken at the slaugh- 16B-hydroxystanozolol. Most positive samples were
terhouse: in 1995 it was detected 72 times in the 141 found during the summer of 1999, the same period in
positive injection sites in Belgium. It is metabolised which residue laboratories had optimised their meth-
very quickly after administration so that the levels of ods. From September to October, a decline in samples
the precursor molecule in urine are very low, and in positive for 1@-hydroxystanozolol was observed.

this way control via urine is not successfd]. The So an important improvement in the residue anal-
metabolite, 18-hydroxystanozolol, was found to be ysis of stanozolol could be achieved by screening for
the marker molecule with bovine&i@. 2). Detection its marker metabolite, 3hydroxystanozolol. In the

with gas chromatography (GC)-MS used to be the urine of a dairy cow, treated with 200 mg of stanozo-
technique of choice for anabolic steroids but derivati- lol, 163-hydroxystanozolol could be detected 17 days
sation and adsorption at the injector was the limit- after administration, while stanozolol was only de-
ing step for stanozolol and Behydroxystanozolol tectable for 5 day§?].

[4]. LC—tandem MS, nowadays, is the technique of

choice for the analysis of both compour[&$. Elim- 2.2.2. 1'&-Methylsteroids, norethandrolone and
ination profiles for urine and faeces are reported. ethylestrenol
The same major metabolite, Bydroxystanozolol, It can generally be stated that in vitro and in vivo

was detected in experiments when stanozolol was studies prove that most synthetic anabolics are in-
given orally or intramuscularly to a cow. The results tensely metabolised. It is possible that large amounts
indicate a difference in elimination profile depend- of metabolites are excreted and that they have a pro-
ing on administration: the excretion maximum of longed excretion. In addition, the detection of metabo-
16B-hydroxystanozolol in urine after oral administra- lites can add to the reliability of the identification of
tion was observed sooner than when stanozolol was the administered compounds.

injected intramuscularly. An extraction procedure Recently advances have been made in the study of
was developed for analysis of edible animal matri- the metabolism of some anabolics.

ces (muscle, heart, suet, kidney and liver). Liver is

the target matrix followed by kidney. Depending on e The common 8-hydroxy-33-tetrahydro metabolite
the time range between administration and slaughter, of norethandrolone and ethylestrenol, namelg-17
the equilibrium of stanozolol/J&hydroxystanozolol ethyl-53-estrane-3,173-diol, abbreviated as EED
shifts in favour of 1§-hydroxystanozolol if the time (Fig. 3) was, in Belgium, officially recognised as
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Fig. 3. Chemical structures of EED and MeAD.

a biological marker for the detection of norethan- lite or a biosynthetic precursor of the hormone. For
drolone and ethylestrenol. Upon administration of example, the ratio of testosterone/epitestosterone in-
norethandrolone to bovines, EED was the major ex- creases after administration of synthetic testosterone.
cretion product in urine and faeces. Compared to It is difficult, however, to give absolute evidence of
norethandrolone and its tetrahydro isomers, it was illegal use based on the quantification of these natural
detected for a longer period of time in excreta. The compoundg8]. A promising technique seems to be
higher concentration levels and prolonged detection GC—combustion—isotope ratio MS. TH&C/12C ratio
were most pronounced in faeces. in urine of treated animals differs significantly from

e Another example of an important metabolic route the one of untreated anima]8-11]. However, this
is the hydrogenation of the A-ring structures of the technique is not (yet) available in most routine labs.
17«-alkyl anabolic steroids. Results of in vivo ex-
periments and positive routine samples have shown 2.2.4. ‘New’ steroids
the importance of la-methyl-§3-androstane-@, Next to the steroids longer known to be misused for
17B-diol (MeAD) (Fig. 3) in the detection of three  growth promoting purposes from time to time ‘new’
17a-methylsteroids: methyltestosterone, methyl- steroids out of the long list of described substances
boldenone and methandriol. MeAD is mainly ex- are encountered. A problem which may arise in this
creted via faeces and is much longer detectable case is the non-availability of standards. Some recent

than the three parent compour{ds. cases of such products found in preparations, injec-
tion sites or fat were flugestone acetate, allylestrenol
2.2.3. Natural hormones and norclostebolacetate. The structure of the last was

The use of natural sex steroid hormones and their elucidated very rapidly by its resemblance to closte-
esters is a still growing problem in the control of bolacetate. At that moment, no standard seemed to be
residues of growth promoters. In illegal preparations available so that next to MS techniques also nuclear
used for growth promotion the natural hormones magnetic resonance (NMR) spectroscopy was nec-
have become the most popular ingredient. Exoge- essary for the unequivocal identification. An animal
nous administration of these compounds leads to the experiment has been set up in order to look for the
same hormones and metabolites as the endogenougpossibilities of its detection in excreta.
produced hormones. Therefore, they have to be deter-
mined, based on quantitative measurements. However,2.3. Ecdysteroids
the concentration of these endogenous hormones can
widely vary according to animal species, sex, age Ecdysteroids are steroids with 27, 28 or 29 car-
and physiological state of the animal. If there is no bon atoms with a skeleton characterised by hydroxyl
decision level for the concentration of the natural sex groups at least in positions 2, 3 andol4 ketofunc-
steroid hormones, quantitative measurement of othertion at 6 conjugated with a double bond at 7-8 and
parameters has to be performed. This can be a metabomultiple alcohol functions on the side chaiRig. 4).
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Fig. 4. Structure of some ecdysteroids.

More than 150 ecdysteroids have yet been identified in a specific (at least four transitions in MS/MS) and
plants and in invertebrates, especially arthropods. The sensitive (10—-100 pg injected) detection possible. The
main zoo-ecdysteroids are-ecdysterone (insects) main trouble for an efficient control is the lack of
and 20-hydroxyecdysone (also callgdtecdysone, information regarding metabolism in meat-producing
ecdysterone, crustecdysterone, isoinokosterone) (crus-animals, and the difficulty to discriminate between a
taceans). The main phyto-ecdysteroids are ponas-natural source and anabolic treatment.
terones and makisterone C. In arthropods, ecdysteroids
act as moulting hormones, whereas in plants they 2.4. Somatotropin
operate as protective agents against predatory insects.
Commercial available ecdysteroids are generally ex-  Growth hormone (GH)—or somatotropin (ST)—is
tracted from plants, such &guzea carthamoideand a single polypeptide chain consisting of 191 amino
Rhaponticungenus. One of the well-known sources acids (around 22,000 Da), varying considerably be-
of B-ecdysone is Suma (common name: Brazilian tween species. The growth promoting effect of GH
Ginseng, Pfaffia, Para Toda or Corango-acu), a large was shown in rats as early as in the 1920s by Evans
ground and scrambling vine characterised by deep and co-workers. They demonstrated that GH increases
root system (family: Amaranthaceae; gend¥af- weight gain[15] and stimulates protein accretion con-
fia; speciespaniculatgy. As early as 1963, Burdette current with a reduction in fat depositidi6]. The
found that ecdysterone enhanced the rate of protein effect was not studied in farm animals until the 1950s.
synthesis in mammalian tissue; Hikino confirmed the Brumby [17] conducted an experiment in cattle, and
anabolic effects in mice in 1969. By 1976, the Russian Turmann and Andrew$18] investigated the effects
scientist Syrov attributed t@-ecdysterone the an- in pigs. For many years, it was not possible to apply
abolic effect of Suma extracts, and demonstrated in this knowledge to practice due to limited supply of
1984 its strong anabolic effect in mammals. Sus- GH. However, with the development of recombinant
pected in the 1980s to be used by Russian Olympic DNA techniques this has now changed, and porcine
athletes, Suma was then called the Russian secretGH has been approved since 1995 for commercial use
[12-14] Preparations containing ecdysteroids are in growing pigs in Australia. Recombinant bovine GH
easily available through Internet: Syntrabol, Ecdys- (rbST) is widely used to stimulate milk production in
ten, Ecdyvone, Ecdybol, Ecdistenum, MethoxyFactor, cows, but it is not used commercially for growth pro-
etc. Five milligrams per kg body weight per day is motion. GH cannot be administered orally, but by in-
generally recommended. Ajugasterone C is suspectedjection. For cattle, sustainable release formulations for
to have equivalent anabolic properties. monthly administration are on the mark@®]. Four
Their numerous alcohol and ketone groups make different versions of bST are made in the pituitary
the determination of ecdysteroids by GC-MS difficult, gland of the cow, the most abundant being those with a
even after derivatisation. Indeed, LC-MS with mild leucine in position 127 (21,819 Da). rbST differs from
ionisation, such as ESI in the positive mode, makes the endogenous form by the substitution of alanine at
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the NH-end of the chain by: M- (Posilac, Sometri- were very successful in reducing the occurrence of
bove from Monsanto), M-D-Q (bSTH, Somagrebove clenbuterol.
from Cyanamid), M-F-P-L-D-D-D-D-K (Somidobove Recently a new series of clenbuterol-like com-
from Elanco-Eli Lilly), etc. making the differentiation  pounds occurred in black market preparations in Italy,
of endogenous ST from the exogenous one possible. trivially named as compound A and clenmeterol. Such
Two approaches are possible for the control of the compounds revealed a stronger lipophilicity (terbuty-
illegal use of somatotropin in food producing animals: lic group substituted with an aromatic ring). When
indirect methods, e.g. ELISA, to measure biological assayed on in vitro organs, they show a predomi-
tracers, such as IGFI and IGFBP, or direct methods, nantpl-activity (increased heart rhythm). The use of
such as LC-MS/MS (ES{ ionisation), for the identi-  adrenergic drugs with a selecti&l-activity could
fication of the recombinant form of the administered be more effective for repartitioning purposes but in-
somatotropin. The first strategy is interesting in plasma crease the toxicological risk on consumer he2i.
or urine to draw conclusions about the negativity or Certain modifications on clenbuterol structure can
the suspicion of the sample, the second to confirm un- deceive the tests without varying substantially the

ambiguously the administration of rb$Z0]. biological activity. Six new clenbuterol congeners
(G4, G5, G6, G8, D5 and D9) were prepared in this

2.5. B-Agonists way, which were not identified by the common tests.
For this reason illicit traffic of newB-agonists for

2.5.1. Analogs of clenbuterol use in animal production is very lucratij@1,25]

In several countries clenbuterolB2-agonist, isau-  Very recently another analogue of clenbuterol was
thorised for therapeutic use as a bronchospasmolytic found in several feed samples. The molecular weight
and tocolytic agent in veterinary medicine. In dosages is even larger than that of the above-mentioned com-
up to 10 times the therapeutic one, clenbuterol has pounds. The structure has not yet been completely
marked anabolic effec{1]. TheB-agonists enhance elucidated.
growth efficiency by stimulation op-adrenergic re-
ceptors on cell surfaces. In muscle tissgeagonists 2.5.2. Ractopamine and zilpaterol
promote protein synthesis and cell hypertrophy by  Ractopamine is a dietafj~agonist that is approved
inhibition of proteolysis. In adipose tissy&agonists for use in swine with a 5Q0.g/kg tolerance in the US
promote lipolysis. This may result in a reduction of but is illegal in Europe. Therefore, control of export
carcass fat up to 40% and an increase of carcassof pork to the EU requires the ability to determine the
protein up to 40%[22]. This redirecting of cellu-  presence of the drug at they/kg level. Due to its devi-
lar energy metabolism in favour of protein synthesis ating structure most existing screening and confirma-
has prompted the referencing of sofdeagonists as  tory tests fail to detect ractopamine. Several European
“repartitioning agents”. The remarkable effect on in- laboratories also included the substance in their con-
crease of growth rate and the improvement of carcassfirmatory methods, while recently a screening assay
composition ofpB-agonists meets a major challenge based on optical biosensor detection has been worked
facing the meat animal industry, namely the increase out [26].
of lean mass and the reduction of fat content in animal ~ Zilpaterol, present as an activB2-agonist in
carcasses. For this reason, they have been frequentlyZiimax®, is one of the neweB-agonists officially reg-
used in meat-producing animals. istered for fattening purposes in cattle in Mexico and

The use off-agonists as growth promoters is not South Africa. Zilpaterol-HCI is a powerfid-agonist,
permitted in the European Community. The illegal use which is more effective than ractopamine, but only
of these active substances resulted in several cases ofbout one-tenth effective as clenbuterol. Mexican re-
food poisoning with symptoms, such as tremor, tachy- ports conclude that zilpaterol supplementation can
cardia and nervousne$83]. The development of a  have marked beneficial effect on growth performance
suitable control strategy based on screening methods,and carcass yield of feedlot steers. Enhanced growth
such as ELISA, followed by confirmatory analysis performance accounts for 55% of the net economic
with GC-MS and LC-MS on a variety of matrices value of zilpaterol supplementation (benefit to the
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feeder), while increased carcass cut ability accounts 2.6. Corticosteroids

for 45% of the net value (benefit to the meat packer

and retailer)[27]. The structure clearly differs from Corticosteroids are frequently used drugs in human
otherB-agonists, such as clenbuterol or ractopamine, and veterinary medicine, often in combination with
so that routine screening methods based on im- other drugs, such as antimicrobial druggeagonists.
munoassays are not able to detect the new molecule.They can be divided in two groups: mineralocorti-
Dutch and Belgian laboratories recently joined their coids (e.g. aldosterone) with principal action upon
efforts to develop a confirmatory method for detection electrolyte and water metabolism, and glucocorti-

and set up an animal experiment. coids with important functions upon gluconeogenesis,
glycogen deposition, protein and calcium metabolism,
2.5.3. Natural products together with anti-inflammatory and immunosuppres-

Natural B-agonists like hordenine are given partly sive activities. Often corticosteroids have activity in
to impede detection and also because of their action asboth groups. Examples of natural glucocorticoids
such[23]. This biogenic amine is generated during the are cortisol and cortisone. Dexamethasone and pred-
breakdown of tyramine beginning on the first day of nisolone are well-known synthetic glucocorticos-
barley germination. It is contained in cacti as well as teroids[30].
in different kinds of reeds. The stimulatory action of The difference in structure between steroids and
hordenine on the respiratory and cardiovascular sys- corticosteroids lies in the side chain on C17, with hy-
tems is short-lived and appears only when a high dose droxygroups on C1F and C21 and a ketofunction on
of the compound is used. The compound is also con- C20. Synthetic corticoids are developed to enhance
sidered to be a stimulant in horse racing. It is one of their potency and their glucocorticoid effects. This is
the active amines in Zhi Shi, a Chinese herb, which mainly achieved by dehydrogenation a2, hydrox-
is reported to stimulate th@3-receptors, resulting in  ylation or methylation on C16 and halogenation on C6
breakdown of fat cell$28]. and/or C9[32].

Recently, also, ephedrine was detected several The main therapeutic use is related to their anti-in-
times in feed for pigs. Ephedrine is an alkaloid ob- flammatory and immunosuppressant properties which
tained from species of herbs of the geritghedra suppress the clinical manifestations of disease in a
Ephedrine is a sympathomimetic agent with direct wide range of disorders, such as rheumatoid disease,
and indirect effects on adrenergic receptors. It has gastro-intestinal disorders (Crohn’s disease), renal dis-
a- and B-adrenergic activity and has pronounced orders, skin disorders, asthma, cardiac disorders, or-
stimulating effects on the central nervous system. It gan and tissue transplantation, ocular disorders and
has been used for its bronchodilator properties in the neurological disorders. A major drawback of the ther-
treatment of asthma and respiratory disord28s30]. apeutic use is the wide range of side effects. Treatment
Ephedrine is very popular product for weight control. can be by oral administration, intramuscular, subcu-
By stimulating the sympathetic nervous system, the tane orintravenous injection, or as a topical application
amount of heat produced from food increases (ther- [30].
mogenesis) and, therefore, the amount of fat stored Although it has long been recognised that large
decreases. However, many side effects result from doses of synthetic glucocorticoids reduce growth rates
excess of ephedrine. Insomnia, irritability, headaches, and lead to muscle atrophy, dexamethasone and other
nausea, vomiting, difficulties with urination, acceler- corticosteroids are frequently used as illegal growth
ated hearth rate and muscle twitches are some of thepromoters in livestock production. Originally they
lesser side effects. Prolonged use can lead to distur-were often combined witR-agonists and/or anabolic
bances in the heart’s rhythm, high blood pressure and steroids [32]. Cocktails with B-agonists appear to
amphetamine-like dependency, and eventually heartbe in use to prevent receptor down-regulation and
failure [31]. tolerance in the animal or to affect meat quality by

It is obvious that the obscure situations with nat- increasing water contef23]. More recently corticos-
ural B-agonists are causing highly unpredictable and teroids became applied alone. Low doses of glucocor-
possibly dangerous situations. ticoids result in improved feed intake, increased live
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weight gain, reduced feed conversion ratio, reduced mation of persisting residues. The product licence for
nitrogen retention and increased water retention and these feed additives was withdrawn following publi-
fat content33]. cation of Commission Regulation No. 2788/98.

A long list of glucocorticosteroids has been found With the ban for carbadox and olaquind@X7],
in illegal preparations or as residue in controlled there is a potential risk for the use of unknown quinox-
farm animals, including dexamethasone, betametha- alines. A feed concentrate for poultry was obtained,
sone, prednisolone, methylprednisolone, prednisone,which was declared to contain a compound named
flumethasone, isoflupredone and triamcinolone ace- “metil-olaquindox”. LC analysis with diode array de-
tonide. Among the more recent compounds found in tection indeed seemed to confirm the presence of an
preparations clobetasolpropionate and beclometha-analogue of olaquindox and carbadox. The original
sonedipropionate can be mentioned. Also esters of thehypothesis, based on the name given to the compound,
endogenous compound cortisol have been detectedthat the substance was olaquindox with an additional
from which the control via residues in biological methyl group, however, was left after LC-MS analy-
matrices is practically excluded. sis. The probable molecular mass of 234 indeed was
lower than those for olaquindox and carbadox, being
263 and 262, respectively. The search for analogues
in the literature and on the Internet yielded some

2.7. Quinoxalines

Carbadox and olaguindox are two widely available
antibacterial synthetic quinoxaline compounds with
growth promoting activity. Both substances were al-

compounds like mequidox and mequindox, however,
no compound with the correct molecular mass was
found. Further research by NMR resulted in methyl 3-

lowed as growth promoter with pigs by Directive methyl-2-quinoxalinecarboxylate-1,4-dioxideig. 5)
70/524/EEC. The growth promoting effect of both as the most probable structui@8]. The same com-
compounds is supposed to be primarily caused by a pound was found in feed for rabbits in Italy and was
stabilisation of the intestinal microflora improving the called isolaquindo%39]. This compound with a prob-
feed conversion and reducing the formation of toxins. able comparable or even higher toxicity than the well
In contrary to hormones or hormone-like substances, studied compounds carbadox and olaquindox seems
the growth promoting efficacy does not require sys- to be present on the black market in many coun-
temic receptor-mediated effects interfering with the tries, while no methods are available for the control
hormonal balancg34]. in feed or food. The same can be said for the other
The compounds have not been without controversy analogues. Furthermore, no standards are available.
because carbadox is both mutagenic and carcinogeniclt might be interesting to note for control purposes
in animals, while olaquindox is strongly mutagenic that the metabolite of the compound discussed, theo-
[34—-36] Both substances have been vigorously tested retically is the same as for olaquindox and mequidox

for toxicity due to their extensive absorption and for- [40].
o 0
C: 7 @ =
T CH3 N CH3
0 0
Olaquindox Metil-Olaquindox

Fig. 5. Structures of some quinoxalines.
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2.8. Non-steroidal anti-inflammatory drugs the structure activity relationship. Such modulation
in the pharmacological activity allow a wide range of
Probably one of the most commonly used therapeu- therapeutic uses, from treatment of insomnia to the
tic drug classes world-wide are the group of non- pre-anaesthetic medication. In the veterinary practice
steroidal anti-inflammatory drugs (NSAIDs). Their of pet animals, benzodiazepines can be prescribed
anti-inflammatory, analgesic and antipyretic activities for the same scope. In veterinary medicine, benzodi-
are well known and they are widely used to treat azepam injection is commonly used for anaesthesia
inflammatory conditions, fever and rheumatic dis- induction[44]. The use of medium acting benzodi-
eases as well as acute and chronic pain, including azepines, such as diazepam has been proposed as an
osteoarthritis and rheumatoid arthritis, with rather im- anxiolitic and sedative in sheep transport to prevent
portant differences between the different subclasses.stress, limiting leg injury occurrence. A short acting
Enolic acids and pyrazolon derivatives, salicylic acid benzodiazepine, brotizolam, is available to stimulate
derivatives p-aminophenol derivatives, indole indene feed intake in weak animals.
derivatives, heteroaryl acetic acids, arylpropionic  The low cost, the practicability of their oral admin-
acids, anthranilic acids and alkanones are the different istration, the possibility of stimulating the appetite and
classes that can be distinguisi&a,41]. tranquillising animalg445,46], thus counteracting the
NSAIDs act by blocking the action of cyclooxy- side effects o-agonists as repartitioning agents, ex-
genase (COX), the key enzyme in the synthesis of plains their administration in feed on spots close to
eicosanoids (prostaglandins and related substancesfhe consignment. Indeed cocktails @fagonists with
from arachidonic acids. Differences are based on the benzodiazepines are in use, the benzodiazepine being
selectivity of those drugs to block cyclooxygenase intended to “antagonise” the reduction in feed intake
1 (COX1), enzyme responsible for the formation of caused by3-agonists and/or tremors of the animals
tromboxane A and prostaglandins and cyclooxygenase [23].
2 (COX2), enzyme responsible for the formation of
leukotrieneqd42].
In livestock breeding, salicylates are routinely used 3. Conclusions
to condition animals just after transport to reduce the
effects of stress. They can be easily administered by ~ Thorough examination of preparations and results
oral route, with no relevant side effects. In the mar- of specific investigations prove the continued illegal
ket, they are available at convenient price. As well as use of a large variety of growth promoters. Their de-
for therapeutic purposes, the use could be hypothe-tection in matrices of biological origin is far from ev-
sised as an anti-clotting agent, administered close to ident by, e.g. extensive metabolism of the compounds
slaughtering, to speed up the bleeding just before car- and/or the low dosages used. Furthermore, structural
cass dissection. A more efficient bleeding could also changes of known representatives can elude screen-
be responsible for a whiter colour of meat from pigs ing and/or confirmatory tests, while new substances
and calves, relevant in some cases as a quality param-and even new classes of compounds are introduced
eter. At high doses, reduced lipogenesis has been re-unknown to the laboratories. The increased use for
ported, by partially blocking incorporation of acetate Screening purposes of very specific methodology, such
into fatty acids[43]. as MS with single ion monitoring and even tandem
MS, is a handicap in detecting new molecules.
Solutions to improve the efficiency of residue test-
ing programmes might be found in the encouragement

2.9. Benzodiazepines

Benzodiazepines are anxiolitic and sedative drugs,
widely used in human medicine. Their activity is
mainly based on the receptor competition with gamma
aminobutyric acid, a chemical mediator of the cen-
tral nervous system. They can be classified in long,
medium and short acting compounds, according to

of the study of the kinetics and metabolism of the
substances in the target animal and of the production
of reference standards of compounds and metabolites,
isotope-labelled compounds and samples of incurred
matrices. The application of screening methods based
on different approaches, including group specific



D. Courtheyn et al./Analytica Chimica Acta 473 (2002) 71-82

81

methods and methods based on the measurement of19] K. Sejrsen, N. Oksbjerg, M. Vetsergaard, M.T. Sorensen,

indirect parameters also should be encouraged. The

use of histological and physiological indicators should
be worked out. Especially, in order to reveal the use

Growth hormone and related peptides as growth promoters,
in: Proceedings of the Scientific Conference on Growth

Promotion in Meat Production, Brussels, Belgium, 29

November—1 December 1995, pp. 87-119.

of new compounds, combined efforts are necessary, [20] N. Rochut, Thesis, Nantes University, France, 2002, 230 pp.
and not only between laboratories, but also between [21] G. Boatto, C. Testa, G. Brambilla, B. Neri, M. Fiori, D.

laboratories and inspection services.
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