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Abstract

The correct assessment of each so-called b-adrenergic agonist, motivated the authors to carry out this
review of the scientific literature. In Mexico, as in many countries worldwide, some b-adrenergic agonists
are used toimprove carcass performance in various domestic species. Fromthis group, chemically classified
as phenethanolamine derivatives, clenbuterol, ractopamine and zilpaterol, stand out. In this review,
chemical and pharmacological differences among these latter agents are emphasized; in particular those
aspects that concern public health. Derived from references and information compiled, it becomes evident
that clenbuterol is capable of enhancing carcass performance in cattle and other species. However its use
may jeopardize, to some extent, public health. But above all, at present, the use of clenbuterol to improve
performance in food producing animals must be viewed as an illegal act; hence, liable to legal punishment.
Itis only fair to state that clenbuterol is neither carcinogenic, nor mutagenic, and only embryotoxic at very
high doses. This drug is dangerous to human beings in terms of the cardiovascular stimulatory effects that
may derive from the consumption of meat products from animals in which a4-week withdrawal period was
notobserved. At present, no fatalities have been related to this drug. In contrast, ractopamine and zilpaterol
produce extremely weak pharmacological actions inman, and are so rapidly metabolized and cleared from
the animal's body, that it is virtually impossible to regard them as potential causes of drug poisoning in
human beings, even after consuming meat products derived from animals medicated with these drugs and
were no withdrawal time was enforced.

Key words: CLENBUTEROL, RACTOPAMINE, ZILPATEROL, b-ADRENERGIC AGONIST, DRUG-
RESIDUES, PUBLIC HEALTH.

Resumen

Este trabajo ubicaal clenbuterol y otros farmacos agonistas b-adrenérgicos, en ladimension farmacol6gicaque
les corresponde. En el ambito internacional el uso de estos Ultimos se esta incrementando para mejorar el
rendimientoen canal de varias especies domésticas. Destacan el clenbuterol, zilpaterol y laractopamina, entre
otros, delgrupodelasfenetanolaminas. Se puntualizanenestarevision lasdiferencias quimicasy farmacologicas
de los compuestos citados, destacando los puntos que impactan en la salud publica. Del andlisis de la
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informacion resulta evidente que el clenbuterol es capaz de aumentar el rendimiento de las canales de los
bovinosy otras especies. Empero, es un tanto peligroso paralasalud publicay representaunactoilegal y, por
tanto, reprobable y punible. No obstante, debe destacarse que este principio activo no es potencialmente
oncogénico ni mutagénico y es embriotdxico sélo a grandes dosis. Unicamente representa un peligro para la
salud publica en términos de la estimulacion cardiovascular que se deriva de la ingestién de productos
carnicos provenientes de animales tratados con clenbuterol y en los que no se observo un retiro de rastro de
cuatro semanas. A la fecha no existen informes que documenten fatalidades. En contraparte la ractopamina
y el zilpaterol son tan débiles farmacoldgicamente en el ser humano que se biotransforman y depuran con
rapidez en los animales, tanto que es imposible considerar que induzcan efectos cardiovasculares adversos
o de otra indole, aun consumiendo productos de origen animal provenientes de bovinosy cerdos en los que
no se guardd ningun periodo de retiro.

Palabras clave: CLENBUTEROL, RACTOPAMINA, ZILPATEROL, b-ADRENERGICOS, RESIDUOS,

SALUD PUBLICA.

Introduction

nmany species clenbuterol, the b-agonistdrug
(CB),isconsidered asa potentbronchodilator,
- anabolicandlipolyticagent.®Itisalsocalled a
partitioning agent because it foments protein pro-
duction and reducesfat. Internationally itis banned
for use as a production enhancer. However,and asa
consequence of the gain of important profits in the
carcassyield, itis known to be used illegally in beef
cattle. The use of clenbuterol isan illegal procedure
and it should be punished severely; but it only mer-
itsadministrative penalties in Mexico, such as fines
and the closing down of establishments. The public
health consequences of clenbuterol consumption in
food animal products (FAP) are, in the best case,
uncertain and most likely dangerous because of its
cardiovascular activity. Therefore, the importance
of clarifying the actual situation of clenbuterol was
considered and, consecuently sowere, the other avail-
able agonists in the market, such as zilpaterol and
ractopamine.

Relationship between b-adrenergic ago-
nist (b- AR) structure and activity

Itisimportantto pointoutthatevenifadrugistoxic
or hazardous, or leavesresidues inanimal tissues for
long periods, this doesn’t mean that all its analogs
are necessarily the same. For example, ciprofloxa-
cine differs from enrofloxacine in just one ethyl
radical, however, such a change is enough to pro-
duce a drug with a poor pharmacokinetic behavior
in veterinary medicine, in the first case and one of
excellent characteristics in the second.* Chloram-
phenicol differs from tiamphenicol in just one nitro-
gen, which is substituted by a sulfur. In the first case,
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Introduccién

e consideraal firmaco b-agonistao clenbuterol
» (CB) como un potente broncodilatador, anab6-

#—~ lico y agente lipolitico en muchas especies.’?
También se le denomina agente de reparticion en
virtud de que fomenta la produccion de proteina y
reduce la de grasa. En el &mbito internacional esta
prohibido su usocomo promotor delaproduccion. Sin
embargo, y como consecuenciaque se obtienen impor-
tantes gananciasen el rendimiento en canal, se sabe de
su uso clandestino en el ganado de engorda. El uso del
clenbuterol de la manera dicha es ante todo un proce-
dimiento ilegal y como tal reprobable y deberia ser
severamente castigado; emperosoloalcanza penalida-
desadministrativasen México,comomultasy clausura
de establecimientos. Las consecuencias para la salud
publica del consumo de clenbuterol en productos de
origen animal (POA) son, en el mejor de los casos,
inciertas y mas seguramente peligrosas por su activi-
dad cardiovascular. Por tanto, se considerd de impor-
tancia aclarar la situacion real del clenbuterol y, por
extensidn, de otros agonistas disponibles en el merca-
do,como el zilpaterol y la ractopamina.

Relacién entre estructura y actividad de
los agonistas b-adrenérgicos (b-AR)

Esimportante destacar que el hechode que aun cuando
un medicamento es toxico o perjudicial, o deje residuos
en los tejidos animales por largos periodos, esto no
necesariamente hace a todos los analogos iguales. Por
ejemplo, laciprofloxacinadifiere de laenrofloxacinaen
tan s6lo un radical etilo; sin embargo, dicho cambio es
suficiente paratener unfarmaco de mal comportamien-
tofarmacocinéticoen veterinaria, enel primercaso, y de
excelentes caracteristicas, en el segundo.*El cloranfeni-



the danger for public health is reactive aplastic ane-
miainduction, reason for its ban in veterinary med-
icinesince 1992, whereas tiamphenicol does not gen-
erate the above mentioned reaction, which depends
on the nitrogen.® Steroids differamongst themselves
because of one hydroxyl; however, itis evident that
testosterone effects are very different to estradiol
effects.®In the same way, the pharmacological char-
acteristics of clenbuterol are not totally shared with
allthe b-AR agonistanalogs.

Clenbuterol isamember of the so-called pheneth-
anolamines, drugs that, asagroup, require the pres-
ence of an aromatic ring with an hydroxyl group in
the b position of the aliphatic group to show activity.
The presence of the nitrogen group and the substitu-
tion of R by a voluminous group, often cyclic, non-
aliphatic, makes the molecule more specific to the b-
adrenergicreceptorsasinthe case of the dobutamine
(Figure 1). With the exception of this last substitute,
the natural cathecolamines of the organism (epi-
nephrine and norepinephrine) are very similar to
the b-AR agonists. However, both clenbuterol as
well as the other b-AR agonists show important
differences in intrinsic activities, due to the charac-
teristics of the substitute groups. In the same way,
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Figura 1. Estructura de los principales agonistas b-adrenérgicos.
Structure of the principal b-adrenergic agonist.

col difiere del tianfenicol en un solo nitrégeno, sustitui-
do por un azufre. En el primer caso, el peligro para la
salud publicapor induciranemiaaplasticareactivaenel
ser humano, motivo su prohibicién en el ambito veteri-
nario en 1992, mientras que el tianfenicol no genera la
reaccion comentada dependiente del nitrégeno.® Los
esteroides difierenentre sitan sélo por unhidroxilo;sin
embargo, es evidente que los efectos de la testosterona
son muy distintosalosdel estradiol.t De lamismaforma,
lascaracteristicas farmacolégicas del clenbuterol noson
compartidas en su totalidad necesariamente por todos
losanalogosagonistas b-AR.

El clenbuterol constituye un miembro de las denomi-
nadas fenetanolaminas, medicamentos que, como gru-
po, requieren la presencia de un anillo aromatico con un
grupo hidroxilo en la posicion b del grupo alifatico para
mostrar actividad. Lapresenciadel gruponitrogenadoy
lasustitucion de R por un grupo voluminoso, amenudo
ciclico, no alifatico, hace més especificaalamolécula por
losreceptoresb-adrenérgicoscomoenel caso de ladobu-
tamina (Figura 1). Con excepcion de este Ultimo sustitu-
yente, las catecolaminas naturales del organismo (epin-
efrinay norepinefrina) son muy similares alos agonistas
b-AR.Empero, tantoel clenbuterolcomotodoslosagonis-
tas b-AR muestran importantes diferencias en las activi-
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the different substitutions allow different pharma-
cokinetic characteristics. At the same time, the dif-
ferent capacities of distribution and permanence in
the organism determine the magnitude of the b-AR
agonist and the persistence of residues in animal
tissues.” For example, the bronchodilator effect of
clenbuterol is much more potent than the effect of
salbutamol, but the later has very little cardiovascu-
lar activity making it the preferred treatment for
asthmatic conditions in humans.t2

For the b-AR agonists, the substitutions of the aro-
matic ring are important in order to obtain a defined
biological activity. For example, salbutamol is inacti-
vated by the reaction of glucuronid acid (hepatic glu-
curonidation) on the OH- radical of the ring.?*2Simi-
larly, some compounds are biotransformed and
inactivated readily by the tissue cathecol-O-methyl-
transferases (COMT), which methylate the hydroxyls
in the aromatic ring, such is the case of isoproterenol
and dobutamine.®® In contrast, ractopamine, salme-
teroland salbutamol are notsubstrates for COMT, and
are only biotransformed by hepatic glucuronidation.
When the OH- are substituted by an halogen as in the
case of clenbuterol (chloride), biotransformation is
avoided by the COMT enzymes at a tissue level and
hepatic biotransformation is slowed.? At the same
time, the presence of chloride in clenbuterol makes it
more liposoluble than its analogs and, thus, tends to
diffuse deeper in tissues and in animal fat.”?2 Howe-
ver, it is necessary to clarify that all the b-AR deriva-
tives mentioned previously would be more liposoluble
if they did not have an amine that is protonated at a
physiological pH or lower, such as in the stomach. This
amine gives pKa values, of at least 8.5, and usually
higher than 10.7-% With these characteristics they are
not soluble in organic solvents at a physiological pH
and mostofthem are soluble in water or methanol. 3%
According to this situation, the extraction of b-AR
agonists referred here from biological samples is
achieved with agreater efficiency ina pH of 10 wheth-
er in an ether, ethylacetate or methilene chloride ma-
trix.2*%® A notable exception is salmeterol, which is very
liposoluble and fixes to the cells for longer periods of
time, perhaps for this reason it hasn’t been used in
veterinary medicine.

In Figure 1 the b-AR compounds present a lateral
chain (named b). This could be levorotatory or dex-
trorotatory. The commercial compounds present both
stereoisomers; therefore, they will have a variable
activity depending on the chirality ratio. For some
compoundsas clenbuterol, ractopamine, phenoterol,
isoproterenol, zilpaterol and terbutaline the active
partislevorotatory®*#althoughthere are experimen-
tal compoundswhose dextrorotatory form isthe func-
tional one.
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dades intrinsecas, ello se debe a las caracteristicas de los
grupos sustituyentes. Asimismo, las diferentes sustitu-
ciones propicianadistintas caracteristicas farmacocinéti-
cas;asuvez, lasdiferentes capacidadesde distribuciony
permanencia en el organismo determinan la magnitud
del efecto del agonistab-ARYy la persistenciade residuos
en los tejidos animales.” Por ejemplo, el efecto broncodi-
latador del clenbuterol es mucho mas potente que el del
salbutamol, peroeste Gltimotiene pocaactividad cardio-
vascular, por ello es preferido para el tratamiento de
condiciones asméticas en el hombre. 2%

Paralosagonistas b-AR, las sustitucionesenel anillo
aromatico sonimportantes paraobtener unaactividad
biolégica definida. Por ejemplo, el salbutamol se inac-
tiva por reaccion con el &cido glucurénido (glucuroni-
dacién hepatica) en el radical OH- del anillo.?% Asi-
mismo, algunos compuestos se biotransforman e
inactivan rapidamente por las catecol-O-metil-transfe-
rasas (COMT) tisulares que metilanloshidroxilosenel
anillo aromatico, tal es el caso del isoproterenol y la
dobutamina.?® En contraparte, la ractopamina, el sal-
meterol y el salbutamol no son sustratos parala COMT,
y s6lo son biotransformados por glucuronidacion he-
péatica. Cuando los OH-son sustituidos por un haloge-
no como en el caso del clenbuterol (cloro), se evita la
biotransformacion por lasenzimas COMT anivel tisu-
lar y se hace lenta la biotransformacién hepatica.? Al
mismo tiempo, la presencia del cloro en el clenbuterol
lo hace mas liposoluble que sus anadlogos y, por ende,
tiende a difundir méas profundamente en los tejidos y
la grasa animal.”?% Sin embargo, es necesario aclarar
gue todos los derivados b-AR mencionados serian mas
liposolubles de no ser porque la amina que todos
tienen se encuentra protonada a pH fisiolégico o me-
nor, como el del estbmago. Esta amina les confiere
valores de pKa de, por lo menos, 8.5 y generalmente
superiores a 10.2% Con estas caracteristicas no son
solubles en solventes orgéanicos a pH fisiolégico y la
mayoria son solubles en agua 0 metanol.?’%3% En esta
tesitura, la extraccidn de agonistas b-AR del tipo aqui
referido de muestras bioldgicas se logra con mayor
eficienciaen pH 10 en unamatriz de éter, etilacetato o
cloruro de metileno.?3* Una notable excepcion a lo
dicho es el salmeterol, que es muy liposoluble y se fija
a las células por tiempo prolongado, quizé por esta
razon no se le ha utilizado en veterinaria.

En la Figura 1 los compuestos b-AR presentan una
cadenalateral (sefialadacomo b). Esta puede ser levogira
0 dextrdgira. Los compuestos comerciales presentan
ambos estereoisOmeros; por tanto, tendran actividad va-
riable dependiendo de su proporcién chirial. Para algu-
nos compuestos como clenbuterol, ractopamina, fenote-
rol, isoproterenol, zilpaterol y terbutalina la parte activa
es la levorrotada®?® aunque existen compuestos experi-
mentales que funcionan con la parte dextrorrotada.



Effects of clenbuterol and b-AR analog
antagonists

In cattle, clenbuterolinduces when given in low doses,
when it is considered as a productive performance
enhancer: aincrease inblood pressure,**” atemporary
increase in heart rate during approximately 24 hours,
anincrease inthe metabolic rate and ithas been report-
edthatthereisanincreasein lamenessrate.® Thereare
no reports documented about the effects of a clen-
buterol overdose in this species, but they should not
differ from previous situations, except in their magni-
tude. At production doses, the problem in the illegal
use of clenbuterol is centered mainly on the risks it
represents for the consumer of food animal products
contaminated by this drug.® This problem does not
apply to the other b-agonists that are licensed for sale
(ractopamine, zilpaterol) due to their lower bronchod-
ilator or cardiovascular potency in comparison with
clenbuterol and even with salbutamol. For example,
the cardiostimulative activity of clenbuterol isapprox-
imately 2,000 times higher than zilpaterol*.

Clenbuterol represents adrug that offers the benefit
of inducing noticeable bronchodilation in man at a
doseof10,20and upto40 mg/adultand of 0.8 mg/kgin
bovines and equines.®**? Also, inasimilar way to what
occurs in women at risk of experiencing premature
childbirth in cases where other b-AR agonists are
used,®# clenbutrerol is a drug capable of delaying
parturition in mares, ewes and cows in at dose of 300-
450 mg/animal.**“*® A review in the main information
banks (CAD, VET-CD, MEDLINE,BIOLOGICAL AB-
STRACTS, etc.) since 1966 did not show any note to
correlate clenbuterol with a genotoxic, embryotoxic,
teratogenic, nor mutagenic effect. So, the potential
problem in public health is likely due to a matter of
clenbuterol concentrations in consumed food and not
accumulative genomictoxicity or any other kind previ-
ously mentioned. In the same way, there is no data
suggesting that a b-AR derivative presents the above
mentioned toxicities.

It is important to mention that in the case of clen-
buterol there have been reports of the following effects
derived from the consumption of food products of
animal origin that have contained this drug, such as:
hand numbness, muscle tremors, nervousness, head-
acheand muscle pain. Inextreme acute overdoses, not
derived from drug residues in consumed products, but
rather with an accidental or purposeful overdose of
pharmaceutical products for human consumption
which contain clenbuterol, there is marked tachycar-
dia, numbness, nervousness, tremors and there can
even be myocardial necrosis due to diminished blood
perfusion generated by a decrease in the diastole, a
stage in which the myocardium receives irrigation

Efectos del clenbuterol y anélogos ago-
nistas b-AR

En bovinos el clenbuterol induce a dosis bajas, consi-
deradascomo promotoras del rendimiento producti-
vo: Aumento de la presion sanguinea,®* incremento
transitorio de lafrecuenciacardiaca durante 24 horas
aproximadamente, incremento de latasa metabdlica,
se hainformado que aumenta la tasa de cojeras.®* No
setienen documentados los efectos de unasobredosis
de clenbuterol en esta especie, pero no deben diferir
de lo anterior mas que en su magnitud. A dosis pro-
motoras de la produccidn o superiores, el problema
del uso ilegal del clenbuterol se centra mayormente
en los riesgos que representa para el consumidor la
ingesta de productos de origen animal contaminados
con este fArmaco.* Este problema no se hace extensi-
vo a los otros b-agonistas que tienen autorizada su
venta (ractopamina, zilpaterol) debido a que su po-
tenciabroncodilatadora, vaso o cardioactiva, es mu-
cho menor que la del clenbuterol y aun que la del
salbutamol. Por ejemplo, laactividad cardioestimula-
doradel clenbuterol es aproximadamente 2 000 veces
superior a la del zilpaterol.*

El clenbuterol representaun medicamento que ofre-
ce el beneficio de inducir unanotoriabroncodilatacion
enelhombreadosisde 10,20y hasta4d0 mg/adultoyde
0.8mg/kgenbovinosy equinos.““También, de mane-
ra similar a lo que sucede con la mujer que tiene una
amenaza de parto prematuroy en la que se usan otros
agonistas b-AR,*% el clenbuterol es un medicamento
capaz deretardar el proceso de parto enyeguas, ovejas
y vacas adosis de 300-450 mg/animal.®* Unarevision
enlosprincipalesbancosinformaticos (CAD, VET-CD,
MEDLINE,BIOLOGICAL ABSTRACTS, etc.)de1966a
lafechanoarrojo unasolacitaenlaque se correlacione
al clenbuterol con un efecto genotoxico, embriotoxico,
teratogénico ni mutagénico. De tal suerte que el pro-
blema potencial ensalud publicase debe posiblemente
a una cuestion de concentraciones del clenbuterol en
losalimentosingeridosy noaunatoxicidad genémica
acumulable o de otrade las indoles yareferidas. De la
misma manera, no hay datos que sugieran que algun
derivado b-AR presente las toxicidades comentadas.

Es importante sefialar que solamente en el caso del
clenbuterol se han documentado los siguientes efectos
derivadosde laingestadel farmacoincluidoen produc-
tos de origen animal: Adormecimiento de las manos,
temblores musculares, nerviosismo, dolor de cabezay
dolores musculares. En sobredosis agudas-extremas,
no derivadas de la ingesta de productos con residuos

* Hoechst-Roussel Vet S.A. 102 route de Noisy 93235Romainville
Cedes, France.
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from the coronary arteries. There are no reports of
toxic effects with ractopamine or zilpaterol in over-
dosed cattle and, evidently, less in humans, given that
these products are for veterinary use only and up until
now there has not been any suspicion of a toxic effect
due to the consumption of meat products produced
using these agents.

In this sense, it is worthy mentioning that the drug
or drug metabolite maximum residue concentration
(MRL = maximal residue limit) in tissues or in milk is
calculated from the admissible daily intake (ADI), us-
ing asadaily intake food factor a total of 300 g of meat,
300 g of fat, 300 g of internal organs, two eggs and one
liter of milk.5*%The ADI value of clenbuterol is of 0.04
ng/kg/day,* an equivalent of 2.4 ng/day for a 60 kg
person. Toobtainthe ADI value, clenbuterol’s no effect
level (NOEL) of 2.4 mg per day was first determined.>
The ADI value is further reduced to 250 ng/day for
safety reasons (approximately 10 times less);* that is,
4.1 ng/kg/day, considering a 60 kg human. If 2 kg of
meat productsand fat per day are eaten, thenthe MRL
value will be the equivalent of 125 ng/kg of food (125
ppb); that is: each kg of food of animal origin may
contain 125 ng of active clenbuterol with no adverse
reactions.

For ractopamine, the ADI throughthe IV route is 230
times greater than that of clenbuterol, thisis estimated
from oral administration and considering a 100% bio-
availability. In other words, 57.5 ng of ractopamine
could be administered through an IV route to obtain a
NOEL similar to that of clenbuterol. But, if a 60%
bioavailability is considered,**then even moreracto-
pamine would be needed to reach a NOEL similar to
that of clenbuterol. In the same way, to obtain a slight
cardiostimulatory and bronchodilatory effect with zil-
paterol, assuming that one dose of just 20 mg of clen-
buterol forahuman adult achieves the same effects, 40
mg of zilpaterol would be needed,; that is, 2,000 times
more given that zilpaterol is much less potent than
clenbuterol in man in achieving the bronchodilatory
effects and the previously mentioned cardiostimulato-
ry effects. It is important to mention, however, that
organizations such as the Codex Alimentarius, from
the FAO, have not yet approved the MRL* for clen-
buterol. Evidently, while defining it the tacit under-
standing isthatitcan be used, thisimpliesrisks for the
consumer given that in many countries the follow-up
systems for residues in slaughter houses are not yetin
place, and neither are concrete punishments for those
veterinarians and producers responsible of taking an-
imals to slaughter without following the proper with-
drawal period. However, asastarting point, the Mixed
Committee of FAO/WHO of Experts in Feed Addi-
tives** recommended the following MRL’s for clen-
buterolincattle: 0.2 mg/kg in muscleandfat, 0.6 mg/kg
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del farmaco, sino producto de unasobredosis acciden-
talonode productos farmacéuticos de lalineahumana
gue contienenclenbuterol, se acenttialataquicardia, el
adormecimiento, el nerviosismo, los tembloresy pue-
de haber necrosis del miocardio por disminucionde la
perfusién generada por el acortamiento de ladiastole,
etapaen laquesellevaacabo lairrigacion del miocar-
dio por las coronarias.®® No se han documentado efec-
tos toxicos de la ractopamina ni del zilpaterol en bovi-
nos sobredosificados y, evidentemente, menos en el
ser humano, ya que estos productos son de uso veteri-
nario exclusivo y a lafecha no se ha sospechado de un
efectotoxico porlaingestade productos carnicos deri-
vados del uso de estos agentes.

En este sentido, vale la pena sefialar que la concen-
tracion de residuos maxima (MRL = maximal residue
limit, porsussiglaseninglés)entejidosoenlechedeun
medicamentoy sus metabolitos se calculaapartir de la
ingesta diaria admisible (ADI = admisible daily intake,
por sus siglas en inglés), utilizando como factor de
alimentodiarioingerido untotal de 300 g de carne, 300
g de grasa, 300 g de visceras, dos huevos y un litro de
leche.®%® El valor de la ADI del clenbuterol es de 0.04
ng/kg/dia,®loqueequivale 2.4 mg/diaparaunaperso-
nade60kg.Parallegaral valor del ADI previamente se
determiné parael clenbuterol el denominado nivel de
no efecto (NOEL = no effect level, por sus siglas en
inglés) del compuesto en 2.4 ng por dia.** El valor del
ADI por seguridad adicional se reduce a 250 ng/dia
(aproximadamente 10 veces menos);>estoes, 4.1 ng/
kg/dia, considerando un humano de 60 kg. Sise toman
como ingesta 2 kg de productos carnicos y grasa por
dia, entonces el valor de MRL seré equivalente a 125
ng/kg de alimento (125 ppb); esto es, cada kg de pro-
ducto de origen animal puede contener 125 ng de
clenbuterol activo y no se presentaran reacciones ad-
versas en el hombre.

Parael caso de laractopamina, el ADI porvialVes
230veces mayor que el del clenbuterol, calculado este
ultimo a partir de su administracion oral y conside-
rando unabiodisponibilidad del 100%. En otras pala-
bras, se pueden administrar 57.5 ng de ractopamina
por via IV para obtener el nivel de no efecto (NOEL)
similar al del clenbuterol. Pero, si se considera una
biodisponibilidad del 60%,%% entonces se requerira
aun mas ractopaminaparalograrun NOEL similaral
delclenbuterol. De lamismamanera, paraobtenerun
efecto ligeramente cardioestimulador y broncodilata-
dor del zilpaterol, asumiendo que una dosis de tan
so6lo 20ng de clenbuterol por ser humano adulto logra
los efectos referidos, se requerirdn 40 mg de zilpate-
rol; esto es, 2 000 veces mas en virtud de que el
zilpaterol esmucho menos potente que el clenbuterol
en el hombre paralograr los efectos broncodilatado-
res y ligeramente cardioestimuladores ya referidos.



in the liver and kidneys and 0.05 mg/liter of milk.
Considering the MRL values, the maximum daily in-
take would be that 0f 0.235 mg, considering adaily food
intake of 300 g of muscle, 100 g of liver, 50 g of kidney
and fatand 1.5 | of milk.

For the case of clenbuterol, zilpaterol and ractopam-
ine, the parent drug is the marker residue and consti-
tutes the only residue of health importance. Therefore
what is found is considered to be 100% of the total
residues found in muscle, fat and milk and 60% of the
total residuesinthe liver and kidney of cattle.*% Some-
thing similar happensin other species, e.g., ractopam-
ine in turkey.’®5” Regarding the ractopamine residues
in liver with azero dayswithdrawal period (actually 12
h), ithasbeenreported thatitis the same or lower than
0.013 ppm. This value is lower than the MRL, which is
of 0.15 ppm***. It’s important to add that there are
some ways to detect these products in biological sam-
ples and of distinguishing between them.58

Mode of action

The b-AR agonists are organic molecules that bind to
the b-AR receptors, giving place to the agonist-recep-
tor complex, which at the same time activates the Gs
protein. The a subunit of the Gs protein activates
adenilate-cyclase, an enzyme that produces cyclic ad-
enosine monophosphate (cAMP), one of the main
molecules of intracellular signaling. This molecule,
produces its effects by binding to the regulatory sub-
unit of the protein kinase A, to release the catalytic
subunitthat phosphorilates agood number of intracel-
lular proteins. These proteins have vital roles for a
greatvariety of functionsthat range fromallowing the
entrance of Ca++ into the cell, and up to the mediation
of protein synthesis which is key for cell function.232

The physiological b-AR agonists are norepineph-
rineand epinephrine. The first constitutes a cathecola-
mine from the group of phenethanolamines, also con-
sidered a neurotransmitter of the sympathetic nervous
system, biosynthetized fromtyrosinand circulatingin
serum in relatively high concentrations. The second is
from the same group and is synthesized and secreted
intheadrenal medulla; itcirculates in lower concentra-
tions than norepinephrine in most mammals, but in
stress situations it responds in a higher proportion
than norepinephrine.®® Norepinephrine is more selec-
tive of a receptors and epinephrine acts on both, with
a higher selectivity to b, but with a more dominant a
effect. The physiological responsesare produced when
these b-AR agonists bind to the receptors and in our
area of interest, the b adrenergic receptor. The oral
administration of some synthetic b-AR agonists mod-
ifies growth by increasing muscle massand decreasing
fat accumulation. The b-AR receptors are present in

Es importante sefialar, sin embargo, que organismos
como el Codex Alimentarius, de la FAO, alin no han
aprobado cual es el MRL* parael clenbuterol. Eviden-
temente, al definirlo se estdaceptando tacitamente que
se le puede utilizar, lo que implicariaun riesgo parael
consumidor envirtud de que en muchos paisesadn no
se tienen instrumentados sistemas de seguimiento de
los residuos en rastro ni hay penalizaciones concretas
bien definidas, paraaquellos veterinariosy producto-
res responsables de llevar al rastro animales que no
hayan observado el periodo de retiro adecuado. Sin
embargo, como punto de partida, el Comité Mixto
FAO/OMS de Expertos en Aditivos Alimentarios**
recomendo los siguientes MRL de clenbuterol paralos
bovinos: 0.2ng/kgenelmusculoy lagrasa, 0.6 mg/kgen
elhigadoy losrifionesy 0.05 ng/litrode leche. A partir
deestosvaloresde MRL, laingesta diariamaximaseria
de 0.235 ng, sobre una base de consumo diario de
alimento de 300 g de musculo, 100 g de higado, 50 g de
rifidny grasay 1.5 1 de leche.

Paraelcasodelclenbuterol, el zilpaterol y laractopami-
na,elfarmacooriginal esel residuo marcadory constituye
el inico residuo de importancia sanitaria, por lo que se
consideraa lo encontrado como el 100% de los residuos
totales en el mdsculo, la grasa y la leche y 60% de los
residuos totales en el higado y rifion de los bovinos,*
algosimilar sucede en otrasespecies, v.g, laractopamina
enelpavo.®*% Enloreferentealos residuos de ractopami-
naenhigadoconuntiempoderetiro,denominado “cero”
(que en realidad es 12 h), se ha informado que es igual o
inferiora0.013 ppm. Este valor esinferioral MRL, que es
de 0.15 ppm.=** Es importante afiadir que se cuenta con
algunasformas de detectar estos productos en muestras
biolégicas, distinguiéndolos entre ellos.®%

Mecanismo de accién

Los agonistas b-AR son moléculas orgénicas que se
unen a los receptores b-AR, dando lugar al complejo
agonista-receptor, que asuvez activaalaproteina Gs.
Lasubunidad a de laproteina Gsactivaalaadenilato-
ciclasa, enzima que produce el monofosfato de ade-
nosinaciclico (AMPc), unade las principales molécu-
las de sefializacién intracelular. Estamoléculaproduce
sus efectos al unirse a la subunidad reguladora de la
cinasaproteinica A, paraliberar lasubunidad cataliti-
caque fosforilaaun buen ndmero de proteinasintra-
celulares. Estas proteinas tienen papeles funcionales
vitales para una variada gama de funciones que van
desde permitir la entrada de Ca++ a la célula, hasta

* Codex Alimentarius 1999.
**  http://www.fao.org/docrep/U5900t/u5900t0b.htm
***  http:.//www.fda.gov/cvm/efoi/section2/141172051401.html
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most mammalian cells, though the subtype distribu-
tion (b1, b2, b3) and the proportion of each, varies
between tissues in a given species.® In general, the bl
receptors predominate in the heart stimulating its in-
otrophism (contractile force) and in the intestinal
smooth muscle inducing relaxation,®* while the b2 are
located in bronchi and in uterine muscle, inducing
relaxation in both cases. Evidently, the magnitude of
the physio-pharmacological activity of ab-AR agonist
or partial agonist, will depend onitsintrinsicactivity at
the receptor and its distribution in the target tissues.*
In 1965, data indicating the possibility of modifying
growth in mammals supplying these agonists was pre-
sented.® It was suggested that they could directly or
indirectly increase body weightby changing the intracel-
lular concentration of cCAMP. At the beginning of the
1980’s, some researchers from Cyanamid Laboratories,
published some data about the growth modulation in
animals using clenbuterol.® Similarly, they showed that
the oraladministration of thisagonisttocattle, birds, pigs
and sheep increased the muscle mass and decreased
body fat. In Mexico, similar results were obtained using
clenbuterol, supplying itin feed to both pigs and birds.®
Howvever, in birds it required up to five times the yield
promoting dose used in other species, in order to obtain
tangible results. Following these findings, a few years
later, copies of other b-agonists emerged such as ci-
materol,® ractopamine,® zilpaterol,*® salbutamol,®¢ ap-
plied to different species, obtaining variable results, but
most with favorable reports of yield increase.
According todifferentauthors,?%°the effects of the
b-AR agonists are not as pronounced in birds as in
sheep; in pigs the effect is qualified as intermediate and
in cattle the response is good, similar to that seen in
sheep. The possible explanation for these differences
could be that some species have been selected so in-
tensely for their speed of growth that they have less
potential to increase growth since they are very close to
the maximum biological growth rate. Other possible
mechanisms include the agonist’s affinity for b recep-
tors, the binding of the complex agonists-receptor to the
signal transducer system, both being factors that influ-
encethedrug’stransporttothe receptor siteand, finally,
it is possible that certain species may have a limited
number of b-AR receptorsintarget tissues, thus reduc-
ing the response to the agonist.®* Besides the bronchod-
ilator and the weight gain effects, it has been demon-
strated that, at low doses, clenbuterol given in feed to
broiler chickens from day up to the fourth week of age,
significantly reduces their mortality due to ascitic syn-
drome.™ Table 1 details the effects of clenbuterol on
productive parameters in different species.
Oneofthemostobviouseffectsderived fromtheb-AR
agonistsoraladministration in cattle, swineand sheep, is
theincrease in muscle mass.® In physiological conditions
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mediar lasintesis de proteinas clave parael funciona-
miento celular.?32

Losagonistasfisioldgicos b-AR son lanorepinefrinay
laepinefrina. Laprimeraconstituye unacatecolaminadel
grupo de las fenetanolaminas, también es considerada
como un neurotransmisor del sistema nervioso simpéti-
co, quese biosintetizaa partir de latirosinay circulaenel
suero en concentraciones relativamente elevadas. La se-
gundadel mismogruposesintetizay secretaenlamédu-
la adrenal; circula en menores concentraciones que la
norepinefrina en la mayoria de los mamiferos, pero en
situaciones de estrés responde en mayor proporcion que
la norepinefrina.®® La norepinefrina es mas selectiva de
receptoresay laepinefrinaactiiasobreambos, con mayor
selectividad por b, pero con un efectoa mas dominante.
Las respuestas fisioldgicas se producen cuando estos
agonistasb-ARseunenalosreceptoresy parael casoque
nos ocupa, al receptorb adrenérgico. Laadministracion
oral de algunos agonistas b-AR sintéticos, modifica el
crecimiento poraumento de lamasamusculary disminu-
cién de la acumulacién de grasa. Los receptores b-AR
estan presentes en lamayoria de las células de los mami-
feros,aunque ladistribucionde lossubtipos (b1, b2, b3)y
la proporcién de cada uno, varia entre tejidos en una
especie dada.® Por lo general, los b1 predominan en el
corazonestimulandosu inotropismo (fuerzade contrac-
cién) y en el masculo liso intestinal induciendo relaja-
cion,®*mientrasquealosb2seleslocalizaenlosbronquios
ymusculouterino, induciendo relajacion enambos casos.
Evidentemente, lamagnitud de laactividad fisio-farma-
coldgica de un agonista o agonista-parcial b-AR, depen-
deréa de sudenominada actividad intrinseca en el recep-
tor y distribucién en los tejidos blanco.%®

En 1965 se presentaron datos que indicaban la posibi-
lidad de modificar el crecimiento de los mamiferos al
suministrar estos agonistas.®® Se sugirié que directa o
indirectamente podrian lograr el incremento en peso
corporal al cambiar la concentracion intracelular del
AMPc. Enlosinicios de ladécadade los ochenta, inves-
tigadores de los Laboratorios Cyanamid publicaron al-
gunos datos sobre la modulacion del crecimiento en
animales utilizandoel clenbuterol.®* Asimismo, demos-
traron que la administracion oral de este agonista al
ganado, aves, cerdos y ovejas aumentaba la masa mus-
cular y disminuia la cantidad de grasa corporal. En
México se obtuvieron resultados similaresconel clenbu-
terol, suministradoenelalimentotantoacerdoscomoa
aves.®2Sinembargo, enavesserequirid hastacincoveces
ladosis promotoradel rendimiento usadaenotrasespe-
cies, paraobtener resultadostangibles. A estos hallazgos
siguieron, algunos afios después, réplicas con otros b
agonistas como el cimaterol,® ractopamina,® zilpate-
rol,% salbutamol,®¢” aplicados adiferentes especies, ob-
teniéndose resultados variados, pero la gran mayoria
con informes de promocién del rendimiento.



the post-birth growth of skeletal muscle is the primary
result of hypertrophy and it is generally recognized that
an increase in the synthesis of muscle protein and a
decrease inthe breakdown of muscle protein oracombi-
nation of both producesanincreaseinmuscle mass.”The
application of b-AR agonists amplifies these effects, the
treatment of mammalswith b-AR agonistscausesarisein
theamount of tRN A for several skeletal muscle proteins.
Within this context, after the treatment, there isarise in:
mMRNA for light chain myosin;™* the mRNA of a-actin™
andintheinhibitor ofthe calpaine calpastatine protease.™
The b-AR agonists may increase blood flow to certain
regionsofthebody. Thisincrease allowsthe hypertrophy
in muscle by transporting more substrates and energy
sources for protein synthesis.

Another of the main actions of the oralb-AR agonists
isa decrease in the amount of fat in the carcass. In vitro,
triacilglycerol degradation in adipocites has been dem-
onstrated as well as the inhibition of fatty acids and
triacilglycerol.””® In some cases, though notall, after the
chronicadministration of an agonist, the adipose tissue
inanimals presentsincreased lipolyticactivity, decreased
lipogenic activity, or both.”%2 The rise of the plasmatic
concentration of non-esterified fatty acids after the b-AR
agonists administration, confirms the lipolytic activity
which occurs in the adipocites..88

The problem of residues of b-adrenergic
agonists in animal food products

The optimum growth promotor dose of clenbuterol in
cattle is approximately 0.8 mg/kg body weight.3#:

De acuerdo con diferentes autores,'2% |os efectos
delosagonistas b-AR nosontan pronunciadosenaves
como en los ovinos; en cerdos el efecto es calificado
comointermedioyenelganadobovino larespuestaes
buenaysimilaraladel ovino. La probable explicacién
de estas diferencias se puede deber a que algunas
especies se han seleccionado de manera tan intensiva
en su velocidad de crecimiento que tendran menor
potencial paraincrementar el crecimiento debidoaque
estdn muy proximas a la velocidad de crecimiento
méaximo biolégico. Otros posibles mecanismos inclu-
yen la afinidad del agonista por los receptores b, el
acoplamiento del complejo agonista-receptor al siste-
matransductor de sefiales, factores que influencian el
transporte del farmacoalossitios del receptory, final-
mente, es posible que determinada especie tenga un
numero limitado de receptores b-AR entejidos blanco,
reduciendo larespuestaal agonista.®® Ademas del efec-
tobroncodilatador y de gananciade peso, se hademos-
trado que pequefias dosis de clenbuterol en pollo de
engordaadministradasen el alimento desde undiade
edad hastalacuartasemana, reducen de manerasigni-
ficativa la mortalidad debida al sindrome ascitico.™
Enel Cuadro 1se presentan los efectos del clenbuterol
en las variables productivas en diferentes especies.

Uno de los efectos més obvios derivado de laadmi-
nistracion oral de los agonistas b-AR en el ganado,
cerdosy ovinos, es el aumento en la masa muscular.®®
Encondicionesfisioldgicas el crecimiento posnatal del
musculo esquelético es el resultado primario de una
hipertrofiay se reconoce que unaumento de lasintesis
proteinicamusculary unadisminucionen ladegrada-

Cuadro 1
INFLUENCIA DEL CLENBUTEROL SOBRE ALGUNOS PARAMETROS PRODUCTIVOS EN DIFERENTES ESPECIES
INFLUENCE OF CLENBUTEROL ON SOME PRODUCTIVE PARAMETERS IN DIFFERENT SPECIES

Animal Ganancia de peso Consumo de alimento Ganancia/Alimento Mdsculo Grasa
Animal Weight gain Feed intake Gain/Feed Muscle Fat
Bovinos +10 -5 +15 +10 -30
Aves * ND ND ND +2 -7
Cerdos +4 -5 -5 +4 -8
Ovinos +15 +2 +15 +25 -25

Los valores se expresan como porcentaje de cambio.®0112
* Efecto profilactico vs sindrome ascitico.

ND = no determinado.

The values are expressed as a percentual change.®%112

* Profilactic effect vs ascitic syndrome.

ND = not determined.

Vet. Méx., 33 (2) 2002 145



However, as it has been shown that the carcass yield
can be further improved, itis not rare for producersto
give five or even ten times the mentioned dose.® The
increase in carcass yield does notincrease linearly with
dosage increases, at higher dose the animal’s welfare
and health are impaired, so this practice is not justifi-
able and the reasoning behind it is rather primitive.

In order to have a better control over the illegal use
of this drug, several analytical methods have been
developed using several tissue samples, such as liver,
kidney, muscle, and body fluids such as plasma, urine
and bile.5"#

In a study done by Sauer et al.,*” clenbuterol was
administered orally at ten times the therapeutic dose
(10 mg/kg body weightevery 12 hoursduring 21 days)
in Holstein-Friesian calves and the main pharmacoki-
netic variables as well as the clearance pattern for
residues in organs and common tissues were deter-
mined, as well as in several eye compartments and
body fluids. Residues were determined at six hours
and on days one, two, four, eight and sixteen after the
treatment was finished. Clenbuterol concentrations
were higher in liver than in kidney, bile and urine,
from day two following withdrawal. However, the
concentration in choroid/retinawere ten times higher
than in liver at all times after the treatment was fin-
ished. Furthermore, clenbuterol concentrationsin eye
tissues were as follows, from highest to lowest: chor-
oid, retina, cornea, sclera, aqueous humor, vitreous
humor. Given the weight of these substructures, it is
absurd to think that accumulation at this level could
represent areal danger. However, itsaccumulation in
retinaand in choroid may be useful to obtain relevant
information about the use of clenbuterol in animals
sent to slaughter. According to this criteria of zero
residues, Elliot®® recommends a withdrawal period of
four weeks when a conventional dose is used to im-
prove carcass yield. However, there is no reference to
the time needed when using other doses. The melanin
isthe eye component responsible for the accumulation
of clenbuterol,® a fact which was demonstrated in
albino rats and control rats, where both presented the
same amountofclenbuterol residues, whereasthe rats
with pigmented eyes showed a clear evidence of accu-
mulation. The residue data for clenbuterol in the tis-
sues and fluids of cattle is presented in Table 2.

Theresiduesituation is different for both ractopam-
ine and zilpaterol. In both cases, their clearance is
much faster, because of the, already mentioned, ab-
sence of chloride in the cyclic group, which facilitates
their biotransformation and excretion.* In the case of
ractopamine, it has been estimated than in only 24-48
hours the drug concentration and its metabolites are
reducedto levels belowthe ADI, being biotransformed
through glucuronid conjugation mainly.® However,
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cion de proteina muscular o una combinacion de am-
bos produce aumento de lamasa muscular.”Laaplica-
cién de agonistas b-AR amplifica estos efectos, el trata-
miento de los mamiferos con agonistas b-AR causa
incrementoen lacantidad ARNtparavarias proteinas
del masculoesquelético. En este contexto, después del
tratamiento con b-AR se incrementan: EIl ARNm para
lamiosinade cadenaligera;"* el ARNm de laa-actina™
yelinhibidor de laproteasacalpainacalpastatina.”Los
agonistas b-AR pueden incrementar el flujo sanguineo
aciertas regiones del cuerpo. Este aumento permite el
proceso de hipertrofia en el musculo esquelético al
transportar mayores cantidades de sustratosy fuentes
de energia para la sintesis de proteina.

Otra de las principales acciones de los agonistas b-
AR orales es ladisminucidnen lacantidad de grasa de
la canal. Se ha demostrado in vitro la degradacion de
triacilglicerolesenadipositosy lainhibicién delasinte-
sis de acidos grasos y de triacilglicerol.”””® En algunos
casos, aungue no en todos, después de la administra-
cion crénica de un agonista, el tejido adiposo de los
animales presenta unaactividad lipoliticaaumentada,
una actividad lipogénica disminuida, o ambas.”® La
elevacion de la concentracion plasmatica de acidos
grasos no esterificados después de la administracion
de un agonista b-AR, confirma la actividad lipolitica
gue ocurre en los adipositos.818384

Problematica de los residuos de agonista
b-adrenérgicos en productos de origen
animal

Ladosis promotoradel crecimiento 6ptimadel clenbu-
terol en el ganado bovino, es aproximadamente de 0.8
ng/kg de peso.¥# Empero, como se ha visto que se
pueden mejorar alin mas los rendimientos de las cana-
les, no es raro que los productores administren al
ganado bovino de cinco hasta diez veces la dosis men-
cionada.® El incremento en el rendimiento en canal no
es lineal al incremento en la dosis, se afecta a dosis
elevadas el bienestar (animal welfare) del animal y se
puede afectar su salud, por lo que esta practica no es
justificable y el razonamiento es mas bien primitivo.

Con el fin de tener un mejor control sobre el uso
ilegal de este farmaco, se han desarrollado varios mé-
todos analiticos utilizando diversas muestras de tejido
como higado, rifién, musculo, fluidos corporales como
el plasma, orinay bilis &7

Enunestudiorealizado por Sauer etal.¥ seadminis-
tréclenbuterol viaoraladiez veces ladosisterapéutica
(10 ng/kg de peso cada 12 horas durante 21 dias) en
becerros Holstein-Friesiany se determinaron las prin-
cipalesvariablesfarmacocinéticasy el patron de elimi-
nacionde los residuosen los érganosy tejidos habitua-
les, asi como envarioscompartimentos del ojoy fluidos



during ractopamine medication there are concentra-
tionsinurine of44-473ng/mland these are still detect-
ed two weeks after the end of the treatment.® In spite
of this, the FDA has given a zero day withdrawal
because the NOEL, derived from toxicity studies, is
very high.®! For zilpaterol, the authorized withdraw-
al period is that of 48-72 hours depending on the
country,®**2However, itis just as safe as ractopamine,
having a very high NOEL. Perhaps the decision of
having thislong withdrawal period was not because of
a safety factor (ADI, NOEL, MRL) but because of the
toxicity caused by clenbuterol which has a negative
influence onthe option of having ashorter withdrawal
period oreven azero day withdrawal period. Regard-
less, it is a mistake to compare clenbuterol with zil-
paterol or ractopamine given their differences in toxic-
ity induction potential, as is presented in Table 3.
Only the residues generated by clenbuterol are re-
lated to some incidents of intoxication in humans that
ate contaminated by-products, but there are no fatali-
ties documented.***%Until today there are no intoxi-
cation reports due to ractopamine or zilpaterol resi-
dues. The Mixed Committee of FAO/WHO of Experts
in Feed Additives,®**? examined the data concerning
acute and short term toxicity, reproductive toxicity,
teratogenicity, genotoxicity and carcinogenicity, aswell
as the results of pharmacokinetic and pharmacodi-
namic studies of clenbuterol in cattle and in man. The
Committee concluded that clenbuterol is moderately
toxic in mouse and rat after oral administration, with

corporales. Se determinaronresiduosalasseishorasy
alosuno, dos, cuatro, ochoy dieciséis dias después de
terminado el tratamiento. Las concentraciones del clen-
buterol, fueron mas elevadas en el higado que en el
rifion, bilis y orina, a partir del dia dos del retiro. Sin
embargo, lasconcentracionesen lacoroides/retinafue-
ron diez veces mayores que en el higado en todos los
tiempos después de terminado el tratamiento. Asimis-
mo, las concentraciones de clenbuterol en los tejidos
del ojo fueron en el siguiente orden, de mas a menos:
Coroides, retina, cornea, esclerdtica, humor acuoso,
humor vitreo. Dado el peso de estas estructuras, es
absurdo pensar que suacumulacion aeste nivel puede
representar un peligro real. Sin embargo, suacumula-
cidnenretinay coroides puede ser Util para proporcio-
nar informacion relevante sobre el uso del clenbuterol
enanimalesenviadosarastro. Conbaseenelcriteriode
ceroresiduos, Elliot® recomienda un tiempo de retiro
de cuatro semanas cuando se utiliza una dosis con-
vencional para mejorar el rendimiento en canal. Sin
embargo, no hace referencia al tiempo requerido uti-
lizando otras dosificaciones. La melanina es el com-
ponente ocular responsable de la fijacidn del clenbu-
terol,® lo cual se demostr6 en residuos oculares de
ratasalbinasy ratas testigo yaque ambas presentaron
la misma cantidad de residuos de clenbuterol, mien-
tras que las ratas con ojos pigmentados mostraron
clara evidencia de acumulacion. Los datos de resi-
duosdeclenbuterol entejidosy fluidos en bovinos se
reproducen en el Cuadro 2.

Cuadro 2
CONCENTRACIONES EN DIVERSOS TEJIDOS Y FLUIDOS DE BOVINOS DE CLENBUTEROL (mg/kg O mm/I O ppb) DURANTE VARIOS
DIAS DE RETIRO EN BOVINOS TRATADO A DOSIS PROMOTORAS DEL RENDIMIENTO (1.6 mg/kg DE PESO/DIA, EN ALIMENTO
DURANTE SIETE DIAS)
CLENBUTEROL CONCENTRATIONS IN SEVERAL TISSUES AND FLUIDS OF BOVINES (mg/kg OR mg/l OR ppb) DURING SEVERAL
WITHDRAWAL DAYS IN BOVINES TREATED AT A YIELD PROMOTOR DOSE (1.6 mg/kg BODY WEIGHT/DAY, IN FEED DURING SEVEN DAYS)

Organo fluido

Dias de retiro

Organ-fluid Withdrawal days
14 28 42

Higado! <02 <02 <02
Ojo 374 3.1 6.3
Rifion 0.2 <02 <02
Cerebro <02 <02 <02
Utero <02 <02 <02
Orina <02 <02 <02

! Data obtained by gas chromatography/mass spectrometry.>

! Datos obtenidos por cromatografia de gases/espectrometria de masas.*
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LD50 values between 80-175 mg/kg. It resulted less
toxic in the dog (LD50 =400-800 mg/kg). Its toxicity is
greater with parenteral administration (LD50 = 30-85
mg/kg). The main signs of toxicity are sleepiness, trem-
ors, tachycardiaand tonic-clonic convulsions. The ob-
served effects in studies of fast administration and
excessiveadministrationare the same, buttachycardia
is marked and there is myocardial necrosis due to a
decrease in myocardial blood flow during diastole.

Instudies of repeated administration of clenbuterol
during30daysinthe mouseandrat,aNOEL of2.5and
1.0mg/kgbody weight/day, respectively, wasidenti-
fied based mainly on structural changes and cardiac
lesions. Furthermore, it was reported that in an oral
administration study performed in mice over a two
year period, using doses of up to 25 mg/kg body weight/
day, there were no signs of carcinogenicity. On the
other hand, in Sprague-Dawley rats receiving the same
dose for the same length of time, there were records of
an increase in the incidence of meso-ovaric leiomyo-
mas; lower doses did not generate any change. Aftera
series of both in vitro and in vivo studies, the Mixed
Committee of FAO/WHO concluded that the tumors
were due to adrenergic stimulation, and notto ageno-
toxic mechanism.®**2 A bronchodilating clenbuterol
dose did nothave any effect onfertility in reproductive
toxicity studies in rats. But, all the pups born from
damsreceiving high doseswere either stillborn or died
shortly thereafter. This phenomenon has not yet been
explained. In yetanother toxicity study of rats admin-
istered 1.31.5-15mg of clenbuterol/kg of body weight
to both males and females during 70 and 14 days,
respectively, before breeding, no adverse effects over
reproduction were found. In three studies in rabbits
usingadose between 30 mg/kg/dayand 50mg/kg/day
fetotoxicity signs were observed. In particular, there
wasadelay in ossification and cleft palates, butonlyin
high doses. Also, the activity of four of clenbuterol’s
metabolites detected in the kidneys of treated animals
was investigated, only one of which showed cardio-
vascular activity. However, only of 20% of that could
be attributed to the action of clenbuterol.®%

Itis evident that the doses used in these cases were
very highand do not correspond tothe 5ng/g of tissue
that are obtained from a product of a zero day with-
drawal period in animals treated for an increase in
their productive efficiency where clenbuterol is ad-
ministered in low doses as a growth promotor (Table
4). However, itisimportant to repeat that intoxication
in humans with animal food products containing clen-
buterol residues is more feasible than with other b-AR
agonists. In fact, emphasis is made that there are no
toxicity data with the consumption of animal food
products treated with ractopamine or with zilpaterol.
This is predictable, for example in order to achieve a
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La situacion de los residuos es distinta, tanto para
ractopaminacomo parazilpaterol. Enambos casos, su
eliminacién es mucho més rapida, por layamenciona-
daausenciadel cloroenel grupociclico, quefacilitasu
biotransformacién y excrecion.® Se ha calculado para
ractopaminaque entansolo 24-48 horas se reducen las
concentraciones del farmaco y metabolitos a niveles
inferioresala ADI, siendo laconjugacién glucurénida
la principal forma de biotransformacion.® Sin embar-
go, durante lamedicacidn con ractopaminase encuen-
tranenlaorinaconcentracionesde44-473ng/mlyseles
sigue detectando hasta las dos semanas posteriores al
final de lamedicacién.®® A pesar de esto ultimo laFDA
le ha concedido un tiempo de retiro de cero dias en
virtud del NOEL tan alto que se ha derivado de estu-
dios de toxicidad.®®* Para el caso del zilpaterol, el
tiempo deretirosefialado es de 48-72 horas dependien-
do del pais.®*2 Empero, goza de la misma seguridad
gue la ractopamina, con un NOEL muy elevado. Es
posible que se haya optado por este tiempo tan largo,
no en funcion de un factor de seguridad (ADI, NOEL,
MRL) sino porque los casos de toxicidad debida a
clenbuterol influyeron negativamente en la decision
deoptar porunretiroatn mascortoode cerodias para
el zilpaterol. No obstante, esun error comparar clenbu-
terol con zilpaterol o ractopamina dado el potencial
inductor de toxicidad tan distinto entre estos fadrmacos,
como se muestraen el Cuadro 3.

Solamente alos residuos generados por el clenbute-
rol se leshaasociado con algunos incidentes de intoxi-
cacion en humanos que consumieron subproductos
contaminados, pero no se han documentado casos
fatales.**%% A |a fecha no existe un solo informe de
intoxicacion porresiduos de ractopaminanide zilpate-
rol. EI Comité Mixto FAO/OMS de Expertos en Aditi-
vos Alimentarios,* examino datos sobre toxicidad
aguday acorto plazo, toxicidad reproductiva, terato-
genicidad, genotoxicidady carcinogenicidad, asi como
los resultados de estudios farmacocinéticos y farmaco-
dinamicos del clenbuterol enel ganadoy enelhombre.
El Comité concluy6 que el clenbuterol es moderada-
mentetéxicoenelratdny laratatraslaadministracion
oral, con valores de DL 50% comprendidos entre 80-
175mg/kg. Resultamenostoxicoenel perro (DL50% =
400-800 mg/kg). Sutoxicidad es mayor silaadministra-
cionesparenteral (DL 50% =30-85mg/kg). Los princi-
palessignos de toxicidad son somnolencia, temblores,
taquicardiay convulsionestonico-clonicas. Los efectos
observadosen losestudios de laadministracion rapida
y excesivason losmismos, pero contaquicardiamarca-
day necrosis del miocardio por disminucion del riego
miocéardico durante ladiéstole.

Enestudiosdeadministracion repetidadel clenbute-
rol durante 30 diasen ratony rata, se identificoun NOEL
de2.5y1.0mg/kgde peso/dia, respectivamente, basados
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Cuadro 3
COMPARACION DEL NIVEL DE RESIDUOS Y CONSUMO TEORICO CLENBUTEROL Y ZILPATEROL A PARTIR DE PRODUCTOS DE
ORIGEN ANIMAL
RESIDUE LEVEL COMPARISON AND THEORETICAL CLENBUTEROL AND ZILPATEROL CONSUMPTION FROM ANIMAL
FOOD PRODUCTS

Proporcion retina/musculo

Consumo de carne para dosis broncodilatadora
Dosis cardiotoxicat

Residuos en retina a los cero dias Clenbuterol* Zilpaterol**
128.0 nglg 92 nglg

Retinal residues at zero days Clenbuterol* Zilpaterol**
128.0 nglg 92 nglg

Residuos en musculo a los cero dias 5.6ng/g 4.0ng/g

Dosis broncodilatadora para humano 20 ny/70 kg 1.4mg/70 kg
Numero de retinas para llegar a dosis terapéutica broncodilatadora *** 78 retinas 7 608 retinas
Numero de ojos completos, asumiendo una concentracion media de b- agonistas de 10 ng/g 400 ojos 2 800 ojos

23 veces mas
(valor tedrico basado en
el clenbuterol)

23 veces mas

3.6 kg de carne Imposible de lograr.
Una cantidad absurda Imposible de lograr.

** Con base en los estudios de residuos de Moody et al.**®

** Based upon residue studies by Moody et al.}*2

* Con base en estudios de residuos®®%5!°Y asumiendo que se administré una dosis promotora de rendimiento normal.

*** Considerando un peso del ojo del bovino promedio de 50 g y un peso de la retina del bovino de 2 g.
t Asumiendo una dosis letal de 400 mg/kg de peso que se presenta en el perro.
* Based upon residue studies®5!° and assuming that a normal dose for increase yield was administered.

*** Considering a bovine eye average weight of 50 g and a retina weight of 2 g.
t Assuming a lethal dose of 400 mg/kg body weight seen in dogs.

bronchodilating dose (non-toxic) with clenbuterol itis
recommended to use adose of 10to 20 mg/adult twice
aday and the estimated NOEL isthat of 2.5 mg/day.*®
Accordingto Table5, thereare 39 mg of clenbuterol/kg
of liver at zero day withdrawal, in caseswhereacow is
feed ayield enhancer dose (5 mg/kgb.w./day). There-
fore, an individual would have to eat approximately
125-250 g of liver to achieve a bronchodilating dose,
assumingabioavailability of a100% in humans, which
is not possible. If this same case is applied to salbuta-
mol, then a bronchodilating dose of 2 000 to 4 000 ng/
adult will be needed and, although there is no data of
residues inbovine liver, itis known that the maximum
plasma concentration achieved with daily doses of 78
mg/kg of bodyweight / day isof 6 ngZ/ml.% Ifthiswasthe
concentration that was achieved in the liver (that is 6
ng/g of liver), several hundred kilograms of salbuta-
mol/liver would be needed to achieve the bronchodi-
lating dose. Something similar occurs with the b-AR
agonistsderivatives specialized for animal use, such as
zilpaterol and ractopamine (Table 3). So, it is evident

principalmenteencambiosestructuralesy lesionescar-
diacas. Asimismo, se informa que en un estudio de
administracion oral a ratones durante dos afios, con
dosis de hasta 25 mg/kg de peso al dia, no se observo
indicioalguno de carcinogenicidad. Encambio, enratas
Sprague-Dawley que recibieron lamisma dosisy en el
mismo lapso, se registro unaumentoen laincidenciade
leiomiomas meso-ovaricos; dosis menores no genera-
ron cambio alguno. Tras una serie de estudios tanto in
vitrocomo invivo, el Comité MixtoFAO/OMSllegbala
conclusién de que esos tumores se deben alaestimula-
ciénadrenérgicay noaunmecanismo genotdxico L2 El
clenbuterol a dosis broncodilatadoras tampoco ejercio
efectoalguno sobre lafecundidad en estudios de toxici-
dad reproductivaenratas. Empero, todaslascrias naci-
das de madres sometidos a dosis muy altas o nacieron
muertas o murieron poco después de su nacimiento. Se
desconoce lacausade este fenémeno. En otroestudiode
toxicidad reproductivaen larataenlaque seadministra-
ron 1.5-15 mg de clenbuterol/kg de peso al diaamachos
y hembras durante 70 y 14 dias, respectivamente, antes
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that the use of clenbuterol will bring about dangerous
situationsiflong withdrawal periods are not respected
(morethan 30days). Thisisespecially true if excessive
doses of this agent are being used trying to increase
yields or because of poor management of the active
ingredient in premixes with pharmaceutically poor
designs, however this criteria is not applicable to zil-
paterol nor to ractopamine.

b-adrenergic agonists pharmacokinetics

Given that they share physico-chemical properties,
their behavior within an organism is similar in certain
aspects. They reach the maximum plasma concentra-
tions (Cpmax) in 1-3 hours in domesticanimalsand in
man.?2% There are reports in calves? that the initial
peak level of clenbuterol starts after one dose of 5 mg/
kg/day, considered asayield enhancer,was of0.5ng/
ml 2-7 hours after the treatment. After 21 days, the peak
level reaches 1.1 ng/ml four hours after dosage, proba-
bly due to the so-called stable state reached with a
slight level of accumulation. In dairy cows with a
chronicclenbuterol dose of 5mg/kg every 12 hours, a

del apareamiento, no se observaron efectos adversos
sobre la reproduccion. En tres estudios en el conejo con
dosis entre 30ng/kg/diay 50 mg/kg/diase observaron
signosde fetotoxicidad, en particular retraso de laosifica-
ciény paladar hendido solamente a las dosis altas. Tam-
bién se investigo la actividad de cuatro metabolitos del
clenbuterol detectados en rifién de animales tratados y
sélo uno de ellos mostrd actividad cardiovascular. Sin
embargo, estaactividad solofue del 20%de lagjercidapor
el clenbuterol.®-%

Es evidente que las dosis utilizadas en estos casos
fueron muy elevadasy no correspondenalos5ng/g
detejido que se tienen como producto de cero dias de
retiroenanimales tratados paraaumentar su eficien-
cia productiva cuando se administra clenbuterol a
dosis bajas promotoras del crecimiento (Cuadro 4).
Sin embargo, es importante reiterar que la intoxica-
cion del ser humano con productos de origen animal
conteniendo residuos de clenbuterol es mucho mas
factible que con otros agonistas b-AR. De hecho, se
hace énfasis aqui que no existen datos de toxicidad
debida a consumo de productos de origen animal
tratados con ractopaminao zilpaterol. Esto era prede-

Cuadro 4
EXCRECION DE ALGUNOS AGONISTAS b EN DIFERENTES ESPECIES
EXCRETION OF SOME b AGONISTS IN DIFFERENT SPECIES
Compuesto y animal Dosis Via Tiempo,® h Excrecion,” h % de absorcion ¢ Referencia
Compound and animal Doses Route Time? h Excretion,® h % of absorption ¢ Reference
Clenbuterol
Bovino 3mg/kg Oral 48 Orina 76 Smith y Poulson
Perro 2.5mg/kg Oral 72 Orina 74 113-115
Humano 20 ny Oral 96 Orina 80 113-115
Conejo 2.5mg/kg Oral 96 Orina 92 113-115
Rata 2.0mg/kg Oral 72 Heces 19 116
Rata 2.0mg/kg Oral 72 Orina 67 116
Ractopamina
Rata 7.7mg/kg Oral 24 Orina 29 102
Rata 7.7mg/kg Oral 24 Bilis 59 102
Cerdo 40 mg Oral 168 Orina 88 56
Pavo 6.7mg/kg Oral 48 Orina 52 57
2 Horas después de efectuada la observacion; ® Matriz en la que se excretd la radioactividad; ¢ Absorcién aparente (como porcienaje de
biodisponibilidad de la dosis administrada; ¢ Radioactividad urinaria y de la canal.
2 Hours after the observation is done; ® Matrix in which the radioactivity was excreted; ¢ Apparent absorption (as bioavailability percentage of
the administered dose); ¢ Urinary radioactivity and carcass radioactivity.

150



maximum plasmalevel was reached of5-5.5ng/ml 5-7
days after its administration.®® In another study with
calves®# whichreceived 10mg/kg/day of clenbuterol,
the maximum plasma level was reached after ten days
of treatment.

Clenbuterol’s total bioavailability could only be
estimated by subtracting the urinary radioactivity
excretion, after the oral administration of the b-ago-
nist, which has been marked radioactively. One study
indicates that there is a 76 percent absorption in
cattle.® For ractopamine the bioavailability is that of
88% in pigs.t® In Table 5 there are some absorption
percentages and elimination routes listed following
clenbuterol and ractopamine administration in dif-
ferent species.®5 101103 Regarding cattle residues, it is
well recognized that these are higher when animals
are treated with multiple doses, for example, a dose of
0.8mg/kgtwice/day during5.5-10.5 daysyielded more
residues, than those obtained in cattle treated with
only one application.

Salbutamol and terbutaline present similar absorp-
tion patterns as clenbuterol, when using excessive
doses for clenbuterol (50-78 mg/kg body weight).?
Something similar occurs with the use of terbutaline in
cattle and in hens. In both cases, the clearance rate is
faster than that of clenbuterol.%%

As previously mentioned, b-AR agonists have an
aromatic ring, in some it is halogenated as such as in
clenbuterol. All are metabolized by oxidation and mi-
crosomal conjugation. Clenbuterol, in particular, hasa
long half life, while the b-AR agonists with non-halo-
genated aromatic hydroxyled rings, are metabolized
purely by conjugation and have plasma half lives which
are relatively short (Table 6).

In bovine cattle, clenbuterol is excreted through
milk, atan average concentration of 12.5ng/ml (range:
5.5 to 22.5 ng/mil). Stoffel and Meyer,*® administered
clenbuterol to cows atadose of 10 mg/kg body weight,
detecting a milk concentration of 3-9 ng/ml. In other
studies in lactating cow receiving clenbuterol [C14]
orally, IM and IV, it was observed that the majority of
the dose (50%-85%) was excreted through urine, feces
andasmall part, 0.9-3%, through milk.5"%Milk quality
isnotappreciably altered, but neither isitan important
production enhancer.®

Inclenbuterol’s plasmaelimination curvesincattle,
there are two phases: one with a 10 h half life and a
second half life of approximately 120 hours, which
results in residue accumulation in a broad variety of
tissues.50’88’94’107

Table 6 lists the plasma half life of some of the b
agonists both in animals and in humans. From this
information, it is clear that the halogenated b-AR
agonists, like clenbuterol, have alonger plasma half
life than that of the other b-AR agonists who share

cible; por ejemplo, para lograr una dosis broncodila-
tadora (no toxica) con clenbuterol se recomiendany
usan cotidianamente 10 a 20 mg/adulto dos veces al
diay se tiene un NOEL calculado de 2.5ng/dia.® De
acuerdo con el Cuadro 5, se tienen 39 ng de clenbute-
rol/kg de higado a los cero dias de retiro, cuando se
alimentd un bovino con una dosis promotora del
rendimiento (5 mg/kg de peso/dia). Entonces, unindi-
viduo deberé consumir aproximadamente 125-250 g
de higado para lograr una dosis broncodilatadora,
asumiendo una biodisponibilidad del 100% en el ser
humano, lo cual no es posible. Si se aplica este caso
para el salbutamol, entonces se requerira una dosis
broncodilatadorade 2000a4 000 ng/adultoy aunque
no hay datos de sus residuos en higado de bovino, se
sabe que la concentracién plasmatica maxima que
logracondosisdiarias de 78 ng/kg de peso/diaesde 6
ng/ml.% Si estafueralaconcentracion quealcanzaen
higado (esto es 6 ng/g de higado), se requeririan
varioscientos de kilogramos de higado contaminado
con salbutamol paralograr ladosis broncodilatadora.
Algo similar sucede con derivados agonistas b-AR
especializados parasu uso en animales, talescomoel
zilpaterol y la ractopamina (Cuadro 3). Es entonces
evidente que el uso del clenbuterol conlleva peligros
si no se respetan largos periodos de retiro (mas de 30
dias), en particular si se utilizan dosis excesivas de
este agente con el animo de incrementar ganancias o
por mal manejo del principio activo en premezclas
mal disefiadas farmacéuticamente, pero este criterio
no es aplicable al zilpaterol ni a la ractopamina.

Farmacocinética de los agonistas b-
adrenérgicos

Como comparten propiedades fisicoquimicas, sucom-
portamiento es similar dentro de los organismos en
ciertosaspectos. Alcanzan concentraciones plasmati-
cas maximas (Cpmax) en 1-3 horas tanto en animales
domésticos como en el hombre.?2% Se ha documenta-
doenbecerros??queel nivel picoinicial de clenbuterol
después de una dosis de 5 ng/kg/dia, considerada
como promotoradel rendimiento, fuede 0.5ng/mla
las 2-7 horas después del tratamiento. Después de 21
dias, el nivel pico llegaa 1.1 ng/ml cuatro horas des-
pués de la dosificacion debido probablemente a que
se haalcanzado el denominado estado estable conun
ligero nivel de acumulacion. En vacas lactantes dosi-
ficadas de maneracronicacon clenbuterolarazonde
5nmy/kgcada 12 horas, se alcanz6 un nivel plasmaético
maximo de 5-5.5 ng/ml de 5-7 dias después de su
administracion.® En otro estudio con becerros®# a
los que selessuministraron 10 ng/kg/diade clenbute-
rol, sealcanzé el nivel plasmatico maximo después de
diez dias de tratamiento.
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hydroxyl groups in their aromatic rings. The termi-
nal plasma half life in phase b (T¥2b) of clenbuterol is
of more than 20-30 h in all the species. But, in the
same way as has been described for other drugs, like
aminoglucosides,® it presents a very long half life
and residue clearance (TY%:g) estimated at 120
hours.%8 Therefore, there are always two t%2 num-
bersforclenbuterol. For example, clenbuterol’s half
life in cattle is estimated from the urinary excretion
of the drug as 18 h for T%b and 65 h for T%g.'%°
Another study!* estimated the T¥2g of clenbuterol in
cattle as 36 h.

Labiodisponibilidadtotal de clenbuterol s6lose puede
estimar restando laexcrecion desu radioactividad urina-
ria, después de la administracion oral del b-agonista
radiactivamente marcado. Un estudio indicaque el por-
centaje de absorcion es de 76 en bovinos.* Para la racto-
pamina labiodisponibilidad es de 88% en cerdos.*® En
el Cuadro 5 se listan los porcentajes de absorcién y vias
deeliminacion después de laadministracion del clenbu-
teroly laractopaminaen diferentes especies. 557101103 Se
reconoce, en relacion con los residuos en el bovino, que
éstos sonsuperiores cuandose lestratacon dosis malti-
ples; por ejemplo, a dosis de 0.8 mg/kg dos veces/dia

Cuadro 5

COMPARACION DE RESIDUOS DEL CLENBUTEROL Y RACTOPAMINA EN TEJIDO DE BOVINO Y CERDOS, RESPECTIVAMENTE
CLENBUTEROL AND RACTOPAMINE RESIDUE COMPARISON IN BOVINE AND SWINE TISSUE, RESPECTIVELY

Dosis y duracién

Concentracion (ppb excepto donde se especifique)
Concentration (ppb except where specified)

del tratamiento Tiempo retiro (dias) Higado Rifi6n Ojo Referencia
Dose and treatment
duration Withdrawal period (days) Liver Kidney Eye Reference
Clenbuterol en bovinos
Clenbuterol in bovines
3mg/kg 48 h 5.04/2.23* ppm 5.90/3.71* ppm ND 103
0 85.9 16.71° 50,90
16ngy/kg/dia 16 3.0 181
30d 39 0.7 116
56 0.4 89
0 39.0 32.7 118° 110
5ny/kg/dia 35 1.6 1.2 57.5
21d
14.0 0.6 <01 15.1
Ractopamina en cerdos
Ractopamine in pigs
20mg/kg 24 h 0.106/0.015* ppm 0.116/0.032* ppm ND 100
48 h 0.073/0.004* ppm 0.048/0.008* ppm ND
72 h 0.056/0.002* ppm 0.036/0.003* ppm ND

completo.
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* Residuos totales/residuos del compuesto sin biotransformar
2 Clenbuterol residues present in retina or retina/choroid in the eye;” Residues of clenbuterol present in whole, homogenized eye.
* Total residues/compound residue without biotransformation.

2 Residuos de clenbuterol presentes en la retina o retina/coroides del 0jo;° Residuos de clenbuterol presentes en el homogeneizado del ojo




Conclusions

Regardless of whether clenbuterol may or may not
affect public health, it is quite evident that the use of a
product banned by a country’s authorities, for any
purpose what so ever in livestock production, repre-
sents a crime, and as such has to be typified and
punished. But, it is to simplistic to pretend that all the
drugsintheb-AR agonist family have the same destiny
as clenbuterol. Under a similar focus, there would be
very few available drugs for clinical use in veterinary
medicine. So, ractopamine and zilpaterol must be
treated independently and with considerations made
based on the studies done on them.

Itisthe veterinarian’s duty to promote production
of high quality animal food products which includes
the surveillance of drug residue levels according to
international standards (Codex Alimentarius, FDA,
European Community, etc). In this sense, clenbuterol
is a drug predisposed to improper use due to the
interaction between its efficacy for productive yield
enhancement and its slow speed of clearance. How-
ever, itisfairto clarify thatclenbuterol is not especial-
ly dangerous for humans, in fact it is used as a bron-
chodilator inchildren and adults. Clenbuterol hepatic
residues remaininarange of ppb between days 16-39
after the treatmentis finished (16 mg/kg body weight)
and in a range of ppt until 56 days after withdraw-
al,®%7 so with an adequate withdrawal period clen-
buterol residues stop being adanger. There are drugs
in veterinary and human medicine that are much
more dangerous and have a huge toxic potential; for
example: Nitrofurantoin in humans induces severe
skinreactions, aswell as neurological alterations, and
it can even generate severe pulmonary edema. In
veterinary medicine, carbadox and olaquindox have
beenimplicated in carcinogenicity reactionsand there
are no programs for the detection of these substances
or that of their metabolites in slaughter plants. So, as
commonly happens with drugs, the problem is not
the use, but the abuse which is motivated by igno-
rance and ambition. Currently, the effects of the abuse
of clenbuterol affect not only animal welfare, butalso
public health.

Onthe other hand, there is concern that the alimen-
tary habits of mexicans will make them more suscepti-
ble to receive an overdose of some of the b-AR agents
inuse. Atthe recommended manufacturer’s dose rac-
topamine and zilpaterol this is impossible, even with
the zero day withdrawal period. It is less probable to
see any effect even if there is an animal overdose.
Howvever, in the case of clenbuterol, there could be
some side effects in the consumer if the withdrawal
period of at least two weeks or preferably a month, is
notobserved. Inthissense, the liver isthe most danger-

durante 5.5-10.5 dias se tuvieron mas residuos, que en
los bovinos tratados con unasolaaplicacion.

Elsalbutamoly laterbutalina presentan patronesde
absorcién similaresal del clenbuterol utilizando dosis
excesivasde lo recomendado parael clenbuterol (50-78
ng/kg de peso).’* Algo similar sucede con el uso de
terbutalina en bovinos y gallinas. En ambos casos, su
tasa de depuracién es mucho mas rapida que la del
clenbuterol.®1%

Como se detalld anteriormente, los agonistas b-AR
tienen un anillo aromatico, algunos de ellos halogena-
dos como el clenbuterol. Todos se metabolizan por
oxidaciony conjugacion microsomal. El clenbuterolen
particular posee unavidamediaprolongada, mientras
gue los agonistas b-AR que tienen anillos aromaticos
hidroxilados, no halogenados, s6lo se metabolizan por
conjugaciony tienen vidas medias plasmaticas relati-
vamente cortas (Cuadro 6).

Enelganadobovino, el clenbuterol se excreta por la
leche, aconcentracion promedio de 12.5ng/ml (rango:
5.5a22.5 ng/ml). Stoffel y Meyer,* se administraron
clenbuterol avacasadosis de 10 ng/kg de peso, detec-
tdndose una concentracion en leche de 3-9 ng/ml de
leche. En otros estudios en ganado bovino a los que se
leadministro clenbuterol [C14] porviaoral, IMelV,se
observo que la mayor parte (50%-85%) de la dosis se
excreta en la orina por las heces y una pequefia parte,
0.9%-3% por la leche en las vacas lactantes.®”1% No se
alteranotablemente lacalidad de laleche, perotampo-
co es un promotor importante de su produccion.®®

Enlascurvasde eliminacion plasmaticadel clenbu-
terolenel ganado, se distinguen dos fases: Una prime-
ra con vida media de aproximadamente 10 h y una
segundade aproximadamente 120 horas, lo cual resul-
taen laacumulacion de residuos en una amplia gama
de tejidOS.50’88’94’107

En el Cuadro 6 se listan las vidas medias plasméa-
ticas de algunos b agonistas tanto en animales como
en el humano. Con base en estainformacion, resulta
evidente que el agonista b-AR halogenado, el clen-
buterol posee vidas medias plasmaticas méas prolon-
gadas que los agonistas b-AR que comparten grupos
hidroxilo en sus anillos arométicos. La vida media
plasmatica terminal de la fase b (T%b) del clenbute-
rol es de mas de 20-30 h en todas las especies. Pero,
aligual que se hadescrito paraotros farmacos, como
losaminoglicdsidos,®1% presenta unavidamediag
deeliminacion de residuos muy prolongada (T%2g)y
gue ha sido estimada en 120 horas.®® Por tanto,
existen siempre dos datos de t% parael clenbuterol.
Por ejemplo, la vida media del clenbuterol en el
ganado estimado a partir de laexcrecion urinariadel
farmaco va de 18 h para la T%b a 65 h para la T%g.!*
Otro estudio®! estimo la T%g del clenbuterol en el
bovino en 36 h.
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Cuadro 6
VIDAS MEDIAS PLASMATICAS DE ALGUNOS b AGONISTAS EN DIFERENTES ESPECIES
PLASMA HALF LIFE OF SOME bAGONISTS IN DIFFERENT SPECIES

T % horas

T % hours
Compuesto y animal a b g Referencia
Compound and animal a b g Reference

Clenbuterol

Clenbuterol
Bovinos 18 55 98
Bovinos 19 57 55
Equino 10? 120 117
Humano 0.9 339 114, 115
Conejo 9 118
Rata 3.6 26.6 118
Bovinos Zilpaterol

- 11.9 - 13**

Cimaterol

Cimaterol
Bovinos 0.04 0.91 119

Ractopamina
Cerdos Se calcula menor a 45 minutos*

2 Fase de eliminacion: a = distribucién inicial; b = posdistribucién (fase de depuracién inicial); g = fase de depuracién de residuos fijados a
tejidos.

*http://www.fda.gov/cvm/efoi/section2/141172051401.html

** Informe técnico. Pharmacokinetics of RU42173-C14 ROUSSEL/UCLAF, marzo 1986. De acuerdo con este estudio se necesitan menos de 48
horas para obtener residuos muy por debajo del ADI.

2 Elimination phase: a = initial distribution; b = post-distribution (initial clearance phase); g = clearance phase of fixed residues in tissues.
*http://www.fda.gov/cvm/efoi/section2/141172051401.html

** Technical report. Pharmacokinetics of RU42173-C14 ROUSSEL/UCLAF, March 1986. According to this study less than 48 hours are needed to
obtain residues below ADI.

ous organ and although the concentration in eye is
very high, itis very improbable that someone may eat
the necessary amount of these organsto reach danger-
ous levels. However, itisevident that the illegal use of
clenbuterol is closely related to residues that are well
over the MRL. There is little control in dose and there
isnorational use or supervision by veterinarians; these
factors, sooner or later, will cause a problem in suscep-
tible individuals.

Ifitis true that clenbuterol concentration decreases
more slowly in eye, hair or feathers®® and, that its
accumulation is higher in pigmented eye tissue or in
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Conclusiones

Independientemente de si el clenbuterol puede o0 no
afectar la salud publica, es evidente que el uso de un
farmaco prohibido por las autoridades de un pais, para
cualquier fin en la produccion pecuaria representaun
delitoy comotal deberatipificarsey castigarse. Empe-
ro, resulta simplista pretender que todos los medica-
mentos de la familia de los agonistas b-AR tengan el
mismo destino que el clenbuterol. Bajo un enfoque
similar, quedarian pocos medicamentos disponibles
parauso clinicoenveterinaria. Por tanto, la ractopami-



pigmented hair, more so than in adipose tissue, one
must remember that neither hair nor feathers are con-
sumed as food and the weight of the retina makes it
very difficult to consider this tissue as a problem.

Finally, it is a matter of a chain of adjustmentsin a
national reality in which these seem a utopia. For
example, clenbuterol could be used responsibly to
promote productive yield if there were a precisely
defined dose and the proper pharmaceutical formula-
tion which could guarantee the efficiency of the mix.
Laws would need to be restructured in order to detail
and enforce withdrawal times. There should be follow-
up inthe levels of residues in final products (e.g. eyes)
at slaughter plants and before sacrifice by testing the
animal’s hair. Currently it is shocking that law-break-
ersare notsanctioned. Strict penal sanctions should be
established and enforced against law-breakers who
use clenbuterol, or for that matter, any forbidden drug
which is used to increase farm production.

nay el zilpaterol deben ser tratados independiente-
mente y con consideraciones propias a los estudios
realizadosenellos.

Esobligacién del veterinario procurar laproduccion
de productos de origen animal de alta calidad, lo que
incluye lavigilanciade un nivel de residuos de farma-
cosacorde alos estdndares internacionales (Codex Ali-
mentarius, FDA, Comunidad Europea, etc.). En este
sentido, el clenbuterol es un medicamento que se pres-
taal mal uso por lainteraccién entre su eficacia promo-
tora del rendimiento productivo y su lenta velocidad
de depuracién. No obstante, es justo aclarar que el
clenbuterol no es especialmente peligroso para el ser
humano, de hecho se le usa como medicamento bron-
codilatadorennifiosy adultos. Los residuos hepaticos
del clenbuterol permanecen en un rango de ppb entre
losdias 16-39 después de terminado el tratamiento (16
ng/kg de peso) y en el rango de ppt hasta 56 dias
después del retiro,*%” de maneratal que con un retiro
adecuado losresiduos de clenbuterol® dejan de serun
peligro. Existen medicamentos utilizados en medicina
veterinariay en medicinahumanamucho mas peligro-
sos y con un enorme potencial téxico; por ejemplo, la
nitrofurantoina en el ser humano induce a menudo
reacciones cutaneas severas, asi como alteraciones neu-
rolégicas, incluso puede generar edema pulmonar se-
vero. Enmedicinaveterinaria, se haimplicadoal carba-
doxyalolaguindoxen reacciones de cancerogenicidad
y no se tienen programas de deteccion en rastros de
estas sustancias y sus metabolitos. Asi, pues, como a
menudo sucede con los medicamentos, el problemano
seria su uso sino el abuso motivado por ignoranciay
ambicidn. En la actualidad el abuso del clenbuterol
repercute tanto en el bienestar del animal como en la
salud publica.

Por otro lado, existe la preocupacion de que los
habitos alimentarios del mexicano lo hagan mas sus-
ceptible a padecer una sobredosis de alguno de los
agentes b-ARenuso. Alasdosisrecomendadas por los
fabricantes de ractopaminay zilpaterol esto es imposi-
ble, aun con cero dias de retiro. Mas aln, es poco
probable que se observe efecto alguno aun si sobredo-
sifican a los animales. Sin embargo, en el caso del
clenbuterol, si se puedeninducir algunos efectos cola-
terales en el consumidor si no se respetan los tiempos
deretirosefialados de cuando menosdossemanasy de
preferencia un mes. En este sentido, el higado es el
organo mas peligrosoy aunque laconcentracionen ojo
es muy elevada, es realmente improbable que alguien
consuma la cantidad necesaria de estos érganos para
lograr una dosis peligrosa. Sin embargo, es evidente
qgueelusoilegal del clenbuterol esta relacionado estre-
chamente con residuos que sobrepasaran en gran me-
dida los MRL. Existe poco control en la dosis y no se
cuenta con un uso racional y supervisado por el vete-
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