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Abstract:

The use of clenbuterol in livestock production entails risks to human health that must be
characterized and managed by the agricultural and health authorities. This work evaluated
the results of the health surveillance program of this compound in bovine meat products that
are commercialized in Guerrero, Mexico. A retrospective analysis of the evolution of the
illegal use of clenbuterol and of the record of food poisoning with this chemical was carried
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out for the 2011-2015 period. The rate of positive samples decreased gradually to be 6.8 %
in 2015 and, in general, was lower in comparison with the immediate antecedents; however,
it was always higher than the average rates obtained in the rest of the country (Guerrero= 9.5
%, National= 5.8 %). The health jurisdictions with the greatest presence of the drug were
Tierra Caliente and the North, with 12.1 and 16.8 %, respectively, as well as in locations with
a large population like Acapulco (9.6 %). Few cases of human poisoning were reported in
the first three years of the period (3 in 2011, 5 in 2012, and 4 in 2013) and none in the two
subsequent years; however, there is an under-registration issue, which may be due to different
individual, regional and institutional factors that are discussed further below. The progress
observed in this program should be maintained by strengthening health surveillance with the
aim to eradicate this illegal activity in the short term.
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Clenbuterol is an antagonist compound of the beta adrenergic receptor of the vascular,
myometrial, and bronchial smooth muscle, used in veterinary medicine as a bronchodilator
and tocolytic drug®:; in certain countries, its administration is authorized as a treatment for
respiratory illnesses in humans. Because this compound acts as a distributing agent in animals
by eliminating fats and promoting the synthesis of proteins, it causes accelerated growth of
the muscle mass, and is therefore utilized, illegally and indiscriminately, to increase meat
production in bovine livestock®®. The ingestion of foods with clenbuterol residues entails a
hazard for consumers, as it can cause serious intoxications associated to such symptoms as
palpitations, tachycardia, headache, tremor in the extremities, high blood pressure, anxiety,
nervousness, itch, nausea, stomach ache, fever, vomiting, asthenia and muscle weakness,
accompanied by alterations of certain hematological (leucocytes) and chemical (electrolytes,
glucose) parameters(®-19),

In order to protect the population against hazards due to the consumption of foods
contaminated with clenbuterol, the Undersecretariat for Food Regulation and Control and
Health Promotion, dependent upon the Department of Health of the State of Guerrero,
Mexico, has implemented the Food Innocuousness Program (formerly known as Potentially
Hazardous Foods Project), since the year 2005, based on the Mexican Official Norm NOM-
194-SSA1-2004MY, which consists of verification visits to various establishments, such as
markets, slaughterhouses and supermarkets, where samples of meat products are collected
by the “Dr. Galo Sober6n y Parra” Public Health Laboratory of the State of Guerrero (LESP-
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Guerrero) in order to detect clenbuterol, using the Ridascreen Clenbuterol Fast enzyme
immunoassay (r-biopharm, Germany)®?. The purpose of this study was to evaluate the
results of this program in order to determine its effectiveness in reducing the illegal use of
clenbuterol in the production of beef in the state of Guerrero.

This is a retrospective, comparative, transversal observational study. The results of the health
surveillance program for clenbuterol implemented in Guerrero between the years 2011 and
2015 were analyzed in order to determine the suitability of the sampling scheme and establish
whether there was a tendency in the percentages of positive cases through the years, as well
as compare the results obtained in the state with the situation across the country. The use of
clenbuterol was analyzed at the regional and municipal level, and the number of food
intoxications derived from this illegal practice was reported.

Two hundred fifty (250) g samples of liver and muscles (and, occasionally, eyeball and urine
samples) of bovine cattle were collected and screened for clenbuterol. The samples were
stored in polyethylene bags and plastic jars with a screw cap (for urine samples); they were
perfectly identified and transported to LESP-Guerrero at a temperature of 2 to 8° C. The
samples were prepared as follows:

A) Liver and muscle. 5 g of the previously ground sample were placed in a 50 ml
(Corning™, USA) centrifuge tube. 25 ml of HCI 0.05 M were then added, and the tube was
mechanically shaken during 20 min. It was subsequently centrifuged at 4,000 xg for 15 min
at a temperature of 10 to 15 °C, after which 18 ml of supernatant were transferred to another
tube, to which 2 ml of NaOH 0.5 M were added and mixed during 10 min. Finally, 4 ml of a
phosphate buffer (KH2PO4 0.5 M pH 3) were added, and the mixture was homogenized and
left to stand for another 90 min at 2-8 °C. The mix was then centrifuged, and 10 ml of
supernatant were drawn and passed through a C18 type solid-phase extraction column (R-
Biopharm, Germany).

B) Eyeball. The pieces were frozen at -20 °C during 24 h in order to lyse the tissue. They
were subsequently dissected, and the extracted fluid was diluted in distilled water at a ratio
of 1:2 and centrifuged at 2 000 xg during 5 min. 20 ul of the supernatant were drawn for the
immunoassay.

C) Urine. These samples were analyzed directly without any previous extraction treatment,
and they were centrifuged at 2 000 xg during 5 min only when they exhibited turbidity. The
adequate volume for the analysis was 30 to 50 ml.

The solid phase extraction was carried out by conditioning the C18 column with 3 ml of
methanol, and 2 ml of a rinse buffer (KH2PO4 0.05 M pH 3); the supernatant was applied,
and 3 ml of rinse buffer were added. The column was dried and slowly eluted with 1 ml of
HPLC-degree methanol (Honeywell Burdick and Jackson, USA). The extract was
concentrated at 50 to 60 °C under a stream of air; the dry residue was reconstituted with 400
ul of HPLC-degree water (Sigma Aldrich, Switzerland).
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The extracts were analyzed by means of a competitive enzyme immunoassay (Ridascreen
Clembuterol Fast, R-Biopharm, Germany)®? with a reading on a UV-Vis iMark
spectrophotometer (Bio-Rad Laboratories Inc, USA) at 450 nm; the clenbuterol
concentration was expressed in ng/kg or ppb (parts per billion). According to the norm NOM-
194-SSA1-2004MY, those samples with concentrations above 2 000 ng/kg were considered
to be contaminated, detected or positive. Samples with lower results were interpreted as “not
detected”. As for the analytical quality of the method, the acceptance criteria described in the
reagent’s insert were met!?, Likewise, in each run, the commercial controls and samples
with known concentrations were analyzed, and the expected values were always obtained.
Notably, this Laboratory has been enabled by the Federal Commission of Protection against
Health Risks (Comision Federal para la Proteccion contra Riesgos Sanitarios, COFEPRIS),
as the third laboratory authorized to conduct analyses for health regulation and control, as it
fulfills the technical and quality management requirements established in the norm NMX-
EC-17025-IMNC-20063.

The results of the program were statistically analyzed by means of a correlation study
(Pearson’s r coefficient) between the number of collected specimens and such variables as
the population and the dressed beef output of the visited municipalities. The percentage of
contaminated samples was subsequently calculated according to the Health Jurisdiction
(HJ)> of the studied provenance and year; graphs were developed on which the annual
percentages of contaminated samples in Guerrero were related to the nationwide percentages,
as well as with the number of persons intoxicated during the studied period. The results
calculated for the HJs and the municipalities were depicted in thematic maps. These analyses
and graphs were developed using the SPSS version 21 (IBM Corporation, USA) and ArcGIS
version 9.3 (ESRI, USA) software.

According to the analysis of the results, the sample collection was not uniform as to the
quantity, as in 2011 more meat products were analyzed than in any other year (n=172), while
the number of analyzed meat products diminished substantially, to 91 in 2012, and 105 in
2013. This variable showed a recovery in 2014 and a progression in 2015 (Table 1). This
behavior may be due to the fact that the budget allotted to the operation of the health
surveillance program is different every year, and the activities to which it is destined involve
expenses; this affects the planning of the inspection visits to supermarkets, slaughterhouses
and meat retail shops directly. Furthermore, the presence of samples contaminated with
clenbuterol leads to the redesigning of strategies with the aim to obtain better results in
inhibiting this illegal activity in livestock production. This entails emphasizing surveillance,
particularly in those localities where there have been positive cases, and relegating to a
second place those where this problem has not been observed. The application of this risk-
based approach renders the program effective and reduces the use of financial and human
resources.
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Table 1: Contaminated / collected samples and percentage of contaminated samples by
year (annual %) and health jurisdiction (HJ)

2011 2012 2013 2014 2015  Total  HJ (%)

Tierra Caliente 4/25 0/9 6/26 2/24 1/23 13/107 12.1
North 4/22 2/12 0/10 6/19 4/30 16/95 16.8
Center 2/36 1/8 0/19 0/21 4/32 7/116 6.0
Mountain 0/9 2/4 0/11 0/11 /7 3/42 7.1
Costa Grande 4/28 1/16 0/11 0/13 0/24 5/92 5.4
Costa Chica 0/17 0/12 0/8 5/20 0/24 5/81 6.2
Acapulco 8/35 1/30 0/18 221 1/21 12/125 9.6
12.8 7.7 5.7 11.6 6.8 9.3
Annual, % n=172 n=91 n=105 n=129 n=161 n=658

In terms of the sample types, there was a certain equality in the amount collected from the
liver (n= 329) and the muscles (n= 310) (Table 2). The Work Instruction®™® of the Sanitary
Commission of COFEPRIS establishes that, in the course of inspection visits to
slaughterhouses, butcher shops and supermarkets, the meat products must be collected by
triplicate: a sample for analysis at the State Laboratory, a second sample to be kept by the
Undersecretariat for Health Regulation, and a third one, for the owner of the regulated
establishment —in case they should express any inconformity regarding the result—, to be
subjected to analysis at some other authorized laboratory in the country (so that a final dictum
may be issued by the corresponding health authority).

Table 2: Percentage of samples in which the presence of clenbuterol was detected, by
simple type and corresponding year

Type of Result o
Year sample Not detected Detected Total /o
Liver 89 15 104 16.9
2011
0 Muscle 61 7 68 11.5
Liver 53 7 60 13.2
2012 Muscle 31 0 31 0
Liver 37 1 38 2.7
2013 Muscle 56 4 60 7.1
Eyeball 6 1 7 16.7
Liver 53 4 57 7.6
2014 Muscle 61 11 72 18.0
Liver 67 3 70 45
2015 Muscle 74 5 79 6.8
Urine 9 3 12 33.3
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The collection was similar in all regions except for the Mountain, where only 42 samples
were gathered (Table 1). The difficult access to the localities may be an important factor
limiting the operation of the program in this area of the state, all the more because the samples
must be transported and preserved at a temperature of 2 to 8 °C, and since the transportation
times to the laboratory are usually long, the cold chain may be broken at some point,
damaging the quality of the sample; this is another factor that may influence the small number
of samples collected in this region. A total of 39 (48.1 %) out of the 81 municipalities that
make up the state were visited, with a focus on those with the largest population and greatest
touristic, economic and political importance: Acapulco (n= 119), Chilpancingo (n= 73),
Iguala (n=39), Tlapa (n= 31), Ciudad Altamirano (n= 34), and Zihuatanejo (n= 29) (Figure
1). An analysis of the correlation between the number of inhabitants of the visited
municipalities and the amount of meat products collected in these yielded a high correlation
between the two variables (r=0.912, P<0.001); this is logical, as health surveillance must be
increased in direct proportion with the growing number of consumers, for purposes of
prevention and hazard control. There is no relationship between the levels of dressed beef
production in the municipalities and the samples obtained in them (r=-0.045); i.e. the sample
collection was not influenced by the high output of certain municipalities. Based on this, it is
recommended broadening the coverage of the sampling in the municipalities and regions in
order to increase the likelihood of detecting positive cases and, thus, have elements for
making decisions that may contribute to attain better results in health surveillance for
clenbuterol.
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Figure 1: Meat product collection in the municipalities of Guerrero
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The percentage of positive samples, i.e. the relationship between the amount of meat products
contaminated with clenbuterol and the total number of meat products collected exhibited a
downward tendency through the years (Table 1). This reduction was gradual, except for the
year 2014, when there was a slight increase (11.6 %). Eventually, this percentage diminished
to approximately half of the initial one (2011= 12.8 % vs 2015= 6.8 %). This indicates an
important success of the surveillance program for clenbuterol in terms of health risk reduction
for beef consumers in the state of Guerrero. The global percentage (9.3 %) was lower than
that obtained by Chévez et al @ in a similar study conducted during the years 2005-2010, in
which the average annual percentage was 13.1 %, with almost 24 % of the samples
contaminated with this chemical in 2005. However, these figures always were above the
national average (Guerrero mean= 9.5 %, national mean= 5.8 %; P=0.1) (Figure 2). In some
cases, like that of the year 2011, the percentage of positive samples in Guerrero was twice
the percentage of the rest of the country (12.8 vs 5.1 %, respectively); therefore, the goal
should be to reverse this behavior in the short or medium term in order to reduce the
contamination levels to those of the rest of the country.
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Figure 2: Comparison between the percentages of positive samples in Guerrero and at a
national level during 2011-2014
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The eyeball and urine were not the samples of choice in the sampling scheme of the program.
However, as shown in Table 1 clenbuterol was more successfully detected in these biological
samples, as only seven eyeball specimens were required to find residues of the drug in one;
likewise, the compound of interest was found in up to three of the nine urine samples tested.
This is due to the pharmacokinetics of the molecule, since high concentrations—and
therefore a high permanence— of clenbuterol have been reported in the retina after the
chemical has been administered therapeutically®®). Likewise, this agent is excreted slowly
through the urine, where it may be found up to the ten days after the exposure®”®), whereas
in the blood it can only be detected within five days after the intake®. Despite the evidence
presented in this and other studies®®2?%, collection of eyeball samples has not been the
procedure of choice because the condition of obtaining three specimens from the same animal
as indicated in the Work Instruction of COFEPRIS® cannot be met (for logical reasons).
Furthermore, urine samples are obtained only in special operations of the health authority of
the slaughterhouses, and this activity is not very frequent, as it carried out only when a public
complaint has been filed or when there is a history of introduction of contaminated meat into
these establishments.

In the regional analysis, the main HJs that contributed higher percentages of positive samples
were the North and Tierra Caliente —with 16.8 and 12.1 %, respectively—, where the
presence of this chemical was constant in almost all the studied years. In Acapulco, despite
the intense surveillance (more samples were collected there than in any other HJ), positive
cases also occurred repeatedly, with 9.6 %, although to a lesser extent than in the other two
jurisdictions. In the remaining HJs, the situation was more controlled, and positive cases
occurred only sporadically. Clenbuterol was detected in 22 municipalities, notably in those
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with a larger population, like Acapulco, Chilpancingo, Iguala, Ciudad Altamirano, and Tlapa,
where the largest number of contaminated samples were found (Figure 3).

Figure 3: Presence of clenbuterol in the municipalities of Guerrero
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There are some records of intoxication in humans due to consumption of meat products
contaminated with clenbuterol: three cases occurred in 2011, five in 2012, and four in 2013;
no other cases were registered in the remaining years (Figure 4). Six of these cases were
detected in Acapulco, three in Iguala, two in Chilpancingo, and one in Chilapa, which are the
municipalities that exhibited the largest number of positive samples, with the exception of
Chilapa, where only one case, directly related to an intoxication, occurred in 2012. As with
many health issues in Mexico and other countries, food intoxications with clenbuterol are
underreported, possibly due to a lack of information at the first level of healthcare for
recognizing the symptoms that may imply the need for a deeper study of the cases in order
to attain an adequate diagnosis®Y; furthermore, people do not seek treatment at the healthcare
centers because they lack economic resources or because of a shortage of institutional
medical services. Therefore, it estimates that the real number of cases is larger.
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Figure 4: Percentage of contaminated samples (bars) and cases of intoxication (dotted line)
in each studied year
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Because this chemical contaminant is still present in foods, it is important to maintain and
strengthen monitoring by increasing the number of inspection visits to establishments, as
well as to follow up on the cases of contaminated samples through the traceability chain, in
order to locate the livestock producers and make them aware of the negative impact of these
inadequate livestock production practices on human health.

Finally, intersectoral coordination is required to fight this problem; every institution must
design, within the scope of its authority and responsibilities, an integral scheme to promote
good production practices from the initial stages, preventing livestock breeders from seeking
a better output through the use of substances that are dangerous for the consumers. Likewise,
when there is sufficient evidence of the illegal use of clenbuterol, acts of authority must be
executed to the ultimate consequences in compliance with the laws in force, based on the fact
that this activity poses a threat to public health and must therefore be penalized without
reserve or exceptions.

In the light of these results, and in comparison with the previous years, it is only fair to
mention the work carried out by the Department of Health of Guerrero in relation to this
phenomenon, whereby the number of positive cases and, therefore, of food intoxications, has
been substantially reduced. Nevertheless, the surveillance program must be kept in operation
with the aim to eradicate the illegal use of clenbuterol in order to protect the population from
the related health hazards.
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