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Statistical significance of hair analysis of
clenbuterol to discriminate therapeutic use
from contamination
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Clenbuterol is a well-established β2-agonist, which is prohibited in sports and strictly regulated for use in the livestock industry.
During the last few years clenbuterol-positive results in doping controls and in samples from residents or travellers from a
high-risk country were suspected to be related the illegal use of clenbuterol for fattening. A sensitive liquid chromatography-
tandem mass spectrometry (LC-MS/MS) method was developed to detect low clenbuterol residues in hair with a detection limit
of 0.02pg/mg. A sub-therapeutic application study and a field study with volunteers, who have a high risk of contamination, were
performed. For the application study, a total dosage of 30μg clenbuterol was applied to 20 healthy volunteers on 5 subsequent
days. One month after the beginning of the application, clenbuterol was detected in the proximal hair segment (0-1 cm) in con-
centrations between 0.43 and 4.76pg/mg. For the second part, samples of 66 Mexican soccer players were analyzed. In 89% of
these volunteers, clenbuterol was detectable in their hair at concentrations between 0.02 and 1.90pg/mg. A comparison of both
parts showed no statistical difference between sub-therapeutic application and contamination. In contrast, discrimination to a
typical abuse of clenbuterol is apparently possible. Due to these findings results of real doping control samples can be evaluated.
Copyright © 2014 John Wiley & Sons, Ltd.
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Introduction

Clenbuterol is a well-known β2-agonist, which is banned for use in
sports by the World Anti-Doping Agency (WADA).[1] Clenbuterol
was originally developed for medical treatment of pulmonary dis-
eases in humans[2–4] and animals.[5] But due to the anabolic proper-
ties of β2-agonists such as increasing muscle mass and decreasing
body fat mass, its abuse as a doping agent in sports[6] and as a
growth-promoting agent in meat-producing animals[7] was moti-
vated. The use of clenbuterol in the livestock industry is regulated
in the USA and the European Union[8,9] due to side effects in
humans caused by consumption of meat from treated
animals,[10–13] for example cattle and lambs. But it was also reported
that clenbuterol was often illegally used in several countries to ac-
celerate the fattening.[12,14–18]

Because clenbuterol does not belong to the threshold sub-
stances of the prohibited list, any positive detection in urine may
potentially lead to an adverse analytical finding (AAF).[1] During
the last few years, several athletes were tested positive for clenbu-
terol in very low concentration levels in urine.[19,20] Low clenbuterol
concentrations were also analyzed in urine of travellers from
China.[21] It was therefore questionable whether these findings
resulted from abuse of clenbuterol or from contamination. In
1995, Hemmersbach et al.[10] showed that the consumption of
contaminated meat resulted in urinary clenbuterol concentration
between 30 and 850pg/mL.[10] The results of these studies demon-
strated the relevance of potential contamination in doping analysis
and the importance of an investigation of this problem. Thevis
et al.[22] discussed the potential use of enantiomeric distribution
Drug Test. Analysis (2014)
of clenbuterol in urine. Relative abundance of enantiomers should
depend on ingestion.[22] However, further research is necessary.
Hair analyses may be another approach to differentiate between
clenbuterol abuse, therapeutic use, and contamination.

Hair testing is well established in forensic toxicology for retro-
spective analysis of drug abuse or abstinence control and was
approved by the World Anti-Doping Agency (WADA) as an alterna-
tivemethod in doping control. Based on the average growth rate of
1 cm per month (human head hair, 0.56–1.5 cm/month[23]), retro-
spective information regarding the timing of the uptake of sub-
stances may be available.[23] Taken into account that individual
variances in growth rate exist and hair does not grow continuously,
a small shift or widening of positive segments is possible.[24] How-
ever, hair analyses are not suitable for overruling a previous positive
urine test according to the International Standard for Laboratories
(ISL).[1] Clenbuterol is a basic lipophilic compound which binds on
Copyright © 2014 John Wiley & Sons, Ltd.
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the hair pigment melanin. Therefore, a strong and permanent in-
corporation into hair was reported.[25–27] In spite of its low thera-
peutic dosages, single or occasional therapeutic administration
permits the detection of clenbuterol in pigmented hair as shown
in a previous application study with four horses.[27] Several
studies[16,27–29] showed the influence of hair pigmentation on the
incorporation of clenbuterol. Furthermore, residues of clenbuterol
in hair were demonstrated by Jia et al.[16] Clenbuterol was detected
in 60.3% of people studied who reside in Shanghai.[16]

The aim of the presented work was the investigation of occur-
rence of clenbuterol in hair and its statistical significance after
low-level incorporation. Therefore, an application study was carried
out to obtain clenbuterol positive control samples. Clenbuterol was
applied to 20 healthy people in a sub-therapeutic dosage (in total
30μg) on five subsequent days to simulate a continuous uptake
of a small amount of clenbuterol. In comparison a negative control
group (low risk of contamination[30]) and a group with high con-
tamination risks[18,19] (collected in cooperation with FIFA in Mexico)
were analyzed.
Materials and methods

Chemicals, reagents, and reference substances

Chemicals and solvents used for analysis of hair, serum and urine
samples were potassium hydroxide pellets (85 90%, VWR, Dresden,
Germany), sodium sulfate (98–100%, VWR, Dresden, Germany), hy-
drochloric acid (Merck, Darmstadt, Germany), methanol, acetoni-
trile (both: gradient grade, J.T. Baker, Deventer, the Netherlands),
water (gradient grade, Fisher Scientific, Schwerte, Germany),
tert-butyl-methyl-ether (HPLC grade, ChemSolute®, Renningen,
Germany), ammonia (25%, ChemSolute®, Renningen, Germany)
and acetic acid (99.5%, ChemSolute®, Renningen, Germany). The
high performance liquid chromatography (HPLC) solutions
consisted of a mixture of water/acetonitrile (A: 95/5 v/v, B: 5/95 v/v)
containing 2mmol ammonium acetate and 0.1 vol-% acetic acid.
Clenbuterol (IDAS: LGC Standards, Wesel, Germany; DSHS: NMI,

Sydney, Australia) was used as reference compound for calibration
and validation. Clenbuterol-d9 (IDAS: NMI, Sydney, Australia;
DSHS: LGC standards, Wesel, Germany) was added as an internal
standard (IS).
Analysis of the hair samples

Sample preparation

Hair samples were washed (MeOH / H2O; 50/50; v/v; 1min) and
weighed. Clenbuterol-d9 (100pg) was added as an IS. An alkaline
hydrolysis was performed to release incorporated clenbuterol.
Therefore 1.5mL KOH (0.5N) was added and the samples were
incubated at 80 degrees Celsius for 8 h until complete homogeniza-
tion. KOH-extracts were centrifuged and purified by solid-phase
extraction (SPE), which was processed by Aspec XL4 (Gilson,
Middleton, WI, USA). SPE columns (Oasis HLB 3 cc, Waters Corpora-
tion Milford, MA, USA) were pre-conditioned with 3mL methanol
and 1mL water. After loading, columns were washed with 2mL
methanol / 2% NH4OH-solution (60/40; v/v) and eluted with 2mL
methanol / water (90/10; v/v). SPE-extracts were evaporated to dry-
ness and reconstituted with acetonitrile and HPLC-solution A (1:2).
Chromatographic separation was achieved on the LC-system

(Agilent Technologies, 1290 infinity, Böblingen, Germany)
consisting of a degasser, a binary pump, a column compartment,
wileyonlinelibrary.com/journal/dta Copyright © 20
and an auto-sampler. A 10-μL volume of the reconstituted extract
was injected onto a Hypersil Gold C18-column (50mm x 2.1mm,
3μm; ThermoFisher Scientific, Langerwehe, Germany) protected
by a Zorbax Eclipse XDB-C8- guard cartridge (2.1mm x 12.5mm,
5μm; Agilent Technologies, Böblingen, Germany). A flow-rate of
300μL/min was used. Chromatographic separation was carried
out at 25 °C with a binary mobile phase system using a linear gradi-
ent (HPLC-solution B 0% for 1min, 0% to 80% during 4min, 80% for
2min). Tandem mass spectrometry was carried out on a Q-Trap
6500 mass spectrometer (AB Sciex, Darmstadt, Germany) equipped
with an electrospray ionization (ESI) interface. The instrument
was operated in the positive ionizationmode at +5500V and a tem-
perature of 500 °C. Specific multiple reaction monitoring (MRM)
transitions were optimized for clenbuterol and clenbuterol-d9.
Clenbuterol was quantified at DP =30V by MRM transition m/z
277→ 203 (CE =35 eV) and confirmed by the following transitions
(m/z 279→205, CE =25 eV; m/z 277→ 168, CE =39 eV; m/z
277→ 140, CE =55 eV; m/z 277→104, CE =100eV). Clenbuterol-
d9 was monitored using the transition m/z 286→ 204 (DP =30V,
CE =25eV).

Method validation

Validation of the described method was performed using the soft-
ware Valistat 2.0 for evaluation.[31] The method was validated for
following parameters: sensitivity (limit of detection (LOD) and
quantification (LOQ)), recovery, linearity, and intra- and inter-day
precision.

Positive control samples were prepared using 50mg blank hair
(m, 38 y, dark brown) spiked with clenbuterol at different
concentration levels. For each series, blank and calibration samples
in seven concentration levels (0.1, 0.2, 0.5, 1.0, 2.0, 5.0, and
10pg/mg) were processed in duplicate as described above.
Additionally three validation standards (0.1, 1.0, and 10pg/mg)
were prepared in triplicate. Inter day precision was examined on
four different days. Peak area ratio of clenbuterol to the IS were
used to generated the calibration curve. The LOD and LOQ values
were calculated by calibration samples, taking into account the
signal-to-noise ratio greater than 3 for LOD, and equal to or greater
than 10 for LOQ, respectively. Validation standards were used to
calculate the intra- and inter-day precision.
Analysis of the serum samples

Extraction of clenbuterol from plasma was performed using a
liquid-liquid extraction (LLE) procedure. An aliquot of 1mL plasma
was diluted with 1mL water and spiked with 100pg/mL
clenbuterol-d9. For quantification newborn calf-serum (Biochrom
AG, Berlin, Germany) was spiked at seven different concentration
levels (2, 5, 10, 20, 50, and 100pg/mL) and processed together with
the samples of the application study. 2mL KOH (0.5N) and approx-
imately 1 g of Na2SO4 were added to the samples. Extraction was
performed with 3.5mL tert-butyl-methyl-ether for 15min under
continuous shaking. After centrifugation, the organic layer was sep-
arated and dried. Reconstitution and measurement were carried
out equivalent to hair samples.
Analysis of the urine samples

The samples were prepared based on a previously published proto-
col modified for high sensitivity and reliable quantification of
clenbuterol in the low pg/mL range.[21,32]
14 John Wiley & Sons, Ltd. Drug Test. Analysis (2014)



Clenbuterol residues in hair

Drug Testing

and Analysis
Administration study and real samples

Themethods described above were used for analysis of hair, serum,
and urine samples in case of the application study. Additionally, hair
and urine samples of Mexican soccer players and a hair sample of
an athlete, whowas tested positive of clenbuterol in urine, were an-
alyzed. Analysis of hair and serum samples was carried out by IDAS
and corresponding urine samples were prepared and measured in
the DSHS.

Administration study

The application study was carried out by the Institute Legal
Medicine of the University of Munich after approval by the Ethics
Committee of the Medical Faculty of the University of Munich
(Ethical Approval No. 378-12).

A total of 30 men and 10 women were included into the study
(Table 1). Twenty of them served as treated (T) group and the other
20 as control (C) group not receiving clenbuterol. Every group
consisted of 5 women and 15 men. The mean age was 24.4 (T)
and 25.2 years (C), respectively. After signing of the consent form,
subjects of the T-group were asked about their food pattern and in-
dividual parameters, like age, height, and weight (Table 1). They
were also examined clinically and biochemically before starting ap-
plication. Subjects were excluded if they had health problems, aller-
gies, were on permanent medication or were pregnant. For the
control group only age, hair colour and hair length (data not
shown) were noted.

From day 1 to day 5 of the study, the treated group received
daily increasing dosages of clenbuterol (2, 4, 6, 8, and 10μg). To
provide the relevant dose, portions of Spiropent® (liquid mixture,
0.059mg/mL) were diluted with 10mL sterile water and applied
per os.

Before the first application, urine (10mL), blood (3mL), and hair
samples (thickness ca. 0.5 cm) were collected from all T-subjects
(blank sample). During the next five days, urine and blood samples
were taken 90min after each application. Last samples (urine,
Table 1. Characteristics of healthy individuals (T-group) taking part in applic

Proband gender age [years] height [cm]

T-01 m 26 184

T-02 m 27 181

T-03 m 18 182

T-04 m 20 185

T-05 f 25 172

T-06 m 25 185

T-07 m 21 186

T-08 f 27 177

T-09 f 27 164

T-10 m 29 170

T-11 m 24 191

T-12 f 24 174

T-13 m 29 179

T-14 m 27 181

T-15 m 20 181

T-16 m 26 180

T-17 m 21 189

T-18 m 26 176

T-19 m 22 180

T-20 f 24 167
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blood, and hair) were collected one month after the beginning of
the study. Only one urine and hair sample was taken from the con-
trol group. Urine was refrigerated (4 °C) for 24h and then deep fro-
zen at -20 °C until analysis. Blood was centrifuged at 5000 rpm for
5min. The plasma was deep frozen at -20 °C until analysis.

The proximal hair segments (10mm) were analyzed of the
C- group, reflecting the last month of hair growth before sampling.
The blank sample of the T-group was segmented equivalent. For
the second sample (positive sample) hair strands were cut in three
segments, 0–10mm for the proximal and 10–20mm for the second
segment. The length of the third/distal segment was dependent on
the available hair length of each study person.

Mexican soccer players

Hair and urine samples of soccer players were sampled inMexico in
November 2012. A total of 66 subjects were included in the study.
The specimens were collected in three different football classifica-
tions. Twenty volunteers belonged to the U20 team, 26 to the
U17 team, and 20 to local amateur teams. After signature of the
consent form, subjects were asked about their age, region of resi-
dence, and permanent medication. One urine and hair sample
was taken from each volunteer. Urine was deep frozen at -20 °C un-
til analysis. Hair strands were stored light protected at room tem-
perature. The hair analysis was carried out in the total hair length
(range: 1.5–10 cm). No sufficient hair sample was available from
three of them.

Results

Method validation for hair analysis

The assay was validated to ensure statistical reliabilities. Analyses of
ten diverse blank hair samples showed, that no interfering matrix
signals exist in the retention window of clenbuterol (3.59
± 0.5min). Calibration samples demonstrated a linear correlation
(y =0.4051 x +0.0048; correlations coefficient R2 = 0.9998) between
ation study

weight [kg] hair colour hair length [cm]

90 brown 5

69 darkbrown 4.5

73 brown 5.5

80 brown 7.5

65 brown 23

75 brown 3

72 brown 5

69 brown 20

72 brown 42

78 brown 7

93 brown 4.5

60 brown 28

80 darkbrown 5.5

64 brown 5

69 brown 5.5

90 darkbrown 3.5

84 brown 5

88 darkbrown 3.5

67 brown 9.5

58 brown 34

& Sons, Ltd. wileyonlinelibrary.com/journal/dta



Table 2. Summary of the analyzed hair segments and their measured
clenbuterol concentrations

study person segment segment length clenbuterol [pg/mg]

T-01 1 0–1 cm 0.76

2 1–2 cm 0.00

3 2–5 cm 0.00

T-02 1 0–1 cm 1.47

2 1–2 cm 0.13

3 2–4.5 cm 0.00

T-03 1 0–1 cm 2.86

2 1–2 cm 0.18

3 2–5.5 cm 0.00

T-04 1 0–1 cm 0.43

2 1–2 cm 0.00

3 2–7.5 cm 0.00

T-05 1 0–1 cm 0.95

2 1–2 cm 0.18

3 2–3 cm 0.00

T-06 1 0–1 cm 1.35

2 1–3 cm 0.17

T-07 1 0–1 cm 0.76

2 1–2 cm 0.00

3 2–5 cm 0.00

T-08 1 0–1 cm 0.47

2 1–2 cm 0.18

3 2–3 cm 0.00

T-09 1 0–1 cm 0.51

2 1–2 cm 0.00

3 2–3 cm 0.00

T-10 1 0–1 cm 1.16

2 1–2 cm 0.00

3 2–7 cm 0.00

T-11 1 0–1 cm 1.42

2 1–2 cm 0.30

3 2–4.5 cm 0.00

T-12 1 0–1 cm 1.16

2 1–2 cm 0.21

3 2–3 cm 0.00

T-13 1 0–1 cm 0.56

2 1–2 cm 0.00

3 2–5.5 cm 0.00

T-14 1 0–1 cm 2.51

2 1–2 cm 0.13

3 2–5 cm 0.00

T-15 1 0–1 cm 4.76

2 1–2 cm 0.86

3 2–5.5 cm 0.00

T-16 1 0–1 cm 1.44

2 1–3.5 cm 0.00

T-17 1 0–1 cm 2.60

2 1–2 cm 0.00

3 2–5 cm 0.00

T-18 1 0–1 cm 1.27

2 1–3.5 cm 0.00

T-19 1 0–1 cm 0.57

2 1–2 cm 0.24

3 2–9.5 cm 0.00

T-20 1 0–1 cm 0.88

2 1–2 cm 0.27

3 2–3 cm 0.00
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0.1pg/mg and 10pg/mg. Values of 0.02 pg/mg and 0.09 pg/mg
were calculated for LODs and LOQs, respectively. Validation stan-
dards (0.1, 1.0, and 10pg/mg) were used to specify intra- and
inter-day precisions. The following intra-day CVs and inter-day Bias
were calculated: 0.1 pg/mg clenbuterol: 9.3% and 6%, 1 pg/mg
clenbuterol: 8.8% and -6.1%, 10 pg/mg clenbuterol: 5.3% and
0.4%, respectively.

Administration study

Accumulation of clenbuterol in hair

The hair concentrations of clenbuterol for all analyzed hair
segments are listed in Table 2. The maximal concentrations were
analyzed in the first hair segment, reflecting the first month after
the beginning of the application. A small amount of clenbuterol
was also detected in the second hair segments of 11 subjects.
For a better comparability, the concentrations of proximal hair

segments (0–1 cm) are shown in Figure 1. Detected clenbuterol
concentrations in these segments ranged from 0.43 to 4.76pg/mg
(median: 1.16 pg/mg). There were no statistically significant
differences in hair clenbuterol concentrations between gender
(Mann-Whitney-U-test, P =0.08) or hair colour (Mann-Whitney-U-
test, P =0.64). Clenbuterol was neither detected in the first
samples of the T-group (blank sample, before application) nor in
the hair samples of the C-group.

Serum clenbuterol concentrations

Serum was only sampled from T-group persons. Samples were
taken 90min after each application and 1month after beginning
of the study. Measured concentrations are summarized in Table 3.
Serum concentrations correlate to the applied clenbuterol dose

(Pearson: r =0.862, P =0.01). The higher the clenbuterol amount
the greater the serum concentration and their variance (Figure 2).
The average concentrations differ significantly (Mann-Whitney-U-
test, P<0.005). Onemonth after the first application no clenbuterol
was detected in any of the serum samples.

Clenbuterol concentrations in urine

Seven urine samples were collected from each T-group persons,
one before application, five 90min after application, and one
1month after the beginning of the study. Measured clenbuterol
concentrations are summarized in Table 4.
Urine concentrations also correlate to the applied clenbuterol

dose (Figure 3; Pearson: r =0.632, P =0.01). The average concentra-
tions differ significantly between sample 0 and 1, sample 1 and 2,
and between sample 2 and 3 (Mann-Whitney-U-test, P <0.001),
but concentrations differ not significantly between sample 3 and 4
(P =0.613) and sample 4 and 5 (P =0.191). One month after the first
application no clenbuterol was detected in urine samples.

Samples from individuals with a high contamination risk

Clenbuterol concentration in hair samples

Results of hair samples from 63 volunteers indicated that only 7
samples were negative for clenbuterol. In 88.9 % (n=56) of the sam-
ples clenbuterol was detected in a range of 0.02 to 1.90pg/mg.
Concentrations between the LOD (0.02pg/mg) and the LOQ
(0.09pg/mg) were semi-quantitatively calculated (16 samples). The
result histogram is shown in Figure 4.
The samples were collected in three different team classifications

showing similar concentration distributions (Mann-Whitney-U-test,
wileyonlinelibrary.com/journal/dta Copyright © 2014 John Wiley & Sons, Ltd. Drug Test. Analysis (2014)



Figure 1. Clenbuterol concentrations of proximal hair segments (0 10mm) from the treated group after clenbuterol application (in total 30μg, p.o).

Table 3. Summary of clenbuterol serum concentrations and statistical parameters

sample Average conc. [pg/mL] SD [pg/mL] Median [pg/mL] Min [pg/mL] Max [pg/mL]

1 (after first application, 2 μg) 7.1 2.1 6.8 3.1 12.0

2 (after second application, 4μg) 15.6 5.0 15.7 6.2 23.1

3 (after third application, 6 μg) 26.1 9.4 27.4 11.0 39.8

4 (after fourth application, 8 μg) 38.1 10.9 34.6 22.4 55.9

5 (after fifth application, 10μg) 57.0 15.5 57.5 29.1 91.8

6 (one month after first application) 0.0 0 0 0 0
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P>0.05; TABLE 5). Up to 95% of the volunteers were tested positive
for clenbuterol in hair. No correlation was determined between
clenbuterol levels and region of residence, age and soccer team.

Due to their high clenbuterol concentration, retrained hair
sample of three subjects (code 35, 49, and 50) were specifically
re-analyzed. Hair strands were segmented to get information about
the time course of clenbuterol incorporation. Dependent on the
hair length 1-cm segments were cut to reflect monthly periods
before sampling. Results of the first and second preparation are
shown in Table 6. Clenbuterol levels remained relatively constant
along the complete hair strand for the two volunteers coded 49
and 50. Concentrations were on average 2.1 pg/mg. In contrast,
a significant increase was detected in the second hair segment
(1–2 cm) of sample 35 (Figure 5).

Clenbuterol concentration in urine

Clenbuterol in urine was detected in 80.3% of the 66 volunteers in
concentrations ranging between 1pg/mL and 2541.3 pg/mL. The
minimum required performance level of clenbuterol is 200 pg/mL.
Keeping this in mind eight out of the 53 positive tested individuals
had critical clenbuterol levels (above 50 % of MRPL) in their urine
(Figure 6).

The urine concentrations of clenbuterol did not differ signifi-
cantly between the three team classifications (Mann-Whitney-U-
test; U20 vs. U17: P =0.798, U17 vs. local: P =0.248, U20 vs. local:
P =0.283). Table 7 shows a summary of the measured clenbuterol
concentrations. The median concentrations of each team
Drug Test. Analysis (2014) Copyright © 2014 John Wiley
classification were significantly different to the median concentra-
tions resulted from the application study (Mann-Whitney-U-test
P <0.01). Nevertheless, the clenbuterol concentrations of 20
volunteers are in the same level as the urine concentrations after
application of clenbuterol.

Case report

During the last four years (2010 to 2014) ten hair samples of ath-
letes (table tennis, football, and cycling) were analyzed in the IDAS.
The analysis of these real case samples were performed following a
positive doping control urine test with low clenbuterol concentra-
tions. In one case, a male cyclist (hair colour: dark brown) got an
AAF (Adverse Analytical Finding) on clenbuterol (80pg/mL) after
returning from Mexico. He had visited a training camp in Mexico
in November 2013. The hair sample was collected 43days after
the AAF. Hair strands were stored light protected at room temper-
ature and analyzed as described above. In order to obtain retro-
spective information the hair was cut in two 2-cm segments. The
proximal one (0–2 cm, measured from the cut edge) corresponded
to the growth period between November 2013 and sampling in
January 2014 and the distal one (2–4 cm) reflected the time before
Mexico visiting (September to November 2013).

Clenbuterol was detected in the proximal hair segment (0–2 cm)
in a concentration of 0.08pg/mg, a semi-quantitative calculated
concentration between LOD and LOQ of themethod. The distal hair
segment (2-4 cm) was free from clenbuterol residues (Figure 7).
Clenbuterol was also not detected in the wash solutions of the hair
& Sons, Ltd. wileyonlinelibrary.com/journal/dta



Figure 2. Correlation for measured serum concentration and clenbuterol
dosage: (A) range of clenbuterol concentration after each application, (B)
Correlation between serum concentration and applied amount of
clenbuterol/ kg body weight (Pearson: r =0.845, P =0.01).

Figure 3. The higher the clenbuterol amount the greater the urine
concentration and their variance.

Figure 4. Quantitative distribution of clenbuterol hair concentrations
measured in 63 samples which were collected in Mexico (n.d. – not detected,
<LOD=0.02 pg/mg).
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strands. These results have proven that a contamination of food
with clenbuterol constitutes a conclusive mechanism to originate
adverse findings of clenbuterol after a Mexico visit. An uptake of
clenbuterol in a therapeutic dosage can be excluded
Discussion

Clenbuterol residues in hair specimens

In the present work a sensitive method has been established to de-
tect clenbuterol in hair samples by liquid chromatography-tandem
mass spectrometry (LC-MS/MS), able to detect small residues of
clenbuterol. Clenbuterol was found to reside in hair samples of peo-
ple after a sub-therapeutic administration of clenbuterol and in hair
Table 4. Summary of clenbuterol urine concentrations and statistical param

sample Average conc. [pg/mL] SD

0 (before first application) 0

1 (after first application, 2 μg) 96

2 (after second application, 4 μg) 254

3 (after third application, 6 μg) 769

4 (after fourth application, 8 μg) 840

5 (after fifth application, 10μg) 1316

6 (one month after first application) 0

wileyonlinelibrary.com/journal/dta Copyright © 20
of volunteers with a high risk of contamination due to their place of
residence or travel.

The application study has shown that a sub-therapeutic adminis-
tration of clenbuterol results in positive hair samples. The applied
total dose of 30μg represents less than one therapeutic daily dos-
age (2x20 μg) per month. However, clenbuterol was detectable in
concentrations between 0.43 and 4.76 pg/mg in proximal hair seg-
ments one month after the beginning of the study. An average
growth rate of 1 cm per month for human head hair was assumed.
But due to individual variation and the growth cycle of hair an
extension of the positive segment was observed in 11 out of 20
eters

[pg/mL] Median [pg/mL] Min [pg/mL] Max [pg/mL]

0 0 0 0

68 94 0 262

110 227 86 524

512 701 136 2280

522 851 117 2160

1109 1070 148 4530

0 0 0 0

14 John Wiley & Sons, Ltd. Drug Test. Analysis (2014)



Table 5. Compilation of positive findings in relation to team classification (* = semi-quantitatively calculated)

team-classification samples
collected [n]

positive
findings [n (%)]

Average
conc. [pg/mg]

SD
[pg/mg]

Median
[pg/mg]

Min
[pg/mg]

Max
[pg/mg]

U20 19 18 (94.7) 0.18 0.27 0.09 0.02* 1.29

U17 24 20 (83.3) 0.37 0.45 0.15 0.03* 1.79

local 20 18 (90.0) 0.49 0.51 0.34 0.04* 1.90

Table 6. Comparison of total and segmented hair analyses of three
chosen examples from Mexican hair specimen

1st preparation 2nd preparation

Sample
Code

Segment
[cm]

Clenbuterol
[pg/mg]

Segment
[cm]

Clenbuterol
[pg/mg]

35 0-3 1.79 0–1 0.99

1–2 4.01

2–3 1.90

49 0–7.5 1.90 0–1 2.78

1–2 2.73

2–3 1.66

3–4 2.36

4–5 2.01

5–7.5 2.08

50 0–5 1.68 0–1 2.64

1–2 2.49

2–3 1.46

3–4 1.90

4–5 1.65

Figure 5. Clenbuterol-concentration profile of the selected samples for
second preparation.

Figure 6. Quantitative distribution of clenbuterol urine concentrations
measured in 66 samples which were collected in Mexico (n.d. – not detected,
<LOD =1pg/mL; LOQ =3pg/mL).

Clenbuterol residues in hair

Drug Testing

and Analysis
samples (Table 2). Clenbuterol was measured in the first two hair
segments (0–1 cm / 1–2 cm), withminor concentrations in the distal
one. Due to the basic and lipophilic properties, clenbuterol is an
outstanding candidate for hair incorporation by melanin-binding.
Therefore, only individuals with brown, dark brown, or black hair
were considered in the application study, to enable a comparison
with the Mexican cohort.

In the case of hair samples of Mexican soccer players, clenbuterol
concentrations varied between 0.02 and 1.88 pg/mg (median:
0.16pg/mg). The main proportion of hair specimens (n = 42)
Drug Test. Analysis (2014) Copyright © 2014 John Wiley
showed clenbuterol concentrations between 0.02 and 0.5 pg/mg
and only in four samples were concentrations above 1pg/mg
measured. Taken into account that the hair strands of Mexican
volunteers were analyzed in their total length, a dilution with a
clenbuterol-free section may occur. To investigate the time-course
of the clenbuterol exposure, three samples were re-analyzed after
segmentation of the hair locks. Each 1-cm segment represented
one month of hair growth. Two of the three hair strands showed al-
most unchanged concentrations along the hair lock, indicating a
permanent uptake of minor amounts of clenbuterol. In contrast, a
considerable peak of the clenbuterol concentration was detected
in the third sample. The concentration increases four-fold in the
second hair segment (1–2 cm) compared to the first proximal
(0–1 cm) sections and dropped to low concentration in the adjacent
(2–3 cm) segment. Reasons might be due to a modified diet during
the relevant month or even a single medication of clenbuterol.

A comparison of both studies shows that clenbuterol hair con-
centrations resulting from sub-therapeutic application are similar
to those concentrations which result from an assumed contamina-
tion. Specifically, the segment analysis of the three football players
shows comparable clenbuterol concentrations in each 1-cm seg-
ment such as the proximal segments of the application study. How-
ever, since 89% of the tested players were positive and an uptake of
a sub-therapeutic dosage is not likely to show any performance-
enhancing effects, a contamination by clenbuterol-polluted meat
seems to be the most likely explanation. In literature ,[33] typical
concentrations corresponding to clenbuterol abuse were reported
to range from 15 to 122pg/mg. Positive clenbuterol findings during
routine analysis of human hair (IDAS, unpublished data) are in
accordance. During the last two years 40 samples were submitted
by police, prosecution and customs. Clenbuterol was detected
in 5 of them with measured concentrations between 10 and
90pg/mg.
& Sons, Ltd. wileyonlinelibrary.com/journal/dta
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Figure 7. LC-MS/MS-Chromatogram of the positive clenbuterol finding in the proximal hair segment (B: 0 2 cm) of the male cyclist. The distal (D: 2 4 cm)
segment is free of clenbuterol residues. The chromatograms of corresponding deuterated internal standards are shown in sections A and C.

Table 7. Compilation of positive findings in urine in relation to team classification

team-classification samples
collected [n]

positive
findings [n (%)]

Average
conc. [pg/mL]

SD
[pg/mL]

Median
[pg/mL]

Min
[pg/mL]

Max
[pg/mL]

U20 20 15 (75.0) 63.7 167.4 9.0 1.1 684.5

U17 26 21 (80.8) 37.3 74.7 7.1 1.0 320.8

local 20 17 (85.0) 215.2 595.1 11.4 1.0 2541.3

A. Krumbholz et al.
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The results of this work showed, that it is important to define a
threshold value for the hair concentration. Thus a discrimination of
an abuse of clenbuterol and a contamination with clenbuterol is
possible. Based on these results a threshold value for dark hair
should be calculated at 5pg/mg. This threshold value was defined
as mean value plus threefold standard deviation (1.39±3 x
1.04pg/mg) of clenbuterol concentrations of the proximal hair
segment collected in the administration study. Clenbuterol con-
centrations below this value are in line with a possible contamina-
tion. As further work, it seems to be necessary to repeat the
application study with volunteers with lighter hair and under a
controlled consumption of contaminatedmeat. A segmental anal-
ysis of the hair lock provides additional information to clarify the
case, statements on the chronology of events, for example com-
petitions and stays in high-risk countries, are possible.

Further information from urine and serum

In case of the administration study, an elevated clenbuterol concen-
tration was observed in both matrices with increasing application
dosage. Especially for urine, it is not possible to draw conclusions
from the measured concentrations to the applied amount of clen-
buterol due to high individual variances in physiology, especially
wileyonlinelibrary.com/journal/dta Copyright © 20
renal excretion. A specific gravity correction to an average density
of 1020g/L did not improve the correlation between applied dos-
age and urine concentration. Measured clenbuterol concentrations
are significantly different between both study sections. The concen-
trations of high risk volunteers ranged between 1 and 2540pg/mL
and are in the same level as literature values.[19,25] In 20 out of 66 sam-
ples, the urinary concentration extended into the clenbuterol level
after application (17–4530pg/mL). Therefore it is not possible tomake
a clear delimitation between sub-therapeutic use and contamination.

Detected clenbuterol serum concentrations ranged between
3.1 and 91.8 pg/mL. These concentrations were compared to
therapeutic plasma levels after therapeutic use of clenbuterol,
i.e., 300–600 pg/mL[34] to estimate potential biological effects.
Due to the fact, that even the highest measured serum concen-
tration in the study were 3–6 times below therapeutic plasma
levels, performance enhancing effects or toxic side-effects seem
to be unlikely.
Conclusions

Hair analysis seems to be a promising possibility for the discrimina-
tion of clenbuterol abuse and contamination. Due to the long
14 John Wiley & Sons, Ltd. Drug Test. Analysis (2014)
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retrospection of typical hair samples (if available), there is a unique
option to perform follow-up studies of respective cases. Additional
analytical evidence can be collected weeks or months after suspi-
cious urine samples are collected and therefore help to clarify re-
spective cases. While urine concentrations are short-time values
and affected by individual influences, for example renal excretion,
hair concentrations reflect an average concentration for several
weeks or months. Using segmental analysis, statements about
the course of clenbuterol incubation and chronological correla-
tions are possible. While a constant profile along the hair lock
suggests that clenbuterol was taken up permanently, an in-
crease or a decrease of concentration indicates a change in in-
take of clenbuterol during the investigated period. It should be
note that the hair colour is critical for the diagnostic interpreta-
tion, since the incorporation of clenbuterol is more effective for
dark hair than light hair.
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