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Introduction

Clenbuterol is a beta-2 agonist drug with anabolic
properties that is commonly used as a bronchodilator in

veterinary medicine (Figure 1). Its use in humans has been

banned in many countries, including the United States,
because of serious cardiovascular and pulmonary side
effects. The short-term effects of clenbuterol are similar
to stimulant drugs like amphetamine or ephedrine and
include increased heart rate, temperature, and blood
pressure. Clenbuterol also increases lean muscle mass
while reducing fat deposition. Some athletes and body-
builders use the drug for these thermogenic and anti-
catabolic effects, and as a result clenbuterol has been
banned by the World Anti-Doping Agency (WADA).

Doping control laboratories must therefore routinely
monitor clenbuterol in biological samples. Although
the analysis of clenbuterol by LC-MS/MS is selective,
endogenous matrix interferences often produce a high
chemical background. Reducing the chemical background
leads to improved detection of clenbuterol for monitoring
purposes. The selectivity of the LC-MS/MS method is
increased with the addition of both the gas-phase selec-
tivity of FAIMS (high-Field Asymmetric waveform Ion
Mobility Spectrometry) and H-SRM (Highly-Selective
Reaction Monitoring).

FAIMS and H-SRM work together to increase assay
selectivity. In the interface between the ion source and the
mass spectrometer, FAIMS selects which ions are allowed
into the vacuum region. By applying alternating low and

high electric fields, interferences are filtered out. The result

is LC-MS/MS chromatograms with reduced chemical
background and endogenous interferences. H-SRM, in

turn, provides higher analyte selectivity through improved

mass resolution of the precursor ion with Q1 while
maintaining high transmission efficiency. The net result
is cleaner chromatograms and more reliable results.

Goal

To improve the selectivity of an LC-MS/MS method
for the analysis of clenbuterol in urine using FAIMS
in combination with H-SRM.
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Figure 1: Structure of Clenbuterol

Experimental Conditions

Sample Preparation

Standard calibration samples of human urine fortified
with clenbuterol were prepared at the following nine
concentrations: 0.5, 1, 1.5, 2.5, 5, 10, 25, 50, and
100 ng/mL. Quality control samples of human urine
fortified with clenbuterol were prepared at the following
four concentrations: 0.5, 1.5, 50, and 100 ng/mL. Blank
samples of human urine without the reference standard
were also prepared.

To prepare each sample for analysis, 75 pL of sample
was added to 225 pL of water. After mixing, 10 pL was
injected. No internal standard was used.

HPLC

HPLC analysis was performed using the Surveyor HPLC
System (Thermo Scientific, San Jose, CA). The 10 pL
samples were injected directly onto a 4.6x50 mm

polar RP column. The mobile phase was acidified
acetonitrile/water delivered at a flow rate of 400 pL/min.
The gradient is described in Table 1.

Time (min.) %B
0 10
2 67
2.2 67
2.5 10
3 10

Table 1: Gradient profile

Mass Spectrometry

MS analysis was carried out on a TSQ Quantum Ultra
triple quadrupole mass spectrometer with a heated
electrospray ionization (H-ESI) probe (Thermo Scientific,
San Jose, CA). The MS and FAIMS conditions were

as follows:

Mass Spectrometry Conditions

Ton source polarity: Positive ion mode heated ESI
Spray voltage: 3500 V

Vaporizer temperature: 400°C

Sheath gas pressure (N,): 100 units

Auxiliary gas pressure (N,): 60 units

Ion transfer tube temperature: 300°C

Scan Type: SRM and H-SRM



The clenbuterol transitions monitored were Implementing FAIMS requires the establishment of
miz 277.042 —m/z 202.954 at a Q1 peak width of 0.7 u conditions for the transmission of the desired analyte(s)
FWHM for SRM scans and m/z 277.078—m/z 202.958 through the interface. Stable conditions for ion transmis-

at a Q1 peak width of 0.1 u FWHM for H-SRM scans. sion can be expressed by the compensation voltage (CV).

For both, the collision energy was 18 V and the scan time  In these experiments, the CV was ramped from =30 to 0V

was 100 ms. in 1.5 min. The maximum response for clenbuterol
occurred at =14 V and indicated the appropriate CV for

FAIMS Conditions LC-FAIMS-H-SRM analysis as shown in Figure 2.

Dispersion voltage: 4500 V

Outer bias voltage: 35 V Results and Discussion

Compensation voltage: =14 V

Inner electrode temperature: 50°C
Outer electrode temperature: 70°C
FAIMS gas: 50% He in N, at 3 L/min

A representative LC-SRM chromatogram for the analysis
of clenbuterol in human urine collected using unit mass
resolution (0.7 u in both Q1 and Q3) is shown in Figure
3. Although LC-MS/MS is a selective
technique, many isobaric interferences
m/z277.1 Optimum setting = -14.16 appear in the chromatogram. These
isobaric interferences increase the

_ chemical background and can make
reproducible integration of the
analyte peak difficult.

_ An increase in selectivity is
achieved by using the FAIMS device
to improve ion separation. A repre-

- sentative LC-FAIMS-SRM chromat-
20 | ogram for the analysis of clenbuterol
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in human urine is shown in Figure 4.
- The selectivity offered by FAIMS

20 provides a cleaner chromatogram
than the corresponding trace in

— Figure 3, but some contribution from

0 interferences remain.

-30 24 18 12 06 0 By utilizing both FAIMS and
Compensation Voltage Value (V) H-SRM in the LC-MS/MS analysis,
an even further increase in selectivity

Figure 2: Compensation voltage scan from the infusion of a clenbuterol reference standard. is achieved. A representative
The maximum response for clenbuterol occurred at a compensation voltage of —14V. LC-FAIMS-H-SRM chromatogram

for the analysis of clenbuterol in
human urine is shown in Figure 5.
RT- 18 The selectivity offered by the combi-
ot nation of LC, FAIMS, and H-SRM
results in the further removal of
interferences.
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Figure 3: Representative LC—SRM chromatogram for clenbuterol in human urine, obtained with unit
mass resolution and without FAIMS selectivity.




After analysis of the human urine
samples, the chromatographic peaks

RT: 1.8
6B = AA: 23673

were integrated and the peak areas
50| were used to perform regression
analysis. A representative calibration
7 line is shown in Figure 6. The inset
70 shows the calibration line between
the LLOQ (0.5 ng/mL) and 5 ng/mL.
Quality control samples were
50| analyzed as shown in Table 2.
Combining FAIMS with H-SRM

provides excellent selectivity, which

60 —

Relatie Abundance

40

30| results in improved accuracy and
precision at the LLOQ.
The interferences that result in

20

10 31% RSD and —20% accuracy are
e removed using FAIMS and H SRM.
‘oo To5 0 BN Exs EE B The final precision is 12% RSD and

the accuracy is 8% of theoretical.

Figure 4: Representative LC—FAIMS—SRM chromatogram for clenbuterol in human urine, obtained A

with unit resolution and with FAIMS selectivity Conclusion
The combination of FAIMS and
H-SRM provides excellent selectivity

i for the analysis of clenbuterol in

100+ A ezes human urine. Compared to the

LC-SRM method, the use of

LC-FAIMS-H-SRM reduced the

80 chemical background and resulted

in cleaner chromatograms and more

reproducibly integrated chromato-

50 graphic peaks. At the LLOQ, the

clenbuterol assay in human urine

shows the best accuracy and precision

a0~ via LC-FAIMS-H-SRM.
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Figure 5: Representative LC—FAIMS—H-SRM chromatogram for clenbuterol in human urine, obtained
with high (0.1 FWHM) resolution combined with FAIMS selectivity.
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Figure 6: Representative regression analysis from the LC—FAIMS—H-SRM analysis of clenbuterol
in human urine, using high resolution (0.1 FWHM) combined with FAIMS selectivity

LC - SRM LC-f - H-SRM
GC_Low QGC3x QC_Md OC_High QC_Low OC3x QC_Mid QC_High

Nominal 05 1 50 100 05 15 50

Replicate 1 15 s11 0 wdl 140 a4 wa
Replicsta2 0474 150 514 985 0586 144 196 931
Replicata3 D804 164 508 976 0433 152 501 926
Replicate 4 182 =08 977 0544 138 497 930
Replicate5 _0B17 147 800 984 053 120 479 @
Replicate 5 [0495 ] 157 517 900 0517 135 471 931
Mean 0402 154 510 983 057 139 486 w2
RSD 7 11 0§ ™ 57 27 26
%Difference 24 20 A7 70 28 58

Table 2: Comparison of QC samples from LC—SRM and LC—FAIMS—H-SRM analysis. Concentrations
exceeding bioanalytical criteria are framed. The precision and accuracy were improved to within the
guidance criteria by using FAIMS and H-SRM.
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