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Introduction

B-agonists (Table 1) are prohibited by the International Olympic Committee [1] due to
stimulation on the central nervous system and promotion of certain anabolic effects. Only
salbutamol, terbutaline and salmeterol are permitted by inhalation. Due to the low
concentrations in urine of some [3,-agonists, identification of these compounds is difficult and
requires sensitive and selective extraction and detection methodologies. The most commonly
employed procedure is GC/MS [2-4]. The requirements to report the presence of compounds
using GC/MS data are based on the comparison of relative retention times and relative
abundances of diagnostic ions of the derivatives formed [5]. For some compounds, limited
diagnostic information is obtained with the derivative used for screening purposes and

availability of additional diagnostic data can be of interest for identification purposes.

This work reports a derivatization method based on the combination of two reagents via the
consecutive formation of methylboronate and trimethylsilyl derivatives. Both derivatization

methods can be used on the same extract, yielding additional diagnostic data for compound

identification.
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Experimental

Sample preparation procedure

To 2 ml of urine sample, 10 uL of a methanolic solution of penbutolol (10 pg/mL), used as
internal standard, were added. The urines were adjusted to pH 5.2 with acetate buffer, 50 pL
of Helix pomatia (HP-2) were added, and the samples were incubated at 55°C for 2 h. Bond
Elut Certify™ columns were conditioned with methanol (2 mL) and deionized water (2 mL).
The hydrolysed samples were adjusted to pH 9.5 with ammonium chloride buffer (100 uL),
and were applied to the pre-conditioned columns. The columns were washed with deionized
water (2 mL), acetate buffer pH 4 (1 mL) and methanol (2 mL), and eluted with a mixture of
chloroform-isopropy! alcohol (80:20, v/v) containing 2% ammonium hydroxide (2 x 2 mL).
The extracts were evaporated to dryness and maintained under vacuum for 30 min, before the

derivatization procedure was applied.

Derivatization

Two consecutive derivatizations were applied on the same extract:

Derivatization I: Fifty uL of trimethylboroxine solution (2 mg/mL in ethyl acetate) were
added to the dried residues, and they were incubated at 60°C for 30 min. The derivatized
extracts (I) were analysed by GC/MS.

Derivatization II: After the first GC/MS analysis, 50 pL. of MSTFA were added to the same

extract (I), and samples were heated at 60°C for 20 min and analysed again by GC/MS.

Instrumental Conditions

Analyses were performed using a HP 5890 gas chromatograph equipped with a crosslinked
HP methyl/siloxane fused-silica capillary column (17.5m x 0.2mm i.d., 0.11pm), coupled to a
HP 5970 MSD. Injections were made in the splitless mode (0.5 min delay) using helium as
carrier gas (0.7 mL.min™"). Injector and transfer line temperatures were set to 280°C. Oven
temperatures were programmed as follows: initial temperature 100°C for 2 min, rise at
30°C.min™ to 190°C, rise at 20°C.min” to 300°C maintained for 4 min. Sample injection
volume was 1 pl.. The analyses were performed in the EI mode (ionization energy = 70eV)

using scan acquisition (50-700u), or in SIM acquisition mode, monitoring three characteristic

tons for each compound.
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Results and Discussion

Derivatization

Formation of cyclic methylboronates (Derivatization I) was effective for bambuterol,
clenbuterol, formoterol, salbutamol and salmeterol. For fenoterol and terbutaline, the
formation of a cycle in the B-ethanolamine chain is possible; however, the spatial separation
of the hydroxyl groups in the meta position of the phenyl ring is not adequate for ring
formation, and no suitable derivatives were formed.

Addition of MSTFA (Derivatization II) produced silylation of the hydroxy, amino and other
groups amenable to derivatization, and no cyclic derivatives were observed in the second
GC/MS analysis. The derivatives formed for each compound are listed in Table 2. Mass
spectra of these derivatives have been described in the literature [6].

The formation of TMS derivatives after addition of MSTFA to the extract previously
subjected to Derivatization I, suggested that cyclic methylboronates did not exist in solution.
To study the formation of the methylboronate derivatives, an additional experiment was
performed with salbutamol. After Derivatization I, the derivatization reagent (solution of
trimethylboroxine in ethyl acetate) was evaporated and the residues were reconstituted with
ethyl acetate only. Under these conditions, where trimethylboroxine was not present during
the injection process, the formation of salbutamol di-methylboronate was reduced to 1 % .

In summary, the results obtained showed evidence that methylboronate derivatives do not
exist in solution and they are mainly formed during the injection process. When MSTFA is
added to the reaction mixture, TMS derivatives are formed, blocking all groups amenable to

form cyclic derivatives, and only TMS derivatives are observed.

Analysis of urine samples

Limits of detection (LOD) of the two derivatization steps estimated using spiked urines are
listed in Table 2. .OD ranged from 0.5 to 5 hg/mL, except for formoterol.

Taking into account the concentrations of the compounds of interest in urine after therapeutic
doses [2], only the detection of formoterol and salmeterol could be difficult. However, the
detection of these compounds can be improved by increasing the volume of urine or reducing
the volume of derivatizating reagents.

Chromatograms of spiked urines showing the disappearance of methylboronates and the

appearance of TMS derivatives using the consecutive procedure are shown in Figure 1. The
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combination of appearance and disappearance of chromatographic peaks, as well as changes
in mass spectra and in retention times of the derivatives, affords additional evidence to

confirm the presence of these B-agonists in urine samples.
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Table 1. Chemical structures of the compounds studied.

Rq
OH
R, cle—CHz—NH~R4

R3
[-agonists Ry R, R; Ry
Salmeterol -CH,0OH -OH -H -(CH,)6-O-(CH,)4Ph
a-Hydroxi Salmeterol -CH,OH -OH -H -(CH,)s-O-(CH;);CH(OH)Ph
Fenoterol -OH -H -OH -CH(CHs;)-CH,Ph-OH
Formoterol -NH-CHO -OH -H -CH(CH3;)-CH,-Ph-OCHj3
Bambuterol -O-CO-N(CH3); -H  -O-CO-N(CHs), -C(CH3);
Clenbuterol -Cl -NH; -Cl -C(CHs3);
Salbutamol -CH,-OH -OH -H -C(CHs)s
Terbutaline -OH -H -OH -C(CHs);

Table 2. Relative retention times (RRT) and detection limits (LOD) for different [3,-agonists

Derivatization I Derivatization I1
compound Derivative RRT (nlégn]i) Derivative RRT (rfégr]i)
Bambuterol MB 1.32 5 O-TMS 1.25 2
Clenbuterol MB 0.94 0.5 O-TMS 0.89 5
Fenoterol no suitable derivative tetrakis-O-TMS  1.34 5
Formoterol di-MB 1.38 >10 | bis-O-TMS 1.45 5
Salbutamol di-MB 0.89 2 tris-O-TMS 0.94 2
Salmeterol di-MB 1.63 5 tris-O-TMS 1.70 2
Terbutaline no suitable derivative tris-O-TMS 0.89 5
Penbutolol (ISTD) | MB 1.00 - O-TMS 1.00 -
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Figure 1.
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