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Screening quantification and confirmation of 8-blockers in
urine using gas chromatography-mass spectrometry
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Sport Science Research Center Fuzhou University Fuzhou 350002 China

Abstract A method was developed to perform the screening quantification and confirmation
of the five B-blockers propranolol carteolol bisoprolol esmolol and sotalol in human urine
using gas chromatography-mass spectrometry GC-MS . In sample preparation conjugated
and unconjugated B-blockers in urine were extracted separately and the extracts were com-
bined. The extracts were derivatized with N-methyl-N-trimethylsilyl-trifluoroacetamide MST-
FA and N-methyl-bis trifluoroacetamide = MBTFA . The optimal conditions of GC-MS were
established and the progresses of screening by selected ion monitoring SIM mode and con-
firmation by full scan SCAN mode were completed. At last the quantification curves of the
five B-blockers in spiked urine were established by SIM mode. The limits of detection were 0. 2
-1.0 ng/mL. Overall recoveries were 70. 5% - 103.4% and the relative standard deviations
were lower than 15%. In addition the method was successfully applied to the analysis of the
positive urine of propranolol and the urinary excretion curve was also established accordingly.
It is significant to prohibit the abuse of g8-blockers in doping control.
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sotalol hydrochloride 10 min 2.5 min 300
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Table 1 Retention times ¢; and characteristic ions for

the derivatives of five g-blockers and the inter-
nal standard

tg/ Quantification Confirmation ions

Substance .
min ion m/z m/z
Sotalol 4.21 362 362 440 73
Metoprolol 6.15 284 284 73 129 435
Propranolol 7.12 284 284 73 129 427
Esmolol 8.16 284 284 73 129 463
Carteolol 8.20 235 235 86 129 421 436
Bisoprolol 9.30 284 284 73 129 493
SIM
2 3 200
ng/mL 100 ng/mL
SIM SCAN TIC 2
3
SCAN SOT

o

Chemical structures of the five g-blockers and the internal standard
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Fig. 2 Total ion current chromatogram by SIM of the
urine sample spiked with the analytes and IS
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Fig. 3 Total ion current chromatogram by SCAN of the

urine sample spiked with the analytes and IS
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SIM SCAN 50 200 ng/mL
5 “ 1,27
SCAN “1.3” GC-MS SIM
4
SIM 4 70.5% ~103. 4%
RSD 15%
4 n=5
Table 4 Precisions and recoveries of the method n =5
Added/ Found/ Recovery/  RSD/
Substance
ng/mL ng/mL % %
2.3 Sotalol 50 42.9 85.9 3.4
5 mL 200 172.6 86.3 1.0
B' 25 p,L 20 Propranolol 50 39.1 78.2 14.9
200 152.8 76.4 13.1
pg/mL Esmolol 50 43.6 87.1 11.5
x ng/mL 200 141.0 70.5 14.8
y Carteolol 50 37.3 74.6 13.1
200 179.6 89.8 11.1
2 2 Bisoprolol 50 51.7 103.4 12.0
WADA  B- 200 165.2 82.6 1.7
MRPL 500 ng/mL
13 2.4
2 5 - GC-SIM-MS
Table 2 Linear ranges and regression equations 1.0 mg 7.5 h
of five B-blockers 4
Subst R . tion * ) Linear range
ubstance * o
egression equation r ng/mL SIM TIC
Sotalol ¥ =0.00042x +0.0005  0.9952 3 -300 4
Propranolol y =0.0067x +0.0522  0.9978 1 -250
Esmolol ¥ =0.0028x +0.0002  0.9970 1 -200
Carteolol ¥ =0.00452x+0.0396  0.9963 3 -900 18_
Bisoprolol ¥ =0.0083x +0.0121 0.9976 1 -200
% mass concentration of analyte ng/mL y peak area 20
ratio of analyte and IS. T :
SCAN  SIM e :
= L
3 5 B- >
24
3 =
2
3 5 ﬁ- -
Table 3 Limits of detection LODs of five g-blockers
by SIM and SCAN modes
Quantification LOD of LOD of
Substance i
ion m/z SIM/ ng/mL  SCAN/ ng/mL .
I /min
Sotalol 362 0.5 10.0
Propranolol 284 0.3 3.0 4 a b SIM-TIC
Esmolol 284 0.2 3.0 Fig. 4 Total ion current chromatograms by SIM of
lol of ces .
Carteolol 235 Lo 2.0 propranolol of a positive urine and b
blank urine
Bisoprolol 284 0.3 6.0
SCAN TIC
3 SIM 0.2 ~
1.0 ng/mL SCAN 2.0 ~ 10.0
ng/mL SCAN SIM 90% 5
SIM SCAN
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