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Theophylline and caffeine are natural alkaloids widely being ingested, and show
various pharmacological effects in humans. Caffeine is a constituent of coffee and
other beverages and included in many medicines. Theophylline is used as a
bronchodilator and also formed as a metabolite of caffeine in humans; theophylline
poisoning is occasionally encountered in the field of forensic toxicology, because of
its relatively narrow safe range of therapeutic doses. They have been analyzed by
various methods, such as gas chromatography (GC), GC-mass spectrometry (MS),
high-performance (HP) liquid chromatography (LC)-MS. In the existing analytical
methods for the drugs, the sample pretreatments such as liquid-liquid extraction,

solid-phase extraction, filtration or centrifugation were usually required to remove



proteins and other impurities contained in biological matrices.

The analytical methods

including time—consuming multi—-step sample pretreatments are unsuitable for rapid

detection of poisonous materials in human specimens.

To avoid such sample pretreatments,

special HPLC columns, which enabled direct injection of crude biological samples, were

developed; our group applied them to compounds of forensic toxicological interest.

Furthermore, backflush column—-switching system using one of special HPLC columns have

become a powerful analytical tool for simultaneous determinations of various drugs in

biological samples.

In this study, we have established an automated on—1line method for

ultra—fast determination of theophylline and caffeine in human serum by HPLC-MS with

backflush column—switching and a monolithic separation column.

To our knowledge, our

method presented in this study is the fastest MS determination technique for theophylline

and caffeine in human serum using the conventional HPLC instrument.
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Fig. 1 Schematic diagrams of a backflush
column-switching system constructed in this
study
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Fig.2  APCI mass spectra for theophylline,

caffeine and IS and their chemical structures
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Fig. 3 LC-UV chromatogram at 280 nm for
monitoring mainly proteins (upper panel), and
mass chromatograms monitored at m/z 181, 195
and 223, showing peaks of theophylline, caffeine
and IS, respectively, for spiked human blank
serum (lower panel).
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Fig. 4 Typical mass chromatograms atm/z 181,
195 and 223, showing [M+H]" ions of
theophylline, caffeine and IS, respectively, in
human blank serum spiked with IS (left column)
and a serum sample collected 3 h after drinking
coffee (right column).



Table1 Recoveries of theophylline and
caffeine spiked into human blank sera, measured
by the present LC-MS method (n =5)

Concentration
Analte added Mean + SD
(%)
(pg/ml)
Theophylline 5 93.5+234
10 116 £ 10.0
20 754+12.6
30 792+59
60 845+48
120 972+23
Caffeine 5 100+ 12.5
10 108 + 4.4
20 85255
30 80.6+4.6
60 94.1+84
120 104+£53

Table 2 Intraday and interday accuracy and
coefficients of variation (CV) for theophylline
and caffeine measured by the present method

Concentnation Intraday (n = 5)

Analyte added Concentnation  Accuracy Ccv
(pg/ml) found (pg/ml) (%) (%)

Theophylline 5 59 + 06 118 10.2
10 103 £ 12 103 11.7

20 194 + 24 97.0 12.4

30 286 £ 22 95.3 7.7

60 60.8 + 4.1 101 6.7

Caffeine 5 62 =03 124 48
10 103 + 1.2 103 11.7

20 186 + 04 93.0 22

30 290 % 15 96.7 52

60 608 + 24 101 39

Table 3 Intraday and interday accuracy and
coefficients of variation (CV) for theophylline
and caffeine measured by the present method

Concentnation Interday (n =5)

Analyte added Concentnation  Accuracy CvV
(pg/ml) found (pg/ml) (%) (%)

Theophylline 5 54 =07 107 135
10 83 = 12 82.6 14.9

20 164 = 15 81.8 9.0

30 285 = 3.0 95.1 11.7

60 526 + 6.0 87.7 114

Caffeine 5 57 =09 114 15.0
10 97 = 1.1 96.5 11.0

20 187 = 1.1 933 5.8

30 251 =29 83.8 114

60 539 =55 89.9 10.3
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