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SUMMARY

A method for the identification and differentiation of beta-blockers and their metabolites
in urine after acid hydrolysis is described. The acetylated extract is analysed by computer-
ized gas chromatography—mass spectrometry. An on-line computer allows rapid detection
using ion chromatography with the ions of m/z 72, 86, 98, 140, 151, 159, 200 and 335.
The identity of positive signals in the reconstructed ion chromatogram is confirmed by a
comparison of the stored entire mass spectra with the reference spectra The ion chromato-
gram, the reference mass spectra and the gas chromatographic retention indices (OV-101)
are documented References for the quantitation of the single beta-blockers are cited.

INTRODUCTION

In the last few years, more and more beta-blockers have been made com-
mercially available. Because of their widespread application, these drugs are
frequently encountered in clinical and forensic toxicological analysis. Numer-
ous methods for the quantitation of single beta-blockers have been published
(see References column in Table I). However, in analytical toxicology, usually
unknown drugs or poisons must be identified before quantitation in plasma.
Because the concentrations in urine are higher than those in plasma and metab-
olites can in addition be detected, it is preferable to use urine for the identifica-
tion. The detection of some beta-blockers in urine using thin-layer chromato-
graphy [2, 3] or gas chromatography [4] has been described. None of these

*These results were reported in part at the Jahrestagung Klinische Chemie, Mannheim,
F.R.G., September 25—28, 1985 [1] Dedicated to Prof. Dr. Joachim Knabe, Saarbricken,
on the occasion of his 65th birthday.
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methods allows the rapid and selective identification and differentiation of
all beta-blockers and their metabolites, which is the prerequisite of quantita-
tion. Further, all chromatographic zones or peaks have to be identified because
any of them may represent a potential poison. These demands are met by the
computerized gas chromatographic—mass spectrometric—data system (GC—
MS—DS) technique described here. This method has the further advantage
that several other categories of drugs can be detected simultaneously by simply
searching for typical fragment ions in the stored spectra.

EXPERIMENTAL

Apparatus

A Hewlett-Packard (HP) Series 5790 A gas chromatograph combined with
an HP MSD Series 5970 A mass spectrometer and an HP Series 59970 A work-
station was used. The GC conditions were as follows: column, HP capillary
(12 m X 0.2 mm LD.), cross-linked methylsilicone, 0.33 um film thickness;
column temperature, programmed from 100 to 310°C at 30°C/min, initial time
3 min, final time 5 min; injection port temperature, 270°C; carrier gas, helium;
flow-rate, 2 ml/min.

The MS conditions were as follows: ionization energy, 70 eV; ion-source
temperature, 220°C; open-split interface heated at 260°C.

For the exact measurement of retention indices a Varian Series 3700 gas
chromatograph was used. The column effluent passed to a flame ionization
detector and a nitrogen-sensitive flame ionization detector after a 1:1 split
by a splitter made from nickel tubing. The column was a steel tube (60 cm X
2 mm 1.D.) packed with Chromosorb G HP (100—120 mesh) coated with 5%
OV-101. The column and injector temperatures were as for GC—MS and the
temperature of the detectors was 270°C. The carrier gas was nitrogen at a flow-
rate of 30 ml/min.

Urine samples

The investigations were carried out on urine from in-patients treated with
therapeutic dosages of beta-blockers. If suitable human samples were not
available, urine from rats was used. Rats were administered 20—80 mg/kg body
weight of drugs in aqueous suspension by gastric tube (see Species column in
Table I).

Hydrolysis and extraction procedure

A 10-ml volume of urine was refluxed with 3 ml of 37% hydrochloric acid
for 15 min, then basified with about 3 g of potassium hydroxide pellets and
mixed with 10 ml of 30% aqueous ammonium sulphate to give a pH between
8 and 9. These solutions were extracted twice with 10-ml portions of dichloro-
methane- isopropanol—ethyl acetate (1:1:3). After phase separation by cen-
trifugation the combined organic extracts were evaporated to dryness under
vacuum and the residue was dissolved in 0.1 ml of methanol.

Acetylation
A 40-u] aliquot of extract was evaporated and then acetylated for 30 min
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at 60°C with 40 ul of a mixture of three parts of acetic anhydride and two
parts of pyridine. After evaporation of the acetylation mixture the residue
was dissolved in 40 ul of methanol. A 0.5—2 ul volume of this sample was
injected into the gas chromatograph.

Gas chromatographic—mass spectrometric analysis

Mass spectra were recorded at a speed of 1 scan/s and stored on a hard
disk during the temperature-programmed GC analysis. The identity of positive
signals in the reconstructed ion chromatogram was confirmed by comparison
of the entire mass spectra with reference spectra (Fig. 1).

RESULTS AND DISCUSSION

Some of the beta-blockers were excreted in urine in a completely metabol-
ized and conjugated form. Therefore, the conjugates were cleaved by acid
hydrolysis, which can be completed more quickly than enzymatic hydrolysis.
To improve their GC characteristics hydroxy and amino groups were acetyl-
ated.

The results of the investigations are shown in Table 1. The ion chromato-
gram with the eight proposed ions allows the detection of 23 beta-blockers
and their metabolites. The empirical formulae of the ion fragments are as
follows: C4H, (N for the ion of m/z 72, C;H;,N for 86, C;H,,N for 98, C:H,,NO
for 140, CzH,NO, for 151, C.H;,0,4 for 159 and C,;H,;NO, for 200. The
empirical formula of the ion of m/z 335 is different for the different com-
pounds. Most of these compounds are acetylated (see formulae in Fig. 1).
Atenolol, carazolol, mepindolol and pindolol are completely decomposed by
acid hydrolysis, so they must be identified in a direct extract of urine [5].
The data for glucose, which is the only endogenous biomolecule that was
indicated in the ion chromatogram, are included. Because oxprenolol has a
common metabolite with guaifenesin (mass spectrum No. 30 in Fig. 1), the
data for guaifenesin itself are added for the differentiation. The mass spectra
numbers in Fig. 1 and the species from which the urine was assayed are given.
The molecular masses are included because they are helpful in verifying the
metabolite data if the molecular ion is not observable in the spectrum (mass
spectra Nos. 3, 9, 14, 22, 25, 34, 36, 38, 44, 49, 53, 56 and 60).

The retention indices were determined using gas chromatography combined
with flame ionization detection and nitrogen-sensitive flame ionization detec-
tion with temperature programming. In our experience, retention indices
provide preliminary indications and may be useful to workers without a GC—
MS facility and hence they are included in Table I. Further, they allow one
to distinguish between isomeric hydroxy metabolites, which give very similar
mass spectra. For the quantitation of the beta-blockers identified in urine,
publications that describe suitable methods for the determination of plasma
levels using fluorimetry [6, 7], thin-layer chromatography [8—10}, GC [11—
21], GC—MS [22—28], high-performance liquid chromatography [29—65],
radioreceptor assay [66, 67] or radioimmunoassay [68—70] are cited in the
last column.

The entire mass spectra are shown in Fig. 1 for the selective identification
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of the compounds. They are arranged primarily in ascending mass of the
highest ions. For the same nominal mass value the spectra are arranged in
order of ascending retention index. Formulae are proposed for probable struc-
tures of metabolites. Only those metabolites which were frequently found
are given. Because of inter-species (man/rat) or inter-individual differences
in metabolism or variable times elapsed after administration, not all given
metabolites are detected in each sample. Further metabolites can be found.
The mass spectra and retention indices of these are included in a forthcoming
handbook [71].

Five kinds of artifacts result from the analytical procedure used. Acebutolol
is hydrolysed to an aminophenol derivative (mass spectrum No. 2). Labetalol

3.6E4 3
} as
2 M »p

34524J
-] 86
3.6€4
} 2
g\ 2 A 98
z
2
2 J.6E4
u 3
= ° e (42
)
Wi
-
o 3.6E4
-
) 151
Z e
W
Z 3.6E4 2
= 1
] \1, 159
-]
3
3.6E4
A 200
-]
3.6E4
} 335
> v v T - Y v
4 e 8 1@ 12 14
A RUN TIME [MINJ
B 2
3.@€4
1
2.PE4
12000
1
2] v ., — 59
7.3 7.4 7.5 7.6 7.7

Fig. 2. (A) Ion chromatogram indicating oxprenolol (3) and its metabolites (1, 2, 4 and 5).
(B) Amplified chromatogram in the region of the ion of m/z 159.
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and its hydroxy metabolites are altered during GC to amines (mass spectra
Nos. 1, 7 and 8). Addition of water was observed for two metabolites of
alprenolol (mass spectra Nos. 51 and 68). Dehydration was observed for
several of the studied compounds (mass spectra Nos. 4, 6, 18—21, 24, 32, 33,
40, 42, 43, 46, 47, 58 and 69). Beta-blockers that are analysed without deriv-
atization are partly altered when their methanolic solutions are injected into
the GC system. These artifacts were identified using high-resolution MS. The
empirical formulae and the fragmentation patterns suggest that the artifacts
were formed by methyl substitution (mass spectra Nos. 10, 13, 16 and 31).
Further spectroscopic studies are in progress [72].

Because all compounds indicated on the ion chromatogram can be dif-
ferentiated by comparison of the underlying mass spectra with those of stan-
dards (Fig. 1 and ref. 71), interferences by other drugs are improbable.

To illustrate the method, an ion chromatogram from the urine of a patient
suspected of intoxication with beta-blockers is shown in Fig. 2A. Peak 3 in-
dicates oxprenolol (mass spectrum No. 48) and peaks 1, 2, 4 and 5 indicate
metabolites of oxprenolol (mass spectra Nos. 28, 30, 46 and 47). Because
the chromatogram of the ion 159 is insufficiently resolved, the signal in this
region can be further amplified by the data system used to ensure its identifica-
tion (Fig. 2B).

The procedure presented allows the rapid and selective identification and
differentiation of beta-blockers and their metabolites in urine, which is the
prerequisite of quantitation in plasma. It has the advantage that other groups
of drugs can be detected simultaneously simply by searching for typical frag-
ment ions in the stored spectra. Such ion chromatograms typical of benzo-
diazepines [73], butyrophenones and bisfluorophenyl neuroleptics [74],
anti-inflammatory analgesics [75], opioids and other potent analgesics [76],
antidepressants [77], phenothiazine and analogous neuroleptics [78] and anti-
parkinsonian drugs [79] have been published previously. Detection of anti-
histamines is in preparation [72]. Similar data for other compounds of toxicol-
ogical interest will be collected so that nearly all relevant drugs will be detect-
able in urine or other biological materials within 1—2 h.
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