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A gas chromatographic/mnss spectrometric assay for the anti-anaphylactic agent Ketotifen is described. The 
method is based on negative ion cltemical ionization, utilizing the eleetrophoric nature of the underivatized drug. A 
simple procedure for deuteration of the intact target molecule is presented, thus enhancing specificity by internal 
standardization via stable isotope dilution. The assay was applied to pharmacokiaetics of the drug in man. 
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INTRODUCTION MATERIALS AND METHODS 

Ketotifen (4-( 1 -methyl-4-piperilidine)-4H- benzo(4, 
5)cyclohepta (1,2-b)thiophen-l0(9H)) (Fig. l), an anti- 
anaphylactic agent, is used for the treatment of asthma.' 
The main metabolic pathways lead to N- 

$lucuronidation and N-demethylation of the piperyli- 
dene moiety and reduction of the carbonyl group.2 
Plasma levels of the unchanged drug are below 1 ng 
ml-', thus requiring a highly sensitive assay. Gas 
chromatography/mass spectrometry (GC/MS) with elec- 
tron impact (EI) was employed by Julien-Larose and 
 coworker^.^ The authors used the Ketotifen analogue 
Pizotifen as an internal standard. In this paper we wish 
to describe the preparation of deuterated Ketotifen and 
its use as an internal standard in the GC/MS determi- 
nation of the drug with negative ion chemical ionization 
(NICI). 
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Figure 1 .  Structure of Ketotifen. 
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Deuterium chloride (DCl) was purchased from Fluka 
AG, Buchs, Switzerland. Deuterium oxide (D20) was 
obtained from Merck, Darmstadt, Germany. Ketotifen 
hydrochloride was a kind gift of Dr Semmelrock, Uni- 
versity of Graz. 8-Glucuronidase was purchased from 
Sigma, Munich, Germany. All other chemicals and sol- 
vents of analytical grade were supplied by Merck, 
Darmstadt, Germany. 

GC/MS 

A Finnigan 9610 gas chromatograph coupled to a Fin- 
nigan 4500 mass spectrometer was used. The gas chro- 
matograph was equipped with a DB-5 fused-silica 
capillary column (30 m x 0.25 mm i.d., 0.25 pm film 
thickness, from J&W Scientific, Rancho Cordova, Cali- 
fornia, USA). The column was directly connected to the 
ion source of the mass spectrometer. The splitless Grob 
injector was kept at 290°C. The column was kept at 
150°C for 1 min, then programmed to 310°C with an 
increase of 30°C min-' and kept there until elution was 
complete. Helium was used as a carrier gas. NICI 
spectra were recorded with an electron energy of 120 eV 
and an emission current of 0.2 A. Methane was used as 
a moderating gas at an ion source pressure of 0.2 torr. 

Deuteration of Ketotifen 

Approximately 10 mg of Ketotifen hydrochloride was 
converted to its free base form by treating an acidic sol- 
ution with 1 M NaOH. The precipitate was washed 
with water, dried and suspended in 300 p1 of D,O. The 
solvent was removed in uacuo and the dry residue dis- 
solved in 0.5 ml of DCl (25%). The reaction vial was 
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flushed with nitrogen, capped tightly and heated to 
150°C for 6 h. After cooling, deuterated Ketotifen free 
base was precipitated by addition of 1 N NaOH, 
washed with D,O, dried in vacuo and dissolved in dry 
benzene. An aliquot was analysed by GC/MS to deter- 
mine isotope distribution. Stock solutions were pre- 
pared by dilution with acetonitrile and standardized 
against unlabelled Ketotifen and stored at - 20 "C. 
Deuterium-hydrogen back-exchange was investigated 
by adding deuterate Ketotifen to alkalinized plasma 
and extraction and GC/MS analysis after 24 h. 

Sample processing 

One millilitre of plasma was incubated with 0.5 ml of a 
suspension of 8-glucuronidase (20 OOO units) in 
pH 5.0 acetate buffer at 37°C for 24 h. Then 1 ml of 1 
N NaOH was added, followed by addition of 50 pl of a 
solution of the internal standard (50 ng/50 pl), vigorous 
shaking and extraction with 5 ml of benzene for 1 h on 
a rotary shaker. After centrifugation and removal of the 
benzene layer, the solvent was removed under a stream 
of nitrogen, redissolved in 100 pl of methanol and again 
brought to dryness in a vacuum centrifuge. ._ Twenty 

microlitres of methanol were added and an aliquot sub- 
jected to NICI GC/MS analysis. 

Calibration graphs were established by adding 
known amounts of Ketotifen to blank serum and pro- 
cessing as described above. 

RESULTS AND DISCUSSION 

In the course of this study we have investigated various 
ionization and detection modes for Ketotifen. The EI 
spectrum shows the base peak at mjz 96, which corre- 
sponds to the piperylidine moiety, whereas the molecu- 
lar ion represents 80% of the base peak.3 Under 
conditions of positive ion chemical ionization, the spec- 
trum showed only one prominent ion at m/z 310, corre- 
sponding to the protonated molecular ion (data not 
shown). Although there was virtually no further frag- 
mentation, sensitivity was less compared to EI, moni- 
toring the molecular ion. This led to the conclusion that 
Ketotifen might exhibit sufficient 'electrophoric' charac- 
ter resulting in high yield of negative ions under condi- 
tions of chemical ionization. The NICI mass spectrum 
of Ketotifen is shown in Fig. 2(a). The ion at m/z 308 
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308 unlabeled Ketotifen 

312 deuteriumiabeled Ketotifen 

Table 1. Isotopic distribution of Ketotifen after deuterium 
exchange 

mlz % 

308 0.00 
309 0.07 
31 0 0.75 
31 1 8.14 
31 2 30.74 
31 3 30.1 6 
31 4 19.02 
31 5 7.66 
31 6 3.46 

results from hydride abstraction. Sensitivity was found 
to be three times better than under EI conditions. 

To achieve high precision and low variability and to 
facilitate peak identification, a deuterated analogue of 

Ketotifen has been prepared. By an acid-catalysed 
exchange reaction, the deuterated compound was 
readily available starting from the intact target mol- 
ecule. No remarkable deuteration was observed by 
using D,O. Back-exchange was not observed during 24 
h in alkalinized plasma. The isotopic distribution of the 
resulting standard is presented in Table 1. The NICI 
mass spectrum of the deuterated analogue is given in 
Fig. 2(b). 

Inter- and intra-assay variability was determined at a 
concentration of 5 ng ml-' plasma. The coeficients of 
variation were found to be 4.5% (inter-assay) and 2.3% 
(intra-assay). The method described was applied to the 
analysis of conjugated Ketotifen in plasma of human 
volunteers, having received 2 mg of the drug orally. A 
typical mass chromatogram obtained after NICI 
GC/MS analysis is shown in Fig. 3. The results are pre- 
sented in Fig. 4. 

tine 07) 

Figure 4. Mean plasma levels after oral administration of 2 mg of Ketotifen to eight human volunteers. 
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The isotope-labelling procedure presented, combined 
with the high specificity of GC/MS detection, provides 
an assay with unique accuracy and sensitivity. The 
ready access to deuterated analogues from the intact 

pharmaceuticals and biologically important com- der wissenschaftlichen Forschung, project number 8013 and 8249. 

pounds, thus making stable isotope dilution GC/MS 
readily available to a variety of compounds. 
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