Journal of Labelled Compounds and Radiopharmaceuticals—Vol. XVI1II, No. 4

DIRECT ISOTOPE DETERMINATION OF DRUGS LABELED WITH STABLE

ISOTOPES OF HYDROGEN, CARBON, AND NITROGEN BY FIELD

DESORPTION MASS SPECTROMETRY+

U. Bahr and H.-R. SchultenA
Institute of Physical Chemistry
University of Bonn

Wegelerstr. 12, 5300 Bonn 1
Federal Republic of Germany

SUMMARY

By recording the molecular ion group with repetitive
magnetic scanning and accumulation of the mass spec-
tra in a multichannel analyser field desorption mass
spectrometry was used to determine the isotopic abun-
dances of three widely used drugs in their unlabeled
and stable-isotope labeled forms. The label content
and statistical distribution of 2H, 13C and 15N in
analogs of an antitumor agent, cyclophosphamide and
one of its metabolites 4-ketocyclophosphamide and of
two analgesics antipyrine and carbamazepine were in-
vestigated. Using nanogram amounts of sample the
precision and accuracy of the measurements achieved

were below +1% on an absolute basis.
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INTRODUCTION
In several areas of drug research, drugs and metabolites are
utilized in which one or more atoms have been replaced by stable

isotopes [1]. The most common isotopes used are 2H, 13C, 1SN and

+Quantitative Field Desorption Mass Spectrometry: Part XVII,
Afor part XVIII see reference 14.
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18O and compounds labeled by these stable isotopes increasingly

replace radioactively labeled drugs by in vivo investigations,
particularly in man.
For quantitative determinations by mass spectrometry (MS) the use
of stable isotope dilution analysis is the method of choice.
However, the accuracy of the results depends decisively on the
accuracy of the isotope determination and the information about
the label content and distribution of the compound. Among the
various mass spectrometric ionisation methods, field desorption
(FD) [2,3] has an exceptional position, as even compounds of high
thermal lability and low volatility give molecular ions of high
relative abundances. Therefore, the method is well suited for
determination of the label content of a compound [4]. Using, for
instance, electron impact (EI) ionisation the estimation of the
label content of those compounds often has to be performed on the
isotopic abundances of fragment ion groups. Thus errors may be in-
troduced due to scrambling and/or skeletal rearrangements. In con-
trast, in FD-MS ion currents are generated which consists almost
exclusively of molecular or guasimolecular ions and hence this
method is optimally suited for estimating the label content. A
precision of + 0.5% on an absolute basis can be achieved for the
relative intensities of an ion group by taking an average over
30-100 repetitive magnetic scans. This averaging is best performed
by accumulation of the signals via a multichannel analyser [4].
According to the chemical nature and purity of the sample between
100 pg and 10 ng are needed for one determination. The time
requirement for one isotopic analysis is about 10 minutes.

In the following it will be demonstrated that using FD-MS for
determination of isotopic abundances and the label content of a
compound values of high precision and good accuracy can be ob-

tained in a simple, rapid and reliable manner.
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RESULTS AND DISCUSSION

The accurate 13C-content of two 13

C labeled analogs of the anal-
gesic drug antipyrineR, (1,2-dihydro-1,5-dimethyl~-2-phenyl-3H-
pyrazol-3-one, DAP), had to be determined as these analogs were
used in breath tests of children [5]. The 13C label was tagged

in both N-methyl-groups. First, for examination of the accuracy
of the method the FD, field ionisation (FI) and EI spectra of

the molecular ion group of the unlabeled compound were recorded.
The FD spectrum is shown in Figure 1la. The isotopic pattern was
compared with the theoretical values for the natural isotopic
abundances [6]. The theoretical values were calculated and plotted
from a computer program after feeding the elemental composition
of the compound into the system using the listed natural isotopic
abundances. The comparison between the theoretical and found
values in the FD mode gave a difference of 0.2%. From the good
agreement of these values it can be assumed that under the
applied experimental conditions neither H-elimination nor proto-
nation of the molecule takes place. In this case the determination
of the label content of '>C DAP is considerably simplified and

it can be directly calculated from the peak heights in the mass
spectrometric pattern of the molecular ion of the 13C labeled
compound (Figure 1b). The signal at m/z 231 is due to the molecu-
lar ion of the unlabeled compound, the amount of it in the sample
can be calculated from its peak height. At m/z 232 the molecular

peak of the compound with one 13

molecular peak with two 13C atoms are recognized. Indeed the

C atom and at m/z 233 the

heights of these two peaks contain a certain amount of the
isotopic peaks from the unlabeled and singly labeled molecules
of the compound. After correction of the peak heights the label
content could be determined. In Table I the results of the

isotopic determination by EI, FI and FD are shown.
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Fig 1. The FD mass spectra of the molecular group of the
JSC labeled

unlabeled antipyrine (a) and the sample 1 of the

analog (b) are shown.
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Table I. Determination of the 13C label content from two

samples of 13C enriched DAP. Comparison of the values

obtained by FD, FI and EI mass spectrometry.

13 13 13
Formula C13H17N3O C12 C1H17N3O C11 C2H17N30 C10 C3H17N30

Sample 1:

FD-MS 9.6% 26.3% 56.4% 7.7%
FI-MS 9.5% 25.8% 57.5% 7.3%
EI-MS 10.1% 26.2% 56.3% 7.5%
Sample 2:

FD-MS 0.6% 11.8% 77.4% 10.3%
FI-MS 0.6% 11.8% 77.9% 9.8%
EI-MS 0.9% 11.8% 78.3% 9.0%

In order to evaluate the capacity of MS for isotope determination
it was of interest to investigate a compound by FD, FI and EI which
gives abundant molecular ions with all techniques. The aim here

was to obtain an estimate for the reproducibility, precision and
accuracy for one model compound. Comparing the use of these diffe-
rent modes of ionisation for direct isotope determination of un-

13

labeled and C-labeled DAP the following facts emerged.

1. Field Desorption : For this relatively stable compound FD-MS

yields only molecular ions and no significant field-induced pro-

cesses are observed. Thus the estimation of the label distribution

and 13C content is facilitated. From the data in Table I it carn be

derived that sample 1 contains 12.5% 13C and sample 2 15.2% 13C
calculated on the basis of the total number of carbon atoms in DAP.

2. Field Ionisation : The first determination of the 13C content by

FI-MS revealed similar results as FD. Again sample 1 gave 12.5% 13C

and sample 2 15.2% 13C. However, when the abundances of unlabeled
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DAP were estimated and compared with the theoretical values, a
minor systematic error of approximately =-0.9% for the [M + 1]

ion occured which in part might be due to isotopic effects during
evaporation of the sample from the direct introduction system.

3. Electron Impact : The 13C content in sample 1 was found to be

12.4% and 15.1% for sample 2 and confirmed the FI/FD results.

The standard deviations for all employed techniques were between
0.01 and 0.1%.

In the same manner the label content of carbamazepine ( 5 H-dibenz

15
{b,f] azepine-5-carboxamide) ,which was labeled with N in the

15
CO'® N,

Fig. 2, Comparison of the isotopic distribution of the

15

unlabeled carbamazepine and the N labeled drug.

calculated natural abundances of the unlabeled drug;

masg spectrometric measured isotopic pattern of the

15N labeled compound.
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carboxamide group could be determined. The isotopic analysis shows
only small protonation which can be neglected in calculating the
label content of the drug. A comparison of the measured isotopic

distribution of 15N carbamazepine with the theoretical abundances

of the unlabeled compound gave a value of 94.98 +0.5% for the 15N
content of the drug ( Figure 2). This result is in good agreement

with the value of 94.95% found by v. Unruh et. al. using low

voltage EI mass spectrometry [7].

Cyclophosphamide, (N,N-bis (chloroethyl) tetrahydro-2H-1,3,2-0x-
azaphosphorine-2-amine 2-oxide, CP), probably the most widely
used drug for the treatment of malignant tumors can be quantita-
tively determined by mass spectrometry using stable-isotope
dilution analysis [8-11]. For quantitation of CP and one of its
metabolites 4-ketocyclophosphamide ( 4-keto-2-bis(2-chloroethyl)
tetrahydro-2H-1,3,2-oxazaphosphorine-2-amine 2-oxide, 4-keto-CP),
and 4-keto-CP-d, have been used. The

10 6

information about the label content of these compounds is a de-

deuterated analogs, CP-4

cisive prerequisite for obtaining reliable quantitative data.
Isotopic analysis of CP—dO and 4—keto~CP-do showed to some extent
hydrogen elimination ( [M—1]+ ion) and protonation of the molecules
( [M+H]+ ions), caused by surface reactions on the FD emitter.

The elimination of hydrogen is slightly dependent on the emitter
temperature. This effect has to be considered at most with 1% and
can be neglected for calculation of the isotopic abundances of

the unlabeled compound. The protonation, however, is about 18%

for CP between 10-20 mA emitter heating current (e.h.c.). On

the assumption that under the same experimental conditions (same

emitter, solvent and e.h.c.) protonation of CP-d (4~-keto-CP-d

10 6)
takes place in the same order as with CP—do (4—keto—CP-dO), the

label content of the deuterated analog was calculated:
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Cyclophosphamide: cp-d CP-—d9 CP-d

8 10
2 18 100
4-keto-Cyclophosphamide: 4—keto—-CP—d5 4—keto-—CP—d6
17 100

These data confirm results found by Jarman et. al. by direct in-
sertion EI mass spectrometry [12]. The isotopic pattern in FD MS

in a mixture of CP—dO and CP—d10 is shown in Figure 3.

H H
N— CHy N-—CD,
CICH,CHy / \ CICH,CDp, /7 \
N-P=0  CH, N-F=0 (D
CICHCH” '\ / CICH,CD, \ /
0—CHp 0—CDy
m/z m/z

260 270

Fig. 3. Molecular Zon group of a mixture of cyclo-
phosphamide—do and cyclophosphamide—djo determined
by FD MS.

In desorbing the mixture of both compounds the degree of proto-

nation can be derived from the known pattern of CP—dO . Taking this
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effect into account the isotopic distribution of deuterium in
CP—d1O is calculated accordingly. The time required for one
analysis is only a few minutes including transfer of the sample

and obtaining the plot of the multichannel analyser output.

EXPERIMENTAL

The mass spectrometric investigations have been performed on a

commercial double focusing mass spectrometer of type Varian 731

with combined EI/FI/FD source, which was equipped with the Varian

SS 200 data system. The anode, a high-~temperature activated

tungsten wire was on +8 kV and the slotted counter electrode on

-3 kV. The ion signals were electrically recorded and accumulated

on a multichannel analyser, type Tracor Northern NS-570 A, which

was triggered externally by the cyclic magnetic scan of the mass
spectrometer. For an accumulation of about 50 scans, a few micro-
liter of sample solution, corresponding to a sample amount of

1-5 ng, are sufficient. The theoretical values for the isotopic

abundances of the unlabeled compounds were determined by use of

a modified computer program "Isotope" which we gratefully re-~

ceived in the original version from Dr. H.M. Schiebel, Technische

Universitédt Braunschweiqg.

The compounds investigated have the following origin:

1. Cyclophosphamide and 4-keto-cyclophosphamide, ASTA~Werke,
Brackwede;

2. Cyclophosphamide—d1o, we are grateful to Dr. M. Jarman, Chester
Beatty Institute, Institute of Cancer Research, London, for
this compound;

3. Antipyrine, the drug standard, Institute of Pharmacy, Univer-
sity of Bonn;

4. Antipyrine 13C, we thank Prof. Dr. Helge, Kinderklinik Berlin,
for the generous gift of this sample;

5. Carbamazepine and the 15N labeled analog, we are grateful to

579
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Dr. Eichelbaum, Medizinische Universitdts-Klinik, Bonn, for ob-

taining this sample.

CONCLUSION
The results described above show that the FD technique yields
mass spectra of high precision and allows to calculate the label
contents of drug analogs with an accuracy below 1%. Thus, the
capacity to determine the isotopic distribution in labeled
drugs prior to biochemical and medical assays is demonstrated. The
accuracy of the FD results was ascertained by comparison with
other methods such as low energy electron impact MS. Further strong
evidence for the quality of the FD values gives the agreement with

results detected by the highly accurate combustion analysis [13].
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