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Atmospheric pressure ionisation quadrupole/

time-of-flight mass spectrometry was used to per-

form accurate mass measurements on the prod-
uct ion fragments of moclobemide and remikiren.

The low energy collision induced dissociation

fragmentation pathways of the two compounds

could be established using accurate mass, MS

data and MS interpretation software (Mass
Frontier). An atypical fragmentation correspond-

ing to the loss of neutral dimethylvinyl could be

clearly identified. The knowledge gained from
these experiments was used to demonstrate the
application of data dependent experiments on a
triple quadrupole instrument for the screening of

metabolites. Data dependent experiments were
performed using either Q3 single scan or precur-

sor ion scan mode as the survey scan, and prod-
uct ion scan as the dependent scan.
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Introduction

The study of drug candidate biotransformation during the
drug discovery and drug development stages requires thi
structural characterisation as well as the screenig \fro

or in vivo generated metabolites. Acceleration of drug dis-
covery timelines are calling for improved approaches to sup-
port this type of work. Liquid chromatography combined
with mass spectrometric detection (LC-MS) and atmospheric
pressure ionisation (APIl) is particularly efficient for
analysing very low amounts of pharmaceutical compounds
in complex matrices such as bile, plasma or urine [1]. With
LC-MS, retention time as well as molecular weight infor-
mation can be obtained. Phase | metabolism will often resull
in small changes in the molecular weight of the candidate
drug such as, the addition of an oxygen atom or the loss o
an alkyl moiety. These changes are very common. However
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Structure elucidation by LC-MS Dossler

one would like to know as fast as possible where they aintroduced by infusion at a flow rate of 8/min. MS/MS
occurring on the molecule, which is a challenging task. experiments were performed with a quadrupole resolution of
L ) . 2 Da. The collision gas (argon) was set %.80° mbar. lons
APl ionisation such as ion spray or APCI generate mainlyere pulsed into the flight tube at a potential of 7200 V and
protonated or deprotonated molecules in the positive or Negetected with a multi-channel plate detector set at 2800 V.

ative mode, respectively [2,3]. These ionisation modes aicontrol data acquisition and data reduction were carried out
particularly suitable for the application of tandem mass spey,y, pmasslynx version 3.2.

trometry [4]. Triple quadrupole (QqQ) and ion trap mas:
spectrometers operated under various scanning modes st
as product ion, precursor ion and neutral loss are large
used to identify and characterise metabolites [5]. MS" spectra were obtained on a classic LCQ ion trap
) ) o (Finnigan) by infusion of reference solutions (0.1-1uhdp
To fully benefit from these MS/MS techniques it is verygg/sg HO/MeOH 1 % CHCOOH) at 5ul/min using pneu-
important to have a clear understanding of the fragmentaticygtically-assisted electrospray in the positive mode. The
mechanism generated by collision induced dissociatiogemperature of the capillary was set at 200 °C. Control data

(CID). Unfortunately, this process is often very complicatecacquisition and data reduction were carried out by Excalibur
[6]. lon fragments and intensities cannot be predictecygrsion 1.0.

Typically, product ion spectra are obtained with a triple
q_uadrupoleT instrument, Which operates at unit mass resol; ~ /s analysis of moclobemide
tion. Classically, the product ion spectrum of the parent dru
is used as a structural template for the identification of thFor the analysis of 1M moclobemide incubated (24 h) in
structure of the metabolites. However, different fragmentarat hepatocytes two LC10AD pumps (Shimadzu) were used
tion pathways can lead to fragments with the same nominto provide a high-pressure gradient for the analytical column
mass (isobaric ions). It is known that these pathways a(lnertsil ODS-3 150x 2.1 mm) using a dynamic mixer
very sensitive to small structural changes [7]. Therefore, (75 pl). The sample solution was injected (@) by means
mass shift of 16 Da for a supposed fragment or for an oxidof a Gilson 234 autosampler. The gradient started 2 min after
tive metabolite can easily be misinterpreted, leading to ainjection with 0 % B, and the proportion of B was increased
incorrect structural proposal. lon trap mass analysers gendo 60 % within 10 min at a flow rate of 0.25 ml/min and
ate MS in time CID spectra at medium resolution. This ishold for 5 minutes. Solvent A consisted of a mixture 5 mM
particularly useful to follow a fragmentation cascadeammonium acetate with 1 % acetic acid, whereas solvent B
Recently, the combination of the quadrupole mass analysconsisted of a mixture methanol-acetonitrile-acetic acid in
with a time-of-flight mass analyser (QqTOF) has beerthe ratio 50/50/1 (v/v/v). Mass spectrometric detection was
described [8,9]. QqTOF is particularly powerful to obtainperformed on a triple quadrupole API 3000 (PE Sciex) with
product ion spectra at medium resolution with the possibilAnalyst 1.1 and DDE add-in in positive mode using a turbo
ity of accurate mass measurement of the fragments. Ttion spray interface. Nitrogen was used as the collision gas
opens a new dimension in the rational interpretation of Clland the collision energy was set at 30 eV.
spectra using elemental composition in combination witl
MS interpretation software. The aim of the present study iLC-MS analysis of remikiren
to illustrate with two examples; moclobemide and remikiren -
the benefit of accurate mags measurement in the tandem |.T_he HPLC hardv_vare was similar to that used for the analy-
mode and its impact in metabolite screening using also tripS'S Of moclobemide using a X-Terra MS C18 2.5 m analyt-
quadrupole mass spectrometers and data dependent eXplc_al coll;mn (Waters). After_mjectlon the_ gradient startegi
ments. Other approaches such as the use of isotopic stith 30 % B, and the proportion of B was increased to 70 %
were not considered in this paper. within 10 min at a flow rate of 0.25 ml/min and hold for
5 minutes. Solvent A consisted of 1 % acetic acid, whereas
solvent B consisted of a mixture methanol-acetonitrile-acetic
acid in the ratio 50:50:1 (v/v/v).

Experimental Mass spectrometric detection was performed on a triple
guadrupole API 3000 (PE Sciex) with Analyst 1.1 and DDE
add-in in positive mode using a turbo ion spray interface.

Tandem MS accurate mass measurements Nitrogen was used as the collision gas and the collision
with QqTOF energy was set at 50 eV.

lon trap spectra

Accurate mass measurements were performed using pne
matically-assisted electrospray by infusion (0.1-1uhg/
50/50 in HO/MeOH 1 % CHCOOH) on a Micromass Data Dependent Experiment (DDE) is a procedure used in
Q-TOF operating in the positive mode. Instrument calibraorder to maximise the amount of information that can be
tion was achieved by infusion of a solution of quaternarobtained in a single LC-MS/MS run [10]. Basically, it com-
ammonium halides in the mass ramg& 50 to 1000. The bines in the same run two different scan modes in a sequen-
duty cycle was set from 0.1 to 2.4 sec. The samples wetial way such as i) full scan and product ion mode or ii)

Data dependent experiments
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precursor ion mode and product ion mode. The first scan where resolutions of 25000-50000 (FWHM) can be
defined as the survey scan, where the data are rapidachieved, the type of resolution of the TOF has to be con-
processed in order to determine the ions of interest (cancsidered as medium, typically between 6000 and 10000
dates). The selection criteria can be: ion intensities, select(FWHM).

m/z values or mass ranges. The second scan (depend
scan) is than performed on the candidates using the sel¢
tion criteria. For the LC-MS analysis of moclobemide the
survey scan was a Q3 full scan and the dependent scar
product ion scan. To allow fast switching from single MS tc
MS/MS the collision gas needs to be on all the time

Structural information of molecules can be obtained by
collision-induced dissociation in a quadrupole collision cell.
However, to fully benefit from this information, an under-
standing of the fragmentation pathway is required. Single
lock mass calibration drift correction on a QqTOF instru-

Therefore single MS spectra can only be recorded with QMent allows achieving accuracies better than 5 ppm on the
The selection criteria were to use as candidates either joProduct ion fragments [7]. It requires either a residual pre-

with following m/zvalues 241, 243, 269, 283, 285, 299 andcUrsor ion or a fragment of known mass.

301, corresponding to the calculated theoretical [M + H]  ysing a “basket in a basket” approach based on a multi-
ions of p_otent|al metabolites or the most intense I0lstage accurate mass spectrometric technique Wu [14] ha
observed in then/zrange 200-500. For the LC-MS analy- reported the application to the structure elucidation for a
sis of remikiren the survey scan was a precursor ion scan Compound obtained by combinatorial SynthesiS, using a
the fragment atn/z110 and the dependent scan a producrFT-|ICR mass spectrometer. Using direct accurate mass me:

ion scan on the most intense precursor ion innferange  syrement, accuracy better than 0.02 ppm is required tc
400-800. The scan time for all experiments was set to 1 Sqefine a unique elemental composition.

and the step to 0.1 amu for both modes. ] ]
In drug metabolism studies the structure of the drug can-

didate is known and it is assumed that reasonable structure
can be proposed for any fragment using elemental composi
Mass Frontier 1.0 (Highchem) is a software package for tttion. Ideally, smart software should perform this task auto-
management an interpretation of mass spectra for small mmatically, which would allow building knowledge on the
ecules. Fragments and mechanisms can be generated in mechanism of low energy CID fragmentation.

ways: electron impact and protonation mode. The softwair
is designed only for neutral and single positively charge
molecules.

MS interpretation software

Accurate mass measurements of small molecules using
TOF or QqTOF mass analysers are obtained while perform-
ing the simultaneous measurement of the mass of a refer
ence compound and of the ions of interest. The exact mas
of this reference is used as a lock mass to correct for the

Results and discussion drift of the instrument’s calibration. Various factors like
instrumentation set-up, isobaric fragments in MS/MS mode
originating from the same molecule or interfering com-

In drug metabolism phase | and phase Il reactions are relpounds, can affect the accuracy of the measurements. It i
tively well known. In most cases based on the constraint @lso difficult to obtain accurate mass measurements during
the parent drug and the nominal mass obtained by LC-MLC-MS analyses. There is a need for alternative methods
on quadrupole instruments, the elemental formula of moEckerset al. [15] have recently reported the use of separated
metabolites can be easily deduced. However, in some issprayers for the introduction of sample and reference.
lated cases accurate mass measurements are necessAccurate mass measurements can be affected by instrument
Historically, accurate mass measurements were performdion set-up isobaric fragments originating from the same mol-
on double focusing magnetic sector instruments using eithecule of interfering compounds. Ideally, with more complex
electron impact or fast atom bombardment ionisation. Thmolecules one would like to have a resolution better than
measurements were performed at high resolution, typicall25000 (FWHM) and accuracy better than 1 ppm, which cur-
better than 30000 at 10 % valley with a mass accuracy berently cannot be achieved on commercial QqTOF instruments
ter than 2 ppm. lon spray ionisation has been successful

interfaced with magnetic sector instruments or Fourier-transAnalysis of moclobemide

form ion cyclotron resonance (FT-ICR) mass spectrometer .
The CID spectrum at 15 eV of moclobemide (I, Scheme 1)

Nowadays, the most common mass analysers used fusing single mass lock of the residual precursor ion is illus-
exact mass measurements are the time-of-flight mass anatrated in figure 1A. The Mass Frontier software proposes a
sers [11,12]. Accurate mass measurements can also be single structure of the fragment iz 182 with following
formed on quadrupole instruments [13]. However, one majcelemental composition, E,CINO, EM = 182.0373. The
limitation is the possible presence of interfering peaks at thvariation between the calculated and the measured mass ¢
same nominal mass as the metabolite. The resolution the fragment is less than 5 ppm. This is in full agreement
time-of-flight instruments is no longer reported at 10 % valwith the proposed structure. In order to perform single lock
ley but as the peak width at 50 % height (FWHM).mass calibration it is mandatory to use the mass of a knowt
Compared to a double focusing magnetic sector instrumerfragment such as the residual precursor ion. However, the
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the problems associated with automated CID spectra inter-

R3
pretation to propose potential fragment structures. Two addi-
o) H\/\N tional limitations remain to be resolved in order to obtain
Oo 0,0 0 9 R2 reliable results and thus allow performing high-throughput
ﬁ/s N N structural elucidation of CID spectra. The first is continuous
N
N=/

instrument calibration. Single point recalibration does not

always assure linear calibration over a large mass range of
several hundred daltons. The second is isobaric ions. At
medium resolution, the mass measurement can be affected

Cl

I R1=H, R2=OH, R3=H MW = 630.9 by these. MScan be an elegant orthogonal approach to
Il RI=H, R2=0, R3=H MW = 628.9 achieve increased accuracy and resolution. For example, in
[ MW =268.8 IV R1-OH, R2-OH, R3=H MW = 646.8 the case of moclobemide the Rpectrum of the precursor
V R1=H, R2=0OH, R3=0H MW = 646.8 ion at m/z 269 shows a strong fragment @tz 182 (fig-

ure 1A). Further fragmentation of this ion (RSenerates
a strong fragment an/z 139, indicating that only structure

Scheme 1. Structures moclobemide (1), remikiren (II) and several (1) is possible

metabolites (l11-V).

The understanding of the CID fragmentation mechanism
is important for the structural elucidation of metabolites, but
aspect of the product ion spectrum depends on the collisiit also allows fast screening of metabolites in biological
energy. Too little energy will not generate the relevant fragmatrices using non-radiolabelled drugs. Compared to quan-
ment ions and too much energy will result in the disaptitative analysis the LC-MS run cycle time in drug metabo-
pearance of the precursor ion as illustrated in figure 1B. Orlism studies is relatively long in order to achieve good chro-
solution is to analyse systematically all samples at two diimatographic separation. An efficient mass spectrometric
ferent collision energies and to combine the spectra. Thset-up to perform the LC-MS analysis of metabolites is the
approach was used to measure the accurate masses in suse of Data Dependent Experiments, which allows obtaining
trum 1B. For the structure of fragment @iz 139 Mass more structural information in the same run. Typically a sin-
Frontier proposes two options (1) and (2) in figure 1B. Bygle MS survey scan is performed and processed in order to
using accurate mass measurements it is obvious that orlocate mass peaks of interest. Either the most intense ion in
C,H,CIO is a possible fragment even with 15 ppm inaccuthe spectrum or an ion from a list is selected in the depen-
racy. Fragment (2) has an inaccuracy of 646 ppm and is aldent scan. The survey and dependent scans are repeated
too exotic to exist as a true chemical entity. This illustratethroughout the analytical run. DDE experiments using

4000 o N_ ¢ 182.0377 A
1 [M+H]*
3000 - o 269.1057
@ | P
S 2000 - “
9 ] C4H,CINO
© 1000 - EM = 182.0373
| A=22ppm
0 T T T T — T T T | T 1
3000 - 138.9973 Osyr B
i /%N%Nﬁ
£ 2000- 7 o
=
3 - 111.0014 ) @)
1000 C,H,ClO CH,,N,O
EM = 138.9951 EM = 139.0871
) A =16 ppm A =646 ppm
0 T | l T — T T T T 1
50 100 150 m/z 200 250 300

Figure 1. Product ion spectra of moclobemide on a QqTOF A) 15 eV B) 40 eV.
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Figure 2. LC-MS/MS DDE experiment on a triple quadrupole of moclobemide incubated with rat hepatocytes A) Q3 TIC trace (sur-
vey scan) B) extracted product ion trace at  m/z 182 (dependent scan) (2) moclobemide.

single MS as survey scan and product ion as dependent sRemikiren extensively metabolises and compounds Il to V
can be performed on ion trap, QqTOF and QgQ instrumentrepresent some of the oxidative metabolites. The low reso
lution CID spectrum of Remikiren is shown in figure 3A and

many fragments are observed. The interpretation of the man’
fragments in this spectrum is quite difficult. By assumption
one could find a sensible structure for each of these frag:
ments, but it could be associated to mass poetry. The frag
ment atm/z 613 is obtained after the loss of water, while

the fragments atn/z 404 and 376 represeatandb cleav-

age products of the amide bond as illustrated in scheme 2
The fragments smaller them/z 300 are very difficult to

Moclobemide belongs to the monoamine oxidas¢
inhibitors of the benzamide type and contains a morpholin
moiety. Moclobemide is extensively metabolised [16] anc
the metabolic pathway includes mainly oxidative attacks o
the morpholine moiety. The application of DDE to the analy:
sis of moclobemide incubated in rat hepatocytes is illustrate
in figure 2 using a QgQ instrument. Figure 2A shows the
LC-MS TIC trace (survey scan), while figure 2B shows the

extracted ion chromatogram fon/z 182 from the product . .
interpret, because several structures are possible. In order 1

ion trace (dependent scan). By this way it is possible to idel ™~ '~ ; . X ; . ;
tify metatgolit?as of moclob)emi)(lje very )éasilypwith a precur__rapldly identify potential metabolites and to find diagnostic

sor look like experiment. The basis of this type of experi'ons for the search of non-labelled metabolites an under-
ment is the selection of representative precursor ijonStanding of the fragmentation pathway becomes mandatory

Therefore, an understanding of the fragmentation processCIG.‘SS'Cr?”%’ one WOUIS ushe; structuralh analqgues tohch_aracf
essential to avoid misinterpretation. This approach alst®/'s€ the fragments, but this approach requires synthetic re

requires a list of the predicted masses corresponding to pE€Nceé compounds and is quite time-consuming [6]. For the
sible metabolic transformations. fragment atm/z 282 three propositions are made by Mass

Frontier as illustrated in scheme 3. Mghd MS spectra of
remikiren are illustrated in figure 3B and 3C. It can be con-
cluded that the ion an/z282 is not generated from the pre-
Remikiren (I, Scheme 1) is a potent and specific inhibitoicursor fragment am/z 376. However, an MSexperiment

of human renin [17] with a molecular weight of 630.9 Da.631 -> 404 -> (data not shown) generates an abundant io

Analysis of Remikiren
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Scheme 2. Fragmentation pathway of Remikiren.
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0.0827 mmu 0.0 mmu 0.0078 mmu
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Scheme 3. Postulated structures of the fragment at m/z 282.

at m/z 282. Therefore, we can exclude that the fragment ¢
m/z282 has the structure A (Scheme 3). This shows the lin
itations of triple quadrupole and ion trap approaches and ol
would think based on this experiment that structure B is th
most probable one. However, this conclusion is not suf
ported by strong data. The product ion spectrum obtained ¢
a QqTOF instrument is illustrated in figure 4A. In this case
a single lock mass calibration was performed for the ion ¢
m/z 404. With the constraint of the parent drug only 3 ele
mental compositions are possible within 5 ppm mass acc
racy: i) C,H»N,OsS, EM = 282.1249 ii) GH,(N;O,, EM =
282.1242, iii) GgH,,0; EM = 282.1255. Based on the struc-
ture on the molecule it is obvious that onlyN;O,
makes sense, which is in full agreement with structure B i
scheme 3. The resolution of the peakrdr 282 is approx-
imately 5000 at FWHM. For a given molecule, different
fragmentation pathways may generate isobaric fragmen
with different elemental compositions. For example if frag-
ment (C) in scheme 3 is fragment of remikiren and is pre
sent at the same intensity as fragment (B), resolution of tt
two fragments would not be possible and the mass inacc
racy would be much larger. The peak would also be slightl
broader. Therefore, with medium resolution accurate ma:s
measurements, the possibility of overlapping fragment
should be carefully considered when proposing a fragmel
tation mechanism.

Another interesting fragment is the ion rafz 211. We
know that this fragment is also generated from fragmer
m/z376 and again several structures can be postulated frc
our experience or proposed by the Mass Frontier softwar
However, none of them is compatible with the accurate ma:
measurement (211.0437) of this fragment. Within 10 ppn
only three elemental compositions are possible,JHGO,S
EM = 211.0429 ii) GHN EM = 211.0422 iii) GHNS
EM = 211.0456. Only elemental composition i) is compati-
ble with the structure of the molecule (Scheme 3) corre
sponding to a neutral dimethylvinyl elimination at the sul-
fonyl moiety, which is quite atypical. Based on accurate
mass measurements and MRperiments, the fragmentation
pathway of remikiren could be established as illustrated i
scheme 3. With more sophisticated software tools most ¢
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the fragments present in the spectrum could be identifiec
automatically. This would be very useful for high through-
put analyses. In the case of remikiren, the precursor ior
[M + H]* could not be used for lock mass calibration and
the fragment due to the loss of water was found to be les:
suitable for accurate mass measurements in the low mas
range. It is also interesting to mention that in the low mass
end we obtained accuracies in the 20 ppm range. Using th
information gained from the drug candidate, metabolites can
be characterised rapidly and with high confidence. The CID
spectra of three metabolites of remikiren are illustrated in
figure 4B-4C and are in full agreement with the proposed
fragmentation pathway.

One other task in drug metabolic investigations is the
rapid screening of metabolites in the first human studies. In
general, metabolite concentrations are much lowwevivo
thanin vitro samples, which analytically is more challeng-
ing. One efficient way is to use DDE experiments as
illustrated previously. On QqTOF and ion trap instruments
only product-dependent scans are possible. By this way it is
possible to confirm the presence of known metabolites but
it is not efficient to identify unknowns. There is a physical
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1 :'Sr [ I J *
04 28 3- % % 404.1644
- T2 a0 @
25 g 9
4 | - "l L 488.2182  613.3331
O . L T . T b II .
_ 376.1733
1004 & " B
1 2 Q8 o
%4 2 .- 8T 3
p — D ,\,_ - - [a2]
50 S 3N B o g joaters &
5] T e a3 613.3267
7 ."_’1 I | J. l 489.2894 l
0 A N ! , L : —
100 376.1765 c
754 8 83 3
50] S 383 3% % 404.1702
] ~88:- 8 g ¥
5] ERERY ssooons 529373
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392.1731
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Figure 4. QqTOF CID spectra at 35 eV of A) remikiren (II)
B) oxidative metabolite (Ill) C) hydroxy metabolite (IV) D)
hydroxy metabolite (V) * Lock mass.
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Figure 5. LC-MS/MS DDE experiment on a triple quadrupole of remikiren and three of its metabolites A) precursor experiment m/z 110

(survey scan) B) TIC trace of the product ion (dependant scan) 1 compound (Il), 2 compound (lll), 3 compound (IV), 3 compound V.

limitation to set-up the experiment in order to cover all poswith MS interpretation software and ion trap mass spec-
sibilities. Triple quadrupole instruments have a unique scetrometry for the elucidation of the fragmentation pathways
mode called the precursor scan mode, where Q1 is setwas illustrated on moclobemide and remikiren. The use of
scan mode while Q3 is set at the mass of a representatmore sophisticated software would allow the automated
fragment. By selecting an appropriate precursor ion it is pointerpretation of mass spectra. This would be very useful for
sible to find almost all compound related metabolites thehigh throughput analyses. Typically, mass accuracies better
are ionised under theses conditions and not suppressedthen 10 ppm were obtained, which are not sufficient to
the matrix in the total ion current trace. Ideally, this frag-define a unique composition for a fragment. The combina-
ment should be present is all metabolites and in the part tion of QqTOF and MSdata overcomes partly this limita-
the molecule that is not metabolised. This approach is illution. Even in cases where these values exceed 10 ppm a
trated in figure 5. In this case the fragmentrdz 110 was  structure allocation would be possible. Therefore, a system-
selected as the precursor ion. Due to the high selectivity atic investigation of CID fragmentation of small molecules
the precursor scan mode, acting as MS filter, metabolites ciusing accurate mass QgTOF is very valuable to gain knowl-
be identified in the TIC trace of the LC-MS run very easilyedge on these mechanisms. The understanding of these
as shown in figure 5A. In the full scan mode the metabomechanisms is the key to the set-up of appropriate DDE
lites would be hidden under the background and one wouexperiments for fast and automated screening of metabolites
have to search them. in in vitro or in vivo samples.

Ideally, for the investigations of the biotransformation of
drug candidates by LC-MS one would like to have a mass
spectrometer, which provides fast scanning, accurate mass at
medium resolution, MS and precursor ion scanning
The utility of accurate mass measurements of product ic((QqQ)TOF). Unfortunately, this is still a dream. However,
fragments with QqTOF at medium resolution, in associatiothis study shows that the structure elucidation and screening

Conclusion

ANALUSIS, 2000, 28, N° 10 913
© EDP Sciences, Wiley-VCH 2000



Dossier

of metabolites at low concentration by mass spectromet 8.

requires orthogonal approches.
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