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Abstract

A method of mass spectrometry comprising analysing lons wlth a mass analyser;
searching mass data or a mass spectrum for ions having a declmal mass or mass to
charge ratio component that falls within a decimal mass or mass to charge ratlo
window; selecting ions of potential interest for further analysis by virtue of the fact
that the declmal mass or mass to charge ratio components of the lons falls within
the decimal mass or mass to charge ratio window, wherein a proflle of the decimal
mass or mass to charge ratio window varles as a function of AM, wherein AM is the
difference in the accurate mass or mass to charge ratio between that of a first
substance or lon and a second substance or ion; and providing an output based at
least In part on sald searching.
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MASSH SPECTROMETER

The present invention relates to a mass spectrometer and
a mathod ¢f mass spectrometry.

In drug metabolizsm atudles metabolitez of interest
cannot usualiy be predicted. This is because the formation of
metabolites may be determined by novel enzymatic reactions and
by factors which are difficult to predict in advance such as
blo-avallability.

At present in order to detect and identify metabolites
it 1s known to separate out the many different components
present in a complex blological matrix using liquid
chromatography (LC or HPLC). The masz or mass to chargs ratio
of the components eluting from the liquid chromatograph is
then measured using mass spectrometry (MS).

It 12 usually necessary to make many measurements using
LC-M8 {(wherein parent ionsg eluting from a liquid chromatograph
are mass analysed) and LC-MS8-M8 (wherein apecific parent iona
sluting from a liguld chromatograph ars fragmentad and the
fragment products are mass analyszed) often Iin both positive
and negative ionisation modes. The exact accurate mass or
mass to charge ratio of the components eluting from the liguid
chromatograph i3 normally determined since this enables many
of the large number of endogenous peakds prergent in different
blological matrices such as blle, plasma, faeces and urine to

ba discounted.

Ions which are determined as having a mass to charge
ratio which indicates that they may relate to a metabolite of
intearest are, then fragmented in a ceollislion cell. The
resulting fragment product® are then mazgs analysed enabling

tha structure of sach posaible metabolite to be predicted.
The conventional approach 1z, howewver, relatively time

conguming asince 1t 13 necessary to lnterrogate all of the mass
spectral data bto loak for potentlal metabeolites of interest.

Tt is then hecessary to arrange for all jone which ara
conslderad likely to relate to metabolites of interest then to

ba separately fragmented so that the structure of potantial
matabolites of intereaezi can then ba determined.
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It will be appreciated that the proceas of searching
mass ppectra relating to a complex mixture, identifying
potential ilons which may relate to metabolites of interest,
salecting certain ions to be fragmented, fragmenting the lons
of Interast and then mass analysing the fragment productszs can-
be relatively time consuming.

Within the pharmaceutical and biotachnology industries
it is particularly important to be able to analyse =anples
gqulickly and accurately. This has lad to auntomated methods
wherein the major peaks predent In a mass spectrum are
avtomatically selected for analysis by M3/M8 (wherein specific
parent lons are selected for fragmentation). This allows the
user to acquire parent. ilon mass spectra and several MS/MS
spectra from a single HPFLC injection. It is known for to
antomatically select most intense peaks (i.e. ionz) in a
parent ion mass spectrum for subsequent analysis by MS/MS.
Soma conventional systems allow a few filters to be deflined to
make thi= proces® slightly more efficient. For example, lons
having certain masses or mass to charge ratios may be entared
into a data system so that they are automatically excluded
from consideration. Thesa masses or mass to charge ratios
may, for example, correspond te the masses or mass to charge
ratios of solvent peaks which are known to ba presant, or the
magges or mass to charge ratlosg of components which have
already been analyssad.

An advantage of the conventlonal automated mode of data
acquilisition is that a falr degree of data may be acquired from
5 =irlgle BPLC injection. However, a dilsadvantage of the
conventional approach is that only those peaks which have an
intensity which exceeds a pre-defined intensity threshold are
normally selected for subseguent M3/MS analysis (1l.e.
fragmentation analysis). Importantly, 1f a large number of
intense peaks are present or observad at any one particular
time, then some of these peaks may simply fall to be selected
for MS/MS analysis due to there being insufficient time to
record all the =zeparate MS/MS spectra wilthin the ralativaely
gshort duration of an observed chromatography peak.

Another particular problem with the conventional

approach is that since the mags or mass to charge ratios of
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potential metabolites 1s not generally known in advance, then

time can be wasted analysing a large number of peaks all or

many of which subsequently turn out to be of little or no

interest. Thilis can also mean that actual peaks of potential

interest which could have been analysed 1f only they had been

recognised fail to be analysed at all because the mass

spectrometer 1s busy analysing other ions.

It 1s therefore deslired to provide an improved method of

mass spectrometry and 1in particular to improve upon the

current approach of searching for metabolites of interest.

Schmidt F et al: "Iterative data analysis 1s the key for

exhaustive analysis of peptide mass fingerprints from protelns

separated by two-dimensional electrophoresis", Journal of the

American Society for Mass Spectrometry, Elsevier Science Inc.,

New York, NY, US, vol. 14, no. 9, September 2003 (2003-09),

pages 943-956, XP004453138, ISSN: 1044-0305, discloses a
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method of identifying protelns using the knowledge that the

r—

first decimal place of a peptide mass 1s related to the first

few digits of the overall peptide mass.

Karty, J.A., Ireland, M.M.E., Brun, Y.V., Reilly, J.P.:

"Artifacts and unassigned masses encountered in peptide mass

mapping”", Journal of Chromatography B, wvol. 782, 2002, pages

363-383, XP002399179, discloses a method a discardiling non-

U )
)

peptides 1f their decimal masses fall outside o:

predetermined band of decimal masses.
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According to a first embodiment of the present invention

there is provided a method of mass spectrometry comprising:

analysing ions with a mass analyser;

searching mass data or a mass spectrum for ions having a
decimal mass or mass to charge ratio component that falls

within a decimal mass or mass to charge ratio window;

selecting ions of potential interest for further
analysis by virtue of the fact that the decimal mass or mass
to charge ratio component of the ions falls within the decimal

P

mass or mass to charge ratio window, wherein a profile of the

decimal mass or mass to charge ratio window varles as a
function of AM, wherein AM 1s the difference i1n an accurate
mass or mass to charge ratio between that of a first substance

or ion and a second substance or 1ion; and

providing an output based at least 1n part on said

searching.
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In an aspect of the first embodiment of the i1nvention the

first substance or ion comprises or relates to a

pharmaceutical compound, drug or active component.

In an aspect of the first embodiment of the invention the

second substance or ion comprises or relates to a metabolite

or derivative of the first substance or 1ion.

In an aspect of the first embodiment of the invention

selecting ions of potential interest comprises filtering out,
attenuating, removing, or reducing the significance of 1ions
having a decimal mass or mass to charge ratio component which

falls outside of the decimal mass or mass to charge ratio

window.

In an aspect of the first embodiment of the invention the
profile of the decimal mass or mass to charge ratio window

varies as a function of AM in a symmetrical or asymmetrical

mallller .
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According to a second embodiment of the invention there 1s

provided a method of mass spectrometry comprilising:

analysing ions with a mass analyser;

searching mass data or a mass spectrum for 1ons having a

decimal mass or mass to charge ratio component that falls

within a decimal mass or mass to charge ratio window;

filtering out, removing, attenuating, or reducing the

significance of ions having a decimal mass or mass to charge

ratio component which falls outside of the decimal mass or

mass to charge ratio window; wherein a profile of the decimal

mass or mass to charge ration window varies as a function of

AM, wherein AM 1s the difference 1n the accurate mass or mass

to charge ratio between that of a first substance or ion and a

second substance or 1on; and

providing an output based at least 1n part on said

searching.
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An aspect of the second embodiment of the i1nvention

further comprises fragmenting ions, resulting in fragment
product ions having a decimal mass or mass to charge ratio

component falling within the decimal mass or mass to charge

ratio window.

An aspect of the second embodiment of the invention

further comprises mass analyzing the fragment product 1ons to

obtain a mass spectrum of the fragment product 1ions.

In an aspect of the second embodiment of the invention

the first substance or 1on comprises or relates to a

pharmaceutical compound, drug or active component.

In an aspect of the second embodiment of the 1nvention
the second substance or 1on comprises or relates to a

metabolite or derivative of the first substance or ion.
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In an aspect of the second embodiment of the invention the

profile of the decimal mass or mass to charge ratio window

varles as a function of AM 1n a symmetrical or asymmetrical

mannekxr.
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According to a third embodiment of the invention there is

provided a method of mass spectrometry comprising:

analysing ions with a mass analyser;

obtalining a parent 1on mass spectrum of a sample

containing one or more metabolites of 1nterest;

searching for ions of potential interest by searching
the parent 1on mass spectrum for mass peaks which meet a
criteria that a decimal mass or mass to charge ratio component
of a corresponding ion is within a decimal mass or mass to
charge ratio window about a decimal mass or mass to charge

ratio component of the parent 1ion;

selecting ions of potential interest for further

analysis by virtue of the fact that the respective decimal
mass or mass to charge ratio components of the ions falls
within the decimal mass or mass to charge ratio window,

wherein a size of the decimal mass or mass to charge ratio

window varies as a function of a difference 1n an accurate
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mass oOor mass to charge ratio between that of the parent 1on

and 1ons being searched for; and

providing an output based at least 1n part on said

searching.

An aspect of the third embodiment of the invention

further comprises selecting the ions of potential interest for

further analysis comprises fragmenting the 1ons of potential

interest to form fragment product ions.

An aspect of the third embodiment of the invention
further comprises mass analyzing the fragment product ions to

obtain a mass spectrum of the fragment product 1ions.

An aspect of the third embodiment of the invention

further comprises selecting ions of potential 1nterest

attenuating, removing, or reducing

comprises filtering out,

the significance of ions having a decimal part of an accurate

mass or mass to charge ratio which falls outside of the

decimal mass or mass to charge ratio window.
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In an aspect of the third embodiment of the invention the
1ions of potential interest comprise one or more metabolites of

the parent 1ion.

In an aspect of the third embodiment of the invention the

profile of the decimal mass or mass to charge ratio window

varies 1in a symmetrical or asymmetrical manner.

Potentially only drug related metabolite peaks are

selected for subseguent analysis by MS/MS and all or at least

a majority of the endogenous peaks are effectively ignored

from further consideration. The preferred embodiments

therefore aid in the process of searching for and mass

-~

analysing 1ons relating to metabolites of interest. The

preferred embodiment also enables metabolites of i1nterest to

be selected for further analysis by, for example, fragmenting

them within the inherent short timescales of liguid

chromatography.
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The preferred embodiment, in effect, filters out or

substantially removes from consideration a number of possible

precursor 1ons for subsequent analysis by MS/MS in drug
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matabolism studies by selecting only thoze ions which have a
mass or mass to charge ratie wherein thea decimal part of the
mass or mass to charge ratio falls within a pre—defined and
preferably relatively narrow decimal mass or mass to charge
ratio window.

Varlious embodiments of the present invention will now be
dascribed, by way of example only, and with reference to the
accompanyling drawings in whichs:

Fig. 1 shows the =tructure and exact mass of a parent
drug called Midazolam and the atructure and exact mass of a
hydroxylated metabolite of Midazolam:

Figd. 2 indicates the upper and lower limitz of a decimal
mass or mass to 'c:harge ratio window according to the preferred
embodiment which i1s applied to the decimal mass or mass to
charge ratio value of i1ons when searching mass spectral data
or a mass =paectrum for metabollites of a parent druy:;

Fig. 3 ahows a parent ion mass gpectrum of Midazolam;

Fig. 4 showa a parent lon mass spectrum of a
hydroxylated metabolite of Midazolam; and

Fig. 5A ghows the structure and exact masses of
Ketotifen and Verapamil and the structure and exact masses of
a matabollte of Ketotifen and Verapamil, and Flg. 5B shows the
structura and exact mass of Indinavir and the structure and
exact mazzs of a metabolite of Indinavir.

In metabollsm studies the elemental composition of a
parent drug is usually generally well known and hence it is
possible to calculate the theoretical exact mass or mass to
charge ratio of the parent drug. An example of a
pharmaceutical drug and a related metabollte which may be
racognizsad (and hence selscted for Further analysis) according
to the preferrad embodiment is shown in Fig. 1. Flg. 1 =hows
the elemental composition of a parent drug called Midazolam
(ClB8 H1l3 €1 F N3) which has a moncisotopic protonated masa of
326.0860 Da. A common metabolic route for the drug 1s the

addition of omygen. Accordingly, if an oxygen iz added to

Midazolem then the mass will ba increaszad by +15.994% Da 3o

that the monoi=otoplc mass of the new compound (i.e. the
hydroxvlated metabolite of Midazolem) willl be 342.0809 Da.
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The atructure of the hydroxylated metabolite of
Midazolem is also shown in Fig 1. It iz to be noted that the
diffarence in the decimal part of the accurate mass of the
parent drug Midazolem and itg hydroxylated metabolite iz only
0.0860-0.0809 = 0.0051 Da (i.e. a mass deficiency of only 5.1
mDa). It 18 apparent therefore tThat there ia only a very

small difference in the decimal mass component of the parent
drug and the corresponding metabolite ewven though the total or
absolute mass of the parent and metabeolite differ by nearly 16

Da.
In mass spectrometry an ion may be aszigned elther an

integer nominal mass or mass to charge ratio (e.g. 326 in the
caza of Midazolam) or an accurate or exact mass or mass to
charge ratio (a,g. 326.0860 in the case of Midazolam).
Accurate or eXact masses or mass to charge ratiocs can be
consldered as comprising an integer component or value and a
decimal component or value. This largely =items frc;m tha fact
that all the elements (with the sxception of Carbon) have
approximately but not exactly integer masses. 1In the
international scale for atomlc masses the most abundant
laotope of carbon is assigned an exact atomic mass of 12.0000
Dalton (Da). On this scale, the accurate atomlc masses of the
most abundant isotopas of the most abundant elements in
biological systems are Hydrogen (H) 1.0078 Da, Nitrogen (N)
14.0031 Da and Oxygen (0O} 15.9949 Da,

Accurate or exact (i.e. non-integer) masses or mass to
charge ratios can be represented as an integer nominal mass ox
mass to charge ratio value or component together with a
corresponding mass sufflciency or deficiency wvalue or
component. The mass aufficiency or deficiency may be
consldered to represent the dewviation from an integer value
and may be expresased in milli-dalton (mDa). For example,
Hydrogen (H) can be expressed as having an integer nominal
mass of 1 and a mass sufficlency of 7.8 mbha, Nitrogen (N) can
be expressed as having an integer nominal mass of 14 and a
masz sufficliency of 3.1 mDa and Oxygen (0O) can be expressed as

having an integer nominal mass of 16 and a mass deficlency of
5.1 mba.

b ——s il
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In a 8imilar manner, the mass or mass to charge ratio of
an lon of an organic molecule can be assigned an integexr
nominal mads or mass to charge ratie together with a

corraesponding mass sufficiency or dafidiency from that integex

value.

When conzidering the mass or mass to charge ratio of

ions or compounds according to the preferrxed eaxmbodiment, the
method of lonisation is also preferably taken into

conaideration az this allows the jlonic¢ elemental composition
to ba determined and hence also the lonlec masze or mass to
charge ratio to be calculated. Fox example, 1f a solution iz
ionised by Electrospray lonisation then the analyte molacules
may ba protonated to form positively charged lons.

From knowledge of the theorseatical accurate mass or mass
to charge ratlec of these ilons it is possible, according to the
preferred embodiment, to make cerxtain prediction= concerning
the accurate mass or mass to charge ratio of possible or
potential metabolites of intarest. This in turn allows a
better prediction of peaks that are likaely to be metabolites
of interest and thus potential metabolites can be zearched
for, recognised and then paased or selected fox further
analysis such as structural analysis by MS/MS.

Metabolites are the reasult of bio-transformations to a
parent drug. BAn aspect of the preferred embodiment is the
recognition and exploitation of the faect that the mass

sufficlency or mass deficlency of a potantial metabolite of
interest will be substantially similar to the mass sufficiency

or mass deficlency of the corresponding parent drug.

An aspect of the preferred esnbediment is the recogniticn
that the potential similarity betwean the mass sufficiency ox
mass deficiancy of the parent lon and potential metabolites
can be used to search more strategically for potential
metabolites of interest. In particular, the preferred
embodiment searches for metabolites on the basls that the
decimal part of the accurate or exact massz or mass to charge
ratio of a parent drug will be substantially similar to the
decimal part of the accurate or exact mass o mass te charge
ratlo of a metabolite of the parent drug.

T

— e
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According to the preferred embodiment the decimal part
of the accurats mass or mass to charge ratio of a precursor
lon of a parent drug 12 calculated. A decimal mass or mass to
charge ratio window 13 then preferably set about the precise
decimal mass or mass to charge ratlo of the parent drug.
According to the preferred embodiment an upper limit and a
lowar limit to the decimal mass window may be set. Howevaer,
according to other ambodiments only an upper limit or only a
lower limlt to the decimal mass window may be set. RAccording
to an embodiment the upper and lower limlts may have the same
magnitude or width, or alternatively the upper and lower
limits may differ in magnitude or width.

According to a praefarred embodiment a precursor or
parent ion mass spectrum of a sample believed to contain one
or more metabolltes of interesat is preferably obtained. The
parent lon mass spectrum is then preferably automatically
searched for zome or all maass peaks which meet the criteria
that the decimal part of the accurate mass or mass to charge
ratio of an ion must be very close to the decimal mass part of
the accurate mass or mass to charge ratio of the known parent
compound or lon. BAccording to the preferred embodiment iong -
of potential interest (which preferably relate to one or more
metabolites of the parent compound} are recognised, ildentified
or otherwise selected for further analysis by virtue of the |
fact that the decimal mass or mass te charge ratlo of tha lon
12 detarmined as falling within a relatively narrow band or
range of mazses or mass to charge ratios about ti‘xe decimal

mags or massa to charge ratio of the parent compound or lon.
Tha characteristics of the decimal mass or mass to

charge ratlo window which 1s preferably used in the process of
searching for metabolites of intereat will now be described in

more detail with reference to Flg. 2.
Flg. 2 indicates the width of a decimal mass or mass to

charge ratie window which may be used or applied according to
the preferred smbodiment. The width of the decimal mass ox
mass to charge ratio window (in mDa) is shown as a function of
thae difference in the absolute mass (in Da) or mass to charge
ratio between that of the parent lon or compound and iona or
compounds being searched for which may include metabolite lons
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or compounds. The difference in absolute mass or mass to
charge ratio between the parent compound or ion and the lons
or compounds belng searchad for, which may include metabolite
iong or compounds of lnterest, may be referred to as AM.
Similarly, the upper and lower limite of the dacimal masas or
mass to charge ratio window may be referred to as having a
value om.

By way of example, if the absolute difference in mass or
masgs Lo charge ratio between the parent ion and a pectential
ion of intereat is 10 Da then according to the embodiment
shown in Flg. 2 a decimal mass or mass to charge ratlo window
having an upper limit + 20 mbDa greater than the precisze
decimal masz3 or mass to charge ratlo of the parent ion and a
lower limit 20 mDa below the precise deoimal mass or mass to
charge ratioc of the parent ion may ba set,.

According to the praferred embodiment, the upper and
lower limite of the declimal mass or mass to charge ratio

window vary as a function of the absolute difference AM in the

masa or mass to charge ratloe of the parent ion to that of a
possible metabolite ieon. Therefore, as also shown 1n Fig. 2,
if the absolute difference in mass or mass to charge ratlo

bhatweaen the parent ion and a potential ilon of 1lntarest 1ls =ay
100 Da, then according to the embodiment shown and described
with reference to Fig. 2 the upper and lower limits of the
decimal mass or mass to charge ratic window are asymmatric.
According to the particular embodliment shown in Flg. 2 the

mass or ma=s to charge ratio window has an upper limit + 92

mDa greater than the precise decimal mass or mass to charge

ratio of the parent lon and a lower limit only 50 mDa lessar
than the precise decimal mass or masa to charge ratio of the

parent ion.
In general terms and as shown ln Fig. 2, when the
dlfference AM 1n masa or mass teo charge ratio between tha

parent ion or compound and the metabolite lon or compound of
interest is relatively small (e.¢g. = 0-30 Da) then the size of
the upper and lower limlts of the decimal mass or mass to
charge ratio window according to the preferred embodiment may
al=o be relatively small (s.g. in the region of 20-30 mDa)}.
Howaval, as8 the absolute difference AM in the mass or mass to
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charge ratioc between the parent ion or compound and a posaible
matabolite lon or compound of intermst increasez, then so the
size of the upper and lower limits of the decimal mass or mass
to charge ratlo window alao preferably increases.

According to the smbodiment shown in Fig. 2, when
semarching for metabolites of interest wherein the mass or masa
to charge retio difference AM (l.e. the mass or mass to charge
ratlo of the parent ion or compound minus the mass or mass to
charge ratio of the metabolite ilon or compound) is in the
range —40 to 20 Da, then the upper limit of the decimal mass
or mass to charge ratlio window is preferably =set to a constant
value of 20 mDa. If the mass oxr mass to charge ratio
difference between the parent lon or compound and the
metabolite lon or compound of interest is > 20 Da, then the

upper limit of the decimal masz or mass to charge ratilio window

i

preferably increases at a rate of +0.09% times AM above 20 Da
(i.e. whan MM 1= +100, then tha upper limit of the decimal
mass window or massz to charge ratlo is preferably set at 20
mDa + 0.028* (100 Da - 20 Da) = 20 mbha + 0.072 Da = 82 mDa).
If the maszsg or mass to charge ratio diffarence between the
parent ion or compound and the metabolite ion or compound of
interest ia < -40 Da, then the upper limit of the decimal mass
or mass to charge ratlo window preferably increases at a
Jesser rate of 0.05% timems AM below =40 Da (l1.e. when AM is -
100, then the upper limit of the decimal maas or mass to
charge ratio window is saet at 20 mDa + 0,05%* (100 Da - 40 Da)

20 mDa + 0.030 Da = 50 mDa).
similarly, when searching for metabkolites of interest

whereln the mass or mass to charga ratio difference &AM betwaan
the parent lon or compound and the metabolite ion or compound

ig in the range =20 to 40 Da, then the lower limlt of the
daecimal mass or mass to charge ratio window 1z preferably zat

to a constant value of - 20 mba. If the mazas or maas to
charge ratlo difference between the parent ion or compound and

the metabolite lon or compound of intsrest im > 40 Da, then

the lower limit of the decimal mass or mass te charge ratio
window preferably increasms negatively at a rate of -0.05%

times AM above 40 Da (l.e@. when AM i3 4100, then the lower
limit of the decimal mazs or mass teo charge ratio window is

- r

- -F
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praeferably set at —~ 20 mDa - 0.05%*(100 Da —~ 40 Da) = —~ 20 mDa
— 0.030 Da = - 50 mDa). If the masa or mass to charge ratio
difference between tha parent ion or compound and the
metabolite fon or compound of interest i1s < =20 Da, then the
lower limit of the decimal maas or mass to charge ratic window
prafoerably increases negativaly at a ratea of —-0.09% timezs AM
below -20 Da (i.e. when AM 1ls -100, then the lower limit of
the dacimal masa or mass to charge ratlo window is aset at - 20
mPa — 0.09%* (100 Da - 20 Dr} = - 20 mDa — 0.072 Da = =52 mbha).

| It will be appreciated that each different parent drug
will have a specific known mass or mas= to charge ratio. The
approach according te the preferred embodiment assumes that
metabolites of the parent drug will have & similar structure
to that of the parent drug and that the decimal part of the
accurate mass or mass to charge ratlio of each metabolite will
ba gimilar to the decimal part of the accurate mass or mass to
charge ratio of the parant drug.

Iona which according to the preferred embodiment are
determined as having an accurate mass or masgss to charge ratio
with a decimal part which falls within the decimal mass or
rmasas to charge ratio window as determined by the preferred
eambodiment are then preferably selected for further analysis
by, for ezample, M3/MS. For example, a mass filter such as a
gquadrupole mazs filter may be used to seleact specific ilons
which are conaidered to be potentially metabolite lonz of

interest having a specific mass to charge ratio to be onwardly
transmitted to a collision or fragmentation cell. The lons

are then fragmented within the ceollision or fragmentation cell
and the resulting fragment pxoduct ions are mass analysed.

The preferred embodlment spnables a large number of
endogenous lon peaks that would otherwise have been selected
for analysis by MS/M3 according to the conwventional approach
to be automatically aliminated from conaideration. This ia
partioularly advantageous and az a result the preferred
embodiment relates to a significantly lmproved methed of

recogni=ing potential metabolites.
Tha decimal mass or mass to charge ratio window within

which the decimal part of the accurate mass or mass to charge
ratio of a metabolite should fall may be defined prior to
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proceeding with LC-MS8 and/or LC-MS-M3 experimenta. The value
or gize of the declimal mass or mass to charge ratio window may
ba set to accommodate the mass errors likely to oceuy during
an experimental run. The value or size may also be zet
according to the elemental composition of the parent drug.
For example, 1f the parent drug does not contain elements
octher than carbon, hydrogen, nitrogen, oxygen and fluorine,
then the upper and/or lower limits of the decimal mass or mass
to charge ratlo window may be set to a lower (smaller) value
than 1f the parent drug contalng any or all of the elements
phospharous, sulphur and chlorine. This is because
phosphorous, sulphur and chlorine all have larger mass
deficiencles than carbon, hydrogen, nitrogen, oxygan and
fluorine.

The greater the mass or mass to charge ratioc difference

between that of the parent drug and that of the metabolite,
then the more atoms which are likely to be involved in the
bio-transgformation. Accordingly, if several atoms are
consldered to bes involved in the bio-transformation then
greater allowance should preferably be made for the change in
the decimal part of the accurate masa or mass to charge ratio.
In other words, as tha diffarenhce in the absolulbe mass or mass
to charge ratio between that of parent drug and of the
metabolite increasezs, then preferably the width or =ize of the
decimal mass or mass to charge ratio window or the upper
and/or lower limits of the decimal mass or mass to charge
ratlo window should also increase since the metabolite is
likely to have & greater mass deficiency or sufficiency.

According to the praferred embodiment allowance may be
macde for the fact that the maximum change in masa sufficlency
that may have occurred in the bio-transformation may be
different to the maximum change in mass daflclency which may
have occurred. Accordingly, an asymmetric decimal mass oxr
ma=a to charge ratio window may be used similar, for example,
to the asymmetric decimal mass or mass to charge ratio window
shown and desoribed in relation to the embodiment depicted 1in
Fig. 2. |

According to othar lesg preferred embodiments a zimple
symmetrical. dacimal mass or mass to charge ratio window may be

—_—— o ——
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usaed, For saxample, for mass or mass to charge ratilo
differences AM between that of parent drug and ions of
interest of up to £ 20 Da, a dacimal mazs or mass to charge
ratio window having upper and lowar limits of * 20 mba may he
used. If the mass or mass to charge ratio difference between

that of the parent drug and the ions of lnterest is <'=20 Da
or > 20 Da then the uppar and lower limita of the decimal mass
or mass to charge ratioc window may increase at a rate of 0.1%
for mass or mas=z to charge ratio differences < -20 Da or > 20
Da.

In the general case, the decimal mass or maszz to charge
ratio window may have multiple valuea of decimal mass or maas

S

to charge ratio difference &m for a mass or mass to charge
ratio diffarsnce AM batween that of the parent drug lonas of
interest. The values of dm and AM may preferably be deflned
independently for each polarity of &m and AM.

According Lo the preferred embodiment, the mass
apectrometer is preferably capable of recording parent jon
mazs spactra and fragment ion massz spectra fxom sslectad
pracursor or parent lons that are induced to fragment. The
maza spechrometer may, for example, comprise a magnetlc
gector, a Time of Flight, an orthogonal Time of Flight, a
quadrupele mass filter, a 3D quadrupole ion trap, a linear
quadrupole lon trap or an ¥FI-ICR mass analyssr, or any
combination thereof. |

According to a particularly preferred embodiment, the
mass zpectrometer may comprise elther a magnetic sector, a
Time of Flight, an orthogonal Time of Flight or an FT-ICR mass
analyser.

The mass spectrometer may according to an embodiment be
arranged to default to the acquisition of full parent ilon mass
spectra unless and until a mass peak 18 detactad wherein the
decimal part of the accurate mass or mass to charge ratio of
the detected ion falls within a preferably pre—-defined decimal
mass or mass to charge ratio window. Once such a mass peak is
detected then the mazs spectrometer and related control
software may then preferably switch the instrument =o that
parent ions having a specific decima) mass or mass to charge
ratio or interest are =elected and transmittad by a mass

* —' ‘ ol - . ]
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filter whillat other dlonz having decimal masses or mass Lo
charge ratios falling outside the decimal mass or mass to
charge ratioc window are preferably'substantially attenuated or
lost to the system. Selaected parent lons of interest are then
preferably padgsed to a fragmentatlon or collision cell which
prefarably comprlsea an ion guide and m collizion gas
maintained at a pressure preferably > 10™ mbar. The ions are
preferably accelerated into the collision or fragmentation
cell at energies such that upon collliding with the collision
gyas present in the collision or fragmentation cell, the lons
are preferably caused to fragment into fragment product ions.
The fragment product jons ara then preferably mass analysed
and a full mass spactrum of the fragment product ilons iz then
preferably obtained.

Althouiigh the size of the dscimal mass or masa to charge
ratio window ls preferably pre-defined, according to other
lass preferred embodiments the size of the decimal mass or

mass to charge ratlo window may be altered in response to
experimental data or on the basis of another parameter.
According to an embodiment, for example, a first experimental
run may be performed wherein a decimal masg or mass to charge
ratio window having a first profile or slze asa a Tunction of
AM may be applied and then 1n a second subsequent experimental
run a decimal mass or mass to charge ratlo window having a
second different profile or size as a function of AM may be

applied.
According to an embodiment contrel software may select

or determine other parameters including the optimum
fragmentation collision energy appropriate for a selacted
precursor or parent lon.

An important advantage of the preferred embodiment is

that it enables more useful MS/M3 spectra to be acquired
within the limited timescale of a single LC-MS experiment,
This reduces the time taken to gat the required data. Another
important advantage of the preferred embodiment 1a that the
preferred method facilitates the detection of low level
metabolites that might otherwise be missed, 1f the
conventional approach were adopted, due to the prezence of a

large number of relatively intense endogenous mass paaks.
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With refarsnce to the example of Midazolem, Fig. 3 shows
a parent lon mags spectrum of the drug Midazolem as racorded
using a hybrid guadrupole Time of Flight mass apectrometer.
The measured mass to charge ratio for the major lzotope was
determined as being 326.0872 {(cf. a theoretical value of
326.0860). Fig. 4 =hows a parent ion mass sgpectrum of the
hydroxylated metabolite of Mldazolam as recorded using the
same hybrid quadrupole Time of Flight mass spectrometar. The
nmeasured mass to charge ratio for the major isotope was
determined as being 342.0822 (cf. a theorelbical value of
342.08098), From the experimental data, the difference in the

decimal part of the accurately determined mass to charge ratio
of the parant drug and the decimal part of the accurately

determined mass to charge ratio of the hydroxylated metabolite
was 0,0872-0.0822 = 0.0050 Da i.e. a mass deficiency of only 5

mbDa .
From the experimental data shown in Figs. 3 and 4 it

willl be appreciated that more generally, potential metabolites
of Midazolem including the hydroxylated metabolite of
Midazolem could be aesarched for, located and then be gelectad
for Ffurther consideration and analysis (preferably by MS-MS).
This can be achlieved by searching parent lon mass spectral
data for mass peaks which may have potentially quite differaent
absoluta mass to charge ratios but whereln the differance in
the decimal mass or mass to charge ratic of the parent drug
and the jion in question is, for example, less than 10 mDa.

The method according to the preferred embodiment

provides an effective way of baing able to detect efficiently
mass peaks llkely to be (or at least include) metabolites of

interest with no (or relatively few) lons relating to
endogsnous components also belng analysed. The preferred
method therefore advantageously effectively filters out or
removes from further consideration numerous erndogencus mass
peaks which would otherwise have been inciuded for
consideration according to the conventional technigues.

The preferred embodimant advantageously enables a mass
spectrometer to switch to record the fragment lon spectrum of
lona which are likely to relate to metdbolites of lnterest
within the time scales during which a typilcal liguid
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chromatography mass peak la observed without wasting tTime
analysing a large number of lon2 which turn out not to be
metabolites of Iinterest.

According to an embodiment an intelligent exact mass
deficiency algorithm may be used together with in zilico
metabolite pradiction to predetermine DDA experiments for
metabolism studies preferably using a hybrid quadrupole Time
of Flight mazs spectromater. |

One of the main problems when carrying out DDA (data
dependant experiments} is that a conslderable amount of time
may be spent performing DDA experiments on ion2 that turn out
not be of interest. As a result, important putatlve
metabolitaes can easily be missed.

According to an embodiment specific metabollites may he
pradicted in advance by computer and an appropriate exact
decimal mass or mass to charge ratio data fillter window may be
gat. According to the embodiment the metabolitea from a glwven
new chemical entity or a standard compound are therafore
prodicted and then searched for. Once the metabolites have
been predicted, an exact decimal masa window may be set so as
to only switch to perform a DDA experiment when ions having
decimal masses oy mass to charge ratios within the set decimal
mass or mas3a to charge ratio window (which may, for example,
have an upper and/or lower limit of 10-20 mDa) are obsexved as
being present.

According to an embodiment potentially unknown
metabolites may be discovered. A user may, for example,

selaect or set an exact decimal mass or mass o charge ratio

window to detect metabolites already predicted on the basls of
thely exact decimal mass or mass to charge ratio so that MS/MS

experiments maybs carriled out. In addition to this, an exact

mass deficlency based upon the exact mass or mass to charge
ratlo of the parant compound can be determined. This

particular data filter may be considered more spaclific than
the data filter according te the previously described

ambodiment =ince there may be casges where not all of the

metabolitas will be predicted. Theresfore, maetabolites which
are not predicted will be dstected 1n the DDA expariments with

an exact mass or mass to charge ratio data filter.
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An exact mass or masa to charge ratio deficiency filter
may operate in the following mode. An exact mass or mass o
charge ratio deficiency filter based upon the decimal places
of the mas= or mass to charge ratio of tha parent drug under
analysis may be used. According to this embodiment a post
processing filter may be used that allows the removal of
unexpected metabolite entries in a MetabolLiynx browser which do
not agree with user—~defined criteria., The use of this filtar
can dramatlcally reduce the number of false entries in an
unexpected metabolite table by filtering out the vast majority
of matrix-related entries which may share tha same nominal

mass as potential metabolites. This allows usexrs to use low

threshold values during data procesasing so that wery low
metabolite levels are ldentified without going thxough the
tedious task of manually excluding false positives. The
fllter is preferably an accurate and specific filter since it
is based on exact nmass and mass deficiencies which are
specific to each parent drug of interest.

Each parent drug ls comprissd of a specific number of
elemonts (G, H, N, © etc.). Depending upon the number of each
onae of the elements mentioned, the decimal mags or mass to
charge ratio of the drug will be very specific. For example,
with reference to Flg. 54, Verapamil contains the followlng
alements: C27 H38 N2 04. This equates to a monolisotopic
protonated mass of 455.2910 Da. If an alkyl group 1ls taken
away (N-dealkylation, a common metabolic route) and a
glucuronide is added, then the mass is shifted by precisely +
162.0164 Da. Tha metabolite therefore has a monoisotopic mass
of 617.3074 Da. The decimal mass difference between Veragpamdl
and its N-dealkylated metabolite corresponds with an exact
mass deflciency of 0.3074-0.2910 = 0,0164 DPa (16.4 mDa).
Therefore, if a decimal mass or mass to charge ratio window of
around 20 mDa were used then it would be possible to detact
its N-dealkylated glucuronldated metabolite. Prior knowledge
of the metabolites of Verapamil may not be necessary if some
or all of the following assumptions are made: (1) all
matabolites will have decimal masses or mass to charge ratlos
within 250 mbDa of the decimal mass or mass to charge ratio of

the corresponding parent; (ii) the metabolites of interest
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will, in general, have a decimal mass or mass to charge ratio
within 100 mDa of the parent if there are no major cleavages
leading to much smaller fragments (e.g. the largest phase II
biotransformation, glutathione conjugation, will lead to a
mass defect difference cof ©¢8 mDa compared to the parent drug);
and (iii) most metabolites will fall within a 180 mDa decimal
mass or mass to charge ratio window of the parent compound
aven if certain cleavages take place in the structure to yield

amaller fragment:s.
Figa. BA and 5B show a metabolite of Ketotifen,

Verapamil and Indinavir and include cleavage=s. The maximumn

decimal mass or mass to charge ratieo deficiency is in the case
of Indinavir (Fig. 5B) wherein the metabolite has a decimal

mass or mass to charge ratio which is 167.7 mDa different from
the decimal mass or mass to charge ratio of the parent
compound. Mass deficiency shifts are very specific for each

metabolite and parent drug.

The various embodiments of the present invention may be
implemented not only on hybrid quadrupole orthogonal Time of
Flight instruments asz according to the preferred embodiment,
but also using nominal mass instruments such as triple
quadrupoles, linear and 3D ion traps and exact mass
instruments such as MALDI/Quadrupole Time of Flight and FIMS.
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CLAIMS:

1. A method of mass spectrometry comprising:

analysing ions with a mass analyser;

searching mass data or a mass spectrum for ions having a decimal mass or
mass to charge ratio component that falls within a decimal mass or mass to charge ratio
window;

selecting ions of potential interest for further analysis by virtue of the fact that the
decimal mass or mass to charge ratio component of the ions falls within the decimal
mass or mass to charge ratio window, wherein a profile of the decimal mass or mass to
charge ratio window varies as a function of AM, wherein AM is the difference in an
accurate mass or mass to charge ratio between that of a first substance or ion and a
second substance or ion; and

providing an output based at least in part on said searching.

2. The method of claim 1, wherein the first substance or ion comprises or relates to

a pharmaceutical compound, drug or active component.

3. The method of claim 1 or 2, wherein the second substance or ion comprises or

relates to a metabolite or derivative of the first substance or ion.

4. The method of any one of claims 1-3, wherein selecting ions of potential interest
comprises filtering out, attenuating, removing, or reducing the significance of ions having
a decimal mass or mass to charge ratio component which falls outside of the decimal

mass or mass to charge ratio window.

S. The method of any one of claims 1-4, wherein the profile of the decimal mass or
mass to charge ratio window varies as a function of AM in a symmetrical or asymmetrical

manner.
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6. A method of mass spectrometry comprising:

analysing ions with a mass analyser;

searching mass data or a mass spectrum for ions having a decimal mass or
mass to charge ratio component that falls within a decimal mass or mass to charge ratio
window;

filtering out, removing, attenuating, or reducing the significance of ions having a
decimal mass or mass to charge ratio component which falls outside of the decimai
mass or mass to charge ratio window; wherein a profile of the decimal mass or mass to
charge ration window varies as a function of AM, wherein AM is the difference In the
accurate mass or mass to charge ratio between that of a first substance or ion and a
second substance or ion; and

providing an output based at least in part on said searching.

7. The method of claim 6, further comprising fragmenting ions having a decimal
mass or mass to charge ratio component falling within the decimal mass or mass to

charge ratio window.

8. The method of claim 7, further comprising mass analyzing the fragment product
ions to obtain a mass spectrum of the fragment product ions.

9. The method of claim 6, 7 or 8, wherein the first substance or ion comprises or

relates to a pharmaceutical compound, drug or active component.

10. The method of any one of claims 6-9, wherein the second substance or ion

comprises or relates to a metabolite or derivative of the first substance or ion.

11. The method of any one of claims 6-10, wherein the profile of the decimal mass or
mass to charge ratio window varies as a function of AM in a symmetrical or asymmetrical

manner.
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12. A method of mass spectrometry comprising:

analysing ions with a mass analyser;

obtaining a parent ion mass spectrum of a sample containing one or more
metabolites of interest;

searching for ions of potential interest by searching the parent ion mass
spectrum for mass peaks which meet a criteria that a decimal mass or mass to charge
ratio component of a corresponding ion is within a decimal mass or mass to charge ratio
window about a decimal mass or mass to charge ratio component of the parent ion;

selecting ions of potential interest for further analysis by virtue of the fact that the
respective decimal mass or mass to charge ratio components of the ions falls within the
decimal mass or mass to charge ratio window, wherein a size of the decimal mass or
mass to charge ratio window varies as a function of a difference in an accurate mass or
mass to charge ratio between that of the parent ion and ions being searched for; and

providing an output based at least in part on said searching.

13. The method of claim 12, wherein selecting the ions of potential interest for further
analysis comprises fragmenting the ions of potential interest to form fragment product

10ONS.

14. The method of claim 13, further comprising mass analyzing the fragment product

ions to obtain a mass spectrum of the fragment product ions.

19. The method of any one of claims 12-14, wherein seiecting ions of potential
interest comprises filtering out, attenuating, removing, or reducing the significance of
lons having a decimal part of an accurate mass or mass to charge ratio which falls

outside of the decimal mass or mass to charge ratio window.

16. The method of claim 12, wherein the ions of potential interest comprise one or

more metabolites of the parent ion.
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17. The method of any one of claims 12-16, wherein the profile of the decimal mass

or mass to charge ratio window varies in a symmetrical or asymmetrical manner.
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