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ratio of the parent pharmaceutical compound.
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MASS SPECTROMETER

The present invention relates to a mass spectrometer and

5 a method of mass spectrometry.

In drug metabolism studies metabolites of interest

cannot usually 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

10 bio—-availability.

At present in order to detect and identify metabolites

it is known to separate out the many different components

present in a complex biological matrix using liquid

chromatography (LC oxr HPLC). The mass or mass to charge ratio

15 of the components eluting from the liquid chromatograph is

then measured using mass spectrometry (MS).

It is usually necessary to make many measurements using

LC-MS (wherein parent lons eluting from a liguid chromatograph

are mass analysed) and LC-MS-MS (wherein specific parent ions

20 eluting from a liquid chromatograph are fragmented and the

fragment products are mass analysed) often 1n both positive

and negative ionisation modes. The exact accurate mass or

o

mass to charge ratio of the components eluting from the liqgquid

chromatograph is normally determined since thilis enables many

295 of the large number of endogenous peaks present 1n different

biological matrices such as bile, plasma, faeces and urine to

be discounted.

Tons which are determined as having a mass to charge

ratio which indicates that they may relate to a metabolite of

30 interest are then fragmented in a collision cell. The

resulting fragment products are then mass analysed enabling

-

the structure of each possible metabolite to be predicted.

The conventional approach i1is, however, relatively time

consuming since it is necessary to interrogate all of the mass

35 spectral data to look for potential metabolites of interest.

Tt is then necessary to arrange for all ions which are

considered likely to relate to metabolites of interest then to

be separately fragmented so that the structure of potential

metabolites of interest can then be determined.
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It will be appreciated that the process of searching

mass spectra relating to a complex mixture, identifying

potential ions which may relate to metabolites of interest,

selecting certain ions to be fragmented, fragmenting the ions

of interest and then mass analysing the fragment products can-

be relatively time consuming.

Within the pharmaceutical and biotechnology industries

it is particularly important to be able to analyse samples

quickly and accurately. This has led to automated methods

wherein the major peaks present in a mass spectrum are

automatically selected for analysis by MS/MS (wherein specific

parent ions are selected for fragmentation). This allows the

user to acquire parent ion mass spectra and several MS/MS

spectra from a single HPLC injection. It is known for to

automatically select most intense peaks (i.e. ions) in a

parent ilon mass spectrum for subsequent analysis by MS/MS.

Some conventional systems allow a few filters to be defined to

make this process slightly more efficient. For example, ions

having certain masses or mass to charge ratios may be entered

into a data system so that they are automatically excluded

from consideration. These masses or mass to charge ratios

may, for example, correspond to the masses or mass to charge

ratios of solvent peaks which are known to be present, or the

masses or mass to charge ratios of components which have

already been analysed.

An advantage of the conventional automated mode of data

acquisition is that a fair degree of data may be acquired from

a single HPLC injection. However, a disadvantage of the

conventional approach 1s that only those peaks which have an

intensity which exceeds a pre-defined intensity threshold are

normally selected for subsequent MS/MS analysis (i.e.

r—
p—

fragmentation analysis). Importantly, if a large number of

intense peaks are present or observed at any one particular

time, then some of these peaks may simply fail to be selected

for MS/MS analysis due to there being insufficient time to

record all the separate MS/MS spectra within the relatively

short duration of an observed chromatography peak.

Another particular problem with the conventional

approach 1is that since the mass or mass to charge ratios of
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potential metabolites is not generally known in advance, then
time can be wasted analysing a large number of peaks all or

many of which subsequently turn out

—
p—

to be of little or no

intferest. This can also mean that actual peaks of potential
interest which could have been analysed if only they had been
recognised fail to be analysed at all because the mass

spectrometer is busy analysing other 10Nns.

T+ is therefore desired to provide an improved method O:

mass spectrometry and in particular

C 1}

to improve upon the

current approach of searching for metabolites of interest.
Schmidt F et al: "Iterative data analysis is 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 943-950, XP004453138, ISSN: 1044-0305, discloses a
method of identifying proteins using the knowledge that the

.

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 peptlde mass

mapping®, Journal of Chromatography

B, vol. 782, 2002, pages

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

J—

peptides if their decimal masses fall outside of a
oredetermined band of decimal masses.

According to an aspect of the

present invention there 1s

provided a method of mass spectromelry as claimed in claim 1.

The step of searching for one

or ions preferably comprises searching solely on the basis O:

Or more second substances

—
P
——

fp—

the decimal mass or mass to charge ratio component of the one

or more second substances or ions and not on the basis o:
integer nominal mass or mass to charge ratio component o:

the
the

™

one or more second substances or 1ons.

The step of searching for one

Oor more second substances

or ions preferably comprises searching some or all second
substances or ions which have an integer nominal mass Or MmMass
to charge ratio component which is different from the first
integer nominal mass or mass to charge ratio component.

According to an embodiment Xx;

falls within a range

selected from the group consisting of: (i) < 1; (11} 1-57

(1ii) 5-10; (iv) 10-15; (v) 15-20;
(viii) 30-35; (ix) 35-40; (Xx) 40-45

(vi) 20-25; (vii) 25-30;

> (xi) 45-50; (xii) 50-55;
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(x111) 55-60; (xiv) 60-65; (xv) 65-70; (xvi) 70-75; (xvii) 75-
80; (xviii) 80-85; (xix) 85-90; (xx) 90-95; (xxi) 95-100; and

o
—

(xxii) > 100. Similarly, X, pre:

erably falls within a range

selected from the group consisting of: (i) < 1; (ii) 1-5;

(1ii) 5-10; (iv) 10-15; (v) 15-20; (vi) 20-25; (wvii) 25-30;
(viii) 30-35; (ix) 35-40; (x) 40-45; (xi) 45-50; (xii) 50-55;
(x1ii) 55-60; (xiv) 60-65; (xv) 65-70; (xvi) 70-75; (xvii) 75-
80; (xviii) 80-85; (xix) 85-90; (xx) 90-95; (xxi) 95-100; and
(xxii) > 100.

According to an embodiment the first substance or ion

comprilses or relates to a pharmaceutical compound, drug or

active component. Preferably, the one or more second

substances or ions comprilise or relate to one or more

g

metabolites or derivatives of the first substance or ion.

According to an embodiment the first substance or ion

comprises a biopolymer, protein, peptide, polypeptide,

oligionucleotide, oligilonucleoside, amino acid, carbohydrate,

sugar, lipid, fatty acid, vitamin, hormone ortion or
F

fragment of DNA, portion or fragment of c¢cDNA, portion or

fragment of RNA, portion or fragment of mRNA, portion or

s

fragment of tRNA, polyclonal antibody, monoclonal antibody,

ribonuclease, enzyme, metabolite, polysaccharide,

phosphorolated peptide, phosphorolated protein, glycopeptide,

glycoprotelin or steroid. Simililarly, according to an

embodiment the one or more second substance or 1lon comprises a

biopolymer, protein, peptide, polypeptide, oligionucleotide,

oligionucleoside, amino acid, carbohydrate, sugar, lipid,

g

fatty acid, wvitamin, hormone, portion or fragment of DNA,

portion or fragment of cDNA, portion or fragment of RNA,

portion or fragment of mRNA, portion or fragment of tRNA,

polyclonal antibody, monoclonal antibody, ribonuclease,

enzyme, metabolite, polysaccharide, phosphorolated peptide,
phosphorolated protein, glycopeptide, glycoprotein or steroid.

The sample to be analysed preferably comprises at least
2, 5, 10, 20, 30, 40, 50, 0, 70, 80, 90, 100, 200, 300, 400,
500, 600, 700, 800, 200, 1000, 1500, 2000, 2500, 3000, 3500,

4000, 4500, or 5000 components, molecules or analytes having

different identities or comprising different species.
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The step of

searching for one or more second substances

or ions comprises applying a decimal mass or mass to charge

The

ratio window to mass spectral da

decimal mass or mass to charge ratio window preferably

“a Or a mass spectrum.

filters

out, removes, attenuates or at least reduces the significance

—

charge ratio component which
or mass to charge ratio window.
The accurate or eXaclt mass

the first substance or 1o0n minus

mass to charge ratio of a second

and/or x, may vary as a function

For example, X-

manner.
AM in a symmetrical manner about
0’

the group consisting of: (1)
+ 10-15; (v) * 15-20; (v1)
30-35; (ix) * 35-40;
(x111i) + 55-60;
75-807
95-100;
Alternatively,

|-+

(xiv)} £ ©0-05;
(xviil) = 80-85;

> 100;

(xvii) =+

(xx1) + (xxX11)

and/or x. may vary as a function of

20-25;
40-45;

(XV) *

and
the value of

function of AM in an asymmetrical manner.

of second substances or ions having a decimal mass or mass tO

falls outside of the decimal mass

pr—
p—-
R—

or mass to charge ratio o:
the accurate or exaci mass 0L

substance or 1on has a valiue

The value of x

of AM Daltons or mass to charge ratio units. -

of AM in a symmetrical

pp—
p—

a value of AM szlected from

(ii) + 0-5; 5-10;

(111) * (1V)
(vii) + 25-30;
(x1) * 45-50;
65-70;
85-90;

< ~-100.

(viil) =
(x11i}) = 50-557
70-175;
20-957;

(xv1i) =
(X1x) =+ (xx) =

(xx11i1i)

x- and/or X, may vary as a
1f M;cwer

Preferably,

< AM and/or AM < M,... then x- and/or x; has a substantially

constant value. Preferably,

e

then x- and/or x. has a substanti

1

functicon of AM. If M-

WNST

O

X2

According to an

function of AM.

range of AM values,

if M-.... > AM and/or AM > M. ce-

— Y

ally non-constant value as a

> AM and/or AM > M.,..- then x- and/or

preferably varies in a substantially linear manner as a

embodiment over at least a

x, and/or x, preferably 1ncreases Or

decreases at a rate of y%*AM, wherein y 1is selected from the
group consisting of: (i) < 0.01; (i1) 0.01-0.02; (111) 0.02-
0.03; (iv) 0.03-0.04; (v) 0.04-0.05; (v1i) 0.05-0.06; (wvii1i)
0.06-0.07; (ix) 0.07-0.08; (x) 0.08-0.09; (xi) 0.09-0.10;

(xii) 0.10-0.11; (xiii) 0.11-0.12; (xiv) 0.12-0.13; (xv) 0.13-
0.14; (xvi) 0.14-0.15; (xvii) 0.15-0.16; (xviii) 0.16-0.17;
(xix) 0.17-0.18; (xx) 0.18-0.19; (xx1) 0.19-0.20; and (xxil) >

0.20.
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According to an embodiment if Mg, > AM and/or AM > Myper

then x; and/or x, varies in a substantially curved, stepped or

non—-linear manner as a function of AM.

Preferably, Myper 18 & value in Daltons or mass to charge

ratio units and falls within a range selected from the group
consisting of: (i) < 1; (ii) 1-5; (iii) 5-10; (iv) 10-15; (v)
15-20; (vi) 20-25; (wvii) 25-30; (viii) 30~35; (ix) 35-40; (x)
40-45; (x1) 45-50; (xii) 50-55; (xiii) 55-60; (xiv) 60-65;
(xv) 65-70; (xvi) 70-75; (xvii) 75-80; (xviii) 80-85; (xix)

85-90; (xx) 90-95; (xxi) 95-100; and' (xxii) > 100. Similarly,

Miower 15 preferably a value in Daltons or mass to charge ratio

units and falls within a range selected from the group
consisting of: (i) < -100; (ii) -100 to =-95; (iii) =95 to -90;
(1v) =90 to -85; (v) -85 to -80; (vi) =80 to =-75; (vii) -75 to
-70; (viii) -70 to -65; (ix) -65 to -60; (x) -60 to -55; (xi)
-55 to -50; (xi1i) -50 to —-45; (xiii) -45 to -40; (xiv) —-40 to
~35; (xv) =35 to -30; (xvi) -30 to -25; (xvii) =25 to -20;
(xviii) -20 to -15; (xix) -15 to -10; (xx) -10 to -5; (xxi) -5

to ~1; and (xxii) > -1.

According to an embodiment the method further comprises

selecting for further analysis one or more second substances

or ions which have a decimal mass or mass to charge ratio

component which is between 0 to %x; mDa or milli-mass to charge

ratio units greater than the first decimal mass or mass to

charge ratio component and/or between 0 to X, mDa or milli-

mass to charge ratlio units lesser than the first decimal mass

or mass to charge ratio component. Preferably, the step of

selecting for further analysis comprises fragmenting the one

or more second substances or ions.

pr—

The step of selecting for further analysis preferably

comprlses onwardly transmitting one or more second substances

or ions which have a decimal mass or mass to charge ratio

component which 1s between 0 to x; mDa or milli-mass to charge

ratio units greater than the first decimal mass or mass to

charge ratio component and/or between 0 to x, mDa or milli-

mass to charge ratio units lesser than the first decimal mass

or mass to charge ratio component to a collision or

fragmentation cell. According to an embodiment the method

further comprises mass analysing the fragment products or ions
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which result from fragmenting the one or more second

substances or ions.

According to an embodiment the method

further comprises

separating components, analytes or molecules in a sample to be

analysed by means of a separation process.

Preferably, the

separation process comprises liquid chromatography. According

to an embodiment the separation process may

Performance Liquid Chromatography ("HPLC");

comprise: (1) High

(11i) anion

exchange; (111) anion exchange chromatography; (iv) cation

eXchange; (v) catilion exchange chromatography; (vi) ion pair

reversed-phase chromatography; (vii) chromatography; (viii)

single dimensional electrophoresis; (ix) multi-dimensional

electrophoresis; (x) size exclusion; (xi) affinity; (xii)

reverse phase chromatography; (xiii) Capills

ry Electrophoresis

Chromatography ("CEC"); (xiv) electrophoresis; (xv) ion

mobillty separation; (xvi) Field Asymmetric

Separatlion or Spectrometry ("FAIMS"); (xvii)

electrophoresis; (xviii) gas chromatography;

supercritical fluid chromatography.

Ton Mobility
caplllary

and (xix)

According to an embodiment the method preferably further

comprises lionising components, analytes or molecules in a

sample to be analysed. The ion source may comprise a pulsed

lon source or a continuous ion source. According to an

empbodiment the ilon source may be selected from the group

consisting of: (i) an Electrospray ionisation ("ESI") ion

source; (11) an Atmospheric Pressure Photo Ionisation ("APPI"™)

ion source; (iii) an Atmospheric Pressure Chemical Ionisation

("APCI") 1lon source; (iv) a Matrix Assisted

Laser Desorption

Tonisation ("MALDI") ion source; (v) a Laser Desorption

Ionisation ("LDI") ion source; (vi) an Atmospherid'Pressure

Ionisation ("API") ion source; (vii) a Desorption Ionisation
(

on Silicon

"DIOS") ion source; (viii) an Electron Impact

("EI") 1on source; (ix) a Chemical Ionisation ("CI") ion

source; (x) a Field Ionisation ("FI") ion source; (xi) a Field

Desorption ("FD") ion source; (xii) an Inductively Coupled

Plasma ("ICP") i1on source; (xiil) a Fast Atom Bombardment

("FAB") ion source; (xiv) a Liquid Secondary Ion Mass

Spectrometry ("LSIMS") i1on source; (xv) a Desorption
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Nickel-63 radioactive ion source.

According to an embodiment the method further comprises

mass analysing the first substance or ion and/or the one or

more second substances or lons and/or fragment products or

lons using a mass analyser. The mass analyser preferably

comprises a quadrupole mass analyser. According to other

embodiments the mass analyser may comprise a mass analyser

selected from the group consisting of: (i) a Fourier Transform

("FT") mass analyser; (ii) a Fourier Transform Ion Cyclotron

Resonance ("FTICR") mass analyser; (iii) a Time of Flight

("TOF") mass analyser; (iv) an orthogonal acceleration Time of

Flight ("oaTOF") mass analyser; (v) an axial acceleration Time

of Flight mass analyser; (vi) a magnetic sector mass

spectrometer; (vii) a Paul or 3D quadrupole mass analyser;

(viii) a 2D or linear quadrupole mass analyser; (ix) a Penning

trap mass analyser; (x) an ion trap mass analyser; (xi) a

Fourier Transform orbitrap; (xili) an electrostatic Ion

Cyclotron Resonance mass spectrometer; and (xiii) an

electrostatic Fourier Transform mass spectrometer.

The exact or accurate mass or mass to charge ratio of

the first substance or ion and/or the one or more second

substances or ions is preferably determined to within 20 ppm,
19 ppm, 18 ppm, 17 ppm, 16 ppm, 15 ppm, 14 ppm, 13 ppm, 12
ppm, 11 ppm, 10 ppm, 3 ppm, 8 ppm, 7 ppm, 6 ppm, 5 ppm, 4 ppmn,
3 ppm, 2 ppm, 1 ppm or < 1 ppm.

The exact or accurate mass or mass to charge ratio of

the first substance or ion and/or the one or more second

p—

substances or ions 1is preferably determined to within 0.01

mass units, 0.009 mass units, 0.008 mass units, 0.007 mass

units, 0.006 mass units, 0.005 mass units, 0.004 mass units,

0.003 mass units, 0.002 mass units, 0.001 mass units or <

0.001 mass units.

The sample which 1s analysed according to the preferred

embodiment is preferably taken from a diseased organism, a

non-diseased organism, a treated organism, a non-treated

organism, a mutant organism or a wild type organism.
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F'

further

According to an embodiment the method preferably

comprises identifying or determining the composition of one Or

more of the second substances or 10ns.

According to an embodiment the method further COmprises
quantifying or determinlng the intensity, concentratlion oOr
expression level of the first substance oOr ions. Preferably,

the method further comprises quantifying or determining the

'

intensity, concentration or expression level of one or more OL

+he second substances or 10nS.

The method preferably further comprises determining Or

quantifying the relative intensity, concentration or

first substances or

(D

expression level of one or more of th
Further comprises determining Or

| SR

jons. Preferably, the method

quantifying the relative intensity, concentration Or

expression level of one or more ol the second substances oOr

10nNns.

According to an aspect of the present invention there 1S

provided a method of mass spectrometry as claimed in claim 41.

Preferably, x falls within a range selected from the

. (1) < 1; (ii) 1-5; (iii) 5-10; (iv) 10-

group consisting o:
15; (v) 15-20; (vi) 20-25; (vii) 25-30; (viii) 30-35; (1x) 35-
xii) 50-55; (xiii) 55-60; (x1iv)

40; (x) 40-45; (xi) 45-50;
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60-65; (xv) 65-70; (xvi) 70-75; (xXvii) 75-80; (xviii) 80-83;
(xix) 85-90; (xx) 90-95; (xx1) 95-100; and (xxii} > 100.

According to an aspect of the present invention there 1s

provided a mass spectrometer as claimed in ciaim 44.

5 bccording to the preferred embodiment x fails within a
range selected from the group consisting of: (i) < 1; (11i) 1L-
5. (iiiy 5-10; (iv) 10-15; (v) 15-20; (vi) 20-25; (vii) 25-30;
(viii) 30-35; (ix) 35-40; (x) 40-45; (x1) 45-50; (x11) 50-55;
(xiii) 55-60; (xiv) 60-65; (xv) 65-70; (xvi) 70-75; (xvii) /15—

10 30: (xviii) 80-85; (xix) 85-90; (xx} 90-95; (xxi) 95-100; and

(xx11) > 100.

According to an aspect of the present invention there 1S

provided a mass spectrometer as claimed in claim 43.

15
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According to an aspect of the present invention there 1is

provided a method of mass spectrometry comprlsing:
applying a decimal mass or mass to charge ratio window

to mass spectral data or a mass spectrumy,

determining ions having a decimal mass or mass to charge

o)

ratio which falls within the decimal mass or mass to charge
ratic window;

fragmenting at least some of the ions which have a
decimal mass or mass to charge ratio which falls within the

10 decimal mass or mass to charge ratio window to produce a

plurality of fragment ions; and

N

mass analysing at least some of the plurality orf

fragment 1ons;
wvherein the decimal mass or mass to charge ratio window

15 has a profile which varies as a function of AM, wherein AM 1S

the difference in mass or mass to charge ratlo



CA 02570174 2012-09-05

- 172 -

between a first substance or ion and a second substance or

101.

The first substance or ion preferably comprises a

pharmaceutical compound and the second substance or 10n

P

@ comprises a metabolite of the first substance or 10m.

St

~

According to an aspect of the present invention there 1s

provided a mass spectrometer as claimed in claim 48.

fr—

According to an aspect of the present invention there

is provided az method of mass spectrometry as claimed in claim

10 19.

Preferably, X 1s selected from the group consisting ot:

(i) 1; (iiy 2; (1iii) 3; (1iv) 4; (v) O7 (vi) ©; {(vii) 7; (viii)
3:; (ix) 9; (x) 10; (xi) 11, (xii) 12; (xiii) 13; (xiv) 14&;
o

(xv; 15; (xvi) 1 'xvii) 17; (xviii) 18; (xix) 19; (xx)} 20;

|—...\
(J7

(xxi) 21; (xxii) 22; (xxiii) 23; (xXx1iv) 24; (xxv) 25; (xxvi)

26: (xxvii) 27; (xxviii) 28; (xx1ix) 29; (XXX) 30; (xxxi) 31;

(xxxii) 32; (xxxiii) 33; (xxxiv) 34; (XXxV) 35; (xxxvi) 36;
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(xxxvii) 37; (xxxviii) 38; (xxxix)} 39; (x1) 40C; and (xl1i) >

40'

According to an aspect of the present invention there 1S

provided a mass spectrometer as claimed in claim 51.

Preferably, x 1is selected from the group consisting of:

(J7

(1Y 1 (ii)y 2; (iiiy 3; (iv) 4; (v) 37 (vi) 6; (vii) 7; (vii1l)
8. (ix) 9; (x) 10; (xi) 11; (x1i1) 127 (x1ii) 13, (xiv) 14;
(xv} 15; (xvi) 16; (xvii) 7: (xviii) 18; (xix) 19; (xx) 20;
xxi) 21; (xxiil) 22; {(xxiil) 23; (xx1v) 24; (xxv) 25; (xxvi)
10 26: (xxvii) 27; (xxviii} 28; [(xxix) 29; (xxx) 30; (xxx1) 31;

(xxx1i) 32; (xxxiii) 33; (xxxiv) 34; (XXxXV) 35; (xxxvi) 36;

(xxxvii) 37; (xxxviii) 38; {(xxxix) 39; (xl) 407 and (x1l1i) >

40 .

An advantage of the preferred embodiment 1is that

15 potentially only drug related metabolite peaks are selected

for subsequent analysis by MS/MS and that all or at least a

o
—

majority of the endogenous peaks are effectively ignored from

further consideration. The preferred embodiment therefore

significantly improves the process of searching for and mass

p—
—

20 analysing ions relating to metabolites of interest. The

preferred embodiment also enables metabolites of i1nterest toO

be selected for further analysis by, for example, fragmenting

them within the inherent short timescales of liquid

chromatography.

25 The preferred embodiment, in effect, filters out or

substantially removes from consideration a number of possible

precursor ions for subsequent analysis Dby MS/MS 1in drug
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metabolism studies by selecting only those ions which have a

mass or mass to charge ratlio wherein the 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.

Various embodiments of the present invention will now be

described, by way of example only, and with reference to the

accompanying drawings in which:

F1g. 1 shows the structure and exact mass of a parent

drug called Midazolam and the structure and exact mass of a

hydroxylated metabolite of Midazolam;

Fig. 2 indicates the upper and lower limits of a decimal

mass or mass to charge ratio window according to the preferred

embodlment which is applied to the decimal mass or mass to

—

charge ratio value of ions when searching mass spectral data

or a mass spectrum for metabolites of a parent drug;

Fig. 3 shows a parent ion mass spectrum of Midazolam;

Fig. 4 shows a parent ilon mass spectrum of a

hydroxylated metabolite of Midazolam; and

Fig. DA shows the structure and exact masses of

Ketotifen and Verapamil and the structure and exact masses of

a metabolite of Ketotifen and Verapamil, and Fig. 5B shows the

structure and exact mass of Indinavir and the structure and

exact mass of a metabolite of Indinavir.

In metabolism studies the elemental composition of a

parent drug 1s 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 metabolite which may be

recognised (and hence selected for further analysis) according

to the preferred embodiment is shown in Fig. 1. Fig. 1 shows

the elemental composition of a parent drug called Midazolam

(C18 H13 Cl F N3) which has a monoisotopic protonated mass of

326.0860 Da. A common metabollc route for the drug is the

addition of oxygen. Accordingly, if an oxygen is added to

Midazolem then the mass will be increased by +15.9949 Da so

that the monoisotopic mass of the new compound (i.e. the

hydroxylated metabolite of Midazolem) will be 342.0809 Da.



CA 02570174 2006-12-12
WO 2006/003429 PCT/GB2005/002610

_15....

)

The structure of the hydroxylated metabolite o:

Midazolem is also shown in Fig 1. It is to be noted that the

difference in the decimal part of the accurate mass of the

parent drug Midazolem and its hydroxylated metabolite is only
5 0.0860-0.0809 = 0.0051 Da (i.e. a mass deficiency of only 5.1

mDa). It is apparent therefore that there is only a very

small difference in the decimal mass component of the parent

drug and the corresponding metabolite even though the total or

absolute mass of the parent and metabolite differ by nearly 16
10 Da.

In mass spectrometry an lon may be assigned either an

integer nominal mass or mass to charge ratio (e.g. 326 in the

case of Midazolam) or an accurate or exact mass or mass to

charge ratio (e.g. 326.0860 in the case of Midazolam).

15  Accurate or exact masses or mass to charge ratios can be

considered as comprising an integer component or value and a

decimal component or wvalue. This largely stems from the fact

that all the elements (with the exception of Carbon) have

approximately but not exactly integer masses. In the

20 international scale for atomic masses the most abundant

isotope of carbon is assigned an exact atomic mass of 12.0000

Dalton (Da). On this scale, the accurate atomic masses of the

most abundant isotopes of the most abundant elements in

biological systems are Hydrogen (H) 1.0078 Da, Nitrogen (N)
25 14.0031 Da and Oxygen (0) 15.9949 Da.

Accurate or exact (1.e. non—-integer) masses or mass to

charge ratios can be represented as an integer nominal mass or

mass to charge ratio value or component together with a

corresponding mass sufficiency or deficiency wvalue or

30 component. The mass sufficiency or deficiency may be

consldered to represent the deviation from an integer wvalue

and may be expressed in milli-dalton (mDa). For example,

Hydrogen (H) can be expressed as having an integer nominal

p—

mass of 1 and a mass sufficiency of 7.8 mDa, Nitrogen (N) can

35 be expressed as having an integer nominal mass of 14 and a

mass sufficiency of 3.1 mDa and Oxygen (O) can be expressed as

having an integer nominal mass of 16 and a mass deficiency of

5.1 mbha.
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In a similar manner, the mass or mass to charge ratio o:

t 1)

an lion of an organic molecule can be assigned an integer

nominal mass or mass to charge ratio together with a

corresponding mass sufficiency or deficiency from that integer

5 value.

When considering the mass or mass to charge ratio of

1ons or compounds according to the preferred embodiment, the

method of ionisation i1s also preferably taken into

conslderation as this allows the ionic elemental composition

10 to be determined and hence also the ionic mass or mass to

charge ratio to be calculated. For example, if a solution is

ionlised by Electrospray ionisation then the analyte molecules

may be protonated to form positively charged ions.

From knowledge of the theoretical accurate mass or mass

15 to charge ratio of these ilons it is possible, according to the

preferred embodiment, to make certain predictions concerning

the accurate mass or mass to charge ratio of possible or

potential metabolites of interest. This in turn allows a

better prediction of peaks that are likely to be metabolites

20 of interest and thus potential metabolites can be searched

for, recognised and then passed or selected for further

analysis such as structural analysis by MS/MS.

p— |

Metabolites are the result of bio-transformations to =z

parent drug. An aspect of the preferred embodiment is the

25 recognition and exploitation of the fact that the mass

pr—
el

sufficlency or mass deficiency of a potential metabolite of

interest will be substantially similar to the mass sufficiency
or mass deficiency of the corresponding parent drug.

An aspect of the preferred embodiment is the recognition

30 that the potential similarity between the mass sufficiency or

o

mass deficiency of the parent ion and potential metabolites

can be used to search more strategically for potential

p—

metabolites of interest. In particular, the preferred

embodiment searches for metabolites on the basis that the

35 decimal part of the accurate or exact mass or mass to charge

ratio of a parent drug will be substantially similar to the

p——

decimal part of the accurate or exact mass or mass to charge

ratio of a metabolite of the parent drug.
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According to the preferred embodiment the decimal part

the accurate mass or mass to charge ratio of a precursor

rent drug is calculated. A decimal mass or mass to

tio window is then preferably set about the precise

rge ratio of the parent drug.

.According'to the preferred embodiment an upper limit and a

lower limit to the decimal mass window may be set. However,

according to other embodiments only an upper limit or only a

lower limit to the decimal mass window may be set. According

to an embodiment the upper and lower limits may have the same

magnlitude or width, or alternatively the upper and lower

limits may di:

parent ion mass spectrum of

According to

Cfer 1n magnitude or width.

a preferred embodiment a precursor or

a sample believed to contain one

or more metabolites of interest is preferably obtained. The

parent ion mass spectrum is then preferably automatically

SCc

rched for some

or all mass 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 1lon.

mets

Accordlng

to the preferred embodiment ions

of potential interest (which preferably relate to one or more

bolites of the parent compound) are recognised, identified

or otherwise selected for further analysis by virtue of the

is

determined as f=c

fact that the decimal mass or mass to charge ratio of the ion

1ling within a relatively narrow band or

range of masses or mass to charge ratios about the decimal

mass or mass to charge ratio of the parent compound or ion.

The characteristics of the decimal mass or mass to

charge ratio window which is preferably used in the process of

SEeC

rching for metsz

pr—

bolites o:

more dets

charge rs=

the preferred embodiment.

- interest will now be described in

11 with reference to Fig. 2.

Fig. 2 indicates the width of a decimal mass or mass to

tio window which may be used or applied according to

The width of the decimal mass or

mass to charge ratio window (in mDa) is shown as a function of

the difference in the absolute mass (in Da) or mass to charge

ratio between that of the parent ion or compound and ions or

compounds being searched for which may include metabolite ions
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or compounds. The difference 1n absolute mass or mass to

charge ratio between the parent compound or ion and the ions

or compounds being searched for, which may include metabolite

ions or compounds of jinterest, may be referred to as AM.

Similarly, the upper and lower limits of the decimal mass or

mass to charge ratio window may be referred to as having a

value om.

By way of example, 1f the absolute difference in mass or

mass to charge ratio between the parent ion and a potential

ion of interest is 10 Da then according to the embodiment

shown in Fig. 2 a decimal mass or mass to charge ratio window

having an upper limit + 20 mDa greater than the precise

decimal mass or mass to charge ratio of the parent ion and a

lower limit 20 mDa below the precise decimal mass or mass to

charge ratio of the parent ion may be set.

According to the preferred embodiment, the upper and

lower limits of the decimal mass or.mass to charge ratio

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

mass or mass to charge ratlo of the parent ion to that of a

possible metabolite jion. Therefore, as also shown in Fig. 2,

1f the absolute difference in mass or mass to charge ratio

between the parent ion and a potential ion of interest is say

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 ratio window are asymmetric.

According to the particular embodiment shown in Fig. 2 the

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

mDa greater than the precilise decimal mass or mass to charge

ratio of the parent ion and a lower limit only 50 mDa lesser

than the precise decimal mass or mass to charge ratio of the

parent ion.

In general terms and as shown 1n Flg. 2, when the

difference AM in mass or mass to charge ratio between the

parent ion or compound and the metabolite ion or compound of

interest is relatively small (e.g. * 0-30 Da) then the size of
the upper and lower limits of the decimal mass or mass to
charge ratio window according to the preferred embodiment may
also be relatively small (e.g. in the region of 20-30 mDa).

However, as the absolute difference AM in the mass or mass to
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charge ratio between the paient ion or compound and a possible

metabolite ion or compound of interest increases, then so the

size of the upper and lower limits of the decimal mass or mass

to charge ratio window also preferably increases.

According to the embodiment shown in Fig. 2, when

searching for metabolites of interest wherein the mass or mass

to charge ratio difference AM (i.e. the mass or mass to charge

ratio of the parent ion or compound minus the mass or mass to

charge ratio of the metabolite ion or compound) is in the

range —40 to 20 Da, then the upper limit of the decimal mass

or mass to charge ratio window is preferably set to a constant

value of 20 mDa. If the mass or mass to charge ratio

difference between the parent ion or compound and the

metabolite i1on or compound of interest is > 20 Da, then the

upper limit of the decimal mass or mass to charge ratio window

preferably lncreases at a rate of +0.09% times AM above 20 Da

(L.e. when AM 1s +100, then the upper limit of the decimal

mass window or mass to charge ratio is‘pfeferably set at 20

mbDa + 0.09%* (100 Da - 20 Da) = 20 mDa + 0.072 Da = 92 mDa).

Lf the mass or mass to charge ratio difference between the

parent lon or compound and the metabolite ion or compound of

interest 1s < -40 Da, then the upper limit of the decimal mass

or mass to charge ratio window preferably increases at a

lesser rate of 0.05% times AM below —-40 Da (i.e. when AM is -

100, then the upper 1limit of the decimal mass or mass to

charge ratio window 1s set at 20 mDa + 0.05%* (100 Da - 40 Da)
= 20 mDa + 0.030 Da = 50 mbDa).

Similarly, when searching for metabolites of interest

wherein the mass or mass to charge ratio difference AM between
the parent lon or compound and the metabolite ion or compound

1s i1n the range -20 to 40 Da, then the lower limit of the

decimal mass or mass to charge ratio window is preferably set

g

to a constant value of - 20 mDa. If the mass or mass to

charge ratio difference between the parent ion or compound and

the metabolite ion or compound of interest is > 40 Da, then

p—me

the lower limit of the decimal mass or mass to charge ratio

window preferably increases negatively at a rate of -0.05%

times AM above 40 Da (i1.e. when AM i1s 4100, then the lower

limit of the decimal mass or mass to charge ratio window is
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preferably set at - 20 mDa - 0.05%* (100 Da - 40 Da) = - 20 mDa
= 0.030 Da = - 50 mbDa). If the mass or mass to charge ratio

difference between the parent ion or compound and the

metabolite ion or compound of interest is < -20 Da, then the

5 lower limit of the decimal mass or mass to charge ratio window

preferably ilncreases negatively at a rate of -0.09% times AM

below —-20 Da (i.e. when AM is =100, then the lower limit of

the decilmal mass or mass to charge ratio window is set at - 20

mba - 0.09%* (100 Da - 20 Da) = - 20 mDa - 0.072 Da = —-92 mDa).

10 It will be appreciated that each different parent drug

will have a specilfic known mass or mass to charge ratio. The

approach according to the preferred embodiment assumes that

metabolites of the parent drug will have a similar structure

to that of the parent drug and that the decimal part of the

15 accurate mass or mass to charge ratio of each metabolite will

be similar to the decimal part of the accurate mass or mass to

charge ratio of the parent drug.

Ions which according to the preferred embodiment are

determined as having an accurate mass or mass to charge ratio

20 with a decimal part which falls within the decimal mass or

mass to charge ratio window as determined by the preferred

embodiment are then preferably selected for further analysis

by, for example, MS/MS. For example, a mass filter such as a

quadrupole mass filter may be used to select specific ions

25 which are consildered to be potentially metabolite ions of

interest having a specific mass to charge ratio to be onwardly

transmitted to a collision or fragmentation cell. The ions

are then fragmented within the collision or fragmentation cell

and the resulting fragment product ions are mass analysed.

30 The preferred embodiment enables a large number of

endogenous 1on peaks that would otherwise have been selected

=
—

for analysis by MS/MS according to the conventional approach

to be automatically eliminated from consideration. This is

particularly advantageous and as a result the preferred

35 embodiment relates to a significantly improved method of
recognising potential metabolites.
The 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-MS and/or LC-MS-MS experiments. The value

or size of the decimal mass or mass to charge ratio window may

be set to accommodate the mass errors likely to occur during

an experimental run. The value or size may also be set

according to the elemental composition of the parent drug.

For example, 1f the parent drug does not contain elements

other than carbon, hydrogen, nitrogen, oxygen and fluorine,

then the upper and/or lower limits of the decimal mass or mass

to charge ratio window may be set to a lower (smaller) value

than i1f the parent drug contalns any or all of the elements

phosphorous, sulphur and chlorine. This is because

phosphorous, sulphur and chlorine all have larger mass

deficiencies than carbon, hydrogen, nitrogen, oxygen and

fluorine.

The greater the mass or mass to charge ratio 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-transformation. Accordingly, if several atoms are

considered to be involved in the bio—-transformation then

greater allowance should preferably be made for the change in

the decimal part of the accurate mass or mass to charge ratio.

In other words, as the difference in the absolute mass or mass

to charge ratio between that of parent drug and of the

metabolite increases, then preferably the width or size 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

ratio window should also 1ncrease since the metabolite is

likely to have a greater mass defiliclency or sufficiency.

According to the preferred embodiment allowance may be

made for the fact that the maximum change 1n mass sufficiency

that may have occurred in the bio-transformation may be

different to the maximum change in mass deflciency which may
have occurred. Accordingly, an asymmetric decimal mass or

mass to charge ratio window may be used similar, for example,

to the asymmetric decimal mass or mass to charge ratio window

shown and described in relatlon to the embodiment depicted in

Fig. 2.

According to other less preferred embodiments a simple

symmetrical decimal mass or mass to charge ratio window may be
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used. For example, for mass or mass to charge ratio

differences AM between that of parent drug and ions of

pr——

interest of up to * 20 Da, a decimal mass or mass to charge

ratlo window having upper and lower limits of + 20 mDa may be

—

O used. If the mass or mass to charge ratio difference between

that of the parent drug and the ions of interest is < -20 Da

or > 20 Da then the upper and lower limits of the decimal mass

or mass to charge ratlio window may increase at a rate of 0.1%

for mass or mass to charge ratio differences < —-20 Da or > 20
10 Da.

In the general case, the decimal mass or mass to charge

ratio window may have multiple values of decimal mass or mass

-

to charge ratio difference &m for a mass or mass to charge

ratio difference AM between that of the parent drug ions of

15 interest. The values of 8m and AM may preferably be defined

independently for each polarity of dm and AM.

According Cto the preferred embodiment, the mass

spectrometer is preferably capable of recording parent ion

mass spectra and fragment ion mass spectra from selected

20 precursor or parent ions that are induced to fragment. The

mass spectrometer may, for example, comprise a magnetic

sector, a Time of Flight, an orthogonal Time of Flight, a

quadrupole mass filter, a 3D quadrupole ion trap, a linear

quadrupole lon trap or an FT-ICR mass analyser, or any

25 comblnation thereof.

According to a particularly preferred embodiment, the

mass spectrometer may comprise either a magnetic sector, a

Time of Flight, an orthogonal Time of Flight or an FT-ICR mass

analyser.

30 The mass spectrometer may according to an embodiment be

gy
ad

ault to the acquisition of full parent ion mass

p—
Pt
—

arranged to de:

spectra unless and until a mass peak is detected wherein the

decimal part of the accurate mass or mass to charge ratio of

the detected 1on falls within a preferably pre-defined decimal

350 mass or mass to charge ratio window. Once such a mass peak is

detected then the mass spectrometer and related control

software may then preferably switch the instrument so that

parent lons having a specific decimal mass or mass to charge

ratio or interest are selected and transmitted by a mass



CA 02570174 2006-12-12

WO 2006/003429 PCT/GB2005/002610

10

15

20

25

30

39

....23_.

filter whilst other ions having decimal masses or mass to

charge ratios falling outside the decimal mass or mass to

charge ratio window are preferably substantially attenuated or

lost to the system. Selected parent ions of interest are then

preferably passed to a fragmentation or collision cell which

preferably comprises an lon guide and a collision gas

maintained at a pressure preferably > 10 mbar. The ions are

preferably accelerated into the collision or fragmentation

cell at energles such that upon colliding with the collision

gas present in the collision or fragmentation cell, the ions

are preferably caused to fragment into fragment product ions.

The fragment product ions are then preferably mass analysed

and a full mass spectrum of the fragment product ions is then

preferably obtained.

Although the size of the decimal mass or mass to charge

ratio window 1is preferably pre-defined, according to other

less preferred embodiments the size of the decimal mass or

mass to charge ratio 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 mass or mass to charge

ratio window having a first profile or size as a function of

AM may be applied and then in a second subsequent experimental

run a decimal mass or mass to charge ratio window having a

second different profile or size as a function of AM may be

applied.

According to an embodiment control software may select

or determine other parameters including the optimum

fragmentation collision energy appropriate for a selected

precursor or parent ion.

An important advantage of the preferred embodiment is

that 1t enables more useful MS/MS spectra to be acquired

within the limited timescale of a single LC-MS experiment.

This reduces the time taken to get the required data. Another

important advantage of the preferred embodiment is that the

puing

preferred method facilitates the detection of low level

metabolites that might otherwise be missed, if the

conventional approach were adopted, due to the presence of a

large number of relatively intense endogenous mass peaks.
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With reference to the example of Midazolem, Fig. 3 shows

g

a parent ion mass spectrum of the drug Midazolem as recorded

using a hybrid quadrupole Time of Flight mass spectrometer.

The measured mass to charge ratio for the major isotope was

SO determined as being 326.0872 (cf. a theoretical value of

326.0860). Fig. 4 shows a parent ion mass spectrum of the

hydroxylated metabolite of Midazolam as recorded using the

same hybrid quadrupole Time of Flight mass spectrometer. The

measured mass to charge ratio for the major isotope was

10 determined as being 342.0822 (cf. a theoretical value of

342.0809). From the experimental data, the difference in the

decimal part of the accurately determined mass to charge ratio

p—

of the parent drug and the decimal part of the accurately

g

determined mass to charge ratio of the hydroxylated metabolite

15 was 0.0872-0.0822 = 0.0050 Da i.e. a mass deficiency of only 5

mDa.

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

will be appreciated that more generally, potential metabolites

of Midazolem including the hydroxylated metabolite of

20 Midazolem could be searched for, located and then be selected

for further consideration and analysis (preferably by MS-MS).

This can be achieved by searching parent ion mass spectral

data for mass peaks which may have potentially quite different

absolute mass to charge ratios but wherein the difference in

25 the decimal mass or mass to charge ratio of the parent drug

and the ion in question is, for example, less than 10 mDa.

The method according to the preferred embodiment

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

30 interest with no (or relatively few) ions relating to

endogenous components also being analysed. The preferred

method therefore advantageously effectively filters out or
removes from further consideration numerous endogenous mass

peaks which would otherwise have been included for

35 consideration according to the conventional techniques.

The preferred embodiment advantageously enables a mass

spectrometer to switch to record the fragment ion spectrum of

ions which are likely to relate to metabolites of interest

within the time scales during which a typical liquid
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chromatography mass peak is observed without wasting time

analysing a large number of ions which turn out not to be
metabolites of interest.

According to an embodiment an intelligent exact mass

5 deficiency algorithm may be used together with in silico

metabolite prediction to predetermine DDA experiments for

metabolism studies preferably using a hybrid quadrupole Time

of Flight mass spectrometer.

One of the main problems when carrying out DDA (data

10 dependant experiments) 1s that a considerable amount of time

may be spent performing DDA experiments on ions that turn out

not be of interest. As a result, important putative

metabolites can easily be missed.

According to an embodiment specific metabolites may be

15 predicted in advance by computer and an appropriate exact

decimal mass or mass to charge ratio data filter window may be

set. According to the embodiment the metabolites from a given

new chemical entity or a standard compound are therefore

predicted and then searched for. Once the metabolites have

20 been predicted, an exact decimal mass window may be set so as
to only switch to perform a DDA experiment when ions having

decimal masses or mass to charge ratios within the set decimal

mass or mass to charge ratio window (which may, for example,

have an upper and/or lower limit of 10-20 mDa) are observed as

25 beilng present.

According to an embodiment potentially unknown

metabolites may be discovered. A user may, for example,

select or set an exact decimal mass or mass to charge ratio

1

window to detect metabolites already predicted on the basis o:

30 their exact decimal mass or mass to charge ratio so that MS/MS

experiments maybe carried out. In addition to this, an exact

mass deflciency based upon the exact mass or mass to charge

iy

ratio of the parent compound can be determined. This

particular data filter may be considered more specific than

35 the data filter according to the previously described

embodiment since there may be cases where not all of the

metabolites will be predicted. Therefore, metabolites which

are not predicted will be detected in the DDA experiments with

an exact mass or mass to charge ratio data filter.
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An exact mass or mass to charge ratio deficiency filter

may operate 1n the following mode. An exact mass or mass to

charge ratio deficiency filter based upon the decimal places

Of the mass or mass to charge ratio of the 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 MetabolLynx browser which do

not agree with user—-defined criteria. The use of this filter

p——

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 the same nominal

mass as potential metabolites. This allows users to use low

threshold values during data processing so that very low

metabolite levels are identified without going through the

tedious task of manually excluding false positives. The

poe B

filter 1s preferably an accurate and specific filter since it

is based on exact mass and mass deficiencies which are

specific to each parent drug of interest.

FEach parent drug i1s comprised of a specific number of

elements (C, H, N, O etc.). Depending upon the number of each

one of the elements mentioned, the decimal mass or mass to

charge ratio of the drug will be very specific. For example,

with reference to Fig. 5A, Verapamil contains the following

elements: C27 H38 N2 04. This equates to a monoisotopic

protonated mass of 455.2910 Da. If an alkyl group is taken

away (N-dealkylation, a common metabolic route) and a

glucuronide is added, then the mass is shifted by precisely +

162.0164 Da. The metabolite therefore has a monoisotopic mass

p— o
p—

of 617.3074 Da. The decimal mass difference between Verapamil

and its N-dealkylated metabolite corresponds with an exact
mass deficiency of 0.3074-0.2910 = 0.0164 Da (16.4 mbDa).

Therefore, if a decimal mass or mass to charge ratio window of

around 20 mDa were used then it would be possible to detect

its N-dealkylated glucuronidated metabolite. Prior knowledge

of the metabolites of Verapamil may not be necessary if some

or all of the following assumptions are made: (1) all

metabolites will have decimal masses or mass to charge ratios

within 250 mDa of the decimal mass or mass to charge ratio of

the corresponding parent; (1i) 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 I1L

biotransformation, glutathione conjugation, will lead to a

mass defect difference of 68 mbDa compared to the parent drugj;

and (iii)} most metabolites will fall within a 180 mDa decimal

mass or mass to charge ratio window of the parent compound

sven if certain cleavages take place in the structure TO yield

smaller fragments.

Figs. 5A and 5B show a metabolite of Ketotifen,

Verapamil and Indinavir and include cleavages. The maximumnm

decimal mass or mass to charge ratio deficiency 1s 1n the case

of Indinavir (Fig. 5B) wherein the metabolite has a decimal

gar—
—

ferent from

mass or mass to charge ratio which is 1467.7 mDa di:

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 O:

Flight instruments as according to the preferred embodiment,
but also using nominal mass instruments such as triple

quadrupoles, linear and 3D ion traps and exact mass

Ap—

instruments such as MALDI/Quadrupole Time of Flight and FTMS.




10

15

20

23

30

CA 02570174 2012-09-05

Claims

1. A method of mass spectrometry comprising:

determining the accurate or exact mass or mass to charge

ratio of a first substance or 1on, wherein salid accurate or

exact mass or mass to charge ratio comprises a first 1nteger
nominal mass or mass to charge ratio component and a first
decimal mass or mass to charge ratio component; and

searching for one or more second substances or ions having
a decimal mass or mass to charge ratio component which 1s

between 0 to x; mDa or milli-mass to charge ratio unlits greater

than said first decimal mass or mass to charge ratio component
or between 0 to x, mDa or milli-mass to charge ratio units lesser

than said first decimal mass or mass to charge ratio component,

by applying a decimal mass or mass to charge ratio window to

mass spectral data or a mass spectrum, wherein said decimal mass

or mass to charge ratio window filters out, removes, attenuates

or at least reduces the significance of second substances or

ions having a decimal mass or mass to charge ratio component

ﬁ

which falls outside of said decimal mass or mass to charge ratio

window;

wherein the accurate or exact mass or mass to charge ratio

of said first substance or ion minus the accurate or exact mass

il

or mass to charge ratio of a second substance or 1on has a value

of AM Daltons or mass to charge ratios units, whereiln x; 0or X;

fr—

varies as a function of AM in a symmetrical or asymmetrical

marinerxr.

F
o

2 . A method as claimed in claim 1, wherein said step of

searching for one or more second substances or 1ons comprilses

searching solely on the basis of the decimal mass or mass to

charge ratio component of said one or more second substances or

ions and not on the basis of the integer nominal mass or mass to
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charge ratio component of said one or more second substances oOr

1ons.

3. A method as claimed in claim 1 or 2, wherein said step of
searching for one or more second substances or 10ns comprises
searching some or all second substances or ions which have an

integer nominal mass or mass to charge ratio component which 1s

different from said first integer nominal mass or mass to charge

ratio component.

4 . A method as claimed in any one of claims 1, 2 or 3, wherein

-
-

x, falls within a range selected from the group consisting of:
(i) < 1; (ii) 1-5; (iii) 5-10;, (iv) 10-15; (v) 15-20; (vi) 20-
25; (vii) 25-30; (viii) 30-35; (ix) 35-40; (x) 40-45; (x1) 45-
50; (xii) 50-55; (xiii) 55-60; (xiv) 60-65; (xv) 65-70; (xvi)
70-75; (xvii) 75-80; (xviii) 80-85; (xix) 85-90; (xx) 90-95;

(xx1) 95-100; and (xxi1i) > 100.

5. A method as claimed in any one of claims 1-4, whereln X;

falls within a range selected from the group consisting of: (1)
< 1; (ii) 1-5; (iii) 5-10; (iwv) 10-15; (v) 15-20; (vi) 20-25;
(vii) 25-30; (viii) 30-35; (ix) 35-40; (x) 40-45; (x1) 45-50;
(xii) 50-55; (xiii) 55-60; (xiv) 60-65; (xv) ©5-70; (xvi) 70-75;
(xvii) 75-80; (xviii) 80-85; (xix) 85-90; (xx) 90-95; (xx1) 95-
100; and (xxi1i) > 100.

| — .

ﬁ

0. A method as claimed in any one of claims 1-5, whereln said

first substance or ion comprises or relates to a pharmaceutical

compound, drug or active component.

7. A method as claimed in any one of claims 1-6, wherein said
one or more second substances or 1ons comprise or relate to one

or more metabolites or derivatives of said first substance or

101.
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8 . A method as claimed in any one of claims 1-5, wherein said
first substance or ion comprises a biopolymer, protein, peptide,

polypeptide, oligionucleotide, oligionucleoside, amino acid,

carbohydrate, sugar, lipid, fatty acid, vitamin, hormone,

portion or fragment of DNA, portion or fragment of cDNA, portion

or fragment of RNA, portion or fragment of mRNA, portion or

fragment of tRNA, polyclonal antibody, monoclonal antibody,

ribonuclease, enzyme, metabolite, polysaccharide, phosphorolated
peptide, phosphorolated protein, glycopeptide, glycoprotein or

steroid.

9. A method as claimed in any one of claims 1-5, wherein said
one or more second substance or ion comprises a biopolymer,
protein, peptide, polypeptide, oligionucleotide,

oligionucleoside, amino acid, carbohydrate, sugar, lipid, fatty

acid, vitamin, hormone, portion or fragment of DNA, portion or

L.

fragment of RNA, portion or

fragment of c¢DNA, portion or

fragment of mRNA, portion or fragment of tRNA, polyclonal

R—

antibody, monoclonal antibody, ribonuclease, enzyme, metabolite,

polysaccharide, phosphorolated peptide, phosphorolated protein,
glycopeptide, glycoprotein or steroid.

10. A method as claimed in any one of claims 1-9, whereilin a

sample to be analysed comprises at least 2 components, molecules

or analytes having different identities or comprising different

specles.

11. A method as claimed in any one of claims 1-10, wherein Xx;

or X, varies as a function of AM in a symmetrical manner about a

value of AM selected from the group consisting of: (i) 0; (11) £
0-5; (iii) + 5-10; (iv) + 10-15; (v) £ 15-20; (vi) t 20-25;

—r—

(vii) + 25-30; (viii) + 30-35; (ix) £ 35-40; (x) = 40-45; (x1)

-+

45-50; (xii) + 50-55; (xiii) * 55-60; (xiv) £ 60-65; (xv) * 65~

+

70; (xvi) * 70-75; (xvii) * 75-80; (xviii) * 80-85; (x1ix) * 85-
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90; (xx) * 90-95; (xxi) * 95-100; (xxii) > 100; and (xx111) < -
100.

12. A method as claimed in any one of claims 1-11, wherein 1f

Mijwer < AM or AM < My, then x; 0or x; has a substantially constant

value.

13. A method as claimed in any of claims 1-12, whereln 1f M; -

> AM or AM > M_,..r then x; or X, has a substantially non-constant

value as a function of AM.

14. A method as claimed in claim 13, wherein 1f M, e, > AM or AM

> Moeer then x; or x; varies in a substantially linear manner as a

function of AM.

15. A method as claimed in any one of claims 1-14, whereln over

at least a range of AM values, X; Or X; 1lncreases or decreases at

a rate of y%*AM, wherein y is selected from the group consisting

of: (i) < 0.01; (ii) 0.01-0.02; (iii) 0.02-0.03; (1v) 0.03-0.04;

(v} 0.04-0.05; (vi) 0.05-0.06; (viii) 0.06-0.07; (1ix) 0.07-0.08;
(x) 0.08-0.09; (xi) 0.09-0.10; (xii) 0.10-0.11; (x111) O.11-
0.12; (xiv) 0.12-0.13; (xv) 0.13-0.14; (xvi) 0.14-0.15; (xvii)
0.15-0.16; (xviii) 0.16-0.17; (xix) 0.17-0.18; (xx) 0.18-0.19;

(xx1) 0.19-0.20; and (xx1i1i) > 0.Z20.

16. A method as claimed in claim 12, wherein 1f M;, s > AM or AM

> M,oeer then x; or X, varies 1in a substantially curved, stepped or

non-linear manner as a function of AM.

17. A method as claimed in any one of claims 12-16, whereiln
Miooer 1S @ value in Daltons or mass to charge ratio units and
falls within a range selected from the group consisting of: (1)
< 1; (ii) 1-5; (1ii) 5-10; (iv) 10-15; (v) 15-20; (vi) 20-25;
(vii) 25-30; (viii) 30-35; (ix) 35-40; (x) 40-45; (x1) 45-50;
(xi1) 50-55; (xiii) 55-60; (xiv) 60-65; (xv) 65-70; (xvi) 70-75;
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(xvii) 75-80; (xviii) 80-85; (xix) 85-90; (xx) 90-95; (xx1) 95-

100; and (xx11) > 100.

18. A method as claimed in any one of claims 12-17, wherein

M:i,... 1S a value in Daltons or mass to charge ratio units and

falls within a range selected from the group consisting of: (1)
< -100; (ii) -100 to -95; (iii) -95 to -90; (1v) -90 to -8o; (V)
-85 to -80; (vi) -80 to -75; (vii) -75 to -70; (viii) =70 to -
65; (ix) -65 to -60; (x) -60 to -55; (xi) -55 to -50; (x1i1) -50
to -45; (xiii) -45 to -40; (xiv) -40 to -35; (xv) -35 to -30;

(xvi) -30 to -25; (xvii) -25 to -20; (xviii) -20 to -15; (x1ix) -
15 to -10; (xx) -10 to -5; (xxi) -5 to -1; and (xxi1i) > -1.

19. A method as claimed in any one of claims 1-18, further
comprising selecting for further analysis one or more second
substances or ions which have a decimal mass or mass to charge

ratio component which is between 0 to x; mDa or milli-mass to

charge ratio units greater than said first decimal mass or mass

to charge ratio component or between 0 to X, mDa or milli-mass to

charge ratio units lesser than said first decimal mass Or mass

to charge ratio component.

y
e

20. A method as claimed in claim 19, wherein said step otf

selecting for further analysis comprises fragmenting said one or

more second substances or 1o0ons.

¥

21. A method as claimed in claim 19 or 20, wherein said step of
selecting for further analysis comprises onwardly transmitting
one or more second substances or ions which have a decimal mass
or mass to charge ratio component which 1s between 0 to x; mDa or

milli-mass to charge ratio units greater than said first decimal

mass or mass to charge ratio component or between 0 to x; mDa or

milli-mass to charge ratio units lesser than said first decimal

mass or mass to charge ratio component to a collision or

bd

‘ragmentation cell.
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22. A method as claimed in claim 20 or 21, further comprising

mass analysing the fragment products or ions which result from

fragmenting said one or more second substances or 1ons.

23. A method as claimed in any one of claims 1-22, further

comprising separating components, analytes or molecules 1in a

sample to be analysed by means of a separation process.

24. A method as claimed in claim 23, wherein said separation

process comprises liquid chromatography.

25. A method as claimed in claim 23, whereiln separation process
comprises: (1) High Performance Liquid Chromatography ("HPLC");
(ii) anion exchange; (i11i) anion exchange chromatography; (1Vv)
cation exchange; (v) cation exchange chromatography; (vi) 1on

pair reversed-phase chromatography; (vii) chromatography; (viii)

single dimensional electrophoresis; (ix) multi-dimensional

electrophoresis; (x) size exclusion; (xi) affinity; (xi1)

reverse phase chromatography; (xiii) Capillary Electrophoresis

Chromatography ("CEC"); (xiv) electrophoresis; (xv) 1on mobility

separation; (xvi) Field Asymmetric Ion Mobility Separation or
Spectrometry ("FAIMS"); (xvii) capillary electrophoresis;

(xviil) gas chromatography; and (xix) supercritical fluid

chromatography.

20. A method as claimed in any one of claims 1-25, further
comprising ionising components, analytes or molecules 1n a

sample to be analysed.

27. A method as claimed in claim 26, further comprising

ionising components, analytes or molecules using a pulsed 1on

Source.
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28. A method as claimed in claim 26, further comprising

ionising components, analytes or molecules using a continuous

10N source.

29. A method as claimed in claim 26, 27 or 28, wherein said

step of lonising said components, analytes or molecules

comprises ionising said components, analytes or molecules using
an ion source selected from the group consisting of: (1) an

Electrospray ionisation ("ESI"™) ion source; (ii) an Atmospheric

Pressure Photo Ionisation ("APPI"™) ion source; (111) an

Atmospheric Pressure Chemical Ionisation ("APCI") 1on source;
(iv) a Matrix Assisted Laser Desorption Ionisation ("MALDI") 1ion
source; (v) a Laser Desorption Ionisation ("LDI"™) 1on source;
(vi) an Atmospheric Pressure Ionisation ("API") 1lon source;

(vii) a Desorption Ionisation on Silicon ("DIOS") 1lon source;

(viii) an Electron Impact ("EI") ion source; (ix) a Chemilcal

Ionisation ("CI") ion source; (x) a Field Ionisation ("FI") 1ion
source; (xi) a Field Desorption ("FD") ion source; (x11) an
Inductively Coupled Plasma ("ICP") 1on source; (x111i) a Fast

Atom Bombardment ("FABR") ion source; (xiv) a Liquid Secondary

Ion Mass Spectrometry ("LSIMS") ion source; (xv) a Desorption

FElectrospray Ionisation ("DESI") ion source; and (xvi) a Nickel-

63 radioactive 10n source.

-
pr—-

30. A method as claimed in any one of claims 1-29,

_1

further

comprising mass analysing said first substance or i1on or said
one or more second substances or ions or fragment products or

ions using a mass analyser.

31. A method as claimed in claim 30, wherein said step of mass
analysing comprises mass analysing using a quadrupole mass

analyser.

32. A method as claimed in claim 30, wherein said step of mass

analysing comprises mass analysing using a mass analyser
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selected from the group consisting of: (i) a Fourier Transform

("FT") mass analyser; (i1i1) a Fourier Transform Ion Cyclotron

Resonance ("FTICR") mass analyser; (iii) a Time of Flight

("TOF") mass analyser; (iv) an orthogonal acceleration Time of
Flight ("oaTOF") mass analyser; (v) an axial acceleration Time
of Flight mass analyser; (vi) a magnetlc sector mass
spectrometer; (vii) a Paul or 3D quadrupole mass analyser;
(viii) a 2D or linear quadrupole mass analyser; (ix) a Penning

trap mass analyser; (x) an 1on trap mass analyser; (X1) a

Fourier Transform orbitrap; (xii) an electrostatic Ion Cyclotron

Resonance mass spectrometer; and (xiii) an electrostatic Fourler

Transform mass spectrometer.

33. A method as claimed in any one of claims 1-32, whereiln the

—

exact or accurate mass or mass to charge ratio of said first

substance or ion or said one or more second substances or 1o0ns
is determined to within 20 ppm, 19 ppm, 18 ppm, 17 ppm, 16 ppm,
15 ppm, 14 ppm, 13 ppm, 12 ppm, 11 ppm, 10 ppm, 9 ppm, 8 ppm, /
ppm, 6 ppm, 5 ppm, 4 ppm, 3 ppm, 2 ppm, 1 ppm or < l ppm.

34. A method as claimed in any one of claims 1-33, wherein the

—

exact or accurate mass or mass to charge ratio of said first

substance or ion or said one or more second substances or 1ions

is determined to within 0.01 mass units, 0.009 mass units, 0.008
mass units, 0.007 mass units, 0.006 mass units, 0.005 mass

units, 0.004 mass units, 0.003 mass units, 0.002 mass units,

0.001 mass units or < 0.001 mass units.

35. A method as claimed in any one of claims 1-34, wherein a

sample to be analysed is taken from a diseased organism, a non-

diseased organism, a treated organism, a non-treated organism, a

mutant organism or a wild type organism.
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36. A method as claimed in any one of claims 1-35, further

comprising identifying or determining the composition of one or

more of said second substances or 1ons.

bl

"urther

37. A method as claimed in any one of claims 1-36,

comprising quantifying or determining the intensity,

F

concentration or expression level of said first substance or

10ns.

gr—

38. A method as claimed in any one of claims 1-37, further

comprising quantifying or determining the intensity,

concentration or expression level of one or more of said second

substances or 1ons.

39. A method as claimed in any one of claims 1-38, further

comprising determining or quantifying the relative intensity,

.

concentration or expression level of said first substance or

10NS.

P

40. A method as claimed in any of claims 1-39, further

comprising determining or quantifying the relative intensity,

concentration or expression level of one or more of said second

substances or 1o0ns.

41. A method of mass spectrometry comprising:

determining the accurate mass to charge ratio of a parent
ion, wherein said accurate mass to charge ratio comprises a

first integer value and a first decimal value;

searching for one or more metabolites of said parent 1on,

wherein said step of searching comprises:

(1) determining the accurate mass to charge ratio of 1ons

{

of potential interest, wherein the accurate mass to charge ratio

of each of said ions of potential interest comprises a second

integer value and a second decimal value; and
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(ii) recognising, selecting, preferentially mass filtering or

transmitting, determining or fragmenting ions amongst sald 10DS

#

of potential interest on the basis of the ions having accurate

mass to charge ratio wherein the second decimal value 1s within

x mDa or milli-mass to charge ratio units of said first decimal

value by applying a decimal mass or mass to charge ratio window

to a mass spectral data or a mass spectrum, wherein said decimal

mass or mass to charge ratio window filters out, removes,

—

attenuates or at least reduces the significance of second

substances or ions having a decimal mass or mass to charge ratio

component which falls outside of said decimal mass or mass to

charge ratio window;

wherein the accurate or exact mass or mass to charge ratio

of said first substance or ion minus the accurate or exact mass

or mass to charge ratio of a second substance or ion has a value

of AM Daltons or mass to charge ratio units, whereln x varies as

pr—

a function of AM in a symmetrical or asymmetrical manner.

42 . A method as claimed in claim 41, wherein x falls within a
range selected from the group consisting of: (1) < 1; (11) 1-5;
(1ii) 5-10; (iv) 10-15; (v) 15-20; (vi) 20-25; (vii) 25-30;
(viii) 30-35; (ix) 35-40; (x) 40-45; (xi) 45-50; (x1i1) 50-55;
(xiii) 55-60; (xiv) 60-65; (xv) ©5-70; (xvi) 70-75; (xvii) 75-
80; (xviii) 80-85; (xix) 85-90; (xx) 90-95; (xx1i) 95-100; and

(xx11) > 100.

43. A mass spectrometer comprising:

means arranged and adapted to determine the accurate or

exact mass or mass to charge ratio of a first substance or 1on,

wherein said accurate or exact mass or mass to charge ratio

comprises a first integer nominal mass or mass to charge ratio

bk

component and a first decimal mass or mass to charge ratio

component; and

means arranged and adapted to search for one or more second

substances or ions having a decimal mass or mass to charge ratio
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component which is between 0 to x; mDa or milli-mass to charge
ratio units greater than said first decimal mass or mass to

charge ratio component or between 0 to x;, mDa or milli-mass to

charge ratio units lesser than said first decimal mass or mass
to charge ratio component, by applying a decimal mass or mass to
charge ratio window to a mass spectral data or a mass spectrum,
wherein said decimal mass or mass to charge ratio window filters
out, removes, attenuates or at least reduces the significance of

second substances or ions having a decimal mass or mass to

charge ratio component which falls outside of said decimal mass

or mass to charge ratio window;
wherein the accurate or exact mass or mass to charge ratio

of said first substance or 1on minus the accurate or exact mass

or mass to charge ratio of a second substance or ion has a value

of AM Daltons or mass to charge ratio units, wherein X; Or X,

varies as a function of AM 1in a symmetrical or asymmetrical

manner.

44. A mass spectrometer comprising:

means arranged and adapted to determine the accurate mass

to charge ratio of a parent 1on, whereln sald accurate mass to

charge ratio comprises a first integer value and a first decimal

value;

means arranged and adapted to search for one or more

metabolites of said parent 1on, wherein salid means 1s arranged

and adapted to:

(i) determine the accurate mass to charge ratio of 1ons o:

N

potential interest, wherein the accurate mass to charge ratio oi

each of said ions of potential interest comprises a second

integer value and a second decimal value; and

(ii) recognise, select, preferentially mass filter or

transmit, determine or fragment 1ons amongst said 1ons of

potential interest on the basis of the 1ons having accurate mass

to charge ratio wherein the second decimal value 1s within x mDa

or milli-mass to charge ratio units of said first decimal value
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by applying a decimal mass or mass to charge ratio window to a

mass spectral data or a mass spectrum, wherein sald decimal mass

or mass to charge ratio window filters out, removes, attenuates

F

or at least reduces the significance of second substances or

ions having a decimal mass or mass to charge ratio component
which falls outside of said decimal mass or mass to charge ratio
window;

wherein the accurate or exact mass or mass to charge ratio

of said first substance or 1on minus the accurate or exact mass

or mass to charge ratio of a second substance or 1on has a value

of AM Daltons or mass to charge ratio units, whereiln x varies as

a function of AM in a symmetrical or asymmetrical manner.

45. A mass spectrometer as claimed 1n claim 44, wherein x falls
within a range selected from the group consisting of: (1) < 1;
(ii) 1-5; (iii) 5-10; (iv) 10-15; (v) 15-20; (vi) 20-25; (vi1i)
25-30; (viii) 30-35; (ix) 35-40; (x) 40-45; (x1i) 45-50; (xz1)
50-55; (xiii) 55-60; (xiv) ©0-65; (xv) 65-70; (xvi) 70-75;

(xvii) 75-80; (xviii) 80-85; (x1ix) 85-90,; (xx) 90-95; (xx1i) 95-
100; and (xx11) > 100.

F

46. A method of mass spectrometry comprising:

applying a decimal mass or mass to charge ratio window to

mass spectral data or a mass spectrum;

determining ions having a decimal mass or mass to charge

ratio which falls within said decimal mass or mass to charge

ratio window;

—~

fragmenting at least some of said ions which have a decimal

mass or mass to charge ratio which falls within said decimal

3

I

mass or mass to charge ratio window to produce a plurality o:

fragment 1ons; and

mass analysing at least some of said plurality of fragment
10Nns;

wherein said decimal mass or mass to charge ratio window

has a profile which varies as a function of AM, wherein AM 1is
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the difference in mass or mass to charge ratio between a first

substance or ion and a second substance or 1on.

477 . A method as claimed in claim 46, wherein said first

5 substance or ion comprises a pharmaceutical compound and said

second substance or ion comprises a metabolite of said first

substance or ion.

48. A mass Spectrometer comprising:
10 means arranged and adapted to apply a decimal mass Or mass
to charge ratio window to mass spectral data or a mass spectrum;

means arranged and adapted to determine 1ons having a

decimal mass or mass to charge ratio which falls within said

decimal mass or mass to charge ratio window;

N

15 means arranged and adapted to fragment at least some Of
said ions which have a decimal mass or mass to charge ratilo

which falls within said decimal mass or mass to charge ratio

window to produce a plurality of fragment ions; and

means arranged and adapted to mass analyse at least some of

20 said plurality of fragment 1ons;

wherein said decimal mass or mass to charge ratio

window has a profile which varies as a function of AM, whereiln

AM is the difference in mass or mass to charge ratio between a

first substance or i1on and a second substance or 1ion.

25
49. A method of mass spectrometry comprising:
providing a biological sample which includes one of
metabolites of a pharmaceutlical compound;
subjecting said sample to liquid chromatography;
30 ionising the eluent emerging from a liquid chromatograph to

produce a plurality of 1ons;

mass analysing said i1ons; and

pr—

determining whether one or more of said 1ons have a mass Or

mass to charge ratio which has a decimal mass or mass to charge

35 ratio component which is within x mDa or milli-mass to charge
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P

ratio units of the decimal mass or mass to charge ratio of said

pharmaceutical compound by applying a decimal mass or mass to
charge ratio window to mass spectral data or a mass spectrum,

wherein said decimal mass or mass to charge ratio window filters

9 out, removes, attenuates or at least reduces the significance of

second substances or i1ons having a decimal mass or mass to

charge ratio component which falls outside of said declimal mass

or mass to charge ratio window;

wherein the accurate or exact mass or mass to charge ratio

10 of said first substance or 1on minus the accurate or exact mass

to charge ratio of a second substance or ion has a value of AM

Daltons or mass to charge units, wherein x varies as a function

F
—

of AM in a symmetrical or asymmetrical manner.

15 50. A method as claimed in claim 49, wherein x 1s selected from

the group consisting of: (i) 1, (ii) 2; (1i1) 3; (1iv) 4; (v) 5;
(vi) 6; (vii) 7; (viii) 8; (ix) 9; (x) 10; (x1i) 11; (x11) 12;
(xiii) 13; (xiv) 14; (xv) 15; (xvi) 16; (xvii) 17; (xviii) 18;

(xix) 19; (xx) 20; (xxi) 21; (xxii) 22; (xxi1i1) 23; (xx1iv) 24;

20 (xxv) 25; (xxvli) 26; (xxvii) 27; (xxviii) 28; (xXxx1ix) 29; (xxx)

30; (xxxi) 31; (xxxii) 32; (xxxiii) 33; (xxxiv) 34; (xxxv) 35;
(xxxvl) 36; (xxxvil) 37; (xxxvill) 38; (xxx1ix) 39, (x1) 40; and

(x11i) > 40.

25 51. A mass spectrometer comprlising:

a liguid chromatograph arranged to subject, 1in use, a

pr—

biological sample which includes one of metabolites of a

pharmaceutical compound to liquld chromatography;

an ion source for ionising the eluent emerging from said

30 liguid chromatograph to produce a plurality of ions;

a mass analyser for mass analysing said ions; and

means arranged and adapted to determine whether one or more

—

of said ions have a mass or mass to charge ratio which has a

decimal mass or mass to charge ratio component which 1s within X

p—

35 mDa or milli-mass to charge ratio units of the decimal mass or
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mass to charge ratio of said pharmaceutical compound by applylng
a decimal mass or mass to charge ratio window to mass spectral
data or a mass spectrum, wherein said declimal mass or mass to
charge ratio window filters out, removes, attenuates or at least
reduces the significance of second substances or 1ons having a
decimal mass or mass to charge ratio component which falls
outside of said decimal mass or mass to charge ratio window;
wherein the accurate or exact mass or mass to charge ratio
of said first substance or 1on minus the accurate or exact mass
to charge ratio of a second substance or i1on has a value of AM
Daltons or mass to charge units, whereln X varies as a function

of AM in a symmetrical or asymmetrical manner.

52. A mass spectrometer as claimed in claim 51, wherein x 1s
selected from the group consisting of: (i) 1; (11) 2; (111) 3;
(iv) 4; (v) 5; (vi) 6; (vii) 7; (viii) 8; (ix) 9; (x) 10; (x1)
11; (xii) 12; (xiii) 13; (xiv) 14,; (xv) 15, (xvi) 16; (xvii) 17;
(xviii) 18; (xix) 19; (xx) 20; (xxi1) 21; (xxi1) 22; (xx1ii1i) 23;
(xx1iv) 24; (xxv) 25; (xxvi) 26; (xxvii) 27; (xxviii) 28, (xx1ix)
29; (xxx) 30; (xxxi) 31; (xxxiil) 32; (xxxiii) 33; (xxxiv) 34;
(xxxv) 35; (xxxvi) 36; (xxxvii) 37; (xxxviil) 38; (xxxix) 39;
(x1) 40; and (x1i) > 40.
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