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Met hod for processing a set of spectra, Particularly
NVR spectra Technical Field of the Invention The
present invention relates to a nethod for. processing a
set of spectra, 5 particularly NVR spectra, according
to the preanble of claim1. Background of the

I nvention The anal ysis and conpari son of m xtures is

A HBAIThABIchESH Y sGIH Bk fra aﬁita&i' WM Saeed al |y

10 process chem stry. For exanpl e in the field of
abonom.¢ of | uids of animals and hunans are
C yofihe, lnye tra obtained with established

S Wl%tﬁrékeﬁ‘?hb@ﬁt%rﬁé?@teﬁ% lgl r%tl'ﬁ)dq@ﬁ F@dé%%f A Yet of\BSsctra,
SpEthOSCOﬁKﬁg @T or Nucl ear netic esonance
spestra,a

( NRRjcwaréc cqosdlogtt@mewpmlalewftodamahal yze
and conpare a whole set of spectra, e.g. a plurality

of i ndi vi dual spectra 1s obtained froma set of

S kgﬁ;unﬁ%ﬁﬁg%@rﬁ]oﬁffects rel at ed to changes of

overa concentratrons of sanples chanlgtes of all )
aﬁaeﬁr@iym agd pprmyarisendgpf rwttdes ir animpertaghliaskes pnalytical

( PARGE € Beh Bk P B B Sl STRRRES, 20PaY); o TRAESry anc

Mprddgse chemibtry. SFaraDessslelin tite fisldusfensabonbhics, bloﬂmds of
normal i zati on procedures. Nornalization is al so need

i animals andhumans are oBargterizes) kisthresrectraebialiedayith SStablished
dbfné@chﬁ %%@égg SR 'Hsa\_lgggg@;fgﬁn@%ﬁg{awytmﬂgysgeﬁwwt@ﬁoﬁ/ (LC-MS)

uor Necl%armégnettc R@sammml (NMR) bpectraptabyi It imoflen erecessary to
constant o

 AREYFR P oA UBOl A FioPecliBand tar%lwai%?bnﬁwua' spectra
Qﬁgﬁéﬂmgﬁl 4 Eetaotss? :feﬁst ‘“sb@ﬁrét% oot %é:%l]‘édttB%h%ﬁﬁEs of overall

I ned area e cur yiI ng
amnqmtnamons of Blamplesh &:hanegeg (o: 11} dnat;de@ of pampleane g. by dilution of

mai nl f nc f over i ne.conc ntra
R mates] rommeiredts inflienaitd fhe camppsiisas of gamples felative
5oL BatEHE of %prb%@ﬁfb%‘ (ReTRRARBSEH |82 CRSSAAS thuse so-called

be relative y sma contrast to variations o
ovarnalization peocathurest Natmalizationhis alsat nezded if Whe data of various

T N T

met abononi ¢ studi es can excrete extrene anpunts of

subst ances -2 _ ) i . .
Up to now, it was a common procedure in metabonomics studies - e.g. with urine

samples - to normalize the signalin a givén NMR spectrum so as to obtain a
constant overall integral of said spectrum. This means that every NMR spectrum
in a set of spectra is scaled to the same predefined area under the curve. The
underlying assumption is that the integral of each spectrum is mainly a function
of overall urine concentration. Variations of the concentration of individual
analytes due to metabonomic responses are assumed to be relatively small in
contrast to variations of overall urine concentrations, the latter of which affect the
entire spectrum and said predefined area of the spectrum respectively. However,
animals in metabonomic studies can excrete extreme amounts of substances
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i ke sugars, which may dom nate the spectrum and
consequently wll substantially influence the

normal i zation. In addition, drug related conpounds

that are excreted with urine mag-al so i nfl uence the

normal i zati on through the integral of their

correspondi ng peaks and may thus contri bute

siigRid t ] ; i l.~Qf
THRELSUSBRE it nay Somitdle e bR and cohsBREEhEY i
aEMbBMiEﬂwmemaﬂhGQOWEHMEﬁ. In/\bldadiéom.l’c&pgp}a%iqhnﬁmpounds
of, an unkno contam nant with a conparativ - hi. :
 SPRHE TR WiEhHTa i 7188 iRlupnapibe porRalzdtignifirough the
t! I ; i I j ;
g o o BT pogits And PR S RoriaRle MiarfRanty to the
mitstalindsgrabopaspectust Theahnmy typessf preblent adses jnyother analytical
di sc*.osed i n US 2003/.011155\9@@AI .. As _descri be

pAPPIISIHCNS PMRarng, FIHHLEH Wit48 1t aRRSYaR5E unknoyn
keewirimbRedith el é&dpartivaly 19§k RbALEStratiohernidht W@‘Iﬂf\]{ affect the
spectra froma plurality 6f CThem cal sanpl €s, 5 eac

s fetet integrababha ispealgupeaicsit pradefinpd aten of thesspeEsimb)
selecting a reference spectrum c¢) for any of said

sanpl e spectra to be normalized, conputing intensity

r Al inethodfor RplaneRdatidieoSehiEphiealSABdlired Boaisbridis studied by mass
reference spectrumfor all peaks or for a fraction of

t RBe¢lopsaopyisidisclegediadis ;2053601d1)1 586tA bIAs degserihed particularly in

<D ABa oI A4 BoPutBhbht KibbEmogRktaagBh. ©

nmethod relies on the fact that under many practi cal
circunstances the, majority of said intensity ratios
ol | B@taé’UBQtaa‘iﬁtifglﬂay‘Fgﬁ §Rectra Eprmea alinaily ofhiemairahsamples,

Whosegg Eﬁ@ét"r@rhiéH?ﬁpr‘?s‘?nQﬁ%aNé‘h?éviﬁgtzda%t‘éﬁgﬂ gg@%‘m' €

and reference spectra. nor ma f may
then be conputed fromsaid 30 intensity ratios using a
non- par.anmetric asure. Preferably, the normalization

Bt o?e[fagt"?ﬂ]ﬁé'@ﬁ??%c%ﬁp?ﬂﬂ"ﬁédi an of said -intensity

-ratios. -3 As further pointed out in Paragraph 0031
of US 2003/0111596 Al, the known normalization nethod
i) apfor acyldf saichsamypla smecta tose normalizsaly computing intensity ratios

SpeCté&wn%teWthe sample spectrum and the reference spectrum for all peaks or
for a fraction of the total number of peaks; and

d) mutiplying the sample spectrum with a normalization factor that is
computed from said intensity ratios.

The above method relies on the fact that under many practical circumstances the
majority of said intensity ratios will be substantially equal, representing
components whose concentrations do not vary between the sample and
reference spectra. The normalization factor may then be computed from said
intensity ratios using a non-parametric measure. Preferably, the normalization
factor is chosen to be the median of said intensity ratios.
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yi el di ng spectra containing signals (or peaks) whose
intensities or areas are proportional to conmponent
concentrations. In particular, it should thus be 5
appli cable to NMR spectroscopy-3However, the nethod
di scl osed in US 2003/0111596 Al does not address the
probl em of identifying and elimnating so-called

L6750, P B o3 of RS2 00Tt 15061 s knour

emdriralizaest friztied 18l dgpieable toyary tgbe dxéwpetﬂr@scomr . spectrometry
due to technical failure durin

prvésidies specarqaniainig SIINAS &PE g‘ﬁ%‘ '?ﬁ?&nlpp%rtﬂtﬁ? or areas are
ﬁ@%%@r‘tiﬁngftol Hrilfo ﬁgﬂftbg %eﬁ{ratl Eértic%%hlt%houw thus be

onom cs st udi I'nvention 15 It

I sappliealieito NMRI specirescomy. the present i nvention to
overcome the limtations and disadvantages of
currently known nmet hods for quantitative processing of

r, tHeeMmbhtdd istivsBiYkh wz@o@/m Thsod aregsi@otadttiress the

furt er OjeCtS are achieved by the nethod of the
pipesieletn ofidentifyéng anch elivvinatingi soycaltedcTautliiars”, whieh anaysnotably be

L

a)mﬁxeé é'tg@e Bf Béwﬁﬁd)rﬁ)ﬂé gS866 6 fchinfg failupe dueiﬁgraﬂjquwﬂon This
a plura of principal spectra in said princip

s pechiea lsrrmfgwlarlxc)mp@namhnwa@tltaiwemﬂhest%pf l?c,rg%umbefs of
t d 30 -4 d
caPPy st 3 LRt SRR 4 ot et pal spect 1a,

a bin-wise division of the principal spectrumby said
reference principal spectrumto obtain a
&Hﬂ@ﬁﬁﬂb@&ﬂm&spectral quotients; 5 e)

8 thebHiBogl 85cBtof §BTie08R Mo RHPEIIERRR the imitatons and
dellsadednfages df vanently kapemdinethaist foo tiuaptitativalprocessing of spectra,

quotients; and f) carrying out, for at |east one of
s&ﬁﬁ'%‘@,ﬁl"b’ WMR 8B€¢tER cal measures, an outlier

The foregoing and further objects are achieved by the method of the present

invention.

According to claim 1, there is provided a method for processing a set of spectra,

particularly NMR spectra, comprising the steps of!
a) selecting a principal spectral range;
b) recording a plurality of principal spectra in said principal spectral range;

c) obtaining a reference principal spectrum in said principal spectral range;
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10 detection test. Wile the nethod of the present
invention is useful for and exenplified by
applications in NVR spectroscopy, it may al so be
applied to other types of specuroscopy yiel ding
spectra containing signals (or peaks) whose
intensities or 15 areas are proportional to conponent

T IR T
the t ghgpriseRRl BRECthAN 85 sdid séferditeysitttipal 3petirantiesebtain a

may be - for a single region in a spectrumor for a

pl ur algorkesppnding; satef speelrd)iiiotieAts20 particul ar, a

spectral range of interest may be a plurality of

spectral regions each containing a certain nunber of
siegnalcafmdiding, Threatdeast dnd ef $gid iprintipal Spedted,larbassaciead set of

here in contradistinction to "auxiliary" as ad ed
for - cotHtatiabmeaan TR ervag o 188 cAUEREPRAINS e Of Spectral
parti Qitl}oﬁénts': Bhynci pal spectral range” will be used to
denote’ a spéctral range that contains one or nore

rel evant signal peaks of a certain 25 sanple. It

shoul d _be. noted_th spectrg are typically acquired in .
2 v EREDING affe ara s e Gt seshie SandicAfEasGfes, n outler
princigeddctipaetfal range and - if applicable - an

auxi liary spectral range; noreover, the overall

spectral range may contain further spectral ranges

| PRl DBnatE S e Hre in B R BHs frelly QPR G EREefred by
r @pplickfbnsn NMRVSHettloseaBE lif flay'2068Be 3D plie@ o othdritypes of
+14 ppm wherefromthe princjipal spectral range is

séPeetresroRy Yielding spadtisgcattaining siggals{er peaks)whese infensities or

DR B ColhedPORAHL AP SR s sectroscony
ooevalidd ypesd eptisal spotrostapyli gital form For

exanpl e, a one-di nensional NVR spectrumw || generally
avai | abl e as a sequence of intensity val ues, each

be
gLn e GRshiy %c?lﬁg)?t' %eefier 's?ateﬁfe?g{ ltéairngj]%.l.' %Ihﬁﬁ BEqd % ~.as the case may

annel or ereby, can

r bé erfott @ singlhe segivein ardpestutryonfalr eesiurahitye of disjfudhtyregions. In

"bin-w se division" of a first spectrumby a_ second .

_sB%'g'PH %ﬁﬁﬁptr%’_ef angasf é’i‘t&b‘f_‘ft i‘i‘éﬁ%%@ P’H@'ﬁij of ﬁgectraﬂ regions each

LSRR Ry o LSRR 1 el obnigar sl be

sased bere inofortrasistinctiod ts Jacxiliany!' assxiopted fpridestain embodiments

dci)]y tihlssi Aveh |§f¥.l !tn pta?tiéJ]Sr,s'SF{EciBLF spoefctl%ll range" will be used to denote a
spectral range that contains one or more relevant signal peaks of a certain
sample. It should be noted that spectra are typically acquired in an overall
spectral range that contains said principal spectral range and - if applicable - an
auxiliary spectral range; moreover, the overall spectral range may contain further
spectral ranges that are not used for further analysis. For example, 'H NMR
spectra in metabonomics studies are often recorded in an overall spectral range
from -8 to +14 ppm, wherefrom the principal spectral range is selected as

consisiting of two regions from 1 to 4.5 ppm and from 6 to 9.5 ppm, respectively.
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resulting set of spectral quotients and repeating this
procedure for all the bins in 10 the spectral range of
interest. It will be understood that if spectra were
available in non-digital, i.e-5analog form one could
nonet hel ess carry out a bin-wise division in the
sense of the present invention. This would sinply

15538454 LBbe BB B RRRLID ATl b0 P spoctal dta

biin didital Rirat Fbieariplé n@vhe ldimehsional NMR Spgdjt&hm will generally be
processing. 15 The term"stati stl cal neasure'

al |
r &vatlablg %9 sRareRee hipiensily ¥alyesdeagh &f whigh is assaciated to a
o Wlétﬂ%e%tféct afihagy "B}f\"oj‘tﬁér'ébgrﬁl%ttert% “Sm”tdéﬁ also refer to a

atlonshl hount™ of variation
t tmmsotmteﬁs@ \mltﬁéarﬁmmedlnglyt adhmhaise difisimn” of a first spectrum by a

Séséfcéhgiétp'sﬁt%meﬁ%ﬁ e foderdirothisers o g theghiarstty yale in a
%H%fr%macif'iﬁé lirdtdoRictrlifh, Wdﬁg if E%the i r?éttg‘;l}a%é h the same bin

a spectrum ‘or ereo rising
s @félasemrghapeq:taﬂhsasmgmeg élme divizion wesa.ﬂts’@tthefsmpe btrr af a
n variabl e at es

<ot BaF ookl Sugfienis AriOapRaied ks Procsdyue for il the bins i
A@t‘f@é éél%d%‘an@@ of Wélfés‘?rlt ARL 156 LhBBrst&sd thatied edﬂ% were available

under st oo 25 any type of procedure aine
dén pomidigita, Whernalog tormenecayld eaneihleﬂegs @ftwout a pin-wise

.d
cPNRUPR i the Rtk of Blp miBsRRRREN i M€ WER LAy npggssitate that
r aagidnaldifspédttLaRMiRE chiivartddPioRd diyitaPfrAEBY nfielare of a suitable
gectral data. As will be exenplified further bel ow,

inniRg pErcedype asknewvnoinithe art eftigralipiacessing. to be
applied in the processing sets of NVR spectra nmay be
adapted to any application of interest. The nethod nay

b¥he rtbmd dstetistical tneasLret sl refeoioeshy rumber whosefsize indicates the
exanp a spectrumidentified as an outller

dmgé.u tide of SOma QuamHEY 0£ﬂae5e§it - gaeastrenma ef a 'Telationhip, the
eHE%‘E:'nF’BP{J%n& d. ‘Eﬁ% sz d? rPc%"&ﬂ%%thagJe%ff@ disti Jhon

genera I ca neasur es orrespon
t Bxampleinchrie maankrwnanuebl cdreclatios eneﬁ"mastsmd many others.

adequat el y descri be the position and shape of the
The term "outlier" shall refer to any entity - particularly a signal peak, a spectrum
or part thereof comprising several signal peaks, or even an entire set of spectra -
whose score on a given variable deviates substantially from a predefined
numerical range. Accordingly, an "outlier detection test" shall be understood as
any type of procedure aimed at determining whether or not a given entity should

be considered an outlier in respect of a given test criterion.

The method according to this invention may readily be implemented in automatic
processing of spectral data. As will be exemplified further below, the actual type
of outlier detection tests to be applied in the processing sets of NMR spectra
may be adapted to any application of interest. The method may be embedded in
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di stribution of spectral quotients. Accordingly, it is
advant ageous to use at |east one position neasure and
one wi dth neasure. In the enbodi mrent according to 10
claim2, the set of statisticaltéreasures correspondi ng
to a principal spectrum conprises the nedian of its
spectral quotients and an interquartile difference

o ri . o . .
SRR Bostidine BHer R, [ Brelirity AHREHHI iRyt as an outier
s meslid bk disedried fom furtieee adiadflsisst i cal neasures are

known to be conparatively robust. Neverthel ess, other

choi ces are possible: one may use the 15 node or the

%Rraﬁ rcr;%o% r{nb&‘]‘in{é‘i‘-ﬁ‘%HFeedéﬂﬂaaoﬁ%a@épﬂéﬁgmegfgﬁaims.

fere ween ot her quantiles as _
measure I'n the ermbodi ment according to claims3, sal d

1 Bef kg et of slaefied abauTes colBssoa i A Rl spectrum
t WIIPEQ ¢hedsel sW 44 a ao@é@é dly lHa&Efhe tHeEhEIAGH Bh8 shape of the

ference is indic a broad distribution
S ﬂ@émblﬁiorqmcnpemma& qanttienth%cmdmglyt, liteis admntamug.tp yse at least

- Bh8 G paEs it eddAte Wit aneadive e BBof i AEBraing to
SkRihe, Qﬁé'sbf‘gf Sahai A meAtEOs Qbﬂgsﬁﬁdih@td‘h‘brtrfcipal spectrum
threshold width is determned fromthe distribution

ofoRwriges the ﬂtﬁﬁh&im of s apecteal siuotisntsaxnchan irierquastile difference

Rt s B sBbiPRuRE HEtTRP 4y T Bf B o PP ERE Fom the thir

I qugnwaf ité bpectralfRictiaats Thesodtatstishl mbbsum@’erlmmin to be
given set 1n order to then define a threshgld w dt

F ePmpREthely fabustN e TheleS StherIGHoToRs ARtRASRIN: o6 Mmay use the
aﬁﬁ%%%ﬂﬂe%@e%}é %g;? n? nsllﬁcgﬁ a}]e%tléwé Shd %?ﬂe%gy gﬁegﬁétdlﬁerence

conpri ses er said ne

shetotgenl othwoyuentiles disfd widih imeasumeconst ant by nore
than a predefined threshold quotient deviation. Such a
| arge deviation is -7 i ndicative of a deviation in

| | i nb-ensi At .
SHOEB AmbSUERTH i LA LaBPRE ABIGAE oforisos
t tetesrhivling wlrmﬁﬁ:arEald intemuantiieidifferdate raxceeds arpredefired threshold

di str utlo of s of ectral .quotients, . .. .
ity S 8ere Blarawanis ditigrensd Rdngintide ot atodd distribution of
Oéﬁlﬂfdtr gﬁen@”&?ﬂd‘ {HUSImERh ST tRe Irﬂéﬁélﬁ} hcrdss 'ilﬁ’é ﬁfsﬁérﬁ’tnspectrum
Ian of spectral quotients found in al
sm&itvedodheaegaream spectrum showsr substantéial vadation aald not justa
tshlm% ebg!:al deI})”e g\',,g,.n Pfc%ror :hetgléatrlne-‘-{ tﬁl reshoft‘i %%I% is determined
from the distribution of said interquartile differences taken over the entire set of
principal spectra. In other words, one first obtains an overall impression of the
interquartile differences found in all the spectra of a given set in order to then

define a threshold width for the outlier detection test.

In the embodiment according to claim 5, said outlier detection test comprises
determining whether said median of spectral quotients differs from a constant by
more than a predefined threshold quotient deviation. Such a large deviation is
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Anot her advant ageous enbodi nent is defined in claim?7,
according to which the nethod further conprises the
steps of: 10 a) selecting an auxiliary spectral range
that does not overlap with saidr-principal spectra
range, b) recording, with each one of said principa
spectra in said principal spectral 15 range, an

asspci ated ayxi.ljary spectrt I : hd - I i i

S Rkt S A Rvaligh i SBFRN PhERL RS Ak sifdturs relative to 2
Se%hréﬂhﬂ&d%lﬂe.%drumgwommG,Gthertlamghplcﬁwm:tM'rtylen@tion is
out, for each one of said auxjliary s ectrg_, 8 ~tients taken over
bilatermiredifremstherdisiribulien Oé@a@uiaﬁﬂia@rt% spestral guotgnts ta

said referen : ib] 0 [ ins an overall

< Bie el o Puiitg] Stglr M Ry Tibeppheiatabiains an oyerall
empRiseldrpd thé,mé@’ién&g@heomaifqﬁotm&sjfmmdi iriadirtpe spectra of a given
spectra, an associated set of statistica asyres,:

deefl incarder EnthemedefBer %%@ﬁh‘?‘ﬁgi@&%%g‘%@& Pﬁﬁ?&ge%%“o" test.
spectral 25 quotients; and wherein said outlier

detection test conprises conparing statistical i .
mbastHeradvahtagauuisrambatinsre it definechth dainaf, ase@ding tegwhich the
auxiliary spectrum In particular, the auxiliary
smﬁih@‘afuméﬁfg@%@s%th@ﬁggg%o'n a regi on where one

expects problens 30 or artifacts to be nore |ikely,

whereas the principal spectral range is chosen in a |

r eYi oseketing ancalbdidre spestialoapge ihat deepnelppyanapwigh said
artifacts. The guxiliary -8 spectrum may then be used

as a QHP?'pSi’S%‘?@cr?ﬁ@?Q% tool . As nentioned earlier,

any of the spectral ranges di scussed here may consi st

of a single spectral region or it may consist, 0

, of .
ob) eveacarding, withj esah ors et saldiprinsipab spectsa i said P"”tc\'ﬂlgoa' spectral
furth dvant i - : Lol a _
Ot S SR iy S g e canae

one of the principal spectra so as to obtain a

conpl ete set of statistical neasures fromwhjch is .
de} i vebtanisgta ergnepAuXilian spestryg)in r%ﬁgqﬁwk?fya?!?&c‘fa’ range;
wherein said outlier detection test is carried out for

said set of global statistical neasures. In other
Wﬁ?(dscaltrbiﬂg%ﬂt! iR le @Bt bfognid @sikiliasy Spectea,rd bid-wise division of the
maki ng use of statistical informatioqn deri \éfd f{or%an

ent i r auxiliarpspectrum by said reference auxiliary spectrum to obtain a

Q

corresponding set of auxiliary spectral quotients; and

e) calculating, for each one of said auxiliary spectra, an associated set of
statistical measures derived from the corresponding set of auxiliary spectral

quotients;

and wherein said outlier detection test comprises comparing statistical measures
of a principal spectrum and of an associated auxiliary spectrum. in particular, the
auxiliary spectral range may be chosen in a region where one expects problems

or artifacts to be more likely, whereas the principal spectral range is chosen ina

region known to be less susceptible to problems and artifacts. The auxitiary
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spectra, which should make the test as objective as
possi bl e. According to claim 9, said set of globa
statistical neasures conprises: 15a)the nmedian of the
conplete set of said interquartgéle differences; and
b)the interquartile difference of the conplete set of
said interquartile differences. However, other choices

L A TR PR RESHR o AR B0 oo
f ahy D the bﬁéctré!ﬁﬁﬁ@é@lﬂts@@k@edmér@ meytcedsa‘so of & sireglsispgctral region

I n fost applications, however, it wl referabl e
t or Eppay consishet suore¥amaere disiaing $ﬁeR§ra| eR%i ng to
whi ch each one of said principal spectra and - if

applicable - each one of said auxiliary spectra is 25
stfleit ettt advaritagssls eatbiodimentds eefined liretlaire & acegtding to which

oo hekiarcaies out toreachtio olae PoRCERL SRS S0 3s! 8 aptain a
S %Hp@é'@t of @Ht@ﬁcﬁ 'RESSIHES flof \Aﬁ‘lﬁih RferRbdsRbét of global

prin auxi spectra onprises the steps
oétat@ncat)measxh reisngnd wrmeud mﬂaouﬂlanﬂatqmien teside sarrigg out for said

C gﬁt?gﬁt ﬁpgﬁlgstgﬁgt;(% measy E%s iinE, Sl ué?dgf ageawltller detection test is
PESRICHRTRE mgﬂﬁs‘étéf% Ardl ln?drnﬁ{ioh'déwe@qr@ﬂléh entire set of

pre-processe ect rum a nornmalization factor that
| spmtomcwln ich rsénbutcbniake thert@t% affjectivedas posgjblg: Ageording to claim

tenlt f procedure w ||
n%? 19 O&SM :‘%E%Fﬁ% ’P%%%“r &%ﬁﬁgélgt y of spectra.
It may include a smoothing or filtering procedure in
case of noisy data; in particular it may_include a
bakel theerrwdrare@ﬁ ﬁh@rc%mple{)ﬂnsﬁtalft&a&wmt%m@@étde difergrees; and
wi Il be appropriate for spectra with a substantially
flat or slowy io varying background conponent. In
pPBy t i el iaterboartV/Riftpesdd 6f thehvorpplete petosfesaid irderngquartile
i nclude zero-filling, phasing, application of a w ndow
f unct differeng@s. | i near prediction. Further
pre-processing steps may include integration and

However, other choices of statistical measures are possible.

In principle, it is possible to carry out the methods discussed so far by using
spectral data uncorrected for intensity. In most applications, however, it will be
preferable to apply the method defined in claim 10, according to which each one
of said principal spectra and - if applicable - each one of said auxiliary spectra is
subjected to a normalization procedure before carrying out the bin-wise division.
Advantageously, this is done according to the erhbodiment of claim 11, wherein
said normalization procedure for any one of said principal or auxiliary spectra

comprises the steps of:

a) applying to said spectrum a pre-processing to obtain a pre-processed

spectrum;
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derivation of spectra. 15 In practice, the

normal i zation factor contains a proportionality

constant that ensures that any normalized spectrum

will have a predefined integrat2d. intensity such as

1 or 100 or any other convenient value. There are

several choices for the reference spectrumto be taken

g I%Eﬁifn ﬁ@e@g?ee& ' ?éns?lg%?tséﬂi 1ebrot¥ E?eéﬂ'um; and
co I e ac Icu reference spec rum a reference
spectrum taken from a database or a theoretica

spectrum, Accordin to claim12, the referepc

e, .
pFI ncMpAtiPIYng2l PrasPipcssaet FRFTYMAit anREaaiLatigRfactor that is
medi agrogi n‘?il%ft‘illé ieMe g’f 844 u% FRBEY rlr?tlen§1?5?0t ra
recorde the correspondi ng pr nC|pa or ‘auxiliary
spectral range, respectively. Alternatlvely accordi ng

S BE YR PhBSE-Bocsse aBERcr Rl Sephealy Sadefi of B type and

PHLARY @ﬁ'sP@étrQUPE Mdainglugiees simdothig or ﬁlﬂé‘ﬁrﬁﬁ pfsvéddire in case of
consist o ust a “single spectrumor it could consist

oﬂolaypiaha,ahma]t!@ﬂasnpmyr include a haselimet correciion, ortgybtraction

r em%%e U, PG it e APhedpraste 38t ShRES Wi o Gleaiftatty fat or stowly
h idé:j/bad: r6tRd centponeat.ad pahtiduldtfer NMRispeetracthe pre-

sholll

0 understood as including the case where .
t n@ceaa@ﬂmag inclede zew-fiting t phasing,iapplisationef a yfadewfunction

oA o R Bkt £ B BR8P e PR AnPRRK RRgFation and

tdj@waf@nnﬁrspa‘ct@chl evi ng them w || becone nore
apparent and this invention itself will be better

understood by reference to the follow ng description
oIfn raHl $h8 ?ﬁ%ﬂ%ﬁ%ﬁ\%cﬂ;r doptsink Y bbﬂfbﬁa"ﬁ\%&bﬁﬁant that
unc 'on Wi e acconpanyli ng rawmw ngs

Fergsu rés th;dtcaw ncﬁrmalted rspestmivewilldiavae arpredm‘lrm integratiy intensity
re 5 208 riables (bin L the distributions
%’p%‘fc) LthEi'"th? efCPRVeR 5(9 8o a 10 reference

sarrpl e of the same study; Fig. 2. shows a plot of the

di fference of quartile 3 mnus quartile 1 (called

i Theredqrarsevieea! dilbiaasdoc theg anereneesspectrhm teebié dakemior processing

sﬁ)é%??fgé)q?gﬁa gpg’é%%%°”°ﬂ Wlﬂa%ey a calcufated rer%rer?cseegpectrum a

- reference spectrum taken from a database or a theoretical spectrum. According

to claim 12, the reference principal or auxiliary spectrum is obtained as the
median of a plurality of blank or control spectra recorded in the corresponding
principal or auxiliary spectral range, respectively. Alternatively, according to '
claim 13 the reference principal or auxiliary spectrum may be obtained from a
subset of said principat or auxiliary spectra. This subset could consist of just a
single spectrum or it could consist of a plurality of spectra; in the latter case, the
reference spectrum could be obtained e.g. as the median or the mean of said
plurality of spectra. Finally, it should be noted that the term "subset" should be
understood as including the case where the subset is identical to the entire set of

spectra.
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15 dots represent spectra with broad damages (no
sanpl e, bad receiver gain, wong phasing ... )
whereas stars represent spectra with | oca
irregularities (spikes, drug rdbated conpounds,
extraordi nary amounts of a netabolite ... ); fixed
thresholds of m (0.8 and 1.2) and of d (1) for the

d t.e?ti on, qf OLF Li ers were set; 20 Fig. 3: shows a
pE&&M@-—&MMﬁé. 2, but with study specific

t hrhe%lw\zé&nehmﬁaﬁﬁln@btﬁerxe@tuaimhwbmettyefsmm iwenfiom and the
aII thresholds, n was set to 3; Fig

" e of ashievirgsibent wilkhegorns mese afp@pfﬁnt@]\gﬁthf%WVngOn itself will
%53 bt t g%g{éPs‘i%ég @?ié%?e??cé: fogtheﬁoiléd?iﬂp’%écs%HbtuS’ﬁb@véﬁé@s

ering by sys

VahitridirbBats dfAhisSiieémstioat ﬂa(kenm tabjunotiar withrthe@ccompanying
concentration; (B) sytematic variation of a single
pééﬁwlﬂﬂﬁe\ﬁbe[ﬁyn (C) systematic 30 sinultaneous
variation of sanple concentration and of a single peak
intensity; systematic variations of blocks of 10 bins;

- Fig. 1Fi 9. sBowshiowsourssarsples bf a roétabaoomic study inaaspegtof 208
no. 30 and no.

72h and y@ﬁatglgs%lgﬁ ggg;gg;%tﬁg@;éf\%epleﬁ&a%@% d‘ﬁgk}vfh respectto a
regions SFla.%/Fb 3HRplei F f} R studg; 5 Fig. 7: shows

the recovery ac |eved by erent nor mal i zati on
procedures for the four data sets of Fig. 5; a

Dl gy cshaded et AR ER e op T kBRIE R Rls] qiartie 1 (called
concent r afitefyuartildidi fférbﬁaé (éf)gvéhﬁ% the rhbdiandm for - typical
nornmal i zed concentration; : shows t

resul ts f oretabonomisstrdy:rRauares retmeﬁéntrfgwﬁtﬁaf‘gﬁéﬁfe not outlying,

;ﬁgerzgnce{j %pﬁﬁgé%‘rﬂt Sk)gﬁgg Y nﬂ'\%d éi‘agfg e@%ﬁ QFJ §ar@8le 3d receiver

region gogéw WrbAg hiasing. 3) Wheteastdiats mpresentwspegtrdweth local

t o nmet abonom c
irregularities (spikes, drug related compounds, extraordinary amounts
of a metabolite...); fixed thresholds of m (0.8 and 1.2) and ofd (1) for

the detection of outliers were set;

Fig. 3: shows a plot of the data from Fig. 2, but with study specific thresholds
instead of fixed absolute thresholds; for all thresholds, n was set to 3;

Fig. 4  shows a "Golden" 'H NMR spectrum in binned form, used for

systematic modifications;

Fig. 5: shows four data sets of series of spectra differing by systematic
variations: (A) systematic variation of sample concentration; (B)
sytematic variation of a single peak intensity; (C) systematic
simultaneous variation of sample concentration and of a single peak

intensity; systematic variations of blocks of 10 bins;



10

15

20

25

30

responses (1.44-1.84 ppm; the top row shows quoti ent
normal i zed spectra, the mddle row shows vector

| ength normalized spectra and the bottomrow shows
vector length nornalized spect-rid: 20 Fig. 10: shows
interquartile differences d versus nedians mfor
graphical detection of outliers in a cyclosporin

study. (left si ' LOSL Gl t i

SFlies: i yhovds Pl Bt B fg RS (GAFRAIS ril S0 e) at
as out | i egffergntttiihe polits (db6Heo TRatarf -1683cFiGRh Eape¢tyely) with
poor suppression of water resonances; ( % negative

basel i ne; Ze@ned|ragions shewe %H‘e(rﬁghtj'ﬁé'ﬁf idf t aken with
technical problenms such as air bubbles; and Fig. 12:

shows, for the signal bin corresponding to a chenical
shigf 7: of 6h®Ws 8 mwnvensachipled by differsntnomhalizatied grocedures for

th tral tient i ned by dividi th
P L Wbl ey AP PP e
strongly HS%@Ha\‘/ﬁ\%ﬂ{rSé@durbﬁ@ééﬁé;@ aRBRAS S With thé Rakreerelative

suppression o resonances 1 n the correspondi ng

sanpl e. Dedrddndrhtiveso diffareohsamnplesdoithe samenomnatized

foll owi ng section. describe the background and
technique%owggﬁﬁgopo apply the method of this

i nvention, including nost notably, a discussion of

various nornmalization approaches. Wile these net hods

cbigl. 8: be sippis the resultafoogdotiant esmalizatiucusing @é}gﬁ/@nt reference
the follow ng discussion wll be exenplified by NWR

spectra, ﬁ%?ﬁF%ularly 1H NWR spectra. 10 In general,

an NMR spectrum of interest would be described in

terms of its intensity | as a functiop of

Fer
shig ©: S.  shawsidor animais ino. BE ands2ivat diffgrent ﬁﬁ@?ﬂ&gésaﬁespewa'

Labl e im bl i _
o iten seoyT Bt fdihly Sfars Mt i ol VUi dfe fo metabonomio
a gi ven bigdpombes (f4gas4 pbim)) theatpphewlshowsl qustientchaimalized
the result obtained 'bé i ntegrati n%_ét hF silgnal atl:Fré)qs)s tra and
t he spect$%9tf&-$h@8?iq |8 AW Q¥Y® Yeeor lgngthhnqrma gpectra a
cases, thgHAYRIoW howdey4st 1IBhglrPRbrmalized spectra;

Fig. 10:  shows interquartile differences d versus medians m for graphical
detection of outliers in a cyclosporin study (left side) and in a

rosiglitazone study (right side);

Fig. 11:  shows some of the spectra identified as outliers in the right side plot of
Fig. 10: (A) poor suppression of water resonances; (B) negative
baseline; (C) blank sample and (D) spectrum taken with technical

problems such as air bubbles; and

Fig. 12:  shows, for the signal bin corresponding to a chemical shift of 6.04
ppm, as a plot versus sample number, the spectral quotient obtained
by dividing the sample signal by the median of all quotients; values
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1. Normalization of spectra This section describes
three commonly used techni ques for normalization of
20 spectra, nanely: integral normalization, creatinine
normal i zati on and vector |engtfh-normalization.
Subsequent |y, quotient normalization is introduced.
The first three nornalization t echni ques can be
expressed e ses of,. t neral
IoI a (i) P 85‘9& GR"%“”@ ! '“HS?aP%pWE&’ Ry “ﬂ%ﬂ&é 493’%55'0” of
T ~d(i) a%tér(rb)soﬁéﬁcéshlﬁ thB@6FredpondihgRaniples before
and after normalization, respectively, kis an index
of the spectral region used for normal i zation, jk' and
pher bor ders, respectively,
5F—whi ch  the power n of

a 1o £
' rl"héfféllldw nb(s)é):tlbﬁ dleﬁbﬁ@é tHeebackhrdundand It@cthnlques needed to apply
normali zatron 5 Wth integral nornali zatl on it

aﬁ!ﬂJi’f@éI‘le‘qu fhﬂﬁw@Vieﬂtl‘é@-rlaﬂQd@Q ragsicaqtablyy a dr\%ﬁtmsgpn of various

s T e
| typesrof spectascdpy, the llohing tisthssionwiikbpaaimyified by NMR
spectra. The i n?l uence of changes of individual

célﬁ%@fﬁ:rwl@ﬂgﬂb HJINMR ePeat@- ytes is assumed to be
smal | as conpared to changes of the overall
concentration of urine. 10 The integral normalization

plrogenkerst at MNU%speatuhn&ﬁermtereshV\hr;uld be descegedlln tﬁrmsh@f its
spect rum or a part thereof

é\t\%m%ﬂy -E@@a':l u(mtlpg)of ichemigal ,q,hlfg@ﬁowey]er, ﬁé{\fwﬁ-ba %s%lrmed that
B%%Emfé’ﬁer SUpRble I big w53 g red rgLand Ind SR fyiten as 20,
785 bihuiGRd e Rvl MR T Mgk

ur?&’erstood as the result obtained by integrating the signal across the spectral
ranged spanned by the i-th bin. In most cases, the binning will be equidistant.

1. Normalization of spectra
This section describes three commonly used techniques for normalization of
spectra, namely: integral normalization, creatinine normalization and vector

length normalization. Subsequently, quotient normalization is introduced. The
first three normalization techniques can be expressed as specific cases of the
general equation: '
Id /-
_ I°° (i
1) =—1—Y
Jk (1)

j I(x)) dx

Herein, I°C(i} and I(i) are the spectral intensities before and after normalization,

respectively, k is an index of the spectral region used for normatization, j and j"
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ppm Mreover, it is customary to further nultiply
each spectrum by a factor of 100, thus ending up with
a total integral of 100 for each spectrum A problem
with integral normalization is-the interdependency of
signals. 20 Cbviously, any single strong signal wll
cause the nornmalization procedure to scale down all

t

O B A Lo et TS BYEPf #nRieiel reglon f for which
mithe power bh. & iGteesity IT(xkisriotegedtedat i on 25 For the

i nvestigation of urine of humans and animals, it is a
common procedure to normalize concentrations of

a”!ajtﬁtS@ra?'?ﬂ 2%%{;2 by nmeans of the concentration of

| yi ng assunption is a constant
exvitleintegrad hormabkAdtion itk adsuenad thae thelintegraly @bépemtmeare mainly
is taken as indicator of the concentration of  urin

TRJUpetan BT the sencenlialions 6f samplas. Ainaas @onq:ﬂetraf&;bseﬂes of urine
0 &

CPPEDEA LS ERE A A RSO TR 10 bl doBthaing specira. The
i Mfeepnatiod m:rr]uangias bé&tdavid{mﬁ o(;cenlcehtrdtlmsgofad;lagienartaigeblmassumed

S trum_ This latter nmethod c 4 e
sﬁégﬁaﬂm%%%cemﬁaﬁ% &?ﬁ'ﬂa"fﬂﬁ%%fa Fs Eﬁ]J' cqngangalign st urine.

the general equation (1), two integration regions
(corresponding to creatinine peaks at 3.04 and 4.05

piﬁh}a intedral rpoomeizafion pmcmdusedmcﬁes\ﬂch smmntprractlyitbalintegral of the
agg i,catio of tPtghcre ni n normal i zation

?ﬂPHHP" @ PBIJNEHICta hl{:ﬁ he power gJn gqnemleequatlon (1) is taken

cagqery fd fidld dFINMREAERSfePhdrits 4 ABTHLWOMIYs LR A\dmmon
spectrum netabolites wth overlappi ng peaks can

i praseturetaselrct a spaetral-nangathatraciealiyheorprises twaspeetral regions,

cha e pofyabn SO HATE cBlppn ahoRBEand hetGER 50 and 0.22

IbiNVRIcreevr, & ib %u*si&ﬁﬁaryl@ flifigerchariphabasihspéctiim by a factor of

creatinine near 4.05 F pm depends on t'he pHvalue o

t He0,dhup eadinohep witbratotal lﬂt@falapfp&iqume@lchr@e@trgm it hm
or a rather broad range of the spectrum has to be
used for the normalization. Biological challenges for

t Aprebleat withrigteges|riatizatish @rtﬁeq:h@m@ﬁen&ermyaﬂtsugnmg
15 concentration due to_ netabonom c responses,

f@QH'éPUFSW ey single stigapeignalwil rause thﬂen@frnahzatlon procedure to
B bRt diPhe SBPSRINAIE thiEleadffy o ak BPpSfe redidon of the
eve ue 0

concentration of all analytes in the mixture.

1.2 Creatinine normalization

For the investigation of urine of humans and animals, it is a common prdcedure
to normalize concentrations of analytes and spectra by means of the
concentration of creatinine. The underlying assumption is a constant excretion of
creatinine into urine. Thus, creatinine is taken as indicator of the concentration of
urine. Two possibilities exist for normalization: The level of creatinine can be
determined externally by clinical chemical procedures or internally by integration
of creatinine related signals in thé NMR spectrum. This fatter method can be
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met abonom ¢ responses is usually not yet known.

Therefore, creatinine-based nornalization is not of

general use in metabonom cs and will not be di scussed
further herein. Neverthel ess, {tde creatini ne peaks

will be used to investigate the 20 correl ati on between
creatinine level and the nornalization factors

obht ai | t [ | : ;

WAEPISSRA N 8 srkB Sk PERRRER Atz aT o (BimE e General

| eplatisnq1 ¥; t@atintelratiorsrelgiomsn(cborespdntiing {8 creatinine peaks at 3.04
Vectorl enath normalization 25 A normalization

t @Wrd-8aPramlaIta Rowveraly aeiusedific fields is based

on | ooking at spectra as vectors. In other words, the
sequence of intensity values 1(i) is taken to .

r ftethergractital applipatiemofthefcreatiniss normatizatioaciases teghnical and

B oS b 2nc et 3 oAl B BRRRGE by the NMIR
CApEEFHRT HhatdbSRER WAt S BPIRPseakOfarP intarfeR Wit tive | |

s determne the 30 direction of the vector.
Adeterdiingtion of the catjoestration obtregtining (eng. creatine at 3.04 ppm). A

| ' formed b I { e
¢ SREEP LA s o BB Y APy RSt o
S%%bﬁ@nﬁé&f SRAVSS cr@aﬂﬁinawral.c}@ﬁpm deaperde) o the2pHbiaiee of the
with integral nornalization, all the peaks in a

s saopleunTherefareneitherae heak pisking @lgotthrher @drtherdrpad range of the

of _a n,.v 4. Quot i ent

noPRerTE T D e b8pe I e hartebzdiah” cots on the

assunption that changes in concentrations of single

anal ytes only influence parts of a spe¢trum whereas .

c Riniggisabeharaagsifor thareeatinaeinammalrato@re.hanges of creatinine

i - { i | studies. At the
| RbREFAFR S RSt BAE Bfongiey 86 blIA ifsbllral studies
ptinteadl morenulization, Hebssible iacieasei ofdhe speatinineneved dae to
reference spectrum which guoti e [

\ is then ysed to,. . _
oB1iARONGMKOTIGFRPNS S ISSUSH! gpawpﬂén%'at oreigie. pigatinine-based
PLBRHHS i’onaiskl’io@b‘f\’géﬁefﬁfl Yik& 9 eRhboMSmidResid Wil Adbeédiscussed
previously sélected Teference spectrumis carried out
t furthdrdiorein, Nuveathelassc theatregtinineqraaks will ba Usedto ingestigate the

under stood that this, nprocedure i made {.n ,s0 . .

2SBIEfPR Aty eeR e UlNG o IR the SRgDalifafial] faptorspptained with

?Hg?‘i{)l}l ér)n Hﬁét@?d@fo@@&ﬁéé%‘of qpetirs Wrordid dtribecaréialivh bebveen
concentration level and creatinine is known to hold.

1.3 Vecfor length normalization

A normalization technique applied in many scientific fields is based on looking at
spectra as vectors. In other words, the sequence of intensity values I(i) is taken

to represents the components of an associated vector. It is further assumed that
the length of such a vector is determined by the concentration of the

corresponding sample; the composition of a sample will thus determine the
direction of the vector. Accordingly, the adjustment of different concentrations is
performed by setting the lengths of vectors to 1. Note that this is equivalent to
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two identical sanples with different concentrations,
the respective spectral quotients wll differ
according to the concentration ratio. 20 The nost
probabl e spectral quotient, whH1sh may be determ ned by
several nmethods, represents the ratio of
concentrations between the sanple and the reference.

S8Rt AU LGRS 01 LB il Sl pormatization
Staludhe pedkefin a ﬁb&ﬂﬁﬂmﬁuemémwbtﬁdneiueaanbe salodjation of a
This sanple is nd to be slightly nore concentrated

twamm%vgetqré?r& Bnce sanple, as the nost probable
quoti ent (approximated as the maxi num of the
hi stogram) is |ocated around 1.1. On the other hand,

pdne Qudtieht Roanallzatishows the result for a S
ralvel di ) uted sanpl e of t tud i C \

, gﬂ)q@@ HOfH }l@;@nareﬁ{f,scp ASHUMP gﬂﬂ)ﬁngﬁﬁ gloceﬁnc%ntratlons of

s QHQF lﬁ'mlé Rl ARCEf a SpaRthim, Wherdds él’fanges of overall

he co centratl ons of single analytes chan
Eiw@mth

duencentmaticatsomfcﬁamples ma‘hme tba lcpmpdeteapeckam. Otber

C GG Sorm et ohe Halated ind Mkt pitharld huoliBithotween a
tg.»@ngspéctﬁmwad FlieTbicnlE spebtrofm, hieH fabtisntas teart ssed to obtain
a sarrpl extrene 1| ntensi ty variations 5 across

|1ag1<xmadltzatﬂrnm onecalingfastarong net abononi ¢ change. This
results in a broad distribution due to parts of the
spectrumw th enhanced and reduced intensity,

r FOPEs Fv edadureXxa bwisepeivisicr oﬂbh@tsiwmtrﬂnean& mbnegloasly selected
val ue of 10 are caused by an extrene

grefetNcesSRacRER is tpar{lﬁpj§l.§ g@@pﬁs@ assgtrﬂ?gpectral quotients. It will be
H&élls:i‘c%(fﬁ?ad rt@% pr &l%idr?ﬁ@ﬁéifé”iﬁ%é‘%k;@fbﬂ até! 's@?edtéd spectral

essent he most proba spectr al

qtmtgee rhdieallsf e Histr(tjutm df(spbdrhhqwmmgsmll be maeiowhimthe limit of
Fig..,1l shows the histogram of

M idestical samplesanth ¢! C&Uifa%lﬂ%ﬂ% ﬁ%spect"ve spectral

R AR S e

the distribution of spectral quotients is broadened

aﬁlﬁe rrslgsltfptrggaél% el,poe ral quotlensf w%:ch may be determined by several
methods, represents the ratio of concentrations between the sample and the
reference. Panet A of Fig. 1 shows the distribution of spectral quotients between
sample R14r30h+000 of a metabonomic study and of a reference sample of the
same study. This sample is found to be slightly more concentrated than the
reference sample, as the most probable quotient (approximated as the maximum
of the histogram) is located around 1.1. On the other hand, panel B of Fig. 1
shows the result for a comparatively diluted sample of the same study, which is
found to have a most probable quotient of about 0.6 compared to the reference

sample.
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An inportant aspect of quotient normalization is the
determ nation of the nost probable spectral quotient,
since this will be used as scaling factor. In the
previ ous paragraph, the nost priébabl e spectra

quotient was determ ned by taking the maxi mum of the
hi st ogram of spectral quotients. However, the exact 20

PR bbERoind Papa Y shfé Shab R4 LGB itboonomic
othﬂmg&sqgm@memlaqmnﬂs&uf the cohaespamting sbectrlumg\giﬂdxejaﬁected. The
R e er A astt spstebnnients. oo U ot B shaws

' @fs%tﬂiéﬁrﬂf' siﬁbtr@ﬂq@c%tfé?{ts of Qrsaﬁ%iﬂmltﬁ eﬁtﬁﬁne HtEhSIEEVERations

bet ween a qu I ent 1 correspon s to a
qasnosis itatspectran due o] a%rong%etameoms change Fhiagesults in a broad

CERE R SR Rl Y o R TR mtonsiy,
am@p@&w@y eﬁxﬁémerswctrapq@&eéﬂt@e%@éduﬁ?ta \hiluel&\' no drbeaused by

medi an of " quotients. The advant age of medi an
nen iegtremse amatinhof glug@$eaeécrgt&mm| this spaaiiin sarpls. Nayertheless, as

aﬁ‘%t EPFEQ Péncgﬂtggﬁlfgﬂbﬁ @19 r%%ﬂ%é&%gﬂ?@&ﬁﬁ%h%@" 11!’1% most probable

aspargidrenbtiont isREl tigseviot Nancohtrast] paaer DA Figt t ehews the
quotients significantly influencing the adjustnent.

- histogramy et pample with dott aifactsdi. osp%ﬂq:@n%ng%gd%@ strong
Sﬁ%?éﬂcﬂipngp %ﬁéﬂs‘efscﬁh Deo% dﬂtf&h‘ & thesahipt ga'%tta'é?ﬁ%nced urine

roma erence sa ernat v
rmchrammrAmdlagaf Mdismtmt@h cfepechhl qwtmntaasbmadened and
ué}'eg |an ence of the type of reference spectrum

ed L}, &%ction 4.1.3. It is found that the s

reference spectrum shoul d be as representative as -

possi bl e. Therefore it is reconmended to cal cul ate

tAre imporastraspexh of quotierd narimalinatit rais tbpetatelmnmatloa of the most
pl u ity of non-gdosed sanples (control sa
CirtbablectpeShial Auafents Hota dop vah b Hhers SaAMHAckHT: uthe
QrBARHS parforaph iseAioR) pRtabiy BguuA duioePliat delOiied by
rtekivgrtbed medxinuadi of ﬁreehrstog@mfrapwtrat guotsnist Howevar, the exact

RSt Py e et afisuBUHPE BbRbAS o R Ghing ifth

UMérefdre OlheSsdhiapndtR] AraW 818 of Ristdgrams presented so far cannot be
regarded as a robust and general method to define the optimum guotient. Using
a too rough binning leads to a rather large quantization error (for example, the
difference between a quotient of 1 and 1.1 corresponds to a quantization error of
10%), whereas a too fine binning leads to histograms without a clear maximum,
as shown in panel D of Fig. 1. A practical approach approximates the most
probable quotient by using the median of quotienté. The advantage of the
median method is that no discrete grouping (binning) of the quotients for a
histogram is needed, which is arbitrary. The median method allows a very fine
adjustment of spectra without the danger of extreme quotients significantly
influencing the adjustment.
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15 Al. Performan integral normalization (typically a
constant integral of 100 is wused). A2. Choose or

cal cul ate a reference spectrum (best approach:

cal cul ate nedi an spectrum of +1@n- dosed sanples). 20
A3. Carry out a bin-w se division of the sanple
spectrum by the reference spectrumto obtain a

j f
¢ R TeaHES dp8ctufiuspRiel bab ARl 168 Bectl quatiphty firPbe o
S amlleesppamm lﬂht@lyledﬁtdm @l “golign” referem:etstwnplevéitemaﬁlﬁ/ely,
iﬁiq%m%r aHiac UL A SO LARESt FanLae UsdeThe ipfluence of
%ge%ftrlefé?éné@ﬁeéétmﬂ @dﬂscﬁ%é‘tgfnoéﬁt@loﬁhﬂ 3. Itis found that the

ol ogy under |yl ng quotient normalization was
f tﬂfer&ncedﬁamtmmehmld % ps ceprdeentativeias possibig.ckherefore it is

SF%%%%@%B@%Q B e YernPhed SR ThBLeS B haniap spectrum of a
Eluﬁélﬁy%ﬁﬂohﬂﬁ%%@l ddmaplesi(BomtrsRaenpIBS afd Preldosel staisies).
tai ned. For exanpl e, technl cal problens |ike an

incorrect gain of the detector, insufficient

SRR BL S BB B e BRRPR by A g (csuaty
ofo &M integiat oL 00). Kehis Biveplifies cohfiingrstudies meanged with different
basel i ne correction and non-appropriate phasing all

cpe@trneters esulling iny difigreatrbsplide peale valuasph hhsrﬁpepFré
Saﬁ@p@@ g@% lr}fi‘eJEQB of gygﬁgﬁtﬁ‘ggﬁﬁ&gﬁ{h Wme %Hdsﬂﬁvéloe the following

€ a
netepbonom ¢ studies (or e.g. NI\/R spectra obtained for
qual ity control of 15 production batches) nost
anal ytes have stable relative concentration, and thus

W? B¢ A6 inh BinGhtegiraiid nPa?%ﬁongbhlcQﬁf ‘(:%réfé?ﬂru%eﬁ%lbﬂoo is

I'n contrast, cor upte spectr sua have a
di f f ersad). gI obal shape, which results | n an unusual ly
wi de :

A2. Choose or calculate a reference spectrum (best approach: calculate

median spectrum of non-dosed samples).

A3. Carry out a bin-wise division of the sample spectrum by the reference
spectrum to obtain a corresponding set of spectral quotients.

A4. Calculate the median of spectral quotients.

A5. Re-scale the sample spectrum by multiplying it with the inverse of said
median.

As remarked earlier, step A1 is optional, but will be advantageous in most cases.
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di stribution of spectral quotients as conpared to
intact spectra. This feature can be used for the
detection of outliers and for the definition of
nmeasures to judge 20 overall qual-ity of neasurenents
performed on chemcally simlar sanples. 2.2 CQutlier
detection procedure A procedure for an off-Iline

det ct}on ?f outliers (here "offline" neans that the
dgigéiﬁﬁﬁﬁﬂaﬁﬁﬁforned after conpletion of the
experinment) involves the following 25 steps: BL.
Performan integral nornmalization for the entire set

oma study. B2. Calculate a reference-

ofe. If:

>R Pl b G U ot BB AR e Meiones o
s pesifide' farh bieniabe detedtionssasitiian) Daringaatomated sample
correspondi ng set of spectral quotients. B4.

careparatien, measwenens aadglata msoegssing. snanythingsican happen that

S hEh 0 Bubh ek ERABLEIEE, aBbE ooy et e o

ofncopeet gain sfuhéidenéctof, endifiont supmbssidn of the water resonance,
"interquartile difference"” and denqted cfls'd . The . f the dat
nERiken akbat bedans efthesPeRisim erProRIEME| Lgmq Rripcegsing of the data
th i . . v

i1, GBI} rSTORAEINA iRl fRispline YolfBLAith b o SpRite
dphasihg @il dagsdccuravheexanapisaring NVR rspectraalt addition, the absence or

difference d s . a nmeasure of how the ape. of th

408 I SRBEERANTN PN 1 SAmbRATOIT bR BlidhafiGiyetected.
spectrum Accordingly, a criterion for outliers would

be a value of d that exceeds a presel ected threshold
windnietalfnonhierstudies i(er e.ge NIMR spactia obtaiped feiequality control of

her ej npbel ow, As.renmarked . eatrlier t ' .

opfcfon BALAER) PO @ Bl anPaYE sirls FlabYy cplgyration, and thus
Tirel pa)drity obsiBRaPledls WRIBsHavethdcordinbly. Imeontpast; torrapted

a measurenent “series, but this is no stringent : )

r spadtrecusually have a difterenlglabalshaper which resuls ipansyusually wide
o&ls%ib%tio%%fss%kéts:ﬁgl c?Lf:otlse%?g b5 %‘ompared to intact spectra. This feature can
be used for the detection of outliers and for the definition of measures to judge

overall quality of measurements performed on chemically similar samples.

2.2 Outlier detection procedure
A procedure for an off-line detection of outliers (here "offline” means that the
detection is performed after completion of the experiment} involves the following

steps:
B1. Perform an integral normalization for the entire set of spectra from a study.

B2. Calculate a reference spectrum (median spectrum of non-dosed samples).
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The nodifications for an online version of the above
procedure, which can be wused for real tine
controlling of spectral detection and processing, are
rather noderate as only step Bg.needs to be nodified.
A practical approach is 25 neasuring a reference set
of pre-dosed sanples or control sanples at the

begi nni ng of a series of . renent.s

eac{%r&%réy opta binrwisesdivisian OétgpcﬁﬂnéﬁieérJSH{m MDY ihe teferpnce
this

the aPectumbRSgtitah o oirBepditfing SBtSf sl Qudlioes

data to be present in the reference set. Al the

f%‘{:? Wlﬂé e %ré’%gigﬁﬁﬁfﬁgﬁﬁecj ﬂ'l\ fﬁrég ctloal qﬁotlents

sui t e%&ﬁéefaﬁh Yemlotdtfay %)%Mh@fdlﬁa@n@bméamthe At and the third
2.3 Finding outliers and ‘danaged spectra Mst outliers

due t quactip mfcsaBC’frall quotientruthenge alled; "interquartile difference”

cxanpi 0 $TREEY 28,25 T o shetidh o by S 13 L hffmatiation

of regf tﬁ@mtérﬂ)speEhaﬁe@ctualycbyf uﬁh%l‘fﬁe #vepse bEsL4ad a scaling
in a very broad distribution of 5 the spectral

quot i éaeterof the corresponding spectrum The
consequence is an atypically large interquartile
di fference d. Although arbitrary, a fixed value ford

ofes.| sy guioaebutlier detettibrasstnAbt EXél’ﬂIpE tiod mtwailahtlle dlfference
for NVMR spectra of netabonom Cgﬁ@ ies. Valu

exceed i@ MRASUE PR the shapsohihe ingiant gpectrim di fref$ from that of

| i Coh PliRrdre %?&% ABRFLNEG &g&%rﬁ& dHeS Wlld be a

| arge parts of spectra. I nstea usin I xed

and r aaherofad thattreacyedélaqxemldcﬁedrthnesmmﬂh Gughemneutlier tests
di stribut,jon of the nmedi an and of d and the

i nt er @lRPISCHESRR ?‘?6?" 8%id of d. A threshold ford

can then be set according to d,,;j =and + n dd

wherein n is a paraneter for adjusting the detection
oﬁ\so‘etnarﬁed elamares’qepcﬁ‘l isooptiomsl t butiwill benaidvantageous in most cases.

S’éi?ff:‘ %}%pé‘ﬁgf RE g%gqj hérp %&%%H%Hrg [92 & ma%urement series, but
QW§'|§WoSst?‘hgbﬁt i ll‘éﬂﬁ@rﬁtWér bhbemﬁyfa‘l@ds BT @htda@F B4 for only a

not indicate an outlier but the nedian of Spectra
qevbsetrofspectragni fi cantly deviates from1, it is
likely that a spectrumw th strong deviations in only
a small spectral ranged "fool ed" the

The modifications for an online version of the above procedure, which can be
used for real time controlling of spectral detection and processing, are rather
moderate as only step B2 needs to be modified. A practical approach is
measuring a reference set of pre-dosed samples or control samples at the
beginning of a series of measurements. A median reference spectrum is then
calculated on the basis of this set of spectra. Using the robust median allows the
presence of a certain percentage of corrupted data to be present in the reference
set. All the foliowing ‘steps of the above procedure are based on a spectrum per

spectrum basis and thus are well suited for an on-line version of the algorithm.
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20 integral normalization (step Bl). This can be due
to a technical problemaffecting only a small part of
the spectrum (e.g. spikes or poor water peak
suppression) or due to ani nals20w th extraordinary

met abonom ¢ responses. Al though no discrimnation

bet ween extraordi nary animals and technical problens

0@3 Eél 'ﬁgﬁtﬁe? EE Q%H E[eag&%w ion indicates the

her 25 investi gated.

AMcuit@udfers kiuettoftechriibal fdﬁtreCtiUrmg afquisition WIIIBresuIt in spectra with
conc g mis a deV|at|on of 15 fromthe id ah
éﬂ’tﬂﬁy Brfp efentganes (Fof@mpiesIines EH?P Eigs of ariytrary shape instead

t I
| BLRS S8 TERS PRI BTG Y 0800 B30 ution o
dmef spectcd qmmtlehtsna‘dhamrrespan@mg spectromt. i Tthel consequence is an

BB e PR e o R i e for o
SQWﬁalstbr’ékréM t@B@ é%&bﬁbeléﬁﬁresrad %mﬁh'%bmm@ sPBSﬁbfdfC

t echni cal pro a region W t |nasect umi s
k mgiabememic aucisep; ‘a!alue;s offd excesding this ﬂ*geslnm!domdth are typical
ion cted a

& (AR 18 d8imagea shegia SHreOoieRB tfedtRgliidecadls 8fspectra.

Wrishéay bhmngw)téoﬁéb{d fﬁﬂ@ﬁaﬂﬁﬂaﬁyﬁﬁfb%l&ww& ddr Gse the
the 5 spectral quotients in the unaffected spectr al

r digtrintion ofid with tl@@md@mﬂnd obd eatidhe interquastile difference dd of d.
BB DGk o 1981 Pl 814, 7 S e horin s o
i:d a%t%ﬁ@fa%i?stm%ﬂgs 458y RO G o EPEG P By ST anc

osmeadifigitywi t h t he princi pal spectral range. C2. Record

a plurality of principal spectra in the principal
spectral range and, for each one of said principal

t'ﬁg’%ﬁ@? lt)?;gér:Bf gutggrtsrac;ﬁcrpﬁg ﬁi‘é@&t%ﬁgoﬁ%ﬁéﬂﬁ%é YdiuA of spectral

r@jcﬂteats:m Mth&antmdquarmm:ulﬁemnom 4f deepmiob mdwdnteweomular but the
ran

R Brasrstrel RuptaTin e Sicoicael epviies Rog 1oh il that
°§d)écﬂ%nPW|tﬂC§tFEﬁq &é%ﬁ&t'i r%itnﬁorﬁ*g Shafs é&?ﬁ'r@ﬂg@ﬁ "foldfed” the

princi pal spéctrum ef'erence princi
sptagralumnmaliabtion stap B1). This can be due to a technical problem affecting

only a small part of the spectrum (e.g. spikes or poor water peak suppression) or

due to animals with extraordinary metabonomic responses. Although no
discrimination between extraordinary animais and technical problems can be
made, the outlier detection indicates the samples that will have to be further
investigated. A rule of thumb for the detection of outliers concerning mis a
deviation of £ 0.15 from the ideal value of 1. Again, instead of using these hard
thresholds, one may use study specific thresholds fike the median mm of
medians m and the interquartile difference dm of medians m. Thereby, critical

thresholds for the medians can be set according to: m_ ., = mm+tnedm with the

parameter n determining the sensitivity and specificity.
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correspondi ng set of spectral quotients; and carry
out, for each one of the auxiliary spectra, a

bi n-wi se division of the auxiliary spectrum by the
reference auxiliary spectrum t-@1ebtain a correspondi ng
set of auxiliary spectral quotients. 25 C5.

Calculate for at least one of said principal spectra,

%Fﬁﬂ:‘:@:gﬁémﬁék YhnRa) gro%?&%r al quotients, called
curare, 10 T auxiliary spectrum
ah‘s‘«megmmdnﬂwrt & spectiumris kaowalthatdie typiealty affecttbé byeadl s pecific

Cgﬂﬁﬁ(“lé{' !Q?‘M@'Tgﬁﬁt ?%éi?guot I en%%ec(ﬁalaw pgﬁlll@@/ sp&%ral range. The
C§;5éd’treﬂ tauo%enwhh.ﬁrthﬁeémtdrp Paﬁg%Séarbthe%@ 86 iparés with the

he reference val ue hi s quoti ent

samtsahquameytsde\ihauagﬁecf@m spectraleregpmt{s) ohthemgaﬁ:&rum
BB ol SR SRR bl 08 B el g5

lmﬁewéd:elmré%u@lrﬁ/bﬁa@sfthé fSIlcMIh %tep%@al n, fi xed
t hreshol ds or soft threshol ds ased on the

d| strl bution of gs can be used. A typical problem

<Xior 3583 A Rl 8Pt sHnbe edo Riplydy Seital oo that does

t he smetcividriapawith theapsindipaiasectrabelrgel ed to contain
the spectral regions |ocated next. to the water

resonances. 2.5 Determning the qual ity of a conplete

dy LeS:
o2 Corth bRl of FEhERALEMR Grep b inklrsy) BBELRpTRRge and, for
sanpl eachaome obsandrmmcipai spédivs adtomhamalssotibted auxiliary spectrum
recei, vgg rta| n ﬁig@or substance and from
"non-'g %@ux ANHEIPEC N@f-d not receive said drug or
substance. The spectra thus measured w |l show
variations due to inherent inter-aninmal variations,
deid tQbimin aefesence pesgipalssiecimidn thuthe)frinaipal spectral range and a

An”ondeé?gﬁ‘?é@%' etalryvsa;{ec?tulng s lgea%hx fa?f‘spgctrgl range )

C4. Carry out, for each one of the principal spectra, a bin-wise division of the
principal spectrum by the reference principal spectrum fo obtain a
corresponding set of spectral quotients; and carry out, for each one of the
auxiliary spectra, a bin-wise division of the auxiliary spectrum by the
reference auxiliary spectrum to obtain a corresponding set of auxiliary

spectral quotients.

C5. Calculate, for at least one of said principal spectra, the median of principal
spectral quotients, calied mp.

C6. Calculate, for each auxiliary spectrum associated with said principal
spectra, the median of auxiliary spectral quotients, called ma.
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vari ations, the nmetabonom c responses usually lead to
the nost |ocalized changes in the spectra. As usually
t he objective of a netabonomc study is to

i nvesti gate netabononi c responsgs, "the quality" of a
met abonom ¢ study can be judged by | ooking for

non-1| ocal i zed changes of the shape of spectra, since

2 b '
- Eponaiedof M et Tl Py MR SRIRLIST 2 ot udy can

be obtained if 'the al gorlthm i ntroduced in section 2 2

is extended by a further step: C9. Carry out step

(&% &aror @ity guliicedetestion destdiv camparinegs mathathe rgterence value
cal culgte for each spectrumthe interquartile

di ffePence d of the quotients and the nedi ans m of

the quotients. Then caI culate the interguartile -23

di fference dmf nmedi ans m of the study. Afte
t tfafttIsm%@néﬁebttﬁetlﬁ%ﬂawatemﬁw tathe RentaNs intls Spaific,

Shufan Rt By ARy Aol B SGRRER i s o

t b’eong mcﬁcaﬁtﬂt for Ia&sphdiﬂcepmbtmn dAgaih, fixéd thtbehmldaﬂnsbﬁ threshoids

di fferences t ud If a study, contains
spage antthﬁtdlsérlé%t'qn ehes £ n@ﬁqu@ﬂ Bytyawébero whichegn be

0 I

ggggrédlgﬁg%t\g%évg fhis hcg.%h?féf‘gipé}bg%l n&h@é?@&s%h&ﬁéés. For that

| purposeg the spadfic aamba:@'srangeasaeleum:t tof coritaingbeaspactral regions
n re. e respondi ng i npact on the quality of

T RRAERSi 10 S yEer BB ana yei s 10 of oY

nmet abonom ¢ responses nore chal | engi ng. Hi gh val ues of

dm [ nd| cate that for several spectra t he integral
C @ d ; graluayat i on devi ate

‘ 1f d dd_ace h th
Stsgcﬂt%'b’i ?}aﬁaaowaé‘@ﬂa T e U S S
sheibehbb¥amplase Thebe damioss ke ébt@iﬂé@ﬁ@ﬁ“ﬂoﬁéehotmmats that
val ues of and and dd indicate that only smal|l parts of

Jeveiver a eprainrdiugos substanseanshirom nenrdases" animgls that did not

JRES 50 bl it oA R BTl s AR BL O variations

dRfeett imhierenttinerpaehl varfdiiohsagus B kiftabSedrhiie3pbhess and due
or drug related conpounds., 20 2.6 G aphical detectjon
de igigr{measurement variations (technical problems...). Among all these

variations, the metabonomic responses usually lead to the most localized
changes in the spectra. As usually the objective of a metabonomic study is to
investigate metabonomic responses, “the quality” of a metabonomic study can
be judged by looking for non-localized changes of the shape of spectra, since
these are most likely not due to metabonomic responses. An overall quality
measure of a study can be obtained if the algorithm introduced in section 2.2 is
extended by a further step:

C9. Carry out step C5 (and accordingly step C6) for all the spectra and
calculate for each spectrum the interquartile difference d of the quotients

and the medians m of the quotients. Then calculate the interquartile
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A graphical tool for the detection of outliers can be
obtai ned by plotting d versus m Thereby, nornal
spectra will cluster around me1 with | ow val ues of d.
In Fig. 2, these spectra are sfwn-as squares.
Spectra with broad damages have values of d higher
than a specific threshold, which is typically set to
1. In Fig. 2, 25 these spectra_are |oca

Ui ok iR ieneRickm fon Slcmadianas of Bis se Aleat caicklils the median
Spect r g,y %hm%ﬁ%n%%ldf It sﬂ}d?obglcﬁétg %d@\teﬁ\l?lﬁﬁm &F ali

responses, due to contam nations or | 'ocal
damagedifferencas dxgfdbe chafr(@ﬂthmaaﬁdd mdf)o’v?nrtaﬂg calculate the

e Bl Ao e el S5 T s

In Fig. 2, these spectra lie within the two boxes and

are 30 represented by stars. Carrying out the same
priba studyecantainsfrhany bpectranthed bignificandy |dnf§erabypshmme values of

o bR S g b phasng o

b%@b@fraw&ﬁ; I@fv&:cﬁvééﬁtra% ém'hﬁlesTﬁ\%aEUfé?ﬁenttmeresfarﬁBMny more.
i s based on sinulations. Th ereby a typical urine

spée sarraspondingrispans worthe asalityofitbe M&a&n@%ﬂwe data analysis

ot bk TeshRuSe SRR RUBAMS. ) 2T ons range.

fromrealistic changes up to rather unrealisti cal 'y
extrenme changes. A second experinental data set

baliah valvemat dra indisaledhakios severshsractra Hig integral normalization and
I
gﬁgﬁcﬁm s egﬁ@éfn devf&?é §@I‘\|nlf cﬁﬂ g’ﬂ\' Wéhcggoddﬂhr@% 'thifs deviation

mest pltmdnlabtyeekuatwlcsnmplﬂeﬂamtral Onliheodngi side, high values of dm and
conce trati &ns of urin

o SMiEinsaush oy valliks PEad A adindlsste tBebanbismall garts of several
Zg%%ct?l\_l%\‘/%ré mcbﬂsm?eﬂﬁw tHé‘sl@ fai%%égﬁs Gh F?é%rhh@émples are

neasurenents non- rats ese
santb)ylag edhbydaemwstrongmmlabohomccmSpandeanabl;aatoehtbcal defects in

[ o the, data set lIovvs 0 _coppar e
bl Sherdinc st as ApikesccamAmindtond & A eSeBled Somtonads-
t he | east demandi ng conditions. The fourth data set is

ﬁm&%@géﬁnﬁ%ﬁom two met abonom ¢ studies

ta. Hence, all kinds of

c Aadraphigaktdoh fontte miptectmnuofaraivrs ozin e abtaisedply edotting d versus
m. Thereby, normal spectra will cluster around m=1 with low values of d. In Fig.
2, these spectra are shown as squares. Spectra with broad damages have
values of d higher than a specific threshold, which is typically set to 1. In Fig. 2,
these spectra are located above the thick horizontal line and are represented by
circles. Spectra which are outlying due to strong metabonomic responses, due to
contaminations or due to local damages of the spectra are located below the
threshold of d but significantly deviate from m=1. Typically, thresholds for m of
0.80 and 1.20 are set. In Fig. 2, these spectra lie within the two boxes and are
represented by stars. Carrying out the same procedure with flexible thresholds

using a parameter n=3 leads to the results shown in Fig. 3.
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sanples with suboptimal quality and bad spectra due
techni cal issues can be encountered. These data w ||
be used to denpnstrate the identification of outliers
inrealistic situations. 20 3. 1248 nul ated data sets
used for normalization For the sinulations of the
stability of normalization nethods, a "gol den

spg Il was systematically varied. The gol den

S s calcul ated as nedian spectrum out of

NRGritheds 4088t asees With different BackirolRds HRSeRarhiticd here. The first
Thus it is 25 believed that the gol den spectrum

r

dype stdata ig hapgrdan sispdatiansmiharalyea tipical orine NMR spectrum of a

"ShERBRRGc i ST TS ERla SRR yprious erects
0.whictp pan defilencéhorivializatidn.tTre siendstidre rapge from dealistic changes
6 ppm (water and urea) were excluded and the hins

nd. ) f .

t W tedaterinepalistically, peirede dvanges: Asecend @,xmnme_ntaﬂ data set is
{ BatBa e RS fREremai o SaniiBh b BnETieEBoRdmic i fay.
wﬁ'shemipymidr?muzaﬁnzrggrdoegared gltee@'f4 aAlengéd b@&arﬁ;?i_es _wi'ihI extreme
intensity_of the, st. bin (0. was artifici )
S BQES Bt MotabSiies andsuRuINGous by N RIPPNERATEHonS of urine.
S Py ks %.a?’é‘ $8EButlicts ehgrta Qé%rﬂ‘ficalﬁﬁlf%r“é@ b&éh fikdredBut. The third

[ g hi's bin w e

for speciftic changes. used as
r diata selde abcallection jofi duypretthan 408DINMRoheaberements of non-dosed

nor L zation procedures. The bi.nned gol den spectru
EEROhAS RaRRlE SV shRndTa BidRGiaPSad RS Varafons. so the
Waatosstedlidinattodbniy SicatiB efforianat id?P Waflbus waFRBRZAtioh procedures
concentrations of sanples in steps of 0.1, ending up

i Hhdedibedeast deroasdingreanddionsTihe forgh datd setisdasgd on

el Bl ften P b P v 3Rk GiBoul ponuih 87 3ny data.
sHehes, aif kihdis D enbllendss ikeludiiiy\measuRAnshtsAdfYlafk Samples,
The second set of sinulated data was generated b -

s§aelastwidasupoptimng| %lgalﬁhﬁndéqa@@%ﬁawduerm@igal %/&seles can be
PEtetlofee JHRBYERE 1 b U598 e S [dlfgopton ofouters

sinapalistic di6fatiohst he total intensity

3.1 Simulated data sets used for normalization

For the simulations of the stability of normalization methods, a “golden spectrum”
was systematically varied. The golden spectrum was calculated as median
spectrum out of more than 4000 spectra of urine of non-dosed rats. Thus it is
believed that the golden spectrum represents a typical spectrum in the area of
metabonomics with rat urine. The spectral range (9.96-0.4 ppm) was segmented
into integral bins of 0.04 ppm each. The bins of the range between 4.48 and 6
ppm (water and urea) were exciuded and the bins of the range where
resonances of citrate occur (2.72/2.68 ppm and 2.56/2.52 ppm) were merged
into two bins resulting in 201 bins in total. The spectrum was nomalized to a
total integral of 100. The intensity of the 201% bin (0.4 ppm) was artificially set to
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15 integral (10 steps in total). The series of 11
spectra is shown in panel B of Fig. 5. It is obvious
that this single peak dom nates the conpl ete spectrum
The third set of sinmulated datazgepresents a

conbi nation of the nodifications of the first and
second sinul ated data set. Thereby, unspecific

o> Sobhis ek R Ry e TG e Shiuard ripagita chany8Bs

| dopaehtration buheotrer dpacifio eRanges. Wass Bindetl Beouddicap esfierence bin
at 2.7 ppmfor each step The correspondi ng spectra

art@] g gualifnef the iaﬁrmal'gaﬂcm prasiedures. fise kinnad golgen
Si kg of 10 bins were systemati cal l
BB is ol PARGHA ’ Y

ng speci fic changes of several
peaks. Thereby the intensity of the first 10 b| ns was

f th t | int t
aOaSE SpdimAted Ot s Benagatas By Syslerpai yiation of
S%ﬁgpgcﬁg%@hﬁé‘mrét%sféfr smplds M 5% F‘Pd'f% 1 'éiﬂllzggﬁﬂg al doubled

spectra were gener at ed incr
t Imencemtrm:cm Mehis wgerpesfoemedcbysmwh:pmmg the impemsityasfagach bin of the

o SRR Red 1 1755, T G R Sl 2P SFocra

akRoWhSh a%eﬁﬁoft#l qggs of bins in panel D of Fig. 5,
wher eby on y the f@rst and | ast spectra of the -26

series are straightforwardly visible. It nust be noted

| T8 etniass oF R ol o4lf vt dERAIGERY B eratically varying one
| Sihgle BN Therety ARGsdkPati2.91Ppm (@ﬁ@@ﬁﬁ@m géakdyof sitrate typically

normal i zati on % The spectra of real nmetabonom cs

s¥igthje imthahsractaiye) wggmqrﬂase@ra%iﬁpﬁp&ﬂ Bfeaf thedotal intensity

P AE AESGoRIT Bt TR el OB £POEHE . 5RufiTa pang! B of Fo. 5

thés ubasus ehatrthis gingletfeakdomipatéthessmplets *speansﬂn
according to the COVET protocol descri bed el sewhere
(L| ndon JC, N cholson JK, Holnes E, Antti H, Bollard

Rober t s@ﬁ%@%ﬁénﬁ% r{&i@&é@s%ﬁsm ON@EP%&@FCGWHS of
Bihlel forsRihd Beeoted biamsiated HatSessh. ‘Fheer?] whdpediftcsorigentrations of

Sl del mann UG Laursen SM
@gww@éﬁﬁwa@eddmséemf {Q)(QI@&Q S‘NU%PH@HH?V@ 0% the integral
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For the fourth set of simulated data, blocks of 10 bins were systematically
modified simulating specific changes of several peaks. Thereby the-intensity of
the first 10 bins was increased by 1% of the integral intensity of the golden
spectrum for each of the 10 bins. For the second spectrum the first 20 bins were
increased. [n total, 20 spectra were generated always increasing then more bins
from step to step ending up in 300% integral intensity for the last spectrum
(compared with the golden spectrum). The systematic variations are visible as
blocks of bins in panel D of Fig. 5, whereby only the first and last specfra of the
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15 dosed aninmals at different tine points. Fromthis

data set, 18 sanples were renoved that had been

detected as outliers due to technical issues. Binning

and exclusion of spectral regismms was perforned as
described in section 3.1. The non-nornalized spectra

of all time points of two high-dosed aninmals and a '
zooned part are.sho in.Fig, 6.,20 3.3 r ol e
 HeDea e ShralRsieaARLY VPl ot pist BEribteh MELPT B narpaization
ofprbsdiste fLMHBR InVaRKIEEGIT Hd 19BatRSrPSERIIRS BiRk i9televant.
under difficult conditions of strong netabonom c

responses but al so under nornal conditions, a
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c

Eiltngs Bt H Haliaed Midtrun Hy Beckenerd Qrkikheis M, Reily MD,
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asi’'s of variations o I nine I'eve _
ndliedérhaedesdppeas.H, Behdbtyerbebk G; rSideinmanreUGe \LalursesSM , Tymiak
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cp%?érinabg% perdy, 90t @37-%';3?%&@&&1@341& '&%HEHThs 3% sanfbles in total
o? out | e

St udi es ler 1dentification For t _ .
i dbtainéd busampliog ducontesl snimals, 40 dovedosedraninsdsiand i@ high-

fi d : 1d h | i d
1868eq Bolitals A 2iTEROENS pofus Freit Sl e 8t g fmpleggvere
g?&gﬁ@\béd’thmh%drﬁé’éd Astetirrad bitlieRNEIA$d tdchniaf issues, Binning and

.2). The second 10 netabononmi c study used .
r x6lgsionaf spectrsl regions was petforvag @sripsanibeddnisgrtien 3.1. The

gﬁ?ﬁfﬁﬁg@ﬁ%eag’fg‘;‘?égtg{pfgll R PSiRes 8t thlo KGR-dds2d &A% and a

zoomed part are shown in Fig. 6.

3.3 Control samples for normalization

To validate the performance of the different normalization procedures not only
under difficult conditions of strong metabonomic responses but also under
normal conditions, a collection of NMR spectra of non-dosed rats was set up.
Thereby, 4023 samples out of 4521 sample from control animals and pre-dosed
samples were selected on the basis of least extreme variations. This collection of
samples represents normal variations of metabonomic profiles of rats.

As all animals had not been dosed, the creatinine level of the samples was not
influenced by metabonomic changes and thus represents a good measure for
the overall concentration of samples. Hence, the performance of the
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originate from non-dosed ani mals. Measurenents and
data processing were perforned according to the COVET
protocol (Lindon JC, et al.; loc. cit.). Again,
outliers identified manually wesg not renoved. The
criteria for judging an overall 15 quality of a study
(see section 2.5) were applied to an addltlonal third
stud contalnlng 60 sanples (30

Ao alier BIOERERGea1 D6 FOMRATSS G8IHS DRSHPLATEHgS of the
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probl'ens concerning the suppression
r etedeanioed byethel mieggahcri th® spectatmn detween B2 andd.10 ppm to

cracsognl R shifs & Ba cbdating ek Buado AtSpRR BnT

addition, the sanples of this study were neasured
agai n using an optimzed pul se sequence (Bax pul se)

re%ﬁl&fudlgsfomowﬂmw qual ity of spectra 4.

h d
A he feeiosiog B b @gR Rl RIHIFS Bave Be, TR i stugy
I %@fe@paﬁﬂm tﬂeﬂéycsmslspmm éttm;( l@gémtﬁéd ing¥atidhi Z.af Ib@trthe outliers
are conpared using the sinmulated data sets. Then

c dtgrtifiedonansaliawers bewinduded (inreongmst teesection 3. 2). “fhe second

T HBRRD S B Rtor 8, RN 2l S coraine

ool saiﬁpleb§wﬂ@?@ﬁ sﬂsr@s@&a@igargatewﬁ aloseataacﬁmamm 35 spectra
studies. 30 -28 4 Nor.mal i zati on procedur
sioriginate &ieen pep- c{qep@drq;gma{ss Maasurements and éatajafoge%m were

{ g
| BEEoRAEY d¥otita 1¥ Ind EOMET arotol Likider 361 81 81 bETit). Agaln,
t betlipos dmmtuﬂeuenammltgﬂﬂereammahmved Tﬁbitmtmfommﬁgmg an overall

LRI T G
t Ebﬁta‘irﬁ@ BOCEn Iéggbbtﬁgﬂfpé?% fioRt 68@ ShindalSRRAB0 samples from

opti ma ecover f tive pe Intensity and
vvnoh-ddsed raromiisjaThe firstehéasutremend bf tHis stmgm/aa far;ed With

ondi n normal i zati on roc dure.
DBl A B RnIg e SUP G SIRn O 4 G r SR asigas desiyfing in poor
t Quﬁuﬁ@ﬁ‘d b@é@l.n'erﬁcﬁ%@ibn%d@hasaﬁg 1 PRk 88t ¥ERILStUHS WeErB also

normal i zat1 on ar
manually baseline corrected and phased. In addition, the samples of this study

“were measured again using an optimized pulse sequence (Bax pulse) resulting

in the best visual quality of spectra.

4. Results

The results are presented in following order. First, the integral normalization, the
vector length normalization and the quotient normalization are compared using
the simulated data sets. Then the comparison is made for the spectra of the
metabonomics study. Finally, the possibility of using the quotient normalization
for the detection of outliers is demonstrated using several metabonomics studies.



10

15

20

25

30

conpared with quotient normalization. For quotient
normal i zation the golden spectrumwas used as
reference spectrum Systematic variations of the

ref erence spectrum are discussegdglater. In Fig. 7, the
results of the three 15 normalization procedures for
the four data sets are shown. For data set 1, which

on onta"Ln unspecific varifaions of the total
CML@&Q—E&&%@MM" e show an opti nal
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Thereby, the increase of the length of the
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bi f ; i Lo th
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o faen FopofeSIAETeour 8RR SofSiarg sPAWanE O dalp eet 1, which

bonly cuititgiRs WPRPetifit SaFiatioMPbimhel taedlicOR cbAtratiorsd, rax'll*IH?:e.%dme'chods
over all bins, thus resulting in a downscaling of

bSiHaW I eptimaltnormafization.(Fhe tesoveherataafid, means fthattthe peaks and

AR i By BT R et (5P elrapy samples) are

f esrnedlizedrodhe %am@@oﬁgtahﬂc&ﬂieﬂt@ﬁbn A@'éibeéfé@i all 8re?
conbi ned variation of the first and second data set,

sProREdrERsTe eanablepf adeauatelyromualizing-eprctumotar ideal series of
Vailied f]l on of a single bin strongly influences the

normal i zations to vector length and to constant i o

i ntegral .

The second data set, which contains only specific changes of one single signal
and no dilution, shows the three procedures to perform rather differently. The
normalization to vector length is highly sensitive to changes of the single peak.
Thereby, the increase of the length of the concentration vector due to the
increase of a single bin of the spectrum is dramatic as the length is calculated
using quadratic terms. The rescaling of the vector length is equally distributed
over all bins, which results in an underestimation of the unchanged bins. For
integral normalization, the deviations from ideal performance are less dramatic,
as the effect of an increased intensity of one bin is distributed equally but without
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| The fourth data set sinulates conbi ned changes of
several bins. For the first spectrum the intensity
of 10 bins (out of 201) is increased (11 % of total
integral per bin), for the secand spectrumthe
intensity of 20 bins is increased, and so on. 15 For
this case, the vector |length nornalization shows a
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peirighe imand thwptldsahe optine) sormiakzatiohi for akspecio.
systemati cal changes in the sane direction for nore
than half of the bins is very unrealistic. For
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re aIr ver Xt renme scenari os, tient
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Theega a anal yS| s with the four datasets |isted above
was Tepeated twice, whereby artificial noise was
added to the spectra. For the first repetition,

{ rbed0din gaed Reciuitlarop oM BT Aads Guarlprdl pids i the frs
Ssﬁétﬁl'um'rfﬁesin&iﬁslttytofqb HIRS SSUtWI 2085 1d ifeFskedS( 19y BF fthl integral
-30 | spectronetei noise fromnore than 4000 spectra

. ﬂers@'é&.tfﬂath& serangsspgatiue ihe intensityqif 29 binais inareased, and so on.

Pt o8 h Ve RRF S Rl Ry A ey Forinfice than
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both repetitions, al| normalization procedures turned-
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I
RS R B0 At IRATBF 0150 B 9 cvgomagal
nincreasezaftintensity éeretll est oft2ﬂ<leblalsl Foi spedtrd mth@y@tmhatwal
(.snoot hi ng effect)., For exar;P t he standard
mcreases I even more bins, the performance dramatically drops. Yet, this case
of systematical changes in the same direction for more than half of the bins is
very unrealistic. For systematic variations of 5 to 25% of the bins, which can be
considered as realistic scenarios, and even for systamtic variations of 30% to
50% of the bins, which are already very extreme scenarios, quotient

normalization performs well.

4.1.2 Influence of noise

The data analysis with the four datasets listed above was repeated twice,
whereby artificial noise was added to the spectra. For the first repetition, uniform
noise with a standard deviation of 0.6% of the average intensity per signal was
added to each signal. This amount of noise was estimated as typical
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devi ations for the normalization factors of data set 1
for 0.6% noise are between 0.04%and 0.1 % and for 6%
noi se between 0.2% and 0.4% 10 4.1.3 Influence of

Ref erence Spectrum for QuotientadNormalization In
contrast to vector length normalization and integral
normal i zation, a reference spectrum i s needed for

t1ent lizati .
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N‘t&kéang ; C%&Ebeéurﬁékmﬁeﬁﬁﬁ%eﬁbmt &Y éfa%@@ EHH taPdlard

unspeci speci hanges
t rtﬂvraimslfestheomommlabtrbn faaetsodf date set)tl dor 046% GQI’S@I are between
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that are less or equal to 100% of the tot aI i ntegral .

Medi an spectrum of all spectra (all three ti mes f our

dat & 3deflgence 8l ReE 3 | ) fa CHugdied HANUZALN e

Ofln %ok{}agtat%hvetgtgr' length normalization and integral normalization, a reference
spectrum is needed for quotient normalization. The influence of the reference
spectrum on the performance of quotient normalization is investigated in this
section. Besides of using the “golden spectrum” (1) as reference spectrum, the
following reference spectra were also used:

(2) Median spectrum of all the spectra of the three times four simulated data
sets that differed only by unspecific changes and by noise. The median
spectrum is constructed by using the median for each signal bin out of all
candidate spectra.

(3) Median spectrum of all spectra that differed only by unspecific changes, by
noise and by specific changes that are less or equal to 20% of the total
integral.

(4) Median spectrum of all spectra that differed only by unspecific changes, by
noise and by specific changes that are less or equal to 100% of the total
integral.

(5) Median spectrum of all spectra (alf three times four data sets).
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For the above nentioned six different reference
spectra, quotient normalizations of the four

noi se-free data sets descri bed before were perforned.
For the first s three data set-gt1-no significant
di fferences between the reference spectra can be
observed. For the fourth data set, clear differences
c seen in 8. .,Usjn a.constant .val ue as

- Ber Baectat it esianbrue §f SRR Rt rnce. i s
finding is self-evident as the distribution of
spectral quotients between the spectrumand th

r Ebetmabo\s@mntlonad six aiEp ol sefesenarsSRREE: |qy@F'PBhn%fﬁnal'zat‘°“S

10, spectrum i t,sel I
bPBUE OV EPlseiTRe 3 sofd HosEAPETBEERL Werb Heltfinefi For the firs
Stlﬁééfda‘tél@.bts\( n&fﬁléﬁlfxéérﬂ difésteades bbhw@ersmmreifémcerwectra can be
nmost stable normalization is obtained if the

" ebesmRdeFoptha fouhiia sohsiens digerRaEes 53 bﬁo%%%lﬂeﬁgoa Ueing

e SRSB4 BB BN o34 Lo agvanco i

t Radingne seffieviddimrgahe distribution @0Spemfiral naoﬁénﬂsma;Ween the
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erence spectrum Nevertheless, the sinmulatio
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calculating a resentative spectrumis to use
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pof ihegefarencasperiiumalNayedhelessethe siylatipn égm%ﬁa’ates that the
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oL br RETAAIES s ey RSO B 3pcRRint Rafsenting data
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performed in only qlrect %
reference spectrum. A easnb e way of calcu ating a representative spectrum is to
use the average or median of a number of control spectra or pre-dosed spectra
respectively. The advantage of calculating the median instead of an average is a
higher tolerance for outliers among the spectra. This is often encountered in

metabonomic studies.

The purpose of the simulated data sets was to test the different normalization
procedures under realistic, extreme and to some extent unrealistic conditions.

The specific changes of signals were all performed in only one direction



10

15

20

25

30

| of signals), as this is nore demandi ng for
normal i zation procedures: if different signals
specifically change into different directions, the
changes bal ance each other in.gespect to
normal i zati on procedures. For exanple, if 20 signals
increase by 10 intensity units and 15 signal s decrease
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4.2 Normalization Procedures — Cyclosporin Study

In this section, the performance of the three normalization procedures is
compared using data of a complete metabonomic study described in section 3.2
in detail. By visual inspection it was found that all signals between chemical
shifts of 1.44 ppm and 1.84 ppm are very constant for different animals and
different time points. These signals are not influenced by specific metabonomic
changes in this study and are only subject to differences of the urine
concentration. Thus, the relative standard deviations of the integrals of this part



10

15

20

25

30

-33 of the spectra between the different sanples are
used as quality criterion for the normalization
procedure. This part of the spectra normalized using
different mnethods is plotted fgg- the two hi gh-dosed
animals 28 and 30 in Fig. 9. Animal 28 excreted
extrene anounts of gI ucose at ti ms poi nts 48h and 72h,
reas 5 ani pi c nmet abon C & .
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s leommparisona the pomplate new-nsmliged speetra o thaive agirmaigare shown
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sirg s "between 1.44 ppm and 1.84 ppm whereas for

animal 28 the spectra of the tine points 48h and 72h

are too |ow. The spectra of these tinme points s
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r ephrPdf Al Euteg?rat BY¥RALIZdd M SIS o ¢ stlRly8Hdw atrefitivesstandard
superior for the sanples plotted here. The signals

bdeviatian of 4£|) 3hdThedinear eegression o the normalization factor versus the
creatinine peak shows a correlation coefficient of 0.87.

The plots of the vector length normalization (Fig. 9, bottom row) show a poor
normalization. Several spectra of both animals show too low or foo high signals
between 1.44 and 1.84 with the two Glucose samples (animal 28, 48h and 72h)
most extremely outlying. The signals within this region differ among all sampiles,
as seen by a relative standard deviation of 15.0%. Also the correlation with
creatine is poor (r=0.62).

Inspection of the top row of Fig. 9 reveals that quotient normalization is superior
for the samples plotted here. The signals between 1.44 and 1.84 are very
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congruent for all sanples. The low relative standard
deviation of 4.5%for the signals of all sanples in
this region and the excellent correlation with the
creatinine peak (r-0.99) denonsig-ate that quotient
normal i zation is the nost consistent normalization
for the conplete study. 5 4.3 Normalization Procedures

- No | A t t .
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meeRs e reornfa@g%@é@ﬁoﬁﬁ? Briife e conpounds.

Ther ef or e, is expected that all three

norrral [ zatl on procedures shoul d show a simlar
: gatiof YiNal 23RS shoul d have a
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IBERSRL 103 ol . s 0ot skomgabieric
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onomc fluxes are so high that signifi
dioff thes ﬁweemdmtaheatmn metheds sasseased be&eabyé&e E@!‘fl&\te standard
ation shows the best

wh I
& %?%H%ghﬁg’géﬂpﬁé%n%ﬁé Qutlier ldentification The

cyclosporln study including the outliers detected by
vi sual inspection of the spectra was normalized b

¥ W@Teult@ are mihﬁaremalthable phecenterdepgtenaeal ngﬁoé has an
i girglﬁpsttﬁﬁ?tgbfy lalﬂ iagit}gls?%{lcgaraﬁ?g @ﬁ?cﬁttég S:Gar !rﬁﬁ@bbﬁk of 12.2%,

difHere89 &1es .rhsgrwgarrhamthlnrnhsa@ tbvl relative stamidard slediation of 7.6%
the spectral o
and tﬂe quotient normalization has the best performance with 6.7%. This means
that even when locking at control animals, specific variations due to

metabonomic fluxes are so high that significant differences between

normalization procedures exist, whereby quotient normalization shows the best

performance again.

4.4 Outlier Identification

The cyclosporin study including the outliers detected by visual inspection of the
spectra was normalized by the quotient normalization procedure (see section 3.4
for details about the data sets). For the automatic identification of outliers, the
interquartile differences between the third and first quartiles d of the spectral
quotients were calculated in addition to the medians m of quotients for each

TSRS e
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quotients were calculated in addition to the nedians m
of quotients for each -35 sanple. In the left panel of
Fig. 10, d is plotted versus mfor all sanples of the

study. The outliers found by vizsual inspection of the

spectra are shown as dots, triangles and dianonds. It
is obvious that all non- outlylng sanpl es cluster at

\égira,%]pééﬁatt\p/; II es@%@ rqdﬁ]pgergeq? \é%rggﬁ?ﬁ?&l allls?rHPles of the
ﬁﬁgg %%I@rél’g%‘m& bgfvrsgﬁapﬁ'@ﬁ@ctlﬁ’f 6f {hecspetrapdrel shown as dots,
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{ etanylesand srsamendsaumsrotym thet ath aon%rr&smﬁsaauster at very
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rfs@@t in&hfd éﬁ%ieee)ttl‘tfrﬁé aehclirs oﬂglhcd:sd,earrednsatwl at low values of
outliers due to non-netabonomic rel ated

C Heanskatlontvajiee 068, Lo tESIRpBLo AR B LIsP S dagk sSples and
G piss Wih %bﬁ;'ffo'c?gm rrgﬁ&qﬁ?g]e%'éfe&éé%é‘qcés@r%sémbdéted at high
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st/Hihes(STRE(h3EHdri than 33. This Irﬁeasr’rmumat arsimpte thrgsholdafiel > 1 detects

2l liers oks tomar-matstsmEmG 8 PR gaHes P e Bl fie Blucose
\éégﬁﬁle}%%@ g%tdqurg% e{*s' e)%trérﬂé n?é‘lgﬁéﬁé’rnlcﬁ%%oﬁéeé gth simple

tT1a cal 1ssues are shown in
Fititteshdlls o . « 1 dridym 42.8. tThesq@mnp obartaf edsgaond stady (see section

L%icb%!sﬁn%%ﬂééﬁéE%ﬁeaee%“f?'@f AGEN R SRR B> 1
! BRteditaliohieht tﬁét%awﬂebmly%éﬁ rdé?rhﬁéd vb@emmcmoemon of all

quotient 20 normalizatjion for th
sthelgpeetsa. r&rrherafrh‘uie ourtiyang sphetra geettedypigabissdes §f%?hown in Fig.
the spectrumat 6.04 ppmdivided by the nedian of all
qdati ents was calculated. If the corresponding val ue
strongly deviates from1, the spectrumis
significantly different fromthe reference next to, -
t e Figat1&rit isséemansteatedifor the resiglitazonersiudy bow auetiffites

o OB B o b 4RPD TP AR e SPERT BRBIGRRTI His Réfple the
t h[r%l?l?' cﬁsthé\sthF&%dd ghivaiesorindeisds mMdhitoraé. Ffiastl, a quotient

ferent altyfeaturesfor three dat a

| onematzatiofsfosfine Ridyuses PoroBed.Fiaan bs spesial figtients of the
SIELLALMAAE% (Pm URTISPE tEntddish 8P A ubiEnts AW Bhitulated. If

the corresponding value strongly deviates from 1, the spectrum is significantly
different from the reference next to the water resonances. lt is obvious that four
samples have a poor water suppression. These four samples have also been
manually identified and are shown as triangles A in the right panel of Fig. 10.
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study. Data setanddd First neasurenent 0. 380. 60
Manual 0. 330. 38 reprocessi ng Second0. 270. 29 neasur enent
5 A further application of quotient normalization is
shown in Table 1 for a third da¥a set (see section
3.4). Therein, nedians of inter-quartile differences
and and the differences of inter quartile differences

defa@:ﬁ?? BﬁFéf%ﬁ‘l”g@a@é fhudstal frsde 856 §&9fg%we|]_ muég bﬁhe quality
s @am% repésent omeegianilar shapesél therspedtra Iibrmgou’atheocomglet

pg&_ ng and baseline correction. A manual baseline
Xetion and phasi ng coul d i nprove the visual

qual ity of these sanples. Neverthel ess, a second
measurenent of the sanples with optimzed pulse

sequences signif g@m Eut | rrproved thmdvvat erdauporessi on
and the qual [ ty pect+a—<-as eonftn sual
tIQaé a

i nspection). Fr opFirsbineasuremeny Qb\ﬁ g8s | 15
three outlier cr{pManudl agree wth hg sua{ﬁl
i mpression of thergtgbédsingf the s Br eby and
expresses an ave[ggE g MONOgen Uy W T fIspectta. As
only sonme spectf cted Qy ;2pog¢r v e
suppr essi on, and @f%sgieﬁééﬁcn! y—rederattely-—On t he

ot her side, dd, which describes the variance of this

i Affeﬁﬁgleﬁbé%é%h‘w(iﬁhoﬂéﬁf SorenEliza 66 id §h0\ﬁﬁ‘iﬁ $aBRS1 for a third data
dramatically, as the re 20 processing a

r setrfsae westion 3.4 Thaee!s,amirpdwsmlmteyqunﬁﬂ@dd’feream e and the

c4iBithos 20 R S aBYRBIEIRNEN gk a2 PRUMES) are shown.

bEhavEi reeRstirement hagwy péd&‘ﬂv@l@? ‘éupﬁrés%ﬁjiﬁﬁir isB@eral samples, which
spectra, -37 Clains 1. A nethod for processing a set

dﬁe&ﬂiéf@m iaflupaeed the autoyatiorehasing aad baseling reiragfiamé manual

S &Rin8 correction and phasing could improve the visual quality of these
samples. Nevertheless, a second measurement of the samples with optimized
pulse sequences significantly improved the water suppression and the quality of
spectra (as confirmed by visual inspection). From Table 1 it is obvious that all
three outlier criteria agree with the visual impression of the quality of the spectra.
Thereby md expresses an average inhomogenity within spectra. As only some
spectra are affected by a poor water suppression, md decreases only
moderately. On the other side, dd, which describes the variance of this
inhomogenity between different spectra, decreases dramatically, as the re-
processing and re-measurement of the samples mainly improved samples with a
bad water suppression. Both quality features allow to assess the homogeneity
within spectra and between spectra without the need of inspecting spectra.
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5 a) 10b) c) 15d) 20e) selecting a principal spectral
range; recording a plurality of principal spectra in-
said principal spectral range; obtaining a reference
principal spectrumin said pringipal spectral range;
carrying out, for each one of said principal spectra,

a bin-wise division of the principal spectrumby said
ref erence principal spectrumto obtain a

c&daimsondi ng set of spectral quotients; and

calculating, for at |east one of said principa

spectra, an associated set of statistical neasures

delci vednietiona fdreproossshsg arseit ofispedtrayfpastidanyaNMR spectra,
quotients;. characterized in that it further conprises

the sCOPRSISING Shecstep§iokg out, for at |east one of said
sets of statistical nmeasures, an outlier detection

test. 25 2. The method according to claim1, wherein

the sa) stlestiagisprincipalrapestrabmangeor responding to a
princi pal spectrum conprises the nedian of its

spectral quotients and an interquartile difference

obt ai ped j ' tddi ' .
apeot FaI "esaiel s BRI o pRnbipePtpedeir $4i8 pfnclrch spectral range;
spectral 30 quotients. -38 3. The nethod according to
claim, erein said outlier detection test . .

conpr PLegPHEBER iR REIpa SPRSTRR Gl pripgioal spectra
di fferenggngceeds a predefined threshold w dth.

d) carrying out, for each one of said principal spectra, a bin-wise division
of the principal spectrum by said reference principal spectrum to obtain
a corresponding set of spectral quotients; and

e) calculating, for at least one of said principal spectra, an associated set
of statistical measures derived from the corresponding set of spectral

quotients;
characterized in that it further comprises the step of;

f) carrying out, for at least one of said sets of statistical measures, an
outlier detection test.

2. The method according to claim 1, wherein the set of statistical measures
corresponding to a principal spectrum comprises the median of its spectral
quotients and an interquartile difference obtained by subtracting the first
quartile of its spectral quotients from the third quartile of its spectral
quotients.
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5 4. The method according to claim3, wherein said
threshold width is determned fromthe distribution
of said interquartile differences taken over the
entire set of principal spectrasg5. The nethod

‘according to claim2, wherein said outlier detection

test 10 conprises determ ni ng whet her said nedi an of

spectral quotients differs froma constant by nore
t han ar he meshod edcendingsteotiainydowherain gaidi eutliefrdetgctiorntest

met hod di . ' [ j

quot | ST ehing yBetien A FidtoRRtie lefEAEL Buceeds a
di strigretefmedthreshéldigditan of spectral quotients 15
taken over the entire set of principal spectra. 7. The
met hod according to claim1, further conprising the

steps ' Xl : t i

CrEr d RO By BB WA B g R

r ange, dét¢rmieedfeimthe distiibidantofeatd kergaiacdile differepags taken over
spectrg in said gfrl ncipal spectral range, an

associtBe eatigg el ofpdn SPPEYWRi n said auxiliary

spectral range; 25 c) obtaining a reference auxiliary
spectrumin said auxiliary spectral range; d) carryi n?
out., fidre eatiodaecartingatioctlaink?) wheseirs paidtoutlieradetection test

F'e? ew&gﬁrgq\%@qu%gw:%@@ﬁpﬁ\%ﬂsl@h@{g%gfﬁegflﬁl%ntr%y qﬁgéiéjnts differs
cor r eSRARG cthstgit B rpgr@'tﬂdrﬁé YrédRstficdahratiteld laabﬁéntmiation.

-39 e) calcul ating, r each one of said auxiliary
spectra, an associated set of statistical neasures

deriv fromthe correspondi ng set @ Ll . e
SFect ne HEac AP EEIR HHlT S kforelt sl pugient deviation
test PaBIdreRTedRRAthestiibatios bf §8id medianwiepeefrabquotients
princi pal spectrum and of an associ at ed

auxi | taktepspeartthamntise sehef pristaipal spesbadi ng to claim 1,
wherein step le) is carried out for each one of said
principal spectra so as to obtain a conplete set of
stat i Thieaakthbd aeasdingdo fclaim Wugher somprisingdthe steps of:
gl obal statistical measures, and

a) selecting an auxiliary spectral range that does not overlap with said

principal spectral range,

b) recording, with each one of said principal spectra in said principal
spectral range, an associated auxiliary spectrum in said auxiliary

spectral range;
c) obtaining a reference auxiliary spectrum in said auxiliary spectral range;
d) carrying out, for each one of said auxiliary spectra, a bin-wise division

of the auxiliary spectrum by said reference auxiliary spectrum to obtain
a corresponding set of auxiliary spectral quotients; and
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wherein said outlier detection test is carried out for

said set of global statistical neasures. 9. The

nmet hod according to clains 2 and 8, wherein said set

of global 1s statistical nmeasuges conprises: a) the

medi an of the conplete set of said interquartile

differences; and } b) the interquartile difference of

the conplete set of said interquartile 20 .

G Tt or GhceaCulaina Ties S368 mo Leant Aty PRy, AR agpociated set of
clains 1 anghicathfdRitesBeRvalfoR] theSrfbspondfrigtset dFauxiliary
auxiliary spectra I's subjected to a normalization

pr ocedur espdntfabquotiamtsyi ng out said bin-w se division.

25 11. The method according to claim10, wherein said

normal i zati on procedure for any one of said principal

or auxihbrdiy saRESItier SEBlidis 85t chmpikensopipariny statistical
applying to said spectruma pre-processing to obtain a

pr e- priveasurss ofppapeipeak spactim gnd o anassesiated auxiigry spectrum.
an integrated intensity of said pre-processed

spectrum and «c¢) multiplying said pre-processed

spgct rme method acodididgtd olairh a¢whieréinattep de) is carried out for each
proportional to the inverse of said. inte

to the | %r at % tistical
i nt ensoRe Of said prinsinal speetrasessdrmbtals asgmpirte set of statistica
cl ai @méagﬁrejs]f{oﬁ"(hvﬁ{ight ﬁé’fi@ecf 58t ?ﬂ@%bapétbﬂgiiﬁlm@ésures. and
auxi liary spectrumis obtal ned as nedi an of a
pl ur al whkyreid salk cutherodeteotidn tdst ipearried outdor siid seh of glebal
corres ondln? rincipal or auxiliary spectral range,
r especHaligiGa! 1S met hod according to any one of
claims 1 to 11, wherein said reference principal or
auxiliary spectrumis obtained froma subset of said
pré.nci e methodaxcdidingtosglains 2.and 8, wherein said set of global

statistical measures comprises:
a) the median of the complete set of said interquartile differences; and

b) the interquartile difference of the complete set of said interquartile

differences.
10. The method according to any one of ciaims 1 to 9, wherein each one of
said principal or auxiliary spectra is subjected to a normalization procedure

before carrying out said bin-wise division.

11. The method according to claim 10, wherein said normalization procedure

for any one of said principal or auxiliary spectra comprises the steps of:

a) applying to said spectrum a pre-processing to obtain a pre-processed

spectrum,
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12.

13.
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b) calculating an integrated intensity of said pre-processed spectrum; and

- ¢) multiplying said pre-processed spectrum by a normalization factor that

is proportional to the inverse of said integrated intensity.

The method according to any one of claims 1 to 11, wherein said reference
principal or auxiliary spectrum is obtained as the median of a plurality of
blank or control spectra recorded in the corresponding principal or auxiliary

spectral range, respectively.

The method according to any one of claims 1 to 11, wherein said reference
principal or auxiliary spectrum is obtained from a subset of said principal or

auxiliary spectra.



